




Opening Address

Opening Address

Pyeoungkee Kim

President of IACST

  It is my great honor and pleasure to welcome all of you to the second ICCT in Tokyo, Japan. First of 
all, I would like to express my deepest gratitude to Dr. Kwangyun Wohn of KAIST and Dr. Toru Iwatani 
of TPU for giving us special keynote speeches today, the president Ryuichiro Yoshie of Tokyo Polytechnic 
University, for providing us with this wonderful place and supporting us in many ways. I also give many 
thanks to Dr. Kazuo Sugiyama the senior advisor of IACST. I welcome all participants to present their 
valuable research results and lectures from all over the world.

  As you know, the theme of this conference is “Culture Technology, the flower of convergence.” While 
culture and technology have influenced each other throughout all human history, I could not see more active 
and profound interactions than today. I believe this massive and deep interaction can be further accelerated 
when convergence idea and technologies are applied. To make effective convergence happen, researchers 
should have enough time of understanding different disciplines and cultures. New ideas and experiments must 
be tried freely and challenged from different perspectives. This is why we have this international meeting and 
ICCT is willing to serve as a good platform for these innovative activities.

  While previous industrial revolutions helped humanity by giving power, saving time, and shortening 
distances, today’s and future AI technology can challenge humanity in many areas with its maximized labor 
productivity and intelligence. We are hearing many prospects that AI technology will take away human jobs 
and we will face difficult time soon in our daily lives. On the contrary, with the help of intelligent 
machines, I believe this is the time we can enjoy true human life. When most labors are done by smart 
machines, what should we do and what do you want to do? If you ask me, I will answer “Eat, Love, and 
Play.” These three things are things machines cannot understand but humans get joy and satisfaction from 
them. I would like to invite you to join us to this “Play” ground by doing research together and helping 
next generations academically. In addition to hosting conferences and symposiums, I would like you to join 
us by promoting dynamic exchange of researches and students among member organizations and hosting 
international exhibitions of culture design and student’s work. 

  Would you please enjoy the second ICCT and all IACST events together, sharing wonderful days of good 
memories in Tokyo? Thank you very much.

Dr. PyeoungKee Kim
Honorable Chair of the 2nd ICCT
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Congratulatory Message

Ryuichiro Yoshie

Honorable Chair of the 2nd ICCT

  On behalf of Tokyo polytechnic University, I would like to express my heartfelt congratulations on the 
2nd International Conference on Culture Technology. We are very pleased and honored to host this 
international conference at Nakano campus of our university.

  To tell the truth, I’m not sure the definition of “Culture Technology”. But I imagine that the “Culture 
Technology” is something like “Collaboration between Art and Technology”. Tokyo Polytechnic University 
(TPU) originated from professional school of photography was a pioneer in combining self-expression through 
photography (Art) with photographic techniques (Technology). Now the TPU is a unique university in Japan 
in that it possesses Faculties of both Engineering and Arts. One of the important policies of me, the 
president of TPU, is to enhance further collaboration between “Art and Technology”. In this sense, TPU is 
really appropriate place to hold this conference on “Culture Technology”.

  I would like to express my heartiest thanks to all the committee members who have been preparing this 
conference. I hope this conference will provide all the participants with places for active discussion and new 
ideas. I believe we can contribute to the quality of people's lives through both “Art and Technology”, i.e. 
“Culture Technology” 

Dr. Ryuichiro Yoshie
Honorable Chair of the 2nd ICCT and President of Tokyo Polytechnic 
University, 



Welcome Address

Welcome Message

Yonguk Lee

Organizing Chair of
the 2nd ICCT

Tae Soo Yun

Organizing Chair of
the 2nd ICCT

  It is my great pleasure to welcome you all to the second International Conference on Cultural Technology 

(ICCT) in Tokyo polytechnic University. First, I would like to thank everyone here for the attendance and 
special thanks to Dr. Pyeoungkee Kim the chairman, Conference Organizing Committee members and 
directors from each country.

  I am pleased to hold this ICCT’s second conference here in Tokyo. Tokyo is a modern city where not 
only information from all over the world gathers together but also it spreads out to the world. Hence the 
new technology is invented everyday. On the other hand, old great tradition and culture of Japan can still be 
seen and appreciated in Tokyo. Therefore, I think it is a very suitable place to hold ICCT to discuss 
particularly about culture and technology. I hope everyone enjoys this conference and the stay in Tokyo 
during this trip.

  Our Tokyo polytechnic University members and I are very excited to hear everyone’s presentations and we 
hope this conference will be meaningful for everyone. We hope all the researchers will be able to perform 
their best to describe their passions and also develop the knowledge from other researchers’ presentations for 
future works.

  Lastly, I would like to take a moment to thank to Dr. Ryuichiro Yoshie, the president of the Tokyo 
polytechnic University, who gave us a lot of support, and each of the sponsors.

Thank you.

Dr. Yonguk Lee and 
Organizing Chair of the 2nd ICCT and Director of IACST

Dr. Tae Soo Yun 
Organizing Chair of the 2nd ICCT and Chief Vice President of IACST



The 2nd ICCT  International Conference on Culture Technology

TPC Chair Message

Dongkyun Kim

TPC Chair of 
the 2nd ICCT

Hisaki Nate

TPC Chair of 
the 2nd ICCT

  It is our great pleasure to welcome you to Tokyo, Japan from December 8 to 10, 2017, for the 2nd 
International Conference on Cultural Technology (ICCT). This year, ICCT has various topics on cultural 
technologies including information technology, and digital contents and cultural service. We have received 
more than 150 paper submissions from 5 countries (Korea, Thailand, Pakistan, Indonesia and Japan) in the 
world. Through a rigorous review process, we have selected 102 technical papers for presentation at the 
conference. The accepted papers were organized into 13 technical oral and 4 poster sessions. In addition, we 
have two more special sessions where we can share idea on design & entrepreneurship, and future making. 
Besides the papers contribution from all over the world, this successful program was made possible by the 
devoted service of technical program committee members. We would like to express many thanks to all of 
the TPC members as well as to the Organizing Committee Chairs for their active support and guidance. We 
hope that all of participants enjoy the excellent program of this 2nd ICCT and the beautiful attractions of 
Tokyo.

Dr. Dongkyun Kim
TPC Chair of the 2nd ICCT and Vice President of IACST

Dr. Hisaki Nate
TPC Chair of the 2nd ICCT and Director of IACST



Organization

Organization

Organizing Committee
Honorable Chairs
• Dr. Ryuichiro Yoshie, President of TPU, Japan
• Dr. Kazuo Sugiyama, Oriental Consultants Global, Japan
• Dr. Pyeoungkee Kim, President of IACST

Organizing Chairs
• Dr. Tae Soo Yun, Dongseo University, Korea
• Dr. Yonguk Lee, Tokyo Polytechnic University, Japan
• Dr. Soon Ki Jung, Kyungpook National University, Korea

Registration Chairs
• Dr. Se Hyun Park, Daegu University, Korea
• Dr. Donghwa Lee, Daegu University, Korea

Local Arrangement Chair
• Dr. Hisaki Nate, Tokyo Polytechnic University, Japan
• Mr. Keisuke Ota, Oriental Consultant, Japan

Publicity Chair
• Dr. Eun Yi Kim, Konkuk University, Korea
• Dr. Syed Hassan Ahmed, University of Central Florida, USA
• Ms. JiYoun Wang, Oriental Consultant, Japan

Publication Chair
• Prof. Kyung Su Kwon, Dongseo University, Korea

International Advisory Committee
• Dr. Kazuo Sugiyama, Oriental Consultant, Japan
• Dr. Tongjin Kim, Purdue University, USA
• Dr. Lei Li, Hosei University, Japan

Exhibition Committee
Design Program Chairs 
• Dr. Bumkyu Kang, Dongseo University, Korea
• Dr. Kwang Chib Chang, Kyunghee University, Korea
• Dr. Kiesu Kim, Silla University, Korea

Cultural Design Chairs
• Dr. Sung Hyun Kim, Konkuk University, Korea
• Dr. Pil Je Park, Cachon University, Korea
• Dr. Seungpok Choi, Silla University. Korea



The 2nd ICCT  International Conference on Culture Technology

Technical Program Committee
TPC Chairs
• Dr. Dongkyun Kim, Kyungpook National University, Korea
• Dr. Hisaki Nate, Tokyo Polytechnic University, Japan
• Dr. Rattasit Sukhahuta, Chiang Mai University, Thailand
• Dr. I Putu Agung Bayupati, Udayana University, Indonesia
• Dr. Sungpil Lee, Dongseo University, Korea
• Dr. Jiman Hong, Soongsil University, Korea
• Dr. Haeyoung Ko, Seoul Women's University, Korea

Steering Committee
• Dr. PyeoungKee Kim, President of IACST
• Dr. Tae Soo Yun, Dongseo University, Korea
• Dr. Rattasit Sukhahuta, Chiang Mai University, Thailand
• Dr. Thomas Chun, Loughborough University, UK
• Dr. Yonguk Lee, Tokyo Polytechnic University, Japan
• Dr. Hisaki Nate, Tokyo Polytechnic University, Japan
• Dr. Thepchai Supnithi, NECTEC, Thailand
• Dr. Rolly Intan, Petra Christian University, Indonesia
• Dr. He Xiao Qing, Shanghai University, China
• Dr. Sun Guoyu, Communication University of China, China
• Dr. Se Hyun Park, Daegu University, Korea
• Dr. Kyudeuk Yeon, Christ University, India
• Dr. Intiraporn mulasastra, Kasetsart University, Thailand
• Dr. Dongkyun Kim, Kyungpook National University, Korea
• Dr. Eun Yi Kim, Konkuk University, Korea
• Dr. Jung Wha Lee, Dong-eui University, Korea
• Sang Hyo Lee, PineTree Associates, Korea
• Jong Soo Rhee, PineTree Associates, Korea



Keynote Speech

Keynote Speech

Ten Unsolved Problems in Human-Cultural Artifact Interaction 

Professor Emeritus Kwangyun 

Wohn KAIST, Korea

Chairman of Korea NST /Professor Emeritus, KAIST, Korea

He used "Culture Technology" first in the world

1986~1990: Professor, University of Pennsylvania, USA 

1991~2004: Professor, KAIST, Korea

2005 ~ 2011 Founder & Dean, Graduate School of Culture Technology, KAIST

2005~ President, HCI Association, Korea

2017.10.23~ Chairman, National Research Council of Science & Technology, Korea

How to Create a Good Game on "PAC-MAN" experience

Professor Toru Iwatani

TPU, Japan

Game Creator /Professor, Tokyo Polytechnic University

President for Digital Games Research Association Japan

BANDAI NAMCO Entertainment Inc. fellow member

1955: Born in Tokyo. 

1977: Entered the namco Ltd. (Current: BANDAI NAMCO Entertainment Inc.)

1980: Produced the video game "Pac-Man" whose theme is "Eating". It was appreciated
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Schedule
Time Program

December 8(Friday), Place: Tokyo Polytechnic University (Nakano Campus), Tokyo, Japan
14:00~15:00 Registration

15:00~17:30 International Culture & Marine Design Exhibition
Room# 3101(Building 3)

December 9(Saturday), Place: Tokyo Polytechnic University (Nakano Campus), Tokyo, Japan
08:00~09:00 Registration 

09:00~10:40
Oral Presentation 1

(Session A, B, C, D)
Room# 1201~1204

10:40~10:50 Tea Break

10:50~11:30

Opening Ceremony
- Opening Address(President Pyeoungkee Kim, IACST)
- Congratulatory Message (Dr. Ryuichiro Yoshie, President of TPU, Japan)
- Congratulatory Message (Dr. Kazuo Sugiyama, Director of Oriental Consultants, Japan)
- Welcome Message (Dr. YongUk Lee, TPU, Japan) 

Room# 1B01

11:30~12:10
Keynote Speech 1

(Speaker: Prof. Kwangyun Wohn, KAIST, Korea)
Room# 1B01

12:10~13:10 Lunch
Room# Cafeteria(Building 2)

13:10~13:50
Keynote Speech 2

(Speaker: Prof. Toru Iwatani, TPU, JAPAN)
Room# 1B01

13:50~15:30
Oral Presentation 2

(Session E, F, G, H)
Room# 1201~1204

Special Session A: Color Science and Art
Research Center of Color Science &Art,

Tokyo Polytechnic Univ.
 Room# 1205

15:30~16:20
Poster Presentation 

(Session P1, P2, P3, P4)
Room# Cafeteria(Building 2)

Special Session B: Design and 
Entrepreneurship(16:00~)

Prof. TJ Kim, Purdue Univ., USA
Mr. Sunghwe Kim, 3D Plus, Korea

Prof. Henri Christiaans, UNIST, 
Korea

Prof. WangPo, Western Univ., 
Vietnam

Room# 1205

Special Session C: Future Making
(16:00~)

Prof. Ted Shin, MSU Denver, USA
Mr. Jared Vanscoder, Autodesk, USA

Mr. Jeffrey Smith, Autodesk, USA
Mr. Thomas Kim, Sindoh Corp., 

Korea
 Room# 1206

16:20~18:00
Oral Presentation 3
(Session I, J, K, L)
Room# 1201~1204

18:00~20:00

Banquet
 - Welcome Message (Vice President Taesoo Yun, IACST)
 - TPC Chair Message (TPC Chair Dongkyun Kim, KPNU)
 - Best Paper Awarding (TPC Chair Hisaki Nate, TPU)
 - Dinner (at Cafeteria)

December 10(Sunday), Place: Tokyo Polytechnic University (Nakano Campus), Tokyo, Japan

09:00~10:30 Video Presentation
(Session V1)

10:30~12:00 Evaluation (by Organizing Committee)



Program

Program
December 9, 2017 (Oral Presentation)

Session A - ICT Trends and Applications Ⅰ
09:00~10:40, Room 1201, Session Chair: Donghwa Lee (Daegu University, Korea)
237 "Design of a User-centered Classifier for evaluating Voice Condition based on the S-choker," Seonghee 

Min and Yoosoo Oh (Daegu University, Korea)
396 "Simple Automatic Passenger Counting System(SAPCoS)," Disorn Tantigate and Somchoke Ruengittinun 

(Kasetsart University, Thailand)
239 "Genome Sequencing Report Exchange System," Hwijun Kwon, Shinwoong Lee, Mingyu Kim and Ilkon 

Kim (Kyungpook National University, Korea)
295 "Water Volume Detection System in Galon using Arduino," Agustinus Noertjahyana, Denny Kuriando and 

Resmana Lim (Petra Christian University, Indonesia)

Session B - ICT Service Technologies
09:00~10:40, Room 1202, Session Chair: Prof. Hongsik Park (Dongseo University, Korea)
147 "A Path Recovery Method using Cooperative Service Networks for Underwater Service Oriented 

Networks," Yonghwan Jeong, Sungwon Lee, Yeongjoon Bae, Eunbae Moon, Dongkyun Kim (Kyungpook 
National University, Korea)

188 "Modern day detection of Mines; Using the Vehicle Based Detection Robot," Hafiz Suliman Munawar, 
Usama Khalid and Adnan Maqsood (NUST, Pakistan)

222 "Autonomous Driving Car Technology Development Trend," Min-Joon Kim and Jong-Wook Jang 
(Dong-Eui University, Korea)

301 "Private Cloud Deployment on Shared Computer Labs," Henry Novianus Palit, Agustinus Noertjahyana, 
Albert Halim and Christian Adi Widjaja (Petra Christian University, Indonesia)

Session C - ICT Trends and Applications Ⅱ
09:00~10:40, Room 1203, Session Chair: Prof. Rolly Intan (Petra Christian University, Indonesia)
249 "Utilizing Emulab for Machine Learning Resource Pool," Gi-Beom Song and Man-Hee Lee (Hannam 

University, Korea)
187 "Recent Studies of FACTS devices for Power Flow Control," Umair Khalil, Sheeraz Ahmed, M. Danyal, 

M. Yousaf Ali and Fazal-e-Wahab (Gomal University, Pakistan)
388 "Appearance based filtering of matched line segments with topological constraints,"   Ik Hyun Jo,  Jae

Seok Jang,  and Soon Ki Jung (Kyungpook National University, Korea)
346 "Location inference and verification techniques for cultural heritage attraction," Watchira Buranasing, 

Thepchai Supnithi, Monthika Boriboon and Marut Buranarach (National Electronics and Computer 
Technology Center, Thailand)

Session D - Digital ContentsⅠ
09:00~10:40, Room 1204, Session Chair: Prof. Hyeyoung Ko (Seoul Women’s University, Korea)
197 "Common Interest between You and Me: Investigating Common Interest among Developers in GitHub 

Pull Requests," Sunbin Park and Eunjoo Lee (Kyungpook National University, Korea)
305 "Emotion Recognition Technology using Face Feature Vectors," Jung-Wun Lee, Kyung-Ae Cha, Jeong-Tak 

Ryu and Se-Hyun Park (Daegu University, Korea)
317 "A Study on Big Data Application in Animated Characters," Young-Suk Lee (Dongguk University, Korea)
202 "Weeds classification system for selective herbicides using broad weed estimation," Imran Ahmed, Sheeraz 

Ahmed, Noor-ul-Amin and Ayub Khan (Gomal University, Pakistan)

Session E - ICT Trends and Applications Ⅲ
13:50~15:30, Room 1201, Session Chair: Prof. Manhee Lee (Hannam University, Korea)
390 "Analysis of Camera Movement Affecting the Visual Cognition of the Audience in Animation," Jing Gu, 

Hyungjin Jeon and Hongsik Pak (Dongseo University, Korea)
403 "Hooking on 64-Bit Windows Using INT 3 Interrupt," Taehyoung Kim and Jong-Wook Jang (Dong-Eui 

University, Korea)
240 "Visual Tracking with Deep Neural Network-based Object Detection and Dynamic Image Masking," 

Dong-Hyun Lee (Kumoh National Institute of Technology, Korea)
275 "An Augmented Reality Application for Studying the Lives of Animals," Yulia, Liliana and Robert 

Hartono (Petra Christian University, Indonesia)
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Session F - Digital Contents II
13:50~15:30, Room 1202, Session Chair: Prof. Sung Pil Lee (Dongseo University, Korea)
351 "A Design Study through the Self-Report Emotion Measurement of Beach Bench Users," Chao Huang 

and Jung-Wook Go (Dongseo University, Korea)
245 "PGHD generation and sharing service design for visually impaired using speech recognition and FHIR," 

Woo Jin Kim, Dae-young Kim, and Il Kon Kim (Kyungpook National University, Korea)
196 "Who should pick me up? An approach for identifying suitable source files," Geunho Choi and Eunjoo 

Lee (Kyungpook National University, Korea)
203 "IoT for Real Time Data Logger and pH Controller," Leo Willyanto Santoso, Andreas Kwariawan and 

Resmana Lim (Petra Christian University, Indonesia)

Session G - Culture Service I
13:50~15:30, Room 1203, Session Chair: Prof. Yoosoo Oh (Daegu University, Korea)
324 "Design Development of a Step for Children," Jo HyeonSeong (Dongseo University, Korea)
389 "A User-engaging Interactive Digital Media Art System based on Masterpieces in Virtual Reality," In Su 

Kim, JunHyeok Hwang, Filsang Kim, Sunij Lee, Jaeseok Jang and Soon Ki Jung (Kyungpook National 
University, Korea)

172 "An Analysis of Chinese Traditional Patterns in Mobile Game Interface of Chinese Style -A Case Study 
of Fantasy Westward Journey-," Rongfang Zhang and Donghyuk Choi (Dongseo University, Korea)

399 "Handwritten Balinesse Character Recognition using K-Nearest Neighbor," I Wayan Agus Surya Darma 
and Ni Kadek Ariasih (STMIK STIKOM, Indonesia)

Session H - Digital Contents & Culture Service I
13:50~15:30, Room 1204, Session Chair:  Prof. Intiraporn Mulasastra (Kasetsart University, Thailand)
272 "Quadruped rigging with Quick rig in Maya software," Yangyang He and Chul Young Choi (Dongseo 

University, Korea)
181 "A Study on the Space Form and Sculpt of 3D Animation Background Modeling - Focused on The 

Gestalt Principle of Organization -," Lingfeng Gu, Hyungjin Jeon and Hongsik Pak (Dongseo University, 
Korea)

384 "Evaluation of connectives between color and typical adjective metaphor in Japanese language," Takashi 
Yamazoe, Yhuki Gouma and Yoshihiko Azuma (Chiba University, Japan)

216 "Use of AMR and CEI for Load Management due to Power Crisis in Pakistan," Sheeraz Ahmed, Gul 
Nabi Syed, Zahoor Ali Khan, Kashif Ali Awan and Amjad Khattak (Career Dynamics Research Center, 
Pakistan)

Session I - ICT Trends and Applications IV
16:20~18:00, Room 1201, Session Chair: Prof. Eun Yi Kim (Konkuk University, Korea)
225 "Creating Cycle Routes on Strava Segments," Wichpong Kao-ian and Intiraporn Mulasastra (Kasetsart 

University, Thailand)
365 "Trend Prediction of Detected Lightning Whistler using DBSCAN," I Putu Agung Bayupati and Ketut Adi 

Purnawan (Udayana University, Indonesia)
250 "Implementation of Indoor Positioning System using ID-Based VLC Beacon," Cheol-Min Kim, Min-Woo 

Jung and Seok-Joo Koh (Kyungpook National University, Korea)
364 "Conversion System of Earthquake Data from Microsoft Excel to Database at Indonesian Agency for 

Meteorological, Climatological and Geophysics Denpasar," Gusti Made Arya Sasmita and I. Gusti Putu 
Krisna Pradiptha (Udayana University, Indonesia)

Session J - Digital Contents III
16:20~18:00, Room 1202, Session Chair: Prof. Chul-Young Choi, Dongseo University, Korea
173 "An Association Study on the Aesthetic Characteristics of Digital Lighting and Impressionist Painting -- 

Taking "Zootopia" as an example," Guochao Sha and Donghyuk Choi (Dongseo University, Korea)
385 "VR Entertainment System "Ideal Vacation": A Game Designing Focused on the Sense of Presence," 

Yusuke Numazaki, See-Sheng Toh and Masanobu Endoh (Tokyo Polytechnic University, Japan) 
323 "Aesthetic Implication and Thought Significance of Film Semiotics -- Focusing on Chinese Documentary," Xi 

Fang and Won-ho Choi (Dongseo University, Korea)
191 "Curse of Drug Addiction among Youth in Pakistan," Farhat Shabbir (University of the Punjab, Pakistan)

Session K - Digital Contents & Culture Service II
16:20~18:00, Room 1203, Session Chair: Prof. I PUTU AGUGANG BAYUPATI (Udayana University, 
Indonesia)
342 "The comparative study of the animated movie industries of China, America, and Japan," Yan Jihui, Liu 

Jing and Chul Young Choi (Dongseo University, Korea)
325 "A Study on the Women-friendly Urban Regeneration Design of Overpass Sub-space," ShunPing He and 

KwanSeon Hong (Dongseo University, Korea)
192 "Conducive Environment Provided to Married Working Women by their Families and Society in 

Pakistan," Farhat Shabbir (University of the Punjab, Pakistan) 



Program

398 "Preprocessing system to Improve image quality of Ancient Balinese Manuscript," Ni Putu Sutramiani and 
I. Nyoman Piarsa (Udayana University, Indonesia)

Session L - Culture Service II
16:20~18:00, Room 1204, Session Chair: Prof. Yun Seon Do (Kyungpook National University, Korea)
401 "e-Culture Platform for Cultural Heritage Services," Watchira Buranasing (National Electronics and 

Computer Technology Center, Thailand)
345 "Multimodal Discourse Analysis of Chinese Traditional Cultural in the Mobile Game <King of Glory>," 

Ding Zhi Bo and Seung-keun Song (Dongseo University, Korea)
221 "Linked Open Data Development for Sharing the 3D Cultural Artifacts," Weeraphan Chanhom and 

Pongpon Nilaphruek (Chiang Mai University, Thailand)
204 "Fire detection through Image Processing; A brief overview," Hafiz Suliman Munawar, Usama Khalid and 

Adnan Maqsood (NUST, Pakistan)

Special Session - Color Science and Art
13:50~15:30, Room 1205, Session Chair: Prof. Yonguk Lee (Tokyo Polytechnic University, Japan)
158 "Color-Tunable Single Pixels Using Stacked Transparent Organic Light Emitting Diodes and 

Color-Tunable Lighting Domes," Takayuki Uchida, Takumi Takeuchi, Shuhei Ueda and Satoshi Kawamura 
(Tokyo Polytechnic University, Japan)

145 "Interactive Art Generating Innovative Color Expression Using Deep Learning Neural Networks," Yasuo 
Kuhara (Tokyo Polytechnic University, Japan)

163 "Virtual Environment for Visualizing Vocal Features and Its Application to Voice Training," Yoya 
Nakashima and Tsuyoshi Moriyama (Tokyo Polytechnic University, Japan)

318 "The Philosophy of the International Color Science and Art Center as the Brand Strategy of University," 
Yasushi Noguchi and Ryuichiro Yoshie (Tokyo Polytechnic University, Japan)

December 9, 2017 (Poster Presentation)

Session P1
16:20~18:00, Room#: Cafeteria (Building 2), Session Chair: Prof. Yoosoo Oh (Daegu University, Korea)
381 "VR Animation Production Based on Game Engine," Lin Qu, Taesoo Yun and Chul Young Choi 

(Dongseo University, Korea)
195 "Light Therapy System: Combining Real-time Emotion Recognition and Learning-based Color 

Recommendation," Yaohui Yu, Eunjeong Ko, Jinxi Li and Eun Yi Kim (Konkuk University, Korea)
227 "Controller's Behaviors Logging System of Therapeutic Contents for Collecting User Actions," Sunghee 

Lee (Kyungpook National University, Korea)
201 "Content-Based Image Selection for Automatic Report Generation," Jeongwook Choi, Jeongin Seo and 

Hyeyoung Park (Kyungpook National University, Korea)
215 "Wireless Sensor Networks Security," Eun-Ji Cheon, Seung-Ju Cha and Eun-Jung Choi (Seoul Women's 

University, Korea)
207 "Possibility of Using Virtual Reality, Augmented Reality and Mixed Reality for Educational Contents of 

STEAM," Jeongwon Na and Hyeyoung Ko (Seoul Women's University, Korea)
393 "Topic-based News Categories Classification using Latent Dirichlet Allocation and Convolutional Neural 

Networks," Taekeun Hong, Eunji Lee, Pankoo Kim and Jiman Hong (Soongsil University, Korea)
184  "Leap Motion Interface for Multi-modal UI/UX Engine of Car Control System," YoungJick Jang and 

Tae-Soo Yun (Dongseo University, Korea)
164 "Characteristics of Gaze Information according to Player's Experience under Searching Spaces of FPS 

Games," GyuHyeok Choi and Mijin Kim (Dongseo University, Korea)
167 "The Comparative Studies on the Cyber Punk Style in Animation and Film by Focusing on <Ghost in 

the Shell>," XuePing Gu, MinSik Hwang and HyunSeok Lee (Dongseo University, Korea)
369 "Media Characteristics for Effective Transmission Media," Yong yeongji and Donghyuk Choi (Dongseo 

University, Korea)

Session P2
16:20~18:00, Room#: Cafeteria (Building 2), Session Chair: Jiman Hong (Soongsil University, Korea)
210 "Development of Interactive Virtual Reality Educational Contents for Middle School Students to 

Experience Earth Science Education," Minha Park, Jeongwon Na, Hyundam Yoon and Hyeyoung Ko 
(Seoul Woman's University, Korea)

211 "IoT Device Security Guide Trend and Analysis Research," Seul-Ki Han, Ye-na Lee and Myuhng-Joo 
Kim (Seoul Women's University, Korea)

219 "MRF model based Real-time Traffic Flow Prediction with Support Vector Regression," Eun Yi Kim and 
Eunjeong Ko (Konkuk University, Korea) 
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220 "Vision-based Wheelchair Navigation using Geometric AdaBoost Learning," Eun Yi Kim
(Konkuk University, Korea)

236 "Deep Learning-Based Face Detection on Embedded Systems," Donghwa Lee (Daegu University, Korea) 
238 "A Prototype Implementation of Light-Weight Graphics System with Direct Rendering Manager Support," 

Nakhoon Baek (Kyungpook National University, Korea)
260 "Risk Information Communication in Science and Technology between Science Museum and Users in the 

EPL Mode," Daegil Hong (Seoul National University of Science and Technology, Korea)
311 "Evaluating Usability of Intelligence Assistant Applications," Chae Won Park, Jae Hyung Park, Issac 

Han and Hohyun Lee (Paul Math School, Korea)
176 "Analysis on Persuasive Function and TV Public Service Advertising," Ke-Jing Wen and Won-ho Choi 

(Dongseo University, Korea)
174 "Implementation of Infantry Squad Organization for Realistic Squad Battle Game," Nak Hyean Goo, Dong 

Hoon Lee and Mi Jin Kim (Dongseo University, Korea)
218 "Color Therapy: Estimating Hidden Relationship between Colors and Human Emotions," Yaohui Yu, 

Eunjeong Ko and Eun Yi Kim (Konkuk University, Korea)

Session P3
16:20~18:00, Room#: Cafeteria (Building 2), Session Chair: Donghwa Lee (Daegu University, Korea)
165 "A Method for Procedural Building Destruction from Houdini to UE4," JiaNi Zhou and Tae Soo Yun 

(Dongseo University, Korea)
392 "Research for Sign System Design of Public Parking Lot," Zhang Feng, Wangyang and Lee Sung Pil 

(Dongseo University, Korea)
375 "Societal Implications of Crowdfunding Success for Korean and Chinese films on Sexual Slavery - 

through in Korea and <22> in China," Jiang Danwei and Chang Eun jin (Dongseo University, Korea)
335 "Research on Elderly TV Programs Based on the Characteristics of the Times and the Demands of the 

Elderly," DanYa Liu and DongHun Lee (Dongseo University, Korea)
333 "A Study on the Traditional Color Metaphorical Function of 'Chinese School 'Animation," Hao Shen and 

DongHun Lee (Dongseo University, Korea)
321 "A Study on Kinetic Art as Synesthesia Visualization by Music Waveform," WonUng Jeong and SeHwa 

Kim (Dongseo University, Korea)
171 "Ethnocultural Characteristics in the Animation of Chinese School," Ting-Wu and Mijin Kim (Dongseo 

University, Korea)
253 "Plasmonic color structures embedded on imaging devices for augmented reality," Yun Seon Do 

(Kyungpook National University, Korea)
255 "A study on Qualitative Evaluation Model for Specialized Trade Exhibition," Young Soo Kim (Seoul 

National University of Science and Technology, Korea)
368 "Workflow of the Digital Actor Hologram Performance based on Digital Synthesis," Fu Linwei, Jiang 
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Abstract 
 

The S-choker is a system that can help vocal 
management by deciding the vocal condition in real time 
for professional voice users. To evaluate the vocal state 
based on the S-choker, we should know whether the voice 
is used or not. Therefore we propose the user-centered 
classifier that values the voice usage based on the S-choker 
for professional voice users. The proposed classifier 
enables real-time learning by utilizing the S-choker data 
from users. To develop the classifier, we collect sensor data 
from the S-choker and then apply naive Bayes 
classification algorism with the received data. The 
S-choker app can determine whether a user is speaking or 
not with learning results. 

 
Keywords - Vocal-management; S-choker; Machine-learning; 

User-centered;  Professional-voice-users 

  
I. Introduction 

 
Professional voice users need a vocal management system 

because they are exposed to the vocal cord diseases, such as 
colds, sore throat, vocal cord nodules[1]. The S-choker[2] is a 
system that can promote vocal status by deciding the vocal 
condition in real time for professional voice users. The 
S-choker consists of a choker-type device and a mobile app. It 
can evaluate the vocal state of the user based on biological 
signals by measuring heart sensor, GSR sensor, EMG sensor 
and microphone sensor. 

To evaluate the vocal condition, we should know whether 
the voice is used or not based on the S-choker. However, there 
is no research to find out whether the sound is used or not by 
using biosensors. It is necessary to develop a user-centered 
classifier for voice usage because biological sensory data is 
different according to each user. Also, we need to build a 
server that can efficiently manage big data from physiological 
sensors of the S-choker. Mainly it is essential that we develop a 
user-centered classifier for vocal usage. The user-centered 
classifier should learn and manage sensor data according to 
different characteristics of each user. 

Therefore we propose the user-centered classifier that 
evaluates voice usage based on the S-choker for professional 
voice users. The proposed classifier enables real-time learning 
by utilizing the S-choker data from users. The designed 
S-choker sends measured sensor values to the S-choker app. 
The S-choker app generates the HBT ontology[3] by 
integrating sensor values and user’s profile. Then the HBT 

ontology transfers to the designed HBT server. The HBT 
server decides to determine voice usage and vocal condition of 
each user based on learning algorism.  

To develop the classifier, we collect sensory data from the 
S-choker and then apply naive Bayes classification 
algorism[4] with the received data. The S-choker app can 
determine whether a user is speaking or not with learning 
results. Also, it shows voice usage condition, and then a user 
can monitor the status with a result graph. 

 
II. The Proposed Classifier 

 
Fig. 1 describes a diagram of the proposed classifier. The 

S-choker measures sensor values around user’s neck. The 
measured data is sent to the S-choker app through Bluetooth. 
The S-choker app parses sensory data and integrates user’s 
profile to generate the HBT ontology. The made data transfers 
to the HBT server by HTTP communication. The HBT server 
saves the data in the database of the S-choker. The learning 
algorism module performs learning by using sensor values and 
then recognizes the voice usage condition. The recognition 
result is transferred to the Alarm Message Print Module in the 
S-choker app. The S-choker app can help to manage the vocal 
state of a user by using alarm messages. 

 

 
 
Fig. 1 A diagram of the proposed classifier. 

 
Fig. 2 describes the HBT ontology generated in the S-choker 

app. The user’s profile information saved in the Head ontology. 
The user’s profile information has a user ID, gender, age, and 
Job. The gender and age of a user have a difference in acoustic 
phonetics at the fundamental frequency[4]. Especially 
professional voice users are more likely to experience vocal 
diseases than non-professional voice users[5]. So, we should 
save this user’s profile information. The sensor values are kept 
in the Body ontology. Also, the recognition results and the 
accuracy are saved in the Tail ontology. 
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Fig. 2 The HBT ontology generated in the S-choker app. 
 

We develop a prototype of the proposed classifier. The 
developed classifier performs learning based on collected 
sensory data from the S-choker. We collect the S-choker data 
when a user speaks, or dose does not speak in a different 
situation. Used situations are a quiet environment(35.3dB), a 
normal environment(61.3dB), and a noisy environment 
(85.6dB). We make 55 training data set and 10 test data set by 
sampling the collected data from different situations. We apply 
the gaussian naive Bayes learning algorism. Equation 1 is used 
for a learning of the developed classifier.  represents each 
sensor value that is measured by heart sensor, GSR sensor, 
EMG sensor and microphone sensor.   has label 0 and 1. The 
label 0 means that a user does not speak and the label 1 means 
the opposite. 

 

(1)   

 
We evaluated the developed classifier with a test data set 

after learning with a training data set. In a quiet environment, 
the learning accuracy was 100%. However, in a typical 
situation, the learning accuracy was 80%, and in a noisy 
environment, it was decreased to 70%. Therefore, we find that 
the S-choker system needs a filter that calibrates background 
noises in the noisy environment. Also, we know that it requires 
a calibration process to compensate errors in biological sensor 
values. 

The classifier can recognize voice usage of the user in real 
time by applying the S-choker app. Fig. 3 describes a 
screenshot of the S-choker app. If the S-choker app recognized 
when a user said, it displays a red pictogram. If the user does 
not speak, it presents a black pictogram. Moreover, the 
S-choker app shows graphs about sensory data of the S-choker. 
 

III. Conclusion 
 
In this paper, we proposed the user-centered classifier that 

evaluates the voice usage based on the S-choker for 
professional voice users. The proposed classifier builds the 
HBT ontology and estimates the voice usage in real time. Also, 
it can help to manage the vocal condition of the user by 

sending evaluation results to the S-choker app. The proposed 
classifier performs learning the S-choker data. By using the 
proposed classifier, we collected the S-choker data from each 
user in various environments. We applied this classifier to the 
S-choker app; then a user can monitor vocal condition by 
oneself. In the future, we will implement a learning system that 
can process the HBT ontology in real time to improve a 
learning accuracy. 

 

 
 

Fig. 3 A screenshot of the S-choker app 
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Abstract 
 

In every flight, the airline crew usually take many times 
to count number of passengers before their aircraft takes 
off.  As there are some conditions to be met before 
counting. One of which is that all the passengers need to be 
in place and this usually takes some time. Furthermore, 
the airline crew often need to perform the counting 
procedure again and again to fortify the exactness of the 
counting. In this paper, IoT was introduced with a simple 
model of automatic passenger counting in which will call 
“Simple Automatic Passenger Counting System” or 
SAPCoS to make the passenger counting procedure more 
concise. SAPCoS can operate with sensors called force 
sensitive resistors or FSRs, and mount them under all 
passenger seat cushions in the aircraft. The system will get 
values from the sensors to determine whether each seat is 
occupied or not and also summarize all the data into a 
report showing present and absent passengers. After 
testing the model, the system performed the way as 
expected it to in general cases, but from our inspection, 
there were several factors that may have affected the 
accuracy and reliability of the system, such as the 
passenger’s weight, seating position, sensor mounting 
location and so on. Thus, the model needs to be improved 
by addressing those reliability issues in the future. 

 
Keywords-component; Automatic passenger counting, FSR, 

Force sensitive resistor, IoT, Adruino 

  
I. INTRODUCTION 

     
In aircraft, as stated above, there is one important task for 

flight attendants to perform before taking off, getting the 
passenger count. This task is time consuming and needs to be 
done frequently.  Frequently performing this task on large 
vehicle is not a small insignificant on. SAPCoS connects all 
sensors to a microcontroller to translate data from the sensors 
to a computer. The system needs to be triggered by a crew 
member in order for it to start counting; and it will completely 
shut down before the vehicle takes off.  SAPCoS will not 
interfere with any flight instruments whatsoever. The system 
will provide convenience, reduce the crew’s burden and 
chance of error.  In addition to that, the system only needs a 
single member of the crew to operate, and can operate as soon 
as all the passengers are in place. 

 

 
II. RELATED WORK 

 
There are many different methods that used for automatic 

passenger count. Most of them cannot recognize passengers or 
link to passenger database to identify passengers. For example,  

some people have implemented a system for counting 
people and have used it in public transportation vehicles [2].  
The approach used in that system consisted of using a stereo 
vision system installed over the vehicle doors along with a 
featurebased counting algorithm and an object tracking system 
to count people coming in or getting out the vehicles. This 
system is not suitable for counting passengers on an airplane 
because it cannot recognize or identify onboard and offboard 
passengers.  In contrast, the system was introduced in this 
paper uses passenger information which already exists in a 
database that has been gathered from the check-in process.  
The system then matches the data collected from sensors 
mounted under the seats to the information in the database. 

 
 

III. SYSTEM OVERVIEW 
 

The automatic passenger counting system comprises of 3 
major components that work together: force sensitive resistors 
(FSRs), a microcontroller and operation software. Each sensor 
is responsible for determining the existence of individual 
passengers by sensing their weight applied to the seat.  Hence, 
requiring the sensors to be mounted on every passenger seat on 
the vehicle.  All components are connected to each other by 
wires so that there are no wireless signals which can interfere 
with the flight instruments.  The FSRs do not generate any 
electromagnetic interference (EMI).   

The counting process starts when a crew member triggers 
the system to start counting.  As the system starts, it will send a 
pull command to the microcontroller in order to start reading 
output values from the sensors. When the microcontroller 
acquires the output values from the sensors, it will forward the 
values to the managing software to process the values and 
determine whether the passengers exist or not.  In practical use, 
SAPCoS can install more than one microcontroller due to the 
limitation of analog input pins on the microcontroller; the pins 
used for receiving signals from the sensors.  In our prototype, 
the Atmeta328 microcontroller which is on the Arduino UNO 
R3 development board.  The board has 6 analog input pins that 
can connect up to 6 sensors to a microcontroller. Each 
microcontroller needs to communicate with each other through 
a link protocol like I2C.  Each microcontroller has to pass pairs 
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of values read from the sensors along with seat numbers 
assigned to each sensor, to a microcontroller that connects to 
the managing software. The managing software will then 
process the data from the microcontroller through its algorithm 
which uses a threshold value to determine the existence of a 
passenger. 
 
 

IV. FORCE SENSITIVE RESISTOR 
 

The sensors in the system are force sensitive resistors 
(FSRs). that will be using Interlink model 406 FSRs which can 
detect physical pressure, squeezing and weight.  In practical 
use, any size of FSR can be used, but the larger the sensors are, 
the more accurate the system will be.  An FSR is basically a 
resistor that is made of robust polymer thick film (PTF) and 
changes its resistive value depending on force applied to the 
surface of the sensor.  They are suitable for detecting rough 
weight values, but they are not precise enough to measure 
weight accurately. The resistance value of the sensor will be 
greater than 10 MΩ with no force applied and decreasing as 
the force is applied to the sensor[3]. In addition, the sensor 
generates no EMI while it is operation which means there is no 
electromagnetic interference generated from the sensor. The 
relation between the resistive value and force applied to the 
FSR is as shown in Fig 1. 
 

 
Fig. 1 Relation between resistive value and force applied to the FSR 

[3] 
 

Fig. 2 shows the physical dimensions for the sensor. The 
sensing area is 39.6 x 39.6mm., and the thickness of the sensor 
is 0.46mm.  Each layer of the force sensitive resistors are made 
of the following material and thicknesses: semi-conductive 
layer [Ultem] 0.13mm thickness, spacer adhesive [Acrylic] 
0.15mm thickness, conductive layer [Ultem] 0.13mm 
thickness, rear adhesive [Acrylic] 0.05 thickness.  Since the 
sensors comprise of multi-layer material, they cannot tolerate 
much shear force.  Appling excessive shear force can cause 
delamination of the layers. Bending of the sensor can lead to 
erratic readings, but in our case, the slight bending will not 
affect the accuracy of the sensor. 
  

 
 

Fig.2 FSR Interlink model 406 dimensions [2] 
 

The FSR is designed to measure the resistive value in a 
voltage divider where the voltage output can be found by using 
the following equation. [3]  

 
 

The FSR can be connected as shown in Fig.3 where V OUT 
connects to the analog pin of the microcontroller, V+ to a 5V 
power supply, and the RM resistor will be used for tuning the 
VOUT value.  The relation between RM and VOUT are shown 
in Fig 4. 
 

 
 

Fig.3 Circuit diagram of FSR in voltage divider [2] 
 

 
 

Fig.4 Voltage output with different RM values [4] 
V. MICRO CONTROLLER 

 
The microcontroller in this project is used to read output 
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values from the force sensitive resistors. In the prototype, with 
an Arduino Uno R3 development board which uses the Atmel 
ATmega328 microcontroller.  The specifications for this 
model are shown in Table I.  The microcontroller has 
6-channel 10-bit A/D converters, that can connect up to 6 force 
sensitive resistors. Each microcontroller needs to be 
programmed to receive data from the sensors and forward the 
data to other microcontrollers.  If it is the main microcontroller 
it has to send the data to a laptop and needs to define which 
sensor belongs to which seat number. The microcontroller will 
map the sensors that are connected to its analog pins with seat 
numbers that are setup in the microcontroller.  So, the data sent 
out from the microcontroller will consist of pairs of variables: 
seat numbers paired with their corresponding sensor values. 
 

TABLE I 
THE SPECIFICATIONS OF ATMEGA328 [1] 

Keys  Parameters  
CPU type  8-bit AVR  
Performance  20 MIPS at 20 MHz  
Flash memory  32 kB  
SRAM  2 kB  
EEPROM  1 kB  

Pin count  
28-pin PDIP, MLF, 
32pin TQFP, MLF  

Maximum operating 
frequency  

20 MHz  

Number of touch channels  16   
Hardware QTouch 
Acquisition  

No   

Maximum I/O pins  26  
External interrupts  24  

 
 

VI. SAPCoS Architecture 
 

In the system architeture aspect, as seen in Fig.5, the 
microcontroller will send sensor data to the software, the 
software will analyze the existence of passengers from the 
value it receives.  The values that are sent and forwarded to the 
software comprise of pairs of variables: seat number and 
sensor value. After the software has determined the existence 
of each passenger, it will store the existing passengers in a 
database along with the personal data of each passenger 
already existing in the database to make a new list of 
information. 

The algorithm used in the software to determine whether 
passengers are present works by comparing sensor data to the 
threshold value that is pre-set in the software. By adjust the 
threshold value to determine the existence of the passengers 
more precisely based on other factors in the system such as the 
thickness of the seat cushion. The output of the software 
produces lists of present and absent passengers on that flight.   
Crew members can also check the names and status of both the 
present passengers and other passengers who have provided 
information since the check-in process. The managing 
software was built using Java to allow it to run on a laptop 
connected to the main microcontroller to receive all the sensor 
output data. 

 
 

Fig.5 System Architecture 
 
 

VII. MODEL TESTING 
 

In our test model, tested the components which consisted of 
force sensitive resistors and a microcontroller with the 
following environment. By attached the force sensitive resistor 
sensor under 3-inch thick cushion to simulate a flight seat and 
place the cushion on a hard-flat surfaced chair. The surface 
area is 35 x 40cm.  Installed the sensor in the center of the area 
under the cushion. To ensure whether the sensors can perform 
as expected, many objects were placed on the cushion to 
simulate passenger weight and read the values from the sensor.  
Table II shows the results. 
  

TABLE II 
VALUES READ FROM THE SENSOR WHEN WEIGHT 

CHANGES 
Weight  Value  

< 1 kg   0  
10- 20 kg  45-60  

50 – 80 kg  140-160  
100 kg  200  

 

 
 

Fig.6 Circuit diagram of the prototype system 
By connected all component as shown in Fig.6, the 

microcontroller was connected to a computer that runs 
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software used to read and display data read from the sensor. 
Repeat tested the sensor to check how it performed when 

there was a constant weight of 70 kg applied to the sensor for a 
long time. SAPCoS obtained the following result shown in 
Fig.7.  The values read from the sensor increased between the 
0th hour and 5th hour and became stable after the 6th hour. 
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V
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ue
s
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 Fig.7 Value changes when applying 70 Kg constant force 
 
 

VIII. CONCLUSION AND FURURE WORK 
 

The test model worked as expected .  It can detect people 
sitting on the test seat, but from our observations there are two 
factors that may affect the reliability of the system that we need 
to consider.  The first being passenger weight. The passenger 
could be an infant having a much different weight compared to 
an adult passenger, and the system might be unable to register 
that weight as a person.  Despite lowering the threshold values 
of the system to allow lower weight detection, we came across 
some obstacles when the value was too low, for example: 
setting the lower end value of the threshold to 4 kg allowed us 
to detect a wider range of passenger ages, but on the other hand, 
the system lost the ability to distinguish between passengers 
and luggage that weighed over 4 kg.  Moreover, the lower end 
threshold value reached a limit because of the cushion weight.  
Another point was the position of the seated passenger.  Since 
the sensors had a sensing area of 39.6 x 39.6 mm., there was 
the possibility that passengers sit too far from the sensing area.  
When that happened, the cushion could not spread the force 
over the sensing area, and resulted in reading values of zero or 
very low.  However, careful adjustment of the sensor’s 
mounting point as well as using sensors that had larger sensing 
areas reduced the possibility of false off-seat readings. 
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detailed contents. Since many portion of summary contents 
overlap detailed contents, we just standardized detailed 
contents. All FHIR Resources were made in DSTU Version 2. 
 
A. Data Analysis 
 

The detailed contents are divided into required fields and 
optional fields. Required fields include key information 
related to genomic analysis data, such as sequencing 
information.  Optional field contains subsidiary information 
that are not related to sequencing data such as medical 
examination history and racial information. Table 1 shows the 
data element presented by the two documents. 
 
1) Required fields data 

 
The data elements of the required fields shown table 2 are 

defined in Table 2 of ISO / TS 20428 and each data element 
is matched to standardized metadata. 

 
TABLE Ⅱ 

Data elements and their metadata for required fields [10] 
Data elements Metadata 

Clinical 

sequenci

ng 

orders 

Clinical 

sequenci

ng order 

code 

Order code LOINC 

Information on sequencing 

order 
TEXT 

Data 

and time  

Order date 

ISO 8601 

Specimen collection 

Order received data 

Report date 

Addendum creation date 

Specimen information ISO/TS 22220:2011 

Informati

on on 

subject 

of care 

Identifiers 
ISO/TS 22220:2011 

Name 

Birth date ISO 8601 

Sex ISO/TS 22220:2011 

Ethnicity 
HL7 v3 Code System 

Race 

Information of legally authorized person  

ordering clinical sequencing 
ISO/TS 27527:2010 

Performi

ng 

laborator

y 

Basic information TEXT 

Information of report generator TEXT 

Information of legally confirmed person 

on sequencing report 
ISO/TS 27527:2010 

Associated disease and phenotype ICD 

Biomater

ial 

informati

on 

Type of sample SPREC 

Genomic source class in biomaterial LOINC 

Conditions of specimen TEXT 

Genetic 

variation

s 

Gene symbols and names HGNC 

Sequenc

e 

variation 

informati

on 

Notation HGVS 

Effects of variants TEXT 

Sequence variant ID Database unique ID 

Classifica

tion of 

variants

Pathogeny 

ENUM(“Pathogenic”, 

“likely pathogenic”, 

“Unknown significance”, 

“likely benign”, “Benign”))

Clinical relevant 

ENUM(“Identified”, “Likely 

identified”, “Uncertain”, 

“Not identified”) 

Recomm

ended 

treatmen

t 

Medication ISO 11615 

Clinical trial information Clinical trial ID 

Known protocols related to a variant TEXT 

Other recommendation TEXT 

 
2) Optional fields data 
 
ISO / TS 20428 defines the data elements of the optional 

fields as shown in Table 3.  
 

Table Ⅲ 
Data elements and their metadata for optional fields [10] 

Data elements Metadata 
Medical history ICD 

Family history/Pedigree information 

HL7 v3 IG: Family 

History/Pedigree 

Interoperability 

Reference genome version 

Genome Regerence 

Consortium Human 

Genome release ID 

Racial genome information TEXT 

Genetic 

variation 

Gene symbols and names HGNC 

Sequence 

variation 

information 

Notation HGVS 

Effects of variation TEXT 

Sequence variant ID Database unique ID 

HGVS version HGVS version number 

Detailed 

sequencing 

information 

Clinical sequencing date ISO 8601 

Quality control metrics NUMERIC 

Base calling 

information 

Read depth 

NUMERIC 

Reference allelic depth 

Alternative allelic depth 

Allele frequency 

Genotype 

Sequencing 

platform 

information 

Type of sequencers 

TEXT Library capture methods 

Target capture methods 

Read type 
ENUM(“single-end”, 

“paired-end”) 

TABLE I 
Data elements of required fields and Optional fields [10] 

    
Required Fields Optional Fields 

Clinical sequencing orders 
Family History/Pedigree 

information 

Information on subject of 
care 

Reference sequence 

Information of legally 
authorized person ordering 

clinical sequencing 

Conditions of specimen that may 
limit adequacy of testing 

Performing laboratory Racial genomic information 

Associated disease and 
phenotype 

Detailed sequencing information

Biomaterial information References 

Genetic variations  

Classification of variants  

Recommended treatment  
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Abstract 

 
Internet of things has a concept that aims to expand the 

benefits connected in a continuous internet connection on an 
ongoing basis. The method used by Internet of Things is 
automatic control without distance. Implementation currently 
gallon control of water is still done by looking at the state of 
gallons and then gallons turn when the water in the gallon is 
already empty. With the internet of things can be implemented a 
water volume detector that can monitor the state of the gallon 
from a distance through a smartphone. To make the 
manufacture of water volume detection required tools such as 
water flow sensors, microcontroller or other tools that are then 
connected to the internet.  

For interaction relationship of water flow sensor, 
microcontroller, or other tool of help through internet used 
Android application. This Android application is used to 
facilitate users to access the internet anywhere. This Android 
application is made by using Android studio and microcontroller 
made with Arduino programming using C language. 
Microcontroller used is WeMos D1 R2 which has been contained 
ESP8266 in it. 

The result of this water volume detection development is the 
microcontroller can transmit sensor data to the Ubidots server 
so that the application can retrieve sensor data on the Ubidots 
server. Users can view the gallon state in real time and are also 
given a notification when the gallon water volume is below alert 
level. Users can also view reports of gallons per month. 

 
Keywords: Internet of things, Water volume detector, ESP8266 

Microcontroller, Ubidots, Water flow sensor, Android. 

 
 

I. Introduction 
 

Internet of things has a concept that aims to expand the 
benefits connected in the internet connection on an ongoing 
basis. The method used by the Internet of Things is automatic 
control without distance. Implementation of the Internet of 
Things usually follow the developer's desire in developing an 
application he made. 

The need for drinking water is needed by humans. Without 
drinking water must be the body feels weak, tired, lethargic, 
lackluster, and easy to tire even though not doing heavy 
activities. With the development of the era, many people are 
now turning to the use of gallons and dispensers as a storage 
and drinking water. Filling gallons is an activity that must be 
done when the contents of gallon water have run out. This is 
not separated from the habits of people who must see first run 
out or not the contents of water gallons. 

The internet concept of things can be implemented in 
monitoring gallon content remotely and providing 
notifications on Android applications over the internet. In 
applying the internet of these things, the sensor tool used to 
measure the volume of water that comes out must be able to 
communicate with Android smartphones. Currently only the 
implementation of the outflow water meter has been applied 
in article [2]. But for the technology of water volume detector 
can be monitored through the smartphone is still not applied 
in everyday life so there is no notice about the depletion of 
gallon water. With reference to the article [2], an Arduino-
based gallon volume detection device that can be applied with 
an Android smartphone can monitor the volume of water per 
gallon from a distance and provide a notification when the 
volume of gallon water is lower than the minimum limit. This 
can be said to be a prototype in the future, this technology is 
expected to be useful for companies that have large numbers 
of employees such as factories, hospitals, offices, and others. 

 
 

II. Literature Review 
 

A. Internet of Things 
 

 The Internet of Things (IOT) is a concept and paradigm 
that considers absorbing presence in the environment of 
things through wireless and wired connections and unique 
addressing schemes can interact with each other and work 
with other things to create new applications / Services and 
achieve common goals. In this context research and 
development challenges to create a very large intelligent 
world. A world where real, digital and virtual get together to 
create a smart environment that makes energy, transportation, 
city and many other areas more intelligent. 

 
B. Ubidots 

 
Ubidots is an IoT cloud or internet of things platform 

originating in Boston, USA. This platform aims to facilitate 
the manufacturer in capturing data from the sensor and 
converting it into Information. Ubidots are also used to 
organize actions performed or provide warnings based on 
data obtained. Ubidots provides APIs to help with the data 
collection process and make it informational. API is a way or 
solution for objects to interact with the web. This API allows 
manufacturers to make changes and retrieval data from the 
server. This API supports HTTP or HTTPS usage. To 
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exchange data required API key. To retrieve a value or 
variable from the server then required the ID of that variable 
and the user account tokens that the server has given. To 
facilitate Android developers, Ubidots has provided a library 
that serves to shorten the writing of HTTP requests in JAVA 
[4]. 
 
C. Water Flow Sensor Module 
 

Flow sensors are widely used for monitoring and control 
applications, to measure the flow of air or liquid. The water 
flow sensor consists of a plastic valve, a water rotor 
component, and a half-effect sensor. The pin wheel has a 
small magnet attached, and there is space-effect magnetic 
sensor on the other side of the plastic tube that can measure 
how many turns of a mill are done through a plastic wall. This 
method allows the sensor to remain safe and dry [2]. 

In this system can calculate the rotor flow surrounded by 
magnets along with the use of Hall Effect sensors. This is 
known as the G½ water flow sensor. The turbine that rotates 
on the resulting magnetic field and the result of the AC pulse 
will be converted into digital output with the help of Hall 
Effect sensor placed after the turbine. The number of pulses 
generated per liter can be calculated with the programming 
software. Thus, the pulse will produce a frequency output 
which is directly proportional to the volumetric flow rate / 
total flow rate through the meter. 

 
D. Microcontroller and WiFi module ESP826 
 

A microcontroller is a microprocessor that has additional 
parts that make it possible to organize or control other objects. 
Can be interpreted that the microcontroller run programs that 
have been made by the user and stored in memory. 
Microcontroller is a very useful tool that can help the 
designer to manipulate data obtained from input or output. 
Usually microcontroller is composed of microprocessor, 
memory and I / O. Microprocessor itself is composed of 
Central Processing Unit (CPU) and Control Unit (CU). CPU 
is the main brain that performs arithmetic and logic processes. 
While CU controls the operation of the microprocessor and 
sends signals to other parts of the microprocessor to perform 
instructions [3]. 

 
E. Arduino IDE 
 

Arduino IDE is an open-source software that helps script 
creation or code and uploads scripts or code on board or 
microprocessor. Arduino IDE has an environment written in 
Java. The Arduino IDE also has a compiler for C or C ++ 
languages. Arduino IDE is intended to help create scripts or 
code for various boards or microprocessor [1]. 

 
 

III. Design system 
 
A. Design of Volume Water Detector 
 

Figure 1 is an electrical circuit of a gallon water volume 
detector device in which this electrical circuit shows what 
electrical components are needed and how they are connected 

to other components. This circuit has 3 main components that 
have their respective functions - each. The main components 
are the WeMos D1 R2 microcontroller, water flow sensor, 
and switch. The additional components in the design are 
jumper and resistor cables. 

 
B. Class Diagram 
 

There is a class diagram described in this chapter that is a 
class diagram for SQLite. Figure 2 shows the class diagram 
for SQLite. There are 3 classes of user, gallon and gallon 
detail. Where in user class there are user id attribute, token 
and status. While in the gallon class there are ID Gallon, 
token, location name, description of location, ID flow, ID 
volume, ID datasource and alert level. While in the gall detail 
class there are attributes ID Detail of gallon, ID gallon, 
timestamp replace, less timestamp, water level which is the 
total flow of water out and last volume which is the last water 
volume total. Class user relates to the gallon class of one to 
many relations. The gallon class relates to the gall detail class 
of one to many relationships. 

 

Internet

Arduino

ESP8266

WiFi
Switch

Water Flow 
Sensor

Android

Ubidots

D2

D3

 
Figure 1: Block Diagram System 

 
 

Galon

ID Galon : Integer

Nama Lokasi: Character

Detail Galon

ID Detail : Integer

ID Galon : Integer

User

ID User : Integer

Token : Character
Status : Character

Token : Character

ID Volume : Character
ID Dtsource : Character

ID Flow : Character

Desk. Lokasi : Character

Alert Level : Integer
Max Volume: Double

TS Ganti : Character
TS Kurang : Character
Water Level : Double
Last Volume : Double

1..1

0..*

1..10..*

 
 

Figure 2: Class Diagram 
 
 

IV. Testing 
 
A. View Home 

When the user successfully logged the application will 
display the home page as shown in Figure 3. This page will 
display all the gallon data in the SQLite database showing the 
condition of gallon water volume in the form of images. 
There are 2 buttons are the delete button to remove the gallon 
device and the "+" key for gallon device insert. And there is 
also a menu bar. 
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B. Create Device 
 

Create gallon serves to add new gallon device and stored in 
Ubidots server and SQLite database. This page can be 
accessed by the user by pressing the "+" button on the home 
page and pressing the create device in the menu bar. The 
create gallon page can be seen in Figure 4. 

In the form, the user can fill in the location name, location 
description and alert level then press the insert data button, 
then the system will create a new variable that is Flow, 
Volume, and connection on Ubidots server then the system 
picks up each variable id then the system will store all Data 
form along with the variable id into the SQLite database. In 
the process of adding a gallon device the system will display 
the progress dialog as shown in Figure 5. After the data has 
been stored then the system will return to the home page as in 
figure 5. 

 

    
 

Figure 3: View Home and Menu Bar 
 

 
 

Figure 4: Create Device View 

    
 

Figure 5: Progress Dialog and Display After Insert Successful 
C. View Update Device 
 

Users can also change existing gallon devices when needed 
by pressing the gallon images that are on the home page. 
When the user presses the gallon image, it displays the gallery 
detail form selected along with its value as shown in Figures 
6 and 7. Then the user can change the location description 
and alert level then press update button. 

 

 
 

Figure 6: Device Detail View 
 

 
 

Figure 7: View After Device Update 
D. Delete Device 
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Users can also remove a gallon device when it is no longer 
necessary by pressing the button next to the gallon image. 
The application will give alert dialog "Are you sure you want 
to delete this device?" As shown in Figure 8. Then the system 
will request delete to the Ubidots server to remove the device 
according to the Datasource device ID. 
 
E. Alert Notification 
 

When the volume of water is under alert level that has been 
in the settings by the user then the application system will 
provide notification on the smartphone users and users can 
suppress the notification alert so that the application displays 
the gallon conditions as in figure 11 and 12. Notifications 
provided in the form of ringtones and vibrations. If the user 
does not change the setting of water level alerts at gallon 
details then the system gives notification for 2 minutes. 
 

 
 

Figure 8: Display Alert Delete Device 
 

 
F. Gallon Replacement Test 
 

Testing of this gallon turnover was done 2 times 
experiment. The first experiment is that the user presses the 
switch once only. In the first experiment, the gallon turns in 
the emphasis on the switch once experienced a hitch in the 
process of calculating the water flow. This is because the flow 
calculation process is not dismissed. The result is when the 
gallon of water is poured over the drinking water jar then the 
water flow is about the rotor in the water flow sensor so that 
the microcontroller will automatically calculate the water 
flow. The right solution in the second experiment is to push 
the switch button 2 times. For suppression of the first switch, 
the microcontroller will stop the flow calculation process. 
After the gallon of water has been replaced new, then the user 
press once again for the microcontroller will send a new 
water volume and run the flow calculation process. 

 

   
 

Figure 9: Delete Progress Dialog and View After Delete Device 
 

 
 

Figure 10: Notification View 
 

 
 

Figure 11: Display After Pressing Notifications 
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Figure 12: Linechart and Barchart 

G. View Report Usage Galon 

When the user presses the usage gallon on the menu bar 
then the application will display the gallon usage report page 
as shown in Figure 13. This gallery usage report page has 2 
charts of LineChart to display the conditions of gallons water 
depth and BarChart to display gallons per month. 

H. Water Flow Sensor Accuracy Testing 

Testing the accuracy of the outflow of water from the 
gallon is aimed at the accurate level of the water flow sensor 
and the calculation of the water flow rate in the 
microcontroller with the equation (Pulse frequency x 60 min) 
/ 7.5Q = flowrate in L / hour. To determine the level of 
accuracy it is necessary to observe the results of reading from 
the water flow rate that can be seen by microcontroller. The 
first thing to do is prepare a measuring cup with a volume 
size of 0-750 ml and a bottle aqua 1.5 liter. After that the 
container is filled with water then the sensor readings will be 
recorded in table 1. The data have been taken for this test can 
be seen in table 1 will be shown the ratio of water volume to 
the volume of usage with the results of sensor readings. 
Experiment conducted 5 times to know the difference of 
sensor readings. 

Table 1 
Comparison between Usage Volume and Sensor Reading Results 

Usage 
Volume 

Sensor Reading Results 
1 2 3 4 5 

1500 ml 1484.46 1502.24 1502.24 1497.79 1501.16
750 ml 762.22 755.32 752.4 750 750.8 
330 ml 324.4 331.34 342.2 330.67 334.53
250 ml 260 250.79 240 251.12 253.33

From the data obtained from table 1 this can be calculated 
average and the level of inequality in the form of percentage 
which can be seen in table 2. 

Table 2 
Table of Average Calculations and Errors on Water Volume 

Usage Volume Average Sensor Reading 
Results 

Error (%) 

1500 ml 1497.58 0.16 
750 ml 754.15 0.55 
330 ml 332.63 0.79 
250 ml 251.05 0.42 

Average total error percentage 0.48 

V. Conclusion 

From the results of the manufacture of water volume 
detector in the internet-based gallon of things by using 
Android and Arduino, can be drawn conclusions include: 

 Water flow sensor can communicate with
microcontroller well and microcontroller can also
send data to Ubidots server.

 The Android app can monitor gallon states and can
inform users via notifications when gallon water
volume is below alert level.

 Applications can allow users to find information
such as monthly gallon replacement reports.

 Applications can display gallon state in real time.
 Based on the gallon replacement test the user must

press the switch button 2 times.
 Based on the water flow rate accuracy test, the water

flow sensor has a percentage error of 0.48%. Then
the water flow sensor is feasible for use on the
manufacture of water volume detector.
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Abstract 
Recently, a new application using underwater sensor is 

being developed. In particular, in applications where 
multiple nodes are installed in narrow areas, high routing 
overhead can reduce network performance. A Service 
Oriented Network (SON) that minimizes overhead by 
processing packets only which has been generated from 
their service can solve this overhead problem. However in 
SON a node with path loss needs a temporary path 
restoration function capable of transmitting a packet via 
node (Relay) supporting other services. Since the path 
recovery scheme in SON is limited to one hop, in this paper, 
we propose a scheme to find a two hop relay node using the 
characteristics of RPL. 

 

Keywords-Service Oriented Networks; Underwater Wireless 
Sensor Network; Path Revocery,  

  
I. Introduction     

Recently as sensing, communication, and control functions 
of an underwater senor node have been developed, various 
applications utilizing an underwater sensor node have been 
developed. Until now most underwater applications were 
military underwater surveillance, petroleum detection and 
migratory fish detection which the nodes are operated over a 
wide marine area with large number of nodes. However in 
recent years applications such as dam pollution survey and 
harbor security have been developed which the node are 
operated at a high density in narrow area[1]. In large scale 
underwater application it is known that operating in flooding 
based routing protocol that utilized GPS information is 
effective[2]. On the other hand, in case of small scale 
underwater application GPS are not attached to the node or 
even it is attached due to the GPS error positioning information 
is not operated normally. Therefore a routing protocol which 
does not use location information is required in such a small 
scale underwater sensor network[3]. Also highly reliable 
routing protocol is needed considering the high transmission 
error rate of acoustic wave. 

RPL (Routing Protocol for Low-Power and Lossy 
Networks), which is defined by the Internet Engineering Task 
Force (IETF) Group, maintains and manages multipath which 
is more reliable than other routing protocols[4][5]. In RPL, 
each node receives a DIO (DODAG Information Object) 
message transmitted from a sink through multipath and 
transmits packet to path which has the smallest routing metric 
value. If a path is lost during the transmission. It may attempt 

to resume the packet transmission using another path or 
attempt a path recovery to find a new path. 

However there is a problem that such RPL also has a high 
routing overhead. In particular, when multiple applications are 
running in a small area each node broadcasts a DIO message 
transmitted by a sink node and it may cause broadcast storm 
problem due to large number of DIO messages are flooded. In 
SON(Service Oriented Network)[6], each application is 
divided into a service ID (serv_id) and the packet displays the 
service ID of which has generated the packet. Each node 
normally processes only the packet which contains the serv_id, 
otherwise it reduces the overhead by discarding the other 
packets. 

However, due to these advantages of reducing overhead, 
SON has a problem in the path recovery function. Especially, 
when the path are all lost and a node can transmit packet 
through other node which provides other service is defined as 
an isolated node. A path recovery scheme that provides a new 
path to the isolated node is proposed[7].As existing schemes 
that provide new routes for such isolated nodes are limited to 
1-hop neighbor nodes. Therefore in this paper we propose a 
method to provide isolated node with path using 2-hop relay by 
utilizing RPL’s path recovery method. 

 
II. Proposed Scheme  

A. Concept 
 
Therefore in this chapter, we propose a method of selecting a 

2-hop relay node and transmitting a packet. This method aims 
for minimizing the transmission message overhead used to 
recover the path. Isolated nodes need to form a temporary path 
in advance to transmit data packets toward the sink. For this, 
the 2-hop node from the isolated node functions as a relay node 
through information exchange between isolated nodes and can 
transmit the data packet to the corresponding sink. 
 
B. Operational  Process  
 
The proposed scheme operates as follows when an isolated 

node occurs due to the node loss in SON. 
Before the isolated node (Node A) occurs in the topology as 

shown in Figure 2 , all nodes including node D in the network 
broadcasts a DIO message to form a path for pack transmission 
which service they are providing. Also, if each node receives a 
DIO message the service ID which they are not providing then 
each node stores the service ID to the corresponding DIO 
message in the service table and discards the DIS message. 
Through this process, the node C receives the DIO message 
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transmitted from the node D and records 0x11 in their service 
table. If isolated node A occurs then node A cannot distinguish 
whether it is an isolated node or simply a parent node at this 
point. Therefore, node A first tries to recover the path. 
 

 

Figure 1 Process of 2-hop relay configuration (1) 
 

So the node A transmits a DIS (DODAG Information 
Solicitation) message including its own service ID 0x11 and 
the neighbor nodes B and E receives the DIS message. The 
nodes B and E which receives the DIS message checks 
whether there is a service ID (0x11) recorded in the DIS 
message in their service table. If the service ID exists, it 
operates according to the existing method and provides 1-hop 
relay function. 
 

 

Figure 2 Process of 2-hop relay configuration (2) 
 
If the node which received DIS message (B, E) does not find 

service ID it their service table, first it discards DIS message. 
Then it checks whether there is a data packet to be transmitted 
(particularly an upward path packet). The data packet to be 
transmitted form the node B to the node C contains 0x22, 
which is the service ID of the node B. The node B piggybacks 
the service ID (0x11) and the data ID (DIS) in the data packet 
which was recorded in the DIS message. 
The parent node (node C and F) which received the 

piggybacked data packet with service ID and DIS message 
type searches for the service ID 0x11 for their piggybacked 
service ID in their service table. The node F which does not 
have record for corresponding service id figure out that the 
node F itself and the node E cannot operate as a two-hop relay 
node for node A. Therefore, the node F transmits a packet with 
the flag bit set to 0, which means that the relay service cannot 
be provided to the ACK message transmitted to node E. The 
node B which receives the data packet responds ACK. The 

node B then transmits this data packet to its parent node C. 
On the other hand, the node C which is the node piggybacked 

with service ID can figure out that it is in the communication 
range with the node (node D) that has transmitted the message 
with the corresponding service. Therefore, node C transmitted 
ACK message to node B with flag bit set to 1 which indicates 
that the node B and itself can operate as a two-hop relay node. 
After the DIO waiting time expires, node A broadcasts a 

1-hop joining request message. Node B which receives joining 
request message determines if it can provide relay function for 
node A and transmits the joining reply message to node A. 
After receiving the joining reply, the node A transmits its own 
service ID (0x11) to the node B by recording it in the data 
packet. At his period the node C receives the data packet 
receives service ID (0x11) from childe node which is different 
with the service (0x22) that node C and child node provides. 
Normally, the data packet in which the service ID and the other 
service ID provided are discarded, but it is unicast data packet 
form the child node. Therefore, this packet can be aware of that 
the 2-hop relay is requested from the data packet.  
Therefore, node C broadcasts this packet without discarding it. 
Because node C does not know the address information of 
node D (which had previously sent DIO Message) to receive 
this packet. The node D which receives the broadcasted data 
packet proceeds with normal processing (e.g. upward 
transmission) since the packet is a data packet recorded with 
service ID (0x11) provided by itself. 
 

III. Performance Evlauation 
 

In this chapter, we analyze the performance of methods to 
resume packet transmission with the help of relay node when 
isolated occurs due to loss of node in underwater SON network 
through simulation. 
 
A.Simulation Environments 
 
In this experiment, the topology size is 2,000m ✕ 2,000m 

square, and four services are set to run in the same space. The 
maximum transmission distance of each node is 150m, and 
each node is set to provide a random one of the four services. 
The sink nodes of each service are arranged one by one at the 
corner of the topology, and all nodes are configured to 
generate upward data packets to their sink node every 3 
minutes. Also, we set 10% of nodes randomly selected among 
all nodes after 60 seconds from the start of simulation. The 
node that failed to transmit even one packet until 120 seconds 
passed has failed to recover the path and has determined that it 
is still in isolated state. After the path recovery, the node that 
succeeded the packet transmission is judged to be a normal 
node which is no longer isolated. 
 
B.Simulation Analysis 
 
Figure 3 is a graph showing the number of nodes still in 

isolated state due to failure of path recovery according to the 
number of nodes in the topology. In this graph we can confirm 
that the number of isolated nodes decreases as the number of 
nodes increases. This is because as the density of the node 
increases the number of preliminary parent node in RPL 
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increases and even if the node loss occurs, the new parent node 
can be immediately selected and the packet can be transmitted 
without performing the path recovery. Also, regardless of the 
number of nodes we can confirm that the proposed method 
always generates fewer isolated nodes that the existing method. 
This is because the proposed scheme not only restores the path 
through 1-hop relay node but also has the additional 
opportunity to cover the path through 2-hop relay node. 
Figure 4 is a graph showing the number of transmission of 

total path recovery related message (DIS + Joining Request + 
Joining Reply) transmitted in the network according to the 
number of nodes. In both methods it can be seen that as the 
number of nodes increases, the number of transmission related 
to path recovery decreases. This is because the number of 
nodes attempting for path recovery decreases due to the 
existence of preliminary parent node. In addition we can 
confirm that the transmission overhead of the path recovery 
related messages of the two proposed schemes are almost the 
same. Therefore we can confirm that the proposed method 
provides path recovery function through 2-hop relay without 
consuming additional overhead. 
 

IV. Conclusion 
 
In this paper, we propose a method for providing isolated 

nodes with a path that utilizes 2-hop relay without additional 
overhead for underwater SON networks. In the proposed 
scheme, the RPL’s DIS message transmitted before the Joining 
Request is transmitted. The 1-hop relay node transmits the 
information recorded in the DIS message to 2-hop relay node 
and the 2-hop relay node checks whether the relay node itself 
and the 1-hop relay node can provide the relay function. If it 
can provide with relay function, it informs the 1-hop relay 
node. This process is piggybacked in the DATA-ACK packet 
transmitted between the relay nodes. Simulation results show 
that the proposed scheme can reduce the number of isolated 
nodes by up to 220% compared to the existing scheme without 
additional overhead consumption. In next research we will 
propose an optimal relay node selection method when as 
isolated node receives a joining reply message from multiple 
nodes. 
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ABSTRACT 
 

The basic principle of land mines is the encapsulation 
of explosive material inside metallic covering which is 
then buried underground, close enough to the surface to 
as to trigger the explosion upon contact and external 
pressure. Hence it is quite a sure shot way of causing 
destruction if anyone accidently steps onto the ground 
that has underlying explosives hidden for attack and will 
result in taking the life of the unfortunate person. The 
aim of this paper is to provide help to people who are 
living in these areas of constant threat and risking their 
lives on a daily basis. A robotic vehicle having the 
capability of detecting these buried mines by means of 
wireless operating systems that can scan far flung places 
and detect the mines is suggested here. This vehicle can 
send back information about the position of the mines to 
a control room in order to help neutralize the explosives 
safely. The detecting vehicle is designed to have a metal 
detector that can be operated by the control room 
through a remote control system. The coordinates of the 
location are displayed by means of an LCD that is 
mounted over the control system. This helps in viewing 
the exact location and its coordinates when the robotic 
vehicle detects a landmine.  

Index Terms: Robotic Vehicle, Mine Detection, Robot, RF Module, 
PIC Microcontrollers, GPS, MDRs,  IED  
 

I. INTRODUCTION 
 

Landmines are explosives that are hidden under the earth’s 
surface layer and are aimed at causing destruction and killing 
enemies who trespass to one’s territory. These mines cannot 
only kill humans but can also destroy tanks and large troops 
at one. The explosions are set off automatically upon 
detection of external pressure. Such contact can set off 
explosions and may destroy the target by direct blasts or by 
the fragments that are expelled out as a result of 
explosion.The modern era recognizes land mines as devices 
that are designed to be used as anti-personnel and anti-
vehicle weapons. A number of improvised explosive devices 
(IEDs) come under the classification of land mines but this 
term is generally reserved for the equipment that is designed 
for use by the military. IEDs on the other hand are mostly 
designed and used by terrorists or paramilitary groups [1]. 
There is quite a debate on the use of land mines and a lot of 
concern revolves around accidents and life threatening 
situations due to these devastation causing designs. The war 

areas may remain a danger zone for many years after the end 
of the war and this threatens the lives of the local population. 
The recent counts suggest that around 100 million lives are 
lost worldwide by these land mines. The loss due to these 
mines ranges from decrease in the financial wellbeing of a 
state but also include the loss of precious lives on a regular 
basis. It has been estimated that as many as 2000 lives are 
lost owing to mine explosions per month. This is proving to 
be global crisis [2]. The existing methods of removing these 
pre-existing mines from war zones are unsafe and extremely 
costly. In addition, a lot of time is required to get done with 
evacuation of these mines. Such a long time cannot be 
devoted and may result in newer wars and more areas having 
land mines by the time the existing ones are detected or 
removed.  

Estimates show that around 70 million landmines still 
remain uncovered and buried unknowingly in around 80 
different countries worldwide. The biggest threat is that the 
landmines can remain intact and active for about 60 years or 
more despite of being under the earth’s surface. Reports have 
indicated that around an interval of every 22 minutes, a life is 
lost due to explosions of landmines. This results in an annual 
figure of 26,000 deaths due to landmine explosions [3]. The 
biggest tragedy is that these explosives are usually found in 
the underdeveloped areas and the local populations are 
generally poor and uneducated, hence they remain unaware 
on what they are facing.  

The underdeveloped countries are deprived of the modern 
technology that is required to successfully detect and remove 
these mines. Hence they do not have any means of getting 
their areas clean of the undermining explosives and constant 
threats. This particular reason has motivated us to design a 
robot that is able to detect the landmines and can be 
controlled from a safe distance by means of a control room 
setup. The major aim of this study is to create a way of safety 
for people and make it available at economic prices in order 
to ensure that it is affordable for the underdeveloped areas. 
The current methods under use around the world are unsafe 
and unreliable. The proposed robot will do to ensure safety as 
the operator doesn’t have to be near the mine to detonate it. A 
safe distance can be achieved by first detecting the exact 
location and coordinates of the mines by means of the GPS in 
the robot detector.  

II. EXISTING TECHNIQUES 
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IV. CONCLUSIONS 
 

It was once considered impossible to have an equipment 
that can control the movements of any vehicle and detect 
minefields. The model for mine detection is an important tool 
for IT and electronic engineers for building automatic 
systems in a short span of time. This mine detecting robot is 
designed to save time and precious lives. The previous 
techniques have been reviewed in great detail and we have 
tried to overcome the barriers that were existing in the 
previous methods. This robotic vehicle does to cut down the 
risks associated with mine detection. The wireless control 
system makes it safe and risk free. Also, the detector is 
extremely efficient and can detect the smallest piece of metal. 
This ensures that none of the mines remain undetected. 
Another important feature is the cost effectiveness; the 
simple materials used make is affordable.  

This robotic vehicle can easily be customized and the 
developers can use applications to control the device. This 
system has to be evaluated in great depth in future as it holds 
very broad future perspectives. The accuracy, ease of use, 
timely detection and risk assessment have to be further 
evaluated. The speed of the system and the chances of errors 
have to be seen and tested.  
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Abstract 
 

Self-driving cars have three main functions. The first 
recognizes the surrounding environment, judge the risk, 
and lastly plans the drive path. Therefore, the driving 
operation is minimized. And it refers to a human friendly 
car capable of safe driving on its own. The reason for the 
need for self-driving car was to reduce traffic jams on 
limited roads and to reduce carbon dioxide emissions. 
Future Cars The three main keywords are connected cars, 
autonomous vehicles, and electric vehicles. Automotive 
technology is currently described as the same technology 
as ADAS, and increasingly technological performance is 
becoming increasingly variable and diversifying. 
Connected cars refer to vehicles that connect information 
and communication technologies to automobiles, enabling 
vehicles such as V2 and mobile services to be equipped 
with new services. Electric cars are vehicles that use 
electric batteries and electric motors without using fossil 
fuels and engines. Driving ahead of these self-driving car 
businesses can be expected to attract and expand the 
existing business and expand the new business and create 
new business opportunities for ICT firms. It is urgent for 
the concerned agencies to establish legal and institutional 
basis for self-driving cars. By doing so, new services could 
be provided to consumers. Therefore, this paper 
introduces the technological development trends for 
self-driving cars. 

 
Keywords-Self-driving Car; Autonomous Vehicle; Autonom 

ous Avoidance; Technological Development Trends 

  
I. Introduction 

     
The new car market is rapidly grow new markets, with the 

combination of technology advances and market demands. 
The present automobile is a mobile body for transportation or a 
mobile body capable of supporting driving, but in the future, 
autonomous driving will be possible and the interior of the 
automobile will be changed into living space and office space. 
Therefore, SW, artificial intelligence, communication, security, 
sensor, navigation technology will be added in the current 
general car, so that autonomous navigation will be possible in 
the future. Domestic industries are lagging behind in 
predicting future markets. Therefore, it is necessary to occupy 
the future of future markets based on automobile and ICT 
convergence technology, which is the strength of the domestic 

industry. Autonomous vehicles refer to a human-friendly car 
capable of self-safety by recognizing the surrounding 
environment itself, determining the risk, planning the driving 
route, and minimizing the driver's driving operation. The 
changes in the automobile industry are accelerating 
commercialization of ADAS, technological progress, easing of 
cost burden, and intensifying competition among companies to 
secure future markets. Consumer demand is also increasing, 
such as improving safety and convenience, and reducing oil 
costs. The three key words of future cars are connected cars, 
autonomous vehicles, and electric cars. Connected cars are 
defined as a concept that emphasizes the connectivity of 
vehicles. Various devices inside the vehicle are connected to 
the external network through wireless communication, 
providing information for improving the safety and 
convenience of the vehicle, real-time navigation, remote 
vehicle control and management Refers to vehicles that 
support infotainment services. Definition of autonomous 
driving car refers to a car that recognizes its surroundings by 
itself and drives safely without accident by judging driving 
routes and risks. Electric cars are cars that use electric batteries 
and electric motors, not fossil fuels and engines. In this paper, 
technology development trends of autonomous vehicles are 
analyzed.[1] 

 
II. Autonomous Driving Car Technology Trend 

 
Currently, cars support driving, such as moving a simple 

transport vehicle or maintaining lane keeping, parking aid, and 
distance maintenance. However, as the autonomous driving 
becomes possible in the future, the automobile can become a 
living space and an office space. Future markets are being 
created and growing as the technology advances and 
automotive market demands combine. The automobile market 
is now a market for finished car makers. However, future 
autonomous vehicles will emerge with automobiles 
incorporating software, information, artificial intelligence, 
communication, security, sensors and navigation. Therefore, it 
is predicted that companies developing sensors, parts and 
systems for automobiles will show a strong performance in the 
automobile market. Domestic industries are slowing down 
compared to the autonomous cars market, as existing 
automotive and IT industries such as BMW and Google are 
announcing their R & D plans and performance for fully 
autonomous cars. Therefore, it is necessary to preoccupy the 
future market based on the automobile and ICT convergence 
technologies, which are the strengths of the domestic industry. 
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Smart automobile is able to provide high safety and 
convenience service by real-time recognition of the internal 
and external situation of the automobile by combining electric 
technology, information communication, and intelligent 
control technology with automobile technology.[2][3] 
 
A. Autonomous vehicles 
 

Autonomous vehicles refer to a human-friendly vehicle that 
recognizes its own environment, judges the risk, plans the 
driving route, minimizes driver's driving operations, and is 
capable of running safely on its own. Autonomous driving is 
largely divided into 5 stages as shown below. 

 
Fig.  1. Definition of technology stage of autonomous vehicle 

 
The current phase is an integrated ADAS phase that 

combines ACC + LKAS with Level 2, and functions like the 
GM Cadillac's Super Cruise function. Level 2 is the stage 
where the driver must always be aware of the surrounding 
traffic situation. In the case of a Google autonomous vehicle, it 
will be at Level 3, and as of yet there is a case of a traffic 
accident caused by an autonomous vehicle problem. 
Autonomous vehicles are being developed as a fusion of 
vehicle technology and infrastructure technology. It will be 
composed of the integrated control of the automobile - 
infrastructure that efficiently collects and manages various 
data such as sensors, vehicle information, traffic speed, traffic 
volume, density, weather information and road surface 
condition data. 
 

Fig.  2. Autonomous vehicle market forecast, 2015 ~ 2035 
 
Consumers of autonomous vehicles said that 37 percent of 

them said that it is the purchase of autonomous vehicles. Even 
if the price is offered at $ 3,000, 20% of consumers are 
responding positively to autonomous vehicles. The IEEE also 
said that by 2040 autonomous vehicles are expected to account 
for 75 percent of the world's cars. It also demonstrates the 
effectiveness of safety regulations. AEB technology is applied 

as a basis for reinforcing global safety regulations while seeing 
the effects of collision mitigation. 

 
B. Connected Cars 

Connected car is a concept that emphasizes the connectivity 
of vehicles. Various devices inside the vehicle and external 
network are connected through wireless communication, 
providing information for improving safety and convenience 
of the vehicle, real-time navigation, remote vehicle control and 
management, e-mail, multimedia streaming, And other 
infotainment services. 

 
Fig.  3. Definition of Connected Vehicle 

 
IT companies are competing to develop automotive 

infotainment platforms. In the future, the scope of technology 
will be expanded to V2X, which enhances safety through 
communication between various objects and helps efficient 
operation. It is expected to increase the demand for customized 
information and contents by analyzing big data such as driver's 
driving and life patterns. Techniques for enhancing 
convenience by expanding interconnectivity between 
automobiles and other devices will be developed. The market 
for connected cars is expected to account for 75% (69 million 
units) of connected cars among the world's automobile 
production volume of 92 million in 2020. 

 
Fig.  4. Connected Car Market Size 

 
The rapid increase in vehicle connectivity is expected to 

increase digital content consumption and production, and will 
affect overall automotive service functions such as 
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infotainment. We expect automobile and IT companies to 
contribute to various business models and revenue sources. 
 
C. Electric cars 
 

Electric cars are cars that use electric batteries and electric 
motors without using fossil fuels and engines. The core 
technologies of electric vehicles are batteries, drive motors, 
chargers, high-voltage, and power conversion technologies, 
aiming at low cost and high efficiency. Electric vehicles can be 
categorized as shown in the following figure, depending on 
whether all of the electric energy is supplied from the outside 
or whether the electric energy is generated by itself. 

 
Fig.  5. Types of electric cars 
 

An electric vehicle is a pure electric vehicle (EV) that 
operates only from a battery charged with electric energy from 
the outside in a narrow sense. In the broad sense, it refers to a 
hybrid electric vehicle (HEV) using an engine and a motor, A 
plug-in hybrid electric vehicle (PHEV) that can be charged 
from a power source of the vehicle.[4] 

 
Fig.  6. World Electric Vehicle Market Outlook 
 
The global electric car market is expected to sharply increase 
from 2.77 million units this year to 23.76 million units by 2025 
due to strengthened environmental regulations and full support 
from the Chinese government. SNE Research a global electric 

vehicle market research organization is expected the number 
of EVs shipped worldwide will reach 2.87 million units this 
year, with EV (pure electric vehicle) and PHEV (plug-in 
hybrid electric vehicle) excluding hybrid cars reaching 
920,000 units. 
 

III. Sensor Technology Trends of Autonomous Driving 
Vehicles 

 
Autonomous vehicle sensor technology consists of various 

sensors such as ultrasonic, vision camera, radar, and Lidar. For 
front, rear and side cameras, it is applied to the surround view 
monitor and parking assist technology. For front camera and 
infrared camera, it is applied to auto braking system, night 
vision, pedestrian protection, lane keeping, black box, 
intelligent up light control function. The near-field radar 
sensor is used for detection range of 0.5 ~ 70m, and is used for 
blind spot protection, lane change and rear collision detection. 
The rear and front ultrasonic sensors are used in parking assist 
systems with a sensing distance of 0.3 to 2.5 meters. In the case 
of lateral ultrasonic sensors, the detection range is 0.3 ~ 5.0m, 
which is used for smart parking function. Finally, the radar 
sensor is used in SCC, Stop & Go, front collision detection 
auto braking system, etc. with a detection range of 0.5 ~ 200m. 
Camera sensors such as mono cameras and stereo cameras, 
which are typical sensors, are vulnerable to extraneous 
influences such as backlighting and tunnels, and the accuracy 
of distance is reduced. In the case of a radar or a Lidar sensor, 
pedestrians, lanes, and signs are difficult to recognize. 
Therefore, new sensor technology such as depth camera is 
being developed and new recognition technology is developed 
by fusing various sensors. The development status of 
commercialization of autonomous driving car is as follows: 
Development of technology for integrated image recognition 
SW and driving support system for driving lane, opposite 
vehicle, leading vehicle, development of stereoscopic camera 
system for HD car with less than 5% error rate, 3D LIDAR 
Development of sensor system, development of 
high-definition 3D-HDR camera and integrated image 
processing module for parking and lane change driver support, 
and development of mirrorless camera system. 

 
IV. Conclusion 

 
In this paper, we briefly analyzed the technology trends of 

autonomous vehicles. Growth was delayed because the 
domestic industry of autonomous vehicles could not predict the 
growth potential of autonomous car market. Therefore, 
technology development research is needed to secure 
competitiveness in a short period of time and to enter the global 
market. In the field of autonomous vehicles, ADAS parts and 
systems can be developed as follow-on projects, which will 
help automakers maintain and expand existing businesses. In 
addition, the paradigm shift will lead to new business creation 
and entry into the automotive industry with the introduction of 
new and challenging ideas and functions. Consumers may 
require traffic accident reduction and new services. In order to 
expand these industries, the legal and institutional basis of the 
nation should be provided, such as revision of relevant laws, 
identification of traffic accidents, and evaluation criteria for 
autonomous driving performance. 
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Abstract 
 

A computer laboratory in a school or college is often 
shared for multiple class and lab sessions. However, often 
the computers in the lab are just left idling for an extended 
period of time. Those are potential resources to be 
harvested for cloud services. This manuscript details the 
deployment of a private cloud on the shared computer labs. 
Fundamental services like operation manager, 
configuration manager, cloud manager, and schedule 
manager were put up to power on/off computers remotely, 
specify each computer’s OS configuration, manage cloud 
services (i.e., provision and retire virtual machines), and 
schedule OS switching tasks, respectively. OpenStack was 
employed to manage computer resources for cloud services. 
The deployment of private cloud can improve the 
computers’ utilization on the shared computer labs. 

 
Keywords-private cloud; shared computer labs; cloud services; 

OpenStack; Wake-on-LAN (WOL); Preboot eXecution 
Environment (PXE) 

 
I. Introduction 

 
Past reports suggested that utilization of computer resources 

in a data center is generally low. Based on collected data from 
worldwide data centers in 2009-2011, an IBM research report 
[1] found that the CPU utilization of a typical data center 
ranged from 7% to 25%. An analysis by McKinsey & 
Company on 70 large data centers, as reported by the New 
York Times [2], also showed that on average data centers were 
using 6% to 12% of the electricity for their servers’ 
computations; apparently the large share of power was to keep 
servers doing nothing, just be ready in case of a sudden rise in 
activity. 

A comparable phenomenon can also be observed in a 
school’s or college’s computer laboratory. Computers in that 
particular lab are often turned on for long hours even if there is 
no class or practicum session taking place. Some students may 
have the habit of using the computers for a while and then 
leaving without turning them off.  

Evaluating resource idleness in a number of Windows 
computer laboratories, Domingues et al. [3] found that the 
average CPU idleness was almost 98% and the portion of 
unused memory was 42% on average. Using wireless power 
meters and simultaneously recording the user activities on a 
lab of 22 computers, Han and Gnawali [4] concluded that 

every day 60% of energy consumed by each computer was left 
unused as no user was logged in. Moreover, the study on the 
lab users’ behavior revealed that only 5% of users employed 
the computers for long periods of time (taking more than 3,000 
KJ of energy), whereas the majority (75% of users) just 
occupied them minimally and in turn consumed less than or 
equal to 1,000 KJ of energy. 

Evidently, computers in many school/college labs are not 
optimally utilized. They are often left idle or unused for long 
periods of time. There are two general approaches to tackle 
this inefficiency issue. The first approach is to turn the 
computers off when they are not being used. This can be 
performed either remotely or automatically to reduce human 
involvement. The second approach is to harness the idle CPU 
cycles for addressing other computational needs. The needs 
are most likely to come from other parties within or outside the 
school/college. Unquestionably, the idle resources may be 
offered voluntarily or on a pay-per-use basis.  

Following the second approach, the research work discussed 
in this manuscript tries to servitize the extra resources of some 
shared computer labs and deploy them as a private Cloud 
service (i.e., Infastructure-as-a-Service). OpenStack [5], the 
open source software for creating a cloud service, was 
employed to manage the idle computer resources. Since 
OpenStack requires Linux as the operating system (OS), while 
the desktops in the shared computer labs are running Windows 
as the default OS, a management system is needed to control 
the switching from Windows to Linux and vice versa. 

The rest of the manuscript is arranged as follows. Section 2 
outlines some related works, particularly on various ways the 
idle computer resources are being utilized. The proposed 
management system is described and detailed in Section 3. 
Some evaluations are discussed in Section 4. Finally, Section 5 
concludes the findings and suggests some future works. 

 
II. Related Works 

 
Harnessing unused computer resources has been the focus of 

many previous research works. The works outlined here are by 
no means exhaustive, but they can represent some of the ideas 
of utilizing unused computer resources.  

The underlying concept of Grid computing [6] is essentially 
resource sharing in multi-institutional virtual organizations 
(VOs). Resource owners (providers) from different institutions 
may pool their resources in a VO to be used up by participants 
of the VO. The sharing is highly controlled. Each provider may 
share resources in multiple VOs and subject them to 
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constraints on when, where, who is allowed, and what can be 
done. Sharing relationships are often peer-to-peer (i.e., 
providers can also be consumers), can exist among any subsets 
of participants, and can be coordinated across many resources 
belonging to disparate institutions. Through VOs, groups of 
institutions are enabled to collaborate by sharing resources to 
achieve a common goal. The Grid architecture encompasses 
many protocols, services, Application Programming Interfaces 
(APIs), and Software Development Kits (SDKs) so that 
applications can be developed to run in the complex and 
dynamic execution environments.  

While Grid computing concerns mainly with access to 
large-scale (i.e., clusters or supercomputers) and inter- 
institutional resources, there is another approach called 
Desktop Grid [7] that scavenges idle desktop computers. 
Desktop grid is often implemented within an institution, 
although a public desktop grid platform is still possible. The 
desktops’ participation is usually mandatory and governed by 
the institution’s policies. Many institutions – such as 
academics, enterprises, and government agencies – hold a 
large number of desktops for their employees. They may gain 
benefit from exploiting the idle cycles, without additional 
server investment, for executing some institutional-backing 
applications.  

The UC Berkeley Spaces Sciences Laboratory developed a 
distributed computing platform called BOINC (Berkeley Open 
Infrastructure for Network Computing) [8] comprising public 
resources. The platform was established on the success of the 
earlier SETI@home project, famously known for exploiting 
about 1 million voluntary computers worldwide in the quest 
for extraterrestrial intelligence. BOINC can run on various 
OSes (e.g., Windows, UNIX/Linux, Mac OS/X, etc.). It 
provides tools that allow contributors to remotely install the 
client software on a large number of computers, and then link 
the clients to selected projects.  

Started in 1984, the Condor project [9] also gives freedom 
for every participant to contribute as much or as little as s/he 
wants. Basically, there are two kinds of users: producers (who 
offer resources) and consumers (who consume resources). In 
the Condor’s kernel, producers are represented by resources 
while consumers by agents. Resources and agents must 
advertise themselves to another component, matchmaker, 
which is responsible for matching compatible resources and 
agents. Unlike BOINC, which is just one large pool of 
computer resources, there are many Condor pools – which may 
or may not collaborate with each other – around the world. The 
Condor project has since been renamed to HTCondor (in 
2012).  

Past research works also tried to harness idle computer 
resources from a network or cluster of workstations [10]–[12] 
for parallel computations. In that case, a number of idle 
workstations should be available throughout the parallel 
execution. They demonstrated that the scheme can work subtly 
with negligible disturbance to the legit jobs and/or users. 
Nevertheless, less network-bound jobs are preferred as they 
impose lower impacts.  

 
Recently virtualization has been employed to exploit unused 

computer resources. Compared to the physical counterpart, the 

virtual environment offers valuable features such as isolation, 
security, and fast deployment. I-Cluster [13] conducts 
real-time analysis of the machines’ workload and deploys a 
virtual cluster, utilizing the most suitable set of machines, in 
response to a user request. The platform can automatically 
switch workstations between user-mode (on Windows OS) 
and cluster-mode (on Linux OS). Each mode has a separate 
working space. The normal condition is the user-mode. A 
workstation enters the cluster-mode when user idleness is 
detected. Similarly, it can switch back to the user-mode when 
user presence is detected (or anticipated). Taking a different 
route, NDDE [14] deploys virtual machines, in concurrence 
with the user’s environment, to exploit the idle cycles. A 
similar approach was employed in [15]–[16]. In that way, there 
is no need to switch between different modes. Both 
environments – physical and virtual – can coexist together in 
the same machine without interfering each other. In fact, the 
user may not even be aware of the presence of the virtual 
environment.  

Cloud computing deployment has grown strongly lately in 
many enterprises. Cloud computing is believed to simplify the 
IT infrastructure and drastically cut IT investment costs, while 
simultaneously maintaining business agility and flexibility. As 
some enterprises are still concerned with public cloud’s 
security, private cloud platforms are rather preferred by those 
enterprises. Under this scheme, underutilized servers can be 
consolidated and replaced by just a few servers with higher 
specifications (i.e., more CPU cores, memory, and disk space). 
Thereafter, cloud management software like OpenStack [5], 
CloudStack [17], or Eucalyptus [18] should be installed to 
deploy (virtual) servers in place of the underutilized (physical) 
servers. Server consolidation is a sure way to improve the 
overall computers’ utilization as well as maintainability, as 
attested in [19]–[20]. In those works, the cloud management 
software was employed to manage the resource pool. Virtual 
desktops were elastically deployed from the resource pool to 
meet educational and experimental requirements.  

Distributed platforms such as the Grid, BOINC, and 
HTCondor can harnest idle computer resources from widely 
spread locations over the globe. However, the platforms may 
not guarantee a fully isolated environment to protect the 
underlying resources from a mischievous job, even though a 
sandbox may be used to harmlessly run any foreign job. Cloud 
computing and virtualization, in general, can provide a better 
isolated environment, as the hypervisor will intercept, from the 
guest virtual machines, all instruction calls – including 
malicious ones – directed toward the host OS. That is the 
reason for our use of cloud management software in our 
research work. The previous works [19]–[20] required two 
pools of computer resources: one was for the virtualization 
hosts and the other for the thin clients to access the deployed 
virtual machines. Different from them, we just use one pool of 
computer resources in the labs. In fact, class/lab activities will 
still use the physical computers, whereas (virtualized) cloud 
services will be provided for remote users only when the 
computers are not in use. Details of the mechanism are given in 
the next section.  
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III. Shared Labs Architecture 
 

Two different OSes are needed to concurrently utilize the 
computer labs for daily class/lab activities and private cloud 
services. The default OS of the computers in the shared labs is 
Windows. By contrast, the OS required to deploy cloud 
services is Linux. Therefore, both OSes, Windows and Linux, 
were installed on each computer. To manage the computers in 
the shared labs, the following fundamental services – as shown 
in Fig. 1 – were set up: operation manager, configuration 
manager, cloud manager, and schedule manager. They are 
functional services. Implementation wise, each service may be 
put up in a single server, or alternatively, multiple services 
may be realized in a single server.  

 
A. Operation Manager 
 

This service is to control all computers in the shared labs. 
Using this service, every computer can be turned on, turned off, 
or rebooted remotely. Different tools were employed to 
construct this service.  

Wake-on-LAN (WOL) – a.k.a. Magic Packet Technology 
[21] – is an Ethernet standard that allows a computer to be 
turned on, or awakened, by a network message. This feature is 
supported by most Ethernet cards and motherboards. The 
operation manager leverages this WOL feature to turn on any 
computer in the labs. The most important argument required 
by the WOL command is the Media Access Control (MAC) 
address of the Ethernet card attached to a computer. Thus, the 
paired list of MAC addresses and computerIDs needs to be 
maintained by the operation manager.  

Depending on the currently active OS on a remote computer, 
the operation manager has different ways to turn off or reboot 
the machine. On a Windows machine, the operation manager 
employs Samba net (rpc) utility to turn it off or reboot it, 
whereas the shutdown command – executed remotely through 
ssh (secure shell) – is used to achieve the same goal on a 
Linux machine. In both ways, the machine’s Internet Protocol 

(IP) address or domain name is required.  
The operation manager can also report the current status 

(ON or OFF) and guesstimate the active OS of each computer 
in the shared labs. To accomplish this, the operation manager 
will do these steps:  

1. Try to connect to port 22 (ssh) of the machine’s IP 
address. If it is successful, then the machine is ON and its 
active OS is Linux.  

2. Try to connect to port 3389 (rdp) of the machine’s IP 
address. If it is successful, then the machine is ON and its 
active OS is Windows.  

3. Otherwise, it is inferred that the machine is OFF.  
 

B. Configuration Manager 
 

This service is to record the currently assigned OS (i.e., 
Windows or Linux) for each computer in the shared labs. 
When a computer is turned on or rebooted, it must consult with 
this service and boot the assigned OS accordingly. Different 
tools and protocols were employed to construct this service.  

Preboot eXecution Environment (PXE) [22] is a 
standardized client-server mechanism to boot a software 
assembly, retrieved from the network, on a client machine. It 
requires a PXE-capable Network Interface Card (NIC) on the 
client side and standard network services such as Dynamic 
Host Configuration Protocol (DHCP) and Trivial File Transfer 
Protocol (TFTP). Details of the mechanism is beyond this 
manuscript’s scope; interested readers are referred to [22] for 
further information. The PXE feature can be enabled on the 
labs’ computers. Thus, when started off, each computer will 
retrieve its associated PXE configuration file (i.e., assigned 
based on the computer’s MAC address), run the script and, 
consequently, select one of the local OSes to boot. 

Some scripts were created for the configuration manager to 
switch the assigned OS (from Windows to Linux and vice 
versa) for particular computers by changing their respective 
PXE configuration files. The OS switching action may be 
asked by the system administrator or by a schedule task; the 

Fig. 1 System architecture of a shared computer lab, providing physical and virtual computers.  
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schedule manager, which executes various schedule tasks, will 
be discussed in the later subsection. 

 
C. Cloud Manager 
 

This service is to manage the pool of unused computers for 
provisioning private cloud services. The computers in the pool 
must run Linux OS, as required by the cloud management 
software. The cloud management software being employed is 
OpenStack [23]. OpenStack consists of many modules, and the 
basic ones forming the cloud manager are:  
 Keystone – identity service,  
 Nova – compute service,  
 Neutron – networking service,  
 Glance – image service, and  
 Horizon – dashboard. 

Details of the implementation and the evaluation of OpenStack 
deployment in our shared computer labs can be found in [24]. 

Through this cloud manager, a user may request a number of 
(virtual) computers for computations or experiments. The 
cloud manager also controls user access (i.e., when and who is 
allowed) and handles reservation requests. Once the jobs are 
done, the user may release the (virtual) computers back to the 
pool.  

 
D. Schedule Manager 
 

This service is to create and execute the schedule tasks of 
switching the OS of particular computers. The schedule tasks 
are usually created by the system administrator to 
automatically switch the computers’ OS to Linux (i.e., when 
there is no class/lab activity) or to switch them back to 
Windows (i.e., when a class/lab activity is slated to start soon). 

A schedule task comprises of the scheduled date and time, 
selected OS, description, status, and targeted computerID. All 
schedule tasks are stored in database. A cron job regularly 
checks the active schedule tasks and, when the time comes, 
executes them by sending commands to the other services. An 
OS switching command is sent to the configuration manager, 
followed by a reboot command sent to the operation manager. 
Afterwards, the status is updated accordingly.  

 
IV. Implementation and Evaluation 

 
A. Implementation of Shared Labs Management System 
 

As per designed, the fundamental services were realized for 
constructing the proposed management system. The required 
tools, as discussed in the previous section, were installed and 
configured. Scripts were devised to bundle the execution of a 
sequence of commands and to interface between services. In 
addition, a Web application was developed for the system 
administrator to easily and centrally manage the computers in 
the shared labs. All fundamental services can be configured 
and executed from this Web interface. A screenshot of the 
Web interface, through which the OS can be assigned and the 
power on/off command can be sent to selected computers, is 
presented in Fig. 2. 

The fundamental services were installed in a single server. 
Windows and Linux OSes were installed in all computers 
being managed. The Kernel-based Virtual Machine (KVM) 

and the OpenStack’s Nova client were also installed in the 
managed computers, so virtual machines can be created and 
deployed through the OpenStack cloud service. All computers 
used for this research work have the same specification, i.e.:  

Processor : Intel Core i5-3340, 3.1 GHz (4 cores)  
Memory : 16 GB  
Harddisk : 500 GB  
NIC : Broadcom NetXtreme Gigabit Ethernet  
  (WOL and PXE are supported) 

Although the NICs are 1 Gbps Ethernet, our network switch 
can only support 100 Mbps interconnection network. It is 
beyond our power to upgrade the network infrastructure.  
 
B. System Evaluation 
 

The developed management system has been tested in our 
shared computer labs. It can greatly reduce the system 
administrator’s workloads as the computers can be controlled 
(i.e., powered on, powered off, rebooted, or OS switched) from 
anywhere within our campus, without the need to be present in 
front of the computers. Table I shows the time taken for a 
computer to respond to power-on and power-off commands. 
As seen in the table, the Linux computer can respond to the 
power-off command slightly faster than the Windows 
computer. The power-on command using WOL is responded 
almost immediately by the computer.  

The configuration manager and the schedule manager also 
have been tested rigorously. The computer can boot up (or 
reboot) correctly the assigned OS, whether it is Windows or 
Linux, on the scheduled time and without human intervention. 
Through the cloud manager, user requests for (virtual) 
computers can be fulfilled without any issue. The (virtual) 
computers can be accessed remotely within our campus for 
executing scientific computation, simulation, or any other 
experimental work. Later on, the (virtual) computers can be 
released back when the user is done with them. Since the 
computer resources in the labs are still prioritized for the 
class/lab activities, the execution of a large job on the (virtual) 
computers are not recommended, lest it is aborted early due to 

TABLE I 
RESPONSE TIME OF POWERING A COMPUTER OFF/ON  

 
OS Powered OFF Powered ON

Windows 0.60–0.80 s 0.020–0.025 sLinux 0.30–0.50 s 
 

Fig. 2 Web interface to manage the labs’ computers  
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the incoming class/lab activity.  
 

V. Conclusion 
 

The low utilization of a computer lab is a common 
phenomenon in most schools and colleges. Meanwhile, the 
demand for computation keeps expanding and escalating, 
especially in this era of big data. On the one hand, we have a 
supply of unused or idle computers. On the other hand, we 
have a high demand for computation. The private cloud 
deployment on the shared labs, as proposed in this manuscript, 
can help in meeting the demand for computation, without the 
need to invest in new servers. At the same time, the private 
cloud deployment also improves the utilization of computers 
in the shared labs.  

The research work presented in this manuscript is a working 
in progress. For the future works, we intend to explore the 
incorporation of OpenStack’s Swift and Cinder (i.e., the cloud 
storage services) into our shared labs platform. 
Implementation-wise, we want to put up some frequently 
requested service applications on the platform. An example 
that crosses our mind is some big data analytics framework.  
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Abstract 
 

Recently, with the development of GPU (Graphics Pro-
cessing Unit), the number of cores for GPGPU (Gen-
eral-Purpose computing on Graphics Processing Units) 
has increased rapidly with the performance of GPU. These 
developments lead to the attention of artificial intelligence, 
which was difficult to use in real situations due to too long 
learning time. As a result, artificial intelligence has been 
actively applied and studied in various fields such as nat-
ural language processing, image recognition, and auton-
omous navigation. However, it is impossible to use GPU 
without CUDA (Compute Unified Device Architecture) for 
parallel processing of machine learning because it requires 
CUDA-enabled GPU to parallelize the learning. 

Therefore, researchers who have difficulty building a 
CUDA enabled GPU environment cannot help but rely on 
the CPU environment. Therefore, we propose to use 
Emulab as a resource pool for machine learning for those 
who have to depend on the CPU environment.  

 
Keywords-component; Machine Learning, Distributed 

learning,  Emulab,  Replaced Learning 

  
I. Introduction 

     
Artificial intelligence is an intelligence created by a machine 

that enables a computer to do human learning ability, thinking, 
and self development so that it has similar intelligence to a 
person. In order to create such an artificial intelligence, artifi-
cial neural network is utilized to imitate the decision process in 
the human brain. 

To create a sophisticated artificial neural network, the data is 
repeatedly computed according to the layer of the artificial 
neural network to improve the accuracy. For this reason, GPUs 
that perform simple operations with a larger number of cores 
show faster learning time than CPUs that perform sequential 
operations using a limited number of cores. However, if there 
is only GPUs without CUDA, one cannot but use CPU. Even 
in an environment that depends on the CPU environment, the 
learning time can be shortened by constructing the cluster 
environment and performing the learning in parallel. However, 
not everyone can build a parallel/distributed environment on 
his or her own. 

To solve these problems, one can use cloud-based machine 
learning services like Amazon's Amazone Machine Learning 
(AML), Microsoft's Azure Machine learning, IBM's Statistical 

Package for the Social Sciences (SPSS), and Google's Google 
Prediction API [1][2][3][4]. AML has the advantage of help-
ing users solve problems even if they do not understand the 
machine learning algorithm[1]. Azure machine learning sup-
ports the drag-and-drop method, so you can use it without 
typing commands, and you can add Python or R language 
modules as data acquisition sources[2]. IBM's SPSS offers a 
point-and-click interface that is easy to use and has excellent 
performance[3]. The Google Prediction API provides predic-
tions and categorization of the supervised learning data and 
provides various APIs such as Google Cloud Vision, Google 
Speech, Google Natural Language, and Google Cloud trans-
late API[4]. However, since these free functions of the services 
are limited, one must pay a large fee to solve real problems 
using all the functions and resources of the service.  

To alleviate this burden, we propose to use Emulab, which 
was proposed and implemented at the University of Utah and 
is currently in use throughout the world as a research frame-
work [5]. KREONet in Korea has also built and operated an 
Emulab, and it has been used in education and research. 
Emulab provides on-demand allocation of the OS environment 
and network settings that users want using hundreds of PCs 
and high-performance network switches. Users who already 
have an account in Emulab can use the cluster by allocating 
resources, so called Swap-In, for a short time without having to 
build their own physical clusters. When an experiment on the 
cluster ends, the cluster’s resource should be returned to 
Emulab, so called Swap-Out. The advantage of Emulab is that 
one can simply to swap-in the swapped-out system to resume 
an existing research because Emulab restores earlier cluster 
environment in some minutes. 

In this paper, we propose an alternative learning method to 
utilize Emulab's resources for machine learning, which will 
give many benefits to researchers who can not construct a GPU 
environment for machine learning. In addition, we compare 
the learning results of a single environment and a distributed 
environment constructed in Emulab, showing using Emulab as 
a resource pool for machine learning very helpful. Finally, we 
propose a library architecture to rapidly utilize Emulab for 
machine learning. 
 

II. Related work 
 
A. Artificial Neural Network  
 

The artificial neural network is a computing system inspired 
by biological neural networks that make up the animal's brain. 
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It has a problem-solving ability through the weight of the 
synapses whose network formed by the connection of each 
neuron (Synapse) is changed by the learning of the neuron[6]. 
Neurons are composed of several layers of synapses between 
different neurons in each layer shown in Fig. 1. The number of 
neurons and the number of layers in each structure depends on 
the designer of the neural network or the type of data to be 
learned.  
 

 

Figure 1. Artificial Neural Network Example 
 
Neurons in the input layer receive input data values for 

training, and neurons in the hidden layers multiply its weight 
values and the values delivered in the input layer, and use the 
value for the input of its activation function to decide a value to 
be transferred to the next layers’ neurons. After repeating this 
process for the number of layers, the final value is derived in 
the output layer, and the error can be calculated by comparing 
with the correct answer of the training data. Forward propa-
gation is used to update the weights of each layer from the 
input layer, and in the back propagation, each layer’s weight is 
calculated by propagating from the output layer to the input 
layer. 
 
B. Distributed Learning Techniques in Tensorflow  
 

Tensorflow is an open source machine learning library de-
veloped by the Google Brain team for the purpose of studying 
machine learning and deep neural network [7]. Tensorflow 
provides a user-friendly interface through a data flow graph, 
and automatically processes derivative calculations when 
defining the calculation structure and objective function. In 
particular, it has a strength that does not require modification 
of source code to operate in CPU or GPU mode. However, 
Tensorflow's GPU mode can not be used with GPUs that can 
not be supported by CUDA or GPU mode with Compute 
Capability less than 3.5.  

The Tensorflow library provides two distributed learning 
techniques called Model parallelism and Data parallelism. The 
Model parallelism method divides the parameters and shares 
the training data among nodes as shown in Fig.2. In this model, 
weight needed for computation during forward and back 
propagation must be communicated through machine com-
munication. Therefore, it is considered that Model parallelism 
is suitable for environment where data is exchanged between 

GPU devices rather than network-based data exchange.  

 

Figure 2. Model Parallelism 
 
Data parallelism, in contrast to Model parallelism, divides 

training data and shares parameters as shown in Fig. 3. Model 
replicas send to the parameter server the slope gained from 
each training. The parameter server that receives the slope data 
merges and updates the slope data, allowing the model replicas 
to update the new parameter data. The cycle in which data 
must be transferred between different devices is longer than 
Model parallelism, and each replica can learn independently of 
other replicas. 

 

 

Figure 3. Data Parallelism 
 

III. Experiment 
 

In order to compare the difference between learning in a 
distributed environment and in a single PC using Emulab, we 
designed and utilized a distributed environment consisting of 
one parameter server and five workers.  
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Figure 4. Distributed Environment Utilizing Emulab 
 

We have solved the Computer Vision problem of learning 
handwritten images called MNIST (Modified National Insti-
tute of Standards and Technology) database in both environ-
ments in order to compare the performance of distributed and 
single-node environments [8]. We used CNN (Convolutional 
Neural Network) to extract features from the input data [9]. 
We tested a total of 50 epochs, and each epoch was configured 
to train 200 batch sizes 100 times, finally learning one million 
data. 

Experimental results show that for a single node generated 
by Emulab, it took 2,978 seconds to learn a network with 
98.99% accuracy as shown in Fig. 5. In contrast, in a distrib-
uted environment, a network with 99.01% accuracy was 
formed in 884 seconds as shown in Fig. 6. From the results, we 
can say that the learning of six nodes of Emulab is 3.5 times 
faster than the learning of a single node. It cannot be a big 
speed-up to get 3.5 times speed-up instead of six times using 
six times the number of nodes. However, we think that it is 
very meaningful for Emulab users or researchers who are 
considering using Emulab to be able to solve a large problem 
that can not be done in signle node with relatively fast speed 
when there is idle resource in Emulab. 
 

 

Figure 5. Result of Single Node  
 

 

Figure 6. Result of Distributed Environment 
 

IV. Library Architecture for Resource Pool of Machine 
Learning Utilizing Emulab 

 
In previous sessions, we showed that it is efficient to use 

Emulab's distributed environment for machine learning. 
However, in order to utilize Emulab as a distributed envi-
ronment for machine learning, it is necessary for users to log in 
as Emulab's account, create nodes to construct a distributed 
environment, and perform an environment setting procedure 
for machine learning all by himself or herself. Moreover, they 
need to have knowledge of Tensorflow for conducting dis-
tributed learning.  

In order to prevent any delays and trial-and-error that can 
occur to prospective researchers, we propose a library archi-
tecture as shown in Fig. 7. The library provides a total of four 
functions. First, the Account Authencating function simplifies 
the procedure of authenticating accounts directly through 
KREONET's Emulab web page with a single function call.  
Second, the Node Creating function automates node creation 
for distributed environments. Third, the Environment Setting 
function configures the environment needed to perform Ten-
sorflow based disbuted analysis on the generated  node. Finally, 
the Training function performs learning in a distributed node 
using user-specified training models and data, and provides the 
user with the progressed learning results. If a prospective user 
gets an Emulab account, he or she can save time and effort by 
using the proposed library in order to utilize Emulab for ma-
chine learning in a distributed environment. 

 

 

Figure 7. Library Architecture 
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V. Conclusion 
 

To demonstrate the effectiveness of Emulab as a resource 
pool for researchers who have limited resources available for 
machine learning, we compared empirically the difference 
between learning in a distributed environment and a single 
environment in Emulab. The experimental results show that it 
is much faster to perform the machine learning in the distrib-
uted environment of Emulab than in the sigle node. In addition, 
we also proposed a library architecture to prevent trial and 
error that new Emulab users might face while constructing a 
distributed environment for machine learning. We hope this 
library will help Emulab's idle resources to be easily utilized 
for the machine learning service. 
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Abstract 

World is facing acute power shortage for the past few 
years. As the population is increasing, this problem is 
becoming even worse so there is no option left but to 
increase our generation which is time demanding. FACTS 
controllers offers a new solution to this problem by 
improving transmission line capacities. FACTS controllers 
are basically power electronic based devices that offer an 
opportunity to enhance controllability, stability and power 
transfer capability of the transmission systems. This paper 
provides a comprehensive study of FACTS devices for 
power flow control.  
 

Keywords- Flexible AC Transmission System (FACTS), FACTS 
Controllers, Power Transmission, Power Flow Control, Power 
Electronics, Modern Power Systems, Electricity Markets. 
 

I. Introduction 
 

Modern power system is a complex network comprising of 
numerous generators, transmission lines, variety of loads and 
transformers. As a consequence of increasing power demand, 
some transmission lines are more loaded than was planned 
when they were built. With the increased loading of long 
transmission lines, the problem of transient stability after a 
major fault can become a transmission limiting factor [1]. 
Limitations on power transfer can always be relieved by the 
addition of new transmission lines and generation facilities. 
Alternatively, flexible alternating current transmission system 
(FACTS) controllers can enable the same objectives to be met 
with no major alterations to power system layout [2]. Main 
objectives of FACTS controllers are ensuring power flow in 
prescribed directions, secure loading of transmission lines, 
prevention of outages of healthy lines and damping of 
oscillations that can limit the usable line capacity[2]. These 
devices not only have the capability in controlling active and 
reactive power flow in an electrical network but also can 
redistribute power flow even under highly loaded condition 
that ultimately have the effect in reducing overall congestion 
[3]. Due to FACTS devices, the power can be flown through 
the chosen routes with consideration to mitigate the loss 
thereby averting losses due system tripping or outages. FACTS 
controllers have been in use in utilities around the world since 
1970s, when the first utility demonstration of first family of 
FACTS named as Static VAR Compensator (SVC) was 
accomplished [4]. Since then the large effort was put in 
research and development of FACTS controllers. FACTS 

devices are classified as series, shunt, and various 
combinations of series and shunt controllers. Shunt controllers 
inject current whereas series controllers inject voltage in series 
at the point of connection. Recent Studies have shown that 
shunt and series compensation can be used to increase the 
maximum transfer capabilities of power networks [5]. FACTS 
controllers based on thyristor controlled reactors (TCRs), such 
as Static Var Compensators (SVCs) and Thyristor Controlled 
Series Capacitors (TCSCs), are being used by several utilities 
to compensate their system.  

It is well known fact that the Shunt compensation is basically 
reactive power compensation. Traditionally Shunt capacitors 
having advantage of less cost of maintenance and installation 
were used for shunt compensation. But shunt capacitors have 
the problem of poor voltage regulation and, beyond a certain 
level of compensation a stable operating point is unattainable. 
SVC is a shunt connected static Var generator whose output is 
adjusted to exchange capacitive or inductive current so as to 
maintain or control specific power system variables. In the 
limit of minimum or maximum suspectance SVC behaves like 
a fixed capacitor or an inductor.  

Choosing appropriate size is one of the major issues in SVC 
applications in voltage stability enhancement. Static 
Synchronous Compensator STATCOM is a voltage-source 
converter based device, which converts a DC input voltage into 
an AC output voltage in order to compensate the active and 
reactive power needs of the system [6] . STATCOM has better 
characteristics than SVC; when the system voltage drops 
sufficiently to force the STATCOM output to its ceiling, its 
maximum reactive power output will not be affected by the 
voltage magnitude. Series FACTS devices like TCSC are 
considered one such technology that reduces the transmission 
congestion and allows better utilization of the existing grid 
infrastructure, along with many other benefits[7]. 

A unified power flow controller (UPFC) is a versatile 
controller in the FACTS concept. It has the ability to adjust the 
three control parameters: the bus voltage, transmission line 
reactance, and phase angle between two buses, either 
simultaneously or independently. The inter-line power 
flow(IPFC) controller employs DC-to-AC converters each 
providing series compensation for different lines or buses.  
IPFC further extends the capability of independently 
influencing the active and reactive power flows to 
simultaneous compensation of multiple transmission lines. 
FACTS provide reactive power compensation between the 
lines. IPFC allows the power transfer from one line to the other. 
Some issues associated with the use of FACTS devices are 
proper location, appropriate size and setting, cost, modeling 
and controller interactions. The placing of  controllable power 
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system devices, such as the high voltage dc (HVDC) links and 
the flexible ac transmission system (FACTS) devices, is based 
on the issues unrelated to the damping of oscillations in the 
system[8]. 

Some of the FACTS devices are also used in damping the 
inter area oscillations. Power System Stabilizers are less 
effective for inter-area mode damping as compared to FACTS 
devices because the former require phase-lead design with 
reduced gain margin [9]. Placing appropriate FACTS device at 
suitable location with proper sizes leads to maximum loading 
of the transmission lines [10]. 

 
II.  Iterature Review 

 
In [1] authors investigated the improvement of transient 

stability of a two-area power system, using UPFC (Unified 
Power Flow Controller) which is an effective FACTS (Flexible 
AC Transmission System) device capable of controlling the 
active and reactive power flows in a transmission line by 
controlling appropriately its series and shunt parameters. The 
Author also compared the performance of UPFC with other 
FACTS devices such as Static Synchronous Series 
Compensator (SSSC), Thyristor Controlled Series Capacitor 
(TCSC), and Static VAR Compensator (SVC) respectively.  

In [2] author provided a comprehensive review and 
evaluation of FACTS controllers. FACTS is  a new technology 
based on power electronics, offers an opportunity to enhance 
controllability, stability and power transfer capability of ac 
transmission systems. 

In [3] author presented the application of Genetic Algorithm 
(GA) and Differential Evolution (DE) technique for the 
minimization of transmission loss and simultaneous reduction 
in the operating cost of the system using FACTS devices. 
Author had also proved that optimal placement of FACTS 
devices in the heavily loaded power system reduces 
transmission loss, control reactive power flow, improves 
voltage profile of all nodes and also reduces operating cost. It 
had been shown that system was reactively loaded starting 
from base to 200% of base reactive load and the system 
performance was observed without and with FACTS devices. 
The proposed technique was applied on IEEE 30-bus system 
for the optimal setting of FACTS devices. Finally, It was 
illustrated that how system performance is improved with the 
use of UPFC along with other series and shunt FACTS 
controller. In [4] author presented various facts related to the 
landmark development, practical installations, benefits and 
application of FACTS controllers in the electric utilities .Then 
the author presented  comprehensive collection of major 
FACTS installations around the world. The work benefit that 
can be achieved and cost associated with these devices were 
also analyzed. highlighted the problem of high losses of 
advanced FACTS controllers as compared to conventional 
counterpart and need to take into account of interaction among 
controllers in future power system. One real world example of 
each major FACTS controller was presented and analyzed in 
the paper.  

In [5] author  presented detailed steady-state models with 
controls of two Flexible AC Transmission System (FACTS) 
controllers, namely, Static Var Compensators (SVCs) and 
Thyristor Controlled Series Capacitors (TCSCs), to study their 
effect on voltage collapse phenomena in power systems. Based 

on results at the point of collapse, design strategies were 
proposed for these two controllers, so that their location, 
dimensions and controls can be optimally defined to increase 
system loadability. A European system was also used to 
illustrate the application of all proposed models and techniques. 
In [6] author compared the shunt capacitor, SVC and 
STATCOM in static voltage stability improvement. Various 
performance measures are compared under different operating 
system conditions for the IEEE 14 bus test system. Important 
issues related to shunt compensation, namely sizing and 
installation location, for exclusive load margin improvement 
are addressed. A methodology is also proposed to alleviate 
voltage control problems due to shunt capacitor compensation 
during lightly and heavily loaded conditions. 

In [7] this paper author proposed two new methodologies for 
the placement of series FACTS devices in deregulated 
electricity market to reduce congestion. Similar to sensitivity 
factor based method, the proposed methods form a priority list 
that reduces the solution space. The proposed methodologies 
were based on the use of LMP differences and congestion rent, 
respectively.. The proposed methodologies were tested and 
validated for locating TCSC in IEEE 14-, IEEE 30- and IEEE 
57-bus test systems. Results obtained with the proposed 
methods are compared with that of the sensitivity method and 
with exhaustive OPF solutions. The objective of FACTS device 
placement can be either to minimize the total congestion rent or 
to maximize the social welfare. Results showed that the 
proposed methods are capable of finding the best location for 
TCSC installation, that suite both objectives. 

In [8] author proposed a method to select the input signals 
for both single and multiple flexible ac transmission system 
(FACTS) devices in small and large power systems. Different 
input output controllability analyses were used to assess the 
most appropriate input signals (stabilizing signal) for the static 
var compensator (SVC), the static synchronous compensator 
(SSSC), and the unified power-flow controller (UPFC) for 
achieving good damping of inter area oscillations. The study 
presented in this paper was carried out on one small system 
with one FACTS device at a time; and one large system 
equipped with the SVC, the SSSC, and the UPFC.  

In [9] author demonstrated the enhancement of inter-area 
mode damping by multiple flexible ac transmission systems 
(FACTS) devices. Power system damping control design was 
formulated as an output disturbance rejection problem. A 16-
machine, five-area study system reinforced with a controllable 
series capacitor (CSC), a static var compensator (SVC), and a 
controllable phase shifter (CPS) at different locations was 
considered. The controllers designed for these devices were 
found to effectively damp out inter-area oscillations. The 
damping performance of the controllers was examined in the 
frequency and time domains for various operating scenarios. 
The controllers were found to be robust in the face of varying 
power-flow patterns, nature of loads, tie-line strengths, and 
system nonlinearities, including device saturations.  

In [10] author had compared FACTS devices for static 
voltage stability study. Various performance measures 
including PV curves, voltage profiles, and power losses were 
compared under normal and contingency conditions. Placement 
and sizing techniques of series FACTS devices and UPFC were 
proposed for loading margin enhancement. The paper provided 
a guide for utilities to have an appropriate choice of FACTS 
device for enhancing loading margin and static voltage stability. 
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transmission system will be closer to its physical limits. The 
necessity to design electric power networks providing the 
maximal transmission capacity with minimal costs is a great 
engineering challenge for which a powerful solution is FACTS 
controllers. There is every reason to believe that in a decade or 
so FACTS controllers will revolutionize electrical power 
transmission systems by making them more reliable, optimally 
utilized and better controlled.  
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Abstract 
 

We present a filtering method of matched line segments 
based on topological constraints. To get an initial matched 
pairs of line segments, we adopted a Line Band Descriptor 
(LBD) descriptor[1] to the authentic line matching method. 
Our filter tests every matched line pairs from two images 
which are taken with a slightly different viewing angle. 
Our basic idea is that, if two images have small view 
difference, topological constraints of the paired lines 
should remain the same for both images. Our filter works 
in a way that if three pairs of lines from the two images are 
parallel, then their ordering of the paired line segments is 
first checked. The order of those three pairs of line 
segments should be same in both images. If three lines are 
non-parallel, our filter checks their ordering of the cross 
points between the lines. The filter considers one reference 
line segment and randomly selected two line segments 
which intersect with the reference line and they are 
considered as supporting lines. We find cross points on the 
reference line and these points are used for our filtering 
method. With our filtering, violation scores are calculated 
and used for culling mis-matched pairs. Our method 
provides two crucial advantages over the existing line 
matching technique. First is the increase in accuracy. Not 
only using appearance information but also using 
topological constraints for line matching, we can get more 
accurate matching line pairs. Second, our filter can also 
work in real-time. Adoption samples before performing 
filtering steps make our filter more adapted for many 
real-time vision applications. 

 
Keywords- line matching; line filtering; line correspondence; 

  
I. Introduction 

     
Corresponding feature extraction is a key stage in many 

computer vision task such as visual SLAM (Simultaneous 
localization and mapping) [2], stereo matching[3], scene 
reconstruction[4], etc. More accurate matched line pairs allow 
better result for these tasks. Line matching methods can be 
performed in different ways; (1) based on global geometric 
constraint such as epipolar geometry[5], (2) appearance based 
matching such as Mean-Standard Deviation Line Descriptor 
(MSLD) [6] and Line Band Descriptor (LBD) [1]. However, 
some vision techniques such as visual SLAM cannot use 
epipolar geometry for matching. In this case, appearance based 
feature can be a good way to get corresponding line pairs. But 

there is no assurance that the descriptors will be perfect 
because these methods consider only how the line segments 
appear. So there are some techniques like RANSAC[7], that 
can find obtrusive line pairs after matching. For real-time 
application, this method cannot be applied because of high 
computational cost.  

In this paper, we implemented a simple but very powerful 
method of filtering mismatched line pairs from appearance 
based matching with topological constraints.  

The paper is organized in five sections. Section II provides 
details about previous line feature matching and topology filter. 
Section III describes our main idea of filter followed by section 
IV with the experimental results. Finally, we concludes in 
section V. 

 
 

II. Related work 
 
A. Line matching descriptor 
 

For line matching, we introduce two popular representative 
descriptors, MSLD and LBD. Both descriptors are based on 
appearance. To build MSLD, Zhiheng defines a pixel support 
region (PSR) and makes a line gradient description matrix 
(GDM) by characterizing each sub-region into a vector. Then, 
MSLD is built with mean and standard deviation of GDM 
column vectors. LBD descriptor defines a line support region 
(LSR) like PSR. LBD descriptor is also built by sub-region, 
mean and standard deviation, but its shape is different from 
MSLD. One of the main difference between LBD and MSLD 
is multi-scale line detection strategy and it allows LBD more 
robust to image transformations. 

 
B. Topology filter 
 

Our main idea is inspired by Herbert Bay’s topology filter 
[3]. It is semi-local spatial arrangement of features of two 
views. In this filter technique, mid-points of lines are used to 
clarify their alignments and three lines make one test case. 
Two mid-points make a line and remaining mid-point’s 
position determines the test result. If remaining mid-points in 
both images do not lie on the same side from the line formed by 
two points, in this case, it doesn’t pass the filter. The filter tests 
all triplet cases of every matched line features. However, the 
main idea has two drawbacks. First, mid-points are not robust 
because the point positions depend on measured lengths of the 
line segments so much. If lines which are matched as pair have 
far different lengths, then the filter may produce wrong results. 

- 46 -

[The 2nd ICCT | International Conference on Culture Technology]



Se
ta
lin
in
su
di
m

 
A
 

in
re
m
de
m
co
ta
sc

us
fr
co
lin
m

B
 

an
of
lin
w
no
pe
30

C
 

be
am
w
no

sc
im
as
lin
in
L2
di
an
al

econd is the 
akes too much 
ne features in 

ncreases, test c
uggest a filter
irectly withou

make test cases
 
 

. Initial match

Initial match
nitial matching
easons. First, i

methods like M
escriptors can

matching algor
omputation tim
ake less event
cenarios.  

LBD is calc
sing hamming
rom both imag
omparing to im
ne segments 

matched when c
 

. Sampling 

Every matche
nd each line se
f two lines. W
nes are paralle

with the referen
on-parallel in
erspective view
0 degrees, we 
 

C. Line filter 

The basic id
etween two i
mong line segm

ways. One is 
on-parallel lin
Fig. 1 show

cenario, the fi
mages and if th
s a violation c
ne segments. 

ntersection poi
2 lines and als
irection from L
nd L3 lie on 
lignment chan
We define vio
 

While  is t

computation 
calculation tim
the image als

cases also incre
r that can com
ut mid-points. 
s and it allows 

III. Tr

hing 

hing step is a 
g, we adopted
it shows good

MSLD or colo
n be easily c
rithm. It is a v
me. Thus, com
tually leading

culated and co
g distance calc
ges. Comparin
mage2 and im
are selected 
compared from

ed line pairs a
egment is test

We consider on
el and second 
nce line. Usua
n 2D image 
w. If the angle
consider those

dea of our filt
image frames
ments should b
for three pa

nes with a refer
s a test case 
ilter checks or
he order does 
ase. Fig. 2 sho
To check a t

ints of lines. F
so intersection
LBD descripto

L1. If these
nges, we consid
olation score i

V

the number of 

time. Testing
me and it depe
so. If the num
ease exponent

mpare alignme
Also we ada
us perform in

riplet filter 

crucial step b
d LBD descrip
d performance
or based match
converted int
very importan
mputation tim

g to the appli

onverted into 
culation to fin
ng occurs for 

mage2 to imag
if the line pa
m the selected

are considered
ted with rando
nly two cases;
is when there 

ally parallel lin
because of t

e between two 
e lines as para

ter is that if t
s are small, t
be remain. Ou

arallel lines c
rence line. 
for three pa

rdering of lin
not match, w

ows a test case
topological co
Find intersecti
n point for line
or and intersec
e intersection 
der this as a v
in equation (1)

	 	/	N ,       

violation case

g every triplet
ends on the cou
mber of line fe
tially. Therefo
ents of line fe
apted a sampl
n real-time.  

before filtering
ptor because o
e compared to
hing. Second,
o binary form

nt factor for o
me for filterin
ication in real

binary form
d a closest lin
both sides, im

ge1. Initial ma
airs have the 
d two images.

d as a referenc
omly selected
; first is when
are no paralle
nes in 3D scen
the change i
lines is smalle

allel lines. 

the view diffe
topological re

ur filter works i
case and seco

arallel lines. I
ne segments in
we consider thi

e about non-pa
onsistency, we
ion point of L
s L1 and L3. L
ction points w
points on lin

iolation case.
): 

                      

es of each line

t case 
unts of 
eatures 
ore, we 
eatures 
ing to 

g. For 
of two 
o other 
, LBD 
m for 

overall 
g will 
l time 

m, then 
ne pair 
mage1 
atched 

same 

ce line 
N sets 

n three 
el lines 
ne are 
in the 
er than 

erence 
elation 
in two 
ond is 

In this 
n both 
is case 
arallel 
e used 
L1 and 
L1 has 

with L2 
ne L1 

     (1) 
 

and N 

is to
cons
this 

Fig. 

 
Fig. 
 
 

A. D
 

O
Proc
are 
sma
(e) a
imag
expe
 

Fig. 

otal testing c
sider tested li
matched pairs

1 Test case of t

2 Test case of n

Data set and te

Our tests are pe
cessor, 4 GB M
taken by a m

all view differe
are datasets tak
ges are take
eriment, we se

3 Small view

cases for each
ine matched p
s.  

 
three parallel lin

 

non-parallel line

IV. Expe
 

esting environm

erformed on A
Memory, Ubu

monocular cam
ence. Fig. 3 sh
ken in the ind

en in the ou
et the threshold

 
w difference i

h line. If V
pairs are incor

nes. 

es with testing l

eriments 

ments 

AMD Phenom
untu 14.04.1 O
mera. Each pa
hows a series 
door environm
utdoor enviro
d value to 0.40

image pair se

threshold , 
rrect and rem

line L1. 

m(tm)II X6 109
OS. Tested ima
air of images 
of datasets; (a

ment, and (f) to
onment. For 
0. 

ets. (a)-(e), ind

we 
move 

90T 
ages 
has 

a) to 
o (h) 

our 

 

door 

- 47 -

[Oral Presentation - Session C]



environments and (f)-(h), outdoor environments. 
B. Experimental results 
 

Table I shows that the number of matched line pairs after 
filtering is reduced compared to the initial matching result. 
However, we could get results with an increased accuracy after 
filtering. In the indoor environments, (a) to (e) cases show that 
the initial match already show high accuracy as compared with 
outdoor environment cases (f) to (g). The results show low 
accuracy because of repeated buildings patterns. Our filter 
remove not only mis-matched line pairs but also proper line 
pairs but it still provides higher final accuracy. 

 
Table II shows the runtime of initial matching and filtered 

matching steps in seconds(s). In both steps, initial matching 
and filtering, execution time increased in proportion to the 
number of lines in the image. But after filtering it shows 
enough runtime applicable to real-time applications. 

 
 

V. Conclusion 
 

We address the problem of appearance based line matching. 
Our approach is more accurate than the existing method and 
minimizes the runtime. First, we used sampling for picking 
datasets for reducing calculation times. Second, we proposed a 
filter using topological relations to remove mismatched line 
pairs from two images that have small view difference. Our 
proposed method has shown excellent performance in 
reducing errors caused by existing line feature based matching. 
Compared to existing methods, it showed more accurate 
results and enough runtime to work in real time. However, the 

filtering performance of final line matching accuracy depends 
on the result of the initial matching. Therefore for the future 
work, there is a need for improvement in the initial matching 
for the overall improvement in the filter. 
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TABLE I 
COMPARE ACCURACY OF INITIAL MATCHING RESULT  

AND FILTERED RESULT 
        
Input 
Image 

Initial 
Matched 

Lines 

Initial 
Accuracy 

(%) 

Filtered 
Match 
Lines 

Final 
Accuracy 

(%) 
(a) 40 92.5 39 94.9 
(b) 48 87.5 46 91.3 
(c) 47 89.3 46 91.3 
(d) 80 96.3 78 98.7 
(e) 82 96.3 81 97.5 
(f) 84 58.3 50 80.0 
(g) 182 64.9 173 68.2 
(h) 95 83.2 92 85.9 

TABLE II 
RUNTIME OF MATCHING AND FILTERING STEPS 

        
Input Image Initial Match (s) Filtered Match (s) 

(a) 0.0013 0.0341 
(b) 0.0018 0.0424 
(c) 0.0017 0.0413 
(d) 0.0027 0.0708 
(e) 0.0027 0.0739 
(f) 0.0137 0.0977 
(g) 0.0458 0.2403 
(h) 0.0113 0.1023 
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at (Thasala subdistrict) 
อําเภอเมือง  
(Muang district) 
จังหวัดเชียงใหม  
(Chiang Mai Province) 

(Thasala subdistrict) 
อําเภอเมือง  
(Muang district) 
จังหวัดเชียงใหม  
(Chiang Mai Province) 

Built in  รัตนโกสินทร 
(Rattanakosin era) 

 
Using the results for similarity measure each document. We 

use cosine similarity based on the term-based similarity 
measure. The results are reported in table 5. 
 

Table 5. show the example of results of the documents similarity 
measure using cosine similarity. 

 
Document 1 Document2 Simila

rity 
วัดบวกครกหลวง 
 (Buak khrok luang 
temple) : MOC 

วัดบวกครกหลวง  
(Buak khrok luang 
temple) : Fine Art 
 
 

0.795 

วัดอรุณราชวรารามราชวร
มหาวิหาร 
(Wat Arun Ratchawararam 
Ratchawaramahawihan): 
Fine Art 

วัดอรุณราชวรารามราชวร
มหาวิหาร 
(Wat Arun Ratchawararam 
Ratchawaramahawihan): 
Wikipedia 

0.632

 
III. Experimental Results 

 
The dataset for our approach collects from three data 

sources. The first is cultural knowledge from cultural 
knowledge center of proposed Ministry of Culture. The second 
is the cultural archive from the fine arts department of Thailand. 
The third is Wikipedia, and we focus on cultural heritage 
information in Thailand. The data consists of the title, 
description, and geolocation from this data sources. We use 
500 data for evaluating with five model for verifying the places. 
For Geolocation based, we use  0.21-0.30 Km. for the best 
distance. We compare against the following model: 
Geolocation-based, Content-based, Location extraction based 
on time, Geolocation with content-based and 
Geolocation-based with location based on time. The results are 
reported in Table 6. 
 

Table 6. The experimental results 
 

 Accurcy (%) 

Geolocation based 60 
Content Based 75 
Location Extaction based on Time 79 
Geolocation based+Content Based 84 
Geolocation based+Location 
Extraction based on time 

82 

 
As can be seen from the Table 6, the high accuracy is 

Geolocation-based with content-based, the accuracy is 84%. 
  

IV. Conclusion and Future Work 
 

This paper presents a methodology for verifying the location 
of places from various data sources. There are three factors for 
verifying the location: The first is geological based, we use 

Haversine formula for finding the distance between the 
geocoordinates. The second is content-based, we use doc2vec, 
that focus on context information for semantic similarity. The 
third is location extraction based on time. We use template 
matching with the time for verifying the same place. We 
successfully apply our approach to cultural knowledge center 
archive, data center archive of the fine arts department and 
Wikipedia. The experimental show 84% of accuracy by using 
geolocation-based with content based. In future work, we 
approach to verifying the place with social network 
information. 
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Abstract 
 

In software development, building a cohesive team can 
create great synergy in software development work. In the 
case of open source software development, difficulties 
occur in forming a cohesive team because information 
about developers is limited. Therefore, research into 
building cohesive teams using information available from 
open sources is required. In this study, we investigate the 
similarity of interest among developers with an active 
collaborative relationship in GitHub1.  

 
Keywords- common interests; GitHub; pull-request; developer 

social network; collaborative ties 

  
I. Introduction 

     
Open source software (OSS) is shareable software that can 

be used, modified, and distributed by anyone using open 
source code. Depending on the scale, many developers around 
the world often participate in a project and co-develop it. A 
team that is cohesive in software development is much more 
productive and motivated than is a general team [1]. However, 
open source project teams are geographically dispersed, 
making direct communication difficult. Therefore, forming a 
cohesive team in open source project development is difficult.  

No function exists for forming a cohesive team. However, 
various studies have been conducted on software teams in 
efficient collaboration [2, 3, 4]. Kotlarsky et al. [2] confirmed 
that relationships and interactive storage are essential to 
software development collaboration. Black et al. [3] 
determined that social media enables smooth communication 
in software system development. Ray et al. [4] studied GitHub 
to analyze the relationship between the programming language 
used by the developer and the GitHub contribution.  

Members of a cohesive team share a common goal, common 
culture, and, in many cases, a kind of elite ritual that makes 
them feel special [1]. If collaborative developers have similar 
interests as those that are not in a collaborative relationship, a 
developer with a common interest may have a greater sense of 
cohesion than a non-collaborative developer. GitHub is a 
popular open source code repository. GitHub collaborates 

                                                   
1 https//github.com 
*corresponding author 

based on pullrequest functionality. Pullrequest is a feature that 
suggests modifications to code created by others. Interested 
developers contribute to these modifications by providing 
comments to verify the proposed pullrequest. Therefore, 
comment information left by developers in pullrequests can be 
used as important information to confirm collaboration among 
developers. 

In this study, we propose a method to measure the similarity 
of interest of collaborative developers. First, we generate a 
developer collaboration graph (DCG) using developer 
comment information contained in pullrequests. In DCG, the 
developer is represented by a node, and the number of 
repositories containing pullrequests commented 
collaboratively is represented by an edge. If no edge exists 
between two developer nodes in the DCG, then the two 
developers have never been in a collaborative relationship. 
Therefore, DCG can intuitively identify developers with and 
without collaborative relationships. The similarity of interests 
of collaborative developers can be determined based on the 
similarity of the GitHub repositories in which each developer 
is interested. For example, if two developers are interested in a 
set of GitHub repositories, those developers are likely to have 
the same interests. An interest similarity test can be 
administered that uses summary information from the GitHub 
repositories of interest to the developers. <Fig. 1> shows an 
example of the GitHub repository summary information. 
Natural language processing such as elimination of negatives 
and stem extraction can be applied to summary information 
about the repository, and then a word list for each developer 
can be extracted. The word list consists of summary words in 
the GitHub repository. Therefore, we can calculate the 
similarity of two developer interest vectors using a cosine 
similarity calculation [5]. 
 

 
Fig. 1 Summary information of the GitHub repository. 

 
This study improves the skills necessary to build a cohesive 

development team. The major contributions of the study are as 
follows. 
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1. We configure an interest vector for each developer 
by mining repository subscription information. 

2. We measure the degree of interest similarity between 
developers who have collaboratively commented on 
pullrequests using a constructed interest vector. 

 
This remainder of this paper is organized as follows. 

Chapter 2 describes our creation of a DCG to intuitively 
identify collaborative relationships. Chapters 3 and 4 show the 
results of the similarity analysis of interest of collaborative 
developers. Chapter 5 provides a conclusion. 
 

 
II. Developer Collaboration Graph 

 
In this chapter, we describe the processing of creating a 

DCG to identify collaborative developers easily. 
 
A. GitHub Pullrequest 
 

Here, we describe the GitHub pullrequest, which is the 
foundation of DCG generation. A pullrequest represents the 
core of collaboration in GitHub. In GitHub, the developer 
forks the master branch of the project and changes itself. A 
fork is a function that copies the source code to its own branch. 
Thus, a unique branch created by a fork can be changed 
without affecting the master branch. When someone is ready to 
submit his or her changes to the master branch, one can send a 
pullrequest. The process of sending the pullrequest is shown in 
<Fig. 2>. When a person sends a pullrequest to the master 
branch, interested contributors review the code to verify the 
submitted pullrequest. If a pullrequest does not meet the 
standards or requires further improvement, the submitter can 
update the pullrequest by adding a new commit. During this 
process, all comments can be reviewed and discussed until the 
pullrequest is closed. When the code review is completed and 
verified, it is reflected in the master branch.  

 
Fig. 2 Pullrequest submission process. 

 
 

TABLE 1. Natural language processing results 
Original  
words 

End user-oriented web 
performance testing and 
beaconing 

Words after 
natural language 

process 

end user orient web 
perform test beacon 

B. Creating a developer collaboration graph 
 
This section describes how we generate a DCG based on 

GitHub's pullrequest comment information. A DCG is created 
as a project with a pullrequest code review by general 
developers and developers of D = {d1, d2, ..., dn}. 

Developers who have participated in the code review of 
pullrequests can see the pullrequest comment information. For 
example, if developers who commented on pullrequest pr are 
d1, d2, and d3, then d1, d2, and d3 are the developers who 
participated in pullrequest pr. The DCG consists of a developer 
node participating in a pullrequest and a project edge 
representing pullrequests jointly participated in by the 
developer. The edge of the DCG is represented by a weighted 
edge and the weight of the project edge is determined by the 
number of pullrequests involved. For example, if three projects 
exist that have a pullrequest code review with two developers, 
the weight of the project edge between the two developers is 
three. 

 
III. Common Interests Among Co-Participant Developers 

 
The proposed developer interest similarity measurement 

method extracts developer interest from information about the 
projects of interest in word-vector form. Then, a word-vector 
similarity between the developers is obtained and a common 
interest is confirmed. The process is described in more detail as 
follows. First, information about the projects of interest to 
developers is extracted. Next, a word list for each developer is 
generated through natural language processing. Then, the 
word list similarities among developers are determined 
through a cosine similarity calculation. Each step of this 
process is described in detail in the following section. 
 
A. GitHub Watch 

 
GitHub has a feature called Watch. Using this function, 

users of GitHub can receive notifications about repository 
events such as new commits, pullrequests, and artifacts from 
the public repository. This can be considered as a kind of 
manual membership registration. Thus, subscribing to a 
repository represents a declaration of potential interest in 
contributing to the activities of the repository [6]. 

 
B. Extract interest vectors of developers 

 
We created a vector of interest for each developer based on 

the descriptions of the repositories the developer is currently 
watching. Because the description is composed in natural 
language, extracting only meaningful words is necessary. First, 
we convert all uppercase letters to lowercase letters in words 
extracted from the text of the description. We then remove 
words that denote a negation and that are thus considered 
meaningless. When the removal of these negatives is 
completed, another segment extraction is performed. In this 
study, we use the stem extraction algorithm developed by 
Porter2 to transform words that can have several forms into 

                                                   
2 https://snowball.tartarus.org 
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their original form. The results of this natural language 
processing are listed in <TABLE 1>. 

The aforementioned process must be performed in order to 
create more meaningful word lists for developers. The word 
list generated for each developer is a vector having N elements, 
each of which is composed of description words. The value of 
the element is denoted by the term frequency (TF) (t, d), 
representing the occurrence frequency of word t in the word 
list of developer d.  

 
C. Extract interest vectors of developers 
 

Each developer-specific word list obtained through the 
process described previously is used to check the similarity of 
developer pairs. The word list is similar to the feature vector 
for a word. Therefore, in this study, we define the similarity 
value between developer word lists by the following equation 
based on cosine similarity calculation [5]. 
 

 (1) 
 

where d1 and d2 are developer word lists, n is the total number 
of words, and d1 [i] and d2 [i] are the TF values of the i-th 
word of the developer word list. Equation (1) calculates the 
similarity value of word lists of two developers. 
 

 
TABLE 2 Collected datasets of the Ruby on Rails project 

Dataset # 
Pull Requests 16501 
Forked Projects 13877 
Authors 1519 
Commenters 1196 

 
 

IV. Experimental results 
 

A. Dataset 
 
We chose the Ruby on Rails3 project developed by GitHub as 

an experimental dataset. We included a project that forks a 
Ruby on Rails project as an experiment. The Ruby on Rails 
project is summarized in <TABLE 2>. 
We selected pullrequest 4403699, which has the most code 

reviews in the target project. Ten total developers have written 
189 comments in pullrequest 4403699. In this study, we did 
not utilize the author information of the pullrequest because it 
is based on the collaborative relationship between commenters. 

                                                   
3 https://rubyonrails.org 

Ten developers commented on the pullrequest in a total of 
1618 repositories. Of these repositories, 229 stores, or 14.15%, 
commented on the same pullrequest as one or more of the other 
nine commentators. <Fig. 3> shows 10 DCGs for participation 
in pullrequest 4403699. 
 

 
Fig. 3 Collaboration of developers participating in 

pullrequest 4403699. 
 

B. Relationship between collaboration and interest similarity 

 
We next compared the similarities of the developers who do 

not have a collaborative relationship with the project similarity 
of the collaborating developers. The comparators were 
selected by the developers who participated in the project 
called symfony 4 . We extracted six developers who had 
collaborative relationships while working on the symfony 
project but who did not have a collaborative relationship with 
developers who participated in pullrequest 4403699. <Table 
3> shows the average cosine similarity of interest vectors for 
pairs of developers that have collaborative relationships. The 
average vector similarity of the collaborative developers was 
54.9%, and the average vector similarity of interest between 
the non-collaborating developers was 25.3%. The following 
results show that collaborative developers have a high average 
interest vector similarity. In other words, collaborative 
developers share common interests. 
 

TABLE 3 Average interest vector similarity 
Repo1 Repo2 % 

Ruby on Rails Ruby on Rails 41.0 
Ruby on Rails Symfony 25.3 

Symfony Symfony 68.8 
 
 

V. Conclusion 
 

Based on pullrequest comment information from GitHub, 
we investigated common interests among developers with 
collaborative relationships. First, we created a DCG based on 

                                                   
4 https://symfony.com 
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the developer comment information contained in pullrequests. 
The generated DCG identified developers with collaborative 
relationships. A developer interest vector was then generated 
based on the description of the GitHub repositories of interest 
to the developers. The similarity of interest vectors among the 
developers was calculated using the cosine similarity 
measurement. Experiments on the Ruby on Rails project 
developed by GitHub confirmed that developers with 
collaborative relationships identified through the DCG share 
common interests. We plan to conduct an in-depth analysis of 
developer common interests in various open source projects in 
the near future. 
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Abstract 
 

User authentication services can apply to the face or iris 
recognition service. So, the interesting in the facial 
expression technology are growing on various IT 
convergence field. Facial recognition technology requires a 
feature vector of facial for emotion recognition, and a high 
performance learning algorithm. In this paper, we 
construct a learning system by extracting feature vectors 
of eyes, mouths and applying a Naive Bayesian classifier to 
recognize facial expressions. In addition, the experimental 
results proved the efficiency of the system. 

 
Keywords-component; Facial expressions; Bayesian 

classifiers; Feature vector; Learning algorithm) 

  
I. Introduction 

     
User authentication technology is mainly focused on face 

recognition and iris recognition, and the recognition rate is 
gradually increasing due to the development of smart devices 
including smart phones and tablets. There have been focused 
on research to recognize human emotions through stabilized 
vision-based user authentication technology. This is because 
emotion recognition is an input medium for interaction 
between a person and a computer, and nonverbal expressions 
such as facial expressions, gestures, and gaze are easier to 
convey meaning than language expressions [1-2]. In addition, 
it can supplement current face recognition technology such as 
face tracking and body part detection. 

However, emotion recognition has difficulty in correctly 
recognizing emotions because the degree of expression differs 
for each person. In order to recognize the correct emotion, 
learning data should be constructed using data that 
characterize each emotion, and the emotion is classified by 
applying a classifier of good performance.  

There are many studies to increase the recognition rate, but 
the processing time and accuracy are still insufficient due to 
the complicated calculation process[3]. 

The amount of computation should be reduced through a 
detection algorithm that can easily detect facial regions 
sensitive to emotional changes. In addition, it is necessary to 
study that can improve accuracy without complex calculation 
process with good performance classifier. In this study, we 
constructed the learning data by extracting the features of eyes 
and lips from the human face, implemented the system to 
recognize facial expressions by applying Naive Bayesian 
classifier, and proved the efficiency through experimental 

results. 
 

II. Related Research 
 

In order to recognize human emotions, the detection 
algorithm extrects feature vector to be used for emotion 
recognition from the input image, and the learning algorithm 
classifies the emotion using the detected feature vector. 

G. D. Lowe, et. al[4] SIFT (Scale-invariant feature 
transform) is one of the algorithms used for feature vector 
detection. It detects objects by extracting information that best 
represents the characteristics of a particular object.  

The algorithm generates a Gaussian Pyramid to detect 
feature vector candidates for detecting objects such as corner 
points. The detected feature vector candidates have attributes 
that are invariant to scale, rotation, and brightness variations.  

The algorithm is four or five steps, but performs a complex 
computation process to detect feature vectors of invariant 
properties. As a result, the processing speed for object 
recognition is very slow. 

Kim[5] proposed an automated emotion recognition 
framework by recognizing facial expressions. This framework 
uses PCA (Principal Component Analysis) to extract facial 
eigenvectors and recognize human emotions through HMM  
(Hidden Markov Model) step and posterior probability 
calculation. Experimental results showed good recognition 
rate in some facial expressions, but poor performance in other 
facial expressions.  
 
III. Emotion Recognition Technology using Face Feature 

Vectors 
 

In order to recognize emotions, this study defined eye and 
mouth as a feature vector that are sensitive to emotional 
changes. The extracted feature vectors are classified into 
human's representative emotions [angry, happy, no 
expression] by applying the Naive Bayesian classifier. The 
proposed system is shown in Fig. 1, which consists of feature 
vector extraction, facial classification, and emotion 
recognition step. 

 
A. Facial feature vector detection 

 
The input data for recognizing the human emotion is 

intended to use the data of the human face area. First, a 
preprocessing process is required to detect an object. This is to 
obtain the data of the face area by giving a condition 
recognizable as a face in the input image. The detected face  
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Figure 1. Emotion Recognition Technology using Face Feature Vectors 

 
area normalizes the size of the image for learning data 
construction and comparison operations.  

After the normalization, it should be discriminated the facial 
expression of the detected face. Eyes and mouth shapes are 
sensitive to changes in emotion. The proposed system defines 
and classifies three expressions [angry, happy, no expression] 
using the sensitivity of the face region. In particular, lips 
respond most sensitively to emotional changes, so it is possible 
to roughly judge the emotion of the person[6-7]. In this study, 
the emotion recognition is performed by defining the pixel 
information of the eye and the mouth area as the feature vector. 

Eye and mouth detect feature vectors using Haar-like 
Feature. The Haar-like Feature basically maintains the 
geometric information of the object and uses the brightness 
difference of the area unit, so it can compensate the change of 
the shape of the object in the region and the slight change of 
the position to some extent. In this study, eye and mouth of 
face are detected using Haar-like Feature, and information 
obtained from each feature vector is applied to beige classifier 
to classify three facial expressions. 
 
B. Facial Expression classification 
 

If feature vectors are extracted, facial feature vectors are 
applied to Naive Bayesian classifiers[8] to classify facial 
expressions. Naive Bayesian classifier is a mathematical 
theorem about conditional probability. The Bayes theorem 
represents the relationship between the prior probability and 
the posterior probability of a random variable, and Naive 
Bayesian classifier is a kind of probabilistic classifier that 
applies the premise that if the properties are independent of 
each other in Bayesian theorem. 

The input values of the Naive Bayesian classifier use eye 
and mouth data extracted with Haar-like feature. The 
horizontal component of the detected mouth is defined as 1X , 
and the vertical component between the two lips is defined as 

1Y . The vertical component between eye and mouth is defined 

as 
2
Y , and finally the area of mouth is defined as area. The 

feature vector ),2,1,1( AreaYYXX   which summarizes the 
four data. 

The facial expression defines classes (C0, C1, C2) for [angry, 
happy, no expression], and discriminates the appropriate 
expression for the input image. When the feature vector 

),2,1,1( AreaYYXX   is present, the Bayes theorem for facial 
expression classification can be defined as Equation (1). 
 

)exp_2,1,0(

)(

)|()(
)|(

ressionnoChappyCangryC

XP

iCXPiCPXiCP




   (1) 

 
In Equation (1), we find the likelihood )|( iCXP  which has 

the highest probability of X , and classify the facial expression 
as iC . At this time, )(XP  can be omitted because it is the 
normalize value. Therefore, Bayesian classification equation 
for facial expression classification can be defined as Equation 
(2). 

 
)()|(maxarg iCPiCXPMAPC     (2) 

 
In this study, we used 480 images of [Angry, Happiness, 

Expressionless] as the learning data for the facial expression 
classification, and we prove the efficiency of the Bayesian 
classifier through experiments. 

 
IV. Experiment 

 
In this study, we apply facial feature vector which is 

sensitive to emotion change to Naive Bayesian classifier for 
recognize facial expression. We conducted experiments to 
demonstrate the efficiency of the proposed system. The 
database of facial expression images used in the experiment is 
shown in Fig.2. It consists of JAFFE (Japanese Female Facial 
Expression)[9], KDEF (Karolinska Directed Emotional 
Faces)[10] and FEI Face Database[11]. In this study, each 
database is the frontal face of a man and a woman of white and 
yellow and black, and each person did not wear glasses. 
 

 

Figure 2 Exaple Images from [9],[10] 
 
Experiments to demonstrate the efficiency of the proposed 

system are described. There are described experiments to 
demonstrate the efficiency of the proposed system 

First, the face database to be used in the experiment is 600 
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images, and 480 face images are used as training data. The 
Haar-like feature was used to obtain feature vectors for the 
vertical and horizontal components of the mouth, the area, and 
the distance between the eyes and mouth. The remaining 120 
facial images were used as test data.  

We analyzed the characteristics of the feature vectors to 
verify the validity of the feature vectors. The mouth area of 
[angry] and [no expression] has a similar range of values. 
However, [no expression] can distinguish expression because 
the distance between eyes is larger than [angry]. [happy] has a 
different range of values from the other two expressions. As a 
result, facial classification is done well. 

Next, we use the face image of the general person, not the 
image in the database. The subjects were 10 persons without 
prior knowledge. For face recognition, the input image is 
subjected to face detection and feature vector extraction. 

The experimental results are shown in Table 1. Experimental 
results showed average recognition rate of 90%. [happy]  is the 
most characteristic expression, recognition rate is 100%. [no 
expression] has a constant change of facial expression, and the 
recognition rate is 90%. Finally, the recognition rate of [angry] 
is 80%, which is lower than other expressions. 
 

Table 1.  Facial recognition result judged by real person image 

 
Classify 

real Anrgy Happy No 
expression Precision

Angry 8 0 2 80% 

Happy 0 10 0 100% 

No 
expression 1 0 9 90% 

 
V. Conclusion 

 
In this study, we proposed a technique to recognize human 

emotions by applying the feature of facial region that is 
sensitive to facial expressions and applying it to Naive 
Bayesian classifier, one of learning models. 

We applied a Bayesian classifier to the information about 
eyes and lips detected from the face, and confirmed that it has a 
good facial recognition rate by a relatively simple calculation 
process. It is expected to be able to quickly and accurately 
classify user's perception and emotion in various areas 
requiring real-time analysis.  

The future goal is research on the development of 
responsive contents industry technology that reflects the 
industrial needs to grasp the change of emotions about the 
environment that is used in mobile devices and so on, and to 
positively influence emotions that users take unconsciously. 
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Abstract 
 

This paper studied utilization values of big data in the 
character field. Characters as an important factor in 
digital contents take a great part in cultural contents. 
Construction of big data in the character part will predict 
the future of the field of character industry and decrease 
risks of production costs and also be a basis in character 
development.    

 
Keywords— Big Data Application; Character; Animation 

 

I.  INTRODUCTION 

 
Recently, a thing that appears the most in economic trends 

including IT industry is big data. It means a large scale of data 
difficult to be saved, controlled, and analyzed in existing 
methods. It is a vast stock of data which has not been treated 
in existing methods and signifies using information which has 
been hidden in enormous data owing to analysis technology 
development. If big data is used, it is possible to forecast the 
future from capturing regular flows of data[1].  

As big data is stated, it was pointed out as ‘the most 
important technology of 2012 which can open new 
possibility’ in the World Economic Forum (Davos Forum) in 
2012[2].  

Regardless of the growth of the big data market, a point that 
common understanding of characterizing of factors fitting to 
the concept of big data is lacking was indicated[3]. And, 
about contents and results of big data, analytic visualization 
and utilization were proposed. Like these, although studies on 
big data have been done steadily since the introduction of big 
data, studies related with character development in the fields 
of big data and animation never exist.  

In this study, possibility to graft big data on the character 
market has been examined. Based on it, the utilization of big 
data is to be suggested so that it can be applicable to later 
studies and technology development. 

 

II. RELATED WORK 

 
Big data is available in various fields such as image 

analysis, trend analysis, crisis management, and storytelling 
tools. Parse.ly as an enterprise to analyze web contents in the 
US predicts what types of contents will be promising through 
a program called “Dash”. If editors use the analysis tool of 

Parse.ly, they can know what things of what websites can 
draw interests of viewers and classify objects of interest 
according to authors, subjects, genres, introduced websites, 
trends of emerging frequencies, and other indexes[4].  

Through these, big data will take groundbreaking changes 
in the publishing field. It shows extensibility about the 
necessity of big data in other fields. Characters play an 
important role in digital contents. Characters in the animation 
field have diverse forms and characteristics.  

 

 
 

Fig. 1. AACSS Main UI.  
 

Especially, in case of characters that animals appear, they 
became big hits.  

As studies on characters of personified animals, there are 
researches to propose anthropomorphic animal characters 
search systems (hereafter, AACSS) in order that users can be 
possible to search for them by using meta data based on 
studies which suggested steps of anthropomorphism reflecting 
properties of animals and humans(Fig 1)[5][6].  Based on 
them, this study tries to branch out into mammals and birds. 

 

III. BIG DATA APPLICATION IN ANIMATED CHARACTERS 

 
It is a base study on constructing big data systems of 

personified characters. As the study range, it is on the basis of 
taxology targeting mammals and birds which emerge in full-
length animation.  

Zootaxy is learning to research classification systems of the 
animal kingdom after investigating similarity and difference 
between animals based on facts. Taxology has been started 
from Aristotle of Greece. He assorted approximately 520 
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animals according to their characteristics first. By the 18th 
century, Carl von Linne set up class, order, genus, species, 
and mutation as taxonomic categories.   

Mammals are divided into four parts of a head, neck, torso, 
and tail. The torso is composed of four legs. Sometimes, 
mammals have a peculiar component like horns. Birds are 
divided into four parts such as a head, neck, torso, and tail as 
well. They have two wings and legs. The front legs have been 
adapted to flying mostly. On the other hand, the hind legs 
have been adapted and changed into various directions. 
Among external properties of birds, in particular, a 
predominant trait is called “field mark”. 

 

 
Fig. 2. Research scope and character samples.  
 

It plays an important role in dividing birds with others. 
Sizes and forms of birds’ bodies, feathers, beaks, and color of 
feet are significant clues to separate external features of them 
from other animals.   

In this chapter, anthropomorphic animal characters 
appearing in feature-length animated films of the USA from 
1940 to 2015 were investigated(Fig 2)[7].  

Next, by analyzing classification peculiarities of animals 
aiming at the investigated characters, mammals and birds 
were assorted. Then, similarity and difference with real 
relevant animals were compared. Based on them, by assorting 
each characteristic, a basic study to construct the big data 
system of personified characters is to be provided. 

 

IV. CONCLUSIONS 

 
When seeing the scale and developmental possibility of the 

character market which takes a large part in cultural contents, 
it is clear that the system construction of big data in the 
character field will be a good tool to predict the future and 
make plans that risks can be lessened on the basis of 
information until now.  

From the premises, studies on big data have been examined 
until the present. And, ultimately this is to be proposed as a 
base study so as to construct the big data system about 
anthropomorphic animal characters. 
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Abstract

 Categorizing various types of weeds holds significant 
technical and economic importance in agriculture. 
Development of a system that can make distinctions based 
on color, shape and texture is viable. Primary objective of 
this research is to develop an automated weed control 
system which is able to identify weed based on its location. 
A real time system is developed in order to detect weeds in 
the surrounding areas using pattern recognition. Different 
experimentation work is conducted in order to gauge the 
efficiency of our proposed method in terms of 
distinguishing between various types of weeds. It also 
performed admirably amid varying field conditions. The 
results confirmed that the algorithm exhibited a 94% 
success rate in terms of categorizing weed samples where a 
population of 160 samples was used consisting of 80 
narrow and 80 broad samples. 
Keywords—Classification, Weed detection, herbicides. 

I. Introduction

  In todays age the skin of fruits and vegetables are significant 
parameters which determines their quality. In wheat and 
soybean fields for the detection of weeds, color machine 
vision is used where they are using color index for weed 
detection for both preprocessing and statistical different 
analysis. Different methods are using for discriminating plants 
from weeds and soil. The important challenge in growth stage 
is weed control in onion cultivation. Long lineal leaves do no 
shadow on emerging weeds but the infection is caused by 
successive invasions due to their slow development. Chemical 
and mechanical both weeding uses in all cultivation [1].   
  Weed control is an expensive technique in precision farm 
field which consumes more time. Science of weeds is a 
challenging field of research as it is a very vast area. The 
developed countries use cutting edge technologies such as 
space technology, biotechnology and information technology. 
Generally the term weed is used in plants so it is necessary for 
utilizing and changing the research in weed management of 
eco-friendly and increasing the role of sustainable crop 
production and research based technologies. In global scenario 
the herbicides increases per year in feature. There are potential 
risk of water contamination and food because of the usage of 

herbicides. The indiscriminate use of herbicide affects the 
environment in addition weed biology is influenced adversely. 
The quality of food increases with the safely use of herbicides, 
for this we have a popular tool named wavelet analysis used to 
detect the crop and weed whereas Db4 wavelet has been using 
to extract the crop’s and weed’s textures features [2].  Plant 
recognition in automated weeding applications is sometime 
based on computer vision either using shape information or 
similar properties [3]. 
  For crop productivity, weed poses a vital biological 
constraint. With more use of herbicides, weed control is 
characterized which results in the emergence of weeding 
resistance to herbicides in addition in environmental problems 
so here we need to look for other alternatives that allows 
ecological weed control in the cropping system. For exploiting 
weed-suppressing ability of crop varieties themselves, 
potential is a promising option for weed control. In a cropping 
system there are actually multiple weeds in addition the 
suppression effect of weed is a joint action of competitive 
factors and allelopathy using a mixed-culture of crop-weed 
design that stimulates a great controversy deal owning 
neglect of competition. The below grounded interactions 
affects more performance of coexisting plants as compare to 
above grounded interactions [4]. 

II. LITERATURE REVIEW

  In some early approaches [10],[11] statistical, color and 
shape based features were used to detect weeds. According to 
[5], a new method was proposed which was based on artificial 
neural networks vision for higher efficiency in cost and 
production. Multilayer perceptron neural networks technique 
was employed for identifying weed roots in onion crops that 
enabled identification of specific areas for spraying, hence 
decreased the amount of herbicide utilized. Multilayer 
perceptron neural networks technique was employed for 
identifying onion crop’s weed roots that enabled identification 
of specific areas for spraying, so the amount of herbicides 
decreased and utilized. Because of active targeting and 
identification of infected areas, this method was justified by 
practical experiments providing very much sufficient evidence 
regarding saving of resources like herbicides. 
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  In [6], ground based sensors are used for assessing 
weed levels and weed identification in a crop. The underlying 
principles, limitations and performance was also discussed. 

  In research work [7], a machine for new learning 
mechanism was introduced for distinguishing weed and crop 
in account with their reflectance differences. They used 
artificial neural network and mixture of Gaussian techniques 
in their proposed algorithm. The work [8] deals with sensors 
of weed deduction system and practical use of them in cereal 
crops. By employing an ultrasonic distance sensor, the 
location of weed was identified. As compared to normal areas 
whether weed containing zones are richer in biomass, the 
relevant height of plants was compared. Spherical-shaped 40 
to 80 samples with varying weed components of two different 
sets were evaluated at two separate dates. The sensors 
direction was kept towards the ground to properly assess the 
heights. Broad-leaved weeds and Grass weeds were removed. 
The dissimilarities between weed-ridden and weed free zones 
were analyzed along with dry portion of crop and weed 
samples. RGB images obtained the weed removal for 
assessing the area covered by crops and weeds. Analytical 
techniques based on numerous regression were used to control 
the coverage of weeds and crops. By the ultrasonic readings, 
weed containing zones were differentiated from normal zones 
with 92.8% success rate in addition by utilizing this system, 
the weed identification cost incurred could be decreased. For 
limiting the growth of weeds it could also applied in non-
selective methods.   

  In [2], by employing an image processing algorithm, 
weeds and crops were distinguished from one another which 
utilized “wavelet analysis”. Wavelet transform analyzed the 
textural properties of weed and crop images. The texture 
features were extracted from the data related with different 
parameters like Homogeneity, Contrast, Inertia, Entropy and 
Energy. By the neural networks, the data collected was then 
classified accordingly. With the help of herbicides which were 
sprayed through robotic means, the weed location based on 
classification and the infected areas was accessed.  

  In [9], for analyzing the morphological properties of 
plants; with the classification of small plants for identification 
proving, depth cameras were deployed for added precision. By 
employing dual methodology with utilizing RGB (Red, Green, 
and Blue) height selection, weed, soil and crops can be 
differentiated. In real life condition by employing Kinect 
fusion algorithms, the 3D point clouds of weed-ridden crops 
are reproduced. The models constructed were very much 
satisfactorily consistent with soil parameters acquired from 
actual morphological measurements and 3D images. In order 
to have differences between weeds with the soil and small 
height micro relief of the samples with weed biomass obtained 
a correlation of 0.83, RGB recognition is essential. With the 
volumetric measurements the weed density was well 
correlated. The results indicated that the volume of accessing 
could offer precise results by utilizing kinetic methodology 
that identified weeds and crops and differentiated between 
them. 

Figure 1: Real-time recognition system 

III. AIMS AND OBJECTIVES

Narrow leave weeds and Broad leave weeds currently in 
use are two types of herbicides. We here set a goal for 
designing an algorithm which can: 

 Identify the location and detection of weeds 

 Distinguish between the narrow and broad weeds. 

IV. PROPOSED FRAMEWORK

The concept of the proposed weed control system is 
depicted in figure1, which has Central Processing Unit 
(CPU), Decision Box and Camera used to control dc pumps 
At 45 degree of angle from the ground the images were 
taken. Here according to this manner, images size remained 
the same with high quality of protruding portion of the 
sprayer captured. The images here are relayed to the CPU 
and decision box is connected to it through a parallel port 
which also used for turning on or off the pump purely based 
on the CPU processing over kind of images. Matlab is used 
for the software development. The resolution of each image 
is 240 by 320 pixels. 
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Figure 2: Conceptual flow chart 

V. METHODOLOGY 

In figure 1, a weed recognition system for real time 
specific is illustrated and their purpose is to recognize the 
narrow and broad weeds [8].  
In the pre-processing stage we decompose the input image into 
Red, Green and Blue components create a binary image using 
the following transformation. 

If Gr >Rd and Gr>Bu and Gr>115 then 
 PI = 1 

   Else 
 PI = 0 

   End if 
Where Rd, Gr and Bu are the red, green and blue components 
and PI is the processed binary image.  
 We scanned the images horizontally and vertically to find 
out location of broad weeds in the image by measuring the 
lengths and heights of objects/weeds.  
 Narrow weeds as the name suggests are narrower in length 
than broad weeds so we can differentiate them from broad 
weeds based on their length and height. By estimating broad 
weeds with respect to total weed percentage we can classify 
weeds as either narrow or broad.  The classification algorithm 
is given below:- 

If  (BroadWeed Percentage >=55 and  Weed Percentage>=40) 
or       (BroadWeed Percentage>60) 
Classify category as “Broad Weed” 

Else If    Weed Percentage>=30 
Classify category as “Narrow Weed” 
Else 
Classify category as “No or Little Weed” 
End 

VI. RESULTS AND DISCUSSION

 The results are represented in table 1 with 95% of the little 
or no weed and 94% of narrow and broad weeds were 
successfully categorized. The visual results are depicted in 
figures 3-6. 

Table 1: Weed Classification by Broad Weed Estimation 

Image Weed 
Percentage 

Broad Weed 
Percentage 

` 

1      60.94   61.08   Broad Weed 

2      56.28 64.00   Broad Weed 

3      37.52   48.29   Narrow Weed 

4      44.04   47.91   Narrow Weed 

5      61.28   64.00   Broad Weed 

6      60.94   61.08   Broad Weed 

7      44.04   47.91   Narrow Weed 

8      56.47   61.66   Broad Weed 

9      57.09   61.35   Broad Weed 

10      64.48   64.25   Broad Weed 

11      23.23   34.44   Narrow Weed 

12      20.54   29.11 Little or No Weed 

13      44.04   47.91   Narrow Weed 

14      56.28   64.00   Broad Weed 

15      44.04   47.91   Narrow Weed 

16      35.29   45.96   Narrow Weed 

17      44.25   47.83   Narrow Weed 

18      60.94   62.21   Broad Weed 

19      56.07   63.79   Broad Weed 

20      41.84  68.56   Broad Weed 

21      26.17   55.19   Narrow Weed 

22      33.04   51.03   Narrow Weed 

23      21.01   44.31   Narrow Weed 

24      31.34   57.82   Narrow Weed 

25      44.04  47.91   Narrow Weed 

26      56.28   64.00   Broad Weed 

27      64.48   64.25   Broad Weed 

28      21.33   40.07   Narrow Weed 

29      23.94   39.83  Narrow Weed 

30      13.49   42.07 Little or No Weed 

31      28.54   43.81   Narrow Weed 

32      61.13   65.65   Broad Weed 

33      23.23   44.44   Narrow Weed 

34      43.43   53.72   Narrow Weed 

35      57.24   65.53   Broad Weed 

36      58.70   68.09   Broad Weed 

37      56.59   66.20   Broad Weed 

38      24.42   46.08   Narrow Weed 

39      64.48   64.25   Broad Weed 

40      44.04   47.91   Narrow Weed 

41      57.24   65.53   Broad Weed 

42      45.75   53.42   Narrow Weed 

43      53.73   66.27   Broad Weed 
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44     41.84  68.56   Broad Weed 

45     28.68  57.06   Narrow Weed 

46     50.02  62.45   Broad Weed 

47     44.04  47.91   Narrow Weed 

48     53.90  61.45   Broad Weed 

49     60.23  64.09   Broad Weed 

50     60.94  61.08   Broad Weed 

51     8.73  29.95 Little or No Weed 

52     2.38  14.64 Little or No Weed 

53     57.53  61.41   Broad Weed 

54     33.73  42.09   Narrow Weed 

55     37.82  43.05   Narrow Weed 

56     39.11  43.78   Narrow Weed 

57     43.24  46.59   Narrow Weed 

58     23.23  34.44   Narrow Weed 

59     44.04  47.91   Narrow Weed 

60     25.78  40.49   Narrow Weed 

61     29.22  39.70   Narrow Weed 

62     39.18  45.63   Narrow Weed 

63     43.18  49.18   Narrow Weed 

64     38.44  52.62   Narrow Weed 

65     39.22  51.42   Narrow Weed 

66     31.33  49.05   Narrow Weed 

67     28.85  42.18   Narrow Weed 

68     48.53  62.70   Broad Weed 

69     42.33  65.79   Broad Weed 

70     26.94  40.64   Narrow Weed 

71     31.07  40.05   Narrow Weed 

72     22.11  42.15   Narrow Weed 

73     48.03  53.67   Narrow Weed 

74     33.06  44.76   Narrow Weed 

75     33.06  44.76   Narrow Weed 

76     35.59  53.03   Narrow Weed 

77     28.48  43.50   Narrow Weed 

78     35.59  53.03   Narrow Weed 

79     25.02  44.73   Narrow Weed 

80     35.93  53.90   Narrow Weed 

81     26.49  39.92   Narrow Weed 

82     38.49  50.10   Narrow Weed 

83     32.08  44.77   Narrow Weed 

84     34.80  44.66   Narrow Weed 

85     32.40  41.38   Narrow Weed 

86     31.13  39.92   Narrow Weed 

87     25.77  42.01   Narrow Weed 

88     23.89  43.15   Narrow Weed 

89     35.95  54.42   Narrow Weed 

90     37.38  53.51   Narrow Weed 

91     39.49  50.25   Narrow Weed 

92     32.34  44.72   Narrow Weed 

93     51.26  53.98   Narrow Weed 

94     36.65  45.93   Narrow Weed 

95     32.34  44.72   Narrow Weed 

96     34.55  46.53   Narrow Weed 

97     34.23  50.12   Narrow Weed 

98     28.77  41.64   Narrow Weed 

99     27.98  41.91   Narrow Weed 

100     39.15  52.80   Narrow Weed 

101     29.92  41.32   Narrow Weed 

102     35.43  51.04   Narrow Weed 

103     26.67  43.46   Narrow Weed 

104     34.44  48.28   Narrow Weed 

105     39.18  45.63   Narrow Weed 

106     39.22  51.42   Narrow Weed 

107     58.85  62.10   Narrow Weed 

108     26.67  43.46   Narrow Weed 

109     57.42  61.46   Broad Weed 

110     38.85  47.39   Narrow Weed 

111     24.75  48.71   Narrow Weed 

112     57.05  65.81   Broad Weed 

113     52.82  69.28   Broad Weed 

114     52.37  62.36   Broad Weed 

115     45.27  52.02   Narrow Weed 

116     62.22  70.14   Broad Weed 

117     53.35  63.45   Broad Weed 

118     56.78  66.26   Broad Weed 

119     57.52  63.46   Broad Weed 

120     52.37  62.36   Broad Weed 

121     43.52  59.46   Broad Weed 

122     41.82  60.05   Broad Weed 

123     34.34  48.98   Narrow Weed 

124     23.23  34.44   Narrow Weed 

125     62.22  70.14   Broad Weed 

126     27.76  34.67   Narrow Weed 

127     36.68  43.26   Narrow Weed 

128     34.34  48.98   Narrow Weed 

129     35.11  48.81   Narrow Weed 

130     34.11  44.09   Narrow Weed 

131     30.75  46.19   Narrow Weed 

132     21.82  46.38   Narrow Weed 

133     27.90  43.43   Narrow Weed 

134     22.07  37.81   Narrow Weed 

135     32.48  43.32   Narrow Weed 
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136     28.82  37.95   Narrow Weed 

137     32.08  38.82   Narrow Weed 

138     24.86  38.38   Narrow Weed 

139     28.01  42.11   Narrow Weed 

140     32.08  38.82   Narrow Weed 

141     34.62  42.37   Narrow Weed 

142     24.30  45.49   Narrow Weed 

143     25.93  50.15   Narrow Weed 

144     5.74  17.27 Little or No Weed 

145     22.03  51.13   Narrow Weed 

146     29.42  47.90   Narrow Weed 

147     28.65  46.53   Narrow Weed 

148     30.77  43.73   Narrow Weed 

149     26.41  41.09   Narrow Weed 

150     31.27  46.14   Narrow Weed 

151     36.89  49.72   Narrow Weed 

152     25.27  40.48   Narrow Weed 

153     50.15  53.22   Narrow Weed 

154     49.46  51.51   Narrow Weed 

155     55.26  54.90   Narrow Weed 

156     44.24  48.91   Narrow Weed 

157     28.55  38.01   Narrow Weed 

158     34.61  41.78   Narrow Weed 

159     33.93  40.02   Narrow Weed 

160     34.24  43.47   Narrow Weed 

161     25.93  50.15   Narrow Weed 

162     25.26  31.89   Narrow Weed 

163     27.43  34.60   Narrow Weed 

164     23.23  34.44   Narrow Weed 

165     32.08  38.82   Narrow Weed 

166     26.36  35.62   Narrow Weed 

167     26.17  35.10   Narrow Weed 

168     25.77  33.14   Narrow Weed 

169     24.43  32.45   Narrow Weed 

170     23.23  34.44   Narrow Weed 

171     31.95  40.30   Narrow Weed 

172     29.02  37.62   Narrow Weed 

173     33.48  39.65   Narrow Weed 

174     37.22  48.28   Narrow Weed 

175     31.90  40.95   Narrow Weed 

176     33.97  42.02   Narrow Weed 

177     33.38  44.35   Narrow Weed 

VII. CONCLUSION

A real weed-control system incorporating with vision 
recognition system is designed and various experiments are 
conducted by using it for isolated spraying for limiting weed 
growth. The system is based on an identification and other 
characteristics is developed for identifying and categorizing of 
weeds. The images which were caught by a video camera are 
categorized with high rates of success.  
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Figure 3: Broad Weed Type Figure 4: Broad Weed Type

Figure 5: Narrow Weed Type Figure 6: Little Weeds Type
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Abstract 

The camera movement expressed on the screen of 
Animation is detected and recognized by audience's visual 
sensation. In this paper, in order to investigate the 
characteristics and measurement method of camera 
movement that improves visual cognition of the audience 
about emotional images, we are conducting research as 
follows. First, theoretically arranged the concept of 
interaction between emotional response, visual cognition, 
and camera movement. Then, we compared and analyzed 
the movement method between the real camera and the 
virtual camera with the three-dimensional authoring tool, 
and summarized the previous research on the processing 
of emotions given by the camera movement.  To convey the 
feelings of anger and the virtual camera and real camera 
expressed on the screen, to examine the characteristics of 
the same movement. Finally, we derive a method to 
measure the motion expressed on the screen and set 
criteria that can be quantified by replacing the camera 
setting values expressing anger feelings with numerical 
values. Through this research, we can grasp the 
characteristics of the camera movement to improve the 
audience's visual cognition, and the derived measurement 
method can be utilized in the animation production 
process. 

Keywords-animation; Camera movement; Virtual camera; 
Emotion; Visual intensity; Visual cognition; Measurement method  

I. Introduction 

When viewing a specific scene of a movie that is directed 
based on the movement of the camera, the audience often 
makes an illusion that the camera does not move, but rather his 
body moves. On that basis, when composing the shot flow in 
the process of video content creation, adjusting the movement 
of the camera can convey a particular emotion and atmosphere 
to the audience [1]. 

In the 21st century, related industries have developed 
animation can express what people can imagine concretely. In 
order to study the camera movement that affects the visual 
cognition of an audience in animation, the following research 
is carried out in this paper. First, through the literature research, 
the theoretical analysis of the process that the movement of the 

camera exerts on the visual cognition of the audience. To study 
the characteristics of animated virtual cameras, we use the 
three-dimensional authoring tool, Maya 2017 application, to 
analyze the spatial coordinates when the virtual camera moves 
and the characteristics of the speed, direction, and scale 
controlled by the animation curves. The camera movement 
represented on the screen is reclassified as the basic emotion of 
joy, anger, sorrow, and pleasure that human beings feel based 
on previous research on the emotional feelings given by visual 
intensity. We examine the emotion of anger that can 
effectively create a majestic image of a person, and compare 
the camera movement which expresses the emotion of anger in 
real life and in the animation, and then analyze the same 
characteristics of movement expressed on the screen. Finally, 
we derive a method to measure the camera movement by 
reconstructing quantitative numerical values and ranges into 
animation graph when the camera moves such as up and down, 
left and right, etc., expressed on the screen. In this research, 
when directing the scene in which the emotion is expressed in 
the process of animation production, a method that can 
measure the method of camera movement by increasing or 
decreasing the degree of the visual cognition of the audience 
derives and makes it possible to utilize as a resource for camera 
operation during animation production.  

II. The Research Process

A. Camera Movement and Visual Cognition 

Human beings recognize most information through visual 
sense to accept external stimuli via sensations such as visual, 
auditory, olfactory, taste, and tactile. It is possible to select one 
of balance, shape, form, space, growth, light, color, movement, 
tension and expression. The movement of the visual response 
element has the greatest influence. Renault Barbaras noted 
sensation is a primary reaction that will experience a sense in 
the eyes and the nervous system at a stage before perception, 
and humans referred to perception through sensory organs. We 
experience cognition through selective attention in the process 
of physical action of visual cognition, and all processes in 
which visual information processing is performed in the brain 
is called a visual cognitive process. From the viewpoint of 
cognitive psychology, video images are accommodated 
through sensory organs and processed in memory organs to 
induce human emotion [2-5]. Strengthening visual intensity 
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which means strong visual impact and dynamism, in video 
contents, increases the audience's comprehension and 
immersion of particular atmosphere and emotions. Visual 
intensity is generated by the contrast in which changes in speed, 
direction, and scale are formed in elements of motion, and the 
stronger the contrast of the change, the higher the visual 
intensity. Adjusting visual intensity is interpreted in the sense 
that it affects audiences' reactions. This may cause audiences 
an emotional response such as laughing, crying, or raising a 
voice, or cause a physical reaction such as muscle tension or 
eye tremor. Generally, the stronger the visual stimulus on the 
screen, the response of the audience also appears strongly. 
These reactions promote the visual cognition of the audience 
of the video image including the characteristic emotions of the 
screen and the camera movement at this time acts as an 
important factor for adjusting the visual intensity [6]. TABLE I 
organized the human emotional response and physical reaction 
through the visual stimuli described above according to the 
factors constituting the scene of the video contents.  

TABLE I 
THE CONSOLIDATION OF THEORETICAL CONCEPTS 

Concepts Elements Explanation of Elements

Movement 

1. Speed Slow / Fast / Medium 
speed 

2. Direction Left and right / Up and 
down / Before and after 

3. Scale Small distance / Large 
distance 

Visual 
perception 

1. Visual
intensity Contrast / Affinity 

Visual 
cognition 

1. Physical
reaction

Close eyes, muscle 
tension, etc. 

2. Emotional
response Cry, laugh, etc. 

Changes in the speed, direction, and scale of the camera 
movement in the film are a method of adjusting the immersion 
degree of the screen as a factor that can strongly or weakly 
generate the contrast of the visual intensity. The movement 
represented on the screen stimulates the ability of the 
audience's visual perception. Fig. 1 presents the flow of 
process of human visual cognition in a movie scene. 

Fig. 1 The flow of process of human visual cognition 

In the movie, all movements expressed through the screen 
are made up of camera and object movements. Here, the 
camera movement can be thought of in the same way as the 
movement felt by the audience's visual cognition [7]. In order 
to perceive objects and situations sensuously, audiences turn 
their heads or move their bodies forwards or backwards. This 
reaction behavior of the human being is represented in the 
same way as the basic movement of the camera, such as pan, 
tilt. In case their body is stationary, audiences will check left 
and right by rotating their head to the left and right to secure 
the visibility to be over 180 degrees.  Also, it is possible to 
secure a field of view of about 90 degrees if raises or lowers 
the head vertically. The horizontal and vertical movement of 
the camera corresponding to such movement of the spectator is 
the respective pan and tilt, and most camera movements are 
thus within the physical limits of essential human motion [8]. It 
is possible to confirm the content classified in correspondence 
with the physical movement of a person as the characteristic of 
the direction and range of the actual camera movement shown 
in TABLE II. Camera identity technology that makes 
continuity as to whether the movement of the preceding 
camera is indirect depending on the visual observation of the 
audience is a very high level image representation. This is 
because the movement of the camera in the screen is executed 
at the same time as it is possible to raise the realization ability 
to the maximum as if it exists in the space in the reality where 
we live. As a result, when you look at the screen that moves in 
the movie, the audience is not a fictitious incident in the movie, 
but it is a factor of changes in the exaggerated emotions that 
leads to misunderstanding that it is actually happening or 
indirect cognitive activity. 

TABLE II 
THE BODY MOVEMENT CORRESPONDING TO THE 

CAMERA MOVEMENT 

Camera 
Movement Body Movement 

Tilt  
(up - down) Nod / Look up / Bow down

Pan
(left - right) Shake head / Look around

Crane 
(up - down) Stand up / Squat down / Jump / Stomp

Dolly 
(left - right) Follow on / Fall behind / Pass by

Dolly in Walk into / Jogging / The sprint /  
To follow / Collision 

Dolly out Backwards / Dodge / Go away / Escape

B. Real Camera and Virtual Camera Movement 

There is a functional difference in the control process 
between the real camera used when shooting live-action 
movies and the virtual camera used during animation creation. 
The virtual camera of the three-dimensional authoring tool 
operates in a virtual environment without gravity and space 
restriction. However, the screen rendering principle to 
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improve the emotional immersion is same as the visual 
cognition that the audience feels about the emotional image of 
the screen. 

In order to understand the operating principle of a virtual 
camera more deeply, we discussed the setting of properties of a 
virtual camera using three-dimensional authoring tool Maya 
2017 application. In the Maya 2017 application, there are four 
existing panels (perspective, top, front, side), but you can 
create additional camera by Create - Cameras - Camera 
sequential direction from camera menu animation work. When 
setting general options for a camera using the Properties 
window when creating a virtual camera. In order to understand 
the meaning of the attribute appearing on the setting screen, 
the attribute of "2D Pan / Zoom" is added based on the 
description of the virtual camera property in 2005 Maya 
application of K.M. Coo and B.K. Oh and the explanation 
contents are presented as shown in TABLE III  [9]. 

 
TABLE III 

VIRTUAL CAMERA ADJUSTMENT OPTIONS 
 

Maya 
Camera Explanation 

Camera 
properties Used to determine the point of view 

Lens 
properties 

Adjust the camera's focus length or the 
camera's horizontal / vertical ratio, the 

camera's lens. 

Film back 
properties 

Can be run on the view that's related to 
Horizontal / Vertical film aperture or film 

gate 

Motion blur Adjust the degree of blur of objects 

Clipping 
planes 

Adjust the visible range of the object, 
Only objects between the near clipping 
plane and the far clipping plane can be 

rendered in the camera view 

Orthographic 
views 

The ability to display all objects at their 
original size without disturbing the 

camera's distance 

Camera tool A frame that adjust camera lens change, 
movement, rotation, etc. 

2D 
Pan/Zoom 

View detailed information for a specific 
area when tracking, placing, or working 

without actually moving the camera 

 
By adjusting the numerical value in the basic properties of a 

virtual camera window, can have the same function as a real 
camera. The following explains how to adjust the virtual 
camera corresponding to real camera movement in space. 
Unlike the real camera movement, the virtual camera can 
adjust the moving speed, direction and scale by entering 
coordinate values or adjusting the animation graph, and the 

adjustment method can be confirmed in TABLE IV. The 
direction in which a virtual camera moves and rotates in space 
is displayed in the X, Y and Z coordinates of Translate and 
Rotate. If the graph displayed in the animation graph editor of 
the three-dimensional generation authoring tool Maya 2017 
application is output horizontally to the X, Y and Z coordinate 
value 0, it means that the virtual camera does not move in that 
direction. Based on this, a virtual camera movement can 
specify by letting animation keys be displayed at the 
coordinates in a specific area of X, Y and Z. As you can see, 
you can control the movement like a real camera in the same 
way through the adjustment of the numerical parameter and 
animation graph and construct the scene. 

 
TABLE IV  

REAL CAMERA MOVEMENT AND VIRTUAL CAMERA 
MOVEMENT   

 
Real 

Camera Virtual Camera  

Tilt 
(up to 
down) 

Rotate Y: value 
becomes small; 
graph curve 
becomes low 

Pan 
 (left to 
right) 

Rotate X: value 
becomes small; 
graph curve 
becomes low 

Crane  
(up to 
down) 

Translate Y: 
value becomes 
small; 
graph curve 
becomes low 

Dolly  
(left to  
right) 

Translate X: 
value becomes 
large; 
graph curve 
becomes high 

Dolly 
(back to 
front) 

Translate Z: 
value becomes 
small; graph 
curve becomes 
low 

 
When grasping how to control Camera movement and 

express the atmosphere of a specific emotion, we consider the 
camera movement which can strengthen the visual cognition 
of the audience. Based on materials organized that the camera 
displayed the emotional feelings transmitted through different 
speed, direction, and scale in the previous study, displays 
emotions in the basic sentiments felt by human beings and 
tried to examine the characteristics of the camera that moved 
close to the basic emotions [10, 11]. As shown in Fig. 2, the 
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strong contrast and fast speed approach the anger's emotions, 
while the sorrow's emotions are more exposed. And with 
strong contrast and slow speed are more likely to express the 
emotions of pleasure and joy. 

 

 
Fig. 2 The emotional classification of the camera movement 
 

We will explain a specific emotion as an example in order to 
more firmly prove the camera movement expressing emotions. 
Anger is a reaction for everyone to respond effectively to the 
crisis could surprise the people and could earn a reputation in 
the primitive tribe [11, 12]. Therefore, it is necessary to 
effectively express the character's anger emotion in order to 
create a majesty character in the film and to strengthen the 
audience's cognition. We selected three animations won the 
Best Animation Award and three films won the Best 
Cinematography Award at the Academy Awards ceremony for 
3 years from 2014 to 2017 for the subject of study. Selected 
animated films are <Big Hero 6> (2014), <Inside Out> (2015), 
<Zootopia> (2016) and live-action films are <Birdman or> 
(2014), <The Revenant> (2015), < La La Land> (2016). For 
each movie, we selected a scene in which anger was expressed 
in animation, analyzed the camera movement reflecting the 
movement of the character, and summarized the results in 
TABLE V. 

 
TABLE V 

THE MOVEMENT OF REAL CAMERA AND VIRTUAL 
CAMERA IN ANGER 

 

Type Image Scenario 
description 

Camera 
movement 

R
ea

l C
am

er
a  

<La La Land> 

Sit quietly in 
anger and 
leave 

Subtle fast 
shaking and 
then rotation 
quickly 

 
<The 

Revenant> 

Accumulation 
of anger, the 
body 
trembling 

Rotate around 
the head of 
the character 

<Birdman or>

Wandering 
around, 
throwing 
things 

Sudden 
rotation 
quickly in 
move back 
and forth 

V
irt

ua
l C

am
er

a 

<Zootopia> 

Suddenly 
push away the 
character 
when 
speaking 

 shakes 
slowly and 
then swings 
up and down 
quickly 

<Inside Out> 

Angry cries 

Make small, 
quick, left and 
right shake in 
the forward 
motion  

<Big Hero 6>

The angry 
character, 
move closer 
and closer 

Shake up and 
down in the 
backward 
motion 

 
In this way, there are differences in the adjustment method 

between the real camera and the virtual camera, but when 
expressing the feelings of the same anger, when combining the 
movement of the presence appearing on the screen and the 
camera movement to convey the emotion and atmosphere of 
the screen to the audience strong Rapid speed with a contrast 
This angular feeling is expressed with this formed high visual 
intensity.  

Looking at the scene expressing anger feelings from a 
live-action movie <La La Land>, when the main character who 
was left alone was trying to suppress the feelings of anger, the 
movement of the real camera trembling rapidly swayed and the 
heroine's rapid breathing works in the same way. In the 
ensuing scene, when the heroine stands up and leaves, the 
direction is rotated rapidly to follow the movement. You can 
see the expressing feelings of anger by connecting action 
responses of characters and camera movement. 

In the case of a virtual camera directing in Animation 
<Zootopia>, the camera shows a slightly late and unstable 
movement until anger appears at the scene where conflicts 
arise between the heroes. However, when anger is expressed 
and behavior gets rough, the camera quickly moves up and 
down with immersing in the emotion of the person. Such a 
change in the movement will help to allow you to immerse 
yourself in the emotions and breathing of the main character 
through this camera movement. 

Also, when expressing an emotional atmosphere, changes in 
camera movement describe the circumstances in which the 
incident occurs and express the feelings of anger. In <Big Hero 
6>, when an angry character comes close to the screen, the 
camera expresses a motion swinging up and down in response 
to floor vibration. Audience will indirectly experience the 
atmosphere in these scenes. 

Therefore, when expressing the feelings of anger, the 
camera adds specific motions, due to characters or 
environmental changes, exposed to the screen. As a result, 
changes in the speed, direction, and scale of the movement of 
the camera are generated by the contrast, and the visual 
intensity can be increased. Through these camera movements, 
the audience goes through a process of visual recognition by 
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combining aspects of human motion and emotional expression. 
At this time, the audience can naturally increase the degree of 
emotional immersion through the illusion that my body moves 
and the visual cognition, while watching the screen expressing 
movement. 

 
C. Measure the Camera Movement 

 
In order to grasp the moving method more accurately, 

quantifying the camera movement expressing anger feeling by 
the numerical value and using the Maya 2017 application and 
can measure the movement value of the camera.  The 
movement of the real camera and virtual camera realizes 
audience visual cognition through the screen of the flat screen. 
The process of measuring the numerical value and range in 
which the camera moves in the horizontal and vertical 
directions expressed through the screen is progressed in the 
order of 1 to 6 as shown in Fig. 3.  

As is shown in the Fig. 3, First, create an "Image Plane" 
from the camera view of front persp, connect sequences of 
video fragments. Select the "Use Image Sequence" function to 
play the video. Adjust the Maya timeline by the number range 
of the file sequence frame. Next, set a cube to the position of 
the relative stable in the figure. Clear the original location 
information of the Cube to better see the change in the 
numerical value. Finally, the cube moves according to the 
change of reference position and performs key animating. 

 

 
Fig. 3 The process of measure the camera movement 
 

Measured values can be reflected in the animation graph of 
the camera movement by tracking the location of the reference 
on the screen. Using this method, Trace the movement of the 
frame expressed in the emotion of anger in the three 
animations shown in TABLE V, and the change of the 

animation graph and numerical value is summarized in 
TABLE VI. 

In the front persp of the Maya 2017 application, the up and 
down, left and right movement of the screen can be quantified 
as the numerical values of the Translate X, Y coordinates. The 
numerical changes in Translate X, Y coordinates can be seen 
through the high and low changes of the animation graph. 
Therefore, it is possible to know the scale of frame movement 
by measuring the numerical values of Translate X, Y 
coordinates at the highest point and the lowest point of the 
graph. Looking at the derived animation graph, the broken 
lines are often added to a soft graph when expressing the 
emotion of anger. This means shake that suddenly changes 
direction and speed when the camera moves smoothly. The 
scale of shaking can be displayed on the Translate X, Y 
coordinates, and the shaking time can be indicated by the 
number of frames. 
 

TABLE VI 
THE MEASUREMENT OF CAMERA MOVEMENT 

 

/ Image Numerical value 
A

ni
m

at
io

n 
G

ra
ph

 

 
<Zootopia> 

 (smooth curve  has short 
fold) 

- Frame width & height: 
12.8 & 5.34 
- Movement scale   
Translate X: 0.071 
Translate Y: 0.025 

- Shaking scale   
Translate X: 0.038 
Translate Y: 0.022 

- Shaking Time: 15 (fps)

 
<Inside Out> 

 (smooth curve  has short 
fold) 

- Frame width & height: 
12.8 & 6.918 

- Movement scale   
Translate X: 2.03 
Translate Y: 2.066 

- Shaking scale   
Translate X: 0.023 
Translate Y: 0.005 

- Shaking Time: 13 (fps)

 
<Big Hero 6> 

 (smooth curve  has short 
fold) 

- Frame width & height: 
5.6 & 2.383 
- Movement scale  
Translate X: 0.843  
Translate Y: 0.67  

- Shaking scale   
Translate X: 0.074 
Translate Y: 0.142 

- Shaking time: 13/ 11/ 8 
(fps) 

 
Therefore, a method of measuring the camera movement by 

reconstructing quantitative numerical values and ranges into 
animation graph, which is expressed up and down, left and 
right, expressed through the screen, is derived. 
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III. Conclusion and Future Work 
 
Once audience stores the emotional image expressed by the 

camera movement of the screen through visual organs, and 
judges the atmosphere and emotion of the scene. 

The camera movement enhancing the viewer's visual 
cognition of the emotional image of the animation screen 
summarized the following features. The virtual camera 
movement promotes the emotional immersion of the audience 
and controls the visual intensity in which the camera 
movement ratio and the speed are formed in conjunction with 
the character's action and background change.  According to 
the preceding research about the emotions which presented on 
the screen, when directing the feelings of pleasure and joy, the 
camera movement is expressed at slow speed with a strong 
change ratio and in case of the emotion of anger, the camera 
movement is expressed at rapid speed with a strong change 
ratio and emotions of sadness appear. By taking the emotions 
of anger as an example, virtual camera and real camera were 
found to be moving features as if they were exposed from the 
screen. 

Using the "Image Plane" in the front view of the 
three-dimensional authoring tool Maya 2017 application, the 
cube tracks the movement of the screen and records the 
numeric parameters of Translate X, Y coordinates, so can see 
the camera movement is reconstructed as a quantitative 
numerical range and an animation graph and derives the 
measurement method. And the quantitative numerical values 
derived are utilized in accordance with the scenario effect 
value in the process of producing the animation by using the 
degree of movement of the virtual camera, can stimulate the 
visual perception of the audience of the atmosphere and 
emotions of the screen, therefore promoting the visual 
cognition, the degree of emotional immersion can be 
strengthened.  

When expressing feelings of anger in future research, will 
make an experimental video in which the virtual camera moves, 
and would like to study the degree of perception of audiences 
at various age groups when they visibly obtain an emotional 
image expressed on the screen.  
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Abstract 
 

Windows operating systems are predominantly used in 
the world today and a number of developers predefined 
libraries such as the Windows API provided by Microsoft 
Corporation, hence development cannot but be limited by 
such frames. As a result, hackers in the world began to 
search new methods for breaking in the fence and one of 
such methods is hooking. Although hackers could simply 
take an advantage of the function “SetWindowsHookEx()”, 
which is provided by Microsoft, this method of hooking is 
weak in that the target of hooking is limited only to 
mesaages and this activity can be easily detected by 
security programs. Furthermore, not only have most 
security products matured enough to detect various 32-bit 
hooking techniques, but also 64-bit programming is 
getting more popular these days. Therefore, this study 
discusses the 64-bit hooking method using interrupts, 
which is not easily detected by the current security 
programs. 
 

Keywords: Hooking, 64bit-hooking, Int3 Interrupt, DLL 
Injection 

 
I. Introduction 

 
When we develop a program, we often need new functions 

other than the functions provided by the basic libraries. For 
instance, if “Printf()” is used in program A and program B 
requires to monitor the string of “Printf()”, hooking can be 
used. As the word “Hook” represents, hooking is a technique 
by which you can do another work while stopping events in 
process. Typical hooking methods under the 32-bit 
environment include IAT Hook, API Hook and Message Hook. 
Such hooking methods are easy and simple to implement but 
can be easily detected. Moreover, the hooking methods under 
the 64-bit processes are not popularly known yet. By use of 
another hooking method different from the typical IAT Hook, 
API Hook or Message Hook, this study will present how to 
manipulate processes under the 64-bit Windows environment. 

 
II. How to Hook 

 
One of the typical hooking methods for Windows processes 

is DLL Injection. DLL Injection is a technique used for 
running an external code by inserting certain DLL into the 
running process. Such inserted code gets a privilege of 

memory access over the target process. 

 
 

Fig 1. DLL Injection Process  
 

A typical DLL Injection process is as follows. (1) Get the 
handle of the target process by OpenProcess. (2) Allocate 
space of the length of the LoadLibrary function name+1 using 
VirtualallocEx(). (3) Insert the DLL into the space using 
WriteProcessMemory(). (4) Then dynamically load the DLL 
by calling LoadLibraryA() using CreateRemoteThread(). 

 
A. IAT Hook 
 

In the Windows PE format, IAT(Import Address Table) is 
used to keep the addresses of the functions necessary for 
managing Windows programs. The addresses of the functions 
used in programs are looked up for use in this table. IAT Hook 
basically changes the address of a certain function to the one of 
the function you made. For instance, Printf() is the function 
used in msvcrt.dll and if its address were msvcrt.dll 
0x00400000, you can change this address in the table so it 
indicates another function. 

 

 
 

Fig 2. Import address table. 
 

As can be seen in Figure 2, ExitProcess() is called in 
Kernel32.dll on the IAT. The value of data 2068 is 
RVA(Relative Virtual Address). Hence, the actual address is 
the ImageBase value + 0x2068. If the ImageBase value is 
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0x00400000, when it is mapped in an actual memory, its 
location becomes 0x00402068. 

 

 

Fig 3. Import address table. 

Eventually, IAT Hook makes a hook by changing the 
address of function in the above table into the address of the 
function that you made. The strong point of this method is that 
hooking is simple but the weak point is that other functions 
which do not exist in the IAT cannot be hooked. Not only can 
IAT Hook be easily detected, but also hooking can be simply 
prevented by setting IAT to the original values. 

 
B. API Hook 
 

API Hook is also referred to as Inline Code Hook or Inline 
Patch. Inline Patch is much more powerful than IAT Hook. 
Since Inline Patch directly changes the hex-code of the target 
function, whenever the target function is called, it is invoked 
unconditionally. Inline Patch can make a jump after changing 
the first 5 bytes of a function into the function that you made. 
Since Windows XP, this preamble has been changed into 5 
bytes and static.  

 

 

Fig 4. Preamble code 

0xE9 of the first 5 bytes is the JMP code and the next 4 bytes 
are the address of the code to jump. The method for calculating 
addresses is to take the current command address away from 
the address to jump and to take 5 away again therefrom. The 
reason for subtracting 5 is to balance up the 5-byte length of 
JMP command itself. 

 

 

Fig 5. Simple code for hooking 

C. Message Hook 
 

When a program is developed in the Windows operating 
system, GUI(Graphic User Interface) is supported. When 
using GUI, certain messages appear. Those messages go into 

the message queue and at this point, it is possible to intercept 
the messages by Message Hook. 

 

 
Fig 6. Message hook code 

 
Fig 7. Message unhook code 

It is possible to make a Message Hook through 
SetWindowsHookEx() in regard to various kinds of events 
supported by Windows. Figure 7 shows the codes hooking the 
keyboard keys. Through those codes, certain actions occur 
when certain keys are pushed. 
 

III. Illustrations 
 
Basically, the size of the 64-bit process registry is larger 

than that of the 32-bit and the number is also almost double. 
The method for attacking the 64-bit process as proposed by 
this study is based on normal actions unlike IAT Hook or 
Inline Patch. In comparison to other attacks, it has nearly not 
been detected by any security products yet. 

Visual Studio which is normally supported by Windows has 
a Software break Point feature. It causes interrupt by covering 
the first OPCODE with 0xCC in the stream of code. For 
reference, 0xCC in the IA-32bit reference of Intel represents 
interrupt. Then the most important function, 
SetUnhandledExceptionFilter() is called. The role of the 
function is to deal with exceptional situations which a program 
faces. Exceptional situations are incurred by making a 
compulsory interrupt of 0xCC in the address of the first byte to 
hook and when the exceptional situations are handled by 
SetUnhandledExceptionFilter(), the 64-bit RIP register can be 
accessed.  

The role of the RIP is to have the address pointer where the 
current exceptional situations occur. In other words, the 
address pointer is the address of the function. By manipulating 
the function address, a hook can be made.  

The first byte of the target function to hook is changed into 
0xCC so that an exception occurs. 
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Fig 8. Write Memory 0xCC 
 

 
 

Fig 9. Write memory code 
 

 
 

Fig 10. Call SetUnhandlerExceptionFilter 
 

Before the code in Figure 9, the code in Figure 10 should be 
declared first.  

 

 
 

Fig 11. Functions to Hook 
 

Here are the hook modules. By hooking DeletefileW, 
DoDragDrop and CreateProcessW, the addresses of the delete 
and drag & drop functions and the program executive function 
acquired. 

 

 
 

Fig 12. Hook the RIP Register 
 

Figure 12 shows that the address where an exception occurs 
is included in the RIP register. The hook function address that 
you made is replaced with that address and then, the hook is 
finally completed. 

 

 
 

Fig 13. Hook the Paste Button 

Figure 13 shows that the paste function does not work 
because it is hooked. The Snoopy program is the hooking 
program that this study refers to. 

 

 
 

Fig 14. Hook the Drag & Drop 
 

Figure 14 shows that drag is not available in Windows 
because the Drag & Drop function is hooked. 

 

 
 

Fig 15. Hook the Running Program 
 

Figure 15 shows that running program is prohibited by 
hooking the function of running programs. 

 

 
 

Fig 16. Hook the Delete file 
 

Figure 16 shows that deletion is prohibited by hooking the 
Delete File function 

 

 
 

Fig 17. Task Manager Hook 
 

Figure 17 shows that the end of process is prohibited by 
hooking the task manager. 

 
IV. Helpful Hints 

A. References 
 
SetWindowsHookEx [1]. Messagehook [2]. Dll injection [3]. 
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V. Conclusion 
 

The conclusion is that the 64-bit hooking using interrupts, 
occurrence of exceptions and the register’s direct access is 
immensely powerful in comparison to IAT Hook or Inline 
Hook. In case of IAT Hook and Inline Hook, the access itself is 
not normal and thus, the hooks can be easily restored if only 
making a patch after understanding the related signatures. 
However, since 64-bit hooking is done through the register’s 
access, instead of making a patch on the code by use of 
functions handling program exceptions, it can be extremely 
hidden. 
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Abstract 
 

This paper proposes a visual tracking algorithm for 
videos with deep neural network-based object detection 
framework and dynamic image masking with heuristic 
tracking strategy. In order to consider spatio-temporal 
constraints of object movement in a video, the proposed 
algorithm estimates the pixel velocity of the bounding 
boxes in a sequence of previous frames, sets the search 
region (SR) for the current frame, and masks the rest of 
the area in the frame for the object detector to focus on a 
single object that it tracks. To take account of the motion 
smoothness of the object, the algorithm selects the best 
candidate from the new bounding box candidates by 
considering their confidence scores as well as the distance 
from their centers to the center of the previous bounding 
box. The proposed algorithm is tested on VOT(Visual 
Object Tracking) datasets, which is a standard tracking 
benchmark to demonstrate its performance. 

 
Keywords-component; visual tracking; deep neural network; 

dynamic masking 

  
I. Introduction 

     
In recent years, convolutional neural network based 

approach has been widely used in image classification such as 
AlexNet [1] and ResNets [2], as well as object detection such 
as Faster R-CNN [3], and R-FCN [4]. However, they are only  
applicable to still images for classification and object detection 
and cannot be directly applied to visual tracking in video since 
the still images and the video images have different properties. 

 Tracking an object in a video is a challenging problem due 
to motion blur, occlusion, illumination change, and size 
change of moving objects in a video. For this reason, object 
detection algorithms for still images cannot be directly applied 
to the visual tracking task. There have been numerous works 
on visual tracking such as GOTURN [5] and MDNet [6]. 
However, they use rather simpler network than image-based 
object detection algorithms for fast feature learning. Moreover, 
most of them only consider the object detection box of the 
previous frame to estimate the location of the object in the 
current frame, which limits taking advantage of 
spatio-temporal constraint of the moving object in a video. 

In this paper, a novel visual tracking algorithm based on the 
the state-of-the art object detector is proposed to robustly track 
a single moving target with high accuracy and low failure.  

Instead of developing a network only for tracking, the prposed 
algorithm enables the general purpose object detector to be 
used for visual tracking without any modification. This is 
advangageous since there are numerous image detection 
benchmark with large amount of dataset such as ImageNet [7] 
and PASCAL VOC [8]. Although there is a couple of 
benchmark datasets for visual tracking such as VOT [9] and 
YouTube Object Dataset (YTO) [10], the size of the datasets 
are not as large as thouse of image datasets. The algorithm 
consists of the convolutional neural network based object 
detector, dynamic masking, and heuristic tracking strategy. For 
the object detector, YOLOv2 [11] is used, which is one of the 
fastest algorithm. The dynamic masking enables the general 
purpose object detector for images to track the moving object 
in a sequence of video with less disturbance by the other 
objects. Unlike the other approaches where only crop the area 
of the previously estmated box from the current image frame, 
the proposed dynamic masking uses three bounding boxes, i.e., 
the estimated box before last, the previously estimated box, 
and the predicted bounding box. For the algorithm to predict 
the current location of the target, the pixel velocity of 
previously detected boxes are used. The predicted box is 
defined by shifting the previously detected box by the pixel 
velocity. Moreover, instead of cropping, masking is used to 
only maintain the area where the tracking object is likely to be 
located in the image frame. This enables the proposed 
algorithm to take advantage of spatio-temporal constraint of 
moving object in a video. Although the dynamic masking 
reduces disturbance of the object detector by the objects in the 
same class as the tracking object beloings to, it still suffers 
from losing track of the target object if the other objects are not 
clearly masked by the dynamic masking. Therefore, the 
heuristic tracking strategy is used for the object detector to 
focus on the tracking object. The strategy first considers the 
confidence probability of the detected objects in the current 
frame to remove low confidence detection. It then sums up 
three distances, i.e, the distance between each candidate and 
the center of the previously estimated box, the distance 
between the candidate and the center of the predicted box, and 
the distance between the candiate and the line that passes 
through the centers of the two consecutive previous boxes. The 
heuristic strategy then selects the candiate that has the smallest 
sum of the distances as the final target box in the current frame.  

This paper is orgainzed as follows. In Sec II, the proposed 
visual tracking is introduced. In Sec III, the experimental result 
is described. Finally, Sec IV concludes the paper. 
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II. Proposed Visual Tracking 
 
A. Object Detection Network 
 

In the proposed tracking algorithm, YOLOv2, which is one 
of the fastest CNN-based object dector, is used as the 
state-of-the art object detection algorithm. YOLOv2 divides 
the input image into S by S grid cells and each cell contains 
five anchor boxes with different sizes (width and height). In 
the training, the cell that contains the center of the target object 
is in charge of training its anchor boxes to determine the class 
of the object as well as to find the x and y offset of the object 
center position and the size of the object. Each anchor box 
predicts the confidence probability and the class probabilities 
as well as the box center and size. 

Since the proposed algorithm aims to detect and track a 
single and specific target in real-time instead of detecting 
multiple objects with different classes, it is preferable to use 
small size network with faster performance. For this reason, 
the proposed algorithm uses Tiny-YOLOv2, which is a simpler 
version of the original one that has less layers for faster object 
detection. There are two types of implementation version of 
YOLOv2, the Darknet version and the the Google Tensorflow 
library version. In this paper, the Tensorflow version of 
Tiny-YOLOv2 is used to implement the proposed algorithm 
[12]. It has total eight layers consisting of convolutional layers 
and maxpooling layers as shown in Table I. The intial sizes of 
the five anchor boxes are (1.08, 1.19), (3.42, 4.41), (6.63, 
11.38), (9.42, 5.11), and (16.62, 10.52). The configuration of 
the network and the initial box sizes can be downloaded from 
[12]. The filter size of the last layer is 30 since there are 5 
anchor boxes with 5 coordinates (x, y, width, height, 
confidence) and 1 class (target class). 

 
TABLE I 

FULL DESCRIPTION OF TINY-YOLOv2 
 

Layer Type Filters Size / 
Stride Output 

1 Conv. 
Maxpool 16 3 x 3 

2 x 2 / 2 416 x 416 

2 Conv. 
Maxpool 32 3 x 3 

2 x 2 / 2 208 x 208 

3 Conv. 
Maxpool 64 3 x 3 

2 x 2 / 2 104 x 104 

4 Conv. 
Maxpool 128 3 x 3 

2 x 2 / 2 52 x 52 

5 Conv. 
Maxpool 256 3 x 3 

2 x 2 / 2 26 x 26 

6 Conv. 
Maxpool 512 3 x 3 

2 x 2 / 1 13 x 13 

7 Conv. 1024 3 x 3 13 x 13 
8 Conv. 30 3 x 3 13 x 13 

 
 
B. Dynamic Masking 
 

The dynamic masking aims for the object detection network 
to robustly keep track of it with fast speed by masking area in 
the image where the target object is less likey appear. In oreder 
to do this, the search region is defined as a union of sequential 

bounding boxes. The first box is the estimated box before last, 
denoted as 2 , which is two frames ahead from the 
current frame. The second box is the previously estimated box, 

1 . The third box is the predicted box, , which is 
defined by shifting the center of 1 , denoted as 

1 , by adding vector , which is defined as the 
difference between 1  and 2 : 

 
 1 2 .                                            (1) 
 
The predicted box enables the detector to consider the area 

where the target is likely to be located based on the pixel 
velocity of previously estimated bounding boxes. The three 
boxes are padded by half of their sizes and the search region at 
frame t, SR(t) is defined as the union of them: 

 
2 ∪ 1 ∪ .                          (2) 

 
From SR(t), each pixel of the frame t is masked to zero if the 

pixel location is not in SR(t). The dynamic masking takes 
advantage of the spatio-temporal consistency of the target 
movement and is able to guide the general-purpose object 
detector to focus on the target object with less distractions.  

 
C. Heuristic Tracking Strategy 
 

The dynamic masking guide the detector to avoid detecting 
the objects of the same class of the target object . However, if 
the non-target objects are within the search region, it is 
unavoidable for the detector to select one of non-target object 
that has higher confidence probability than that of the target 
object. Thus, it is required to provide some heuristic tracking 
strategy for the detector to be biased on the tracking target.  

The proposed heuristic tracking strategy consists of two 
phases. The first phase utilizes the confidence probabilities of 
the target candidates to filter out low confidence objects. There 
are two thresholds, one is the global threshold, denoted as , 
which is used to filter out less likely objects. The other one is 
the local threshold, denoted as , which is defined as the half 
of the highest confidence probability of each frame. Only the 
candidates where their confidence probabilities are higher than 

 are considered at the second phase. In the second phase, the 
strategy determines the target which has the smallest sum of 
the Euclidean distances between the center of the candidate 
and 2 , , as well as the distance from the line that 
passes through 2  and 1 . The selected 
candidate center, denoted as ∗ , is defined as 

 
∗ min  (3) 

 
where 
 

, 1 ,  

, ,		  

, 2 , 1 .  
 
The function ,  represents the Euclidean distance 

between the pixel point a and b, and the function line(a, b) is 
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Abstract 
 

Augmented reality is an interaction tool for human and 
machine that integrates the digital information with the 
user's environment in real time, uses the existing 
environment and overlays new information on top of it. 
This paper discusses the development process of an 
interactive augmented reality for children in learning 
about the lives of animals. Children can see the lives of 
animals in real three-dimensional form. The main 
objective of this study is to aid students and it could 
potentially enhance their learning process about the lives 
of animals. The study found that children’s perception of 
the use of augmented reality is positive based on the 
average score was quite good. 

 
Keywords-augmented reality, the lives of animals, learning 

process 

  
I. Introduction 

     
Nowadays, the way of learning is changing, technologies 

give the opportunity for children to communicate and interact 
with multimedia learning resources and artificial simulated 
environments. Adding the technology can help children to 
acquire information whenever they need it. With advances in 
technology, it can stimulate the learning environment and 
encourage children motivation. These are important factors in 
a learning process [1]. 

This research uses a technology called Augmented Reality 
(AR). Unlike Virtual Reality (VR) that works by 
disconnecting real-world contacts and creating a new world 
virtually, AR actually enriches the real world with virtual or 
imaginary content. In general, AR is the process of adding 
virtual content to the real world, so users can interact with 
virtual content directly in the real world. It can be viewed using 
some devices like computer or mobile device equipped with at 
least one back camera and a see-through Head Mounted 
Display (HMD). 

In this research, AR technology is presented using a mobile 
device as an assistive learning tool to provide flexibility for 
children to learn without being limited by time and place. 
Children will learn about the lives and behaviors of animals.  

There are two conditions associated with learning: location 
and time [1]. Based on these, there are some problems in 
learning. Currently, parents do not have enough time to take 

their children to the zoo to learn about the lives of animals. 
Whereas children will be easier to understand by seeing 
directly. However, these problems could be solved by 
introducing alternative learning resources such as mobile 
learning tools. Children can learn about the lives of animals by 
seeing directly anytime and anywhere.  

The proposed approach is designed for children to gain their 
knowledge about the lives of animals. It offers the possibility 
to interact in a more active and attractive way with the 
technology and the contents to be learned, by changing their 
perception of the real environment. 

 
II. Concept 

 
AR covers a variety of areas which it can be used to provide 

innovative solutions or approaches to real-world problems. In 
the related literature, it has been shown that AR can be applied 
to different tasks – problems in the modern life [2–6]. AR 
refers to a broad spectrum of technologies that project 
computer-generated materials, such as text, images, and video, 
to the user's perception of the real world  [7]. Ludwig and 
Reimann (2005) define AR as “human-computer-interaction, 
which adds virtual objects to real senses that are provided by a 
video camera in real time” [8]. 

AR can provide a variety of important information and users 
can use all of their senses in using AR, so that users can more 
easily in learning and training [9-11]. AR itself includes the 
level of semi-immersive/mixed reality [12] (Fig. 1). 

 

 
Fig. 1 Mixed reality [13] 

 
The purpose of AR is to enable users to interact with virtual 

and real environment in real time. The user will really feel the 
virtual world in real terms. AR has three important aspects: 
first, AR is not limited to particular display technologies such 
as HMD. Second, AR is not only through sight but it can be 
through hearing, touch, even smell. Third, AR eliminates real 
objects with virtual objects [4]. 

There are two tracking device ability: marker tracking and 
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markerless tracking. In the marker tracking, there is an 
object/image that is set to be the position of the 3D object exit. 
The objects/images used are referred to as trackable. In 
markerless tracking systems have been programmed to detect 
some colors or objects with predefined shapes. For example, 
the system has been set to detect a green object and change the 
color of the sphere to blue. In this case, the system is only 
trying to find a green object if it has been found it will display 
a blue visual object. Systems can also be trained to recognize 
faces [14]. Fig. 2 is a sample marker and Fig. 3 is a sample of 
markerless. 

 

 
Fig. 2 Marker example [15] 
 

 
 Fig. 3 Markerless example [16] 

III. Development Phases 
 

This study is restricted to some animal species including 
wolves, elephants, rhino, zebra, lion, rabbit, deer, wolf, 
crocodile and fox. And in this paper, the discussion is 
restricted on the lives of lions.  
 
A. Design of Finite State Machine  

If the lion marker is detected, then the lion's object will 
appear with Hit Point (HP) 100. At the beginning of this 
application, the lion will be in small size, in every 15 seconds 
the lion will grow and the age of the lion will be increased. The 
lion will perform a “roar” state at the time the marker is 
detected and in every 15 seconds will alternate with the “walk” 
state. If there is a zebra in savannah then a lion bandwagon will 
appear, and the lion will perform a “food chase” state that the 
lion will run towards the zebra object position. When the male 
lion is right in the zebra position, the lioness will attack the 
zebra. If HP zebra has reached 0, lion will enter into “eat” state. 
If a lion goes into a hungry status, then the lions will decrease 
slowly every 5 seconds, and the lion has to be fed with a zebra 
object scan. If there is an interaction with the bear object, then 
this application will check the lion. If the lion is not yet 2 years 
old then the lion will go into the “run” state, and if the lion is 
caught by the bear then the lion will go into the “gethit” state. 
Conversely, if the lion has reached the age of 2 years and 
above, the lion will enter into the “enemy chase” state, and if 
the lion and the bear adjacent then the lion will go into the 
“attack enemy” state. There are several conditions in which the 
lion is in the “die” state. First when the lion time has appeared 
on the application for 3 minutes. Secondly when HP lion 
reaches 0. If the lion is dead, the lion can live again by keeping 
the marker out of camera's reach and detecting the lion marker 
again. Fig. 4 is a finite state machine of the lives of lions [17]. 

Chasee
enemy /

food

Walk

Run

Roar

Eat

Attack 
enemy

Die

Young & enemy near Food on sight

Time

Time / HP = 0

Old & enemy near

Food on range &
Food HP <= 0

After eat

Time

Time / HP = 0

Hp = 0

Time

Old and enemy on range

Food on sight / 
Old & enemy near

Old & enemy on range

Food on range
And Food’s Hp = 0

Get Hit

Enemy on range

HP = 0

Time / HP = 0

Time / HP = 0

Fig. 4 Finite state machine of the lives of lions 
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B. Design of “Attack and Chase Enemy” Flowchart 
 

Start

If object 
show

If enemy near

Yes

Yes

No

If old 
enough

Change status 
to chase 
enemy

Set 
destination to 

enemy

Change status 
to run

Play 
animation 
run, move 

toward 
destination

Random run 
destination

Yes

No

End

No
If enemy on 

range

Change status 
to attack

Play 
animation 

attack

Yes

No

Fig. 5 “Attack & Chase Enemy” Flowchart 
 
Attack or run animation begins by checking whether the 

animal object has been displayed. If the animal object has been 
displayed, the application will check on other objects that are 
around this animal object. If any other animal object is near 
and it is an enemy of the animal object then it will check the 
age or size of the animal object. If the object of this animal has 
an age that is mature enough, then the object of this animal will 
enter into the “chase enemy” state and do the animation chase. 
Animal object will run up to other animal objects and will do 
“attack” state and do the attack animation. If the animal object 
is not mature enough, then the animal object will enter the 
“run” state. To determine the destination point of the animal, it 
is done by comparing the distance between the point that has 
been determined at the beginning with the position of the 
enemy animal object, and taken the most distant point of the 
enemy animal object. Once the destination point has been 
determined the animal object will do the run animation and the 
animal object will run to a predetermined destination point. Fig. 
5 is a flowchart attack enemy and chase enemy or run. 

 

 
Fig. 6 Marker and lion 

 
 

IV. Testing and Evaluation 
 

A. Finite State Machine Testing 
This study used Visual Studio C##, Unity, and Adobe 

Illustrator to develop the learning system and content. The 
interface of the learning system was presented as a book 
containing some animal picture. The marker and the object are 
displayed in Fig. 6.  

 

 
Fig. 7 Lion on “walk” state  
 

In Fig. 7, the lion performs a “walk” state and will alternate 
with the “roar” state if there is no interaction between the other 
animals. 

 

 
Fig. 8 Lion on “roar” state 

 
In Fig. 8 the lion performs a “roar” state at the time the 

marker is detected and in every 15 seconds, the male lion will 
perform a “roar” state for a few seconds. 

 

 
Fig 9 Lion on “chase food” state  

In Fig. 9 lion enters into “chase food” state when zebra is in 
the savanna. 
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Fig. 10 Lion on “eat” state 

 
In Fig. 10 the lion goes into “eat” state when zebra is dead or 

zebra hit point is less or equal to zero 

 
Fig. 11 Lion on “run” state 

 
In Fig. 11 lions enter the “run” state when there is a bear in 

the savanna and the lion is still not in the adult stage. The lion 
enter the adult stage at the age of 4 years. When the lion is 
caught or a bear has been very close to the lion, the bear will 
attack the lion. 

 

Fig. 12 Lion on “gethit” state  
 
In Fig. 12 the lion enters into the “gethit” state when caught 

by a bear, and the lion still has not entered the adult stage. 
 

Fig. 13 Lion on “chase enemy” state 
 

In Fig. 13 the lion goes into the “chase enemy” state when in 

the savanna there is bear and the lion is in the adult stage. 
 

 
Fig. 14 Lion “attack enemy” state 

In Fig. 14 the lion performs “attack enemy” state when the 
lion is in the adult stage and when the bear and the lion are 
close together. Lions and bears will attack each other. 

 

 
Fig. 15 Lion on “dead” state 

In Fig. 15 lion enter into the “dead” state when the lion has a 
Hit Point that is less or equal to zero and when the lion has 
appeared in the application for 3 minutes. 
 
B. Evaluation of Interface, Ease of Use and Usability 

About twenty children participated in the pilot tests to 
evaluate the interface and functions of the application. For 
each pilot test, the researcher asked children to fill out a 
questionnaire and discussed with them regarding their 
responses. The children gave positive feedback about the 
application. 80% said that the application is good. 70% said 
that the application is easy to use. 80% said that they are happy 
to use this application. 
 
 

V. Conclusion 
 

This paper presented the development of a mobile AR for 
children in learning the lives of animals. Importance of the 
study is associated with research efforts performed to evaluate 
the effectiveness of AR on improving children learning 
experiences. Based on observational study, the children are 
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considerably interested in the application. Regarding the future 
work, it has been planned to improve the application by adding 
new states and functions. 
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senses of humans on design through a measurement and 
evaluation based on an objective interpretation. Also, emotion 
design in terms of product design is the contact between a 
user and product, thus a design formed by the communication 
of sensible information between a user and product through 
the user’s external and internal stimulation.  
 
C. Previous Studies on Emotion Measurement 

 
This paper searched “emotion measurement” as a keyword 

from previous research on RISS, KISS, NDSL, DBpia, etc. 
and found 7 most relevant emotion measurement methods 
among 6,590 papers as shown in [Table 1] below. 
 

TABLE 1  
Emotion measurement method 

 

Title A Study on the Measurement of User’s Initial 
Emotion Measurement in a Product Use Environment 

Authors Jae-hwa Lee, Geon-pyo Lee  

Source Emotion Science, Vol. 13, No. 1, pp.111-120, Ma
r. 2010 

Measur
ement 

* Physiological measurement: EDA, Electrocardiog
ram, Pupillometry 
* Behavioral measurement: Facial Coding System,
 Electromyography, Analysis of verbal characteristi
cs.  
* Experiential measurement: Meaning differentiatio
n using emotion adjectives, Verbal protocol, Interv
iew & Self-report 

Title Development of Self-report Question Criteria for the 
Measurement of User Emotions during Product Use 

Authors Sang-hoon Jeong 

Source Emotion Science, Vol. 10, No.3, pp. 403-410. Se
p. 2007 

Measur
ement 

* Physiological measurement 
* Psychological measurement: Adjective checklist  

Title 
Emotion diagnosis chip (Emotion-on-a-chip, EOC): 
Evolution of bio-chip technology for the measurement 
of human emotion 

Authors Hyo-il Jeong, Tae-sook Gil, Yoo-seon Hwang  

Source Emotion Science, Vol. 14, No. 1, pp.157-164, Ma
r. 2011 

Measur
ement 

* Measures verbal expressions 
* Measures physiological signals 

Title Exploration of the Educational Usage of Emotion 
Measurement Technology 

Authors Chang-yon Lee, Young-hwan Cho, Hoon-ki Heung 

Source Journal of Korea Contents Association 15 Vol.15, 
No.8 

Measur
ement 

* Self-report emotion measurement 
* Emotion measurement based on physiological 
signals  
* Emotion measurement based behavioral responses 

Title A Study on Users’ Emotional Changes during Product 
Use using Emotional Vocabulary Logging Software 

Authors Sang-hoon Jeong, Geon-pyo Lee 

Source Emotion Science, Vol. 9, No. 3, pp. 167-177. Se
p.2006  

Measur
ement 

* Physiological measurement 
* Psychological measurement  

Title Meaning Structures of Korean Adjectives for Emotion 
Measurement 

Authors Mi-ja Park, So-gil Shin, Kwang-hee Han, Sang-min 
Hwang 

Source Korean Journal of The Science of Emotion & Sen
sibility 1996, Vol.1, No.2, 1-11 

Measur
ement 

* Physiological method: Salivation, Galvanic Skin 
Response (GSR)  
* Learning method by generalization of meanings or 
learning transfer 
* Perceptual method, association method, scaling 
method 

Title 
A Study on the Development of the Measurement 
Tools for User Emotions expressed during Product 
Use 

Authors Sang-hoon Jeong, Geon-pyo Lee 

Source Design Study, Journal of Society of Design Scien
ce Vol. 64 Vol.19 No.2 

Measur
ement 

* Psychological measurement: Self-report, Interview 
* Physiological measurement 
* Measurement of User Emotions during Product Use 

 
 
D. Advantages and Disadvantages of the Current Emotion 
Measurement Methods 

 
The theoretical review of previous studies showed that the 

research on emotion measurement methods has been 
generally conducted by physiological measurement, 
behavioral measurement, and experiential measurement. 
D.a Physiological measurement 

Physiological measurement measures various physiological 
signals of humans such as pulse, heart rate, secretion, pupil 
size, etc.  

(1) Electrodermal Response (EDA) Measurement: Most 
widely used among physiological response measurements [4].  

(2) Electrocardiogram (ECG): Measures heart rate.  
(3) Pupil Size Measurement (Pupillometry), Measures 

brainwave (Electroencephalo-gram), Galvanic Skin 
Response, etc. 
 
D.b Behavioral measurement 
 

Behavioral measurement measures a human’s gestures, 
facial expressions, voices, etc. 

(1) FACS (Facial Action Coding System): Ekman and 
Friesen analyzed emotions from facial expressions [5].  

(2) EMG (Electromyography) Measurement: Analyzes the 
movements of unconscious facial muscles and facial 
expressions [6].  
  
D.c Experiential measurement 
 

Some previous studies defined experiential measurement as 
a psychological measurement. Experiential measurement is 
the most widely used method in emotion measurement 
research.  

(1) Self-report: Typically measures how participants feel 
about stimulation and asks several questions directly related 
to positive or negative emotional types [7].  

(2) Self-Assessment-Manikins (SAMs).  
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(3) Affect Grid Model (Russell, 1989). 
  

The advantages and disadvantages of physiolo- 
gical, behavioral, and experiential measurements were 
compared, analyzed, and summarized as below.  
 

TABLE 2  
Advantages and disadvantages of emotion measurement 

 
Types: Physiological 
Advantages: 
 - Can obtain objective data of measurement. 
 - Can measure the unconscious emotional response        
  of users 
Disadvantages: 
 - Difficult to use expensive labs and equipment 
 - Data analysis is difficult 
 - Causes users’ unnatural thoughts and behaviors 
Types: Behavioral 
Advantages: 
 - Can measure users’ natural expressions and    
  direct instinctive responses 
Disadvantages: 
 - Environmental factors are highly likely to           
  influence. 
 - Difficult to objectively analyze  
  measurement results 
Types: Experiential 
Advantages: 
 - Easy, simple  
 - Wide range of application 
Disadvantages: 
 - Highly likely to cause errors in results 

 
 

III. Research Design 
 
A. Self-report Survey Questionnaire 

 
The survey questionnaire was divided into 2 parts to 

measure the emotions of bench users in Haeundae Beach. Part 
1 measured the emotional state of bench users by applying the 
5-score criteria of emotional vocabulary, and Part 2 examined 
the preferences of bench designs and the factors influencing 
bench users’ emotions. 
 
B. Self-report Measurement  

 
This study was conducted from October 14th to 15th, 2017 

in Haeundae Beach on beach bench users (regardless of 
gender, nationality, and age). A total of 98 survey 
questionnaires were distributed and recollected, and only 92 
of them were used for final analysis after excluding the 
responses with not enough information. 
 

TABLE 3  
Overview of survey questionnaire 

 
Category Details 

Purpose Emotion measurement of beach 
bench users 

Period October 14th to 15th, 2017 

Place Haeundae Beach, Busan 
Method Self-report 
Sample 98 users of Haeundae bench  
Number of surveys 
for statistical analysis 92 out of 98 surveys in total 

 
C. Analysis of Measurement Results 
 
C.a reliability and validity analysis 

The reliability of 7 survey questions on emotion 
measurement in Part 1 of this research was analyzed, and 
Cronbach’s α value was 0.785 for reliability. 
  

TABLE 4 
Reliability test (7 questions) 

 

Cronbach’s α Number of Items 

.785 7
In addition, factor analysis was conducted for the 7 survey 

questions, and KMO value appeared as 0.805 and was set 
above 0.70, securing the validity of variable selection. It is 
shown in [Table 4] below.  
 

TABLE 5 
KMO and Bartlett test (7 questions) 

 
Kaiser-Meyer-Olkin measurement 
of standard type relevance .805

Bartlett’ 
KMO test

Approximation chi-
square 165.156

 Degree of freedom 21
 Significance probability .000

 
D. Research Results  

 
The results of Part 1 showed that 45.7% of respondents said 

the surrounding environment of the bench was “Quite good” 
while 17.4% of them thought “Very good”. However, 45.6% 
of the respondents said the bench design was “Slightly not 
good (32.6%)” and “Very bad (13.0%)”. To improve users’ 
emotional satisfaction, a design of emotional approach on 
bench designs is required.  

The emotions of respondents were also measured using the 
5-score criteria of negative and positive emotion words which 
included “Uncomfortable-Comfortable”, “Sad-Happy”, 
“Nervous-Calm”, “Boring-Fun”, “Stuffy-Pleasant”. Positive 
emotions had much higher scores than negative emotions.  

The results of Part 2 demonstrated that the most influential 
factor on bench users’ emotion was the “scenery around the 
bench”, which took up 35.9%.          

Also, “form” among bench design factors had the most 
influence on user emotions. The preference investigation on 
the material, form, color, and size of bench showed that 
“wooden”, “back bench”, “the material’s own color”, “2 to 4-
persons seat” had a higher preference. These results are 
expected to suggest the direction of bench design in 
Haeundae beach for the future. 
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IV. Conclusion 
 

This paper applied self-report and measured the emotional 
state of beach bench users to find the areas of improvement in 
actual measurement environment. This research has 
limitations because external factors such as weather, events, 
etc. can influence the users’ emotions in an outdoor 
environment including beach bench. Also, since it is difficult 
for the participants to express vague emotions in words on 
self-report, this research discovered that it cannot measure 
their emotions holistically and accurately. 

In the future, it is necessary to develop a scale to evaluate 
emotions that users express freely, to measure their emotions 
during product use more accurately and validly. This paper is 
expected to suggest a direction and implications to develop an 
emotion measurement method.  
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Abstract 
 

The development of smartphones, wireless Internet, and 
the Internet of things in the early 21st century has shifted 
the focus of future medical information from hospitals to 
individuals. The health information that was created only 
in hospitals can now be collected by individuals through 
various IoT and wearable devices. Of course, there are 
some disagreement about the reliability of the personal 
information collected by individuals. However, the 
development of technology is rapidly reducing the 
measurement error of personal devices, and FDA 
approved PHD (Personal Health Device) is also increasing. 

The problem, however, is that there is no way to help 
individuals use their own health information to help 
themselves. Most of the health information collected by an 
individual is not standardized so that it can be used by 
clinicians.  

In other words, in clinician’s point of view, even if an 
individual generates health information, there is no 
difference from the way the patient orally appeals the 
symptoms. 

In order to solve this problem, we developed a PGHD 
(Patient Generated Health Data) generation method 
through a speech recognition interface. We also 
standardized the generated PGHD according to the 
FHIR(Fast Healthcare Interoperability Resources) 
standard so that it can be shared between medical 
institutions and between medical institutions and 
individuals. 

In particular, we proposed a service design using voice 
recognition interface focusing on securing the accessibility 
of health information for the visually impaired people, 
which is a representative information disadvantaged class. 

 
Keywords- UX Design, FHIR, PGHD 

  
I. Introduction 

     
Since the beginning of the 21st century, the International 

Health Organization has emphasized patient participation as 
part of a Patient Safety policy to prevent medical accidents 
caused by communication problems among healthcare 
professionals. 

Patient participation means that the patient should not be 

passive in the course of treatment but should be active in 
sharing information with medical staff and understanding the 
treatment process. [1] 

This paradigm shift has accelerated as the exchange of 
information is facilitated by the spread of smart-phones and 
wireless Internet. In addition, the appearance of various PHD 
devices that individuals can utilize enabled collection of 
various health information, which also contributed to the 
paradigm change of medical information.[2] 

The problem is that regardless of the reliability of the body 
information that individuals collect, the problem of how to use 
the accumulated data remains a challenge.  

For example, even if an individual accumulates a variety of 
health information, there is no way to share and utilize the data 
in the clinician's view. In the end, the doctor is only to make an 
initial diagnosis relying on patient’s verbally expressed 
complaint of symptoms at that point in time.[3] 

This situation will further deteriorate the accessibility of 
health information to the underprivileged. Furthermore, the 
research on accessibility of medical information for the 
physically challenged person is now at the initial level. 
Therefore, in this study, we want to utilize FHIR, a 
next-generation health information exchange standard, in 
order to exchange patient's accumulated health information 
with the clinicians from UX (user experience) perspective. 
Specifically, this study limited the range of information 
disadvantaged people to visually impaired people and adopted 
speech recognition interface as a way to improve their 
accessibility to health information.  

V2FHIR (Voice to FHIR) is a service that implements the 
aforementioned things in a mobile application. V2FHIR is an 
application that works on Apple's iOS and is intended to create 
and share medical records using Apple Siri, IBM Watson, and 
HL7 FHIR. 

 
II. Methods 

 
In this study, we propose V2FHIR (Voice to FHIR), which 

is a system that collects PGHD by using speech recognition 
technology and natural language processing technology and 
converts it to HL7 FHIR standard. With V2FHIR, patients can 
record their symptoms to mobile applications from time to time 
and can transfer their data to the hospital. V2FHIR is designed 
to help patients and clinicians communicate using PGHD. 
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A. The architecture of the system 

 
In the V2FHIR system, the mobile application serves as the 

patient's PHR. Patients can record basic information such as 
their name, gender, birthday, race, ethnicity, language, etc., in 
the application and then record the pain or symptoms. We have 
made it possible to record and identify symptoms through the 
speech recognition interface, in order to make the system 
easier to use for visually impaired people. V2FHIR recognizes 
and stores the body part where the patient complains 
symptoms through natural speech processing of the converted 
text. The system that converts the data input by the doctor into 
voice to the FHIR Observation Resource is presented in the 
previous study, but the our study is different in that the patient 
records his or her symptoms.[4] 

 
B. Speech Recognition Interface 
 

The speech recognition interface is divided into two stages.  
In the first step, the voice is converted to text, and in the second 
step, the text is analyzed through natural language process to 
identify the body part where the patient complains, and the 
time and cumulative number of pain are also recorded. In this 
study, Apple Siri is used to convert speech to text and IBM 
Watson Natural Language Classifier (Watson NLC) is used for 
natural language analysis of texts. In the case of Apple Siri, no 
learning is required, but Watson NLC needed training to 
understand and categorize what body parts the text refers to. A 
total of 131 sentences were used to train the Watson NLC to 
classify text based on five body parts: head, neck, hand, belly, 
and eye. About 25 sentences were used in training for each of 
the five body parts specified. The accuracy of Siri and Watson 
NLC is not discussed in this study because of the existing 
research results.[5][6] 

 
C. Data Exchange 
 

In this study, we adopted FHIR to transfer PGHD to the 
hospital information system. FHIR is next-generation medical 
standard by HL7. The FHIR development process itself 
employs an incremental, iterative approach to develop the 
standard reflective of today’s industry best practices for 
complex systems design. [7] 

  FHIR is currently the STU (Standards for Trial Use) phase. 
FHIR provides standard code and message structure, and can 
utilize extend to defined resource according to user's 

requirement to reflect special requirements, thus ensuring 
interoperability of data. In addition, FHIR utilizes HTTP / 
REST, a standard web technology, to transmit data efficiently, 
making it suitable for mobile environments.[8] 

 
D. FHIR Resource Profiling 
 

V2FHIR profiled FHIR Resources with reference to 2015 
Edition Common Clinical Data Set - 45 CFR 170.102 of the 
2015 Edition Certification Companion Guide provided by 
Sync For Science. [9]   

Sync For Science is a project that allows patients to 
contribute their own data to contribute to the study of precise 
medicine. It is hosted by NIH, ONC in the United States and 
several EHR vendors such as Harvard Medical School and 
Epic, Allscripts and Cerner. [10] 

In accordance with the FHIR Specification provided by 
Sync For Science, the Patient Resource includes name, gender, 
birthday, race, ethnicity, and language of use. In the case of the 
Condition Resource, the code of Condition is specified as 
Complaint, and the sentence describing the symptom and the 
part where the user appeals the symptom is included. Both 
code and body sites use Snomed CT code. An example of a 
Condition Resource is shown below. 

 
E. UX Design for V2FHIR (Voice to FHIR) 
 

V2FHIR is designed to help patients and clinicians 
communicate through PGHD generation and exchange. 
Therefore, we designed the UX with the function to clarify the 

 
Fig. 1 System Architecture 

TABLE I 
CONDITION RESOURCES EXAMPLE 

        
<Condition xmlns="http://hl7.org/fhir"> 
  <patient> 
     <reference value="KNUIHIS/012"/> 
  </patient> 
  <code> 
     <coding> 
        <system 
value="http://hl7.org/fhir/ValueSet/condition-code"/> 
        <code value="409586006"/> 
     </coding> 
  </code> 
  <verificationStatus value="provisional"/> 
  <onsetDateTime value="2017-11-17T18:00:00+09:00"/>
  <evidence> 
     <detail> 
        <display value="I have burning pain in my head."/> 
     </detail> 
  </evidence> 
  <bodySite> 
     <coding> 
        <system 
value="http://hl7.org/fhir/ValueSet/body-site"/> 
        <code value="69536005"/> 
     </coding> 
  </bodySite> 
</Condition> 
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symptom and the part which the patient appealed to as the top 
priority. 

In detail, in order to provide a UX that can record the pain 
and the abnormal symptom that the patient feels every moment, 
it is designed to use the vision, hearing and haptic sense of the 
patient by utilizing the resources of the existing mobile device. 
This process is also based on the 21st-century video 
anti-discrimination law, in order to improve the accessibility of 
persons with physical abilities.  [11] 

The accessibility of physical competent persons is not only 
aimed at improving their accessibility, but also in terms of 
business, in order to allow more people to receive the same 
information in various situations and environments.  

  Especially, considering the fact that most of the 
information of V2FHIR is expressed visually, we designed UX 
to focus on improving accessibility to the visually impaired. 

Specifically, we applied the UX Design Guidelines for the 
Visually Impaired Accessibility Compliance item, which was 
based on the WCAG 2.0 proposed by the W3C.[12] 

 
 

 
 

Fig. 2 V2FHIR Mobile App screen shot with UX Design 

III. Results 
 

A test and user evaluation questionnaire was conducted to 
determine whether the voice interface of V2FHIR accurately 
records the pain site where the user is appealing. 

The experiments and questionnaires were conducted in 25 
subjects, and the basic language of V2FHIR was set to Korean 
in consideration of the main language of the participants. Two 
methods were used to compare the accuracy between the 
learned sentences and the untrained sentences . 

 
TABLE II 

Discription of test A & B 
 

Test A: Choose 3 out of 5 
examples to speak 

Test B: Speak three times 
freely 

Choose 3 
1. I feel pain in my neck. 
2. My head is dizzy 
3. I hurt my hand after 
swimming. 
4. I have indigestion. 
5. After drinking coffee, the 
eyes become congested. 

Pain site is restricted to the 
head, eyes, neck, belly, and 
hand. 

 
As a result of the testing A, V2FHIR succeeded in correctly 

classifying the pain site that the user appealed with a 
probability of 86.7%. However, in the case of Testing B, when 
the user describes the pain without any restriction, the 
accuracy is only 57.3%. 

 

 
 
 

Fig. 3 A & B test results 
  
 
The following questionnaire aims to evaluate the 

information accessibility, usability, and applicability of 
information generated through V2FHIR. The contents of each 
item are as follows. 

This questionnaire was based on a 5-point scale and 
assumed a Strongly Disagree as 1 and a Strongly Agree as 5. 

Particularly, it is noteworthy that more than 68% of 
respondents answered 'Agree' or ‘Strongly Agree’.  This is a 
result of the high interest in PGHD and the expectation of 
means for self-management of personal health information. 

However, unlike the expectation, most of the respondents 
answered 'Neither' to the questionnaire because most of the 
respondents did not have experience with the PGHD service. 
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Fig. 4 Survey result 

 
IV. Discussion 

 
The purpose of this study is to generate FHIR documents by 

using speech recognition interface to exchange health 
information between patient and doctor. We have developed 
V2FHIR with a focus on recording the symptoms of users 
themselves and improving accessibility of the information for 
the visually impaired. 

 
From this point of view, the results of the V2FHIR test and 

the user survey are consistent with the research objectives.  
However, from the perspective of the medical practitioner, 

there was a limit to the lack of detailed information on 
symptoms. In addition, In the case of the visually impaired, the 
accessibility can be improved sufficiently by applying the 
voice recognition interface. Yet, in case of the restriction of 
various  

 
TABLE III 

Questionnaiie for evaluation of V2FHIR app 
 

Q1. [Usability] How satisfied are you with the way the 
V2FHIR App uses the voice recognition interface? 
 
Q2. [Information Accessibility] Do you think that the 
symptoms you recorded with your voice and the sentences 
recorded in V2FHIR are the same information? 
Q3. [Information Accessibility] V2FHIR is designed for the 
visually impaired. What do you think about the overall 
design of V2FHIR? 
 
Q4. [Usability] Do you think the pain information recorded 
with V2FHIR is worth to consider in setting up your future 
healthcare plan? 
 
Q5. [Usability] If the information recorded in V2FHIR can 
be used to exchange medical information regardless of the 
medical institution, do you intend to use it  
continuously? 
 
Q6. [Usability] Can you recommend V2FHIR to people 
around you to manage the health of your parents or your 
child? 

physical abilities such as the hearing impairment and the 
speech disorder, the UX design applied to V2FHIR can not 
guarantee sufficient accessibility. 
 

 
V. Conclusion 

 
The greatest achievement in this study was the use of 

V2FHIR to enable patients to record their own symptoms and 
to standardize this information to FHIR Resources for sharing 
in medical institutions.  

However, clinical trials for exchanging health information 
with FHIR servers in various medical institutions have not 
been conducted. This is because the introduction of FHIR 
Server in the medical institutions in Korea is still in its infancy. 
It is also necessary to study how to map various natural 
languages to medical terminology. 

In conclusion, to improve the utilization of V2FHIR, we 
need to study more detailed PGHD FHIR resources and deep 
learning model for patient expression and medical word 
compatibility. If the information accessibility of a broader 
range of physical abilities is improved, it will contribute to the 
improvement of the public health of the underprivileged. 
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Abstract 
 

The quality of developed software is closely related to 
the contribution of participating developers. When 
developers participate in a new software project, they must 
first  find artifacts, such as source files, with which they 
can contribute to the project. As a software project 
generally incorporates a large number of source files, it is 
important to quickly and accurately identify suitable 
source files, in which the developers have experience or 
interest, to reduce the developers’ search time and effort. 
In this paper, we describe how to convert a source file to an 
entity frequency vector using DBpedia spotlight tool and 
how to calculate the similarity between source files 
included in the project and source files earlier worked on 
by a developer. In an experiment with Spring Framework, 
the similarity of the source files contributed by a single 
developer was higher than that between other source files. 
Thus, our approach is applicable to identifying source files 
that are suitable for a developer who wants to join a 
particular software development project. 

Keywords—repository mining; GitHub; source 
analysis 

  
I. Introduction 

     
Understanding source files included in the project is 

considerably time-consuming for developers  [1][2]. When 
developers participate in a new software project, they must 
first find artifacts, such as source files, to which they can 
contribute. Therefore, faster identification of suitable source 
files in a project based on a developer's past development 
history can be expected to reduce the search time and effort of 
developers. 

A source file is written by including words about features in 
the form of the method name, comment, and class name[3] , 
and is written according to the specific coding convention[4] 
for each project. Therefore, even if the same feature is 
implemented in different projects, the composition of words 
may vary, as shown in Fig. 2. Thus, when a word vector is 
generated with respect to a source file included in the different 
project, several similar words representing the same meaning 
will be included. Based on this, we cannot guarantee the 

                                                   

* correponding author 

reliability of the calculated similarity. The spotlight tool 
performs the annotating task of converting several similar 
words contained in the input text into the same entity defined 
in DBpedia, and it is possible to merge similar words and 
identifying meaningful words in the source file. 

In this paper, we propose an approach to convert the source 
files included in the developer’s development history and 
project them into an entity frequency vector, and identify 
suitable source files for the developer based on the calculated 
similarity between the vectors. In an experiment with the 
Spring Framework, we calculated the similarity between 
generated developer vectors based on the development history 
of each developer in Spring Framework and generated file 
vectors based on the source files included in the Spring 
Framework. The results show that the similarity of contributed 
source files are, on average, 30% higher than that of 
non-contributed source files. Thus, the similarity between the 
developer vector and the file vector can be used to identify 
source files that are suitable to a newly participating developer.  

 The rest of this paper is structured as follows. Section II 
introduces related works based on Github and Spotlight. 
Section III describes our overall approach, how to generate 
entity frequency vectors, and how to calculate the similarity 
between developer and file vectors. In Section IV, the result of 
the experiment is shown on Spring Framework. Finally, 
Section V concludes the paper. 

TABLE I 
Preprocessing 

        
Camel case split getHttpHeader -> get http header 

OrderComparator -> order 
comparator 

Additional stopwords int, package, return, public, 
throws, case, const, class, 
interface, authors, param, code, 
version… 

TABLE II 
Annotation 

 
In source file Annotation 

result 
synchronizing, sync, synced, 
synchronize, synchrony, syncs, syncing, 
… 

Synchronization

parsing, decoding, parsers, parse, 
decode, parses, parser, parsable, … 

Parsing 
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open source project with more than 6000 source files and over 
200 developers contributing.  

Among developers who participated in Spring Framework, 
we extracted developers who have entered more than 5 
commits to the Spring Framework. A total of 47 developers 
were extracted, and 9 developers were selected based on more 
than 5 commits for non-forked projects before Spring 
Framework participation. Commits for the forked project are 
often not relevant to the developer experience; therefore, they 
were excluded. 
 
B. Experimental method 
 

The DV for each selected developer is generated based on a 
set of 100 source files extracted from the development history 
before participating in Spring Framework. In order to compare 
the similarity between the source files that are actually 
committed by a developer and the source files that are not 
committed, the source files included in Spring Framework are 
classified into a group of committed source files (C) and a 
group of uncommitted source files (UC). Then, the cosine 
similarity is calculated for all the source files included in each 
group, and the results are compared. 

 
C. Experiment result 
 

Table III shows the average (avg_C, avg_UC) and 
difference (diff) of the average for each group similarity, and it 
was found that avg_C was, on average, 30% higher than 
avg_uc. Fig. 4 shows the distribution of the cosine similarity 
between the DV of developer 14645 and the FV of the source 
file included in groups C and UC, and this shows the difference 
in distribution between two groups. Developers who  
contributed to similar files to files included in past 
development history (50%-14645) showed higher cosine 
similarity than developers who did not (10%-114374). 
Therefore, most of the developers included in the experimental 
data contributed to source files similar to their own 
development history before project participation. Thus, 
identifying files with higher similarity to the DV can be applied 
to identify source files for developers. 

 
V. Conclusion 

 
In this paper, we have studied an approach to convert source 

files to entity frequency vectors using Spotlight and calculated 

the similarity between vectors, for identifying source files that 
are suitable to developers who want to join a particular project. 
The experimental results on the Spring Framework show that 
the similarity between committed source files is higher than 
the similarity of uncommitted source files. Therefore, the 
approach we proposed is appropriate to identify source files 
that are suitable for developers who want to join the project. 

In future work, we plan to experiment on projects other than 
Spring Framework, and complement the approach to calculate 
similarity. Moreover, we plan to study a visualization method 
to effectively display the identified source files. 
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  TABLE III 
Experiment Result-Spring Framework 
avg_cos_{group}  :  	

	 	 	
 

diff : 1 	 _ _⁄ 	∗ 100 
        

ID avg_cos_C avg_cos_UC Diff 
9686 0.151 0.112 25.8% 
14645 0.375 0.183 51.2% 
21536 0.245 0.186 24.1% 
25509 0.323 0.166 48.6% 
64600 0.346 0.206 40.5% 
73485 0.08 0.05 37.5% 
85534 0.151 0.126 16.6%. 
114374 0.145 0.130 10.3% 
206265 0.245 0.187 23.7% 
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Abstract 
 

Acidity in wastewater is the critical problem in 
developing country. The absence of efficient wastewater 
management has caused serious environmental problems 
and cost issues. Therefore, in this paper IoT-based data 
logger and pH controller is proposed to reduce the 
inefficiency. IoT is a concept whereby objects around us 
can interact and exchange information with each other 
without human intermediaries through the Internet. One 
of the implementation of IoT is to monitor the level of 
liquid acidity through smartphones. It needs additional 
tools such as sensors, microcontrollers, and other devices 
that are then connected to the internet. Android-based 
mobile phone is used to interact with sensors, 
microcontroller, and other tools through the internet 
wherever the user is. From the testing, there is a successful 
communication between the components of the device, 
sensors, and Android devices. It is possible to adjust the 
acidity of the liquid automatically by activating the pump 
in accordance with the results of the pH reading 

 
Keywords- Internet of Things; microcontroller; acidity; monitor 

and controlling 
  
 

I. Introduction 
     

IoT or Internet of Things is a system whereby interrelated 
devices can exchange data over the Internet without requiring 
human-to-human or human-to-computer interaction [1]. 
Things in the Internet of Things can mean anything like a 
sensor-mounted chair, a heart monitor implant, or a vehicle 
with a sensor installed to alert tire pressure. Internet of Things 
uses objects with sensors to record data. The data obtained will 
be processed through a processor board or microcontroller. 
Microcontroller commonly used for IoT is RaspberryPi, 
Arduino, ESP8266 and others. The purpose of IoT is to get 
various data from around us as an analysis or reference that 
will be used for other purposes such as decision making, 
market analysis, or just observation. 

The level of acidity in liquids can also be one of the objects 
for the Internet of Things. The level of acidity of fluid that we 
consume is very important for our health. Water that has an 
unbalanced acidity level will cause the environmental health 
and ecosystem to be disturbed. In addition, the level of fluid 
acidity also affects the analysis of a process or 

decision-making for an industrial company. Liquid waste is 
liquid waste derived from the production from industry, 
household, or shops. Liquid waste that is not neutralized and 
disposed of will affect the ecosystem of the landfill. Fluids 
which have too high pH or too low can cause damage to both 
the drainage used, the container used, and the location used as 
the discharge of the liquid. One effort to manage liquid waste 
is to neutralize the pH or acidity levels. 

Some industries and households do not pay attention to the 
impact of liquid waste on the environment. Effluent produced 
by an industry should meet the national guideline values of 
wastewater quality before it is released into rivers, streams or 
even municipal sewer systems. Management of liquid waste 
focuses on finding a way to dispose of the waste in a way that 
is safe for humans and the environment. 

To solve the wastewater problems, this paper aims to design 
and implement an IoT for data logger and pH controller. The 
designed system is able to communicate with a variety of smart 
objects using Wi-Fi, Bluetooth and IrDA standards. As a result, 
all objects can exchange information through the designed 
system. The main contributions of this paper are as follows: (1) 
The designed IoT system enables the communication among 
different smart devices, including smart phones, 
microcontroller, and sensors. 2) The system provides solution 
to the wastewater management in order to know the acidity 
level of the liquid and help the pH setting using cutting edge 
technology. 

 The remaining part of this paper is organized as follows. 
Section 2 presents the background and the related work. 
Sections 3 presents the design of the IoT system and 4 present 
the testing of the proposed system. Finally, the conclusions are 
drawn in Section 5. 

 
II. Related Work 

 
A. Internet of Things (IoT) 
 

The Internet of Things (IoT) is a technology that has become 
popular to describe the machine connectivity phenomenon [2, 
3, 4]. Small sensors and computer chips are placed on a variety 
of devices or things, which enable them to communicate via 
the internet or other network to computer systems. As the 
Internet of Things moves more into daily life, it creates 
exciting opportunities for developer and researcher alike [5]. 
In industry, IoT could do automation in the industrial 
processes [6]. IoT can be used for agricultural purposes [7]. 
IoT was illustrated by its typical use in medical system and 
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smart home [8, 9]. 
 
B. Ubidots Cloud Platform 
 

Ubidots is a server that can be used for the implementation 
of the Internet of Things. Ubidots helps for the process of 
cloud implementation. Ubidots provides APIs to help with the 
data collection process and make it informational. API is a way 
or solution for objects to interact with the web. This API 
allows makers to make changes and retrieval data from the 
server. This API supports both HTTP and HTTPS usage. To 
exchange data required API key. To retrieve a value or 
variable from the server then required the ID of that variable 
and the user account tokens that the server has given. To 
facilitate Android developers, Ubidots has provided a library 
that works to shorten the writing of HTTP requests in JAVA 
[10]. Ubidots has been used in several IoT-based system, for 
example for health management system [11], smart home [12, 
13] and for environmental monitoring system [14]. 

 
C. Arduino IDE 
 

Arduino IDE is an open-source software that helps create 
scripts or code and upload the script or code on the board or 
microprocessor. Arduino IDE has an environment written in 
Java. The Arduino IDE also has a compiler for C or C ++ 
languages. Arduino IDE does have a major function to help 
create scripts or code for various boards or microprocessors 
[15]. 
  
D. Microcontroller 
 

Microcontroller is a microprocessor that has additional parts 
that make it possible to organize or control other objects. It can 
be interpreted that the microcontroller run programs that have 
been created by the user and stored in memory. 
Microcontroller is a very useful tool that can help the designer 
to manipulate data obtained from input or output. Usually 
microcontroller is composed of microprocessor, memory and 
I/O. The microprocessor itself is composed of Central 
Processing Unit (CPU) and Control Unit (CU). CPU is the 
main brain that performs arithmetic and logic processes. While 
CU controls the operation of the microprocessor and sends 
signals to other parts of the microprocessor to perform 
instructions [16]. 
 
 

III. System Design and Implementation 
 

Schematic design is used to explain how to install the device. 
The schematic design can be seen in Figure 1. The output of 
the transmitter will be received by microcontroller with analog 
pin A0. The input included is a positive flow while the 
negative flow of the transmitter will be attached to the ground 
pin of the microcontroller. Positive and negative current flows 
are connected to a 100 ohm resistor. 

Positive flow is given an additional 10K ohm resistor to 
anticipate if there is too large flow undesirable and can damage 
microcontroller. Terminals are used to make GND (ground) 
pins and 3V3 pins (3.3 volts) can be used by 2 different relays. 
Then the IN pin on each relay is paired on different digital 

pins. 
 

 

Fig 1. Schematic Design 

Use case diagram was used to create Android applications. It 
can be seen in Figure 2. The apps has some features such as 
signing in, signing up, and adding device to add new pH meter. 
There is a feature to set pH limits per device and setting about 
device information or delete device. Moreover, there is a pH 
statistics to see statistics of data from device which is selected, 
and view monthly average statistics to see pH statistics at each 
pH meter per month. To use existing features must be 
successful sign in or sign up first. 
 

 
 
Fig 2. Use Case Diagram for Apps 
 
Creating database on Android app using SQLite. The database 
is used to store data both from the server and from user input. 
The database is used to store user account information such as 
tokens and devices that have been created by the user using the 
account and the data on the device. The used ERD is shown in 
Figure 3. 

 
 

Fig 3. ERD Design 
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IV. Testing 
 

This section discusses the system testing of the IoT-based 
program. System testing is done by doing the process. The 
purpose of system testing is to know whether the program can 
perform well and in accordance with needs 

First, device should be added to the system. Add device 
works to add new device and stored in server and android 
database. This page can be accessed by the user by pressing the 
"+" button. The add device page can be seen in Figure 4. 

 

 
 
Fig 4. Add Device Interface 

 
Users must enter device name, minimum range, maximum 

range, and description for every new device. If the user does 
not fill one of the fields then the application will display the 
alert or error message. Moreover, if the minimum range is 
filled over the maximum range then the app will display the 
alert as shown in Figure 5. 

 

 
 
Fig 5. Alert when the minimum level over the maximum level 

 
If all the fields are filled and the user confirms the add device 

then the app will try to connect with the server and display the 
progress dialog as shown in Figure 6. 

 
 
Fig 6. Progress dialog - check the connection to server 

 
If the connection is successful then device creation will 

continue. The application will display the progress dialog as 
shown in Figure 7. After that the user will be redirected back to 
the main page. 

 

 
 
Fig 7. Process of Variable Creation 

 
If the connection fails then the application will display the 

alert/error message. 
The manage device page and data view feature in this 

application is to display data from the selected device. In 
addition, this page also has a function to change the pH range 
and description of the selected device and remove the selected 
device and its data from the server and database. This page can 
be accessed by the user by tapping the object in listview. In this 
page the user can see the graph of sensor readings data taken 
from the server every 10 seconds. The manage device page and 
data view can be seen in Figure 8. 

Users can change the description, minimum range, and 
maximum range. If one of the descriptions, minimum range, or 
maximum range is not filled then the application will display 
the alert as in Figure 9. 
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Fig 8. Interface of Manage Device and View Data 
 

 
 

Fig 9. Alert if field is empty 
 
If all the fields are filled and the user press the "confirm" 

button then the application will display the progress dialog as 
shown in Figure 10. 

 

 
 

Fig. 10. Progress Dialog Edit Device 

If the user pressed the delete button then the dialog box will 
appear as shown in Figure 11. 
 

 
 
Fig. 11. Delete Confirmation Dialog 
 

Users can remove the device by pressing "confirm" then the 
application will bring up the progress dialog as in Figure 12. 
Then the user will be directed to the main page. 
 

 
 
Fig. 12. Delete Progress Dialog 

 
The input on the microcontroller of the sensor is a bit. To be 

able to calculate the pH of the obtained bit value, it requires a 
solvent which have a known pH value. The solution used by 
the author has pH 4.01 and 6.86. The results of the 
measurement experiment can be seen in Table I. Equation (1) 
is used to calculate the pH. 

 
TABLE I.   

EXPERIMENT OF PH MEASUREMENT WITH KNOWN SOLVENT 
 

pH Bit 
4.01 245 
6.86 337 
 

   pH = M * <known bit> + C                (1) 
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The value of M and C variables from equation 1 can be seen in 
Table II.  
 

TABLE II.   
EXPERIMENT OF LINEAR EQUATIONS 

 
pH Bit Linear equation 
4.0
1 

245 4.01=M*245+C 

6.8
6 

337 6.86=M*337+C 

 
So M = (6.86-4.01) / (337-245) = 0.031 and C = 4.01- (0.031 * 
245) = -3.58. From the experimental results it can be 
concluded that the equation used is pH = (0.031 * <bit read 
result>) - 3.58.  
The comparison of the result of the line equation with the 
original pH can be seen in Table III. 
 

TABLE III.   
THE RESULT OF LINEAR EQUATION WITH KNOWN PH 

 
pH Bit Calculation Error 
4.01 245 4.015 0.005 
6.86 337 6.867 0.007 

 
The pH control is performed when the sensor readout results 
out of a predetermined range of users through the Android app 
and the microcontroller will power the pump for 1 second. The 
pH control is done by using vinegar water to lower the pH and 
soap water to raise the pH level. 

 
V. Conclusion 

 
From the implementation of IoT for real time data logger 

and controller level of acidity of liquid waste using 
microcontroller and Android, can be drawn conclusion 
include: Android can interact with microcontroller by using 
Ubidots server as an intermediary. Application helps control 
process by setting pH limit setting. Microcontroller can control 
fluid pH by using pumps. Applications may warn that the pH 
has exceeded the specified limit. These devices are low cost, 
more efficient and capable of processing, analyzing, sending 
the data, and it can be viewed everywhere. The application is 
numerous and can be further developed to integrate more 
sensors which are applicable to monitor the quality of the 
environment. 
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and wider slide prevention pattern than the existing product. 
Second, the area of the step floor touching the bathroom was 
made wider than the existing products, preventing the sliding 
of the floor more strongly. Third, the new step can be separated 
into 1st and 2nd levels, so a young child can only use the 1st step 
and the product can be used for a longer-term. The durability 
of the product was increased for adults to use it in a 
longer-term when necessary. Fourth, to minimize the issue of 
water stain that has been purchasers’ most concern after safety, 
the stiffener inside the product was removed. In addition, the 
form of the step product was made to maintain simplicity more. 
Most existing step products had a stiffener inside which would 
be stained by water easily. Fifth, wind fall-out holes were 
made to combine the 1st and 2nd steps more easily. 
 

IV. Conclusion 
 

To satisfy all setps with different users and purchasers, it is 
necessary to develop a new step with an idea that is different 
from the existing step. Thus, this study proposed an idea for 
user’s safety and independence and direction for design. To 
develop a new step for children, this study conducted an online 
market research on the existing step products, observation of 
product use by users (infants and young children), and in-depth 
individual interviews with purchasers (housewives), thereby 
developing a new design concept. After the development of a 
new design concept, this study carried out idea sketch, 
modeling and rendering, primary design development, and 
secondary design development, and verified the developed 
design by making a prototype. The new step for children was 
thoroughly developed to be successful in the market, and 
several interviews with purchasers were carried out to increase 
the success of marketability. Although it is right to have 
interviews with uers, considering that users are young children 
for this study, the interviews were carried out on young 
children’s mothers who are the product purchasers and always 
watch the use environment. The results showed that the most 
important elements of a step were stability, preference on a 
separate type of 1st and 2nd steps, and little water stain. Thus, 
the new design was developed to reflect such needs and wants 
of purchaseers as much as possible. 

The steped developed for children in this study had 
increased stability as a design with a wide area of bathroom 
floor and the application of slide prevention patterns. Second, 
this study applied the separate structure of 1st and 2nd levels. 
Third, the product had a simle design for easier washing of the 
inner part of product that has the most water stain. This study 
described the cases researched and developed for the company 
to launch a new product. When such empirical studies are 
aggregated, it is believed that trials and errors will be reduced 
through onsite design development cases in many industries 
and academias and more helpful information will be provided. 
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Abstract 

 
Nowadays, a variety of interactive digital media art 

system are increasingly introduced as aspect to support 
immersive participation of audiences. Furthermore, as it 
fuses with virtual reality(VR) system, participants can be 
provided more immersive digital contents and recreate 
artworks through their own activities based on the 
intention of the director. In this paper, we propose 
interactive digital media art system using VR, that help to 
participant’s creative activity based on reconstructed 
famous painting room in virtual space. Participants can 
perform creative activities through interaction, such as 3D 
drawing, creation and removal, with virtual objects in a 
pre-designed virtual space. Pre-designed virtual spaces 
have less free and less creative than a typical creative 
program that initially start with an empty space. However, 
participants can easily create new creation with just a little 
modification through their own thoughts. Additionally,  
the system combines art psychotherapy based on active 
participation of participants. So, the system can support 
not only the creation of user generated contents in virtual 
space but also getting the effects of art psychotherapy.  

 
Keywords-virtual reality; interactive digital media art; art 

therapy; user interation 

  
I. Introduction 

    
Traditional art works, such as opera, musical and exhibition, 

audience has to visit in a certain time. And, in these 
performances, the audience is unilaterally accepting the 
intention of the director or the writer. For these reasons, 
recently, interactive digital media art is very active research 
area, since it can provide interactions with participants and the 
director can get feedback from them. Especially, interactive 
media art using virtual reality(VR), augmented reality(AR) has 
more advantages, because VR and AR system don't have the 
time and space constraints. Furthermore, they can provide a 
variety of experiences that they can not normally experience to 
participants. Additionally, participants can reinterpret or 
recreate art by super inducing their emotions or feelings to the 
artist's intended artwork[1] in interactive digital media art 
system with VR or AR. 

One of the applications of interactive digital media art 
system with VR or AR is art psychotherapy. Art 
psychotherapy has various effectiveness as aspect of emotional 
and physical healing, overcoming post-traumatic stress 
disorder(PTSD), improvement of the quality of life and so on. 
Moreover, the active activity of the participants, which is the 
characteristic of digital media art, is also has many good points 
to the psychotherapy based on existing works of art. The art 
therapy requires users participate. So interactive media art can 
be a good alternative. 

Accordingly, described above, we combine interactive 
media art and art therapy using famous painting appreciation. 
In virtual space, the famous painting is reconstructed to a 
three-dimensional space, and a participant wear an immersive 
video-through head mounted display(HMD) and can walk 
freely in reconstruct virtual space. In the virtual space, 
participants can easily recreate the artwork by super inducing 
their creation through interaction with virtual objects. 
Participants can experience psychological and emotional 
stability through various interactions in a three-dimensional 
famous painting. In this paper,  we propose an interactive 
digital media art system, which can provide not only the 
creation of user generated contents in virtual space but also 
getting the effects of art therapy through appreciation of 
famous painting. 

 
 

II. Related Works 
 

The psychological therapy using virtual reality technology 
has continued to be researched and some experimental results
 have effective. In social phobic treatment experiment using 
virtual reality technique[2], virtual human and sound are used 
for treatment. Through various virtual scenarios, the 
participants can be treated gradually in appropriate scenarios. 
This research present that the combination of virtual reality 
and psychological therapy make meaningful results. In 
research to address PTSD using virtual reality technology[3], 
used virtual reality technology to provide incremental 
exposure treatment. In this research, reported that virtual 
reality technology had a positive effect on progressive 
exposure treatment. Most psychotherapy and the study using 
the combination with virtual reality attempted to treat the 
patient in a passive state. 
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Creative creation programs using virtual reality include 
programs like Google's Tilt Brush[4], Quill[5], and 
PaintLab[6]. These programs basically can draw in 3D space 
using the desired brush, and depending on the program, 
various brushes such as animation brush or particle brush can 
be used. In addition, you can draw a picture by dividing the 
layer like a graphic editor such as Photoshop, or you can edit it 
further. The creation work using the virtual reality evolved 
further in the offline work. Users can express their opinions 
easily through various tools and works. And like an exhibition, 
many user creations can be shared online among users. This 
created an environment where people could easily see each 
other's creations online. 

 
 

III. Implementation details 
 

In this paper, we provide various interactions in a virtual 
space created using a famous painting so that users can obtain 
psychological and emotional stability by using this program. 
Creating creativity in a pre-configured virtual space is less free 
and less creative than a typical creative program that initially 
starts with an empty space. However, it is more suitable for art 
therapy programs because it allows users to naturally approach 
the intended scenarios.  

 
A. Scenario 

 
The user can select the 3D famous painting virtual space. 

Then user enter the selected virtual space. In the masterpiece 
space, the user can enjoy the 3D masterpiece space while 
walking around with listening music that can give users a sense 
of stability. Then, the user can experience completing his or 
her own masterpieces by reconstruction a space directly using 
a given tool in an empty space of masterpiece space. Observing 
and analyzing artworks to reconstitute masterpieces, and 
reconstructing empty spaces, can have a positive 
psychological effect on the user. Since scenario authoring is 
separated of the proposed interactive digital media system, 
author can easily make new scenario independently. 

 
B. User Tools 

 

■ Interaction 
The user uses a separate controller to interact in the virtual 

environment. The user can see the controller in the virtual 
space.  In virtual space user can view the virtual controller at 
the same position as the controller in the real world user's hand. 
This allows the user to interact with the virtual space using 
controller. The left controller has an operator panel. Using the 
operator panel, the user can use various tools to reconstruct the 
virtual space.  The controller on the right handles actual 
interaction such as operation panel use and drawing, object 
interaction. 

 
■ Operator Panel 

The operator panel provides a tool for reconstructing the 
space. There are three types of sub panels on the control panel. 
The color picker panel provides a color for lines drawn when 

3D drawing. You can also control the thickness of the line 
through the scroll bar. In the Brushes panel, you can select the 
type of brush you want to draw. In the object panel, the user 
can create the desired object. 

 
■ 3D Drawing 

Users can draw painting by moving them to the place they 
want in the virtual space. The picture is drawn in the form of a 
line in the virtual space where the right controller is located. 
When 3D drawing, the user draws a picture using the texture, 
thickness and color of the brush selected in the color picker 
panel and the brush panel of the control panel in advance. 

 
■ Object Interaction 
In the object panel, the user can select and create the desired 

object. You can select the created object and using the right 
controller to change it to fit the size you want to use. The 
created object can be moved directly by the user. Using this, an 
object can be placed in the space that imagined by user. For 
certain objects, additional interaction with the user is possible. 
For example, when a user selects a ship in a lake, the selected 
ship slowly moves across the lake to the opposite side. 
 
 

IV. Experiments 
 

In the actual implementation, we reconstruct Claude 
Monet's masterpiece in 3D virtual space using unity3D and c#. 
And participants can enter the virtual space by wear HTC Vive 
Head Mounted Display(HMD) And participants use the 
controller of HTC Vive for interaction. At first participant can 
select masterpiece want to enter. After enter, participant will 
be see pre-constructed scene like figure 1. Participant can walk 
around the space for take a look the scene. On one side the 
scene, there is a space that allows participant creative activities 
like figure 2. We provide an each different five brush and 
variety of objects that look good on masterpieces for 
participant creative activities. These tools are available on the 
operator panel in figure 3. This operator panel always follow 
on left controller device. Thus, participant can use the panel 
using right controller. Using this panel, participant can draw 
picture and interact with created object by participant as shown 
in Figure 4, Figure 5. Participant can get their own creation by 
completes the masterpiece through doing the creative 
activities. 

 

 
 
Figure 1. Newly reconstructed masterpiece in virtual space 
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Figure 2. Empty space for participant’s creative activities 
 
 

   
 
Figure 3. Operator panel 
 
 

    
 
Figure 4. Object interaction      Figure 5. 3D drawing 
 
 

V. Conclusion 
 

In this paper, we propose a masterpiece painting 
appreciation art psychotherapy system using VR. By bringing 
offline programs into the virtual space, users can get a better 
effect by virtual experience. The user can obtain psychological 
and emotional stability through a series of actions according to 
the scenario. With the various interactions using the controller, 
the user could reconstruct the virtual space into the desired 
space. Through this paper, it is expected that various contents 
requiring user participation can induce user's participation 
through immersive virtual reality. Future research will use 
augmented reality and gesture-based interfaces improve the 
problem when using programs that need to communicate with 
reality. 
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Abstract 
 

This paper analyzes the history and cultural background 
of Chinese traditional patterns, and how Chinese 
traditional patterns are used in mobile game. Through 
these studies, the research results of the use of Chinese 
traditional patterns in the field of games have been 
obtained, which will provide valuable reference materials 
for the research on game market and game design. The 
traditional Chinese pattern is an important product of the 
traditional Chinese culture which has been developing 
with the Chinese history for thousands of years, and is the 
crystallization of the wisdom of the Chinese nation. With 
the rapid development of the world's game industry, 
Chinese style mobile games have a large share of mobile 
game market. A large number of Chinese traditional 
patterns are used as decorations in Chinese style mobile 
game. But research into the use of traditional Chinese 
patterns in mobile games is inadequate. Therefore, this 
paper, with Fantasy Westward Journey as example, 
analyzes the use and value of Chinese traditional patterns 
in the mobile game interface of Chinese style.  

 
Keywords-chinese traditional patterns; mobile Game; interface 

 

I.  Introduction 
    

Since the primitive society, Chinese traditional patterns have 
been incorporated into our life with their unique shapes for 
thousands of years. In recently years, mobile games get an 
increasing number of users, among which games in Chinese 
style are popular with the players. Mobile game Fantasy 
Westward Journey, which was launched on 26th March, 2015, 
topped the lists of top-free and bestseller both in iPhone and 
iPad during a short period. So far, it still ranks the top five in 
App Store and in 2016, it was awarded the best-selling mobile 
game in App Store. The present paper focuses on the interfaces 
of Fantasy Westward Journey and analyzes the application of 
Chinese traditional patterns on the interfaces of this game. 

The present paper aims to tap into the functions and features 
of traditional patterns in designing mobile games and 
investigate the relationship between traditional culture and 

mobile games. The present paper firstly explores the origins 
and functions of  Chinese traditional patterns and analyzes the 
concept and themes of mobile games in Chinese style. 
Secondly, this paper investigates the historical and cultural 
background of Fantasy Westward Journey and summarizes the 
patterns frequently used in it. Finally, this paper analyzes the 
patterns applied on the interfaces of Fantasy Westward 
Journey and their features. 

 
II. Theoretical Research 

 
Chinese traditional patterns are ornamental patterns with 

rich Chinese ethnic features, which are inherited form various 
ages. From the primitive society to the feudal society, Chinese 
traditional patterns have always existed and changed with the 
development of economy, politics and culture. They partly 
reflect people’s customs and values in a particular period[1].  

Mobile games in Chinese style refer to games containing 
Chinese characters and Chinese traditional cultural elements 
such as traditional fine arts, music and weapons. With Xiyou, 
Sanguo, Wuxia and Xianxia as four major themes, mobile 
games in Chinese style account for a large proportion in  
China’s  mobile game market. 

 

TABLE I 

Categories of mobile games in Chinese style  
according to their themes 

 
Theme Popular 

Games 
Features 
 

Xiyou Xiyou mobile games refer to games 
adapted from Journey to the West, 
one of the four great classical novels 
of Chinese literature. Characters in 
such games usually use the 
characters in Journey to the West, 
such as Sun Wukong, Tang Seng, 
Zhu Bajie, Sha Seng, Longnv and 
Longtaizi. 
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Sanguo 

 

With the period of Three Kingdoms 
as their historical background, 
Sanguo mobile games have three 
major camps—Shu Kingdom, Wei 
Kingdom and Wu Kingdom. 
Characters in such games mainly are 
officials and generals from those 
three camps, such as Liu Bei, Zhang 
Fei, Guan Yu, Zhuge Liang, Cao 
Cao, Lv Bu, Sun Quan and Zhou 
Yu. 

Wuxia 

 

Most of the Wuxia mobile games 
are against the background of stories 
from Wuxia novels. There are no 
immortals and ghosts in those 
games, with Wu and Xia as their 
cores. In the game world, players 
will  quell the evil, embrace the 
good and help the weak as warriors.

Xianxia 

 

More fantastic than Wuxia mobile 
games, Xianxia games have more 
characters including immortals, 
humans, goblins, demons or ghosts. 
In this kind of games, cultivation is 
the main story. Players will  obtain 
various magic weapons and fairies 
during their upgrades. 

 
III. Case Analysis 

 

A. Overview of Fantasy Westward Journey 

 

Fantasy Westward Journey, based on the original client 
game Fantasy Westward Journey II, is an RPG mobile game 
developed by NetEase Games. On 30th March, 2015, this 
game opened up its public beta on all platforms. It is operated 
by NetEase Games in China and is free for players. 

Continually applying the background and setting of the 
original client game, Fantasy Westward Journey optimizes its 
settings according to the features of smart phones and restores 
six classic characters(Including Jianxiake, Gujingling, 
Longtaizi, Hutouguai, Wumaner and Xuan Caie) as well as 
classic elements such as escorting in transportation and 
haunting ghosts. At the same time, typical systems on the client 
game, such as systems of faction,  business or mentoring 
marriage have been transferred on the mobile one. 
 
B. Chinese traditional patterns applied on the interfaces of the 

Fantasy Westward Journey 

 

Chinese traditional patterns are largely used as ornaments on 
the interfaces of Fantasy Westward Journey. The most 
frequently used patterns are Hui pattern, Cloud pattern, Ruyi 
Head pattern, Chinese dragon pattern and scroll grass pattern. 

Hui pattern is a geometrical pattern shaped like the Chinese 
character “回”, deriving from  thunder patterns on potteries 
and bronzes. Curved lines on the Hui pattern mean “endless 
wealth”. Therefore, the Hui pattern is usually used to decorate 
borders of the interfaces or serve as under-painting of the 
interfaces when combined with other patterns. 

Cloud pattern, which is depicted according to the shape of 
clouds on the sky, can be classified into patterns of one-head 
cloud, two-head cloud, three-head cloud, cloud in hook, 
drifting cloud and so on. On the interfaces of this game, the 
Cloud pattern often decorates the edges of titles and buttons. 

Ruyi head pattern derives from the ancient mascot Ruyi, the 
symbol of “good luck”. This pattern is applied to decorate 
boarders of subtitles and darkstripes of the four corners of the 
interfaces. It is usually designed as Back button or Page button 
because it has a sharp corner.   

Scroll grass pattern refers to pattern with numerous grasses 
outlined by smoothing and winding ripple lines. Transformed 
from the stretching of plant  branches and stems, this pattern is 
smooth and winding with diverse types of patterns. The scroll 
grass pattern is an auxiliary ornament which serves as 
decoration of  borders of the icons or under-painting of the 
interfaces when combined with other patterns. 

Chinese dragon is the totem of Chinese nation, the 
auspicious animal in ancient China and the symbol of power. 
As the most influential traditional pattern that has been long 
accepted by Chinese, Chinese dragon pattern can be classified, 
according to the dragons’ postures, into patterns of encircling 
dragon, sitting dragon, walking dragon, cloud dragon, 
curled-up dragon and double dragons playing with a peal, etc 
[2]. In this game, Chinese dragon pattern is often used as 
decorations of interfaces of achievements or awards. 

 
TABLE II 

Chinese traditional patterns applied 
on Fantasy Westward Journey 

 
Name Pictures positions on interface

Hui 
pattern 

 

under-painting  
& borders of 
interfaces 

Cloud 
pattern 

 

the edges of  
titles & buttons 
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Ruyi 
Head 

pattern 

boarders of subtitles; 
under-painting of 
interfaces; 
Back button; 
Page button 

Scroll 
grass 

pattern 

borders of icons; 
under-painting of 
interfaces 
 

Chinese 
dragon 
pattern 

boarders of titles on 
interfaces; 
decoration of controls
 

 
Traditional patterns applied for decoration are rich but not 

complicate, which don’t overshadow the role of the interface. 
Using the same color as the interface, those traditional patterns 
are perfectly integrated into the interface, which enriches the 
details but doesn’t make players feel inappropriate. They 
make the interface more interesting and beautiful, heighten the 
atmosphere of Chinese style on the whole game and 
put  players personally into the scene. 

 
V. Conclusion 

 
The present paper explores the meanings and origins of 

Chinese traditional patterns and analyzes the concept and 
themes of mobile games in Chinese style. Selecting Fantasy 
Westward Journey as the analytical focus, this paper  analyzes 
the applications of Chinese traditional patterns on the 
interfaces of the game and draws the following conclusions. 

Applied as ornaments, Chinese traditional patterns are 
usually used on the borders and under-painting on the 
interfaces. Patterns with special meanings are often used on 
special interface, for example, Chinese dragon pattern, the 
symbol of power, is often used on interfaces of achievements, 
awards and upgrades. The colors of those traditional patterns 
are same as the main colors of the interfaces, which enriches 
the details but doesn’t make players feel inappropriate, at the 
same time, doesn’t hinder their receiving information. The 
applications of those traditional patterns add interest and 
beauty to the interface, heighten the atmosphere of the whole 
game, implicate the historical background and optimize the 
user experience of their players. 

Chinese traditional patterns and mobile games are a 
two-way street. One the one hand, without the application of 
those traditional cultural elements, Fantasy Westward Journey 
wouldn’ t have been successful. One the other hand, the 
success of this game introduces Chinese traditional culture to 

more domestic players and players all over the world. The 
combination of the traditional culture and modern 
entertainment plays an important role in the inheritance and 
development of the traditional culture. Therefore, more 
profound researches should be conducted on relevant fields. 

The present paper would be a good reference to the design of  
games and other diversified visual arts. 
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Abstract 

 
Balinese character recognition is a technique to 

recognize feature or pattern of Balinese character. Feature 
of Balinese character is generated through feature 
extraction process. This research using handwritten 
Balinese character. Feature extraction is a process to 
obtain the feature of character. In this research, feature 
extraction process generated semantic and direction 
feature of handwritten Balinese character. Recognition is 
using K-Nearest Neighbor algorithm to recognize 81 
handwritten Balinese character. The feature of Balinese 
character images tester are compared with reference 
features. Result of the recognition system with K=3 and 
reference=10 is achieved a success rate of 97,53%.  
 

Keywords: Balinese Character, Handwritten, Feature 
Extraction, K-Nearest Neighbor. 
 

I. Introduction 
A culture that exists in every region is the inheritance of the 

ancestors who should be preserved. There are various cultural 
heritages in Bali that need to be considered because it has been 
marginalized because of the development of the times and the 
more advanced technology. Balinese script is a very common 
one because it contains the cultural values of the people in Bali. 
Balinese script is a character written by people in bali. 

As technology develops, this Balinese script begins to be 
marginalized by modern books and more sophisticated 
equipment in recording and storing text that is certainly much 
more efficient. However a culture should be preserved and 
preserved to exist as a cultural heritage. This is what began to 
disappear from modern society, the less people who are 
interested in Balinese script do not even know the character of 
Balinese script. Balinese script is usually written on the leaves 
of Lontar to store certain information.  

Understanding of Balinese script is indispensable in reading 
and writing Balinese script. Balinese script is a traditional 
Balinese script in Bali. This script is divided into several parts 
namely wianjana script (consonant) and voice script (vowel). 
Wianjana characters are 18 characters and voice characters are 
6 characters. In addition to wianjana script and voice script, 
there are also pengangge-pengangge as component of writing 
Balinese script. This becomes an obstacle for modern society 
who has little understanding in reading Balinese script 
characters. 

As an effort to preserve Balinese script, research on the 
introduction of Balinese script is done as an appreciation of the 

culture in Bali. Image processing process of a Balinese script 
through a process that starts from image acquisition, 
pre-processing, segmentation, feature extraction and 
introduction of Balinese script [1]. The acquisition process is a 
procedure to retrieve and acquire the image of Balinese script 
by using optical camera or scanner, so the image of Balinese 
script becomes digital form. The next process is pre-processing, 
which is the initial process that aims to improve and process 
the image of Balinesse character acquisition results so that the 
image quality becomes better in this case eliminates the noise 
so that Balinese script becomes cleaner in the sense that there 
is no noise [2]. The process of segmentation is to break the 
image of Balinese script per script so that new image with 
certain size is obtained. Furthermore, the result of 
segmentation through feature extraction process is the process 
to get the special characteristic of each Balinese character [3]. 
The results of feature extraction through the identification 
process is the process of recognition feature Balinese character 
so that can be recognized. 

In this research, the image of Balinese character used as data 
source is Balinese script character. Balinese script character 
used is wianjana script which consist of 18 characters Balinese 
script. The special features or features resulting from each 
Balinese script character are the direction and semantic 
features based on the shape and pattern that each Balinese 
script character possesses. The introduction stage of Balinese 
script by using K-Nearest Neighbor method that utilizes the 
feature of semantic direction and features owned by Balinese 
script. 

 
II. Fundamental Theory 

 

2.1 Feature Extraction 
 

Feature extraction is used to find out the patterns or features 
of each character that the next process is done for character 
recognition. Broadly speaking a character has 3 characteristic 
that is: 

 
1. Character width and height 

Size is taken from the average of each character 
entered as learning. 

2. Character Section 
Character Section is the division of writing into three 
areas that is the top (ascender), the middle (main 
body) and the bottom (descender). Then each section 
is taken using the histogram to distinguish the 
characters. 
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3. Stroke Modeling 
Stroke modeling uses a series of strokes (lines of 
writing) to recognize characters. The series of strokes 
is a collection of dots that are labeled numbers based 
on the direction of the next neighbor point stored in 
the list which is then checked the pattern [4]. 

 
2.2 K-Nearest Neighbor 

 
K-Nearest Neighbor (KNN) is an interesting method of 

classification in data mining which is often referred to as lazy 
learning. K-Nearest Neighbor (KNN) is included in 
instance-based learning where the training data set is stored so 
that the classification for new data that has not been classified 
can be classified by comparing the data that is most similar to 
the training set with the nearest neighbor concept. A neighbor 
is considered nearest if it has the smallest distance. K nearest 
neighbor keeps all the training examples and puts off learning 
until new data has to be classified, this is why it's called lazy 
learning [5]. 

 
The KNN implementation works based on the shortest 

distance from the instance query to the sample data to 
determine its k nearest neighbor [6]. The sample data is 
projected into many-dimensional space, where each dimension 
represents a feature of the data. This space is divided into 
sections based on the classification of sample data. A point in 
this space is marked by class c if class c is the most common 
classification of the nearest neighbor of the point. Calculate the 
distance between the new data and the training set so that the 
distance obtained by the neighbor distance. 

 
Steps to calculate K-Nearest Neighbor method:  
1. Determine the parameter K (the number of nearest 

neighbors). 
2. Calculate the quadratic distance of euclidean (query 

instance) of each object against the given sample 
data. 

3. Then sort the objects into groups that have the 
smallest distance.  

4. Collect category Y (nearest neighbor classification). 
sing the nearest neighbor category of the majority, it 
can be predicted the value of the query instance that 
has been calculated. 
 

2.3 Balinesse Character 
 
The history of the Balinese script is closely related to the 

development of the script in India. Balinese script comes from 
the language and script brought from India when the era of 
spreading Hinduism and Buddhism to Indonesia. Originally in 
India there is an alphabet called Karosti script. From this script 
Karosti then developed into Brahmi script. Brahmi script then 
developed again to some countries in Southeast Asia and 
South Asia. 

The number of Balinese Wianjana script limited to ha, na, ca, 
ra, ka, da, ta, sa, wa, la, ma, ga, ba, nga, pa, ja, yes, while the 
Balinese language continues to grow based on research on 
lontar or inscription which consists of the ancient Javanese 
language and Sanskrit, then thus Balinese script can be 
grouped based on the pronunciation called citizens of letters. 

In Balinese language, citizen means type / group and script 
means letter / symbol of writing ", not writing system. 
 

Ha Na Ca Ra Ka Da Ta Sa Wa 

         

La Ma Ga Ba Nga Pa Ja Ya Nya 

         

  Fig. 1 Wianjana Balinesse Character 

 
III. Methodology 

 
This research started from extraction process of Balinese 

script character feature to get special character from each 
character of Balinese script. The resulting feature on feature 
extraction process from Balinese script image is the direction 
and semantic feature. Based on the characteristic and semantic 
features of Balinese script, Balinese script feature is used in the 
introduction phase of Balinese script. The following is an 
overview of the Balinese script recognition system in this 
study. 

 

 
 

Fig. 2 An overview of the Balinese character recognition 
 

3.1 Image Acquisition 
 
Stages of recognition of the script starts from the Image 

Acquisition process with the input image of Balinese script 
script character. Balinese script handwriting used is Wianjana 
script. The Wianjana script consists of 18 characters that will 
be used for training data as a reference in the introduction 
process. 
 
3.2 Feature Extraction 

 
The feature extraction stage is the stage to get feature in the 

form of special characteristic possessed by Balinese script 
character. This feature will be used as training data on Balinese 
script character recognition process. There are two types of 
Balinese script feature that will be generated at the feature 
extraction stage, which is the direction feature and the 
semantic feature. 
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3.2.1 Direction Feature 
 
The Direction feature is used to detect a stroke of a character 

by providing a feature value based on the direction label of a 
pixel. The direction orientation of a stroke plays an important 
role in distinguishing the various characters of the Balinese 
script. In an image consisting of n × n pixels, pixels containing 
white are given a value of 0 whereas the pixels that are black 
and form a character will be replaced with corresponding 
direction values. 

 
Table I 

Nilai Label dan Arah pada Fitur Arah 

Bentuk Nilai Arah 

 
2 Vertikal 

 
4 Horizontal 

 
3 Diagonal Kanan 

 
5 Diagonal Kiri 

 
The determination of the direction values of Balinese 

characters is required as follows: 
 
1. Specifies the starting point of the character 
The character's starting point is the first pixel found in the 
lower left and most character image. The new starting point is 
any pixel that has different directions from the previous row 
segment. The iteration of the starting point and direction 
search starts from the first starting point until there are no 
longer character-forming pixels that have no directional values 
yet. All starting points found will be replaced with a value of 8 
for a while. This value 8 will then be normalized in the 
subsequent process after all the starting points are found and 
other pixels other than the starting points have a direction 
value. 
2. Normalization of Direction Value 

This process is done to change the value 8 which is a 
temporary value for the starting point. There are two steps to 
this process. The first step is to find the largest possible 
frequency of occurrence of a direction on a line segment 
starting at a starting point. The second step is to use the 
direction value with the largest frequency of occurrence is to 
replace the value 8 at the starting point. 

 

       
(a)          (b) 

Fig. 3 The process of forming values (a) images of 
Balinese characters (b) the result of assigning the value of 

each vector 
 

The direction feature that has been successfully extracted on 
a Balinese script character is made up of a 16x1 size matrix 
containing the features of the vertical Number on the top left, 
the right diagonal on the top left, the horizontal on the top left, 
the left diagonal on the top left, the top right vertical, the 
diagonal right at top right, horizontal at top right, left diagonal 
at top right, vertical at bottom left, right diagonal at left bottom, 
horizontal at left bottom, left diagonal at bottom left, vertical at 
bottom right, right diagonal at bottom right, horizontal on the 
bottom right, the left diagonal on the bottom right. The 
following is a feature of the direction generated on Balinese 
script. 

FITUR ARAH 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

6  2  1  2  5  2  8  8  16  7  11  7  15  6  0  4 

7  6  0  5  6  4  7  8  9  9  2  11  23  13  1  3 

7  4  2  2  5  8  3  9  16  13  3  9  15  4  0  2 

3  10  0  4  4  8  6  10  23  9  5  8  23  4  0  6 

3  0  2  6  7  0  12  7  23  8  3  7  23  7  0  6 

18  9  3  10  8  17  2  17  14  12  6  7  9  8  7  15 

11  16  0  6  1  20  10  19  7  3  11  11  13  4  8  13 

13  7  3  10  13  24  7  9  6  11  5  12  15  10  7  19 

9  7  3  11  8  18  6  14  4  10  6  11  14  7  3  11   
Fig. 4 Direction Feature 

 
3.2.2  Semantic Feature 

 
Features information about Balinese script characters can also 
be viewed using semantic features. Semantic features are used 
to look for semantic characteristics of Balinese characters such 
as number of black strokes, loops, endpoints, character lengths, 
character widths and openings of characters. From the pixels 
formed to a vector, it can be seen that the stroke of the pixel 
will form an image of the Balinese script character [7]. 
The extraction process of semantic features produces a feature 
data presented in the form of a new matrix of 12x1 which 
contains semantic features of the number of stop points, the 
number of stop points in the top left, bottom left, right and 
bottom right, the number of lines and columns, loop count, 
horizontal number, vertical number, number of vertical 
positions left and right for each character through feature 
extraction process. The semantic features are presented in the 
fig. 5. 

FITUR SEMANTIK 
1  2  3  4  5  6  7  8  9  10  11  12 

3  1  0  0  2  2  1  0  2  4  1  3 

4  1  1  0  2  2  1  0  1  3  1  2 

4  1  1  0  2  2  1  0  0  3  1  2 

3  1  0  0  2  2  1  0  2  3  0  3 

3  1  0  0  2  2  1  0  1  4  1  3 

2  1  0  0  1  1  1  2  2  3  2  1 

2  1  0  0  1  1  1  2  3  2  1  1 

2  1  0  0  1  1  1  2  2  2  1  1 

2  1  0  0  1  2  1  2  2  2  1  1 

2  1  0  0  1  1  1  2  1  3  1  2 

3  2  0  0  1  2  1  1  2  2  1  1 

3  1  1  0  1  2  1  1  2  0  0  0 

3  1  1  0  1  1  1  1  1  1  0  1   
Fig. 5 Semantic Feature 
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3.3 Classification 
 

The classification stage is performed on data of Balinese 
script feature. Balinese script features will be classified so as to 
produce a model of training data that will be used in the 
introduction phase of Balinese script. At the introduction stage, 
Balinese script features will also be recognized through the 
classification process using the K-Nearest Neighbor method. 

 
IV. Result and Analysis 

 
4.1 System Overview 
 
An overview of the Balinese script introduction to this study 
from the training phase, the feature extraction stage to the 
introduction phase is illustrated as shown in Fig. 6. 
 

 
Fig. 6 System Overview 

 
4.2 Recognition Process 
 
The recognition phase of Balinese script begins with the data 
training process which will be used in the introduction stage of 
Akasara Bali. 
 
4.2.1 Training Data 

 
Training is an important stage in the process of character 

recognition, this stage will determine the results of the 
introduction of a character based on character features that 
have been trained at this stage. In this study, the amount of 
image data for each character script character Balinese used as 
training data can be determined to get the desired results. 
Below is the training data generated in the training process, 
with the amount of data used for each type of Balinese script 
character is 5 data. 

The Direction features generated at the feature extraction 
process at the training phase on each of the 5 character images 
for each Wianjana script character consisting of 18 Balinese 
script, with the number of Direction character features are 16 
features. So the total number of semantic features generated is 
= 90 x 16 features. 

 
 

 
 

Fig. 7 Training Process 
 
4.2.2  Recognition Process 

 
The introduction stage begins with the selection of the 

imagery image to be recognized. The Balinese image that has 
been inserted into the system will be transformed into an image 
of a pixel size. 

 

 
 

Fig. 8 Balinesse Character Image Converted into one pixel 
image 

 
The process is continued by performing feature extraction 

on the skeleton framework so as to obtain the value of the 
direction and semantic features. Below this will be a feature 
extraction stage on Balinese script character "Ka". The first 
feature extraction is performed on Balinese script character 
"Ka (1)" which results in Balinese script feature. 
Features obtained on the Balinese script "Ka" based on the 
feature direction and semantic features contained in the 
Balinese script, the following is a visualization of the features 
contained in the Balinese script "Ka" which can be seen in fig. 
10. 

The next process is the classification, which begins by 
selecting the model of training data that has been made in the 
training process data. The model of training data used may 
vary according to the amount of Balinese script data used for 
each character, as described earlier in the data training phase. 
Before performing the classification process, it is necessary to 
determine the value of K, to determine the number of 
ketetanggan in the classification process. The magnitude of K 
value will affect the results of the introduction of Balinese 
script. Here are some of the Balinese script character 
recognition results presented in the fig. 11. 

System test is done to know the performance of Balinese 
script recognition system and to know the success rate of this 
research. Based on the tests that have been done, using varying 
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number of references, the results of various recognition 
accuracy are obtained. The following is a graph of the results 
of the introduction by using the reference number 5, 7 and 10 
presented in Fig. 12. 

 
Aksara Bali Jenis Fitur Nilai

 

Jumlah vertikal pada kiri atas 17 

Jumlah diagonal kanan pada kiri atas 15 

Jumlah horisontal pada kiri atas 3 

Jumlah diagonal kiri pada kiri atas 3 

Jumlah vertikal pada kanan atas 9 

Jumlah diagonal kanan pada kanan atas 17 

Jumlah horizontal pada kanan atas 7 

Jumlah diagonal kiri pada kanan atas 28 

Jumlah vertikal pada kiri bawah 16 

Jumlah diagonal kanan pada kiri bawah 8 

Jumlah horisontalpada kiri bawah 3 

Jumlah diagonal kiri pada kiri bawah 13 

Jumlah vertikal pada kanan bawah 16 

Jumlah diagonal kanan pada kanan bawah 10 

Jumlah horisontal pada kanan bawah 3 

Jumlah diagonal kiri pada kanan bawah 10 

Jumlah titik henti 4 

Jumlah titik henti pada zona kiri atas 1 

Jumlah titik henti pada zona kanan atas 0 

Jumlah titik henti pada zona kiri bawah 1 

Jumlah titik henti pada zona kanan bawah 2 

Jumlah panjang karakter 2 

Jumlah lebar karakter 1 

Jumlah loop 2 

Jumlah horisontal 1 

Jumlah vertikal 4 

Jumlah vertikal pada zona kiri 2 

Jumlah vertikal pada zona kanan 2  
 

Fig. 9 Balinesse Character Feature 
 
 

 
 

Fig. 10 Visualisasi The Result of Balinesse character“Ka”. 
 

 

  
 

Fig. 11 The recognition result of  k=3 and The recognition 
result of k=5 

 
 

Fig.12 Comparison Percentage Of Recognition Based On 
Number Of References Used 

 
The results are strongly influenced by the parameter K and 

the number of references used in the introduction stage. Fig. 12 
shows the highest accuracy produced by the test using the 
parameter K = 3 and reference = 10. 

Here is the percentage graph of the test results on the 
parameter K used in each test with a reference count of 10 for 
each Balinese script character. Based on the test results by 
testing the parameters K = 1 to K = 10 shows the highest 
percentage obtained in the test using parameter K = 3 
presented in Fig. 13. 

 

 
 

Fig. 13 Percentage of Recognition Result based on K and 
Reference parameters = 10 

 
V. Conclusion 

 
Based on the results of the research of the system test that 

has been discussed in the previous chapter, this research 
concludes that the features of the direction and semantic 
features are obtained in Balinese script based on the special 
characteristics possessed by each character of Balinese script. 
Based on the results of the introduction of Balinese script that 
has been done by using the feature direction and semantic 
features owned by the Balinese script show good results seen 
based on the percentage of introduction generated by 97.53%. 
The features and direction of semantic features produced by 
Balinese script characters vary, this is because Balinese script 
is handwritten. The recognition performance using the K 
Nearest Neighbor (KNN) method is influenced by the 
parameter K and the amount of training data (reference) used. 
Based on the tests that have been done, it can be concluded in 
this study, the performance of the system with KNN method 
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with the accuracy of introduction in handwritten script 
Handwritten for 97.53% by using parameter K = 3 and 
reference = 10. 
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Abstract 
 

Rigging is the main role for connecting two process, mod
eling and animation. Recently various auto rigging middle
-wares come out to help rigging for animation production. 
However, the major functions of auto rig software focus o
n biped creatures and it does not have the consistency of w
orking process for quadruped creature. On this paper, we’
ll examine the issues of auto rig for quadruped creatures 
which are generated for general usage and also the issue of
 production using humanIK control GUI.  

 
Keywords-Rig; Quadruoed creature; Quick rig; Humanik 

 

I. Introduction 
 

3D CG Technology extensively applied to film VFX and ani
mation in digital era. Rigging is the essential work process in 
3D animation and VFX and it is the bridge between modeling 
and animation work. Often rigging on Maya is considered maj
or two process : General rigging and auto rigging. General rig
ging means that riggers check the model, manually put joint st
ructure and make constrain and fk-ik functions etc. Auto riggi
ng is the tool autodesk maya provides to user. It uses human I
K system and automatically generates rigs for digital model wi
thout classic rigging process. However, the humanIk is only 
made for biped creatures not quadruped creature and it has so
me technical issue if it’s applied to quadruped creatures.  
We examine the technical issue of maya auto rig for quadrupe
d creatures and present the solution of generating quadruped c
reatures in quick rig and humanIK in maya. 
 
  

II. Auto rig for quadruped creature 
 
A. Humanik 

 
HumanIK tools in maya provide 3 major environment for ga

me animation team[1] 
 
① More realistic real-time animation. 
② Reduce the repeating working time of real time animati
on, nonlinear motion apply and re-targeting.  
③ Efficient animation without technical trouble shooting ti
me.  

 
Autodesk® HumanIK® (HIK) animation middleware is a 

full-body inverse kinematics (IK) solver and retargeter. 
HumanIK tools in Maya provide a complete character 
keyframing environment with full body and body part keying 
and manipulation modes, auxiliary effectors and pivots, and 
pinning. HumanIK also provides a retargeting engine that lets 
you easily retarget animation between characters of differing 
size, proportions and skeletal hierarchy. 
 
B. Issues on HumanIK for quadruped creature 

 
For apply humanIk on quadruped creature, we need to 

change the neutral bind pose of quadruped creature to the pose 
of biped creatures in advance. The biped pose for quadruped 
one is not looking appropriately however we should follow 
this to provide right structure and measurement to HumanIk 
system. The requirement of neutral pose should apply to all 
quadruped creatures no matter how it’s built or what it is. 
 

• Character should face forward z plus axis. 
• Spines should align to vertical Y axis. 
• Head should line up with hip within 5 degree vertical. 
Neck can has offset in vertical if it’s necessary.  
• Rear legs must line up with Vertical Y axis. This is 
extended from hip to feet. Rear hoof or toes should face 
forward(Z plus Axis). For the best result of getting ground 
contact point, rear hoof or feet should be horizontal to 
ground.  
 

 
Fig. 1 HumanIK initial pose[2] 
 
C. Quick rig for quadruped creatures 

 
HumanIk has potential of reducing rigging processing, easy 
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rigging and integration with motion capture data. Since the li
mitation of humanIk. maya has new quick rig from maya 2017. 
The basic build process of the quick rig is similar to humanIk 
and the beginning process is more automatic. Maya users can 
move the position of joints as they want. Since this new tool a
dded in Maya, we can easily create quadruped rig with this. 
 

 
 
Fig. 2 Quick rig Menu 
 
D.  Issues of quick rig for quadruped creatures 
 

Even with quick rig, we can build various structure of creatu
res comparing to humanIk, still quick rig’s standard structure 
frame is biped creatures. In consequence of this, quick rig has 
basic biped limbs as build option : head, neck, spine, leg, arm,
 hands, foot. Therefore it’s not possible to apply quick rig to q
uadruped creatures that has four legs without any issues. 
Also quick rig generate automatically hands and foot but not f
ingers and toes. We need to re-adjust shoulder and pelvis that 
are made for biped creatures. Quadruped creatures like horse 
and dog, they have developed fingers that are matching to leg 
of biped creatures.  
 

 
Human’s arm and leg skeleton 

Dog’s front and back 
leg skeleton 

Horse’s front and back leg skeleton

 
Fig. 3 Anatomy of human, dog and horse’s limbs 
 
E. Solution for issues of quick rig 
 
a. Add user defined joints 
 

New joints should be created in addition to the basic joint th
at is made from quick rig. see <Fig. 4>. Foreleg of quadruped 
is matching to forearm of quick rig which generates only <sho
ulder>, <arm>, <fore arm>. The skeleton of structure of quick
 rig arm is not sufficient to make rig for quadruped leg and us
er should create <front mid leg> and <front foot> and put und
er <fore arm>. As same as the foreleg, quick rig build automat
ically <up leg>, <lo leg> and <foot>. User should make additi
onal joints like <back mid leg> and <back foot> under <foot> 
skeleton. 
 

 
 
Fig. 4 Quadruped creature structure made by quick rig 
 
b.  Adding user defined rigging system 
 

For helping animators, we made user defined controllers that
 is similar to human feet rig. They are more intuitive to use for
 animation. The animation movement of legs can do rotation a
nd ik- translation simultaneously. It help animators can make 
various leg poses without any problem. We added auxiliary ha
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ndle that works like classic ik handle and it makes realistic leg
 movement of quadruped creatures easily.  
 

 
 
Fig. 5 User defined controllers 
 

User defined joint should be connected to joints under 
<character – reference> group. We can connect this to quick 
rig with two method : parenting and parent constraint. We 
recommend to use parent constraint method because this has 
more neat hierarchy and easy maintenance. The transform 
nodes will be animation handles that are connected to 
effectorAux  with point constraint.  
 
 

III. Advantage of quick rig for quadruped creatures 
 

The classic rigging process needs a plenty of R&D time and 
efforts. The movement of spine and neck as well as 4 legs are 
crucial for quadruped animation and without rigging specialist,
 it’s not easy to build them.[3] Quick rig provide us easy and r
obust basic rigging system for this. With adding some joints a
nd user define rigging to quick rig, it will help rigging process
 easy and fast and the rigs are robust for any time of animation.
 This method shares the advantage of both rigging system : cl
assic 4 legs rigging that has intuitive animation controls and h
uman Ik system that provide realistic movement and fast riggi
ng. 
 

 
IV. Conclusion 

 
On the animation production, the character rigging is the tim

e-consuming and technology based process. Building quadrup
ed creatures has high difficulty and it needs long production ti
me.[4] Auto rig system developed for overcoming those issues
 with automated and intuitive working process. As explained 
above sentences about the benefits from humanIK system, the 
expanded role of digital creatures on feature film and animati
on needs high ends data re-targeting technology and general ri
gs for applying re-targeting. Autodesk Maya only provide bip
ed creatures for auto rigging system to end users. This paper r
esearches and explains the method how maya users can apply 
maya auto-rig to quadruped creatures as main issue. This met
hod will reduce production time on rigging quadruped creatur
es and animation process with intuitive humanIK GUI. On the
 following research, we’ll practically apply this method to ani
mation production and compare the mechanical movement of 
quadruped creatures and biped creatures. 
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Abstract 
 

Modeling is an important constitution of 3D animation. 
Character modeling has been studied extensively in 3D 
animation. But the importance of background modeling 
for 3D animation has been overlooked. This paper 
attempts to improve the visual effects of 3D animation by 
controlling the arrangement of background modeling 
from the perspective of visual and conscious perception, 
grasp the spatiality of background modeling, and achieve 
the research purpose of form systematization. To this end, 
this paper presupposes a standard, that is, Through 
background modeling’s regular, symmetrical, single 
arrangements in the space, making people form the 
systematic visualization. Then demonstrate the 
applicability of this standard in two steps. First, we 
examine the Gestalt principle of organization, reveal the 
association with this standard and provide theoretical 
support for the standard. Second, set the animation 
company Disney and other 3D animation works as an 
example, analyze the use of this standard. Gestalt principle 
of organization is to achieve the means of form 
systematization. Applying standards can rationally 
arrange the background modeling and give people a 
comfortable visual experience to improve the performance 
of 3D animation screen force. 

 
Keywords-3D animation, 3D background modeling, Gestalt 

principle of organization, spatiality, form systematization 

 
I. Introduction 

 
A. Research Background and Objectives 
 

I had ever published the paper <A study on the formal 
systematization within the 3D modeling designs> on Journal 
of Multimedia Information System(JMIS) in September 2017. 
Through the methods of literature investigation and sample 
analysis, on the theoretical foundation of Gestalt principle of 
organization, I drew the conclusion that the simplified, safe 
and symmetrical character modeling in 3D animation is more 
in line with human visual perception is required. However, the 
objectivity of the conclusion of this thesis remains to be 
discussed due to the lack of questionnaires. And the scope of 

this paper is limited to the animation of 3D character modeling. 
There is no study on the background modeling of 3D 
animations; J. Shin proposed the Gestalt principle of 
organization in the paper "A study on media- applied to the 
visual perception theory of Gestalt" published in July 2012, 
assuming the hypothesis of ability to communicate with the 
audience and analyzing as a questionnaire. lee, H. Kim 
published the paper "A study on Expression of Graphic with 
Gestalt theory", published in January 2011.Gestalt theory by 
some means in dynamic images, in a subtle and symbolic 
manner. In the digital environment explore applications. Based 
on time and space, we can analyze the dynamic images in a 
certain way and analyze them with examples of connected 
advertisements, music videos and performances, so as to draw 
conclusions. These papers are all based on the principle of 
Gestalt principle-organization, and this article should also be 
based on the principles of Gestalt principle-organization, form 
systematization research from the perspective of visual and 
conscious perception. Moreover, previous studies show that 
the research content that is related to Gestalt principle of 
organization and 3D Background modeling is currently vacant. 
So in this paper, based on the Gestalt principle of organization, 
it is necessary to study the Form systematization datum of 3D 
background modeling. 

The existing literature lacks the content of visual perception 
associated with the arrangement of 3D background modeling. 
Background modeling's different arrangements in space would 
affect people's visual perception of 3D animation. The 
arrangement of background modeling should be related to the 
Gestalt principle of organization with visual perception as the 
main research object, and background modeling should be 
arranged rationally. Grasp the spatiality of background 
modeling, form systematization is the research goal of this 
paper. To this end, this paper proposes in advance a standard 
for form systematization. Then through the theoretical study of 
the Gestalt principle of organization, analyses the application 
situation of the standard under the existing 3D animation, two 
steps are used to demonstrate its applicability. 

 
B. research methods 
 

This paper attempts to improve the visual effects of 3D 
animation by controlling the arrangement of background 
modeling from the perspective of visual and conscious 
perception, grasp the spatiality of background modeling, and 
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achieve the research purpose of form systematization. The 
specific research methods are as follows: First, we point out 
that the existing research lacks a standard that can rationalize 
background modeling and improves the visual effects of 3D 
animation. Then, a form systematization standard is 
presupposed, and the details of the standard will be mentioned 
below. Second, we examine the relevance of the four 
principles in the Gestalt principle of organization to the 
hypothetical datum, and provide theoretical support for the 
standard. Thirdly, we analyze the background Modeling's 
hypothetical bench marking using the 3D animations 
<WALL.E> and <Despicable me> won by the animation 
companies Disney, Pixar and Universal Studios.  

 

 
 

Fig 1 Analysis method 
 

II. Hypothetical baseline of form systematization 
 

Through the first research, we find that most of the research 
on 3D animation focuses on the character modeling, while the 
research on background modeling is still not enough. However, 
background modeling is also an important part of 3D 
animation. Background modeling provides a virtual space for 
3D animation. Different arrangement of the background 
modeling will form a different space to affect the visual effects 
of 3D animation, thus affecting people's visual perception. In 
other words, background modeling is a way to control the 
visual effects of 3D animations. So this article focuses on the 
study of this arrangement. People perceiving the virtual space 
is not passive acceptance, but a proactive psychological 
process. About the meaning of the three-dimensional is the 
relationship between human and the world, formed under the 
communication and the formation of space on two axes [1]. 
Therefore, we should study from the perspective of visual 
perception as the main research object of Gestalt principle of 
organization. However, how to arrange the background 
modeling to make people's visual perception form a 
comfortable visual experience, thereby improve the visual 
effects of 3D animation, there is a unified standard in the 
existing research. Therefore, in order to solve this problem, 
this paper proposes in advance a hypothetical standard: form 
systematization can be achieved by systematically visualizing 
background modeling by arranging background modeling in a 
regular, symmetrical, and uniform manner in space. 

 
III. Gestalt principle of organization in Psychology 

 
Our brains are the organs that receive information, but it is a 

difficult task for the brain to receive and store all the 
information the eyes see intact [2]. Therefore, our brains need 
to organize, simplify and unify into a coordinated whole in 
some ways to make them easier to recognize and understand. 
As a result, Gestalt psychologists have proposed several 
organizational principles that illustrate how the brains organize 
and understand a range of elements. 

 
TABLE I 

GESTALT GROUPING PRINCIPLE 
 

 Grouping principles and 
illustrations Feature 

1

Law of Proximity 

 

elements close to 
each other in space 
are more likely to 
be seen as a group 
than those that are 
far apart. 
 

2

Law of Similarity 

 

people's visual 
perception is easy 
to organize similar 
parts into the 
whole. 
Similar in shape, 
Similar in size, 
Similar in color, 
Similar in material.

3

Law of continuity 

 

When a certain 
form or 
organization has 
directionality and 
continuity, it is a 
characteristic 
common to the 
form. Soft 
continuity runs 
naturally in one 
direction, and 
objects are highly 
likely to see the 
same belonging..

4

Law of Closure 

 

people's vision and 
perception have 
incoherent, notched 
graphics that make 
it as 
psychologically 
closed as possible. 
It makes it a 
complete 
continuous graph.

 
From Table 1, visual and conscious perception through the 

principle of proximity, according to the different distances 
between elements, the elements of the law of classification; by 
the principle of similarity, according to the same size, the same 
shape, the same color, the same material elements of the law 
Class; according to the principle of continuity, according to the 
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directional strength of the elements arranged between the 
elements of the arrangement; by closed principle, notched, 
unsafe graphics perception as possible into a complete, single 
form. Through the relationship between organizational 
principles and the references mentioned in this article, 
organizational principles are the means to achieve a regular, 
symmetrical and single Form systematization. 

 
V. Application of Organizational Principle in 3D 

Animation 
 

In the previous chapter, we investigated the relationship 
between organizational principles and form systematization, 
and provided theoretical support for the standard. In order to 
continue arguing the appropriateness of this standard, this 
article examines the use of organizational principles in existing 
3D animation works. Two examples were chosen for this 
article, one for <WALL.E> and the other for <Despicable me>. 
The reasons for choosing these two are as follows: The first 
and the second are both world famous animation companies 
Pixar, Disney, Universal Film company produced works, and 
the former won the 81st best animation lengthy award, and the 
66th golden globe best animated short film award; The latter 
was nominated for the 86th Academy Award for Best 
Animation and nominated for the 71th Annual Golden Globe 
Award for Best Short Film. So has a high degree of recognition. 
Second, the instance of background modeling chosen makes 
sense for the animation itself. The <WALL.E> is selected at 
the beginning of the video, and then background modeling is 
the atmosphere for the film paving the way. Background 
modeling used in <Despicable me> appears at the end of the 
work. It provides a virtual space for the culmination of some of 
the episodes. Therefore, it is appropriate to study these two 
examples. 
 

 
 

Fig. 2 <WALL.E>Background modeling of the starting 
 

 
 
Fig. 3 <WALL.E>Application of continuity principle diagram 
 

Fig. 2 is a scene model that appears at the beginning of 
<WALL.E>, where the designer depicts a world full of junk 
through background modeling, but when people look at these 
background modelings which do not create a clutter in the 
human visual. Because there are a lot of rubbish in the picture, 
they all appear in a similar triangle shape, and as can be seen 
from the explanatory diagram of Fig. 3, the arrangement of 

these rubbish heaps follows the principle of continuity, that is, 
visually form a clear direction of the ups and downs. It is 
precisely because of this arrangement of designers, in order to 
allow messy rubbish heap in the visual form of a regular 
manner, the formation of a systematic form of space. 
 

 
 

Fig. 4 <WALL.E> Background Modeling of the Starting 
 
 

 
 

Fig. 5 <WALL.E> Application of Continuity Principle Diagram 
 

Fig. 4 is another scene at the beginning of <WALL.E>, 
which is a top-down view of the scene. It showed the audience 
that the protagonist robot is shuttling in the garbage scene. 
There is no strict connection between the rubbish heaps, but 
they are visually integrated and form an airtight space, which 
also has a clear directionality. By arranging the rubbish heap 
intelligently, using the principle of closure and continuity, 
designers perceive the audience as having a path in the rubbish 
heap, which is the embodiment of form systematization. The 
protagonist is through this path, the shuttle in the garbage. 
 

 
 

Fig. 6 <Despicable me> Red castle background modeling 
 

 
 

Fig. 7 Top view of the red castle 
 

This is the background modeling that appears at the end of 
the climax in <Despicable me>. Through the principle of 
proximity, the designers make the Fig. 10 circular small 

- 130 -

[The 2nd ICCT | International Conference on Culture Technology]



background modeling presented systematic morphology of 
1,2,3,8 a group, 4,5,6,7 a group, 9 and 10 a group. At the same 
time 1,2,3,8 and 4,5,6,7 these two groups is still symmetrical 
morphology. All background modeling is based on the red 
color, that is, the color is similar in order to form a systematic 
visual form. And the shapes of the 10-circular small 
background modeling are also similar. Therefore, designers 
through the principle of proximity, the principle of color 
similarity, the principle of shape similarity, so that background 
modeling presents a regular, single, symmetrical system of the 
form. 

Through the principle of continuity, adjust the level between 
the garbage dumps, and make it arranged in a certain direction, 
forming coherent ups and downs, thus avoid the clutter of 
visual experience. Through the principle of closure and 
continuity, place the garbage dumps dexterously, form a visual, 
airtight, directional "path" shape. Through the principle of 
proximity, 10 prototypes of background modeling are visually 
arranged into several symmetrical groups to form a systematic 
arrangement. Through the similar color, background modeling 
unified to design red. As you can see from the above example, 
designers do intend to use background principles to design 
background modeling into a systematic, single, symmetrical 
pattern. This fact can provide some support for the 
appropriateness of this standard. Although it is not possible to 
fully confirm whether they were designing on the basis of the 
Gestalt principle of organization, it can be seen from the just 
case analysis that it is feasible to use the principle of 
organization to achieve systematic visualization, at least for 
confirmation Yes, the organizing principle is an appropriate 
way to implement the form systematization, and this form 
systematization has also been applied in 3D animation. 
 

IV. Conclusion 
 

In order to study how to achieve the form systematization, 
control the arrangement of background modeling, grasp the 
spatiality of background modeling and improve the visual 
effects of 3D animation. Therefore, the paper first proposed in 
advance a hypothetical standard: the background modeling in 
the space of the law, symmetry, a single arrangement can 
produce systematic visual and conscious experience, achieve 
form systematization. Secondly, we investigate the Gestalt 
principle of organization characteristics, which focus on visual 
perception. The relationship between these principles and the 
standard is revealed. The principle of proximity classifies 
elements according to the distance between elements. The 
similarity principle is based on the element size, shape, color, 
material and other properties of the different elements of the 
classification; the principle of continuity according to the 
direction of the elements arranged in the direction of the 
strength of the elements classified; closed principle will be 
gapped, insecure elements as possible into a complete, single 
form. The four principles realize form systematization by 
means of categorization, so the organizing principle is the 
means to achieve form systematization. Then, taking the 3D 
animated works "WALL.E" and "Despicable me" of 
well-known animation companies Disney, Pixar and Universal 
Studios as an example, this paper analyzes the application of 
the form systematization standard in the animation and adjusts 
the garbage collection by the principle of continuity between 

the level and make it arranged in a certain direction, forming a 
coherent ups and downs, thus avoiding the clutter of visual 
experience. Through the principle of closure and continuity, 
clever placement of garbage dumps, the formation of a visual, 
airtight, directional "path" shape. Through the principle of 
proximity, 10 circular background models are visually 
arranged into several symmetrical groups for systematic 
arrangement. Similar to the color, background modeling will 
be unified into a red, forming a unified whole. The organizing 
principle is an appropriate way to implement the form 
systematization, and this form systematization has also been 
applied in 3D animation. The use of standards, rational 
arrangement of the background modeling, to achieve form 
systematization, can produce regular, comfortable, overall, 
simple visual experience. 
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Abstract 
 

Color is able to appreciate and easy for us. Many people 
use color to explain typical character of some material 
object. People understand color is one of representative 
material object character. However, color and color 
adjective metaphor has no common point. Because, it is 
not clarified about color and adjective metaphor 
connectives. In this study, authors tried to clarify 
connectives between color and adjective metaphor 
categories. Subjective evaluation was used to clarify 
connectives. 

 
Keywords; color; adjective; metaphor; evaluation; subjective 

  
I. Introduction 

     
Our impression was conveyed by word from information 

through our sensibility. About 70% perception is came from 
visibility. Especially, color is easy and understandable element 
for us.[1] Therefore, many people use to color to explain typical 
character of some material object.[2] People understand color is 
one of representative material object character.[3] Thus, color is 
recalled by material object and this relation is called color 
recall. Color recall is constructed by two factors as color and 
adjective metaphor.[4] Adjective metaphor occurs from color 
and some material object. Material object has typical 
significances including color. Typical significances are 
expressed by adjective metaphor.[5] This typical significances 
of adjective metaphor affect recall of color. After all, color is 
related to some adjective metaphor. Such metaphor is called 
color adjective metaphor. Color adjective metaphor is often 
used in graphic design to provide some product impression. 
Color adjective metaphor is one of benchmark in color scheme 
decision.  However, color and color adjective metaphor has no 

common point in many peoples. Therefore, color scheme 
design is not always matched with product image. Because, it 
is not clarified about color and adjective metaphor connectives. 
In this study, authors tried to clarify connectives between color 
and adjective metaphor categories. Subjective evaluation was 
used to clarify connectives. 
 

II. Method 
 
A. Purpose 
 

Relation among color and adjective metaphor category were 
evaluated by subjective evaluation using seven scale 
questionnaire. 36 colors were used in evaluation. These colors 
base on categorical color with different value. 39 typical 
adjective metaphor categories were used in evaluation. These 
adjective metaphor categories were classified from meaning of 
adjective metaphor in Japanese language. 
 
B. Subject 
 

Ten subjects include eight males and two females. Range of 
age was 20 to 23 (the average was21.4 years of age). All of the 
subjects had normal visual acuity, either natural or corrected 
using glasses or contact lens (binocular sight was 1.0 or greater, 
and their color vision was confirmed by Ishihara test plate.). 
Subjects were provided with a thorough explanation regarding 
the purpose and the methods, and their consent was obtained 
prior to the experiment. 

 
C. Apparantus and stimulus 
 

Color stimuli was made 36 colors based on categorical color 
with different value. Color stimulus was made by Adobe 
Photoshop CC. Color was chosen from web safe color without 
hard to distinguish color by preliminary experiment (seven 
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subjects observed). 36 colors were included black and five 
scale brightness with seven hue included, Gray, Red, Orange, 
Yellow, Green, Blue and Purple. All colors were able to 
distinguish subjectively.[6][7] Objectively, eleven brightness 
scale were used in color stimulus. (All colors were set five 
scale brightness subjectively. Because, some color is able to 
look different hue on objective brightness scale used.) Each 
color stimulus has 5 degree of visual angle of regular square 
from 50cm distance. Color stimulus was shown central 
viewing area. Because, memory of the central detail 
information of the emotional condition was better.[8] 

Back ground of color stimulus was used L*=50 gray color 
measured by spectrophotometer (Topcon, SR-3A, fig1). Color 
stimuli was shown by 24 inch LCD Display (EIZO, Color 
Edge CG248-4K, 185ppi) and computer (Apple, Mac mini 
2014). Color space was set adobe RGB color space (6500K, 
gamma 2.2). Display and computer were connected by Display 
Port cable for use 10 bit color. 

39 adjective metaphor categories were classified from 
typical meanings of Japanese language. [8]39 adjective 
metaphor categories included, deep-shallow, thick-thin, 
simple-detail, heavy-light, hard-soft, durable-brittle, high-low, 
rough-smooth, sharp-dull, strong-weak, wide-narrow, 
large-small, far-near, long-short, loose-tight, new-old, 
fast-slow, taste, tactile, visibility, smell, hearing, danger-safe, 
showy-quiet, beauty-ugly, difficult-easy, correct-wrong, 
good-bad, smart-silly, glamorous-shabby, dainty-unrefined, 
extreme-moderate, behavior, busy-free, emotion, temperature, 
painful, many-few and rich-poverty. 39 adjective metaphor 
categories were evaluated by seven scale of recall relation 
check sheet. Recall relation check sheet was shown and 
answered by tablet computer (Apple, iPad 4th generation).  
Seven scales were used pull down select menu. Seven scales 
was used only check connectivity of adjective metaphor 
categories. But, it is not check for extent of adjective metaphor 
category. Subjective evaluation was executed in dark room. 

 

Fig.1 Sample of color stimulus with background. 
 

D. Procedure 
 

 Subject was sat in darkroom from 50cm of display.(Fig. 2) 
Subject has adaptation time about 30 minutes. Since adapt time, 
color stimulus was shown and Subject was started answer 
color and adjective metaphor recall relation used tablet 
computer with seven scale check sheet on 39 adjective 
metaphor categories. Subject finished answer, color stimulus 
disappeared 30 second and after appeared next color stimulus. 
30 second blank time was set for restraining previous color 
affect to subject impression. Subject was answered all of 36 

colors. Color stimulus has no limit time to shown subject till 
finish their answer. Color stimulus was shown at random 
between subjects. If subject has question, then assistant answer 
the question.  

 

 
E. Analysis 
 

One-way ANOVA was used to compare the subjective 
evaluation. Multiple comparison of Bonferroni test was use to 
compare each factors of adjective metaphors, hue and value. 
 
F. Results 
 

Result was shown in figures. (Fig. 3-Fig. 5) Results were 
shown that higher score of adjective metaphor categories were, 
deep-shallow, thin-thick, heavy-light, hard-soft, new-old, 
visibility, danger-safe, showy-quiet, beauty-ugly, 
dainty-unrefined, emotion and temperature. (P<.01, F=24.73, 
Fig. 3) Adjective metaphor categories of high-low, 
rough-smooth, far-near, long-short, fast-slow, smell, hearing, 
painful and many-few is low score from 36 colors. Results of 
compare of hue was shown purple is low score than other 
colors. (P<.01, F=9.71, Fig. 4) Results of value shown, high 
brightness levels of 192, 216 and 240 were low score to 
adjective metaphor. (P<.01, F=4.359, Fig. 5) Results were 
shown each adjective metaphor categories has different 
connectivities of recalling between colors.  

 

Fig. 2 Results of each adjective metaphor connectivities between all of 
36 colors. (error bar is S.E.) 

Fig.2 Subject observed color stimulus 
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Fig. 3 Results of each hue of score. (error bar is S.E.) 
 

Fig. 4 Results of each value of score. (error bar is S.E.) 
 

III. Discussion 
 

Results were suggested adjective metaphor categories of 
deep-shallow, thin-thick, heavy-light, hard-soft, new-old, 
visibility, danger-safe, showy-quiet, beauty-ugly, 
dainty-unrefined, emotion and temperature has strong 
connectivities between 36 colors. These strong connect of 
adjective metaphors were able to thought color is most 
important factor to judgement their categories. On the other 
hand, adjective metaphor categories of high-low, 
rough-smooth, far-near, long-short, fast-slow, smell, hearing, 
painful and many-few were able to thought that does not 
depend on colors to judgement. Adjective metaphor categories 
of high-low, rough-smooth, far-near, long-short, fast-slow and 
many-few were used to judge by numerical value or geometry 
of visibility, and categories of smell, hearing and painful were 
not used to judge by visibility. These results are suggest 
important factor is recall stronger to connect some kind of 
metaphor. Purple was low score in results of hue. It is thought 
purple is difficult to distinguish than other six hue categories. 
Because, purple is darker than other six hue categories on web 
safe color. Higher brightnesses are low score in results of value. 
At web color of high value stimuli, chroma is going to higher 
too. It is thought that subject feel vivid extremely in dark room. 
However, results of score is not huge affect by color factors of 
hue and value. This suggests specific color influence does not 
define color recalling between adjective metaphors. Moreover, 
it is thought color recalling between adjective metaphors needs 
several color to connect adjective metaphor. 

 
IV. Conclusion 

 
Results of subjective evaluation were suggested adjective 

metaphor and color connectivity is depend on important factor 
of judgement some condition. It is thought color is represent 

typical statement on adjective metaphor. These statement is 
able to connect color and adjective metaphor. However, results 
suggest color is not always recall adjective metaphor. It is 
thought one of reason of mismatch in color scheme design. If 
used non color recalling adjective metaphor, it is hard to recall 
color. In this design case, product image is provided by 
geometric design or other sensibilities to recall image of 
adjective metaphor. In this research, only evaluated by 
Japanese young ages. Color and adjective metaphor is affect 
from grammar and cultural background. It is suggest that can 
be seen other connectivities in other countries.[10] If one 
discovers common connectivities between color and adjective 
metaphor, design of color scheme is more useful for us. 
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Abstract—Pakistan is facing severe short fall in 

the energy sector since last two decades, which is affecting 

badly the industrial development and economic growth as 

well as adds woes and miseries to the lives of the people.In 

this regard the government has planned various strategies 

and these are being implemented, in order to resolve the 

issue of power crises. A beneficial, cost effective method 

applied, to conserve the electrical energy narrow the gap 

between demand and supply, is the use of Automatic 

Meter Reading (AMR) and the Load Data Improvement 

Program (LDIP). Composite Efficiency Index (CEI) is 

worked out using two variable factors i.e. line losses of 

11KV feeder and its revenue recovery of energy bill 

amount. In this paper, we have tried to address the issue of 

electrical power shortage issues in Pakistan in a different 

aspect. Although the government is trying to address this 

issue on its own level by constructing more dams but the 

power shortage may prolong for further few years. 

Keywords—Energy Conservation, AMR, Line Losses, CEI 

I. INTRODUCTION 

From the day of independence till 1990’s the country was 

self sufficient to meet its electrical energy demand. However 

with the passage of time, the demand of energy was 

continually being  increased tremendously, in the industrial, 

commercial and domestic sector, but no major power projects 

were established after 1980’s, which signals the severe power 

crises to be confronted with the country very soon in the near 

future [1]. In this regard many factors were contributing in the 

power crises of the country, such as the failure to construct 

power houses timely which producing cheap electrical energy, 

the incapacitated, old and deteriorated transmission and 

distribution system, to cater the perpetually increased demand, 

which result into system constraints, poor administrative 

control (theft of electricity) and weak management on the 

distribution side [2]. 

In order to cope with this crucial situation the government, 

ultimately made a plan and formulated the energy power 

policy focusing mainly on the development of thermal power 

sector to meet the energy demand on midterm basis. In this 

context in 1994 the government inked an agreement with the 

independent power producers (IPP’s) to construct thermal 

power plants so that to get narrow the gap between the 

demand and supply. 

In Pakistan the electrical power is generated mainly by 

using mostly non-renewable sources of energy, such as fossil 

fuels (Furnace oil, Natural gas, Coal) nuclear and renewable 

sources like hydel, solar, wind power [3]. The government 

shall needs to focus on it to exploit the potential of other 

renewable prospective energy sources, such as biogas, 

geothermal, tidal wave energy, so that to produce the clean 

electrical energy, which is being more environment friendly 

[4]. 

In this regard the government has planned and various 

strategies being implemented, in order to resolve the issue of 

power crises. One of the immediate and most cost effective 

way adopted on short term basis was to conserve the electrical 

energy by educating, motivating the people by bringing 

change in their behavior regarding energy consumption, by 

giving incentives, like two part tariff, subsidized the duties on 

efficient energy gadgets to industrial, commercial and 

domestic consumers, enabling them to replace the inefficient 

energy consumption gadgets with the energy star and efficient 

one. It is pertinent to note that the energy conservation 

achieved in this way will required no need of heavy capital 

investment and long period of time. 

   In Pakistan mainly the electrical energy is generated by 

using mostly non-renewable sources of energy, fossil fuels 

(Furnace oil, Natural gas, Coal) nuclear and renewable sources 

such as hydel, solar, wind power. The other renewable 

prospective sources, biogas, geothermal, tidal wave energy 

which needs the focus of the government to exploit its 

potential to produce clean electrical energy, being more 

environments friendly [5].  

    The country faces severe short fall in electrical power since 

last two decades and still continue, which affect severely the 

development and economic growth as well as adds woes and 

miseries to the lives of people. After 1980 no major 

development have been done in the field of hydroelectric 

power sector and ultimately the government made a plan and 

formulated energy power policy focusing mainly on the 

development of thermal power sector. In 1994 the government 

inked an agreement with the independent power producers to 

construct thermal power plants to narrow the gap between the 

demand and supply. The government vigorously peruses the 

policy of energy conservation, because there is tremendous 

potential to conserve the energy without being investing huge 

capital for the installation of power plants, by just adopting the 

energy conservation measures and replacement of inefficient 
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electrical gadgets with the energy star and efficient one. In this 

regard to bring about the change in consumers behavior by 

educating them regarding the importance and necessity of the 

saving the electrical energy which help both, in the shape of 

reduction in the demand, and saving in their cost of energy bill 

amount as well as saving in the national exchequer. 

Figure 1: Types of Losses 

In the electrical transmission and distribution system the 

technical Losses occurs inevitably because of the 

characteristic property of the conductive material. Hence we 

have to try to keep it at minimum level. To keep it at 

minimum possible level it is necessary to find out the causes 

of losses in system and its remedial measures.  

There are two types of technical losses i.e. fixed losses and 

variable losses as shown in figure 1. Fixed losses almost 

remain same as per change in current. These losses appear in 

the form of heat and noise. When the transformer is given 

supply these losses starts to occur. These losses are around 

25% to 30% of total technical losses [6]. 

 In the high voltage level transmission system corona 

losses occurs of which impact must be considered. Variable 

technical losses in system are mainly due to current opposition 

by resistivity of conductor and winding material of 

transformers. Variable losses differ with the amount of 

current. These losses are directly proportional to square of the 

current. The percentage of these losses turn around 75 to80 

that of total technical losses. We can reduce these losses by 

increasing the cross sectional area of lines and cables for a 

given load. These losses are analyzed through Computer 

Aided Simulations of Distribution Network. Accuracy 

depends on network operating parameters i.e. Load, Load 

Factor, System Configuration, Conductor Size, Diversity 

Factor, Voltage, Frequency, and Length of Line, Transformers 

and Load Density. At high voltage level the transmission 

losses are at the lower level comparatively, high quality of 

power supply with almost no voltage drop, less burn out of 

motor. Extension of primary distribution line i.e. 11.5KV near 

to the premises of the consumer and Installation of low 

capacity single phase distribution transformers according to 

the load demand of consumer’s instead of large capacity 

transformer feeding numerous consumers, will help in reduce 

the losses [7]. 

II. LITRATURE REVIEW

The electricity is an essential commodity in the 

development and growth of the economy of the country. 

Electricity considered as a most important factor in 

production and consumption in the economy around the 

globe, (IEA, 2005). Demand for electricity is more than the 

supply of electricity generated in Pakistan. The total power 

generation capacity of Pakistan in 1947 was 60 Mega Watt 

(MW) and demand was almost the same. The installed 

capacity of electrical energy increased with the course of time 

i.e. in 1970 636 MW, in 1975 1331 MW, in 1980’s 3000 MW 

and in 1990-91 8000 MW. As the population grew up the 

demand for consumption of electrical energy also increased in 

all sectors accordingly. During the period of 1960-1980 the 

main focus of the policy makers was on hydel electricity 

generation projects but missing the idea of developing the 

power generation houses using alternatives sources of fuels in 

order to increase the cheap electricity generation and meet the 

demand. Resultantly there was gap between demand and 

supply occurs and the country start facing severe electric 

power shortages and outages, which has been affecting the 

lives of people in all sectors as well as slowed down the 

economic growth of the country [8]. 

In recent years main focus was made on the construction 

of thermal power plants with the main source of fossil fuel 

disturbing greatly the price of electricity in the country 

because the other alternative generation resources of 

electricity like hydel and renewable ones ignored miserably. 

This worst situation in shortfall of electricity and 

incapacitated power generation system unable to meet the 

total demand of the country raised because of the sheer lake 

of vision, commitment and political instability. 

The major electrical power producers in the country are 

Water and Power Development Authority (WAPDA), Karachi 

Electric (K.E), Independent Power Producers (IPPs), Pakistan 

Atomic Energy Commission (PAEC). The total installed 

capacity of power in Pakistan is 22,797 MW in 2016 and with 

the passage of time the power houses become old and its 

efficiency, is dropped to almost 17000 MW. During the hot 

summer season the country faces a shortfall of around 

4000MW to 5000MW. 

The consumers lack the knowledge about the incentives to 

use and effectively applied the demand response program. 

There is another effective tool to response automatically to the 

incentives is the Home Energy Management (HEM) system. 

The main feature of HEM program is to minimize consumer 

bill amount that will enable consumer to take part actively in 

the demand response program to make it fruitful [3]. 

The sustainable socio-economic development mainly relies 

on a workable future power grid to gain this goal. A properly 

functioning future power grid will be able to contribute to (i) 

environmental friendly de-carbonization of energy sources, (ii) 

improvement in efficiency to process conversion and end user 

(iii) clean transportation [4]. 

Many consumers are investors who would have little 

interest in the electrical energy conservation due to the factors 

such as ignorance, lack of knowledge about the technical skill 

of modern technology and its financial impact. The financing 

issue is another factor which hinders the potential benefit to be 

achieved in this regard [5]. 
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Many consumers are investors who would have little 

interest in the electrical energy conservation due to the factors 

such as ignorance, lack of knowledge about the technical skill 

of modern technology and its financial impact. The financing 

issue is another factor which hinders the potential benefit to be 

achieved in this regard [5]. 

The Power Distribution Companies (DISCO’s) and 

NPCC/RCC has planned to utilize the existing infrastructure 

in an efficient and cost effective way by reducing and shifting 

peak load demand during peak hours by installing Load Data 

Improvement Program (LDIP) and adopting two part tariff 

policy for the consumers which resultantly benefit the 

consumers by conserving electrical energy and saving the cost 

of bill amount [6]. 

III. MOTIVATION

Due to the prevailing power crises, since long therefore, 

the country in general and PESCO in particular, is being 

facing, huge scheduled and un-scheduled (due to system 

constraint), power outages (load shedding) for long hours, 

which has to be carried out to meet the gap between power 

supply and demand so that to ensure power network system 

stability, reliability and avoid total blackout and breakdown.  

In order to mitigate the severity of the shortfall in electrical 

energy and to minimize the gap between demand and supply, 

the government should have planned and framed policies to 

provide and ensure all the available resources to execute these 

plans. For this purpose to achieve the goal, there are several 

plans which are considered and being implemented on top 

priority basis i.e. 

1- Immediate plan 

2- Short term plan 

3- Medium term plan 

4- Long term plan 

The problem of power crises needs to be resolved as 
earliest as possible to bring relief and prosperity in the lives of 
public and meet the power demand of industry, cost 
effectively. There are several plans and strategies being 
considered and under implementation phase, the smart grid 
approach is one of the best prospective solutions to the 
problem. The smart grid apply the modern technology to 
involve and interact the general consumers with the power 
utilities smartly by diverting the huge energy consumption 
gadgets operationduring peak demand hours to off peak low 
tariff zone. 

IV. AUTOMATIC METER READING

Conventional meter reading data collected by human is not an 

efficient way to meet the continuously increasing demand of 

domestic sector. The automatic meter reading (AMR) system 

is the solution to this issue which functions in automated mode 

to record the readings and transmit to the remote control 

center automatically of all type of consumers such as 

industrial, commercial and domestic one. 

The AMR meters use the communication module which 

enables it to receive and send the electrical data and other 

relevant information over the telecommunication network to 

central system. The AMR meters use one-way 

communication. 

The conventional system had been in use since years 

needed to be replaced by modern system using the advance 

technology so that to redress the issues related with the 

conventional meter reading system. The extensive potential 

benefit and facility of this modern system cannot be denied 

either by the utility or the consumers. 

V. LOAD DATA IMPROVEMENT PROGRAM 

Load Data Improvement program was installed in the 

Peshawar Electric Supply Company (PESCO) by using the 

modern technology of Automatic Meter Reading. Its main 

purpose is to monitor, supervise and control effectively the 

load management program with interaction of grid substation 

staff using this technology, in order to minimize un-scheduled 

load shedding and give relief to the general public and other 

consumers such as commercial and industrial ones. With the 

application of this program overloading of power and 

distribution network system during peak hours is made 

manageable, ensure stable power flow by avoiding unwanted 

breakdown, also make ensuring electrical energy conservation 

and reduced cost of consumer bill amount while carrying out 

load shedding implementation on the basis of composite 

efficiency index (CEI). 

Advantages of Load Data Improvement Program: 

 Minimizing the Technical Losses & Improves the

system reliability

 Help  Improves the System voltage

 Improves the power factor which results in demand

reduction resulting electrical energy conservation.

 Helpful in Preventive Maintenance

 Help to avoid overloading of power transformer and

extend its life.

 Reduces billing errors

 Maximize the service confidence.

 Maximize the information about power usage to

conserve electrical energy and save money.

The Data received from the AMR meters installed at the 

11KV incoming and outgoing feeders as shown in figure 2. 

 AMR meters are installed at the Grid station 11KV

outgoing panels,commercial and industrial

consumers.

 From the grid station the meter sends the recorded

data over the GPRS, GSM, 3G or 4G LTE, on the

availability of each of them, and utilizes the media.

 The data is then transmitted to the Central Data

repository Center at Lahore; the telecom center’s

installed MSC (Mobile Switching Centers) at the

centre, enable to receive and consolidated the data

near to real time for monitoring, control, supervision

and analysis.

 At the Central Data Center , National Operation

Center (NOCs) 4 servers are installed which performs

the functions.

o One Receives the data from the meters installed at

the incoming and outgoing feeders.

o Second server performs the compilation process.

o Third server maintains the database.
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o Fourth server supplies the data to the different end

users i.e. NPCC/RCC, Ministry of Water and

Power and Power Distribution Centers at

company head quarter level.

 Web based application is used to access the server 

and retrieve the data from the Central  

Datarepository Center and is accessed over a static IP internet 

connection. 

Figure 2: LDIP Architecture 

VI. PROPOSED METHODOLOGY

By adopting this modern technology, enables the power 

distribution company (Discos) to apply CEI (Composite 

Efficiency Index) based load management plan, on all 11KV 

feeders for different periods of hours. Feeders having lowest 

figures of CEI are worst ones in terms of high losses and poor 

recovery of revenue, facing long duration of load shedding 

thus enabling to avoid overloading, breakdowns  any damage 

to precious power equipment, ensuring  smooth and stable 

load curve during the peak  demand hours ,which results in to 

reduce the technical/administrative loss in power  and 

distribution network system and ultimately conserves the 

energy and save the cost of  bill amount of consumers  and 

also the national exchequer in million of rupees. Due to power 

crises there is shortfall in order to meet the gap between 

supply and demand, load shedding become inevitable. A 

criterion was needed to be implement load shedding program 

indiscriminately, which based on reason, for this purpose a 

formula was worked out. 

CEI = Composite Efficiency Index 

𝐶𝐸𝐼  =
(100 − %𝑎𝑔𝑒 𝐿𝑖𝑛𝑒 𝐿𝑜𝑠𝑠𝑒𝑠)  ∗ %𝑎𝑔𝑒 𝑃𝑟𝑖𝑣𝑎𝑡𝑒 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦

100

The feeder lies in the category of 0 – 10 % range of 

CEI as shown in table 1, which reveals the worst condition in 

line losses and revenue and therefore the highest number of 

interruptions of power supply is carried out on this as well as 

on all such feeders accordingly in order to get narrow the gap 

between power supply and demand, avoid overloading, 

breakdown of power network system also result in electricity 

energy conservation and saving in the bill amount of consumer 

and the national exchequer during peak hours particularly. 

S.No CEI Category 

No of 

Interruptions 

Feeders (01-

Hour Each) 

No of 

11KV 

Feeders 

1 0 – 10 % 20 61 

2 10.1 – 20 % 20 71 

3 20.1 – 30% 16 76 

4 30.1 – 40 % 14 61 

5 40.1 – 50 % 12 63 

6 50.1 – 60 % 6 104 

7 60.1 – 70 % 4 104 

8 70.1 – 80 % 4 88 

9 80.1 – 90 % 4 35 

10 
90.1 % and 

Above 
0 49 

11 
Industrial + other 

Feeders 
0 200 

Table: 1 CEI Based Load Shedding Slab 

Figure3: %age Losses 

The load shedding is being carried out according to 

the CEI worked out on the basis of %age losses of the feeder 

as shown in figure 3 and recovery shown in figure 4. 

Figure4: %age Recovery 
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Figure5: %age CEI 

The figure 5 illustrates the %age CEI of the feeders, and the 
load shedding is planned and implemented according to the 
category in which the CEI lies as shown in Table 1. 

Figure6: %age Loss, Recovery & CEI 

The figure 8 illustrates the feeder’s %age loss, %age 
recovery and their CEI. The feeders having poor CEI are 
subject to more number of power outages (planned) as 
compare to others having good CEI on which less number of 
power interruptions are carried out as shown in table 1. 

Name of 

Feeder Mall Road 

Quarter %age Losses 

%age 

Recovery C.E.I 

Jul-Sep 2015 41.3 112 65.7 

Oct-Dec 2015 35.8 114.6 73.63 

Jan-Mar 2016 34.15 112.9 74.3 

Apr-June 

2016 32.69 109 73.4 

Table 2: ChagharMatti, Lala& Mall Road feeder data 

CEI is illustrated for four quarters as mentioned in table 2. 

Planned Load shedding is carried out as per category of CEI 

referred to table 1. 
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Name of 

Feeder ChagharMatti 

Quarter %age Losses 

%age 

Recovery C.E.I 

Jul-Sep 2015 84.4 4.7 0.7 

Oct-Dec 2015 81.4 5.65 1.05 

Jan-Mar 2016 81.6 6.1 1.1 

Apr-June 

2016 77.7 7.7 1.7 

Name of 

Feeder Lala 

Quarter %age Losses 

%age 

Recovery C.E.I 

Jul-Sep 2015 53.7 72.5 33.6 

Oct-Dec 2015 44.2 82 45.79 

Jan-Mar 2016 40.57 84.4 50.2 

Apr-June 

2016 42.2 89.3 51.6 

Figure7: ChagharMatti Feeder 

As reveal from the figure 7 the maximum %age line losses 

incurred on the feeder also the %age recovery very poor, 

resultantly the CEI worked out ranged in 0.7 to 1.7, therefore 

maximum number (20 Hrs) of planned power interruption is 

carried out on the feeder referred to table 1. 

Figure8: Lala Feeder 

The CEI of the feeder ranged 33.6 to 51.6 as shown in 

figure 8, displays gradual improvement and therefore the 

planned load shedding is carried out according to the CEI as 

per table 1. 
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Figure9: Mall Road Feeder 

The mall road feeder comparatively low %age line losses 

and having %age recovery is very good as shown in fig 9, the 

overall CEI ranged 65.7 to 73.2 therefore minimum (only 04 

hrs) as per table 1. 

VII. CONCLUSION

In this paper, we have tried to address the issue of 

electrical power shortage issues in Pakistan in a different 

aspect. Although the government is trying to address this issue 

on its own level by constructing more dams and utilizes other 

sources of energy but the power shortage may prolong for 

further few years. Hence, we have presented a load 

management formula and AMR technique with the help of 

which we can improve the shortfall up to some extent. We 

considered 3 feeders in our research work and considered the 

analysis by the use of our technique. We observed significant 

improvement in the losses as well as financial recovery for 

WAPDA. The methodology proposed is restricted to KPK 

province but can be successfully applied to any feeder across 

the country.  
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Fig. 2 Our overall system 

 

A. Acquiring Route Segments from Strava Datasets 

Two main classes that we use to acquire route segments 
from Strava are the GetLocation and JSONTask classes. Our 
system gets a location on Google Maps (for Android) from a 
user and then uses the GetLocation class to get the GPS 
location. We assign the specified location as a center for 
creating four grids on the map for finding Strava segments. 

Then, the JSON Task.execute command is invoked to 
execute the segment Explore command, a Strava API. The 
command returns up to 10 popular segment objects, each of 
which consists of ID, name, average grade, the latitude and 
longitude coordinates of a start and end point of each segment.  

The Explore command returns a maximum of 10 segments 
only, no matter how large the area specified. In this case, if a  
specified area is large, ten segments will be too few to find an 
optimum route. Hence, if a user-specified area is greater than 
four square kilometers, we will divide that specified area into 
four grids (Figure 4). Then, we call the Explore command four 
times (once per each grid) to get the total of 40 segments.  

 

 
Fig.4 Four grids for finding Strava segments 

Our program assumes that the diameter of a bicycle wheel is 
one meter. Hence, the distance traveled by a bicycle wheel in 
one complete turn is equal to 0.00314 kilometers. Pseudo 
codes of the procedure are shown in Figure 5. 

 
 Repeat 

Get the GPS location of a location specified by a user  
If can_get_location Then 

 If specified_area > 4  
           Calculate locations of 4 grids (user location is center)  
      (top right and left, bottom right and left.)  
 Else  
   There will be only one grid 

 For each grid  
           Execute http requests to fetch JSON segments  
           from Strava API  

 Until can_get_location 
  

Fig.5 Acquiring route segments 
 
  

B. Finding the Optimum Path 

We adapt the Floyd-Warshall Algorithm to find the 
optimum route from acquired Strava segments, as stated in the 
previous section. This method calculates the shortest paths 
among all nodes. Starting from a specified location (current 
location), an optimum route is calculated not only by 
considering the shortest distance between nodes, but the length 
of each segment.  

To choose the next segment, the proportional ratio (length of 
a segment/shortest distance between a current location and that 
segment) is calculated. A segment with the maximum ratio will 
be selected as the next location of a route.  

In our algorithm, the approximate distance between two 
segments is calculated from the geographical locations of their 
starting points, instead of calling the Google navigation API. 
The reason for this is that calling the API returns many 
alternative directions, resulting in a lot of requests required for 
finding the distances. Furthermore, Google limits the number 
of free API requests to only 1,000 per day, but the number of 
requests required by our system may be more than that. The 
pseudo codes of the algorithm is shown in Figure 6. 

 Current node = a specified location 
 Calculate shortest paths from a current location by  

using Floyd-Warshall algorithm 
 path_list = empty 
 While not out of nodes  
 Find max ratio of paths from current node to other nodes 

o Add the next node having max ratio to path_list 
 current node = next node with  max ratio 

 Return path_list 
 

Fig. 6 Finding the optimum path 
 

 

C. Showing the Resulted Route  

This method shows the resulted route on Google Maps. 
Starting at the user specified location, this method calls the 
method for finding the optimum path (Section B) to navigate 
through segments in the specified area. The Akexorcist library, 
the Google Direction API for Google Maps (Android), is used 
[13]. GetStartLocation() and GetEndLocation() methods are 
called to retrieve a position (latitude, longitude) on a plane of 
each segment. The detailed algorithm is shown in Figure 7.  
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Abstract 
 

As a deepest part of magnetosphere, plasmasphere is a 
very important role in the survival of world life. This is 
because the plasmasphere contains the coldest plasma 
(coldest plasma). Electrons in this plasma move along the 
Earth's magnetic field lines in donut shaped which is a 
protective layer for the Earth. This layer has a great role to 
protect us from huge storm from space. This phenomenon 
dug into many researchers in the world to explore the 
Earth's plasmasphere by observing the existence of 
lightning whistler. By knowing the performance and 
existence of lightning whistler we can analyzes the level of 
electron density within the plasmasphere where it is an 
indicator of storms from space. In this observation, the 
researchers tried detecting the presence of lightning 
whistler that occurs 44 times per second. Until now we 
have ten years data of lightning whistler. In connection 
with a long data series, we need to understand what kind of 
knowledge within phenomenon of lightning whistler. 
Therefore, the system needs to develop in order to 
scrutinize the problem easier. Previous research, lightning 
whistler data have been detected successfully. 
Furthermore, we try to predict the detected lightning 
whistler whether the trend is increasing or decreasing.  

 
Keywords- lightning whistler; DBSCAN; magnetosphere; 

plasmasphere 

  
I. Introduction 

     
Nowadays, many phenomena occur above our atmosphere. 

One of them is at plasmasphere. In order to observe 
plasmasphere preparing much data of Earth's geomagnetic are 
necessary [1]. Many researches have been done to understand 
the phenomenon of our Earth's geomagnetic that until now 
need dig into more in details. The Earth geomagnetic is very 
useful for humankind to protect us from dangerous radiations 
come from cosmic ray and solar storm.  

 
Research on plasmasphere where is the part of inner 

magnetosphere observed in order to understand electron 
density that can be used to demonstrate plasmasphere model. 
Distribution of electron density comes from lightning whistler 
existences. The existences of lightning whistlers not only a 
good parameter to demonstrate plasmasphere but they are 

useful to know the phenomena in the magnetosphere. 
 
Lightning whistler is a phenomenon that is many whistling 

sound come from the sky and propagate in Earth magnetic line 
that occurred many times during a second. Many space 
agencies involved mining the lightning whistler data for ten 
years for example NASA, Euro Space, JAXA. The problems 
are how to detect lightning whistler "sound" in the series long 
data. Fortunately, there are some researches have completed to 
detect the "sound" automatically. They can show the detected 
sound of lightning whistler shown in spectrogram. But, the 
next step is how to detect the trend of detected data where 
distributed sporadically in long data series. For example, the 
Akebono satellite (EXOS-D) has 23 years data series lightning 
whistler [2].  

 
II. Literature Review 

 
A. Magnetosphere and Plasmasphere 
 

Magnetosphere is an area dominated by effect of 
geomagnetic. The sphere protects our Earth from solar storm 
so that our live are capable of existing. Plasmasphere located 
between inner magnetosphere and outer ionosphere that 
dynamically the shape is influenced by magnetosphere and 
ionosphere field. This area consists cold plasma (electron and 
proton) with high concentration ~10 - 104 electrons cm-3.  
 

  
 

Fig 1. Illustration of magnetosphere and plasmasphere 
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The plasma surround our Earth and become larger near 
equator where is the distance is around ~2-7 Earth radii from 
the Earth's inner core. The shape and size are influenced by 
geomagnetic activities. The empiric model come from 
Carpenter and Anderson shows the plasma shrink too fast 
when geomagnetic activities are increasing and back becoming 
larger when no activity [3]. One of triggers indicates the 
activities increase is solar storm. The lightning whistler 
propagates in the plasmasphere and as a main indicator in 
order to determine the electron density to represent the solar 
activity. 

 
B. Lightning Whistlers 
 

Between plasmasphere and the Earth there are waves that 
contain a lot of energy propagates too fast. The waves 
penetrate ionosphere and propagates within magnetosphere as 
shown in Fig.2. They are appearing because of lightning strike 
that well known as lightning whistler. The researcher 
estimated the lightning whistler occurs 44 times in each second. 
The lightning could be a trigger for arising the spectrum of 
electromagnetic wave that can be detected using satellite or 
terrestrial way. In the plamasphere, the lightnings change into 
whistling tone in very low frequency (VLF) so that called 
whistler [4]. 
 

 
 

Fig 2. Illustration of Lightning Whistler  
 
C. DBSCAN 

 
DBSCAN (Density-Based Spatial Clustering of 

Applications with Noise) is an algorithm used to form the areas 
that have high density become clusters and form in 
unparticular order within spatial database that the noises are 
existing. Cluster in DBSCAN is complete set of connected 
nodes (density-connected). The nodes are not in connection 
with the clusters considered as a noise. Theoretically, each 
cluster has  certain radius and at least it has a minimum number 
in order to categorize as a cluster. DBSCAN has own way to 
determine number of cluster. For that, two inputs are necessary. 

They are MinPits represents minimum items in a cluster and 
Eps () is distance among items in order to form neighborhood. 
neighborhood located within radius () called  -neighborhood. 
If neighborhood agree with number of minimum data (MinPts), 
the object is a core object. Neighborhood comes from 
borderpoints consist of few items than corepoint's 
neighborhood. A borderpoint could be in associated within 
more than 1 core object. The following figure show the border 
point and core point using MinPts = 6 dan Eps = 1 [5]. 
 
 

 
 

Fig 3. Illustration of Core and Border 
 
 

III. Solution and Result   
 

A. Overview of the developed system 
 

The developed system need two inputs such as Eps(Epsilon) 
or radius to determine a cluster and Minpits is a number 
minimum nodes in order to form a cluster. They are needed to 
run DBSCAN process.  
 

 
 

Fig 4. Schematic of developed system   
 

The stored nodes in database are used to calculate the 
distance among nodes. If the distance among them less than 
Eps value so the nodes clustered as a region or similar region. 
If the numbers of nodes are located in similar region and the 
value is more than MinPts so region will as a cluster. In case, 
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Euclidean Distance is utilized to calculate distance among 
nodes. 

 

 
 

Fig 5. Schematic of DBSCAN calculation   
 

B. System testing 
 

Fig. 6 shows form to input the values of Eps and MinPts that 
needed in DBSCAN process. 
 

 
 

Fig 6. Form DBSCAN process 

After processing, well clustered data are stored in database 
as shown in Fig 7. x_point and y_point  are coordinate of 
nodes and cluster_num is title of the clustered nodes. 

 

 
 

Fig 7. Clustering result 
   

Fig 8. shows the clustering process can calculate duration 
between two dates. The condition needed in order to limit 
running data for clustering. 
 

 
 

Fig 8. Determine the duration between two dates 
 

In Fig. 9 shows short term detected lightning whistler in the 
date was 1998/01/24 in between times 02:29:53.578 - 
03:50:25.031.  In Fig. 10 the system is able to cluster the nodes 
automatically and shows the trend is increasing as shown the 
yellow nodes. 

 

 
 

Fig 9. Detected lightning whistler nodes  
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Fig 10. Clustering nodes  
 

 
IV. Conclusion 

 
The developed system by using DBSCAN algorithm has been 
successful to detect the short term data of detected lightning 
whistler that have a trend. It is very important to try in long 
term data. 
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Abstract 
 

Finding a location of human or things accurately is a key 
function of modern location-based service architectures. 
Global Positioning System (GPS) has good accuracy 
(~50m) in outdoor environments, and it is used by most of 
service providers. Indoor environments, however, GPS is 
not reliable because the signal of GPS may not be 
reachable especially underground, inside a building, and 
urban areas, and so on. This paper proposes an indoor 
positioning system using ID-based Visible Light 
Communication (VLC) beacon. Our scheme uses 
commercial LED lights with VLC module as VLC 
transmitter, photodiode based VLC receiver, and 
light-mapped indoor map. The VLC frame was designed 
and implemented for the proposed system. 

 
Key Word: Visible Light Communication and Indoor Positioning 

 
I. Introduction 

 
Acquiring a location of human or thing is accomplished by 

Radio Frequency (RF) such as Cell Tower, WiFi, and Global 
Positioning System (GPS) [1-3]. The GPS and hybrid method 
of them are reliable to get one’s position at outdoor 
environments [4-6]. In some cases, however, getting a location 
of someone is not reliable in urban areas where much of huge 
buildings may act as obstacles for RF signal, inside buildings, 
underground areas, and so on. These problems can be solved 
by using multiple WiFi Access Points (AP) [7-10], Bluetooth 
[11-13], and Radio Frequency Identification (RFID) [14-16]. 
Service providers who need to use positioning systems at 
indoor have difficulties to use these solutions because these 
solutions require additional infrastructures and have relatively 
low accuracy than GPS. Also, they can interfere existing 
RF-based communications. On the other hand, Visible Light 
Communication (VLC) can be an adequate solution to that 
problem. With the wide use of Light Emitting Diode (LED) 
lights, it is much easier to implement VLC. The LED-based 
VLC is not changing existing infrastructures but changing 
existing lights to VLC-supported LED bulbs. In addition, the 
VLC does not interfere existing RF-based communications. 

Therefore, we propose the indoor positioning system using 
the ID-based VLC beacon and implementation. This paper is 
organized as follows. Section II deals with the proposed 
system architecture. Design of VLC format and light-mapped 
indoor map are also described. Section III presents 

implementation details on the testbed environment. Finally, 
Section IV concludes this paper. 

 
II. System Architecture 

 
A. Overview 
 

Fig. 1 shows the protocol stack of proposed System. Every 
component except VLC receiver should be registered to the 
server. 

 

Fig. 1 The protocol stack of proposed system 

The server manages a status of aggregation agents and LED 
lights. It can manipulate ID, dimming rates, and on/off state of 
lights through the aggregation agent. The aggregation agent, or 
AA manages LED lights. It manages all connected lights 
locally and sends registration messages to the server, also 
receives management messages from server to execute 
commands. The LED light uses Pulse Width Modulation 
(PWM) based VLC. It transmits their ID value which can be 
configured by the server, and also receives management 
messages sent from aggregation agents. 

In order to provide ID and dimming rate configuration, the 
AA and LED light communicate through IEEE 802.15.4 as a 
configuration channel [17]. The LED light and VLC receiver 
use IEEE 802.15.7 for communicating through visible light 
[18]. 

The server and aggregation agent communicates using 
Constrained Application Protocol (CoAP) [19]. CoAP helps 
aggregation agent to be more lightweight other than 
HyperText Transfer Protocol (HTTP) based communication 
[20]. Moreover, it gives developers to implement their 
applications fast and reliable because it provides reliable 
transfer and resource observation. 
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B. Light mapped indoor map 
 

Fig. 2 shows the light-mapped indoor map. Every light has 
its own ID value. It is configured by the server using device 
management messages. 

Once every light is configured, the light-mapped indoor map 
should be created to know where the user exists. The map uses 
existing indoor map. Except for VLC component, it describes 
every components including rooms, restrooms, elevators, and 
so on. We add an approximate position of lights to the map. 
 

 

Fig. 2 The light-mapped indoor map 
 
C. Message flow 
 

Fig. 3 shows the message flow of the proposed system. 
Every device initializes its device. 

 

Fig. 3 The message flow of proposed system 

After device initialization, the server waits for a device 
registration request message from aggregation agent. The 
agent creates own IEEE 802.15.4 communication network and 
waits for the LED light to join it. The LED light runs two 
separate module: lighting module and VLC module. Whenever 
the VLC module is ready, the light runs its LED array to light 
an area. The bulb keeps searching IEEE 802.15.4 Network to 

join for every 5 seconds. Once a network is found, it joins the 
network and sends the aggregation agent hello message. When 
the aggregation agent receives the hello message, it registers 
the light locally, which has the address of IEEE 802.15.4 MAC 
of the light and available function list. For example, the list 
may have VLC and dimming function. After registering the 
light locally, the agent responds aggregation agent hello ack 
message. Every time the aggregation agent registers a light, it 
sends LED light registration message to the server. The 
message includes the MAC address of light and an ID number 
which will be the data of VLC beacon. The server saves the 
information of light then responds with LED light registration 
ack message. When the agent receives the ACK message, it 
configures VLC function of the LED light with VLC 
configuration message. After receiving the VLC configuration 
message, the light configures its VLC module and starts VLC 
module. Then, finally, it responds with VLC configuration ack 
message. 
 
D. VLC frame format 
 

TABLE I shows the VLC frame format and example. The 
frame consists of 3 parts: Preamble, Data, and CRC16. 

TABLE I THE VLC FRAME FORMAT AND EXAMPLE 

Preamble Data CRC16 
0x0102 0xAABBCCDDEEFFGGHH 0x94EC 

The preamble part is the header of a VLC frame. It 
distinguishes a frame from lots of received VLC frames. The 
data part contains the ID of LED lights. The example uses the 
MAC address of IEEE 802.15.4 of LED light. The CRC16 is 
used to verify the received frame is valid. 
 

III. Implementation in testbed environments 
 

We implement the transmission of data using VLC in a 
testbed environment. The server and aggregation agent will be 
implemented for further study. 
 
A. Testbed Environment 

 

 

Fig. 4 Testbed Environment 

- 152 -

[The 2nd ICCT | International Conference on Culture Technology]



We designed the testbed environment as shown in Fig. 4 
which tests VLC. In the environment, LED light based VLC 
transmitter and Photo Diode (PD) based VLC receiver are 
tested. The power of light is switched by VLC module, and this 
makes it transmits data through visible light. 

TABLE II shows the VLC format which used for testbed 
environment. The ID of location and VLC transmitter are used 
for indoor positioning. 

 
TABLE II  

THE VLC FRAME USED IN TESTBED ENVIRONMENT 

ID of 
location 
(2 Byte) 

ID of VLC 
transmitter 

(2 Byte) 

MAC address of upstream channel 
(6 Byte) 

0x0001 0x0001 0x64E599F796D4 
Security key for upstream channel (10Byte) CRC16 (2Byte)

0x0102030405060708090A 0xB089 

They will be server that issued ID values. The MAC address 
of upstream channel and security key for the upstream channel 
are used for later use.  They are used when the VLC receiver 
needs to communicate aggregation agent. The CRC16 field is 
for validation of VLC frame. 

 
B. Implementation 

 
Fig. 5 shows the VLC transmitter which we implemented. 

Data should be encoded because the visible light is an analog 
signal. 

 

Fig. 5 The VLC Transmitter which we implemented. 

We used PWM to encode data and Fig. 5 shows the encoded 
data sent through visible light. As shown in Fig. 5, both 
PD-based VLC receiver and digital camera can be used as 
VLC receiver. 

Fig. 6 shows that the PD-based VLC receiver receives the 
data that were sent through visible light. The PD-based VLC 
receiver receives the data and checks whether the data is valid 
using CRC16.  

When the data is valid, the data is sent to the upper layer, and 
finally, we can use the received data. Fig. 7 shows the data sent 
from the VLC receiver. 

 
Fig. 6 PD-based VLC receiver which receives data. 

 

 

Fig. 7 The valid data received from VLC receiver 

 
IV. Conclusions 

Finding the position of human or things is commonly done 
by GPS. For some cases, however, especially in underground 
areas, inside buildings, and urban areas, acquiring positions by 
GPS are not reliable. 

Our study proposes the indoor positioning system using the 
ID-based VLC beacon. The server, Aggregation Agent (AA), 
VLC Transmitter, and VLC Receiver are used in the proposed 
system. The VLC transmitter uses IEEE 802.15.7 as a beacon 
and IEEE 802.15.4 as a configuration channel. In the testbed 
experimentation, a LED light based VLC transmitter and PD 
based VLC receiver are used. We also confirmed that our 
design of VLC system was working. We plan to implement the 
rest part of our proposed system in the future. 
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Abstract 
 

Earthquakes are earth shaking events due to the 
sudden release of energy due to tectonic plate movements 
in the rigid crust or other causes. The energy released in 
the form of seismic waves that radiate in all directions to 
the surface of the earth. An earthquake has parameters 
that can be analyzed by humans using a special tool. Data 
parameters are stored and used to analyze and study the 
movement of tectonic tectonics, volcanic activity and the 
earthquake itself. In Indonesia the earthquake data 
recording is done by the Center for Meteorology, 
Climatology and Geophysics which storage of earthquake 
parameter data using Microsoft Excel. The development of 
science in the field of information technology encourages 
the creation of a system that can record web-based 
earthquake data that can convert data from Microsoft 
Excel table into database tables to facilitate data 
processing in the future by BBMKG (Balai Besar 
Meteorologi, Klimatologi, dan Geofisika) Region III 
Denpasar  

 
Keywords: Earthquake, System, Earthquake Data.  

 
I. Introduction 

     
Earthquakes are earth shaking events due to the sudden 

release of energy due to the movement of tectonic plates on the 
crust of the earth are rigid. The energy released in the form of 
seismic waves that radiate in all directions to the surface of the 
earth. The consequences of an earthquake can cause disasters 
that harm the environment and society. An earthquake has 
characteristics, these characteristics are usually called 
earthquake parameters. The bias earthquake parameter 
consists of the date of the incident, the time, the strength of the 
earthquake, the scene and the depth of the earthquake. These 
earthquake parameters are recorded and stored for further 
analysis and assessment of earthquake information data. The 
body responsible to record all tectonic activities (earthquakes) 
in Indonesia is the Meteorology, Climatology and Geophysics 
Agency or abbreviated as BMKG.Storage of earthquake 
parameter data record in BBMKG Region III Denpasar still 
using Microsoft Excel. Associated BBMKG Region III 
Denpasar is currently doing system renewal, hence making 
design of earthquake parameter data conversion system to be 
implemented further. Based on the problems that have been 

described, currently the Center for Meteorology, Climatology 
and Geophysics Region III Denpasar needs a system that can 
convert data from Ms.Excel into the database and can directly 
store earthquake data into the database, then as students of 
practical work I want to implement an Earthquake Parameter 
Listing system that aims to save energy and time in work. 

II. Research Methodology 
 

The research methodology used in the development of 
Implementation Of Data Parameter Conversion System Of 
EarthQuake From Microsoft Excel To Database In BBMKG 
III Denpasar is Design Science Research Methodology 
(DSRM). The methodology was focused on problem-solving 
and system development [1]. DSRM has six stages used as a 
reference in conducting research such as below: 

 
Fig. 1 Design Science Research Methodology 

The research methodology used in the development of 
Implementation Of Data Parameter Conversion System Of 
EarthQuake From Microsoft Excel To Database In BBMKG 
III Denpasar is shown in Figure 1. DSRM consists of problem 
identification and motivation, identifying object and solution 
of the problem, design and development, demonstration, 
evaluation and communication focused on the purpose of 
solving the problem. 

2.1 Application’s Overview 

Designing Implementation Of Data Parameter Conversion 
System Of EarthQuake From Microsoft Excel To Database In 
BBMKG III Denpasar using Codeigniter framework. The 
Earthquake Parameter Data Conversion Data System from 
Microsoft Excel to Database will provide special services for 
admins, admins can manipulate data (insert, update, delete) 
into the system. Here is an overview of the Earthquake Data 
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Parameter Listing System. The application works as below: 
 

 Fig. 2 Application’s Overview 

Fig. 2 is an overview of Implementation Of Data 
Parameter Conversion System Of EarthQuake From 
Microsoft Excel To Database In BBMKG III Denpasar. The 
Earthquake Parameter Data Conversion Data System from 
Microsoft Excel to Database only has one entity ie admin. 
Admin here has the right to manipulate data (insert data, 
update data and delete data).  

 
2.2 System Architecture Design 

System architecture design is an overview of the entire 
process on the application and features that exist within it, 
which aimed to facilitate in understanding the process on the 
application. 

 

 
 

Fig. 3 The System Architecture Design 

Fig. 3 is the system architecture design of Implementation 
Of Data Parameter Conversion System Of EarthQuake From 
Microsoft Excel To Database In BBMKG III Denpasar. The 
First, user login by entering username and password that have 
been set before. Then if the username and password entered 
does not match then the user will repeat the login until the 
username and password accordingly. When the login has been 
successful it will switch to the admin dashboard page or main 

page, on the dashboard page there are 5 menus that can be used 
to manipulate data in the database that is filter data menu, reset, 
add data, edit and delete. If the admin does not do something 
then the process is completed or the admin will do the Logout 
process.  

 
III. Literature Review 

An earthquake is a vibration or shock that occurs on the 
earth's surface due to the sudden release of energy from within 
that creates a seismic wave. Earthquakes are commonly caused 
by the movement of Earth's crust (Earth's plates). The 
frequency of a region, referring to the type and size of 
earthquakes experienced during the time period. The following 
is earthquake data from bmkg 3 denpasar which will be 
converted to database system  

 
3.1    Database Design of Conversion System of 

Earthquake Data Parameters 
Perancangan basis data dirancang untuk menentukan isi 

dan pengaturan data yang dibutuhkan pada sistem yang akan 
dibuat. Database Sistem Konversi Data Parameter Gempa 
Bumi dari Microsoft Excel ke database di BBMKG Wilayah 
III Denpasar diberi naman dengan db_gempa. Pada tahap ini 
perancangan basis data yang dirancang menggunakan Relasi 
Database dan Struktur Tabel. 

 

 
 

Fig. 4 (a) Microsoft Excel file from BBMKG 
 
Fig. 4 (a) is a Microsoft Excel file from BBMKG ie data 
sample in March 2017., the data will be converted to the 
system database 

 
3.2 Relation Database Table 

Database db_sigempa, in the database there is one table that 
is tb_data. The database relation is designed to illustrate the 
relationship of each entity and attribute that realizes the entity. 
Here is a picture of database Relation on Design Data 
Conversion System of Earthquake Parameters from Microsoft 
Excel to Database in BBMKG Region III Denpasar.  

The database built on the Earthquake Data Parameter 
Listing System in BBMKG Region III Denpasar does not have 
a table relation, this is because one of the features to input the 
earthquake parameter data by converting the earthquake 
parameter data stored in the Microsoft Excel file into the 
database on the Data Parameter Listing System Earthquake in 
BBMKG Region III Denpasar which will be made. 
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Fig. 4 (b) Relation Database Table Data Conversion System of 
Earthquake Parameters Data from Microsoft Excel To 

Database 
 

 
IV. Result and Discussion 

 
Implementation Of Data Parameter Conversion System Of 

EarthQuake From Microsoft Excel To Database only has one 
entit ie admin. Admin here has the right to manipulate data 
(insert data, update data and delete data). Before entering the 
main page, the admin must first log into the system with the 
username and password that has been in the previous settings, 
selanjutya new admin can manipulate the data parameters 
earthquake. 

 

 
Fig. 5 Login System 

 
Fig. 5 is the display of the Login Form on the earthquake 

parameter record system. The page consists of two textfields to 
enter a username and password. Checks are made to the input 
entered into the textfield on the Login page and shows the 
success of the login process to go to the main page of 
Earthquake Data Parameter Listing System application.  

Date Filter is the process of searching the date of the date of 
the earthquake on data stored in the database. Display of date 
filter system can be seen in the following fig. 6. 

 

 
 

Fig. 6  Date Filter 
 

Fig. 6 is an earthquake date filter view of data stored in the 
database. The image has shown filter data between 01-01-2017 
and 02-02-2017 and will display data from that date. 

Magnitude filter is the process of searching data from 
earthquake magnitude on data stored in the database. Display 
of earthquake magnitude filter system can be seen in the 
following fig. 7. 

 

 
 

Fig. 7  Filter Magnitude 

Fig. 7  is an earthquake magnitude filter view of data stored 
in the database. In the picture has shown the magnitude filter 
that occurs between 2 and 3 then the result will display the 
earthquake data on the magnitude filter. 

How to convert Ms. data Excel to the database in earthquake 
parameter recording system made by students of practical 
work is as follows. Pertama buka halaman  http://localhost/ 
phpmyadmin  then the page will appear as Fig. 8. 
Then select the database in the earthquake that is on the left. 
Next select the earthquake table. The next display is shown in 
Fig. 9. 

Select the Import menu, then we will be directed to select 
CSV file that has been made before. 

After the next tb_data.csv file is selected press "GO" or 
"Go" button if using Bahasa Indonesia. Next stay wait until the 
process is completed da notification tone successful. 
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Fig. 8 Page http://localhost/phpmyadmin 
 
 

 
 

Fig. 9 View of sigempa database and tb_data 
 
 

 
 

Fig. 10 Selecting the tb_data.csv file 
 
 

 
 

Fig. 11 Selecting the tb_data.csv file 
 

The process of converting data from earthquake parameters 
of Microsoft Excel to the database has been successfully done 
if it has received a successful notification. To know that the 
data has been converted correctly we can directly view bias by 
selecting tb_data on the right or by opening the main page at 
localhost / sigempa. 

V. Conclusion 

 
1. Preparation of Earthquake Parameter Data Conversion 

System is implemented to facilitate Earthquake Parameters 
Data Record from Microsoft Excel to Database for 
BBMKG Region III Denpasar. The earthquake parameter 
data will be stored in the database to facilitate the 
processing process. 

2. Features in Implementation of Earthquake Parameter Data 
Conversion System from Microsoft Excel to database in 
BBMKG Region III Denpasar is a feature of data 
conversion of earthquake parameters from Microsoft Excel 
into MySQL database. Other features are insert, update, 
delete earthquake parameter data. 
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Abstract 
 

Light leads people to feel all things on earth, and can 
make people experience the time and space. The intensive 
study of light in the nineteenth Century led to the 
understanding of the relationship between light and color 
and promoted the creation of Impressionism. 
Impressionist painters focused their efforts on capturing 
visual impressions and the pursuit of light color changes, 
focusing on the visual perception of the work which is a 
great boost to human aesthetics. The act of lighting and 
shadow manipulation is called 'lighting'. Using this action, 
the color effect of light has been shown in many media such 
as photography, drama, film and animation. Different 
from the actual illumination, the lighting technology in 3D 
animation needs to pursue the effect of the picture, so that 
the audience can understand the plot and emotional 
expression of the animated cartoon. However, only by 
ordinary lighting techniques, the mood in the 
three-dimensional animation narrative scene is limited. 
The lighting in 3D animation needs to be exaggerated 
which depending on the subjective features of the story, 
the color, and brightness of the light. This is in line with the 
pursuit of impressionist painting color effect, emphasizing 
the aesthetic features of painting coincide. In this study, 
based on the analysis of impressionist painting features, 
and the found in the three-dimensional animation of the 
narrative scene emotional lighting Association, in order to 
make lighting more suitable for three-dimensional ani- 
mation. Expecting this research to become a benchmark 
for expressing emotions in 3D animation. 

 
Keywords： Impressionism; 3D animation; light 

 
I. Introduction 

     
The manual operation of light and shadow is called 

‘illumination’, in photography, drama, film, animation and 
other media, illumination shows the light and color effects 
required by the work. The digital lighting in 3D animation 
movies is different from the actual lighting, for the pursuit of a 
good picture, animation lights are artificially exaggerated light 
and color effects, but also to let the audience to feel the 
emotion and understanding of the plot. 

In the field of art, the same attention to the effect of light and 
shadow is the emergence of Impressionism in nineteenth 
Century. Because this in-depth study of light generated in the 
painting art school, featured by capturing the visual impression 
and pursuing the color of light and shadow, and paying 
attention to the visual perception of the work. 

Based on Impressionist paintings, as well as on the 
three-dimensional animation film lighting analysis of 
“Zootpia”, this paper summarizes the aesthetic characteristics 
of impressionist painting and the lighting characteristics of the 
emotional expression of the narrative scene in the three 
dimensional animated film, so as to find the correlation. The 
ultimate purpose is to understand the use of Impressionist 
lighting settings for the development of three-dimensional 
animation film and the specific role of emotional expression. 
We expect this research data to be an important research 
material for the development and lighting techniques of many 
image content. 
 

II. Principal Argument 
 

A. The characteristics of Impressionism and Impressionist 
 

In the nineteenth century, the in-depth study of light has 
enabled people to understand the relationship between light 
and color, and promote the generation of Impressionism. 
Impressionist painting is the transition from western traditional 
painting to modern painting, which not only completely 
changes the color concept of the painters who treat the 
objective objects, but also changes the concept of the theme. 
Impressionist painting has made many progress, also exposed 
its limitations, but it broke through the shackles of the 
Renaissance tradition, broke the old concept of painting, 
leading the western painting entering into a new era, and  
creating conditions for the development of modern fine arts. 

Impressionist painters oppose the conservative ideology and 
expression of the academy, against the stereotypes of religious 
mythology and the grayish tones following an old routine. 
They vividly represent the daily life scene and beautiful natural 
scenery, and capture all kinds of vivid life impression. They 
focus their energies on exploring the expression of light and 
color, emphasizing subjective feelings, instant impressions 
and general atmosphere, not paying much attention to painting 
plots or painting techniques, and emphasizing personal style. 
They applied the principle of optics to painting, negating the 
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concept of color fixation, emphasizing the color of light source, 
condition color, and less use of black; instead of the traditional 
light and shade, the color of cold and warm contrast is used to 
capture the fast changing light color effect, they mostly paint 
with small strokes, and they have smaller size of a picture. For 
impressionist painters, painting beauty lies not in the object 
itself, but in the rich color changes in the sun.[1] 
 
B. Characteristic examples of impressionist painting 
 

Impressionist paintings fully show the painter's maturity of 
the way of observing nature, who pay attention to observation 
and capture of light moment under the change of color. 

As shown in Figure 1, "Impression, Sunrise" is an extremely 
important representative work of Impressionism, and also an 
important masterpiece of Monet's impressionistic style. This is 
a very clear display of Monet's ability to capture the unique 
color changes in the instantaneous light conditions, the use of 
color relations color relations to make the picture full of strong 
artistic appeal.[2] 

 

 
 
Fig 1  Monnai  Impression, Sunrise 

 
“Le Bassinaux Nympheas” is the representative of 

Impressionist. These “Le Bassinaux Nympheas” have different 
styles, different strokes, and the most important difference - 
the color difference between light and shadow provides the 
spectator with different psychological feelings. 

 

 
 
Fig. 2 Monnai “Le Bassinaux Nympheas” 

  
 
Fig. 3 Monnai “Le Bassinaux Nympheas” 

 

 
 
Fig. 4 Monnai “Le Bassinaux Nympheas” 

 

 
 
Fig. 5  Monnai “Le Bassinaux Nympheas” 

 
C. The effect of color on emotions 
 

In the book of “Color psychology”, the author gives a 
detailed introduction to the characteristics of color. In the 
chapter of color warming and cooling, it is said that the 
external objects can give people warmth or cold or cool feeling 
through the surface color, in general, the temperature sensation 
is through the sensory organ touch objects, and  have nothing 
in common with color. But the fact is that all kinds of objects 
do give people a certain temperature feeling with colorful 
colors. 

Red, orange and other colors make people think of the sun, 
fire, so called “warm color”. Blue, green and other color is 
associated with the night and cold, thus called “cool color”, red 
expresses a positive, Yue move, warm feeling, blue gives 
people a quiet and passive feeling. Green and purple is a 
neutral color, little stimulation between the effect between red 
and blue. Intermediate colors make people open and relax, and 
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they can avoid fatigue.[3] According to the conceptual 
descriptions in the book, they are arranged in tabular form, as 
shown in table 1. 
 

TABLE 1 COLOUR AND EMOTION 
 

 
D. Analysis of the Characteristics of Lighting in "Zootopia" 

 
The object of this study is "Zootopia", which won the best 

animated film of Oscar in 2016, the picture is excellent, the 
plot is rich in reverse, with full three-dimensional shaping, and 
well placed emotional communication. And the film also 
featured with good lighting, lighting the superior picture, gave 
the audience a good visual experience. The emotion conveyed 
to the audience makes the story stronger. These features make 
people reminiscent of impressionist painting features. 
 

TABLE2 
 ANALYSIS OF THE CHARACTERISTICS OF LIGHTING 

 
Screenshot Extract 

color 
RGB Color 

system 

 

 

193 
140 
180 

Cool color 

 

 

226 
164 
174 

Cool color 

 

232 
164 
150 

Warm 

color 

 

241 
165 
150 

Warm 

color 

In the movie, the protagonists witness failure in pursuit of 
the rainforest, and then two characters took the cable car to 
leave. In this episode, the  first rabbit police officer of zootopia, 
Judy Hopps helps the swindlers foxes Nick Wilde break away 
from childhood psychological shadow, as the story goes bright 
and warm, the color of the background changes. 

The Nick is grieved and sad, the tone of the picture is cold, 
bluish violet in general, the sun has not yet risen; when the 
Nick is getting better, the hue of the picture is warming, orange 
red in general, and the sun is rising gradually. The director uses 
the theory of color psychology to combine the feeling of color 
with the plot and the mood of the characters. The use of color 
to express emotions conforms to the characteristics of 
impressionist painting. As shown in table 2. 

 
TABLE3  

ANALYSIS OF THE CHARACTERISTICS OF LIGHTING 
 

Screenshot Extract 
color 

RGB Color 
system 

 

141 
99 
91 

Warm color

 

46 
34 
34 

Cool color 

 
As shown in table 3, when the hero takes the subway, he sees 

the misunderstanding between the animals because of his 
improper speech and shows his worried look, then he’s in bad 
mood. The picture of the light change because of changes in 
the plot and the protagonist mood. From the RGB value and 
the picture color change, we can see that when the character's 
mood becomes bad, the director will subject the light to a cool 
tone from warm tone. Here, the director subjectively regulates 
the color of the light with the mood of the characters, which 
conforms the light and shade features of Impressionism 
painting. 
 

III. Conclusion 
 

Through the analysis of the impressionist works and the 
excellent three-dimensional animated film "zootopia", the 

Color RGB Association Effect Colour 
system

Red 255 
0 
0 

Sun  
Blaze  

Give people 
a positive, 
energetic, 

warm 
feeling 

Warm 
color 

Orange 255 
128 

0 
Yellow 255 

255 
0 

Cyan 0 
255 
255 

Dark night  
Clod 

Give people 
a quiet, 
negative 
feeling 

Cool color

Blue 0 
0 

255 
Green 0 

255 
0 

Grass  
Mystery  

Make 
people 

relaxed and 
comfortable 

Intermedia
te color 

Purple 255 
0 

255 
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conclusions are as follows: There are several common 
characteristics of three-dimensional digital lighting 
characteristics and impressionist painting, fit the theme and 
mood; subjective tendency of adding light and color; convey 
the feelings of the creator to the audience. Making good use of 
these features makes the film more effective and plays a role in 
promoting the development of the plot, and express the 
emotion that the author wants to express, the fit of visual 
effects and psychological effects can let the audience 
understand the plot. When using digital lighting, using the 
outline image with color tendency to highlight the role image, 
according to the expression of emotions using the appropriate 
emotional color, properly exaggerating lighting effects, 
following the story plot. With the polish in line with 
Impressionism, the emotional expression and story elaboration 
can be better conducted in the future movies. 

This study aims to look for vivid digital lighting and color 
expression through the characteristics of impressionist 
painting and the common ground of digital lighting. In order to 
effectively demonstrate the plot, it is necessary to continue the 
study of color. Through the study of color, this paper intends to 
bring new imaginary fields and platform development in the 
research and development of plot. 
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Abstract 
 

VR systems became generally popular and everyone can 
easily enjoy VR entertainment contents now. In VR 
contents, the sense of presence is one of most important 
elements. The strongest reason for losing the sense of 
presence is vection. A good way to avoid vection is to use 
uniform motion. 

We developed a VR system based on a boat with 
constant low speed movement. And we devised a new game 
design method and implemented VR contents named 
"Ideal Vacation". It was focused on the sense of presence, 
and also implemented somatosensory stimulation due to 
unstable seat by using an airbed. We evaluated our 
proposal game design by playtesting, and good results 
were obtained. 

 
Keywords-component; Virtual Reality; Game Design; The 

Sense of Presence; Somatosensory Stimulation 

  
I. Introduction 

     
In 2016, many VR systems such as “PSVR” and “HTC 

Vive” were released for home use, and entertainment VR 
contents became more popular. The sense of presence is an 
important element of VR entertainment contents[1][2][3][4]. It 
means that the players feel that they really exist into the 
content’s world. Higher the sense of presence makes higher 
immersion into content. If sense of presence is too low, the 
players feel only looking a scene. 

We developed a VR entertainment content focused on the 
sense of presence, and we devised a game design method that 
assisted us to create the sense of presence. 
 

II. Method 
 

The most important reason to lose the sense of presence is a 
difference between the visual acceleration and the sensory 
acceleration. We considered a situation that the visual 
acceleration is equal to the sensory acceleration. Those states 
are stop and uniform motion, and we choose a boat based 
system contained uniform motion. 

 
A. Preliminary Prototype 

 
At first, We developed a prototype to implement some 

elements to test are shown below[5]: 

 Moving view point without any accelerations 
 Some objects invade personal space of the player 
 Tactile information match to visual information 

 
We tested some boat speeds and determined that the best 

situation was going down the river slowly. 
In PSVR content "Summer lesson", game character face is 

sometimes close up to player face very nearly. It became an 
incursion to player's personal space. In this case, it was verified 
that the player felt a cross-modal effect. We thought it means 
the sense of presence existed in the player. And we 
implemented the incursion to the personal space such as cherry 
blossom petals and autumn leaves were coming. Also we 
implemented a couple of features on gripping item. one of 
them is a dragonfly is coming and perch on it. another is when 
it touches into water then water is splashing. 

We set a wood frame in the same position to the visual boat 
edge, it could be touched by the player. when the player 
touches the real frame, they feel safe. 

This prototype only has a wood frame with spacer. the 
playtesting scene is shown in Fig. 1. 

 

 
Fig. 1 Playtesting scene of the prototype 

 
B. Required Factors 

 
Through the playtesting prototype, we considered more 

effective factors that create the sense of presence, and 
conducted field research in VR amusement park. As a result, 
we obtained that somatosensory stimulation effectively 
improves the sense of presence. Especially the passive 
stimulation is more  effective than active one, because the 
active stimulation worked without player's will, and the sense 
of agency is lost. 

We determined to implement the somatosensory stimulation 
without losing the sense of agency. A boat moves and shakes 
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according to the movement of the passenger. This movement is 
accompanied by the sense of agency, so the sense of presence 
is not lost. This reaction needs to respond quickly, and in 
active systems the equipment becomes large and difficult to 
control. So we gave up to control, and attempted to implement 
using simple physical phenomena by an airbed. 

 
C. Hardware Equipments 

 
Our VR system was based on HTC Vive and Unreal Engine. 

And we devised a boat unit that was built stronger than the 
prototype with wood. The created boat unit is shown in Fig. 2. 

 

 
Fig. 2 Our boat unit 

 
This unit was based on a floorboard, and attached to a 

surrounding handrail. The railing is strong enough to handle 
the player’s weight. The shape was not a box but a cage 
because it reduces the weight of the unit and thereby reduces 
the inertia weight to increase the motion response. The seat 
also fixed to the floorboard. 

The setting structure of the boat unit for experiment is shown 
in Fig. 3. 

 

 
Fig. 3 Structure of the boat unit 

 
The boat unit have a floorboard that set onto a airbed with a 

foamed rubber sheet. The airbed was filled 50% of its capacity, 
because we intentionally kept the unit to destabilize. And we 
inserted the foamed rubber sheet between the airbed and the 
unit, in order to prevent the unit from sliding. 

A Vive tracker was attached on the unit to capture the 
movement of the unit due to the player's behavior. 

 
D. Implemented Software Contents 

 
The theme of our content was the four seasons in Japan, and 

boating on a calm river. The season of spring, summer, autumn, 
and winter changes according to the progress, and total time is 
about 5 minutes. The player could interact with the 
environment by operating the fan with the controller, 

In the spring part, cherry blossoms on the riverside 
correspond to the players’ operation and petals fly toward 
them. The screenshot is shown in Fig. 4. 

 

 
Fig. 4 Spring scene screenshot 

 
In the summer part, fireworks are launched then the players 

face upwards and their attitude are changed naturally. Also 
reproducing the sound of the waterfall with stereophonic 
sound. The screenshot is shown in Fig. 5. 

 

 
Fig. 5 Summer scene screenshot 

 
In the autumn part, leaves come flying and also a dragonfly 

flies nearby the players. this dragonfly perches on the top of 
closed fan when the players hold it. The screenshot is shown in 
Fig. 6. 

 

 
Fig. 6 Autumn scene screenshot 

 
In winter, snow rabbits appear on the riverside and move 

according to the movement of the boat. The screenshot is 
shown in Fig. 7. 
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Fig. 7 Winter scene screenshot 

 
In anytime, when the players touch the water with the fan, 

water would be splashing. The screenshot is shown in Fig. 8. 
 

 
Fig. 8 Water splashing scene screenshot 

 
E. Playtesting 

 
The content was evaluated by playtesting. We did not teach 

anything of contents to participants beforehand, and after 
playtesting we had a questionnaire and  interview their 
impressions. 

The questionnaire was 7 level evaluation on the sense of 
presence. If the player thinks that it is just a visual experience 
then it is 1 point, and if they feel that they were actually there 
then it is 7 points. 
 

III. Result 
 

We conducted an experiment at the 22 Tokyo Polytechnic 
University students. The scene of the experiment is shown in 
Fig. 9. 

 

 
Fig. 9 Scene of the experiment 

 
The result of the questionnaire is shown in Tab. 1. 

Tab. 1 Result of the questionnaire for the sense of presence 
 

Numbers of points 
Average Standard

Deviation1
pts.

2
pts.

3
pts.

4
pts.

5
pts.

6 
pts. 

7 
pts. 

1 1 2 4 3 6 5 5.05 1.692 

 
We obtained comments on contents impressions and 

physical impressions mainly. Comments on contents are 
shown below: 

 
 It is good that characters move according to the boat’s 

movement. 
 I’m relaxed. 
 It is good that there was something coming near the face. 
 Sound effects are good enough. 
 I’m tired. 
 Improvement of the feelings of reality by wood frame. 
 Good complement of sensory. 
 
Comments on physical impressions are shown below. 

 
 I felt like I was in a real boat when I got into the boat unit. 
 The shake of the boat unit felt real and scary. 
 I felt like I was in a real boat when I was leaning out my 

body from the boat unit edge. 
 I felt motion sickness when I got out the boat unit. 
 I felt the shake caused by the change in posture according 

to the operation of the controller, as a genuine shake. 
 I felt it is a real canoe when I got into the boat unit. 
 I felt the boat unit is moving forward. 

 
IV. Discussion 

 
We thought the intended game design has been realized 

from the comments on the contents impressions. The 
commenter who got tired was a player not familiar with VR 
content and HMD. 

We thought we presented the feelings like a real boat to 
players from the comments on the physical impressions. The 
commenter who got seasickness has not had much experience 
boarding in boats. However from this fact, we thought we were 
able to be implement a similar experience of a real boat. 

 
V. Conclution and Future work 

 
We devised a new game design method focused on the sense 

of presence and implemented. Therefore we verified that the 
implementation of the sense of presence was possible. Also we 
verified that the somatosensory stimulation by using an airbed 
improved the sense of presence. 

We would continue researching and developing methods to 
improve the sense of presence for VR games. 
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Abstract 
 

Film works express certain some emotions and infor-
mation transfer through image elements. It means that 
film works are the creative works achieved with the impli-
cation of art and artistic forms, and it conveys infor-
mation to the people with needs. This is the formation 
process of symbols. Film symbols must be the core of Film 
works; therefore, this study focuses on Chinese documen-
taries so as to research the aesthetic implication and 
thought significance of film symbols. Some successful cas-
es are analyzed hereunder. According to out investigation 
on relevant literatures, we find out that in order to ana-
lyze film symbols in documentary works, some repre-
sentative Chinese works, such as the Ying and Bai, Kin-
dergarten etc., are selected for deep exploration on film 
semiotics.  

 

Keywords-image aesthetics; screen signification; Significant; 

signifier  

 

I. Introduction 
 

Symbol is a way to express the thought and the same is true 
of film works. Film producers use the method of semiotics for 
expression and information conveying. Only the semiotics 
tools which can express thoughts are used appropriately, will 
the audiences achieve the personnel favor. Film works are the 
aggregations of culture accumulation supported by technolo-
gy, which can indicate rich culture significance and aesthetic 
value; the cognition and understanding on objects can be con-
nected with the film semiotics, which can make it more mean-
ingful and systematic.  

 
 

II.   Aesthetic implication of film symbols 
 

Aesthetics, as a subject researching the beauty-
appreciation, is one subject subdivided in the philosophy. 
Film aesthetics is the practical method of aesthetics, which is 
valuable as a form art indicating the value of aesthetics effec-
tively. The greatest strength of films is the time-dependent 
continuity, which is also a feature distinguishing from other 
art forms. Films are synthetic, which is based on special sym-
bolism; the aesthetic value and aesthetic implication are ex-

pressed continuously through the expressiveness and strong 
time impact. Symbols in films are the projection of film pro-
ducers’ intention and thought, which conveys thought and 
profound meaning through images.  

Ferdinand de Saussure, a Polish philosopher, said that: the 
feature of a symbol means to symbolize a thought object 
based on a matter object or to symbolize a strict abstract con-
ception[1]. Things, events and people are in their own 
“world”; images will make something meaningful in unique 
ways when certain intention is conveyed. It means that the 
ideographical expression of film symbols can turn into indi-
vidual images through the relationship among images and 
objects of images. This is the relationship between the “signi-
fied” and the “signifier”.  
 
 

III. The meaning created through film symbols 
 

The accumulation of visual figures and diverse expressions 
forms of images constitute the characteristic of semiotics and 
an inseparable relation. Especially in documentaries with 
clear expression of film producers’ intention, some accidental 
shooting is only for capture of some scenes under the produc-
ing intention of the producer. It can be taken as the guarantee 
for the semiotics process of significance contained in images. 
The process of selecting scenes by film producers actually is 
the continuation of subjective choice; the elaborating is ac-
cumulated in the direction reflected in intention, and finally a 
work is formed. Signifier are selected to call for audiences, 
which stresses that the elaborating of the relation between 
“signifier” and “signified” built up by film producers through 
the technique of expression. This is the core process for the 
formation of themes of the works.  

“I believe that documentary film should be individualistic. 
Documentary film is a way to show individual understanding 
and interpretation to the world. For example, the scene of 
building a fence usually appears in Ying and Bai, which has 
strong implicit and metaphorical effect on these images with 
symbols so as to exchange signifier and signified in the film”, 
said Director Zhang Yiqing who are Producers of documen-
tary film.  

Perspective of the Director is expressed through description 
of the scene for mutual gaze between Ying and Bai in the 
film. Bai is the world in the eye of Ying and Ying is the world 
in the eye of Bai as well. Audiences glimpse inner loneliness 
of human beings in the scene. Although Ying and Bai are 
separated by fence and they sit at different places, they can 
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Abstract 

 
Youth is considered as a bridge for structuring means of 

progress of any nation. Thus, it must be constructed on 
strong fundamentals. All over the world, persons as well as 
societies are facing illegitimate drug issues. Illegitimate 
drug utilization prevents individuals from realizing their 
full potentials and capabilities; consequently, it becomes a 
barrier to social growth. The human evils caused by drug 
dependence are the reparation to traditional values, life 
styles and National economy. In Pakistan, young 
generation is destroying themselves being addicted in 
various types of drugs. Drug addiction is a kind of 
disorder, if an individual develops, will never be able to 
put down easily. The purpose of the research was to study 
the socio-economic and psychological profile of the young 
addicts, to explore the nature, frequency and duration of 
drug addiction, to find out the psycho-social, cultural, 
physical and economic causes of drug addiction, sources of 
getting drugs, effects of drug addiction, to enquire the post 
drug feelings of addiction and also to draw 
recommendations for rehabilitation measures. So, a 
quantitative study was conducted while using purposive 
sampling, non-probability sampling method, in different 
governmental institutions of Lahore. The other sources for 
data collection were books, journals, articles, thesis, 
official documents and newspapers. The researcher 
selected Interview Schedule as a tool for data collection. 

According to the study, all the respondents had 
understanding about “drugs” that create depending upon 
chars, heroin, cigarette, alcohol, samad bond and drug 
injection. Factors such as bad company, failure in love, 
peer pressure, lack of recreational facilities were the main 
causes cited for the utilization of drugs. Social factors such 
as illiteracy or lack of education, drug pushers, poverty, 
etc. were also the reasons of drug addiction among young 
generation.  
 

I. Introduction 
 

Drug addiction is injurious not only for the addicts but also 
has negative effects on the fabric of the society. The impacts of 
such addiction can cause harmful changes in the body, mind as 
well as spirit of the drug addicts. The most alarming aspect of 
drug addiction is that it is reaching epidemic proportions in the 
entire world. Drug addiction is much serious issue even if the 
drug addict is utilizing prescribed drugs; the ailing impacts can 

be very destructive indeed. Drug addiction is no less 
worrisome in Pakistan. Though, its neighbours (Bangladesh, 
India, Maldives and Nepal) all have drug addiction problems, 
but the worst affected throughout South Asia, is Pakistan. The 
young generation has become the goal of main drug peddlers. 
The peddlers sell drugs as well as package them like symbols 
of revolution and brightness but have no regard for the results 
of their actions. The youngsters who take the drugs are more 
likely to commit suicide due to the damaging impact of drugs. 
Addiction of drugs among the young generation is killing 
them socially, morally and psychologically even physically. 
On the other side, drugs barons are becoming wealthier 
through supplying these drugs which are causing unspeakable 
gloom. About 6% population of Pakistan, which means, not 
less than 6.7 million adults, are utilizing drugs of which 78% 
are men and 22% are women. Most of the young drug users in 
Pakistan are of 25 years. Men are more likely to utilize 
cannabis and opiates; on the other hand, prescription drug 
addiction is dominated by women. Intravenous drug addiction 
is also significantly high. Addiction of drugs is a complex 
brain disorder. This is characterized by compulsive, at time 
uncontrollable, drug craving, seeking and utilization which 
continue even in the exceedingly negative results. Drug 
seeking becomes habitual, in large part as a consequence of 
the impact of prolonged drug utilization on brain functioning 
as well as on behavior. For most of the people, addiction of 
drugs become chronic, with relapses probable even after long 
period of self-denial.  

In Pakistan, young generation is damaging themselves by 
being addicted in various types of drugs. Drugs are a kind of 
ailment, which if an individual develops, will never enable to 
put down easily. Most of the drug users in Pakistan are in 
Khyber Pakhtunkhwa as well as in Baluchistan. A query arises 
here, who is responsible for drug utilization in Pakistan? 
Parents are to be held responsible for drugs utilization of their 
children because they have not adequately looked after them. 
Youth often becomes addicted to drugs because of neglecting 
of their parents. When youngsters sit in gatherings of elder 
addict persons then it is very probable that they can involve in 
drug addiction. Secondly, young people themselves are also 
responsible because they know about the harmful effects of 
the drug addiction but still they cannot defy the temptation of 
utilizing those drugs.  

Unluckily, there is an active as well as alive drugs culture in 
various well-reputed colleges and universities of Pakistan. 
Many persons in academic institutes are efficiently indulged in 
the sale of drugs to students as well as they are the ones who 
encourage other students to utilize drugs for enjoyment. What 
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initiates as enjoyment ends up in life damaging drug addiction 
for several students. Drugs utilization itself is a societal curse 
but it supplementary begins more societal ills. The individuals 
who are drug users require money to buy drugs for themselves. 
There is a boundary of money which they can acquire from 
their homes. In adding up, they have to get money by 
involving in various criminal acts like theft, snatching as well 
as so on. Even drug users have been seen in killing individuals 
for money. Hence, curse of drugs has stronger depressing 
social footprints on the whole society. Khyber Pakhtunkhwa 
has the peak prevalence of drug use in Pakistan, with 10.9% of 
the adult population. Cannabis, opioid as well as tranquilizer 
or sedative utilization is at peak in KPK. Baluchistan has the 
chief existence of opiate utilization nationally, specifically for 
opium. While in several other areas opiate users are more 
probable to utilize heroin. Sindh has the second highest 
prevalence ratio for cannabis utilization. On the other hand, 
users of prescription opioids (painkillers), heroin, and opium 
are also there. In Pakistan, Punjab is the most heavily 
populated province. The extent of drug addicts in Punjab is 
frightening. The ratio of heroin utilizes among 15 to 25 years 
old is as high as 75%. There are opium as well as heroin users 
in Punjab. The cosmic majority utilizes amphetamine 
(prescription stimulants) to be injecting drugs in Punjab.  
 

II. Literature Review 
 

There are some relevant literatures following as: Mr. 
Sahibzada Hussain (2010) conducted a research on “Drugs 
Addiction and the Youth” and stated in his study that the worst 
object of being addicted to drugs is that it is disturbing the 
youth in each part of the world in a major mode. Simple 
harmful impacts of such addiction involve coma, physical 
itchiness as well as even premature death. On the other side, 
the psychological bad impacts can make an individual entirely 
dependent on taking drugs for surviving. The drug addiction 
among youth arises due to a perception that they look like to 
harbor the view of their insufficiency for failing to measure up 
to their expectations of their elder persons. It has been 
fashionable for the singers as well as actors to involve stories 
of drug addiction as well as sexual references in their music. 
Thus, instead of spreading good values in the youngsters, the 
entertainment industry is liable for propagating the utilization 
of drugs which is more fuelling the addiction to drugs in both 
the developing as well as developed world. 

The News (2015), in a report on “Addiction continuous to 
be on the rise among Pakistani Youth” mentioned that youth is 
more at risk to drug abuse and the pervasive accessibility of 
drugs in Pakistan has left the souls of the youngsters like 
lifeless as they could be. Factors liable for increasing the 
number of drug addicts risk taking attitudes that may indulge 
experimenting with narcotics, alcohol as well as smoking, 
societal isolation, anxiety, stress, peer pressure or bad 
company, advance life style, hippy culture, unemployment, too 
much pocket money by parents as well as dearth of attention 
and supervision, the wish for social acceptance, boredom, only 
to feel good, curiosity, feeble religious belief as well as lot of 
free time at their disposal, easy availability of drugs at less 
prices, presence as well as existence of drug dens are most 
widespread factors, on the other hand, drugs are also utilized to 
heighten sexual delight, to defeat frustration, tragedies and as 

pain medication. The individuals who begin smoking as well 
as drinking alcohol at immature age are much more likely to 
experiment with illicit drugs than individuals who do not 
smoke and drink. Drug addiction leads to a number of health 
issues like apathy, malnutrition and unbalanced heart beat, 
overdose deaths, cardiovascular disease, mental or physical 
retardation, etc. There is financial breakdown of family, failure 
of self confidence and will to work, loss of job, involvement in 
crimes like theft as well as suicidal thought.   
 

Ⅲ. Objectives 
 

The following objectives were the part of this study as: 
 To find out socio-economic profile of young drug addicts. 
 To study psycho-social, personal, physical, cultural as 

well as economic factors responsible for drug addiction. 
 To explore the nature, frequency and duration of drug 

addiction. 
 To determine the effects of drug addiction among 

youngsters. 
 To examine the post drug feelings of male young addicts. 

 
Ⅳ. Significance 

 
Drug addiction is an intervallic or continuous intoxication 

formed by the repeated consumption of a drug. Its 
characteristics involve uncontrollable wish to continue having 
the drugs, a propensity to increase the dose after interval of 
time, a physical as well as psychological dependence on drugs, 
impacts of drugs on youth and society. Addiction of drug is an 
abnormal condition which arises because of frequent drug 
utilization. It is mainly a chronic disorder upsetting the heart, 
brain as well as other parts of body. Youth initiate having 
drugs at their teenage and the first measure of addiction to 
drugs is smoking. Drugs distress various people in various 
ways. One individual can have as well as abuse drugs, yet 
never become addicted; on the other hand, an individual 
merely has experience as well as is directly hooked. Addiction 
of drugs is a state in which the body feels comfortable as well 
as relaxes. Drug addiction among youth is escalating day by 
day that have a very negative impact on our society.  

The researcher selected this topic as it is essential for 
society of today which is taken over through the curse of drugs, 
generally College and University students are indulged in it. 
The major reason is that youngsters are distracting their 
ambitions and because of it today Pakistan, even after 70 years 
of independence, is 3rd world country. Another reason is that 
some persons who desire to quit but because of dearth of health 
care centers, they are not be able to give up. Some individuals 
also indulge in illicit activities to take drugs as they are not 
economically strong. This study will assist to analyze the 
impacts of drug addiction and will assist to locate better 
alternatives. 
 

Ⅴ.  Methodology 
 

Universe of the present study was comprised of 50 young 
male addicts, aged between 15-30 years, under treatment in 
Punjab Institute of Mental Health, Mayo Hospital, Ganga Ram 
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Hospital and Services Hospital, Lahore. The other sources for 
data collection were books, journals, articles and newspapers. 
In this research, quantitative research method was used. 
Survey method was involved. The researcher selected 
Interview Schedule as a tool for data collection, keeping an 
eye on, most of the drug addicts were not be able enough to 
read as well as understand the questions.  
 

Ⅵ. Results/Conclusion 
 

In this study, researcher examined the drug addiction by 
using various indicators. Going through the whole study, the 
researcher found out following points as: 

Majority 54% respondents belonged to the age group of 
25-30 years, 30% were between the ages of 20 to 25 and 16% 
were in the age group of 15-20 years. Majority of 62% 
respondents belonged to the Lahore Division, 16% Sargodha 
Division, 11% Gujranwala Division, 7% Faisal Abad Division, 
2% Azad Jammu Kashmir, 1 % from Multan Division and 1 % 
from Karachi Division. Majority 82% were from urban areas 
and 18% belonged to rural areas. 65% respondents were 
unmarried and 35% were married. 70%married respondents 
had their children. Majority of the respondents 89% were 
living with their families. 64% were educated in which 46% 
respondents were only primary, middle and metric while 36% 
were illiterate. 30% were unemployed, 49% were laborers, 
and 21% were running their own business. Majority of the 
respondents 85% were hand to mouth. 89% respondents spent 
their money on purchasing drugs, 48% were from joint 
families, 65% respondents had 1-3 birth order among siblings, 
53% respondents had 4-6 family members and 37% had 7-9 
members, 26% respondents’ fathers and 47% respondents’ 
mothers were illiterate, 87% respondents’ mothers were 
housewives and 20% fathers were doing Government Jobs, 
30% had their personal business and the rest were labourers. 
67% respondents fathers and 87% respondents mothers were 
alive, 41% respondents’ families did not consider their 
opinions and decisions and 35% thought their decisions got 
considered to some extent, 70% respondents did not have 
pocket money as they were self earners, 31% respondents 
spent their leisure time in smoking, 18% in wandering with 
friends, 17% in audio video music entertainment, 16% in 
watching movies, 7% in outdoor games, 6% in gambling and 
5% in street crimes. 36% respondents spent their free time 
with friends in between 3-6 hours and 34% in between 1-3 
hours per day. 20% respondents had the opinion as they were 
affected by media to great extent while 22% to some extent. 
48% of the respondents were arrested and went to police 
station as well as jail, 5% respondents admitted that drugs 
were introduced in jail. Majority of the respondents 60% had 
addicted friends in whom 34% were unemployed and 4% were 
pick pocketers. Most of the respondents 54% started taking 
drugs in between the age of 15-20 Years. Majority 45% 
respondents’ duration of being involved in drug was up to 9 
years. 46% respondents were taking drugs in the form of 
smoking, 22% in injection, 17% in drinking, 15% in sniffing 
and inhaling drugs. Majority 54% respondents’ frequency of 
drug utilization was more than thrice a day. 56% respondents’ 
source of obtaining drugs was drug pushers, 20% through 
Medical Stores, and 24% from friends. Talking about taking 
drugs for the first time, 37% responses caused bad company, 

10% failure in love, 12% in exploration of pleasure, 10% due 
to family conflicts, 14% due to poverty, 6% inspiration from 
someone and 1% due to domestic violence, 2% had broken 
families, 4% bad media impact, while 4% due to easy 
availability or as an adventure. In gauging the physical causes 
for continuous addiction, 44% respondents revealed that body 
discomfort made them habitual addicts, 16% laziness, 11% for 
sexual power, 29% because of physical energy. 35% 
respondents became unemployed due to utilizing drugs and 
32% had to face poverty. 56% respondents were chars users, 
17% injections, 13% heroin, 8% alcohol, 5% samad bond and 
1% cocaine users. 

 
Recommendations 

 
In the light of the findings of the present research, the 

researcher suggested following recommendations as: 
 First of all, parents must be alert in keeping an eye on their 

children round the clock.  Drug transaction would not be 
controlled by the Government, thus, it is up to the parents 
as well as members of the civil society to perform their 
role in eradicating the drugs utilization from the society. 

 This is the time that governments as well as societies take 
measures to prevent and stop drug addiction. There should 
be a community plan which should be implemented to 
prevent drug addiction. It must identify the particular 
drugs which youngsters are utilizing. This should build on 
accessible resources like existing drugs abuse deterrence 
programmes as well as this should also build up 
short-term goals relevant to appropriate implementation 
of research based drug abuse prevention programmes. 

 Set up a medication management structure which ensures 
that psychotropic substances and pain medication are 
accessible to those who require it, on the other hand, 
monitoring as well as preventing feasible diversion at 
various levels such as manufacturing, storage, health-care 
(prescribing physicians as well as pharmacists), patients. 
Raising understanding among clinicians as well as policy 
makers, parents, youngsters and teachers on the results of 
mistreat of prescription drugs. Training of health care 
professionals on an on-going basis on how to stop, 
identify as well as manage the non-medical utilization of 
prescription drugs and concerned consequences. 

  Government should take administrative, lawful and 
policy measures that put an end to the curse of drug 
addiction.  

 Efforts should be done to control the tobacco smoking in 
the country as this is the gateway to curse of drug 
addiction.  

 Awareness campaigns by mass media, essay contests, 
lectures as well as declamation competitions in schools, 
colleges as well as universities should be run for creating 
awareness about the bad impacts of drug addiction.    

  Educational departments should build up a curriculum 
against drugs for addition in textbooks at school, college 
as well as university levels. 

 Civic awareness campaigns should be run through radio 
as well as television and more recreational facilities 
should be developed to take the young generation off the 
curse of drugs.   
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Abstract 
 

The Japanese animation industry has reached maturity 
and has maintained a very close relationship with comic 
books from the beginning of the development to the 
present. Making a situation that enables to still enjoy the 
animation based on comics as a material when a child who 
was reading a comic book became an adult, Japanese 
animation can be viewed by all ages, therefore the entire 
nation is becoming consumers of the animation industry 
and the investments are mainly made by the production 
committee, which shows that they are differentiated from 
other countries. The process of learning and referring to 
the success stories of Japanese animation films will play an 
important role in the development of growing Chinese 
animation films. 

 
Keywords-component; Japanese animation industry; Chinese 

animation industry  

 

I. Introduction 
 

Currently, the country that goes ahead in the industries of 
theatrical animation is the United States. However, Japan, 
which possesses a lot of animation contents and has global 
fandom culture and influences, is absolutely not negligible. 
Historically, in the case of Japan and China, in the early days 
of animation, it remained at the level which imitated under the 
influence of Disney animations of the United States, but in the 
case of Japan, gradually build a production system suitable for 
Japan, and began to search and improve its own style.  

 
In the case of China, a wonderful work such as <Princess 

of iron, 1941>, the first animation in Chinese history, was 
produced and it made an opportunity to globally make 
known the "Chinese School" which has Chinese classical 
culture and painting elements. The animation industries in 
China and Japan began their businesses with producing 
wonderful works at similar points, but recently, the 
animation industry in China seems to be still in its infancy 
as compared to Japan.[1] Despite the government's great 
support since the 2000s, China has not experienced any 
progress yet and been experiencing difficulty as being 
stopped. Therefore, would like to try to analyze the 
industrial disparity between the two countries through the 
development situation of industries such as value chain 

operating system, investment method and consumer 
audience of China and Japan animation industry. 

 
II .nalysis of operating system of Chinese and Japanese 

animation film industry 
 

A. Japanese animation film industry based-on comics 
 

More than  90% of TV animation currently screened in 
Japan has adapted famous comic books to animation. In the 
case of animations adapted from comic books, can have the 
following advantages. First, Japanese comic books are very 
diverse in material and content, and even for people at 
different age groups or in different fields, it will be ready to 
accurately satisfy the audience's preferences based on the 
entertainment of comic books. The second is that concept 
designs such as characters and scenes are both perceived and 
proved by consumers. Third, since the comic has undergone 
two or more market verifications such as publishing serially or 
in a book form before it is made into an animation, it is 
guaranteed the reorganization into animation and the 
profitability of market investment, and it can reduce. 

 
TABLE I 

THE STATISTICAL TABLE OF THE ORIGINAL ANIMATION O
F JAPANESE THEATRE [12] 

 
Year cartoon fiction original 

animation 
video 
game 

Year 2017 
(28films)  

46％ 18％ 25％ 11％ 

Year 2016 (24 
films)

37％ 25％ 33％ 5％ 

Year 2015 (45 
films)

43％ 11％ 37％ 9s％ 

 
The revenue created through the sales of broadcasting 

animation and animation related products will flow back into the 
comic industry and will act as a catalyst for promoting the 
development of comics. As a result, after the Japanese 
animation movie operating system started serializing comics, it 
was published in a book form and then made a subsequent 
work such as TV animation, and the revenue thus obtained 
again leads to investment in the comic industry. These 
operating systems take on the form of an industry value chain 
that has a mutual promotion and circulation. 
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B. Leading Chinese animation film industry through TV 
animation 

 
In China, the original TV animation has been used as a 

breakthrough and accumulating capital from it and has set a 
target of children who are not affected by overseas 
animation yet. Animations such as <Pleasant Goat and Big 
Big Wolf (2005)>, <Boonie Bears (2012)> are exercising 
increasingly powerful brand influence among younger 
children in this way. The cinema version of "The Super 
Adventure, 2009", aired for the first time in 2009, raised a 
total of 85.5 million yuan box office revenue with a 
production cost of 6 million yuan,[2] and all subsequent 
works produced since then, have raised box office revenue 
with the value of 100 million yuan. 

 Besides this, <Legend Of The Moles (2008)> which 
formed a solid children's audience with the online game 
system, was re-released as a movie of the same name in the 
summer of 2011. <Legend Of The Moles - The Frozen 
Horror (Mt. Zhuzhou Century Bill), 2009> raised revenues 
of 15 million yuan.[14] In addition to this, the company also 
raised sales revenue of 3,500 yuan in total through sales of 
books with the same name and print copyright.[3]. This is a 
work considered as the most successful case among 
domestic game animation produced in the Chinese 
animation film market. A value chain model of Chinese 
animation film industry is being tried, making profit model 
by utilizing the "1 + n" model of these audiences.  

 
Ⅲ. Analysis of investment methods of animation film 

industries 
 

A. Japanese animation investment style centering on the 
production committee 

 
The work production committee, an organization 

committee for Japanese animation works, is a business 
association formed to exchange relevant usage rights after 
completion of the works while sharing the animation 
production cost in collaboration with several enterprises. In 
Japan 's animation industry, it formed an investment 
production system led by the work production committee in 
the process of development with the aim of reducing 
investment risk and efficiently sharing the dominant 
resources of various market entities. The value chain 
entrepreneur of Japanese animation industry creates profits 
through cooperation, strengthening the competitiveness of 
each industry sector, creating an ecological environment 
that enables the entire industry to achieve sustainable and 
sound development. 

 
B. Chinese animation investment style 

 
 Today, Chinese industries of comic and animation film 

still adhere to the investment production system mainly 
based on animation companies, and the main sources of 
funds are equity capital, corporate investment, and the 
private loan. Corporate investment is the primary 

investment method by enterprises such as broadcasting 
stations, movie companies, movie issuing companies. 
However, given the investment risk, the investors' side 
tends to lean toward the competitive animation companies 
and to the relatively large market influence projects. So, 
even though small businesses are rich in potential but still 
have insufficient market influence which may cause a 
problem that an animation work has difficulty in work 
production due to lack of funds. <Big fish Begonia, 2016> 
which raised the box office revenue of 220 million yuan for 
3 days from the opening day, achieved the best 
entertainment record among the domestic animation films 
on an opening day, yet the manufacturing process was not 
quite smooth as shown in Table 2. 

 
TABLE II 

BIG FISH&BEGONIA MANUFACTURE BACKGROUND[6] 

  

This proves the facts that the support system for Chinese 
animation industry is still inexperienced and it is necessary 
to improve its investment method. 

 
 Ⅳ.Comparative Analysis of Animation film Audiences 

B. Japanese animation film industry covering all age groups 
 
In Japan, it is distinctive that people with different esthetic 

viewpoints and people of different age groups can find and 
consume animation works that match their taste in the markets. 
Japanese scholar Masuda Hiromichi mentioned the expansion 
of these animation audiences as the most important element 
that supports the growth of the Japanese animation industry.[7] 
The development of Japanese animation came through three 
growth periods as shown in Table 3. Today, Japanese 
animation is one of the important industrial sectors supporting 
the country's economy and became one of the three biggest 
leading industries in Japan occupying more than 10% of the 
total GDP of Japan.[12]. 

 
B. Chinese animation film industry targeting the children's 
market 
 

The Chinese animation market has started to open 
completely based on free competition. As a result, excellent 

<Big fish Begonia, 2016> 
Year2006 Big Fish Begonia got the first sum of initial 

capital 
Year  
2007-2009   The sample drawing was completed 
Year  
2009-2010   Failed in finding investment 
Year 2011   

Shut down due to the lacking of investor 
Year 2013   

Crowd funding, successfully enable the 

production of Big Fish&Begonia 
Year 2016   

Nationwide first run, exceed 100 million at 

the box office within 3 days 
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overseas animation works have dominated the animation 
market in China and investors have started investing in 
overseas animation industries. Under such circumstances, the 
Chinese government repeatedly enforced restriction policies 
for overseas animation industry into China and development 
policies for Chinese animation, and strived to provide 
opportunities for Chinese animation to grow. As a result, 
animation works such as <Pleasant Goat and Big Big Wolf, 
2005> and <Boonie Bears, 2012> gained sensational 
popularities and updated box office records in China, but in 
overseas markets, didn't make a big achievement. 

 Currently, animation films in China are tried to develop the 
animation industry, centering on audiences of lower age 
groups, in order to overcome this situation. [10]However, 
there are concerns that low age audience phenomenon of 
Chinese animation movies' target will hinder the development 
of Chinese animation due to many overseas competitors. 

 
TABLE III 

 THE GROWTH STAGES OF JAPANESE ANIMATION[13] 

 
5. Conclusion 

Since China has a large population, even without turning 
eyes to overseas, there is enough power to generate revenue in 
the domestic market, and the possibility of growing the 
animation industry is very high. However, the government's 
support policy can be regarded as a cause for domestic 
companies to have weakened their competitiveness with 
overseas manufacturers that have grown in a fierce 
competition system. As the support policy decreases, in order 
to naturally enhance competitiveness, as mentioned in the text, 
the value chain of Japanese animation industry and the policy 
of the investment method that can reduce the risk through the 
Japanese production committee, should be conducted in China. 
In order to overcome the situation that animation production 
method targeted on low age group in China, it is necessary to 
have the interest from all age groups like Japan which still 
based on comics. Fortunately, the situation where the spread of 
Webtoon based on the internet is growing can bring audiences 
of various age groups and create a lot of contents of various 
themes same as Japan, and it can also be obtained as subjects 

for animation productions. In the text, the many advantages of 
Japanese animation production system have been investigated, 
in the future, the research on issues will be conducted and 
which will proceed the research to be able to prepare for the 
problems arising in Chinese animation industry.  
 

TABLE Ⅳ 

GRADE CLASSIFICATION OF AMERICAN AND JAPANESE 
ANIMATIONS[11] 
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The three stages of Japanese animation 
Year Animati

on 
Achieveme

nt 
Audience 

1960   <The 
establish
me, 1963> 

The 
establishment 
of Japanese 
animation 
industry 

The majority is 
children 

1970
-1990   

< Space 
battleship 
yamato , 
1974> 

The genesis 
creation of 
Japanese 
animatio 

students from 
junior high school, 
senior high school, 
and college 

1995   < Neon 
Genesis 
Evangelio
n , 1995> 

The 3rd 
animation 
climax 
continues to 
nowadays 

domestic audience, 
overseas audience 

The ranking system of 
Japanese animation 

The ranking system of American 
animation 

Ordinary 
class  
G class 

suitable for 
people of all 
age 

G class public class, suitable for 
people of all ages s 

Child 
protection 
class 
     

Not suitable 
for child less 
than 12 years 
old and pupil, 

or watch it 
when 

accompanied 
by family 
member or 
guardian 

PG class  
Parents 
Cautione
d 

Child after school age 
can watch it when 
accompanied and guided 
by family member .   

PG-13cla
ss 
Parents 
Strongly 
Cautione
d 

Not suitable for children 
under 13 years old, it is 
suggested to be watched 
when accompanied and 
guided by family 
membe. 

Restricted It is forbidden 
to be watched 
under the age 

of 15 

R class  
Restricte
d 

It contains many 
elements for adult, 
which is recommended 
to be watched after 17 
years old, teenagers 
under 17 years old need 
to be accompanied by 
parent or guardian to 
watch it. 

Prohibit 
class    

adult 
animation (it 
is forbidden 
to be watched 
under the age 
of 18) 

NC-17 
class 

Prohibit 
class 

adult movie, It is strictly 
forbidden to be watched 
by under age audience 
under the age of 17. 
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Abstract 
 
This study focused on women-friendly urban 

regeneration elements in a city space and used factor 
analysis to objectively extract women-friendly cultural 
elements. After, the study performed hierarchy process 
analysis on the women-friendly urban regeneration 
elements using the extracted factors, and set the standard 
of urban regeneration to realize women-friendly city. By 
analyzing the usage status of each country’s overpass sub 
space and examining women-friendly effect elements on 
overpass sub space, this study seeks to provide evidence 
and references for the urban regeneration of overpass sub 
space. 

 
Keywords-component; Women-friendly, High sub-space, Idle space, 
Cultural regeneration 
  

I. Introduction 
     

Although women’s life has not been traditionally identical 
as men’s life, city space has been formed according to 
male-centered behaviors. Isolated from work spaces, 
residential areas regulating women around home and managers 
restrict their social activities. As seen from street facilities or 
traffic system that make it difficult for women to pass by with 
their young children or baby carriage, a city has been 
constructed mainly for health men, maintaining a difficult 
structure for women to approach as social participants. Parks 
or public facilities in cities that are not safe can also be 
understood in the same context, restricting the rights of gender 
difference for women in a city space. 

In the past, women spent most of their life in the vicinity for 
their social life, childcare, work, home management, support 
of old parents, etc. Vicinity environments shortened women’s 
travel distances within the family life zone, making their 
family life efficient. However, with the increased participation 
of women in society, the development of residential areas has 
rather led to space separation restricting women’s activities in 
society. This means that women’s activities according to social 
participation face spatial restrictions in a city space (Hyung-ok 
Hong, 1999). Therefore, women-friendly city space must be 
sought to accept women as social participants, and a city to 

support women’s roles and social activities must be built to 
improve its competitiveness and achieve growth (Tae-won 
Park, Hyeon-sook Cheon, Hyang-sook Song, 2013). 

To effectively solve traffic jam, many cities have built an 
overpass bridge as well as another space form in a city—i.e. 
overpass sub space. Overpass sub space can become a place of 
activities for women who consider families among citizens. 
This paper analyzed the usage status of each country’s 
overpass sub space, researched the women-friendly elements 
of overpass sub space, and provided evidence and references 
for the use of overpass sub space. 

This research focuses on the usage status of overpass sub 
space and influence elements of women-friendliness in a city 
in the 21th century. First it examines the theoretical 
background through preceding studies, and identifies the use 
of overpass sub space through excellent cases in Canada, 
China, and Italy. Finally, this paper studies the cases of using 
overpass sub space that are used as women’s facility 
guidelines. 

 
II. Theretical Review of 

Women-friendly Urban Regeneration 
 
A. Women-friendly City Guideline 
 

A women-friendly city means “an area without gender 
difference in daily life by guaranteeing equal participation and 
the allocation of benefits for both men and women” (Ministry 
of Gender Equality and Family, 2009) [1]. The report on 
Women’s Happiness Project Facility Certification Evaluation 
provides guidelines for women’s facilities [2]. 
 
B. Characteristics of Overpass Sub Space 
 

A high sub space is an idle space that has a sense of 
existence but has low usability. Its characteristics have been 
identified as follows. 

(1) Derivative space: Annex of overpass; its recycle has 
passicity. 

(2) Leftover space: Has low vertical altitude and usage 
efficiency. 

(3) Public space: Managed and operated by a government 
agency. 

(4) Inferior space: Lacks light and has loud noise and 
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automobile-exhaust emissions. 
Research on idle space is still at its basic stage, and there is 

still no enough research on the evaluation system of high sub 
idle space from women-friendly perspective. Thus this study is 
conducted to provide a theretical foundation based on 
empirical research. 

 
TABLE I 

 facility guidelines for women 
 

Cat
ego
ry 

Bathroom Parking space Street Park 

Co
nve
nie
nce 

Quantitative 
securement, 
facility for 
children’s 
use, separated 
installation of 
women and 
men’s 
bathroom. 

Adoption of 
women-first 
parking 
space, 
temporary 
parking 
system for 
urgent 
vehicles 

Building more 
women-friendly 
pedestrian roads, 
women-friendly 
intersections, 
convenient 
facilities, 
repair/renovate 
pedestrian roads 

Installation of 
women-friendly 
walking trail, 
women-first 
parking space, 
convenient 
facilities, and sign 
board, women’s 
participation 
programs

Co
nsi
der
atio
n 

Installation of 
convenient 
facilities, 
space plan, 
unit booth, 
installatio of 
sitting down 
and stand-up 
toilets and 
hygienic 
facilities 

Securement 
of pedestrian 
roads in a 
parking space 
and 
convenient 
facilities of a 
parking 
entrance lamp 

Arrangement of 
walking support 
facilities and 
walking facilities, 
securement of the 
connectivity 
between pedestrian 
roads and public 
transportation, 
women’s 
participation and 
making women’s 
roads, activation of 
local communities 

Diversification of 
the usage of park 
areas, bicycle 
network, 
connection with 
physical education 
facilities and 
installation of 
exercise facilities, 
installation of  
convenient falities 

Saf
ety 

crime 
prevention 
and alert 
system, 
adequate 
lighting 
during day 
and night, 
safe booth 
entrance/exit, 
safe flooring 
material,  

Securement 
of sight in a 
parking 
space, 
installation of  
crime 
prevention 
and alert 
facility, 
adequate 
lighting 
during day 
and night, 
women-first 
parking space 
regular 
parking 
space), 
Securement 
of sight in an 
underground 
parking 
space, safe 
elevator 

Ddequate lighting 
during the night, 
crime prevention 
installation, safe 
pedestrian roads,  
safe taxi boarding 
platform 

Securement of safe 
sight, crime 
prevention, 
strengthening of 
accident 
prevention 
functions, crime 
prevention, 
disaster, safety 
management 
system, 
designation of safe 
areas 
 

Ple
asu
re 

Create 
pleasant 
environment, 
installation 
and 
management 
of hygienic 
tools 

Creation of a 
pleasant 
parking space 
and parking 
environment 
creation of 
shades in a 
parking space 

pleasant pedestrian 
roads and 
roadsides design, 
ecofriendly 
roadsides creation, 
public use of 
setback building 
line, theme-setting 
streetlights 

Increase of 
environment and 
space pleasure, 
adoption of an 
ecofriendly plan, 
energy saving 
system, pet 
protection areas, 
etc. 

 
Ⅲ. Theretical Review of 

Women-friendly Urban Regeneration 
 
A. Research Case 
 
 From facility guideline for women on overpass sub space, the 
method and evaluation of Harrison’s analysis was applied on 4 

standards of convenient, consideration, safety, and pleasure to 
efficiently identify the overall level of cases. This paper 
conducted research on the actual cases of three places which 
show the aspects of cultural regeneration, among overpass sub 
spaces that have been built throughout the world for the last 20 
years. The 3 cases selected were: the U.K.’s “Westway 
Development Trust”, the Netherlands’ “A8ernA Public Space”, 
and Japan’s “2K540 Akioka Artisan”, to examine the 
revitalization of an underdeveloped or backward region and 
Formamenities by applying various facilities and programs on 
an overpass sub spaces in areas having severed communication 
with surrounding areas. The 3 cases were from 3 areas with 
respective different space characteristics, and it is belived that 
a close examination of these 3 cases from a women-friendly 
perspective will vitalize the space below the overpass.  

 
TABLE Ⅱ 

Case analysis 1 
 

Name  Westway Development Trust  
Locatio

n 
1 Thorpe Close, London, W10 5XL  
 (size 80,000m²) 

Space 
characte
ristics 

The overpass connecting central London and White City in the late 
1960s severed exchanges and interactions with North Kensigton. As 
a result, the subspace of overpass became a slum and brought 
various social problems around highways. To solve these issues and 
to improve harmony and communication with the surrounding 
areas, social enterprises became involved to provide various art and 
cultural spaces and programs for people. 
 

Urban regeneration facility 
- Create an organic flow by drawing murals on infrastructure and use 

natural light in indoor spaces; 
- Gather and install storage facilities of similar functions; 
- Installatio of rock-climbing facilities of exaggerated size by securing an 

indoor space in an individual booth form; 
- Install various booths and use various bright colors to escape from the 

image of a dark space; 
- Form a space for physical education facilities and educational classes that 

many people can use; 
- Form an art and cultural space that anyone can use; 
- Offer various educational classes related to environment; various physical 

education and clinic facilities 
- Install art project spaces; 
- Use of a hobby space that women lack in the area; 
- Install various commercial vacilities and event spaces and hold many 

different competitions; 
- Make easier street access highlighting healthy culture;  
- Space to experience animals easily and easier space accessibility with an 

open event space 
 

Picture of the case example 

 
 

 
 

Women-friendly analysis (Harris Chart) 

-2 -1 0 +1 +2 

convenient
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consideration 
safety 

pleasure 
 

Calculation 
and 
evaluation 

Scores of figures:  
+2+2+1-2=3 

The graph focuses on the middle and 
lower part rather than the whole. 

 
TABLE Ⅲ 

Case analysis 2 
 

Name  A8ernA Public Space 
Locatio

n 
Van Hallstraat 294, 1051 HM Amsterdam  
(size 22,500m²/ 1,500m²) 

 Space 
characte
ristics 

A8 highway street, which was constructed with the formation of 
highly-dense local area along the Gianh River in the early 1970s, 
quickly divided the main facilities of the two towns, blocking the 
interactions of both sides. The dreary 7m high space underneath the 
overpass street blocked the communication and exchanges between 
the towns, abandoning the facilities for more than 30 years. 
Currently, many complex-purpose convenient facilities have been 
built to meet residents’ needs and to provide various opporutnities 
for smoothly connecting the communication of both towns that were 
severed by the overpass.  
 

Urban regeneration facility 
- Form a paranomic deck of a similar shape; 
- Form a closer relationship with users such as a small deck with an easy 

access to a river, super market, and parking space; 
- Installation of a sculpture-like busstop that acts as a space objet; 
- Create a small park around the overpass; 
- Forman art and cultural space for dance performances and exhibitions that 

anyone can use; 
- Form a hobby space such as a toy zone considering individual users; 
- Form a close relationship with space as various hobby spaces considering 

users; 
- Installation of physical education and play facilities for exchanges of 

people; 
- Form a space complementing the hobbies that resident lack; 
- Gives a certain image of space such as LED lighting overpass pillar, 

graffiti gallery, etc. instead of doodles; 
- Create an artistic space like a gallery for the existing doodle space; 
- Form a unique space such as a mini deck connecting to a river and 

barbeque cave inside the park; 
- Give unique symbolity with an LED overpass pillar and mini deck; 
- Create comfortability like a regular space such as a park and supermarket 

beside the overpass; 
 

Picture of the case example 

 
 

  

 
 

  
  Women-friendly analysis (Harris Chart) 

 -2 -1 0 +1 +2 

Convenience 
Consideration 

Safety 
Pleasure 

 

Calculation a
nd evaluation

Scores of figures:  
+2-1+2+1=4 

 Graph focuses on the lower part, not 
the whole. 

 
TABLE Ⅳ 

Case analysis 3  
 

Name     2k540 AKI-OKA ARTISAN 
Locatio

n 
JR overpass in Akihabara, Tokyo (size 80,000m²) 

space 
Charact
eristics

Since the location is far from the station and even the middle space 
was a dark parking space and storage, it was an environment with 
little passage of people. As an area with a long history related to art, 
handicraft workshops and commercial facilities were created. By 
creating a “white space” from a dark image, it draws attention as a 
bright and vibrant sub space and surrounding area. 
 

Urban regeneration facility 
- Highlight functionality by expressing with the same white color for the 

entire buildings and outer walls; 
- Form an organic flow by setting gentle lighting and a resting space; 
- Commercial facilities of a box form act as both a space and objet; 
- Create a beautiful look using shade plants for landscape; 
- Create a comfortable and soft image by installing gentle ligting for 

overpass pilars; 
- Induce focused attention of the space through white paint effect overall; 
- Provide various fashion shows and watching spaces for participants; 
- Provide various handicraft workshop spaces that people can experience 

directly; 
- Provide a space to view the works of famous local artisans; 
- Gather the spaces into one to preserve the unique local culture and art; 
- Resolve the lack of spaces for art handicrafts and events in the town; 
- Form place character with a facility name derived from a railway term;  
- Provide a space to experience different theme and unique items; 
- Improve accessibility with facility name using an existing railway term; 

 
Picture of the case example 

 
 

 
 

Women-friendly analysis (Harris Chart) 

-2 -1 0 +1 +2 

Convenience

Consideration

Safety

Pleasure

Calculation 
and 

evaluation

Scores of figures:  
-1+2+0+1=2 

Graph focuses on the upper and 
middle parts, not the whole. 

 
B. Results 

 
The results of comparison and in-depth analysis on the 3 

main cases of cultural regeneration in an overpass sub space 
above are as follows.  

According to the results, since the 2k540 AKI-OKA 
ARTISAN case has an overall high score and has a positive 
prospect of women-friendly development, it is appropriate for 
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the basic standard of each women-friendly. Next, A8ernA 
public space shows the tendency of development, but it lacks 
some women-friendly aspects. The entire score and Harris [3] 
graph results of 2k540 AKI-OKA ARTISAN fall behind 
2k540 AKI-OKA ARTISAN and A8ernA public space, but are 
highly convenient in terms of the overall plan. Thus, all 3 cases 
have advntages that can be referred for women-friendly 
overpass sub space. 

  
Ⅳ. Conclusion 

 
Through theoretical research and case analysis on 

women-friendly overpass sub space, this paper drew the 
following conclusions on the use of women-friendly overpass 

sub space in city regeneration. 
First, the idle space of each part can recover regional vitality 

by the following actions: adoption of women-first parking 
system, temporary parking for emergency vehicles, 
construction of more women-friendly pedestrian roads and 
convenient facilities, renovation of pedestrian roads, 
women-friendly trails, women’s participation programs, which 
consider convenient women-friendly elements to deeply 
discover the meaning of urban regeneration that has 
development potential.  

Second, the installation of convenient facilities can be 
guaranteed to establish facilities that can promote women’s 
activities at home in spaces with reasonable equipment and 
low usage efficiency, based on the characteristics of overpass 
sub space. Convenient facilities include: overpass sub space 
plan, unit booth standard, installation of stand-up and sitting 
toilets, securing connection between public transportation and 
pedestrian roads, creating women’s path for their participation, 
revitalization of local communities, diversification of park 
spaces, and installation of exercise facilities for women. 

Third, areal regeneration and vitality are promoted by 
increasing women’s participation through: alert system, 
adequate illumination between day and night, safe flooring, 
securing sight in parking spaces, women-first parking spaces, 
crime prevention, pedestrian roads that consider safety, 

securing safe sight, strengthening accident preventive 
functions, disaster prevention, safety management system, and 
finally, the designation of safe areas. 

Fourth, customized life industry is developed based on the 
features of overpass sub space, with the Formwomen’s 
characteristics and the absorption of creative cultural 
industries. They include: Create a pleasant environment, 
Install and manage hygienic equipment, Create pleasant 
parking area, Create shadows in parking spaces, design of 
pleasant pedestrian roads and roadsides design, Create 
ecofriendly roadsides, increase environmental pleasure, 
increase space pleasure, adopt an ecofriendly plan and 
energy-saving system, and setup pet-protection areas. 
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TABLE Ⅴ 
Results of case comparison and analysis  

(● High relationship, ◐ Moderate relationship, ○ Low relationship) 
      

Index / Case 
Westway 

Development 
Trust 

A8ernA Public 
Space 

2k540 AKI-OKA 
ARTISAN 

Convenience ● ● ◐ 
Consideration ◐ ● ● 

Safety ● ◐ ◐ 
Pleasure ◐ ○ ○ 
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Abstract 

 
Work for woman is an opportunity to reveal her 

capabilities which Allah has bestowed her. However, this is 
the requirement of the current era; women are working 
equally with men to run the family now. Married working 
women have to maintain equilibrium as well as stability 
between their homes and career. Undoubtedly, employed 
women are economically independent, support their 
families and fetch a positive modification in social status 
but in spite of all, they are not being facilitated by their 
families and society. The duties performed by the 
professional married women are not simple to handle, as to 
accomplish both professional and domestic responsibilities 
simultaneously, is a complex job and burden on their 
shoulders. The whole personality of a woman can be 
affected if she is not facilitated by her family. Still, in our 
country, most of the people do not like women going 
outside their homes. Their less accommodating approach, 
dearth of encouragement and biased attitude towards 
women, are creating great hurdles. 

This study revolved around psycho-social condition of 
the professional married women, attitude of family 
members, conveniences provided to them, their decision 
making power, intensity of responsibilities, office 
environment, etc. The primary objective of the research 
was to see and evaluate those fundamentals which were not 
obliging married working women and to analyze the 
overall conducive environment presented to them by their 
families and society. The data was collected from four 
different fields as Medical, Educational Institutions, Banks 
and Business owners. 

The study revealed that majority of the respondents had 
to perform duel responsibilities; they not only did their 
jobs but also did household chores, pampered their kids 
and looked after their husbands, etc. Majority described 
the reasons of not having conducive environment as male 
dominant society, illiteracy, gender discrimination, 
conservative approach of the people and lack of awareness, 
etc. 

 
I. Introduction 

 
In Pakistan, women have always experienced disadvantages 

as compare to men of the similar class. Social as well as 

cultural factors have historically kept several women from 
inflowing the job market. But with the current modifications in 
society caused by augmented financial pressures, extension of 
educational facilities as well as augmented access to learning, 
more and more women are incoming to the job market. To 
accomplish basic needs of daily life, women belonging to 
middle class families are working in different government and 
non-government organizations. Our society chauvinism 
against women continues from her childhood. In most of the 
families, girls were feed after male. Because of necessities of 
their jobs, they spend most of day time outside their homes. 
They face several issues during this time such as prejudice as 
well as specifically non-recognition of their assistance even 
from their families. This kind of action may suffer their 
position as well as their skills. The current research, thus, the 
researcher organized to examine various issues that working 
women face in our society. Working women are facing many 
issues in Pakistan which are not facing by working women in 
developed countries. Most of the men do not share household 
chores in Pakistan. This is the chief duty of women to make 
food, look after their children as well as family, dirt free the 
house and other routine work. Thus, main burden comes on 
shoulders of women. 
 
 

II. Literature Review 
 

Jahan (1975) claimed that women are un-organized as well 
as non-visible; they cannot articulate their issues so that they 
become unsuccessful to draw the concentration of researchers. 
But now circumstances are modified steadily. The contribution 
of women in labour market is steadily enlarged during the mid 
1980s (Mahtab, 2007).  

Ralstone (1990) claimed that working women with hard 
duty schedules faced more domestic issues than working 
women with bendable duty schedules. Expanded working 
hours escort to family conflicts. (Piotrkowski, 1987) 

Working women face several issues. The chief issue comes 
from their family as well as relatives. Women require having 
consent of their male family members to go out and job. Even 
women do not have more choices to search job as compare to 
men. They treated like “women” during the work or place of 
work. Their male colleagues do not prop up them; they believe 
that they have not sufficient skills to do work. Their colleagues 
as well as subordinates consider that they have not decision 
making power and cannot formulate policies. They cannot live 
late hours or off days so they consider in poor condition. 

- 181 -

[Oral Presentation - Session K]



Besides these some other issues, separate bathroom, place for 
offering prayer as well as dearth of transportation they face, 
make their jobs harder (Islam,1997).  

The mainstream of Pakistani women associates to the rural 
areas who work in the fields in the manufacturing centers. This 
is a poor as well as nearly uniformed bulk which tends a life of 
physical hardship including long hours at tedious errands for 
that there is neither compensation nor appreciation. Majority 
of these women tolerate the twofold burden of domestic as 
well as outside work. (Ferdoos, 2005). Not only do these 
women have longer days than the rest of the family but also 
being the very last to eat, they eat less well as well as suffer 
from anemia and malnutrition. (Mumtaz, 1994). In rural areas, 
majority of women are mostly working in the fields and they 
desire to modify their work due to much burden of work with 
fewer earnings but they have no other option because of 
illiteracy. (Ferdoos, 2005) 

Parveen (1984) after studying the “Problems of Working 
Women in Faisalabad City” examined that the working women 
were generally displeased with their professions as well as 
their conditions of work. They were discontented due to the 
dearth of working facilities unfavorable approach of the 
members of the society. Chief issues faced by working women 
were observed as conveyance, family, official, 
accommodation, social as well as health issues. Khalid (1990) 
studies about “The Problems of Working Women” and 
observed that the status of women as second-class citizens was 
reinforced through the narrow vocational opportunities 
presented to them. Furthermore, various issues like behavior of 
society members prejudices and unrecognizing that the 
working women encountered with regard to their status as well 
as role in the financial life harmfully exaggerated the use of 
their talent as well as work capabilities. 
 
 

Ⅲ. Objectives 
 

The following objectives were the part of this study as: 
 To prepare socio-economic and psychological profile 

of married working women. 
 To explore the reasons of doing job as well as level of 

satisfaction as working women. 
 To enquire the perception regarding people’s 

behavior towards them. 
 To examine the right of decision making on family 

issues provided to them by their family. 
 To study the status provided to the married working 

women at their homes by in-laws and overall view of 
the society.  

 
 

Ⅳ. Significance 
 

Pakistan is a developing country and almost 50 percent of its 
population is comprised of women. The contribution of 
women in each field is very important for progress of any 
country. Because half of the population of Pakistan is 
embedded on women, thus women contribution in financial 
growth is important for Pakistan to progress leaps and bounds. 
Though the environment which is provided by the families as 

well as societies to the married working women, is not as much 
encouraging in our country. Unluckily, in some areas, women 
are treated ineffectually, about, in each matter. And married 
working women have non-cooperative behavior by their 
husbands, families as well as societies. In Pakistan, while the 
situation is acceptable, but still most of the husbands are not in 
favor of jobs, so far their wives are concerned. Because of such 
behaviors, overall families do not facilitate the working 
women to great extent. Conducive environment by family is 
the pre-requisite for any working woman to accomplish both 
the household and professional liabilities. The encouragements, 
level of contentment as well as division of responsibilities are 
the vital component required by the working women and 
absence of such elements result in various issues faced by 
these women. The current study aimed at highlighting the 
issues and life of married working women and the 
environment provided to them by their family and society. 
This research will also assist the government and policy 
makers to make the daily lives of working women more ease 
by arranging facilities for them.   

 
 

Ⅴ. Methodology 
 

Universe of the present study comprised of 40 married 
women working in hospitals, banks, educational institutions 
and those who were running their own business. The other 
sources for data collection were books, journals, articles, thesis 
and official documents. In this research, quantitative method 
was used. Survey method was involved. The researcher 
selected Interview Schedule as tool for data collection and the 
sampling technique was snow ball random sampling in which 
the researcher utilized references for data collection. 
 
 

Ⅵ.  Results/Conclusion 
 

In this study, the researcher examined the condition of 
married working women by utilizing different indicators. 
Going through the whole study, the researcher found out 
following points: 

Majority 80% of the respondents were masters degree holder, 
talking about the duration of marriage 48% were in between 
the year of 5-10. 58% respondents had been doing job before 
marriage, 65% desired to do job before marriage as a personal 
interest and 70% respondents had been doing job in between 
the year of 5-10. About 70% respondents working hours were 
from 9am to 5pm. Majority 60% were living in nuclear family 
on the other hand 40% were in joint family. 60% respondents 
had their own transport facility and the rest were using public 
transport. Most of the respondents i.e. 80% continued their 
household chores after coming back to home, majority 89% 
were cooking at home, 68% were not only cooking before 
going to job but also after coming back from the office as well. 
76% respondents had maid for cleaning and washing, the vast 
majority 88% were fully responsible on teaching their kids 
whereas very few had tutor facility. 82% described as they and 
their husbands both took decision about their kids’ studies. 
Majority 52% respondents were attending their kids School 
functions frequently, 97% responded their view about 
offspring matters is significant or regarded to great extent, 
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65% respondents mentioned their parents took care of their 
kids in their absence, 40% were spending less than half income 
on themselves, 60% mentioned as they contributed in family 
expenses as per the necessities. 52% respondents did not 
pressurize by their husbands whereas 48% were pressurized to 
spend their income on household expenditures. Majority 75% 
identified that their husbands did mind when they went out 
with their colleagues. 34% respondents mentioned that their 
husbands liked to mingle up with their colleagues, 42% to 
some extents and 24% frequently permitted to go out city alone 
if professionally mandatory. Most of the respondents 70% 
reported that their husbands were the source of taking care of 
family matters in their absence. Majority 60% were assisted 
rarely, 18% frequently and 22% occasionally by their 
husbands in household chores. Majority 76% described as 
their husbands never assisted them in office work. 45% 
respondents were satisfied with their jobs to some extent. 
Majority 56% were to some extent satisfied with the 
environment given to them by their office. 84% spent time 
with family after working hours. Because of work pressure, a 
vast majority i.e. 82% reported that they rarely sustained their 
hobbies after marriage. 52% respondents’ colleagues’ attitude 
was highly favorable towards them in office. Discussing about 
doing job after marriage, the overwhelming majority 52% 
suggested that women should do job after wedding and the rest 
48% were not in favor of doing job due to unfavourable 
environment. Concerning the reasons of not being provided 
conducive environment to married working women, 32% of 
the respondents exposed male dominant society, 18% revealed 
illiteracy, 20% replied gender discrimination while 15% 
identified lack of awareness and the same percentage reported 
conservative approach of the people. 
 
 

Recommendations 
 

In the light of the findings of present research, the 
researcher suggested following recommendations: 
 Government should make policy that all the governmental 

and non-governmental organizations have relaxation in 
casual and annual leaves, flexible working hours and 
some other fringe benefits to married working women. 

 Day Care Centers should be established in the 
organizations. The standard of services should cover the 
requirements of kids as well as satisfy the working 
mothers. 

 Complete package of medical services should be set by 
the organizations for whole family of working women. 

 Pick and drop service should be provided by the 
organizations. On the other hand, the government should 
organize separate transport facility for female. 

 Clubs, health centers, libraries, gyms, skill growth 
programmes as well as other constructive recreational 
facilities should be given by every society on affordable 
prices to reduce mental stress and burden due to duel 
tasks. 

 Awareness raising programmes should be arranged 
through electronic as well as print media regarding the 
problems of married working women, center of attention 
should be the accommodating role of community 

specifically among family members to ease the working 
women by distributing their responsibilities. 
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Abstract 
 
Lontar digitalization produces image files which is 

acquired through scanners or cameras. In Lontar image 
of course there is a noise because the acquisition results 
on the original lontar there is brownish color on the 
leaves. Therefore, this research focuses on improving 
image quality to remove the existing noise on image by 
doing determining process the color space by using 
CIELab and Thresholding process using Local Adaptive 
Thresholding method.  

 
Keywords – lontar scanner, noise, CIELab, 

thresholding, local adaptive thresholding. 
 

I. Introduction 
 
Preservation of Balinese culture in the form of lontar 

currently becomes a public’s attention starting from the 
government and Balinese society in particular. This 
preservation can be done by lontar digitalization. Lontar 
digitalization process is done by using a camera or scanner. 
Lontar which is already through digitalization process 
certainly there is of course there is a noise which derived 
from lontar’s leaf fiber and also the color between the script 
with the background has little difference. 

Improved image quality is the solution of this problem 
that is by determining the color space and Thresholding. 
Color space determination is used to distinguish between 
the script with the background using CIELab. Thresholding 
is an image binarization process that produces binary 
images. The method used in this research is Local Adaptive 
Thresholding. 

Similar research has been there about removing noise on 
lontar [1]. Other studies are also about binarization 
techniques in image [2] and Local Adaptive Thresholding 
techniques in Binarization [3]. 

Based on the research, the author tries to research about 
Preprocessing System to Improve Image Quality of Ancient 
Balinese Manuscript. 
 

II. Fundamental Theory 
 
A. Lontar 
 

One of the most important cultural heritages in our 
ancestors is the ancient manuscripts (manuscript). 
Throughout Indonesia, there are many ancient manuscripts 

which written in various scripts and languages. Most of the 
manuscripts are still stored or owned by ordinary people. 

Some are in central and local institutions, as well as adat 
institutions. 

Lontar is one kind of manuscripts (manuscript) in the 
archipelago. Lontar is commonly found on Bali island, but 
some are found in Java, Sulawesi (called lontara), and in 
Lombok. Lontar was used as a writing instrument at that 
time before anyone knew the paper. In addition to lontar, 
there are also similar materials that used for writing places, 
such as in Java using nipah leaf (similar to lontar), dluwang 
(from bark); and parkamen (from goat skin), in Sulawesi 
using bamboo (written in circular) and rattan, while in Batak 
besides lontar there are also tribak (from bark). 
 

 
 
Fig. 1. Lontar Arya Tan Kaur (Ida Pedanda Gde Wayahan 
Datah, Gria Krotok, Budakeling, Bebandem, Karangasem, 

Bali) 
 
B. Balinese Spelling 
 

According to the decision of the Pasamuhan Agung that 
the Balinese spelling with Latin scripts was adapted to the 
Indonesian spelling [4]. that is, the Spelling is made as 
simple as possible and the spelling must be phonetic, which 
means exactly or close to the actual speech. 

Based on the aforementioned matters, the scripts that 
used for writing the Balinese language with the Latin scripts 
are as follows: 
1. Voice scripts (vowel): a, e, i, u, e. o (six pieces, have 

been changed in the pepet and same taling). 
 

TABLE I 
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VOICE SCRIPTS 
 

No Balinese Character Bali Latin

  
a 

 
 

ē 

   
i 

 
 

u 

 
 

e 

 
 

o 

 
If the Balinese scripts in this case are the existing Voice 

which is written in writing of Latin Balinese as follows: 
Information : 
a. Wisarga ha  (with its sandangan) written the same 

with ä kara. 
b. Suara dirga  (ulu sari, suku ilut and so on) is equated 

with hrasua script (short) 
c.  Writing between pepet and taling is equated (adjusted 

to EYD) 
d.  Duplicate voice formats: ai / ia = e (taling) and au / ua 

= o (only taken the password form)According to the 
experts stated, that the words which written with 
wisarga ha, in general are the words derived from Bali 
(considered Balinese),whereas words which written 
with a kara are the words that not Balinese origin  
(Ancient Javanese or Sanskrit). In connection 
therewith, then: 

 
TABLE II 

REPLACEMENT AKSARA SUARA 
 

Aksara Suara Replaced with 

  

   

   

   

   
2. Wianjana scripts (consonant): h, n, c, r, k, g, t, m, ng, b, s, 

w, l, p, d, j, y, ny, (18 pieces). 
 

TABLE III 
WIANJANA SCRIPTS 

No. Balinese Character Bali Latin 

  

h / a 

  

n 

  

c 

  

r 

  

k 

  

d 

  

t 

  

s 

  

w 

  

l 

 

m 

  

g 

  

b 

  

ng 

  

p 

  

j 

  

y 

  

ny 

C. CIELab 
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Color is a powerful descriptor in image segmentation that 

simplifies object identification and extraction of images 
(Susijanto, 2013). The model of colors facilitate color 
specifications in a standard way. A subspace of a color 
model gives a point to represent the color. 

CIELab is one of the color structures defined by the CIE 
(International Cisco 1976 L * a * b *). In CIELab, the 
CIE_L * quantity to describe the brightness of the color, 0 
for black and L * = 100 for white. The dimension of CIE_a * 
describes the type of green - red, where the negative number 
a * indicates the green color and otherwise CIE_a * 
positively indicates the red color CIE_b * dimension for 
blue-yellow type, where the negative number b * indicates 
blue color and vice versa CIE_b * positive indicates yellow 
color RGB transformations (Red, Green, Blue) - CIELab 
can be done by: 

..........................................................................(1) 
where 

.........................................................................(2) 
G= 2.2. dan C= R, G, B 

...................................................................(3) 

....................................................................(4) 

...................................................................(5) 

………….......(6) 

……….............(7) 

………………(8) 
So L*a*b* becomes: 

……………………………….…..(9) 

……………………………….(10) 

……………………………….(11)  
 

The result of the test using CIELab on the previous 
research of dissertation susijanto in 2013 obtained the 
average value for Δa * is 0,84, and mean for Δb * 1.4. It 
shows that the difference of colors inscription scripts for the 
component of color Δa * and Δb * is small. The big 
difference in the color intensity ΔL * which has the value of 
11.47. 

As well as from the results of metal inscription 
segmentation, from the measurement by the RMSE method 
obtained the average error value for segmentation with the 
component of color itensity L * is the smallest 116.57, 
compared with the component of a * and b * which is worth 
215.79 and 205.81 . Based on these results it was developed 
to the process of improving the metal inscription image 

quality based on texture features. The texture which is the 
spatial variation of image intensity is also a characteristic of 
an object. From this texture characteristic is expected to be 
detected script carving and then processed to become more 
clear. 
 
D. Local Adaptive Thresholding 
 

Thresholding process will produce a binary image, which 
is the image that has two values of gray levels of black and 
white [5]. The process of grayscale thresholding citra to 
produce binary images in general is as follows. 

 ............................. (12) 

 
With g (x, y) is the binary image of grayscale f (x, y), and T 
explains the threshold value. The value of T plays a very 
important role in the thresholding process. The quality of 
the binary image results depends on the value of T used. 
The method used in this research is Local Adaptive 
Thresholding. In this method, the local threshold value can 
be calculated in one of three ways: 

 ..............................(13) 

.....................(14) 

........(15) 
 
With W explains the processed block, NW explainss the 
number of pixels on each block W and C explains a freely 
available constant. When C = 0, the threshold value is equal 
to the average value of each pixel in the block. 
The three ways above consecutively calculate the T value by 
calculating the mean, median, and average values of the 
maximum and minimum values of pixels in the window. 
 

III. Methodology 
 

The preprocessing system to improve the quality of 
ancient Balinese script images generally starts from the data 
acquisition process. Data acquisition is a process of taking 
image data from analog to digital data which is from lontar 
becomes image lontar using a scanner. The stored image 
will be processed at the preprocessing stage. 
 

  
Fig. 2. System Overview 

The preprocessing process begins with the process of 
color space selection, the color space selection using 
CIELab color space, because the color difference with the 
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lontar script itself is very small so to overcome it, it’s used 
CIELab. After the process of color space selection, 
thresholding process is done to distinguish between the 
script with the background. 

The image of the ancient manuscript through the 
preprocessing stage to improve the quality of the ancient 
manuscript image which is obtained from the data 
acquisition stage. The results of ancient manuscript data 
acquisition is strongly influenced by the condition of the 
ancient manuscripts so it is necessary through the 
preprocessing stage. The preprocessing process aims to 
improve the ancient manuscript image so it can improve the 
ancient manuscript image. The result of the ancient 
manuscript image which has been enhanced its quality, 
which will be the output of the system that will be useful as 
digitalisation data of the ancient manuscript to preserve 
cultural heritage. 
 

IV. Result and Analysis 
 
A. Result 
 

The result of color space determination process using 
CIELab that is found that the pixels of scripts are in 
component image L, whereas component a and b image 
only be found on background of the lontar image. 

 
Fig.3. Component Image L 

 
The result of preprocessing process uses Local Adaptive 

Thresholding method of the component L image and 
produces image of the preprocessing result. The image of 
the thresholding results can be seen in this picture below: 
 

 
 

Fig.4. The image of the thresholding results 
 
B. Analysis 
 

Preprocessing using CIELab and Local Adaptive 
Thresholding is a process of improving image quality in a 
pre-determined color space and continued with thresholding 
process. 

 
Fig.5. Component Image L 

 
Fig.6. Component Image a 

 
Fig.7. Component Image b 

 
There are 3 image which is obtained is component image 

L with value of L = 45, component image a with value a = 
128, and component image b with value of b = 127. It is 
clearly seen that in component image L there are characters 
so that will be used for thresholding process is component 
image L. 
The result of component image L that has been through 
thresholding process so it produces a binary image. In the 
thresholding process, W (window) explains the processed 
block and C (threshold value) represents a freely available 
constant. In this research has been done in 5 times using 
thresholding with the different window and threshold values. 
The results of the experiment can be seen in the table below. 
 

TABLE IV 
LOCAL ADAPTIVE THRESHOLDING 

EXPERIMENTAL RESULTS 
 

No Image Thresholding Results Information 

1 
 

 

 
 

W = 70 

C = 0.01 

2 
 

 

 
 

W = 70 

C = 0.05 

3 
 

 

 
 

W = 70 

C = 0.1 

4 
 

 

 
 

W = 80 

C = 0.05 

5 
 

 

 
 

W = 60 

C = 0.05 

V. Conclusion 
 

The research about Balinese script Preprocessing on 
Lontar Using Local Adaptive Thresholding method. Based 
on the determination of the color space to produce 3 images 
that is the component image L with the value of L = 45, the 
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component image a with the value a = 128, and the 
component image b with the value b = 127. It is very clear 
that in the component image L there are scripts. The 
component image L being tested 5 times using thresholding 
with different window and threshold values, it can be 
concluded that the smaller the value of the window and the 
threshold value so the more visible the existing noise in the 
lontar. Based on the experimental results above, so the 
experiments with values W = 70 and C = 0.05 produce the 
most images of the four other experiments. 
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III. Conclusion and Future Work 
 

In this paper, we presented an ongoing project, called 
e-Culture platform for collaboration and data sharing among 
cultural heritage institutions. We develop a cultural heritage 
portal archive and API for supporting the developer for 
creating the applications. Most of the work developed for data 
integration and sharing. For our future work, we design to 
focus on two issues, which are the cultural heritage knowledge 
and user behavior. The cultural heritage knowledge, we will 
concentrate on entities, relations among entities, constraints, 
and rules for reasoning. The user behavior, we expand the 
work scope related to tourism domain for studying the tourist’s 
behavior. 
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Abstract 
 

As the most popular MOBA mobile in China, <King of 
Glory>has gained more than 200 million registered users 
and 50 million active users every day. It received most 
widely acclaim and highly attention so far at the parts of 
its integration of traditional Chinese culture and 
gamefulness. This thesis Choose from the perspective of 
multimodal discourse analysis(MDA) which based on 
Holliday’s System-Functional Linguistics (SFL), the 
theory of semiotics, to discuss the traditional Chinese 
cultural implantation in the mobile game. As the ninth art 
form, Mobile games are multimodal contents with its video, 
audio, touch and other semiotic modes. Through the 
analysis of multi-modal papers, In terms of the number of 
research, There are relatively few researchs involving four 
or more multimodals and the research objects mostly focus 
on film and animation, less involved in game discourse. 
Therefore, a mobile game how to inherit and express 
traditional Chinese culture in different modal discourse is 
the main issue that the research wants to reveal. 

This research adopts mainly empirical research method 
with text analysis and interview of those game players. 
Using Kress and van Leeuwen’s visual grammar, Aural 
Grammar and tactile Grammar, a synthetic theoretical 
framework is proposed for the analysis of <King of Glory>, 
focusing on the interpretation of the shape, outfitting and 
monologue of main character, background music, 
interactive experience of the finger movement of users. 
This research demonstrated that the multi-modal 
discourse containing four modes presents different states 
with dual or three modal discourse and various semiotic 
modes in mobile game can reflect chinese traditional 
culture in totally different way. Theoretically, this thesis 
enriches the research scope of MDA. Practically, it 
presenting a new critical game design perspective, promote 
the progress of gaming industry with the exploitation of 
excellent mobile games with Chinese characteristics. 

 
Keywords-SFL; MDA; mobile game; traditional Chinese 

culture; King of Glory 

  
I. Introduction 

 
As one of the most popular recreational activities, mobile 

games have made a vital contribution to people’s leisure 
activities. In the past years, Chinese mobile gaming industry 
has made great progress and King of Glory is regarded as the 
most successful MOBA mobia games so far in this field. The 
game received a beta release for iOS and Android platforms 
on November 26, 2015 by tencent's tianmei studio. It gained 
more than 50 million daily active users and more than 200 
million registered users in 2016. In May 2017 it became the 
highest-grossing mobile game in the world and it had 160 
million monthly active users. 1 

Although there is a lot of discussion about this game in 
China, however, most of them are moral critiques on game 
addiction, not as an art product. The rise of Chinese game 
industry requires researchers to discuss the contents of the best 
products in game industry from a neutral point of view, to 
guide the public establishing a correct game view. This is one 
of the purposes of this article.Beyond that,Game is called the 
ninth art 
after film. Game contents composed by actions, language, 
images and sounds,etc, which make it the appropriate research 
material for multimodal discourse analysis. The contents of 
King of Glory show excellent combination of technology and 
art with the character, skin, equipment, music and action 
design which are all  endowed with  humanistic spirit and 
based on Chinese traditional culture. It established the model 
and development direction of mobile games on how to 
Integrate traditional Chinese cultural elements into games.  

This research takes the game King of Glory as a research 
data to investigate how different semiotic modes contribute to 
the meaning making and reflect Chinese traditional culture 
respectively and collectivity.It believed that a multimodal 
discourse analysis (MDA)of King of Glory can be used to fill 
two gaps: the theoretical framework of MDA is applied to 
analyze mobile games and how a variety of semiotic resources 
are deployed simultaneously to reflect Chinese traditional 
culture in the mobile game. Although the theoretical 
framework of MDA has been combined and integrated with 
other fields, for instance, stylistics, multimedia technology and 
long distance teaching, the study of MDA combined with 
game is still at the beginning stage. As for the development of 
MDA, there are several scholars that must be multimodality of 

                                                   
1  ‘Tencent's megahit Honour of Kings becomes world's top grossing 
game’. https://en.wikipedia.org/wiki/King_of_Glory, 07/07/2017 
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social semiotic research and the importance of multi-literacy. 
Zhang Delu(2009) se up a theoretical framework for 
multimodal discourse analysis[1]. In additional to theoretical 
development of MDA, the applicable study in this field also 
spring up.Guan Yue(2008)has discussed multimodal discourse 
analysis of dynamic speech video[2]. Recently, studies on 
games focus on moral issues such as Internet addiction, 
cybercrime and schizophrenia, like Yang 
Yinjuan(2009)explore the intrinsic motivations that drive the 
children to participate in the on-line games[3]. Others 
perspective for the analysis of online games are as follows: 
aesthetic culture, Chinese painting, interpersonal 
communication, character design, and mass media. 

From what has been mentioned, we can see that although 
there have been many relative researched on social 
semiotics,MDA, and computer online games, the 
interdisciplinary studies between MDA and mobile games 
have seldom been discussed before. Therefore, In this thesis, 
the semiotic modes of King of Glory will be analyzed from a 
totally new perspective.  

 
II. Theory background 

 
Discourse analysis has a history of 60 years, since Zelling 

Harris published his paper in Language in 1952. According to 
van Dijk(1983), discourse analysis is aimed at providing a 
descriptive ‘grammar’ for texts being analyzed[4]. 
Functionalists analyzed discoursed in social environment, to 
find the social effect of discourses. However, all of these 
studies are limited to discourse anlysis of language only, 
ignoring the contributions of other resoures in the meaning 
making. ‘multimodality’refers to ‘the use of several semiotic 
modes in the design of a semiotic product and event, together 
with the way in which these modes are combined’ in the works 
of Kress and van Leeuwen(2001)[5].  

The term ‘multimodal discourse’ is a concept belongs to the 
social semiotics, which always be taken as a method for 
cultural research by symbolist from 1990s. It can be origined 
from Holliday’s System-Functional Linguistics (SFL). 
Different from traditional semiotic analysis, Holliday believes 
that Language and other semiotic modes, such as visual, 
auditory and tactile semiotic signs are used to simultaneously 
reflect reality from the theory of metafunctions[6]. It provides 
a theoretical foundation for multimodal discourse. 

Since the world has been becoming much more multimodal 
in recent times, the development of multisemiotics and 
multimodality highlight the importance for multimodal 
perception. Based on Holliday’s System-Functional 
Linguistics (SFL), the term multimodal discourse analysis 
(MDA) proposed by Kress and van Leeuwen(2001). It refers 
to the fact that more than one semiotic resource contributes to 
the meaning making of a discourse, with the application of 
auditory, visual and tactile semiotic signs[7]. Influened by 
Halliday’s three metafunction, social semioticians Kress and 
van Leeuwen propose the first theoretic framework for visual 
communication--the VG(Visual grammar) [8]. Systemic and 
comprehensive, the grammar of visual design also includes 
three meta-functions(T1).  

 
 
 

TABLE I  
Three Metafunctions in SFL and VG(based on Halliday,1996 ) 
 

SFL VG 
Ideational Representational 
Interpersonal Interactive 
Textual Compositional 

        
Researchers in this field have applied the theoretical 

framework of multimodal discourse to analyze various 
semiotic discourses, such as printed texts, video texts, internet 
sites. 

 
III. The Multimodal Discourse analysis of King of Glory 

 
A. A synthetic Theoretical model for Analyzing mobile games 

 
In a multimodal text, linguistic, visual, aural and tactile 

modes are combined together to make meaning throughout the 
process. Every semiotic system has its own unique complexity. 
Therefore, the author here tentatively proposed a synthetic 
theoretical modal to analyze King of Glory. 

 
TABLE II 

A Synthetic Model for Analyzing King of Glory 
 

multimodal 
discourse 
analysis of 
different 
modes in 

King of Glory

Language 
(lines) 

The system 
of 

transitivity 

participants 
processe 
circumstance 

The system 
of theme 

theme unmarked 
marked 

rheme 
The system 
of mood 

mood 
resedue 

skin(main 
costume) 

Representat
ional 
Meaning 

Narrative 
representations 
Conceptual 
representations 

 Interperson
al Meaning 

Contact 
Social distance 
attitude 
modality 

compositional Meaning 

Soundtracks Mainly chinese musical instruments

Unique skill five unique skills analyze 

 
The synthetic theoretical model for the present study 

includes four parts: three meta-function theory for the analysis 
of lines, the VG for the analysis of costumes, the tactile 
grammar for the analysis of skill and aural grammar for the 
analysis of background music. Chinese traditional culture will 
be revealed by the synergy of four main modes. 

 
B. The Semiotic Analysis of Language 

 
   Lines is a kind of “saying” or a means of communication. 
Fiction and drama depend on language just as lines does, but in 
lines almost everything come down to word. Therefore, as the 
linguistic mode, lines cover literary genre with the most 
polished language as well as the richest connotations. It is the 
unity of identity and philosophy in sense, in sound and in form. 
There are more than five huandreds of lines in game to make a 
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vital contribution to the reflection of Chinese traditional 
culture. Here we choose nine lines as representative to analyze 
. 

TABLE III 
Semiotic Model of game characters’ lines(from http://pvp.qq.com ) 

 

Gamecharacter lines 

Li Bai 一篇诗，一斗酒，一曲长歌，一剑天涯 A poem, a 
bucket of wine, a long song, a sword to go around the 
world 

Chuang Chou 蝴蝶是我，我就是蝴蝶  
Butterfly is me, I'm butterfly 

Liu Chan 蓉城是我家，老爹最伟大！ 
Chengdu is my home, father is greatest! 

Hou Yi 光明制造黑暗 Light made dark 
Xiang Yu 我命由我 My life is dominated by me 
Wang Zhaojun 白梅落下之日，归去故里之时 the day white plum 

falls, go back to my hometown 
Zhao yun 勇者之誓，胜于生死 The oath of a warrior is higher 

than his life and death 
Sun bing 在寻找一个迷路的家伙，我会引领他回家 Looking 

for a lost guy, I'll lead him home 
Zhang Fei 心有猛虎-细嗅蔷薇 Brave as a tiger, thought fine to 

sniff the fragrance of rose	
 
 (1) Realization of the Ideational Function 

The ideational function is realized by the system of 
transitivity, which is responsible for the application of the 
ideational function with three aspects: the type of process, 
participants involved and the circumstance the event occurs. 
There are sixe types of process: material, mental, relational, 
behavioral, verbal and existential(Hallyday,1994)[9]. 

 One example is selected to illustrate the way Chinese 
traditional culture is expressed. From what has been mentioned 
above, we can see that most participants involved in the 
process are related to Chinese traditional culture, having a 
tremendous effect on lines in King of Glory. Such as li Bai said 
‘A poem, a bucket of wine, a long song, a sword to go around 
the world’, this lines demonstrate Chinese great poet Li Bai’s 
life. Li Bai is famous not only for his poem, but also for drink 
and swords- 
manship. According to historical records, he began to learn 
fencing from 15 years old and bold to assassinate  disgusted 
officials. The sword he used named ‘Qinglian sword’.  

As we all know, there are many graceful figures appearing 
in King of Glory, which can be displayed by an in depth 
analysis of the transitivity system. Most graceful figures are 
unique in Chinese traditional culture. A lot of rhetorical 
devices are applied to describe those graceful figures. As one 
of rhetorical devices, metaphor means that words and 
expressions that usually refer to one thing are used to designate 
another, because they have something in common with each 
other. Like Wang Zhaojun said the day white plum falls, go 
back to my hometown’, here ‘white plum falls’metaphors 
warm spring and it Secretly pointed out that her hometown is 
located in the southern part of china because only there have 
white plum. Another example is Zhang Fei’s lines ‘Brave as a 
tiger, thought fine to sniff the fragrance of rose’, here ‘sniff the 
fragrance of rose’metaphor that his has a delicate mind 
contrast to his appearance.  

 

 (2)Realization of the Interpersonal Function 
As for the interpersonal function, it includes words which 

reflect personal and social relations. Besides, it includes the 
speaker’s attitude in the conversation and the speaker’s acts in 
the event. The interpersonal function is applied to the analysis 
of poems through the system of mood and modality. There are 
two ways for the application of mood and modality. The 
system of ‘subject’+‘ finite’ creates the indicative mood, while 
the sequence of subject and finite in a clause can have an 
influence on the mood. Like Chuang Chou said ‘Butterfly is 
me, I'm butterfly’ express his philosopher idear and a state of 
self-communication, Xiang Yu said‘ My life is dominated by 

me’ represent his Self-willed personality just like he ending his 
life himself beside the river of’ ‘Wu Jiang.’ These two lines let 
the game character keep a distance between other game players. 
Otherwise, liu chan’s lines ‘Chengdu is my home, father is 
greatest!’shows the close relationship with his father Liu Bei 
and also with other players. From what has been illustrated 
above, we can see that those words expressing the 
interpersonal meaning are never original but come from those 
masterpieces in Chinese classical literature. 

 
 (3) Realization of the Textual Function 
  The textual function could be analyzed in two ways: the 
system of theme and cohesion. Theme is a system attributed to 
the textual fuction, thus it’s mainly put into analyzing the 
information starting point of a clause or clause complexes and 
the relations among the constituents in a clause like ‘Light 
made dark’. ‘light’ and ‘dark’ are main constituents of the 
clause, ‘made’ composed these two constituents and react their 
relationship.  

In addition to the thematic structure mentioned above, 
cohesion also attributes to the discourse as a coherent whole. 
There are two different ways to realize cohesion of a discourse: 
grammatical one and lexical one. Marked themes or cohesive 
devices analyzed above have been applied in Chinese classical 
literature, which represents the highest achievement of 
Chinese traditional culture in literature. To sum up, most 
actor’s lines are written in classical Chinese verse forms, such 
as ‘白梅落下之日，归去故里之时’ ‘勇者之誓，胜于生死’. There are many 
vivid figures are portrayed through employing the system of 
transitivity, which is common in Chinese classical literatures; 
and the analysis of interpersonal and textual meanings has 
further illustrated that the writting of those lines can be traced 
back to Chinese classical literature. 

 
C. The Semiotic Analysis of Visual Modality 
 

There are a variety of images in this game, such as figures, 
maps, building and skins(costumes). In the following analysis, 
attention will paid to skins because many of them are designed 
in a Chinese traditional way, which illuminates   Chinese 
comcept on the image of heros. Chinese style with the history 
of thousands of years has formed its unique system. From the 
perspective of color, type, outline, interior structure, 
adornment and aesthetic culture, chinese traditional character 
skin have its distinctive national and cultural features. Skin can 
identify an individual as one member of a special social group. 
Group identification should be demonstrated by the uniform  
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TABLE IV The analysis of Chinese traditional culture on skins(Costumes)  (pictures collected from http://pvp.qq.com) 

skin picture in game  Original portrait of 
character 

metafunction Visual elements The application 
effects of original 
Chinese character  

Assassin，Li Bai  portrait of poet Li Bai 

Representational-narrative image White clothes 
decorated with red 
ribbon,classic wine 
gourd hang on the 
waist, hold a sword 
in hand. Take a Red 
rose in mouth 

Skin show liBai's 
enthuseasm，love drink 
and sword, resist the 
traditional bondage, 
despise the powerful, 
pursue spiritual 
freedom. Match the 
identity of the poet Li 
Bai in history and an 
assassin in the game. 

Interpersonal- 
Contact demand 
Social 
distance 

interact

Attitude horizontal view angle 
Modality bright,warm 
Compositional-wine, sword, rose

 
Support， Chuang Chou 

Philosopher Chuang 
Chou Dreaming a 
Butterfly 

Representational-conceptual image The main tone of the 
picture includes the 
costume of chuang 
chou, which is blue, 
The upper butterfly 
is silver and the hair 
is green, all of these 
created a unrealistic 
dreaming scene. 

chuang chou was a 
philosopher who argued 
that all living things 
have souls. He dreamed 
that he was a butterfly 
and could fly freely. He 
is a person go his own 
way and don't care 
about other people's 
eyes. This trait also 
was brought into the 
game. 

Interpersonal- 
Contact Offer 
Social 
distance 

certain distance

Attitude horizontal view angle 
Modality blue,sole 
Compositional-bufferfly,big fish(Kun)

Arche， Genghis Khan Genghis khan led the 
army 

Representational- 
narrative image 

The character ready 
to shoot with a bow, 
furs coat and hat has 
beautiful shape.The 
wolf is running, eyes 
glowing sharp 
coldness light.Signs 
of war behind. Brown 
show the ponderosity 
of history. 

Created a nation's 
history and an 
immortal myth of the 
empire; he was a real 
practitioner and an 
outstanding military 
strategist. The game 
change the original 
horse into a wolf 
because wolf is the 
dominant grassland 
and more dignified as 
the mount 

Interpersonal-
Contact demand 
Attitude oblique angle, Look up 

perspective, strong 
aura 

Social 
distance 

Interact scope 

modality heavy, rich 
Compositional-worf, bow and arrow, 
furs 

Magic，Empress Wu Zetian 
 

portrait of Empress Wu 
Zetian 

Representational- 
narrative image 

red finger nails, 
golden and purple 
color clothers, red 
Beam, Look 
disgusted at the 
viewer, and the hand 
seems to grab 
something,  
Golden flame around 
her 

Compared to the 
original image, she 
looks more arrogant 
and domineering, while 
the appearance seems 
more enchanting. she is 
the only one can attack 
the hero of the whole 
map with super 
powerful killing skills, 
just like the only female 
king in history 
 

Interpersonal- 
Contact demand
Attitude oblique angle, Look up 

perspective, strong 
aura 

Social 
distance 

Keep distance 

modality heavy,rich,golden, red
Compositional-posture and face 
expression 

 
Warrior， Lu Bu  

portrait of Lu Bu 

Representational-conceptural image the spear hold in 
hand and Wearing 
armor were the same 
with historical 
figures. The added 
horn on head looks 
exaggerated 
arrogant 

 

" first fierce of Three 
Kingdoms " ,no one can 
beat him down. Lu Bu's 
identity in game is the 
soldiers / tanks, good at 
fighting face to face as 
in history. 

Interpersonal 
Contact offer
Attitude A litter look up angle, 

brave 
Social 
distance 

Certain distance 

modality Dark,effective 
compositional—red fire,  spear, horn 
on the head 

 
Tank Xiang Yu and Archer 
Yu Ji 

 
Xiang Yu and Yu Ji in 
Peking Opera 
 

Representational-narrative image Yuji's phoenix 
coronet and fur 
ornaments make her 
more enchanting. 
Shoulder decoration 
 of Xiang Yu contains 
the elements of 
helmets in the opera. 
Totally red color 
melted the two 
characters into  
whole. 

In peking opera Yu Ji's 
clothing is a scaly 
armor. The wishful 
crown, also known as 
Yuji crown. the king 
helmets that Xiang Yu 
wearing was changed to 
shoulder decoration. 
The game retains the 
core elements of the 
opera and the 
relationship between 
the two characters. 

Interpersonal-
Contact demand 
Social 
distance 

Intimate

Attitude horizontal view angle 
Modality rich,warm, strong  
Compositional-
phoenix coronet, armour, fur 
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they wear or some adornments they hold. In the design of skin, 
King of Glory retain thespecial social group. Group 
identification should be demonstrated by the uniform they 
wear or some adornments they hold. In the design of skin, 
King of Glory retain the original core decorations and the 
well-known special weapons of those characters in history, at 
the same time, bold changed the clothing color, style and 
objects according to the type of characters in game to let the 
roles become more interesting and eye-catching. So that on the 
one hand these characters have a high degree of recognition, 
on the other hand it inherited and carry forward the traditional 
Chinese culture.  
 
D. The Analysis of Aural Modality 
 

A large number of player’s action in a game is accompanied 
with music, such as death, destroy a tower and fight. 
Knowledge of terms and concepts not only enables us to study 
the forms of music but also help us to sharpen our perception 
and deepen our involvement in musical processes. The 
soundtracks that contribute to the success of king of glory are 
come out of those famous music teams in new versions of 
soundtrack War of the king, king back and the latest 
guardsmen as an example, three soundbacks melted traditional 
Chinese Musical Instruments flute, chinese drums, pan-ku and 
cymbals with symphony to produce a magnificent momentum. 
the world. Its theme song is composed by Hanz Zimmer, one of 
the world's best known movie composers, and has been 
recorded by Abbey road studios in British2.  soundtracks in 
king of glory featured heavily on Chinese instrumental 
emphasizes the strong momentum generated by the collision of 
traditional Chinese style and western modern music.   

Van Leeuwen(1999)has talked about six major domains: 
sonic interaction, perspective and social distance, time and 
rhythm, voice quality and timbre, melody and modality that 
composed by some important aspects of music----timbre, 
dynamics, rhythm, melody, harmony, texture, and form should 
be mentioned since they make great contribution to the 
meaning-making of music[9].Timbre is one of the most 
important aspects of music and one of the easiest for us to 
understand. Here we choose the timbre of Chinese Musical 
Instruments in three theme songs act as our aural elements. 

specifically speaking, the chinese instrumental flute has a 
history of almost 9000years and is rich in timbre which can be 
beautiful and full, and also can be bright and high.3It can 
express the conception and emotion of different artistic styles 
through the change of the gas beam. In the soundtrack war of 
the king, the bamboo flute is sent out with a quick air, showing 
a heroic figure who will not be afraid to go to the desert 
frontier fighting with the enemy. The military band 
representative insturments, on behalf of the Chinese drum, 
pan-ku and cymbals, enhances the military's sound effects. In 
the king back, the flute is flowed with a slow gas beam and 
changes in tone, showing the pathos and the strong revere 
when the alive warrior returns. In the guardsmen, the sound of 

                                                   

2http://www.hans-zimmer.com/  
3 Chen Tao, several problems on the timble of flute. 
http://www.minyueguoji.com/huati/html/?293.html 
 

the flute is sometimes bright, sometimes low, and the narrative 
is strong, the theme of music is to show the sacrifice spirits of 
guardman beside the great wall and the hope and loss of their 
frontier life. Anyway, as a symbol of aural modality, the 
soundtracks in King of Glory has been trying to display 
Chinese national game music. 

 
                                                   TABLE V 

The analysis of aural modility on theme songs (background soundtracks) 
 

Chinese 
Instruments

Song Titles The application and analysis of theme 
songs 

Flute 

 
chinese 
drum 

  
pan-ku,  

 
 cymbals 

War of the 
king 

Sound of bamboo flute is flowed out 
with a quick gas beam, showing a 
heroic figure who will not be afraid to 
go to the desert frontier fighting with 
the enemy. Chinese drum, pan-ku and 
cymbals enhances the military's sound 
effects. 

King back Sound of flute is flowed with a slow 
gas beam and changes in tone, 
showing the pathos and the strong 
revere when the alive warrior returns. 
Chinese drum, pan-ku and cymbals 
enhances the triumphant 
congratulations atmosphere. 

Guardsmen Express the sacrifice spirits of 
guardman beside the great wall and 
the hope and loss of their frontier life. 

 
E. The Analysis of tactile Modality 
 

In King of Glory, each hero has one passive skill, three 
active skills. Once active skills achieved grade4 on the battle- 
field, the unique skill will be activate and bring fatal damage to 
enemy.There are 72 heroes in China's official server of King of 
Glory, that is, 72 unique skills.4the specie of unique skills is 
also varied, some mainly for hurt the enemy, some mainly for 
control the situation, and some to increase their own attributes. 
There are many unique skills that game player very reluctant to 
meet, such as Diao Chan, Wang Zhaojun, etc., this is not to say 
that other heroes are not strong, it is only relatively less 
threatening, or easy to dodged by enemy, or special effects on 
screen not so spectacular shocking. Through more than 20 
senior players’ interview, combined with the special effects on 
screen and lethality, these five unique skills listed in the table 
below were recognized by players. 
 

TABLE VI 
The analysis of tactile modility on the unique skill of game character 7 

 
Unique Skill function of the unique skill  

 
blooming.Fenghua,Diao Chan 

Her unique skill can form a 
magic array around with 
beautiful snow and coupled 
with the background sound, 
so that the scene is 
particularly spectacular. The 
skill has ability to return 
blood quickly. 

                                                   
4from http://pvp.qq.com 
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<Devil is born>, Lu Bu 

A skill combined damage 
and control together comes 
down from the sky like a 
devil, hit all the enemies 
within the range 

 
<cold winter is coming> , 
Wang Zhaojun 

Skill mainly to damage, slow 
down and increase the power 
of armor, has a wide range 
and long time of injuries. 
when release in the group 
war, it can prevent the enemy 
to close and control players to 
help the assassin and Archer 
to clean up the battlefield 

 
<Blade Rider> ,Guan Yu 

Skill summon cavalry rushed 
to the enemy, inte- 
grate injury and regiment 
control together. Both use it 
in the first hand to open the 
team and later conquer the 
battlefield are well. 

 
<live in harmony>  
Chuang chou 

The most important 
function of this unique skill is 
relieve all of skills and the 
skill effects are also very 
splendid, Golden wave spread 
out around Chuang Chou as 
in dream. 

 
If you choose these roles and use the above unique skills, 

special effect will occupy the entire computer screen. game 
players including the enemy will be shocked by the visual 
effects and strong lethality. All of these can bring the game 
player a strong sense of vanity which also one of the reasons 
they choose this role.At the same time, each character's unique 
skill is a tactile modal element, a dynamic display of Chinese 
traditional cultural symbols. For example, the unique skill of 
Diao Chan is named <blooming. Fenghua> and composed by 
the pink flower circle. Flowers are used to describe the beauty 
in china. Diao Chan as one of the ‘four ancient Chinese 
beauties’ who is suitable to use flower as weapon. The weapon 
‘Fang tian hua halberd’ of Lu Bu's unique skill <Devil is born> 
designed almost the same with the description of the Lu Bu 
weapons in the ancient Chinese novel <Romance of the Three 
Kingdoms>. Wang Zhaojun’s unique skill of <cold winter is 
coming> use the snow with cold Blue light to freeze the enemy, 
the culture origin of this skill comes from the history of Wang 
Zhaojun’s political marriage for the country. Guan Yu's unique 
skill of <Blade Rider>is a combination of ‘Qinglong Yanyue 
broadsword’ of Guan Yu and his excellent riding experience. 
Finally, Chuang Chou's unique skill is a wave circle with 
flying butterflies named< live in harmony >, in accordance 
with legendary that philosopher Chuang Chou dreamed 
himself became into a butterfly. Through a variety of details, 
the game combinate the tactile Modality with traditional 
Chinese culture, so that whenever player press his finger to 
activate the unique skill, he can feel the culture implication. 
 

IV. Conclusion 
 

We use functional linguistic theory to explain and describe 

the various modalities complementing mechanisms in the 
game discourse in the previous section, but one of the 
problems we need to focus on is the synergistic effect of 
multimodal discourses. We found that the concept of 
metafunction, language field and cohesion can explain and 
describe the operation mechanism of multimodal discourse of 
King of Glory. In a game multimodal discourse, image and 
operation is the main modality, visual materials are essential to 
help establish the context. Language and music play a 
supporting role, can extend other modals and to establish the 
concept convergence. 

This essay also demonstrated that number of modal types 
has a direct effect on the complexity of modal relations. The 
analysis of various models in the previous part is helpful to 
deepen the understanding of the integration of multiple modal 
symbols in games. Otherwise, The deficiency of this essay is 
that we object game as a static product when we analyze those 
modalities. In fact, it is need to consider and pay more attention 
to the dynamic process, which is the main issue of further 
research in future. 

On the whole, the research has both theoretical and practical 
significances. The theoretical significance means that it could 
not only verify the feasibility and practicality of the theoretical 
framework of MDA to deconstruct Chinese traditional culture 
reflected in King of Glory, but also provide new research field 
for MDA through bringing mobile games into the framework. 
What is more, the practical significance lies in that the research 
could offer a new critical perspective for the understanding of 
the mobile game. Through those analysis, the successful using 
of traditional Chinese culture of King of Glory could be widely 
applied in the design of other mobile games. 

Besides, since King of Glory became the most popular 
recreational activity in modern society, it has made a 
contribution to the promotion of Chinese traditional culture. 
Although this study is based on a good understanding of 
multimodal discourse analysis of Chinese traditional culture of 
the game, it is obvious that studies conducted in this thesis are 
far from being comprehensive. Restricted to the ability of the 
scope of our field, the interrelationship between different 
semiotic modes is not analyzed in this thesis. the analysis of 
various semiotic resourced in this thesis has been done 
selectively and superficially. It is necessary for future 
researchers to adopt the comparative analysis method to make 
studies much persuasive.Finally, multimodal studies of 
Chinese traditional culture in King of Glory should contribute 
to the practical application of Chinese traditional culture in 
Chinese games’ researches and developments. 
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Abstract 
 

This paper proposes the prototype of the system for 
sharing the digital content of cultural artifacts across 
different sources using Linked Open Data (LOD) and 
SPARQL protocol service combined with the ontology 
concept for 3D modeling cultural artifacts in digital 
museums. In essence, we use an ontology model based on 
notable museum ontology standards; there are CIDOC 
Conceptual Reference Model (CIDOC CRM) and CIDOC 
CRM’s extension is the Conceptual Reference Model 
Digital (CRMdig) that can annotate all museum content 
management processes. To make a valuable system, we 
have implemented data search. The cultural content 
experts and public entities can seamlessly search digital 
museum contents and customized high quality 3D cultural 
object collections to meet their interests.  

 
Keywords- LOD, Ontology, Digital Museums, 3D Cultural Artifacts 

 
 

I. Introduction 
 

For the situation of cultural heritage areas in Thailand, there 
are many cultural sources including national and local 
museums as well as art galleries spread around the country. In 
order to promote, enable, and share cultural heritage 
collections by using ICT technology, increase public access 
for play and learn, and enable scientific study for conservation 
and restoration in Thailand, a system for distributing cultural 
information and integrating 3D digital object collections 
among various museums in a network is highly demanded and 
this development aims to fill these needs. 

The challenge in this project is to solve the data format issue 
by managing metadata across different resources using LOD 
technology with museum standard ontology (CIDOC-CRM 
and CRMdig). This would increase the value of cultural 
contents by combining the concept of ontology and semantic 
layers of metadata both in physical object (title, material, state 
of restoration, etc.) and 3D digital object meaning (file size, 
angle of lighting, resolution, etc.) and how to conduct them to a 
single search interface.         

This project is developed to support curators, researchers, 
historians, and public entities to contribute, improve and 
achieve goals in archiving and sharing the digital content 
across museums. The prototypes currently host three pilot sites 
in Thailand; these are Chiang Mai National Museum, 
Hariphunchai Nation Museum, and Chiang Saen National 
Museum. Each national museum completed data collection 
with database but still lacks tools to manage data and content 

management systems to organize their own resources. The 
design and implementation of this prototype is proposed to be 
a shared system to support data from different sources to avoid 
the consistency problem in sharing data among museums with 
no data storage limit, and ability to search and retrieve data 
from other site. 

 
 

II. Reviews related works 
 

To complete this project, related notable projects and 
documents in cultural heritage domains have been reviewed as 
follows:  

The Augmented Representation of Cultural Objects 
(ARCO) project has developed a data model for archiving and 
viewing the cultural heritage artifacts, the metadata for 
physical and digital cultural heritage objects were defined. The 
ARCO system contains three main architectural components 
an input part for data acquisition, a processing part for 
management of metadata both of physical and digital contents, 
and an output part for viewing 3D objects [1].   

The MuseumFinland project has developed a portal Website 
providing cultural artifacts content for achievement of cultural 
users with semantic concept, which covers an ontological 
concept in the cultural artifacts domain. In addition, cultural 
object metadata covering historical sites were combined into 
the system [2].   

The 3DSA project has developed the platform for collecting 
cultural heritage contents from end users whose semantic 
annotation services via 3D digital objects that can enable the 
search, capture, inference, and exchange of cultural heritage 
knowledge. The highlight of this project is annotations on 3D 
models and then processing of data to serve for searching and 
retrieving the content of artifacts [3].   

Lightweight Information Describing Objects (LIDO) LIDO 
is a schema for mapping metadata to ontology of museum 
contents. The museum standard that they map to is CIDOC 
CRM and CRMdig for managing the digital contents of a 
cultural artifact to support curators, which can be accessed 
offline or online [4].   

The European IST Project SCULPTEUR has developed the 
prototype architecture for managing different metadata 
formats from different data sources and combined the ontology 
concept with metadata keyword search focusing on digital 
content. The important idea of this architecture is the feature 
for managing the search by properties of 3D objects that can 
come from 3D editors.  They also reuse CIDOC CRM museum 
ontology standards for the semantic part. And for the part of 
interoperability they apply Web Service technology for 
combined resources from each museum [5].  

Classical Art Research Online Services (CLAROS) project 
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has developed the system and completed design for combined 
concept of faceted browser and keyword information search 
within a single interface [6].  

The CIDOC CRM is standard ontology in the museum 
domain. CIDOC Conceptual Reference Model (CRM) focuses 
on the documentation interests of museums and similar 
organizations. The main idea of this standard ontology is for 
exchanging knowledge of cultural heritage fields across 
museums at the international level. The relation of the main 
concept is event, object, place, person, and time [7].  

CRMdig Conceptual Reference Model in Digital form is the 
ontology schema extended from the CIDOC CRM focus on 
digital contents that related to physical contents. CRMdig is 
important for explaining and sharing information of cultural 
heritage in the digital world context [8].   
  
 

III. Proposed System Achitecture 
 

 
 

Fig. 1 LOD endpoint extract from LOD: Linked Open Data 
 

Fig 1 shows LOD endpoint overview, every proposed site 
has LOD endpoint management system to share and query 
information from other sites. The following is the description 
of LOD in this paper.  

First, the providing sites (in this case, they are site 1, 2, … 
N) must prepare their SPARQL endpoint as an URL link. It is a 
SPARQL protocol service, which listens for requests being 
generally known as a SPARQL endpoint. This channel can be 
called from any site.   

 
Second, the caller site (in this case, it is the site A) queries 

desired information via HTTP [9] by using SPARQL query 
from every sharing site. The SPARQL query will be sent to 
SPARQL endpoint in each providing site. Fig 2 shows the 
example method using proposed APIs. 

 
Third, providing sites to access and provide the information 

corresponding to the desired searching from caller via HTTP 
as well.  

 
Finally, the caller site will get all desired information, which 

can be represented in any platform. In this paper, the providing 
and caller sites have the same mechanism that means they can 
be a providing or caller site at the same time. 

 
Fig. 2 Pseudo-code of the method for querying information 

from other sites 
 

IV. Mapping concepts  
 

The schema CIDOC CRM mapping can be synthesized. The 
physical cultural artifacts is exhibited at the Chiang Mai 
Nation Museum in Chiang Mai Province, Thailand. In 2016, a 
digital object (3D model) has been acquired by using a laser 
scanner developed by Media Arts and Design (CMU) based on 
a 3D laser technology. 

The relation of physical objects and digital objects can 
describe a hypothetic database, bases on the information where 
every object is storing and corresponding, in a relation 1:1 to a 
record structured like: 
 
Physical Object 
Title = Buddha Image 
Period = 21 Century 
Material = Bronze  
Place = Chiang Mai National Museum 
Person = Mangrai 
 
According to [10], [11], and [12] the example of relation can 
represent the physical object record in CIDOC CRM as: 
 

Table 1 Physical object metadata map to CIDOC-CRM. 
 

Subject Predicate Object 
E84.Information_Carrier P102F.has_title E35.Title 
E18.Physical_Thing P8i.withessed E4.Period 
E12.Production P126F.employed E57.Material 
E19.Physical_object P55.has_current_location E53.Place 
E19.Physical_object P11.had_participant E39.Actor 

 
For every physical object, the relation can have many digital 

objects with the relation 1:M where 1 is the physical object and 
M is the number of digital objects. For clarity, the following 
sample data is shown only the information concerning the 
digital object (3D model) achievements event is following: 
 
Digital Object (3D model) 

Author = Media Arts and Design CMU. Team 
Rights = Media Arts and Design CMU. 
Format_mime = Obj 
Device = CNRC scanner 
File Size = 700M  
Rotation(x,y,z) = 0,0,0   
Scale(x,y,z)= 16,16,16 
Position(x,y,z)=-6,-214,0 
 
According to [13], the relation can represent the digital object  
record in CRMdig as:  
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Table 2  Digital object metadata map to CRMdig. 
 

Subject Predicate Object 
D2.Digitization_Process L30.has_operator E21.Person 
D9.Data_Object P2 .has_type E55.Type 
D2.Digitization_Process L12F.happened_on_device D8.Digital_Device
D9.Data_Object P90F.has_value E60.Number 
D9 Data_Object  has rotation Base Rotation 
D9 Data_Ojbect has scale Base scale 
D9 Data_Object has position Base position 

* Base is the adding class to CRMdig 
 
 

V.The implementation of the prototype website 
 

In this paper, we created the prototype website in order to 
test and complete the process with focus areas on linked open 
data in cultural heritage content domains. The prototype 
websites are developed and setting up in different site/hosting 
as follows: 
 
www.museumchiangmai.com, 
www.museumhariphunchai.com, and 
www.museumchiangsaen.com 
 

Each museum site manages data by themselves and shares 
information with other museums on their own web site. The 
result of searching comes from every museum sites that relates 
user queries, the overall system show as Fig 3.  

 

 
 

Fig. 3 The system for sharing the digital content of cultural 
artifacts across different sources using SPARQL Endpoint 

 
Users can access the result with two core interaction 

concepts, the vertical level-user exploration basic ontology 
with the concept search and the horizontal level which 
displays the result set related to the keyword search from the 
textbox. The information design technique was used for 
effective display, the results managed by timeline and 
geographic concept for integrated the result on web browser.  
Fig 4-6 is the part of the user desktop showing the way users 
access to the information by ontology concept search, keyword 
search and the viewing  of 3D cultural artifact. 

 
 

Fig. 4 The result of ontology concept search 
(http://www.museumchiangmai.com) 

 
 

 
 

Fig. 5 The result of keyword search 
(http://www.museumchiangmai.com) 

 
 

 
 

 Fig. 6  A cultural artifact with its 3D model. 
(http://3dmuseumthailand.com) 

 
 

VI. Conclusion 
 

This paper presents a implementation of a system to provide 
effective searching, navigating, and data retrieval of the 
different sources of cultural artifacts collected by museums 
with Linked Open Data (LOD), SPARQL service protocol. A 
proposed system architecture is achieved by combining the 
ontology, physical object metadata, and digital object metadata 
based keyword searching and browsing of museum collections, 
related with physical object and digital object contents.  

The case study is currently hosted in three pilot sites in 
Chiang Mai Province, Lamphun Province, Chiangrai Province, 
Thailand. In order to archive, preserve, promote cultural 
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artifacts and works of art collected in museums, and galleries, 
we found mapping physical and digital metadata standard 
ontology as CIDOC CRM ontology model for semantic 
annotation of cultural objects within a distributed digital 
museum network to exchange cultural information in a global 
environment.  

Users can seamlessly search digital cultural object 
collections by specifying a semantic and intelligent search 
over the provided user interface which will then automatically 
integrate relevant cultural objects from different museums in a 
network. In this way we are moving towards implementation 
for a framework to dynamic virtual exhibitions and virtual 
museums based on the proposed ontology and system 
development as well as apply the reasoning function into the 
system. 
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Abstract 
 

Different from liquid crystal devices (LCDs), organic 
light emitting diodes (OLEDs) are self-emitters. This 
allows to fabricate light-weight, large-area, mechanically 
flexible thin film OLEDs using plastic substrates. These 
devices are widely used in various display applications, 
such as mobile phones, television devices, and wearable 
devices. Furthermore, OLED-based light sources can be 
made mechanically flexible and transparent, offering new 
opportunities for architecture, visual arts, and decoration.  
(i) Color pixels using stacked TOLEDs  
 In general, full-color pixels are configured from R, G, 

and B components and stripe, delta, Beyer-type, and 
PenTile, to name a few. However, employing stacked RGB 
transparent OLEDs would allow to fabricate 
color-tunable single pixels without Moiré patterns. Here, 
we propose a method for generating color-tunable single 
pixels using stacked transparent OLEDs. This opens new 
possibilities for color applications in displays and lighting 
fixtures.  
   
(ii) Spectral shape color lighting dome using LEDs 

and OLEDs  
Lighting domes (A and B) were constructed using 

inorganic LEDs and organic LEDs. The shape of the 
constructed lighting domes was “pentakis dodecahedron”. 
The structures looked like spherical frames (bones).   

We fabricated a 43-cm-diameter lighting dome (A) that 
consisted of red, green, and blue light-emitting diodes 
(RGB LEDs). We also constructed a large-size (2.8-m 
-diameter) lighting dome (B) that consisted of white 
inorganic LEDs and an organic LEDs.  

Using such a “pentakis dodecahedron”, it is possible to 
determine and simulate incidence and reflection of 
different chromatic components. Furthermore, it is also 
possible to measure the angle dependence of chromatic 
light by attaching a camera to the dome. 
 

Keywords-color tuning; stacked;  smart window; TOLED;  
transparent OLED 

 
I. Introduction 

     
A. Color Pixels Using Stacked TOLEDs  

 
OLEDs are made of extremely thin films and are 

characterized by self-emission of light and very weak 
dependence on the angle of viewing [1]. Owing to these 
technically advantageous characteristics, large TV sets 
(screen size, 55” and 65”) have become commercially 
available. Further, replacement of LCD smartphone screens 
by OLED screens is underway.  
 Some additional advantages of OLEDs include their short 
response time, conductance (~µS), and high contrast ratio 
(~1,000,000:1).  These advantages are instrumental in 
designing state-of-the-art virtual reality headsets.  

Further development of OLEDs is expected with the 
construction of thin, light, foldable wearable information 
terminals based on the contemporary concepts of ubiquity 
and/or ambience. 
 Transparent electrodes enable to fabricate attractive and 
unique devices that are transparent when no light is emitted 
and emit light from both sides on demand [2].  

By utilizing these features, vertical-stack-type full color 
displays can be fabricated, in which red, green, and blue 
(RGB) devices will be stacked in the vertical direction [Fig. 
1(b)]. In this design, a pixel will not be composed of 
horizontally deployed sub-pixels such as stripe, delta, and 
Beyer-type subpixels; rather, OLEDs will be controlled 
individually. 

(a)

Blue
TOLED

Green
TOLED

Red
TOLED

Commercial
ITO

Transparent cathode

Electron injection layer

Emission  layer

Transparent anode

Glass

IZO

BCP:Cs

PVCz:BND
Rb; DCJTB

(b) (c)  
 
Fig. 1 Arrangement of RGB subpixels in a color display: (a) 
Conventional color display, (b) vertical stack type color display, (c) 
cross-sectional diagram of a red TOLED. 
  

Therefore, this approach may allow to fabricate novel 
displays with high resolution and different color-reproduction 
characteristics that are not supported by existing conventional 
displays. Several stack types of OLEDs have already been 
proposed, such as a color display with a stack of RGB 
elements [3, 4], high-efficiency multi-photon emission 
devices [5] with a stack of several light-emission layers, and a 
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tandem-type device [6]. However, it is difficult to implement 
such devices using polymers, because wet-processing may act 
to dissolve polymer layers in a multi-layer system. Here, we 
report color-tunable single pixels using stacked TOLEDs [7]. 

B. Spectral Shape Color Lighting Domes Using LEDs 
and OLEDs  

Recent advances in nanotechnology made it possible to 
study chromatic effects of illumination and the effects of the 
angle of illumination. 

Further, because the color and the direction of illuminating 
light usually vary with time for moving objects (including 
humans), recording and utilizing these parameters may allow 
the reproduction of images/persons using lighting domes and 
chroma keying techniques. 

In this study, we constructed a small lighting dome (A) 
with (inorganic) RGB LEDs, and a large lighting dome (B) 
with (inorganic) white LEDs and organic LEDs. The lighting 
domes had the shape of “pentakis dodecahedron”. These 
structures were assembled in the form of a frame (bone), and 
looked like spheres, as shown in Fig. 2.    

Fig. 2 The assembled lighting domes (A) and (B) (pentakis 
dodecahedrons). 

Using these domes, we evaluated spectral differences 
associated with using various light sources. 

II. Fabrication and Evaluation of Devices

A. Color Pixels Using Stacked TOLEDs 

TOLEDs were fabricated using dye-dispersed 
poly(N-vinylcarbazole) (PVCz), following which the 
fabricated TOLEDs were stacked. Then, we characterized the 
fabricated TOLEDs in terms of their color display, including 
white illumination. Cross-sectional diagrammatic views of 
different TOLEDs (RGB) are shown in Fig. 1(b). The layer 
structure is described in Table I. All TOLEDs were fabricated 
using the same materials (for electrodes and electron injection 
layers (EILs)) except the material for the light emissive layer 
(EML). Devices were fabricated on indium tin oxide 
(ITO)-coated substrates �of 100 /sq. Two-millimeter-wide 
stripes of the anode and cathode were formed perpendicular 
to each other to create a 4 mm2 emission area, but in the 

images shown in Figs. 6 and 7, the light-emissive area, and 
the anodes and cathodes (diameter, 5 mm) were formed in 
particular for measuring color coordinates. The materials and 
the fabrication method of TOLEDs were described in detail 
previously [7]. 

TABLE I.  
DEVICE STRUCTURES OF RGB TOLEDS 

Color EML (Emission layer) 
Red PVCz:BND:Rb:DCJTB 

Green PVCz:BND:C6 
Blue PVCz:BND:perylene 

Structure: Glass/ITO/EML/BCP:Cs/IZO 

Emission spectrum was analyzed using a photonic 
multichannel spectral analyzer (Hamamatsu Photonics, 
PMA-11). The luminance–voltage (L–V) characteristic and 
the Commission Internationale de l’Eclairage (CIE) color 
coordinates and emission spectrum were measured using an 
organic EL luminous efficiency measuring instrument 
(Precise Gauges, EL-1003 with a Keithley 2400 voltage 
source). 

B. Spectral Shape Color Lighting Domes Using LEDs 
and OLEDs  

The small (A) and large (B) lighting domes consisted of 90 
pieces (60 short rods and 30 long rods) and joint parts. The 
joint parts were of two types: pentagons (12 units) and 
hexagons (20 units), and were fabricated using a 3D printer 
(ZORTRAX, M200) with a Z-ULTRAT filament. Inorganic 
RGB LEDs were attached to the small dome (A). The RGB 
LED (World semi, WS2812B) is an intelligent control LED 
light source that features a control circuit and an RGB chip in 
a small package (8 mm × 11 mm). Each pixel of the three 
primary colors (RGB) had 256 brightness levels, the full color 
emission had (256)3 levels. 

Inorganic white LEDs were attached to the large dome (B). 
The white LED (OptoSupply, OSW4XNE3C1S) is a 
high-power (3 W) light source with a heat sink. Each white 
LED was controlled by an MR16 LED driver (OptoSupply, 
OSMR16-W1213), (3 W driver). These LEDs can be 
controlled by a small micro-computer (Arduino Uno) via the 
Adafruit 16-channel PWM/Servo Shield. 

The large dome (B) also featured two types of OLED 
lighting panels. One was an OLED1 lighting panel (Lumiotec, 
P03B0909N-A12A), while the other one was an OLED2 
lighting panel sample kit (Konica Minolta, Symfos 
OLED-010K). These OLED lighting panels were controlled 
by a dedicated external driver. 

III. Results

A. Color Pixels Using Stacked TOLEDs 

The optical transmittance curves of the different devices are 
shown in Fig. 3. The transmission coefficients of the red, 
green and blue TOLEDs were 78.6%, 77.3%, and 78.0%, 
respectively, and the transmitted light was within the visible 
range (380 – 780 nm). When these three devices were stacked 
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to make a full color pixel, the overall transmission coefficient 
dropped to 49.1%, which was approximately equivalent to the 
product of the transmission coefficients of the three devices 
(47.7%).  
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  Fig. 3 Transmittance curves of R, G, and B devices, and of a 
full-stacked TOLED. 

   The spectra of the RGB TOLED devices (components and 
full-stacked) are shown in Fig. 4. The wavelengths at the 
peaks of light emission were 612, 496, and 456 nm, 
respectively. The spectrum that was obtained when all of the 
component RGB OLEDs were turned on is shown by closed 
black diamonds. The spectrum covered the entire visible 
range. The CIE chromaticities of the individual RGB 
TOLEDs are shown in Fig. 5. The coordinates were (0:60; 
0:39) for R, (0:25; 0:53) for G, and (0:15; 0:17) for B. The 
white light coordinate was (0:31; 0:33). An average color 
rendering index (Ra) of 87.8 was achieved.  
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  Fig. 4 Light spectra for RGB TOLED devices (components and 
full-stacked). 

In Fig. 6, the photographs of a stack-type transparent OLED 
(STOLED) show that R, G, B, cyan, magenta, yellow and 
white colors can be obtained by setting different components 
ON and OFF. This demonstrates that full color displays based 
on stack-type OLEDs can be successfully realized by stacking 
TOLEDs. In such a color display, letters can be observed in 
the background owing to the device’s transparency. 

Blue

Green

Red

White STOLED
(0.31,0.33)

GREEN TOLED
（0.25,0.53）

RED TOLED
（0.60,0.39）

BLUE TOLED
（0.15,0.17）

Fig. 5. The light coordinates of red, green, blue, and white basic 
colors. 

Back side Logo

Turned off

Magenta

Cyan

Yellow 

Red

Green Blue

20mm

25
m

m

5mm

White

Fig. 6 The photographs of a stack-type transparent OLED 
(STOLED) show red, green, blue, cyan, magenta, yellow, and 
white colors. 

We fabricated a full-color pixel using a vertical stack of 
RGB transparent OLEDs; there OLEDs were fabricated 
separately on individual glass substrates. The proposed 
approach and the resulting devices are quite unique, which 
should be advantageous for advanced lighting technologies 
and imaging displays. 

B. Spectral Shape Color Lighting Domes using LEDs 
and OLEDs 

Color indication displays have shown great progress with 
advances in inorganic LEDs and OLEDs. In lighting 
reproduction systems [8, 9], subjects are surrounded with red, 
green, and blue light-emitting diodes (RGB LEDs). 

A photograph and light spectra for the small dome (A) are 
shown in Figs. 7(a) and 7(b), respectively. 
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Fig. 7 (a) The small dome (A) with RGB inorganic LEDs. 
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Fig. 7 (b) Light spectra for the small dome (A) with RGB inorganic 
LEDs. 

 In the case of RGB LEDs, the spectral peaks are very sharp. 
The half widths of the peaks were 20 nm (for R), 40 nm (for 
G), and 30 nm (for B). Therefore, white light yielded two 
large spectral valleys in the visible region.  

The backside figure in Fig. 2 shows the large-size lighting 
dome (B). This large-size dome featured inorganic white 
LEDs and two types of OLED lighting panels (OLED1 and 
OLED2). 
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Fig. 8 Light spectra for the small dome (B) with white LEDs and 
two types of OLED lighting panels (OLED1 and OLED2). 

The light spectra for this dome consisted of the sharp 

component (P1) and the more broadband emitted (P2), as 
shown in Fig. 8. The white LEDs exhibited blue light directly 
emitted by the GaN-based or spectrum of a white-light LED, 
where GaN or InGaN blue source pumps Ce:YAG phosphor. 
These techniques are widely used because white LEDs can be 
reasonably manufactured at low cost. 
 However, the spectrum of the white LED features only two 
peaks. There is a big spectral valley around the green light 
region. This valley corresponds to the cool color temperature 
(CCT) of 6500 K. 
 The spectrum of OLED1 is shown in Fig. 8. It features a 
broad peak compared with the LED spectrum, with the 
average rendering index Ra=81 and CCT of 4900 K. The 
spectrum of OLED2 is also shown in Fig. 8. It features a 
broader peak, with Ra=85 and CCT of 4900 K. 
 Thus, based on this illumination from multiple angles using 
a high-Ra light source, it is concluded that highly 
reproducible illumination environments can be constructed. 

IV. Conclusions

We obtained a full-color pixel using a vertical stack of RGB 
transparent OLEDs, each of which was fabricated separately 
on an individual substrate. This RGB vertically stacked 
structure requires high stacking technology and wiring 
technology, but it can be expected to be applied not only to 
displays but also to lighting devices with high Ra. In addition 
to the ability to vary the angle of incidence, the approach is 
effective for designing devices that provide comfortable 
lighting and ensure good reproducibility of colors. 
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Abstract 
 

 This paper presents a progress report on our interactive 
art project using deep learning neural networks, which has 
been adopted as a private university research branding 
project on the research of color science and art. This 
project aims to produce interactive art with creative color 
expression by deep learning. Big data learning on media 
art enables AI artists or AI designers to generate novel 
expressions beyond the realms of human possibility.  

 
Keywords-component; deep learning; neural networks; AI; 

interactive art; color; artist; media art; 

  
I. Introduction 

 
Artificial intelligence (AI) is applied to various fields. Deep 

learning has achieved remarkable results in image 
understanding, speech recognition and natural language 
processing. For example, in the board game Go, deep learning 
AI has won the professional human championship. Go requires 
intuitive ability rather than logical reasoning because it 

requires measurement of the difference between winning and 
losing from the two-dimensional position of black and white 
stones on the board. AI Go has been trained using an enormous 
amount of image data of past Go games using deep learning. In 
addition, it has played vast amounts of self-match simulations. 
As a result, it has obtained outstanding intuitive intelligence 
enabling it to beat known human standardized set sequences of 
gaming. 

Another outstanding example is natural language processing, 
known as IBM Watson. It can learn a huge number of papers or 
documents and resolve professional problems, which 
previously was only possible by human experts such as 
lawyers, medical doctors, patent attorneys, etc. While humans 
require several years to acquire professional knowledge, AI 
can learn it in only a few hours. 

Today, deep learning is applied to autonomous cars, drone 
home deliveries, customer-facing robots, etc. Furthermore, 
there are more interesting possibilities in the field of art, where 
intuitions and feelings are important. For example, 
applications that transform photographs to artist-styled 
paintings are very popular. Various tools and libraries for deep 
learning have been developed and made available on the 
Internet. However, we still need specialized knowledge about 
machine learning to use such services and they seem to be 
difficult for artists to use. Consequently, this study examines a 
methodology for applying deep learning to media arts and 
assisting in the production of creative work. By facilitating big 
data in media art and building art, deep learning has the 
potential to generate artwork beyond the realms of human 
intelligence, which would have a major impact on industry, 
culture, and society (see Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Conceptual picture representing infinite possibilities of 
neural networks trained by huge data of artworks. 

TABLE I 
A brief history of machine learning featuring neural networks 

 
Year Event 
1949  Hebbian learning 
1958  Perceptron 

1st dark age ( impossibility of XOR ) 

1982  Hopfield network 
1985  Boltzmann machine 
1986  Backpropagation 

2nd dark age ( limited computing ability ) 

2016  Alpha Go  
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II. Overview of Neural Networks 

 
There are various types of AI. This study focuses on 

artificial neural networks because of their heuristic learning 
capability (see Table I). They require no rule-based 
programming algorithm. Instead, they can learn behavior from 
training data. 

In 1949, Hebb described Hebbian learning theory[1], which 
is a mathematical rule of synaptic plasticity in neurons of the 
brain during the learning process, where efficiency of synaptic 
connection arises from repeated and persistent stimulation of 
neurons. In 1957, Rosenblatt developed Perceptron[2], which 
is the first neural network with an optimizing algorithm to 
adjust the weight of synapse connections. In anticipation of its 
learning ability, various research programs were carried out. 
This was the first boom of neural networks. However, in 1969, 
Minsky showed that Perceptron is only capable of learning 
linearly separable patterns[3]. In other words, it is impossible 
to learn an XOR function. This discovery caused a significant 
decline in researcher interest. It took more than ten years for 
research on neural networks to be revitalized. 

In 1986, Rumelhart developed the Backpropagation method, 
which induced the second boom of neural networks[4]. This 
method technically solved the limitation of Perceptron by 
using the gradient descent optimization algorithm by which 
errors are calculated at the output and distributed back through 
the network layers. Backpropagation is applied in various 
fields. For example, we developed neural networks for the 
prediction of enzyme function by feeding in the sequence of 
amino acids[5](see Fig. 2). Thus, neural networks seemed to 
have great potential ability. Nevertheless, at that time, 
computers did not have sufficient processing power to handle 
the work effectively required by large neural networks. Neural 
networks research slowed down until computers achieved far 
greater processing power. Therefore, they decreased in 
popularity during the 2000s. 

In the 2010s, powerful GPU-based computing systems and 
big data on the Internet enabled the seize of neural networks to 
be extended for extraordinary learning abilities, which is deep 
learning. This is the current boom of neural networks. In 2016, 
alpha GO beat a human champion and this surprising news 
reverberated around the world. 

In summary, the basic theory of neural networks had already 
been established in the 1980s. However, we had to wait until 

the 2010s, when sufficient computational resources for their 
practical use were developed with the progress of information 
technology. 
 

III. Building Environment 
 

We can use personal computers to build deep learning 
systems to install a framework.  For example, the Café of UC 
Berkley, Chainer of Preferred Networks and TensorFlow of 
Google are popular.  However, it is not easy for normal users 
to install them, because they need various software or libraries 
such as C++, Python, Numpy, CUDA, etc. The most requested 
system is Ubuntu. Although Windows or MacOS are available, 
we have to use a command prompt like the UNIX system, 
which is familiar to engineers but unfamiliar to most users, 
especially artists. In addition, GPU is necessary for practical 
use to calculate learning, and software is required to control it. 
Actually, we cannot perform deep learning tasks without GPU. 
To run GPU, we need an extra power supply, because it 
consumes a lot of electricity running 24/7. The calculation 
time is several days, weeks, or sometimes months. 

Second, a further solution is to use a highly specialized 
general-purpose computing on graphics processing units 
(GPGPU) workstation, which is a computer optimized for 
deep learning. However, this hardware is too expensive for 
personal use and requires a 24-hour, high-power electricity 
supply, which is costly. For this equipment, our project 
provided HPC5000 -XBWGPU4TS of HPC systems, which 
has a Xeon processor and GPU NVIDIA Tesla series, in a 
specialized computer room for deep learning using the 
facilities of our university (see Fig. 3). We can connect and use 
it through our university intranet.  

To solve the difficult problem of providing an environment 
for deep learning, we can use the AI cloud service on the 

 
 

Fig. 3 GPGPU workstation HPC5000-XBWGPU4TS. Overview, 
front panel, and backside. 

 
 

Fig. 2 Example of neural network.  For prediction of enzyme function 
from amino acid sequence. 
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Internet. Many major IT companies provide a convenient 
learning cloud platform, for example, Amazon Machine 
Learning, Microsoft Azure Machine Learning, Google Cloud 
Platform, IBM Bluemix Watson API, Fujitsu AI Solution 
Zinrai platform service, etc. 

 
IV. Deep Learning for Creative Art 

 
In various fields, deep learning is applied and remarkable 

results have been reported. For example, many IT companies 
develop autonomous cars, drone delivery services, and voice 
assistant speakers. At an amusement park or theme park in the 
United States, the AI voice service is popular and many people 
utilize the voice service everywhere. Similarly, in the field of 
art, various trials are being conducted, for example, graphical 
painting, musical composition, story writing, etc.  

Graphical painting is suitable for deep learning because 
neural networks can be trained using a large amount of 
imaging data. For example, “The Next Rembrandt” project of 
Microsoft can paint a picture just like Rembrandt by learning 
the picture data of Rembrandt as if the painter himself is 
painting it. 

AI can compose music by learning musical data. For 
example, DeepBach can generate Bach hymn-like pieces by 
learning the styles of Bach's music, and Flow Machines can 
generate Beatles style music by learning all their pieces. 

By using natural language processing, AI can write a short 
science fiction novel. In the Kimagure AI project, AI learned 
all the works of a specific writer and generated a new story, 
which was submitted to a contest and won a prize.  

In the department of interactive media in our university, 
some students produced works of interactive art as their 
graduation thesis. For example, Solaris is a virtual planet on 
the screen and it learned the faces of the audience to display 
them orbiting the planet[6](see Fig. 4). As another example, 
MirrAI is an interactive installation with a half mirror, in 
which you can have a conversation with your virtual self in a 
mirror using a cloud AI service[7](see Fig. 5). However, these 
lack the capacity to use learning methods and are still being 
developed both technically and artistically. We need to 
establish a framework or guideline for producing artworks 
utilizing deep learning.  

These cases of applying deep learning for art commonly use 
data of artworks for training neural networks in advance. Next, 
they generate similar artworks based on the trained neural 
networks. Some people do not regard this method as creation 
because AIs merely mimic past works by learning. This poses 
the question of what constitutes creativity. In my opinion, even 
human creators learn from past works in art history. They 
create something as consequence of the learned contents. In 
this context, AI does the same. We can therefore regard a work 
by deep learning as creation. In the near future, connecting AI 
technology and big data will generate unpredictable works far 
beyond the realms of human intelligence and emotion. 

 
V. Conclusion 

 
Due to a growing demand for AI, the shortage of AI-skilled 

engineers and artists is a serious problem. In 2020 when the 
Tokyo Olympics will be held, attractive color expression will 
be necessary. Interactive arts using deep learning are one of the 
solutions and embody the fusion of art and science. In this 
project of color science and art, we will promote the brand 
power of our university's culture.  
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Fig. 5 MirrAI. A student work using speech recognition. 

- 217 -

[Oral Presentation - Special Session]



TABLE I 
CONSONANTS. 

 
 phonemes 

 

pl
os

iv
es

 

af
fr

ic
at

es
 

fr
ic

at
iv

es
 

na
sa

ls
 

liq
ui

d 
an

d 
se

m
iv

ow
el
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lip /p/ 
/b/ 

  /m/ /w/ 

teeth /t/ 
/d/ 

/ts/ 
/dz/ 

/s/ 
/z/ 

/n/  

palate /k/ 
/g/ 

 /h/  /r/ 
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Abstract 
 

It is difficult for us to check the efficacy of voice training 
by listening to our own voice because we cannot hear only 
the air transmitting component of the uttered voice 
without the one transmitted through bones.  It is the 
reason why we have to ask others to evaluate our own 
voice on our behalves.  Also, we cannot see sounds.  It gives 
a rationale that computer systems capable of transforming 
invisible voice quality into visible form such as scores and 
graphs are helpful.  We have investigated a computer 
assisted voice training system that analyzes voice for 
evaluating acoustic characteristics and visualizes them so 
that the speaker can receive a kind of feedback for better 
utterance in future.  Since voice quality is often related to 
colors (e.g., yellow voice by young females), we consider 
transforming voice quality into color.  Firstly, we divide an 
input utterance into phonemes and secondly analyze the 
acoustic characteristics according to the phoneme class, 
i.e., vowel class, plosive class, fricative class, and silence 
class.  For visualizing the vocal quality, we use augmented 
reality so that speakers can get more intuitive idea of how 
his/her voice sounds [7] .  We also examined virtual reality 
that was supposed to feedback the speaker of his or her 
voice more straightforwardly by reflecting the acoustic 
characteristics in the surrounding virtual environment. 

 
Keywords-speech analysis, voice training, articulation styles, 

acoustic features, visualization, virtual reality 

  
I. Introduction 

     
Not only those who are engaged with such kind of 

profession that use their voice in their work such as singers and 
actors but also those who work in call centers or even in 
normal companies pay more attention to voice training these 
days in order for them to give better presentations.  Voice 
training is also regarded as an effective way of keeping elderly 
people active in aging society. 

A typical way of voice training requires the trainees to ask 
trainers to listen to their voice, but it is costly and also not ideal 
in the sense that trainees should expose their voice to others 
against hesitation.  If they can train their own voice by their 
own, it should be better.  Recent smart phones provide an 
application software that makes the dream come true.  Yet, 
they only show the voice evaluation by numbers so that users 

cannot gather which part of their voice has what kind of 
problem.  More intuitive way is needed. 

We have been investigated such a system that is capable of 
visualizing acoustic characteristics of voice for giving the 
feedback to the speaker.  Here we use color as an effective 
indicator for the visual feedback together with virtual reality 
device.  The experimental results are reported in this paper. 

 
II. Suitable acoustic parameters for voice evaluation 

 
A. Classification of phonemes based on the articulation 
 

Phonemes used in languages consist of vowels and 
consonants.  They sound differently due to both the position of 
articulation and the way of making sounds.  Vowels 
accompany excitation of vocal tract, and the size of mouth 
opening and the position of tongue determines the kind (e.g., 
/a/ is wide in mouth opening and backward in the position of 
tongue, whereas /i/ is narrow and forward for each).  
Consonants are generally categorized into two groups 
“plosives” and “fricatives” as shown in Table 1. 

Ideal vowels have stable volume and pitch (vocal height) 
across utterance because that indicates the muscles for 
exhalation are used stably and also those for controlling vocal 
tract are relaxed.  “Jitter” (the standard deviation of pitch 
frequencies in short period of time) and “shimmer” (the 
standard deviation of power values in short period of time) are 
supposed to be effective indicators for evaluating it [5] . 

Fricative consonants should be evaluated by such acoustic 
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1  

(a) jitter            (b) shimmer     
 

Fig. 1. Comparison of acoustic feature for vowel 
class between before and after voice training. 

 
 

Fig. 4. Flowchart 

features that can indicate how the speaker continuously and 
strongly makes the exhalation friction at the articulation point.  
We assumed the length of the fricative period and the dynamic 
range of the power during the period would be feasible. 

Plosive consonants should be evaluated by such acoustic 
features that can indicate how well the speaker stop the 
exhalation at the articulation point.  We assumed that the 
length of the silent period that was created by stopping 
exhalation would be feasible. 
 
B. Validation of Acoustic Features for Speech Evaluation 
 

We asked ten subjects to take a voice training course whose 
trainer was well experienced and calculated the acoustic 
parameters explained above.  The following results show the 
comparison between those before (blue) and after (orange) the 
training with respect to each four class.  Fig.1 shows the result 
for the vowel class.  Fig.2 shows that for the fricative class 
(each one of four pairs corresponds to the result for the first /s/ 
from each different word /sazanami/, /samidare/, /sampo/, and 
their average.)  Fig.3 shows the result for the plosive class 
(each one of four pairs corresponds to the result for the first /t/ 
from each different word /taitei/, /tai-iku/, /taikutsu/, and their 
average.)  T-test calculated for the difference between before 
and after the training course demonstrated that "jitter" for the 
vowel class, the dynamic range of power for the fricative class, 
and the length of silent period of time for the plosive class 
significantly differed between before and after training. 

In other words, these three acoustic parameters are feasible 
for visualizing the effect of voice training. 

 
III. Experiments 

 
We applied the acoustic parameters that have been 

confirmed to be useful in visualizing the effect of voice 
training in Section II to actual training process using a virtual 
environment. 
 
A. Virtual Environment 
 

Virtual environment defines computer-generated immersive 
panoramic view that tracks the change of user's head motion 
and changes the view according to it. We used Oculus Rift for 
the viewer [8] . 

Here we consider reflecting acoustic variation of user's voice 
in the virtual environment, i.e., we calculate the acoustic 
parameters mentioned above and changes the virtual view 

(color) depending on the parameter values. 
Our expectation is that the surrounding view of the user that 

reflects his or her behavior (vocal utterance here) in real time 
should give the more direct feedback than only by showing 
scores. 

Fig.4 shows the schematic overview of speech evaluation 
using acoustic features.  An assumed strategy would be that to 
set criteria to satisfy in vocal training that is used to judge 
whether or not the user can finish training. 

 
B. Generating virtual environment using acoustic features 

 
As the preliminary experiment, we used augmented reality 

(AR) instead of virtual reality here where the system changed 
the size and the color of computer graphics that were 
superimposed in the real scene by reflecting the acoustic 
parameters of the user's speech [6] [7] . An example of user’s 
view in the virtual environment implemented is shown in 
Fig.6. 

 
IV. Conclusion 

 
We clarified that "jitter" for the vowel class, the dynamic 

range of power for the fricative class, and the length of silent 
period of time for the plosive class were feasible for 
visualizing the effect of vocal training by experiment. 
Implementing the acoustic features in visualizing vocal quality 
in augmented reality and virtual reality demonstrated direct 
and intuitive feedback of the voice evaluation to the speaker. 

 

 
    (a) length of silance   (b) dynamic rage of power    

 
Fig. 2. Comparison of acoustic feature for fricative 

class between before and after voice training. 
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(a) /pi/ 

(b) /u/ 

(c) /s/ 
 

Fig. 5 Speech visualization using AR 

 
Future work includes developing the optimal algorithm that 

realizes vocal visualization in virtual environment through 
subjective tests. 
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Abstract 
 

A research and branding project on color science and art 
proposed by Tokyo Polytechnic University (TPU) was 
adopted as a Private University Research Branding 
Project sponsored by the Ministry of Education, Culture, 
Sports, Science and Technology (MEXT).  For this project, 
we established a gallery in the International Research 
Center for Color Science and Art where children and 
students can study and enjoy color science by means of 
educational materials using media arts. 

This article introduces the research and branding plan 
of the project, and the contents of the first exhibition in the 
gallery.  
 

Keywords; color, engineering and art, media art, photography 

  
I. Introduction 

     
The research and branding project titled “Create Tomorrow, 

Learn Future, and Connect the World by Color, KOUGEI 
Color Science and Art” proposed by Tokyo Polytechnic 
University (TPU) was selected as a Private University 
Research Branding Project sponsored by the Ministry of 
Education, Culture, Sports, Science and Technology (MEXT). 
MEXT supports private universities that conduct research 
projects revealing the originalities and the characteristics of the 
universities under the leadership of the presidents. 

The TPU originated as the Konishi Professional School of 
Photography, founded in 1923 to train technicians and 
researchers in the field of photography, a cutting-edge 
expressive technology at the time. The school was a pioneer in 
combining self-expression through photography (art) with 
photographic techniques (technology). Now the TPU is a 
unique university in Japan in that it possesses faculties of both 
engineering and arts. One of the policies of the president of 
TPU is to enhance further collaboration between technology 
and art through this project. 

We selected “color” as the research theme of the university 
and built the International Research Center for Color Science 
and Art. Color is closely related to photography, printing, and 
optics, which have been the research fields of the TPU from its 
foundation. The departments of engineering and arts can both 
conduct researches on color, which will lead to further 

collaboration between technology and art. Creating genuine 
harmony between engineering and art is one of the most 
important policies of the president of TPU. He aims to promote 
genuine harmony through this research and branding project. 
We will offer information on the research results by means of 
media arts such as photography, movies, AR, CG, projection 
mapping, manga, games, and so forth. This is a unique 
branding strategy only possible with TPU.  

On July 22nd of this year, we opened a gallery in the 
International Research Center for Color Science and Art.  

We discuss the philosophy of the gallery as a branding 
strategy and introduce the first exhibition of the gallery below. 

 
 

II. Research and branding strategy of the project 
 

1. Promotion of researches on color 
Sixteen research themes on color have been selected among 

30 research applications from the faculties of engineering and 
arts. The research themes can be classified as follows. 

・Color and psychology 
・Color and education 
・Color and health, medical, nursing care  
・Color and digital archives for cultural assets and artworks  
・Color and media arts 
・Color and architecture 
・Optical devices 
As shown above, color is studied in a wide variety of 

research fields, which are interdisciplinary. 
An outline of the research themes can be seen on our special 

website: https://www.color.t-kougei.ac.jp/ 
 
2. Branding Strategy 
1)  Public information on research by means of media arts 

We will offer information on the research results on color by 
means of media arts such as photography, movies, AR, CG, 
projection mapping, manga, games, and so forth. This is a 
unique branding strategy only possible with TPU, which has 
departments of both engineering and arts.  
 
2) Gallery in the International Research Center for Color 
Science and Art 

We opened a gallery where children to high school students 
can study and enjoy color science and art. We will create 
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V. Results 
 

As result of the press releases, information of the gallery and 
exhibition was posted in Mainichi Newspapers, Asahi 
Newspapers, regional information magazines, websites and so 
forth, which attracted visitors. On the first day of July 22nd, 
2017, 283 visitors enjoyed the gallery. As of October 18th, 
2017, more than 1,000 guests had visited.  

While visitor numbers decreased in October, we held a 
hands-on workshop in the same facility of the gallery on 
October 15th, and 42 participants joined the workshop. This 
workshop contributed to the number of visitors of the gallery. 
As a result, 94% of participants answered it was a "fun" 
workshop in the questionnaires on the contents of the 
workshop. 

In terms of the difficulty of the workshops, 14% answered it 
was “easy,” 64% answered it was “normal.” Hence, the content 
and difficulty of the workshop were considered appropriate.  
 
 

VI. Conclusion 
 

Information on the opening of the gallery was posted in 
various media and the number of visitors has increased. 
Therefore, the promotion activities are considered successful. 
It is necessary to maintain the number of visitors by 
continually conducting public relations activities. Working on 
children's hands-on workshops and international symposiums, 
we will promote brand recognition, and organize groups from 
elementary and junior high schools in the local area.  

Sixteen collaborative researches started in 2017 and 
concrete results will be reported in Fiscal 2018. As an index for 
managing progress, it is obligatory for the project researchers 
to submit an implementation status report to an administration 
committee every three months, and progress is generally 
smooth. In Fiscal 2018, it is expected that the achievements of 
each project's research results will be accumulated in the form 
of papers, academic presentations and exhibitions.  

However, at the External Evaluation Committee, there were 
questions about the number of cases of collaboration between 
the engineering and the art department faculty among the 16 
projects, and there are currently only two cases. Therefore, the 
fusion of the faculties of engineering and of art should be 
increased. We will enhance the number of collaborative 
research projects between the faculties of engineering and art 
more proactively.  

Moreover, as mentioned above, the official website has been 
released and updated as planned, but we have not yet started 
public relations activities on social networks (SNS). It is 
necessary to strengthen the brand recognition through SNS and 
promote the establishment of Tokyo Polytechnic University 
brand in color research.  
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Abstract 

In this paper we propose a production process of a VR 
animation using game engine. As the developing of VR 
devices and the proliferation of high-performance smart 
phones virtual reality (VR) is becoming a hot issue in 
recent years. As a new form of the game VR have been able 
to provide game contents a strong feeling of immersion, 
but a variety of considerations are needed to provide 
real-time motion capture data and realistic contents. 
Therefore, in this paper, we propose a content production 
workflow that can be referenced by people who want to 
create VR contents based on HMD and game engine. In 
order to demonstrate its usefulness, we have also created 
and presented a situation using everblock. 

VR;animation;game engin (key words) 

I. Introduction  

Virtual reality (VR) is a medium composed of interactive 
computer simulations that sense the participant's position and 
actions and replace or augment the feedback to one or more 
senses, giving the feeling of being mentally immersed or 
present in the simulation (a virtual world). There are four key 
elements of virtual reality experience. They are virtual world, 
immersion including mental immersion and physical 
immersion, sensory feedback and interactivity.  

A computer-based virtual world is the description of objects 
within a simulation. We view that world via a system that 
brings those object and interactions to us in a physically 
immersive, interactive presentation. In discussions of most 
media, "being immersed" generally refers to an emotional or 
mental state - a feeling of being involved in the experience. In 
the medium of VR, however, we also refer to physical 
immersion as the property of a VR system that replaces or 
augments the stimulus to the participant's senses. Unlike more 
traditional media, VR allows participants to select their 
vantage point by positioning their body and to affect events in 
the virtual world. these features help to make the reality more 

compelling than a media experience without these options. 
Sensory feedback is an ingredient essential to virtual reality. 
The VR system provide direct sensory feedback to the 
participants based on their physical position. For virtual reality 
to seem authentic, it should respond to user actions, namely, be 
interactive. Thus, another necessary component in the full 
definition of virtual reality is interactivity. Interactivity comes 
more readily with the addition of the computer to the equation. 
Alternate realities supported by computers include games, 
computer simulations of natural and unnatural phenomena, 
and flight simulation[1]. 

Although virtual reality became a hot issue and became 
developing rapidly in recent years, it has a long history. The 
first HMD (head-mounted display) is patented in 1916, and an 
early adoption of virtual reality technology was a flight 
simulation which is aimed at training a pilot at a stationary 
(indoor) location in 1929[2]. Now the VR technology is 
developing in all kinds of fields, such as tourism, education, 
game and film. More and more VR applications show up 
which presents a new world with more possibilities. In the film 
and animation field VR technology has brought a new viewing 
experience with the 360-degree videos. For example, a 
360-degree immersive animation called “INVASION!” which 
is made by Baobab Studios in 2016 showed us an interactive 
movie which is universally appealing. The experiencer became 
a character in it and audiences felt more immersive than merely 
watching the scene roll out on a video would have been. 

As a new and developing technology VR animation or film 
still needs more trials and tests to improve its production 
methods and forms of expression to become more mature. 
Unlike the common 360-degree videos we will show a 
different way of production process for a VR animation using 
game engine and HTC Vive in this paper. 

II.Production Process 

The main production process of this VR animation(e.g., 
“Fig. 1”) includes the environment setting, scene setting, 
motion capture animation and real-time motion capture. The 
detail process of the four parts will be showed below. 
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Fig. 1 The main production process of the animation. 

A. Environment Setting 

In order to build up this experiential VR animation, we used 
the Vive VR devices which are producted by HTC company. 
The HTC Vive devices mainly include a headset with 
2160*1200 combined resolution and 32 sensors for 360˚ 
motion tracking, 2 controllers having 24 sensors for accurate 
tracking, and 2 base stations which make all the tracks 
possible. 

All the Vive devices are connected like Fig.2. The HTC 
Vive works after connecting to a computer and the base 
stations can only track in a length and width are all 4.5 meters 
area which means the VR experience mustn't go beyond the 
play area that is required.In case of that we designed the main 
room in computer like the picture below whose walkable area 
is just under the requirement.  

Fig. 2 Vive Setting 

We builded the test site in the middle of a room using 
everblocks to make the room layout to be seen in the real world. 
Because the sensor tracking can be affected the wall made by 
the everblocks is only 30 centimeters high (e.g., “Fig. 3”). 

Experiencer will know a general route before they experience 
the animation in a HMD. Due to the limitations of the 
equipment the whole play area is only three meters by three 
meters.  

Fig.3 Play area setting with everblocks 

Since the play area is not big enough we made the main 
room a two-floors building connected with an elevator to 
double the area. Fig.4 shows the floor plan of the room. The 
experiencer can get to the second floor using the elevator just 
like in real life. 

Fig. 4 The floor plan of the room 

B. Scene Setting 

This VR animation tells a story that one day you (The 
experiencer) received a rescue letter from an unknown girl. 
She said she was trapped in another world and couldn't get out 
and she needed your help. When you went to the other world 
you found that the building was full of danger and in the end 
you was pushed down the cliff by a zombie. 

The whole animation contains three scenes. The first scene 
is a start scene in which you can hear the rescue letter from the 
girl. The second scene is the first floor of the building, and 
after taking the elevator you will get to the second floor which 
is the third scene. 

After the pre-production such as modelling and texturing we 
started to set up the scene in unity(e.g., “Fig. 5”). The two 
floors have almost the same structure. In the section of elevator 
we set several buttons such as "going up" and "second floor" 
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are just like in real world. You can have some interactions with 
the buttons by using the Vive controllers. When you push the 
"going up" button in front of elevator the elevator door will 
open and when you push the "second floor" button in elevator 
you will go from the first floor to the second which means the 
scene will be changed. Fig.6 is the picture of the interactions 
with elevator. 

Fig. 5 Scene setting in unity. 

Fig.6 Elevator button set up in unity. 

C. Motion Capture and Animation 

In order to make the animation more realistic we used 
motion capture instead of key animation. Most part of 
character animation in this VR contents was made by the 
Optitrack motion capture system. Motion capture is the 
process of recording a live motion event and translating it into 
usable mathematical term by tracking a number of key points 
in space over time and combining them to obtain a single 
three-dimensional representation of the performance. In brief, 
it is the technology that enables the process of translating a live 
performance into a digital performance. 

Motion capture in the entertainment field is the descendent 
of rotoscoping, a technique still used by some traditional 
animation studios to copy realistic motion from film footage 

onto cartoon characters since 1915. And in the late 1970s and 
early 1980s motion capture was first used in computer 
graphics. After decades of development motion capture 
technology has become a indispensable part for film and 
animation production. Even it made the body tracking possible 
in the VR system[3]. 
Optitrack motion capture systems typically work by attaching 
retrore-flective markers to the robots, and using special 
cameras that illuminate the scene with infrared (IR) light. 
These cameras observe the light reflected from the markers 
through an IR filter, allowing them to efficiently locate the 
markers in the scene using simple image processing 
algorithms[4].  

Fig.7 Locate the markers on actor's 

Before shooting the animation take we should set up and 
calibrate the motion capture studio space with the calibration 
wand and ground plane calibration square. Then after the actor 
wearing the motion capture suits with all the markers on the 
right place as Fig.7 we can start shooting a take by a starting 
T-pose. 

Fig. 8 Shoot a motion capture data 

After shooting we will get a motion capture data for the 
animation(e.g., “Fig. 8”). Then retarget the data to our 
character and modify it in Maya or MotionBuilder (e.g., “Fig. 
9”). After all these processes we will get the final animation 
fbx file to be imported into unity. Because the animation is 
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made in a game engine we made the character animation 
running by triggers instead of by times. It means your actions 
will lead to a feedback which will give you a stronger sense of 
participation in this contents. 

 

 

Fig.9 Retarget and Modify the motion capture data in MotionBuilder 

and Maya. 
 
D. Real-time Motion Capture 
 

The end of this story we designed a plot that the experiencer 
be pushed down the cliff by a zombie. It would be the most 
amazing and important part. In order to achieve a good effect, 
we used motion capture. The zombie would be acted by a 
person in the motion capture suit using the real time full body 
motion capture. The Optitrack motion capture system made it 
possible by the optitrack unity3d plugin to transport motion 
data from motion capture system to unity in real time(e.g., “Fig. 
10”).  

 

 

Fig.10 Streaming tracking data into Unity 

 
After the motion capture device and software are set the 

actor's performances will be displayed in real time in the 
animation which means you can see the performances done by 
3d character. Finally the result you will see in Vive devices 

was the zombie which is acted by human pushing you down 
and you can not only see the zombie but also feel the touch. It 
is a important part and because of the touch it will gave you a 
very strong sense of reality. The game engine gives the 
experimenter a strong sense of immersion. And combined with 
motion capture system VR brings a new watching experience 
with tactile. The following will show you the specific software 
workflow about real-time motion capture in unity. 

The  optitrack unity3d plugin contents are distributed in a 
unitypackage format and you can load this file into Unity 
projects. Once imported, the included C# scripts can be 
attached to Unity objects for instantiating a client and 
receiving the tracking data. 

To stream full body skeleton data in real-time you should set 
up both server and client programs. Server program is the 
Motive for motion capture system set the Stream Rigid Bodies, 
Stream Local Rigid Bodies, Stream Skeleton to be true, and set 
the Skeleton As Rigid Bodies to be false. Then change the 
Transmission Type to Unicast(e.g., “Fig. 11”). 

 

 

Fig. 11 Data Streaming settings in Motive. 
 

And in unity we use the plugin unitypackage file  and import 
the plugin assets into the project to create a client object. A 
client object can be designated by attaching OptitrackStreami- 
ngClient.cs script(e.g., “Fig. 12”). This script receives the 
tracking data from the connected server application and makes 
the data available within the scene. 

On Unity characters, attach OptitrackSkeletonAnimator.cs  
script as one of its components(e.g., “Fig. 13”). Change and 
link the properties right then the  real-time streaming of motion 
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tracking will work well[5]. 
 

 

Fig.12 Client object in Unity and the corresponding Motive data 
streaming network settings. 
 

 
Fig.13  OptiTrack Rigid Body configuration along with the rigid body 
properties in Motive. 
 

III.Conclusion 
 

In the above we showed a production process of VR 
animation made by game engine. It's a new attempt at 
animation which made the form of animation expressions 
closer to a game. It will give the experimenter a stronger sense 
of immersion and they can experience in the animation and 
even be a part of it. The experimenter's action would trigger the 
animation which would make the running time and story line 
be uncertain. Unlike the 360-degree videos the animation 
using game engine made the camera can not only rotate 360 
degrees, but also move around in the scenes. That means the 
experiencers can turn around their heads，and walk around in 
the play area. They will have more freedom and can observe 
every corner of the scene according to their own wishes. More 
freedom will bring the experiencer more reality and they will 
feel no difference compared with in real life.  

The 360-degree videos always have a problem with 
resolution. The low resolution will make the experiencers 
uncomfortable and cause dizziness. Since the game engine 
renders in realtime it is a good solution to this resolution 
problem. You can clearly see every frame of the animation 

when you turn around your head or even walk around in the 
scene. 

Accompanied by the advantages there are also some 
problems with this kind of VR animation using game engine. 
In a film the director tells a story in avariety of ways such as 
editing techniques and camera language. But in this kind of 
VR animation your eyes become the camera so there will be no 
lens language or editing effects to increase the atmosphere or 
suggest a plot. You have to design a plot, an animation or 
something else to convey a message to the experimenter when 
it is necessary. When the people experienced in this VR 
animation，we found that they sometimes hesitated in the scene. 
They looked around but didn’t know which way to go even if 
there was only one way. The interaction we designed on 
elevator are also be missed. To solve that problem we added 
some hints arrows in the scene which might help experiencer 
to find the right way and notice the interaction we set. But it is 
still not the perfect solution and more attempts are needed. 
Send information to the experimenter, and make them do the 
right things at the right time and let them see the right direction 
as you expected. That will be the part we need to improve and 
work on in the future. 
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V. Conclusion 

In this paper, we proposed a novel light therapy that 
automatically estimates user’s emotional states from real-time 
facial expression recognition, then provides color 
compositions and lights to the user via Bluetooth. The 
proposed system consists of a web camera, emotion predictor, 
color recommender, light controller, and smart bulb. From the 
web camera, the emotion predictor estimate user’s facial 
expression during 10 seconds, and then color recommender 
suggests the proper colors according to the user’s dominant 
emotion. Finally, lighting controller send the signal to the 
smart bulb via Bluetooth. The color of the bulb is changed by 
the proposed system. The proposed system can applied to 
various domains: interior design, psychological counseling 
and smart home. The proposed system needs some 
improvements including (1) verification of the generalizability 
of the proposed system for users as light therapy, and (2) 
increasing the number of colors that can appear smart bulb. 
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Abstract 

Recently, a lot of game-type therapeutic contents are 
being developed. Unlike existing therapy content, recently 
therapeutic content collects data such as user behavior or 
events. This is because the development of Big Data 
enables us to analyze and collect users data for feedback. 
Therapeutic content uses a variety of sensors or interwork 
with an external controller to interrogate the user data. In 
case of interworking with an external controller, most of 
the controller data is ignored. However, when using 
therapeutic content, user behavior is closely related to 
controller behavior of content. Controller behavior can 
also be used as data that can identify certain symptoms or 
determine the course of therapy. Therefore, we propose a 
controller logging system for therapeutic content to collect 
user behavior. The proposed system consists of a client 
collection application and a database that stores collected 
user behaviors. The system is also easily applicable as it 
can operate independently of the therapeutic content. The 
user behavior collector collects the controller operation of 
the contents through the input data, and the user behavior 
analyzer maps and analyzes the collected user behavior 
with predefined statistical information. The user behavior 
logger then stores the statistical information analyzed by 
the DBMS in the database. Eventually, such collected user 
behavior can be analyzed to detect defects or to improve 
the performance of the therapeutic content. 

Keywords-component; therapy, patient, action, behavior, 
controller, log (key words) 

I. Introduction 

Therapeutic content refers to contents for psychotherapy, 
cognitive training, and physical rehabilitation of a person. 
Therapeutic content ultimately triggers change and uses 
different techniques for each therapeutic purpose. For example, 
content that is intended to be cured to help adaptation uses 
systematic desensitization that iterates repeatedly and 
increases the difficulty gradually. In contrast, content for 
emotional behavior therapy uses Rational Emotive Therapy. 
The existing therapeutic content simply provided the functions 
and services that were appropriate for each therapeutic purpose. 
On the other hand, recent therapeutic contents collect data such 

as user's actions or events selected by the user. The reason for 
collecting the user's data is to analyze the status of the user 
through the data analysis, to inform the progress of the therapy, 
to provide feedback to the user and to improve the therapy 
effect. For example, Fig. 1 is a functional game that promotes 
harassment prevention and empathy, requiring users to make 
decisions in scenarios[1]. And records the data determined by 
the user in every game session so that the therapist can analyze 
it later.  

In the therapeutic content, the user's data collection is done 
in various ways. It collects human behavior or biometric data 
through an additional device or sensor, or collects user's 
performance data for the event or contents selected by the user 
in each session [2-3]. Currently, most of the therapeutic 
content that works with external controllers uses controllers 
such as keyboards, joysticks, and game pads. However, the 
controller data is generally ignored when used in conjunction 
with an external controller. The controller's data, which is 
ignored in this way, is in fact the most directly related to the 
user and is important data that can improve or improve the 
therapeutic content. Because each user has different control 
patterns to process content, it is possible to analyze a pattern 
with controller data to identify a specific user group or to 
determine the progress of the therapy. Therefore, there is a 
need for a method that can be easily applied to therapeutic 
contents and analyze user behavior with controller data. So we 
propose a controller logging system of therapeutic content to 
collect user behavior. 

The controller logging system of therapeutic contents is 
divided into five parts. Device drivers and user behavior 
collectors, user behavior analyzers, user behavior loggers and 
databases. A simple user's controller data is mapped to 
meaningful user behavior information predefined through the 
system. Until now, the external controllers that the content 
relied on were primarily keyboards and mice. Therefore, the 

Fig. 1 A serious game to prevent bullying and promote empathy.
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data that can be collected is either simple or not intuitive to the 
user, and the data is not collected properly, making it difficult 
to perform accurate analysis. Therefore, in the proposed 
system, the input data of various external controllers are 
mapped as statistical and meaningful information to be 
advantageous for analysis. Also, the proposed system collects 
input data independently from the controller linked with the 
content, so it can operate independently of any contents. 
Therefore, it can easily be applied to existing therapeutic 
contents. The user behavior obtained by using the proposed 
system is stored in the database, and the big data accumulating 
in the database can characterize symptoms or phenomenon of 
each user group. With this information, it is possible to detect 
defects or to improve and improve therapeutic contents, 
thereby providing better contents to patients. 

II. Related Work

A. Virtual environment to quantify the influence of colour 
stimuli on the performance of tasks requiring attention 

This research is a virtual reality based computer game that 
detects the effect of color on the performance of people 
performing attention tasks[4]. Divide the game into two 
versions and construct the content using different colors. The 
user must find the treasure by playing the game through the 
hints provided by the game. Also, use the mouse and keyboard 
together or only the keyboard when playing the game. The 
study divided the general population group and the ADHD 
patient group to collect the time needed to play the game and 
complete each task in the game. The collected time data are 
used to quantify the effect of color and compare ADHD 
patients with the general population to identify ADHD 
symptoms. In this study,  content used only the amount of time 
it took to complete the game to determine how well we focused. 
However, the information on the mouse and keyboard is 
valuable as users continue to play the game. As the user's 
concentration decreases and the time required to complete the 
game becomes longer, the average number of user's controller 
information will be higher and there may be more controller 
information wasting to complete the game. Not only attention, 
but also intellectual level, was important to the completion of 
the game, so a more reliable evaluation would have been 
possible if the time and controller information were analyzed 
together. 

B. Machine learning techniques for analyzing training 
behavior in serious gaming 

It is a study of machine learning technology for collecting 
and analyzing data of users training and competing in 
functional games[5]. The game is defending against several 
types of missile threats, collecting data from users who train 
and compete in practice in the game. The data collected is the 
performance score of each user. The user's score is determined 
by a comprehensive performance metric at three test levels. 
The average score of each test level, the maximum score, and 
the sum of the scores are used to calculate the composite scores. 
The collected score information is analyzed and the 
performance of the user is automatically predicted and 
identified through machine learning. Thus, the extent to which 

training objectives are reflected can be identified. In this study, 
however, only the performance score of the game is used to 
grasp the performance of the user. Even with the same score 
achievement, there can be any difference in behavior 
depending on the user. This is because people who achieve 
high scores with minimal behavior and people who achieve 
high scores with many actions are different. The behavior that 
a user performs to achieve score performance can be 
determined through controller information. This is because the 
frequency and pattern of used functions and behaviors can be 
quantified. Therefore, it can be more advantageous to reflect 
the characteristics of users who have similar scores and to 
reflect the training goals. 

C. Collection data in therapeutic games 

  TABLE I provides information on the purpose of the 
therapeutic content and the data collected. The purpose of the 
therapeutic contents is various, such as prevention, therapy, 
and analysis, and collects various data even for the same 
purpose[6-7]. 

Most content collects single or multiple data using 
additional sensors or devices. Some of the contents use 
external controllers, but the user's controller information is not 
collected or analyzed separately. Therefore, we can apply the 
proposed system to help contents evolve for the purpose of 
contents. 

III. Controller’s Behaviors Logging System

Before describing our suggested system, we describe the 
structure of common therapeutic content. Fig. 2 shows the 
structure of common therapeutic content. 

TABLE I 
Collection data in therapeutic games 

Purpose Collection data 
Rehabilitation Hand muscle’s activity 
Attention   Eye movements 
Stress analysis Bio data (Heart rate) 
Health care Motion sensor data 
Emotion therapy EEG signal 
ADHD therapy Behavior patterns on based BCI 
Dementia prevention Gesture 

Fig. 2 General therapeutic content structure. 
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General therapeutic content provides functions for therapy 
in content. Users must use the controller provided by the 
content to perform the content. The controller may be a 
controller suitable for the data to be collected from the content, 
or simply a controller for content progression. Content that 
requires a dedicated controller continuously collects, stores, or 
feeds desired data from the controller. Content that does not 
require a dedicated controller ignores controller data and 
collects content internal data that changes as the user performs 
the content. In this typical content, a single controller 
constantly obtains data from a dedicated controller, or ignores 
controller information and uses only data within the content. 
Therefore, we propose a controller logging system as shown in 
Fig. 3 to easily collect and analyze the user's behavior 
information through the controller in the therapeutic contents. 

 
The proposed controller logging system collects user 's 

controller data independently of the therapeutic contents. 
Therefore, it is advantageous to apply to the therapeutic 
contents used in conjunction with the external controller, and 
does not affect the therapeutic contents. The collected user's 
controller data is changed into user behavior information 
through various layers of the system and stored in the database. 
The controller logging system consists of a device driver, a 
user behavior collector, a user behavior analyzer, a user 
behavior logger, and a database. The role of each layer of the 
system and the information it conveys are shown in Fig. 4. 

 
First, the controller data of the user enters the device data via 

the device driver. Row data refers to data that can be provided 
by a general controller. An example of classification of row 
data is shown in Table 2. 

 
The buttons on the controller can simply act as push or 

toggle like a switch. In the case of a stick, it can be represented 
by data within a certain range according to the movement. 
There may also be switch data classified into several levels. 
This raw data is transformed into user behavior information 
through a user behavior collector. User behavior information 
refers to subdivided data characterized by raw data. Table 3 
shows examples of user behavior information. 

 
The user behavior collector identifies which button on the 

controller, the stick, and the switch data the row data is. That is, 
it converts the raw data into meaningful data that can be 
analyzed by the system. Data can be intuitively expressed and 
easily quantified so that meaningful user behavior information 
can be analyzed. The transformed user behavior information is 
used to derive intuitive and quantified statistical information 
through the user behavior analyzer. The statistical information 
can be defined in various ways such as the user's controller 
cumulative information, average, sum, duration, and the like. 
That is, predefined information that can be helpful in the 
analysis of the therapeutic content and is mapped from user 
behavior information. An example of statistical information is 
shown in Table 4. 

 

 
 
Fig. 4 Controller logging system structure. 

 
 
Fig. 3 Proposed controller logging system. 

TABLE II 
Raw data classification example 

        
Type Description 

Button (Push) One-shot data 
Button (Toggle) Durability data 
Stick (Range) Movement data (-1 ~ 1) 
Switch (Level) Phased data 

TABLE III 
User behavior data classification example 

        
Type Description 

Button L1_Push Left first button (Push)  
Button R1_Toggle Right first button (Toggle)  
Roll Left & Right motion (1100~1900)  
Pitch Forward & Backward motion  
Switch_1 First switch level (3)  
Switch_2 Second switch level (1)  

TABLE IV 
Analyzed user behavior data classification example 

        
Type Description 

Behavior count Number of behavior uses 
Percentage of total Ratio comparison 
Performance duration State maintenance time 
Switch variation Degree of switch level change 
Toggle activation Whether the feature is enabled 
Movement range User’s motion information 
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The analyzed statistical information is finally stored in the 
database through the DBMS. Such accumulated information 
can be helpful for data collection and analysis of therapeutic 
contents. 

IV. Experiment Result

A. Simple therapeutic content test 

Experiments were conducted on simple therapeutic content. 
Content is a game that avoids obstacles by manipulating the 
advancing character and uses a joystick controller. The man 
and woman log the controller data while playing each game 
and graph the accumulated analysis information. Fig. 5 shows 
the motion information of a man during a game. 

Fig. 6 shows the motion information of the woman.  

As a result of the accumulated data, the man frequently 
performed the left and right movements with a low frequency 
of motion change. Women, on the other hand, had a high 
frequency of movement and performed various movements 
evenly. We have confirmed that there may be differences in 
information due to gender differences in such simple 
therapeutic contents. 

V. Conclusion 
In this paper, we propose a system that can log user 's 

controller data which is generally ignored in the contents for 
therapy. The user's controller data can be used to characterize 

symptoms or user patterns with data directly related to the user. 
The proposed system works independently from the 
therapeutic contents and can be easily applied to the 
therapeutic contents that can be linked with the external 
controller. It also provides user controller analysis data to help 
improve and improve therapeutic content. As a result of the 
experiment, it was confirmed that there is a difference in the 
analysis result according to the gender in the simple 
therapeutic contents. 
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Abstract 
 
Recently, with the rapid development of internet 

environment and smart devices, a lot of images and 
information are being produced and shared quickly. The 
images are uploaded with several keyword tags, and 
people can get a necessary image through search with text 
query. However, acquiring images through such a 
conventional search engine simply depends on the given 
tag information, and thus they cannot always provide 
images suitable for the intention of users. In this paper, we 
propose a method to recommend appropriate images for a 
given report subject by evaluating the relevance of the 
images searched with the keyword text and the suitability 
of the images for the report document. As a basic 
experiment to see the applicability of the proposed method, 
we show that the proposed method can provide better 
image selection results than the naïve method of using 
conventional search engine.   

 
Keywords- Image recommendation; Automatic report 

generation; Image search and reranking; Auto-tagging; Deep 
learning  

I. Introduction 
     

According to development of internet and big data 
technologies, the amount of information that people can easily 
obtain has rapdly increased, and  the studies on extracting and 
summarizing meaningful information from the huge amount of 
data  have been been actively conducted [1]. Moreoever, as a 
more challenging topic, the automatic report generation [2], 
which is about automatically generates a report format 
document containing text, images and video on a given subject, 
is also getting attention in the field of big data and artificial 
intelligence.  

In this paper, we propose a method to recommend 
appropriate images for a given report subject by evaluating the 
relevance of the images searched with the keyword text as well 
as the suitability of the images for the report document. In 
order to achieve the goal, we exploit conventional image 
retrieval techniques and improve the search result trhough 
analyzing image contents by using image auto-tagging method 
based on deep learning technologies.  

Image retrieval, which is to find queried images from an 
image database, can be categoried two classes according to the 
types of querys: the text-based search and the content-based 

retrieval. In the text-based search, a query is given as text 
keywords, and the search engine tries to match the given 
keywords with the tag information that are provided along with 
the stored images.  The well-known image search services such 
as google image search takes this approach. Although this 
method can retrieve queried images very efficiently, from huge 
database its result completely depends on the tag made by the 
image provider, and thus it does not consider the whole 
contents in the images as well as other characteristics and 
qualities of the images.  

On the other hand, in the content based image retrieval, a 
query is given as an image, and it is required to search other 
images that have similar contents to the query [3]. The main 
difficulty of this method is to find a good similarity measure 
between the query image and another one in database, which 
need to consider the contents of the images. Recently, deep 
learning techniques have provided successful solutions to find 
good image features an similarity through learning. However, 
since the calculation of the similarity needs to be conducted on 
each images in the database, it is practically implementable 
only for a limited size of database therefore this approach is not 
suitable for image recommendation for automatic report 
generation. 

Based on the considerations, in order to recommend suitable 
images for the given report keyword, this paper proposes a 
hybrid method which combines the text-based search and 
image content analysis by deep learning. Details of the 
proposed methods are described in Chapter 2. 

 
II. Proposed System  

 
A. Overall Structure 
 
The overall structure of the proposed image recommendation 

system is shown in Figure 2. The system first gets a specific 
keyword related to the report subject as an input, and apply it to 
the conventional text-based image search engine so as to get a 
set of candidate images. By using the popular search engine 
such as Google, we can easily obtain various candidate images 
from a plenty of internet resources. However, as we mentioned 
earlier, the search research is mainly depends on the subjective 
tags made by image provider, and thus we need further 
analysis to evaluate the appropriateness of the image for the 
report to be generated. The proposed image re-ranking module 
gets the set of image candidates as an input, analyzes the image 
contents by using deep neural networks, and evaluate the 
images to make modified rank of the candidates.  The detail 
description of the CBE (content-based evaluation) module, 
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Abstract 

Recently, interest in sensor network technology that 
collects, analyzes, and processes necessary information by 
sensing objects and environmental information and 
communicating wirelessly has continued without 
intermission. 

As Sensors and Mobile Integration and Communication 
increases geometrically, it is exposed to many attacks. 
there are many attacks designed to exploit the unreliable 
communication channels and unattended operation of 
wireless sensor networks. And There are many important 
security challenges, including key establishment, secrecy, 
authentication, privacy, robustness to denial-of-service 
attacks, secure routing, and node capture. 

In this paper, we describe the vulnerabilities and various 
attacks that can occur by using wireless communication in 
Sensors and Mobile Integration and Communication, and 
introduce the security technology for the attack. 

Keywords: wireless sensor network; WSNs; security; 

I. Introduction 

Wireless sensor networks are quickly gaining popularity due 
to the fact that they are potentially low cost solutions to a 
variety of real-world challenges.[1] 

After that, recently, if we are connected networks thought 
mobile device, we can connect and manage all devices that 
connected networks. It is possible that all sensors and mobile 
are integrated and communicated. 

However, as wireless communication increases 
geometrically, it is exposed to many attacks. there are many 
attacks designed to exploit the unreliable communication 
channels and unattended operation of wireless sensor 
networks.[2] And There are many important security 
challenges, including key establishment, secrecy, 
authentication, privacy, robustness to denial-of-service attacks, 
secure routing, and node capture.[3] 

  Therefore, we investigates vulnerabilities to wireless 
sensor network issues and suggests security issues with 
vulnerabilities in sensors and mobile communications. 

II. Related Researches

A. Vulnerability of Wireless Sensor Networks. 

Developments in wireless communication and low-cost 
sensor technology have enabled the emergence and evolution 
of wireless sensor networks. 

A wireless sensor network is poised of huge number of 
cheap and small sized sensor nodes enabled with sensing, 
processing and transmitting capabilities.  

Unlike traditional networks, parameters such as open 
communication medium, restrictions on node’s 
communication capabilities, and bandwidth discriminations 
constraints make sensor networks more vulnerable to attacks. 
A simple wireless sensor network is shown in figure 1. [4]. 

Figure 1. A simple wireless sensor network (Source:[5]) 

Vulnerabilities of wireless sensor networks include 
Eavesdropping, Data forgery, Routing attacks, Physical 
attacks, etc. The following explains vulnerabilities of wireless 
sensor networks. 

B. Eavesdropping, Data Forgery and Sniffing 

The best results will be obtained if your computer 
word-processor has several font sizes. Do not use fonts smaller 
than the fonts specified in Table I. As an aid to gauging font 
size, 1 point is about 0.35 mm. Use a proportional, serif font 
such as Times or Dutch Roman. Wireless sensor networks 
broadcast data over wireless communications. Broadcasting 
makes eavesdropping easier. 

Packets are actively exchanged between sensor nodes in a 
sensor network and between sensors and applications. 
Structurally, sensor networks are easily exposed in unsecured 
locations, so it is easy to find packets that shared important 
information. In between, it is possible for an attacker intercepts 
a packet and send a modulated packet that because it to 
perform a desired action, or acquires information through a 
packet.  
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By sniffing, an attacker can get a lot of important 
information. However, it is inevitable that packets are 
exchanged. It is possible to prevent eavesdropping by 
encrypting the information so that it is not transmitted to the 
attacker properly. Therefore, to ensure confidentiality, data of 
sensor node communication must be encrypted. 
 
C. Network Routing Attacks 
 

A large number of attacks have been identified in literature 
that affect the routing in wireless networks. There are many 
types of attacks related to network routing attacks, and they 
can be organized into table 1. as follows. 

 
Denial of Service (DoS) Attacks. A DoS attack aims to 

flood the network with useless traffic. This has two effects on 
sensor networks. First, the attack traffic consumes network 
resources, and prevents legitimate traffic from reaching the 
base station. More importantly, it causes sleep deprivation of 
sensor nodes and wastes their energy. This can be combined 
with other attacks such as altering of the routing information in 
order to maximize its effect. 

 
Selective forwarding.  Selective forwarding occurs when a 

compromised node drops a packet that is bound for a particular 
destination. In this way, an attacker can selectively filter traffic 
from a particular part of the network. Other possible variations 
of selective forwarding can involve dropping all packets or 
randomly dropping packets. Although random dropping is less 
disruptive, it can also be much harder to reliably detect and 
trace.  

 
Sinkhole attack. The main purpose of the sinkhole attack is 

to lure all traffic from nodes in a region to a compromised node. 
This is achieved by forging or altering of the route packet 
information to make a compromised node look very attractive 
to the routing algorithm, causing neighboring nodes to assume 
that the compromised node is the best path to their 
destinations. 

 
Sybil attack. In the Sybil attack, attacker pretends to have 

multiple identities. A malicious node can behaves as if it were 
a larger number of nodes either by impersonating other nodes 
or simply by claiming false identities. 

 
Wormhole attack. In a wormhole attack, a malicious node 

tunnels messages between two different parts of the network 
via a high speed link. This can make distant nodes appear 
“closer” in the network, which can be useful as part of a Sybil 
attack. Moreover, if the attacker is appropriately positioned, it 
can disrupt the entire network by diverting traffic from the 
base station. [6] 

 
HELLO flood attack. There are many protocols and nodes 

that ask themself to broadcast a HELLO packet. HELLO 
packets need to be broadcast. And the nodes that received the 
packet think that the node that sent the packet is close to itself. 
When an attacker exploits this point, a remote attacker sends a 
HELLO packet to the node with a strong signal, and the 
attacker node sends the packet to the remote attacker node. 

III. Conclusions 
 

The wireless networks are more vulnerable than wired 
networks. But Sensors and Mobile Integration and 
Communication communicate using wireless. 

Attacks such as Eavesdropping, Data Forgery and Sniffing, 
Network Routing Attacks, and Physical Attacks use wireless 
networks vulnerabilities. Additionally, there are many 
routing-related attacks. 

One of the solution to prevent attacks on wireless networks 
is to encrypt and communicate data. But the mainstream AES 
encryption technique is not energy efficient. The same is true 
for the other solutions. 

Wireless sensor networks with limited performance need to 
be studied with less energy - consuming security techniques. It 
is a security challenge to be resolved using new techniques 
through research. Using new security techniques, we can use 
more secure sensor networks.  

In the future, we will research and present a solution to solve 
these vulnerabilities. 
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Abstract 
 

With diffusion of devices, contents of Virtual Reality, 
Augmented Reality and Mixed Reality are developing 
consistently. Although related technologies are applied to 
various fields, we are still not actively applying the 
technologies to the conservative field of education. 
Meanwhile, the STEAM education system introduced in 
Korea in 2011 has been structured systematically for 
korean education, but it is striving for sustainable 
application. In this research, we analyze recent trend of 
Virtual Reality, Augmented Reality, Mixed Reality and 
examples of incorporating ICT into education. Based on 
this, we propose the applicability of Virtual Reality, 
Augmented Reality, Mixed Reality for effective 
educational content production with emphasis on real-life 
problem solving ability in STEAM education. 

 
Keywords-component; Virtual Reality, Augmented Reality; 

Mixed Reality; Education; STEAM 

  
I. Introduction 

     
It’s been a long time since concept of Virtual Reality and 

Augmented Reality emerged, but there is no time when they 
received attention and developed connected with diverse 
industries as recently. Especially as new concept of Mixed 
Reality has appeared, related technologies and industries are 
growing rapidly. According to IDC's Worldwide Semiannual 
Augmented and Virtual Reality Spending Guide research, 
Virtual Reality and Augmented Reality markets in the world 
predicted to be $ 162 billion in 2020.[1] In addition, recently 
emerging Mixed Reality is expected to have a global MR 
market size of $ 970 million in 2021.[2] Meanwhile, the 
STEAM educational model in Korea, which followed after 
STEM education in the United States, has been constantly 
striving to take root at government level and the related 
educational programs are designe. But it is still necessary to 
develop sustainable educational contents for effective 
educational programs. 

In this research, we will propose possibility of application of 
Virtual Reality (VR; Virtual Reality, referred to as VR), 
Augmented Reality (AR; Augmented Reality, referred to as 
AR), Mixed Reality (MR; Mixed Reality, referred to as MR) 
for educational contents production emphasizing on real-life 

problem solving ability in STEAM education system. 
II. Body 

 
A. Latest Trend of VR, AR, MR 
 

VR refers to 3D environmental simulation implemented in 
HMD (Head Mounted Display) devices. [3] VR is classified 
into desktop VR, that is integrated HMD device like Oculus 
Rift  and HTC vive, and mobile VR, that is worked with 
smartphones using a tool of the box-shaped structure, for 
example, Google card board and Samsung gear VR. Oculus 
published a social Virtual Reality service cooperated with 
Facebook, which people play and chat with their friends 
coming and going to virtual world by using their own avatar 
with, in October 2016 in 'Oculus Connect Conference'.[4] 
YouTube offers a service that enable users to watch videos 
using mobile VR devices.[5] By using VR, users can transcend 
space and time. Then, the users can receive immersive virtual 
contents in that space and time with desktop VR, and they can 
get VR contents at reasonable price with mobile VR using their 
smart phone. 

Unlike VR, AR provides provides experience augmented to 
real-world environment to users by mapping virtual contents 
on reality. In other words, as it is a technology that maps 
virtual graphics to the real world, marker recognition is an 
important issue. In the education field, AR pop-up book using 
markers that can interact with learners on paper book is 
released. [6] Also, in the game field, AR game 'Eye of 
Judgment’ is on released.  In this game, 3D monsters which are 
virtual images appeared on cards of the table, and they interact 
and fight each other.[7] AR allow users to experience the real 
world and the virtual world together by placing the virtual 
content on the real world that the user is watching. 

MR which is well known to people from the video released 
by 'Magic Leap' is a technology combining VR and AR. Like 
VR, it can be divided into a method that uses HMD and a 
method that interacts without wearing equipment. Microsoft 
launched ‘Hololens’ with which users can see the sights of 
ancient remains site, designers can product design 
development of Volvo cars, and researcher can conduct 
research on Mars in cooperation with NASA.[8] It shows 
features of MR that enhance realism and work productivity 
received attention. Also, ‘Magic Leap’ implemented MR 
virtual contents which are combined naturally into reality by 
using light-field-camerwork that it adjusts the light reaching 
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user’s retina with a tiny projector.[9] Whereas user can not see 
the real world using VR, MR make user to experience real 
world and virtual contents simultaneously. In addition, while 
AR only overlaps virtual contents in the real world, MR 
recognizes the user's gaze, movement, voice and the real world 
space, so that virtual contents can be interacted with both user 
and objects in real world. 

 It can be said that VR, AR, MR are ecological type 
industries of C - P - N - D combined with contents, service 
platform, network, and device. In the case of content among 
them, it is actually impossible to produce results noteworthy 
yet, except for some fields.[10] At the time when the 
penetration rate of the device is continuously increasing, 
diversification of content and long-term investment can be 
considered necessary. That is, it is necessary to expand 
sustainable contents development using VR, AR and MR. 

B. STEAM Education Models and Utilization Status 

The STEAM education model is "education that enhances 
students' interests and understanding and develops integrated 
thinking ability based on science technology (STEAM 
Literacy) and real life problem solving power." [11] STEAM 
education is made by adding arts and humanities (Art) to the 
STEM education of the United States which is an abbreviation 
for science, technology, engineering, mathematics education 
and it is aiming at nurturing creative personnel of fusion. Many 
developed countries such as the United States, the UK, 
Australia and Canada are promoting educational reforms 
centering on STEM education.[12] However, in Korea, having 
introduced STEAM education in 2011, there were positive 
responses to the effect on the STEAM education system, but 
still it isn’t firmly entrenched in real school curriculum. In 
2015, when investigating Korean elementary, middle and high 
school, only about 27.13% was running STEAM education. 
Moreover, the percentage of schools that apply STEAM 
education every lesson time is only 5.5%. For the substantive 
implementation of STEAM education, various problems must 
be determined first, but both schools currently running 
STEAM education and schools not running pointed out that 
'STEAM program development and diffusion' is one of the 
problems.[13] And in order for the program to be developed 
and spread, the contents of the program should be given 
priority. 

The times have changed rapidly, the world emphasizes the 
creative fusion ability to create new things that exist not 
previously. And what is emphasized at this time is to break 
down their boundaries based on the understanding of existing 
ones, discover their relationships, and create new ones in 
cooperation with others. The core of STEAM education is that 
it emphasizes 'science and technology foundation education' 
and 'real life problem solving skill' learned with creative and 
convergent perspectives. STEAM education induces students 
to make frameworks utilizing the concepts and principles of 
science and mathematics and to solve the problems associated 
with real life through engineering and technology. However, 
still in many fields of education, there are problems that 
learning is conducted centered on separated sectional 
cramming education with textbooks rather than students doing 
practical training. Proper complementary education programs 
deviated from teacher-centric education should be developed 

and extended, because it is difficult for students to acquire 
schooling based on diversified educational viewpoints in 
existing teacher-centric education environment and teachers 
are only specialized in one subjects. 

According to conical theory of learning of Edgar Dale, in 
general, when learning, 90% of what learner learned can be 
remembered after two weeks if he actually had experienced it. 
[14] That is, achievement of experience-based tangible 
learning realistic learning is higher and such learning method 
is important. 

 So, it is important that learner designs eay of solution, 
explores ideas and cultivates real-life problem solving power 
after he experience learning objectives and contents by himself. 
Also, it is necessary to get out of the existing education system 
and  change into future innovative personalized intelligent 
education system. Ultimately, STEAM education system 
learns to solve the comprehensive problem and creative 
thinking method to personalized type, for students to learn 
comprehensive problem solving and creative thinking method 
while aiming to cultivate humanity together. 

C. Educational situation using ICT 

In January 2017, the Korean Ministry of Education 
announced plans to develop science textbooks of elementary 
school 3-4 graders and middle school first-year into a realistic 
digital textbook with VR and AR from 2018.[15] Likewise, 
there are a lot of attentions in applying VR, AR and MR to the 
educational field in Korea as well. However, in fact, most of 
the contents can not fully make the use of the developed 
technology. And it is such a situation that even this is not fully 
popularized. 

'Science level up' made by Ministry of Science, ICT and 
Future Planning and Korea Foundation for the Advancement 
of Science and Creativity provides 360 degree VR videos 
through 'Next up! Virtual reality' to enable ecosystem 
observation. [16] The 'World of Comenius' which can be used 
using the Oculus lift and lip motion lets users do learning 
through interaction with 3D graphics.[17] HIT Lab in New 
Zealand and Washington in the US developed an AR tool kit 
that recognizes markers in the shape of specially produced 
rectangles and expresses virtual contents related to markers. 
Then, using this, 'Enhanced reality stories book' analyzing the 
degree of improvement in reading ability by observing 
experiential acts was developed.[18] Therefore, active 
introduction of developed ICT technology as well as 
continuous creation, dissemination and diffusion are necessary 
in order to raise educational effect based in experience in the 
field of education. In particular, VR, AR, and MR are realistic, 
enabling experiences with immersive feeling to become 
effective educational content. 

III. Conclusion

When comprehensively considering the above analysis, 
educational contents are still short of contents in that such 
technology wasn’t introduced actively to the production and 
dissemination of educational contents compared with the 
advantages of VR, AR, MR on to educational content and 
technology development speed. As the penetration rate of 
various devices for VR, AR and MR increases, it is also 
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necessary for contents in the education field to provide 
contents that provide optimum user experience for users. In 
particular, it can be said that it is necessary to develop and 
disseminate educational contents that can substantially carry 
out creative and integrated education of STEAM education. In 
this paper, in order to improve the problems of 
teacher-centered packing-based education and to provide 
effective STEAM education, it is important to 
comprehensively cooperate learning contents, effectively 
provide diverse experiences and offer intelligently customized 
contents suitable for individual capability and progress to 
students. For this reason, the utilization of VR, AR and MR 
seems to bring positive effect if contents are contructed 
systematically by a wade range of experts using VR, AR and 
MR at the design stage for the application of eduational 
contents. In other word, the spread of STEAM education 
through AR, VR, MR can be expected to deal with the 
difficulties of eastablishig STEAM education in the 
curriculum. 
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Abstract 

 
Among the deep learning methods for analyzing big data, 

CNN shows excellent performance in image and text 
classification. In this paper, we propose a text classification 
method to improve the performance of Convolutional 
Neural Networks (CNN) using Latent Dirichlet Allocation 
(LDA). LDA is used to extract topics that imply important 
information in the document. The CNN model is 
constructed using extracted topics. We also evaluate the 
accuracy of the existing CNN and proposed CNN through 
classification of news articles in four categories. The 
evaluation results show that the proposed method 
improves accuracy by 5% compared to existing CNN.  

 
Keywords-Convolutional Neural Networks; Latent Dirichlet 

Allocation; Topic; Categories Classification 

  
I. Introduction 

     
With the development of the web and mobile, online space 

can be accessed anytime and anywhere. Accordingly, various 
types of data are increasing exponentially. This is called big 
data. There is a limit to processing big data with existing data 
analysis methods. Therefore, research on Deep Learning, 
which is one of various methods for efficiently analyzing big 
data, has been actively conducted[1,2]. Convolutional Neural 
Networks (CNN) is one of the Deep Learning algorithms. 
CNN is said to perform exceptionally well in image processing 
[3,4]. Not only image processing but also text processing such 
as Natural Language Processing (NLP) has been actively 
researched, and it is known to have text processing 
performance that is not inferior to other Deep Learning 
algorithms [5,6].  

The topic, which is one of the information implied in a 
document, is not evident in the document. However, it can be 
useful because it connotes important information in the 
document. Latent Dirichlet Allocation (LDA) is one of the 
methods of extracting topics in a document, stochastically 
selecting the topic and words in a topic that make up a 
document[7,8]. 

Therefore, in this paper, we extract the potential topics in the 
document using LDA and construct the CNN model by 
training. It is proved that the proposed method shows 

improvement by comparing the accuracy of the CNN model 
constructed by the general CNN model and the proposed 
method. 

 
II. Related Works 

 
With existing data analysis methods, it is difficult to process 

the exponentially generated data. Therefore, deep learning 
studies are being actively conducted to analyze vast amounts 
of data. Research on image and text classification using CNN 
has been actively conducted[3,4,5,6]. The study of classifying 
images using CNN has been preceded and proved to have good 
performance [3,4]. As it led to active research on classification 
of texts, it has been proved that CNN has a performance 
comparable to other deep learning algorithms[5,6]. In [5], Kim  
compared the performance of CNN with other deep learning 
algorithms through CNN model for training by sentence unit. 
In [6], Lai et al. proposed the RCNN model by combining 
Recurrent Neural Networks (RNN) for performance 
improvement of the CNN model and compared with other deep 
learning algorithms.  

Previous studies have attempted to improve the performance 
of text processing through deep learning model building 
method. However, this paper focuses on the topic of the 
document to improve the performance of document processing. 
Topics can be explained as different features depending on the 
type of document. LDA is one of the methods for extracting 
topics, and it is a topic model that selects topics and words 
from topics through probabilities based on word frequency in 
the document. LDA is particularly good at finding the exact 
topic of a subject within a given set of documents [7,8].  

In [7], Cho and Lee proposed a method to evaluate the 
importance of potential keywords extracted using LDA in 
order to overcome the limitation of extracting potential 
keywords in the existing keyword extraction research.  In [8], 
Jung et al. extracted topics using LDA and analyzed 
documents to compare them with words in the topic to 
determine topic categories. The document should be analyzed 
separately in order to extract the topic and select the name of 
the topic through the existing LDA. Therefore, in this paper, 
we propose an efficient method of constructing a model by 
extracting topics using the LDA model and training through 
CNN based on extracted topics. News articles in four 
categories are classified. Performance evaluation is conducted 
through the CNN model for existing text category 
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classification and the accuracy of the proposed CNN model. 

III. Category classification method

In this section, we describe the topic extraction method 
using LDA and CNN construction and evaluation method. Fig. 
1 shows the category classification model using LDA and 
CNN proposed in this paper. 

The type of document to be classified in this paper is a news 
article and consists of four categories in total. The categories 
are Business, Entertainment, Health, and Technology. The 
data set for learning is composed of 1,000 news articles and a 
total of 4,000 news articles. The data set for testing consists of 
100 news articles and a total of 400 news articles. 

A. Topic extraction method using LDA 

To extract the topic of a news article, the sentences are 
preprocessed into words. Tokenizing, Delete Stop-word, and 
Stemming are performed in the preprocessing step. Topics and 
words from topics are from the preprocessed document are 
extracted through LDA. The process of extracting topics 
through LDA is shown in Fig. 2. 

Figure 1. : Topic extraction process through LDA model 

In Fig. 2, N is the topic and M is the document. α and β 
represent the parameters of the corpus level. α is the dirichlet 
distribution representing the pattern of the topic. β is a dirichlet 
distribution that indicates which patterns the words in the topic 
are. θ is a document-level parameter that represents the 
distribution of topics for the document. z is the probability that 

a word will appear in the topic. w is the actual observed word 
in the topic[7]. In this paper, we extracted 100 topics per 
category to extract as many topics as possible. When the 
probability of occurrence of a word in a topic is 0.001 or less, it 
is judged as having low influence in the document and was 
removed. Gensim, an open library based on Python, was used. 
Table I is an example of extracting topics and words within 
topics through LDA. 

B. CNN construction and evaluation method 

The CNN model is constructed based on the words extracted 
by category through LDA. Fig. 3 is an example of constructing 
a CNN model. 

The CNN model consists of a convolution layer, a pooling 

layer, and a fully connected layer. In the convolution layer, 
words are vectorized by word embedding and feature values 
are extracted using a filter. The formula for extracting feature 
values is shown in (1). 

  bWXXH                   (1) 
W is a weight vector having the same size as the filter, X is a 

Figure 2. : System configuration diagram 

TABLE I 
Examples of extracted topics and words within topics 

Business Entertainment Health Tech 
scotland 
carney 
bank 
union 
said 

independent
uk 

england 
scottish 



love 
bachelor 

rose 
feel 

propose 
date 

season 
thought 
photo 


health 
care 

healthcare 
premium 

report 
service 
private 

coverage 
help 


science 
universe 
network 

space 
spacetime 
astronomy 

earth 
program 

solar 


Figure 3. :  Example of a CNN model construction 
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set of word vectors, and b is the bias value. Feature values 
extracted from the convolution layer are reduced by the 
Max-pooling method in the pooling layer. Max-Pooling is a 
technique for extracting the largest value among the extracted 
feature values to generate an array. In the Fully connected 
layer, the number of arrays from the pooling layer are 
combined into one and derive the output through Softmax. 
Softmax is a classification algorithm that changes the sum of 
the values in a set to a probability value of 1. The loss derived 
from the pooling layer is calculated using an activation 
function. If the loss is an outlier, the value is re-trained through 
backpropagation. The activation function used in this paper is 
Relu, and is shown in (2). 

 
   0 x,maxxf                   (2) 

 
In (2), x is derived from the pooling layer. The Relu function 

changes the value to 0 when the value is less than 0, and the 
value is used if it is 0 or more. CNN was constructed using 
Python-based Tensorflow, and the hyperparameter used to 
construct the model is shown in Table II. Using Table II, 
132,500 trainings were conducted. 20% of the training dataset 
was constructed as a dev set for the evaluation of the training. 
As a result, the accuracy was 95.39%.  

Fig. 4 shows the result of categorizing documents into CNN 
and extracting topics using LDA and then categorizing them 
through CNN. Fig. 4 indicates that when CNN is applied to the 
document without extracting the topic, the accuracy is 88.14%, 
whereas when CNN is applied to the topic extracted from the 
LDA, the accuracy is 93.27%, showing an improvement of 
about 5%. 

 
IV. Conclusion and Future Research 

 
While various deep learning algorithms for analyzing big 

data have been studied, CNN has shown excellent 
performance in image and text classification. Recently, 
research on CNN for analyzing texts are actively conducted, 
but most are studies on improving CNN performance. 
Therefore, in this paper, we proposed a method to improve 
accuracy by considering the characteristics of documents when 
classifying categories by using CNN. It was noted that the 
topics would be different  
depending on the characteristics of the documents. After 
extracting topics using LDA, the topics were used to train 
through CNN to classify the documents. Classified documents 
are news articles in four different categories. The categories 

are Business, Entertainment, Health, and Technology. The 
proposed method showed 5% improvement in performance 
compared to using CNN alone.  

Future research will be conducted to improve the 
performance of the proposed method by studying the 
construction of a refined dataset suitable for deep learning by 
detecting unnecessary topics included in training data. 
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Figure 4. : Comparison of Accuracy between CNN and LDA + CNN 

TABLE II 
hyperparameter value 

    
hyperparameter value 

embedding dimension 300 
filter size 1 

number of filter 200 
dropout rate 0.5 
batch size 64 

number of epochs 500 
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Abstract 
 

We propose a leap motion interface based on a 
multimodal UI/UX engine which can recognize changes in 
the user’s hand gesture in order to operate the secondary 
control system in an automobile. To this end, 3D-printed 
automobile dashboard was fitted with a steering wheel and 
screen to provide a platform. Leap motion interface was 
developed with 3DUnity along with the use of laddering 
method and KJ method to derive hand motion to control 
leap motion. We accomplish testing the usability testing of 
leap motion interface to verify its efficiency. The proposed 
interface can be used to efficiently the research of 
multimodal UI/UX engine development. 

 
Keywords- Leap Motion; Multi-modal Interface; Car Control 

System;(key words) 

  
I. Introduction 

     
Recently the automobile industry has converged with 

information technology to provide appropriate information to 
the driver and to provide automatic support for safe driving 
with cutting-edge safety technology. In particular, there has 
been continued development in the development of interface 
which recognizes the biometric information, motion and voice 
of the driver to facilitate natural interaction between the drive 
and the automobile and create a safe and convenient control 
system. The design of a HMI UI/UX is imperative to ensuring 
that interactions between various information and gestures 
during driving do not interfere with driving.  

 UX engine framework based on user motion recognition 
consists of gesture recognition (hand motion, etc.) module 
interface. Here, gesture recognition requires a design of 
gesture recognition module in UX engine while enables 
optimized motion recognition for the driver’s unique motion. 
we thus established an interface for automobile control using 
leap motion basted on a framework for the development of 
multimodal UI/UX engine; usability assessment will lead to a 
proposal of appropriate hand motion. 

Multimodal user interface is one that combines different 
interfaces such as motion recognition, face recognition and 
voice recognition so that they complement each other. Fig. 1 
shows a framework of a user-centered multimodal UX engine 
design through such multimodal user interface [1]. 

 In sum, multimodal UX engine is an engine system which, 
based on user experience other than UI which the user directly 

controls and operates, uses various biometric recognition such 
as motion, face, and voice, to combine interfaces and improve 
operating efficiency. This collects, analyses and learns from 
UX information which is used through real-time UX analysis 
engine when the driver operates UI in order to provide 
information for augmented object or display in an intuitive 
manner [2]. 

 

 

 
Fig. 1 Multi-Modal UI/UX Engine frame work. 
 

In recent years, the North American and European 
automobile industries have witnessed the development of 
next-generation technology which, based on external 
environment recognition technology, provides user-centered 
UI/UX to enhance convenience and safety in driving. Such 
efforts have seen multimodal interface technology which 
combines haptic device, voice recognition, motion recognition, 
and drive recognition to control diverse information through 
the intuitive recognition of the surrounding situation. UX 
research has seen phenomenon research on the formation of 
user experience, research on the system design method in 
relation to specific UX, methodological research and 
development on UX design and assessment [3]. 

We designed a leap motion interface which recognizes the 
driver’s hand motion in order to propose the type of hand 
motion which is appropriate for secondary control system 
during driving; usability assessment verifies its efficiency. 
 

II.  Creation of Driving Environment Platform 

 
In order to observe and analyze the driver’s behavior during 

driving, a simulated driving environment is required. Thus an 
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automobile dashboard was created with a steering wheel and 
screen to provide a driving environment platform. The 
dashboard is realistic in size and shape, but extends only as is 
necessary to simulate a driving space. For the installation of 
leap motion device, a 3D design model is 3D-printed, is as 
shown in Fig. 2. 

(a) 

(b) 

Fig. 2 3D model(a) and 3D-print of an automobile dashboard(b). 

A frame is made to support the 3D-printed automobile 
dashboard. A driving wheel is attached and screen is put in the 
place of wind screen. PC and leap motion is installed to operate 
the interface. The resulting outcome, an automobile dashboard 
platform, is as shown in Fig. 3. 

Fig. 3 Driving environment platform. 

The screen displays a driving environment with a 
3D-modelled automobile and road created on 3D Max. Leap 

motion device and iconized control interface have been 
3D-modelled in the bottom-right corner of the screen, where 
secondary control system is normally found, so as to provide 
intuitive visualization for the driver, is as shown in Fig. 4. 

Fig. 4 Control screen on the platform. 

The road is based on free asset shared on Unity3D; for 
reality, centerlines and lanes have been added in continued line 
and dotted lines (a).  

This is entire Driving Road of entire of map. Track is formed 
build up like a (b) in Fig. 5. the total length of road is 917.76m. 
The overall layout of the road was designed to be circular to 
enable unlimited driving in a fixed space, is as shown in Fig. 5. 

 (a) 

(b) 

Fig. 5 Road environment. 
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This platform was used to recognize the driver’s hand 
motion in leap motion to yield data for analysis. 

 
III. Leap Motion-based Automobile Control Interface 

 

Leap motion is a USB device measuring 12.7mm in width 
and 80mm in height. It contains an infrared LED and camera to 
operate 150-degree viewing angle; it is capable of precision 
recognition of finger joint movement at the speed of 200 
frame/s within a range of 50cm. However, the conditions and 
range of motion may be further limited by the operational 
conditions of leap motion; this adds to the importance of 
interface design. 

In order to operate the secondary control system of an 
automobile, Unity3D was used to create a user interface. Fig. 6 
show the platform screen with leap motion and control 
interface iconized. From the left, radio, audio, video, 
navigation, seat control, cruise control are shown; these 
comprise a secondary control system in an automobile [4]. 
 

 
 

Fig. 6 Secondary control system UI in an automobile. 
 

The six operational and control elements are operated 
through pop-up windows. Each operational element shares a 
common on-off system.  

 

 

 

Fig. 7 Control process of automobile control system using leap 
motion. 

 
Navigation has as its main control element a map which can 

move in all four directions. Audio, video, and radio requires a 
menu for browsing playlist or channel selection elements; 

left-right movement element is used to control those functions. 
Also, volume control, which is essential to audio, video and 
radio functions, also adds up-down control. Cruise control 
requires up-down control system to control the driving speed 
of the automobile. Seat control has seat height, recline and 
positioning elements in the menu window; up-down control 
system controls those elements. Unity3D-based interface is 
thus integrated with leap motion so that those elements can be 
controlled by simple hand motion during driving. The outcome 
is as shown in Fig. 7. 

The platform and leap motion interface are used to test and 
assess the system. 
 

IV. Experimental Result and Discussion 
 

We tested the leap motion interface for secondary control 
system which comprises of elements other than the main 
control system such as wheel control and foot pedal. These 
secondary elements included; 1) navigation; 2) audio; 3) 
video; 4) radio; 5) cruise control; and 6) seat control.  

50 participants were divided into two groups, novice and 
experienced, according to their driving experience. After a 
driving experience on the platform, participants were asked to 
answer a questionnaire for usability assessment. 
 

A. KJ Method for Hand Gesture Classification 

 
Prior to experiment, 10 participants over 20 with driving 

experience were interviewed; laddering survey method was 
used to select interface elements which control the secondary 
control system in automobile.  

 

 
 

Fig. 8 Hand motion classification using KJ method. 
 
Laddering method differentiates characteristic-result-value 

levels of the user to enable in-depth analysis [5]. Items selected 
through laddering were 6 elements; on/off elements which 
turns the system on and off; throw elements for moving 
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between menu and channels; click element which selects a 
menu; up/down elements for controlling the volume, channel 
in video and radio, driving speed and seat movement.  

 Then, various keywords mentioned by participants in 
relation to appropriate hand motion for controlling secondary 
control system in automobile were sorted into groups; small, 
middle, large groups were used to derive hand motions for the 
secondary control of automobile. KJ method was used for 
classification is as shown in fig. 8. 

Six different hand gestures for automobile ’ s second 
operation are displayed from (a) to (f), set with each gesture’
s name. ‘On’ turns on the system and opens fist. ‘Off’ turns 
off the system and makes fist from opened hand. ‘Throw’ 
switches menu, channels, and more, and moves laid palm from 
right to left. ‘Click,’ which selects menu and channels, uses 
two fingers to press from top to bottom. ‘Up,’ which controls 
volume, speed, etc., moves from bottom to top with palm, and 
lastly ‘Bottom’ drew a motion from top to bottom with palm. 
You can view all of functions in table 1. 

 
TABLE I 

SYSTEM CONTROL ELEMENTS AND HAND MOTION 
CLASSIFIED USING LADDERING METHOD AND KJ METHOD 

 

Hand Gesture 

 
(a) 

 
(b) (c) 

 
(d) 

 
(e) (f) 

Article Function 
(a) On Turn on the system 
(b) Off Turn off the system 
(c) Throw Choose the menu and channel 
(d) Click Try to control, movement about menu 

and channel 
(e) Up Increase follow items: volume, height, 

Speed 
(f) Down Decrease follow items: volume, 

height, speed 

 
Then, 25 drivers over 20 were separated from 25 non-drivers 

over 20 to form novice and experienced groups. The 
participants were divided into two groups so that the difference 
in their driving skills could be accounted for in the design and 
assessment based on a wide range of data. 50 participants were 
instructed in the 6 motions, derived using KJ method; they 

were then led to make motions on the platform to operate the 
control system under observation. 

Finally, participants were asked to answer a usability 
assessment questionnaire. The questionnaire addressed; 
usability which is about the ease of understanding the 
displayed elements; utility which assess the perceived value of 
service provided; availability which allows to predict when the 
service can be used; aesthetic which measures how the 
service’s shape and feel attracts the user’s interest; offline 
issue which includes brand or business process in support of 
the service [6]. 

And we’ve set up list of items to evaluate interfaces based 
on heuristics guidelines, which helps to analyze difference 
stages of skills. Heuristic guideline divides to 10 categories: 
recognition and feedback, simplicity and formativeness, 
consistency and standardization, effectivity and flexibility, 
user’s errors and error management. Heuristic evaluation 
helps to evaluate service usage in different perspective that 
you can ’ t get from UX data analysis. You can view 
summarized information in table 2 [7]. 

 
TABLE Ⅱ 

 SURVEY ITEM OF BASED ON LEAP MOTION INTERFACE 
 

Article Question 
Recognition Is this interface easy to use? 
Feedback Do you feel that you are in control of the 

automobile system?  
Simplicity Is this interface intuitive?  
Consistency Is this interface generally satisfactory? 
Efficiency Do you have a mind to use this interface for 

a long time? 
Standards Is its response similar to the existing, direct 

control? 
Flexibility Is this interface natural? 
Aesthetic Is this interface visually attractive? 
User Control Can you handle the problem, when you use 

this interface? 
Error 
Management 

Would this interface fit naturally to the 
existing automobile? 

 
Participants, divided into novice and experienced groups 

according to their driving experience, experienced automobile 
secondary control system on the established leap motion 
platform before answering the questionnaire. A total of 10 
questions were asked to assess Recognition, Feedback, 
Simplicity, Aesthetic, Consistency, Standards, Efficiency, 
Flexibility, User Control and Error Management. In-depth 
interview was conducted to collect diverse feedback on the 
leap motion-based automobile control interface. 7-point scale 
was used for assessment. The lowest score was 30; the 
resulting data were then analyzed with 100 as full score.  
 

B. Usability Testing Result 
 

In terms of Recognition, Feedback and Simplicity, both 
novice and experienced groups show a high level of 
satisfaction with the ease of use. A participant in the novice 
group said that iconized UI design and intuitive hand motion 
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will aid the ease of use. At the same time, novice group 
responded that their lack of driving experience meant that they 
could not fully control the automobile system. On the other 
hand, the experienced group were satisfied on the same point. 
Both groups showed a high level of satisfaction on the 
intuitiveness of interface. 

 For Consistency and Efficiency, both groups scored 
relatively low satisfaction. One participant in the experienced 
group responded skeptically to using a new device as the 
participant was already used to the existing devices. Both 
groups also returned low scores on willingness to purchase; 
this is predicated by the satisfaction score. 

 On Standards and Flexibility, both groups returned high 
scores on satisfaction for intuitive hand motion control in leap 
motion. However, when asked if the interface was natural, 
whereas experience drivers gave a high score of 90, novice 
drivers returned a relatively low score of 75. This seems to be 
due to the fact that novice drivers with no driving experience 
struggled with the driving experience itself. 

 On the Aesthetic and User Control quality of the interview, 
both groups scored highly. It seems that the participants were 
visually satisfied with iconized interface. In particular, when 
asked about willingness to continue to use the system, one 
experienced participant responded that the new UI was easier 
to understand the existing device.  

For Error Management, when asked about willingness to 
apply the new system to the existing automobiles, novices 
responded with a low score of 75 whereas experienced drivers 
gave a better score of 85. One novice participant answered that 
the participant had little opportunity to experience the existing 
automobile interface; this appears to represent the overall 
response from the novice group. The survey data were 
analyzed with 7-point scale to yield the following table (Table 
3). 
 

TABLE Ⅲ 
7-POINT SCALE RESULT 

 

Article Beginner Expert 
Recognition 92 95 
Feedback 75 92 
Simplicity 87 91 
Consistency 82 80 
Efficiency 77 75 
Standards 87 85 
Flexibility 75 90 
Aesthetic 95 93 
User Control 87 90 
Error 
Management 

75 85 

 
V. Conclusion 

 

This paper comes in an early stage of multimodal UI/UX 
design in automobile control device to present leap motion 
interface. Usability assessment was conducted to verify its 
efficiency.  

First, a realistic driving platform was created with a leap 
motion-based interface for secondary control system to 

establish a simulated driving environment. Drawing on the 
advance research, six secondary control elements were 
selected; navigation, audio, video, radio, cruise control and 
seat control. Then UX design process used laddering technique 
and KJ method to analyze and categorize hand motion for leap 
motion control as well as components and requirements for 
each motion. Experiment participants, divided into novice and 
experienced groups, were invited to experience the driving 
platform before answering a usability assessment 
questionnaire. Collected data were analyzed and quantified 
using 7-point scale method.  

As a result, it was shown that both novice and experienced 
groups showed a high level of satisfaction. Novice group, due 
to their lack of driving experience, returned relatively low 
scores on usability, availability and offline issue.  

This result supports the development of multimodal UX 
engine, integrated with the automobile using simplified 
gesture control during driving, in order to design UX where 
interactions about diverse information and control during the 
driving of a smart car do not interfere with driving. Moreover, 
unlike the existing interfaces which are singular 
information-based, this can be applied to other fields related to 
HCI such as IT/BT/CT/design convergence UI/UX like robot, 
home automation.  

For further research, automobile control system using a jog 
dial on touch screen is under development; this is expected to 
serve the research and development of multimodal UI/UX 
engine.  
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Abstract 
 

In order for a player to achieve a game level goal, it is 
necessary to explore the space designed to provide a 
specific experience. Especially, in the FPS game, the space 
exploration of the player continuously occurs as a process 
of acquiring gaze information. In this paper, the player's 
spatial search condition in an FPS game was set and the 
player's gaze information was collected and analyzed 
through repetitive experiments. The results of the analysis 
would be used to confirm the association between the 
spatial search condition and the gaze information, and can 
be helpful in suggesting a method for setting a specific 
space at the game level. 

 
Keywords-Searching Space; Gaze Information; FPS 

Gameplay; 

 
I. Introduction 

 
The space of the FPS game induces a situation that provides 

various experiences to achieve the game-level specific goal. 
These play experiences can be obtained by players performing 
events or quests placed throughout the play space. Such events 
and quests are called Beats, and in FPS games, Traverse, Using 
Object, and Be Attacked are used representatively [1]. Level 
designers set Beats at the game level design stage to provide 
players with a variety of experiences based on the unique 
purpose of space. Therefore, the configuration of Beats plays 
an important role in balancing the game level and establishing 
the organic relationship between the spatial elements. The FPS 
game player takes various game play actions as shown in Table 
1 in the process of accomplishing Beats. 

As shown in Table 1, each Beat induces different actions. 
Among them, Traverse Actions are the process of acquiring 
essential information for FPS game play and are the most basic 
action. 

In an FPS game, the player's searching space action involves 
the acquisition of constant gaze information until a game-level 
goal is achieved. Therefore, analyzing the player's gaze 
information in the situation of searching space will enable 
derivation of necessary considerations in the process of setting 
the overall structure of the game level. 
 

II. Searching Space and Gaze Information 
 
A. Searching Space 

 
Space refers to a specific area that consists of floor, ceiling, 

roof, and wall to draw a physical boundary line. It is structured 
depending on peripheral environment or may include an 
unstructured background. Users that experience space by small 
unit structure bestows a certain objective into a wide area 
through multiple uses of space unit. Interacting with small 
space (unit structure) sequentially, the user acts to the 
objective. According to these characteristics  the space of the 
FPS game is not a simple background, but an interactive place 
where players' actions and reactions occur. In particular, since 
an FPS game is composed of an organic play space and it is 
played based on the player’s immediate action due to the genre 
characteristics, the space utilization is high [2]. Therefore, the 
player character continuously searches the play space to 
collect necessary information.  

In fact, the importance of real searching space action can be 
known by comparing gameplay behavior time. For this, a pilot 
test was carried out in this research to analyze log data and the 
play behavior time taken by a player.  Table 2 shows ten 
players’ playing actions by Beat carried out time while playing 
the game level (de_dust2) of an FPS game (Counter- 
Strike:Source) 10 times. 

TABLE Ⅱ 
PLAYTIME OF BEATS IN FPS GAME 

    
Beats Average time(s) Ratio(%) 

Traverse 20.25 41.03 
Using Object 9.84 19.94 
Be Attacked 19.26 39.03 

Total Playtime 49.35 100

TABLE I 
GAMEPLAY ACTION IN BEATS 

    
Beats Gameplay Action 

Traverse Item search, enemy search, mission location search, 
object search, safety zone search 

Using 
Object 

Use of ladder, use of stairs, use of elevator, use of 
vehicle, use of turret  

Be 
Attacked 

Attack, changing weapon, reload, throw, installing 
explosion 
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As shown in Table 2, Traverse actions are the highest rate of 
playtime (41.03%). Next, Be Attacked actions take up a high 
rate because FPS games have a battle-oriented gameplay 
structure where a player competes with the opponent through 
projectiles. Nonetheless, the proportion of Traverse actions in 
total playtime suggests the importance of spatial search action 
in FPS games. Previous studies on game player’s behavior 
analyzed the collected data quantitively by concentrating on 
the usage of space by a player or mainly focused on their 
behavioral process [3, 4, 5]. Because those attempts had the 
purpose of detecting the behavioral outcomes of game players, 
the conditions and circumstances of searching space, which is 
equal to the acquisition of prior information, by a game player 
were not considered in analysis. Therefore, it is necessary to 
conduct various and in-depth researches on searching space in 
gameplay. 

Searching space is mainly based on reference to the player's 
previous experience or information acquired in real time 
during game play. This space information is collected from the 
instant gaze information of a player. In the current field of 
gameplay behavior research, it is used as analytic data to 
understand the structure and composition of game level. In 
addition, it is used as a way to increase the characteristics of a 
game by analyzing visual recognition points [6, 7]. 

 
B. Gaze Information 

 
In FPS game, player’s gazing is used as a method to collect 

the data on visual recognition, and this specific field of online 
game is highly acknowledged as fit to gameplay behavior 
research because of the characteristics of its game genre that 
emphasizes reaction. As seen in Figure 1, gaze 
information-based gameplay analysis method can be applied to 
FPS game balancing [8].  

One example for Figure 1 is that the spots where the gaze 

information of players are not acquired can be identified using 
‘Eye gaze pattern’ and ‘Heat map’ simultaneously and 
analyzing the acquired data, and it helps the players through 
modifying light source in a game level. Therefore, this kind of 
analysis method has been studied as a new approach to 
evaluating and improving the complex structure of game levels. 
More in detail, studies are being conducted upon information 
of a player’s eye gaze in a combat situation, which is the main 
fun element of FPS game [8, 9]. In-depth research of eye gaze 
information helps plan a systematic placement of all the 
components of a game level. However, because the previous 
studies regarding gameplay behavior were limited to gaze 
information at combat situations, it cannot generalize the 
overall situations of a gameplay. Therefore, it is necessary to 
acquire and research gaze information at the situations of 
gameplay other than at a combat. 

In this paper, gaze information at the situation of searching 
space was researched. The significance of this research lies in 
the fact that it helps examine the distinctions in the process of 
collecting the information of game players upon the elements 
placed at game level. This approach has the same objective as 
arranging an object (space or an item for a certain purpose) by 
analyzing the accessibility between spaces numerically based 
on the results of analysis only on space in the field of Space 
Syntax [5]. Eventually, it is expected that this method using 
gaze information can help place objects better in game levels. 

 
III. Experiment 

 
A. Purpose 

 
The experiment was conducted to analyze the player's gaze 

movement required to acquire information in the situation of 
searching space, which is essential to achieve the game level 
goal.  

 
B. Material & Method 

 
With the log data obtained in the pilot test carried out in 

advance, 3 items (Trigger, Weapon Fired, and Player Killed 
Other Weapon) were observed to be apparently different by 
the experience level of gameplay and the 10 participants were 
divided into 2 groups (5 Novices and 5 experts). And then a 
main test was given to 10 participants using the method of data 
measurement as seen in Table 3. 

(1)Hard for a player to find the sniper’s position 

 
(2) Can find the sniper quickly 

Fig. 1 The Case Applied with Eye Tracking in FPS Game 

TABLE Ⅲ 
EXPERIMENTAL CONDITIONS 

    
Condition Contents 

When 2017.06.26 ~ 06.30 

Where GES Lab at D Univ. 

Who Two professionals with knowledge of level 
design patterns and FPS game level analysis 

How 

Play testing based on references about the game 
level structure maps and level design patterns 
Verify correspondence of the collected data 
separately by two professionals 
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As shown in Table 3, the game level selected as an 
experiment process was repeated to collected the visual data of 
250 gaze information by group for 5 days (repeated 10 times a 
day). The image data of the players’ gaze was collected with an 
eye-tracking device. At this time, the specific game level 
(de_nuke) selected as experiment subject had a goal to explode 
a certain spot. The test point in Figure 2 was where gazing 
movement occurs most while doing ‘Traverse’ action: that is, 
the main focal point of pupils was more than 3 points. 

C. Result 

Gaze image information obtained in a combat situation was 
excluded from analysis because gaze concentration happens 
when an enemy character appears. The gaze image information 
of searching space situation was quite different by group 
(novice and expert). 

As seen in Figure 3, the difference in gaze information 
between the two groups was confirmed. Th gaze of Novice 
Group in Figure 3-(1) was mainly directed toward the 
cross-hair located at the center of the screen or the tip of the 
player’s weapon. In addition, the collected information of their 
gaze was collected mostly on the structures setting up in the 
direction they wanted to travel. Besides, it was found that they 
hardly acquired information by changing gaze and normally 
gazed in the direction they were currently moving. In other 
words, their acquisition of gaze information concentrated on 
the center of the screen. This phenomenon occurs due to a lack 
of experience with FPS games. Game players have tendency of 
excluding the need to know information they do not known by 
depending on their own memories and experiences with a 
game. As a result, the concentration of gaze information on 
screen center occurs and this helps novices act quickly against 
an energy character appearing at the center of the screen. 
However, it has the demerit of slowing down the 
counteractions in case of engagement in a complex terrain or 
more than one passages, and the players end up under the 
attack of the enemy first. 

On the other hand, Expert Group in Figure 3-(2) showed a 
distinction in its acquisition of gaze information from Novice 
Group. First of all, their gaze was on the cross-hair at the center 
of the game screen like seen in Novice Group. However, they 
tended to gaze around the spots where there was a chance the 
enemies might appear from their current position. It is the 
phenomenon that a player puts a problem solving on priority as 
well as tries to keep himself safe during playing a game. And 
their gaze aimed at a certain height through the cross hair, 
looking around in several directions at the same horizontal axis 
height as that of the cross hair. This means an action taken by a 
player that wants to turn a combat situation to his advantage by 
aiming at the height that he can give the most damage to his 
enemy in a short time according to his memories and 
experiences with a game. Recognizing the characteristics of 
terrain at the same height as the cross hair helps act (aim) 
quickly against an enemy when he (the enemy) appears in his 
sight. In addition, Expert Group showed the phenomenon of 
trying to grasp the topographic structures around them by 
gazing at Minimap that shows player’s position briefly. The 
minimap is a kind of simplified map that the game designer 
makes for a player’s convenience. It allows the player to easily 
point out his current location, the direction he looks in, the 
terrain structure around him, and the enemies within a certain 
range. Because of these merits, it was found that Expert group 
often used the minimap. It indicates that they try to scan space 
and make a direct confirmation with own gaze to increase the 
accuracy of information. As a result, they could easily cope 
with complicated terrain and various situations. However, 
there is a possibility that they play ‘Safety-oriented’ to achieve 
a goal, so it takes more playtime than needed. 

As a result, the two groups made respective distinctions in 
the acquisition of gaze information in situation of searching 
space, which resulted in the different characteristics of 
gameplay behavior. It is considered that the novice group 
focuses on acquiring the narrow information of space about the 
direction to move by focusing on the end point of the weapon 
and the objects in the center of the screen. On the other hand, 
the expert group can acquire a wide various information of 
space by considering the position of the current player and the 

Fig. 2 Test Point in Game Level 

(1)Novice Group 

(2)Expert Group 

Fig. 3 Features of Gaze Information 
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predicted position of the enemy by frequently moving their 
gaze to the left and right while observing the mini map. The 
results of this analysis can provide important data in setting the 
structure of game level and arranging objects in it. 

 
* In designing the game levels for novice players, it is 

advisable for a game level designer to simplify space in terms 
of its usage: he needs to reduce the passageways that turn at a 
right angle or multi-entrance buildings and use more straight 
passages so that enemy can appear in the direction a player 
travels. However, too much simplification can make players 
feel bored. Therefore, it is necessary to consider placing 
objects and covers in the passages. 

* In designing the game levels for expert players, it is 
necessary for a game level designer to structure game space. It 
is better to make more locations where enemy can appear by 
placing more than 2 passageways and multiple objects, than 
multifunctional topographical structures. Here, caution is 
worth taking not to make expert players feel too familiar to 
space from their prior experiences. That is, the height at which 
enemy is expected to appear should vary so it can give the 
players a new and fresh experience. 
 

IV. Conclusion 
 

This paper identified the different characteristics in gaze 
information according to the player's experience level in the 
situation of searching space on FPS games. Based on the game 
play log data, 10 people were divided into novice and expert 
groups, 5 people each, and the real-time gaze information 
images were collected and analyzed using eye-tracking. In the 
situation of searching space, the two groups showed 
differences in the primary purpose of acquiring the gaze point 
and information of space. These analytical methods and results 
will be able to provide meaningful data for game level spatial 
structure and component placement. 
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Abstract 
 

Cyber punk usually revolves around the contradictions 
between hackers, artificial intelligence and large 
enterprises, depicting the era is generally not far from the 
future, It presents the style is suppressed with the cold, this 
style determines the animation and real the use of tones in 
the film. Hue helps to express the theme of the work, 
enhance the appeal of the work, but also a style of the logo, 
so the tone is the most appealing of a picture language. The 
formation of color is mainly light source color with the 
environment color, picture tone is the main visual elements 
of animation and film, through the color can show the style 
of the work. The 2017 live film "Ghost in the Shell" is 
based on the 1995 "Ghost in the Shell" adaptation, the 
story of the background in the future of Japan. In this 
paper, by analyzing the color of the cold and light with the 
light in the animation and live film performance, summed 
up in the animation and films in the same point and the 
difference between the reasons for the performance of such 
performance, and this performance from the visual better 
reflect the cyber punk style, and cyber punk theme fit. 

 
Keywords: cyber punk, character modeling, animation, film 
  

I. Introduction 
     

Cyberpunk generally develops from the contradiction 
among hacker, artificial intelligence and large enterprises, 
which generally describes about the near future and presents a 
depressed and gloomy style, this style has decided the tonal 
adoption in animation and film. Tone contributes to express the 
topic, enhance the appeal and also becomes the symbol of one 
style, therefore, tone is the most attractive picture language. 
Tone is mainly formed by light source color and ambient color, 
the picture tone is the prominent visual element in animation 
and film, which can demonstrate the whole style. The 
live-action film Ghost in Shell in 2017 is adapted from 1995 
Ghost in Shell, which tells a story in the future Japan. On the 
basis of analyzing the expressions of color coolness and 
warmness and light source in animation and live-action film, 
the thesis summarizes the similarities and differences between 
animation and live-action film, studies the reason and 
concludes that this expression can better present the style of 

cyberpunk visually and correspond to the topic of cyberpunk. 
 

II. Theoretical investigation of cyberpunk 
 
A. The history of cyberpunk 
 

When speaking of cyberpunk, the word cyborg must be 
mentioned. Early in 1843, the king of American thriller Edgar 
Allan Poe created a short novel named The Heartbroken Man 
which narrates a horrible story about a man with artificial 
limbs. In 1911, in another science fiction, a blind man with the 
superpower called Daredevil astonished the whole world to get 
rid of the cruel and pacify the good people. This was the first 
time that the image of cyborg appeared in literature. Until the 
year of 1960, the Australian scientist Manfred E. Clynes and 
American scientist Nathan S. Kline published an article- 
Cyborg and the Outer Space in the magazine of Astronautics, 
and these two scientists are also the initiators of cyborg in 
the whole world. They have pointed out that the so-called 
cyborg is actually a kind of man-and-machine combination, 
the cyborg will be bestowed with the extension ability and 
strengthening power by transforming some human organs 
so as to adapt to the sever outer space environment. 
Cyberpunk firstly appeared in a short fiction written by Bruce 
Bethke in 1983, in 1984, the Neuromancer which is then 
regarded as the earliest founder of cyborg, since then, the 
concept of cyborg has become popular and gradually develops 
into a major school of science fiction. 
 
B. Presentation of cyberpunk style 
 

The core spirit of cyberpunk is the combination of high 
technology(cyber) and vulgar life(punk), the former one 
represents reason and order, and the latter means anarchism 
and counter-authority. From the aspect of visual elements in 
scene, the high-rise buildings, huge artificial metropolis and 
modern artificial light source can present the high technology, 
and slum, desolate earth’s surface with the exhaustion of 
natural resources, prevailing drug, plague and violence, 
oligarch power with strict system and bounty hackers who are 
wandering around the network are used for presenting the 
vulgar life. Cyberpunk style is a little bit depressed, damp and 
dirty, which has determined the expression of scene tone. The 
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tone style is frequently the simplex cool tone, as for the light 
resources, cyberpunk extremely rejects the adoption of light 
resource color, and its environmental light mostly come from 
the artificial light resources, for instance, the nights are filled 
with the outdoor scene of various neon lights and stuffy and 
dark interior environment; even if in the outdoor scene in 
daytime, there are only the overcast days or rainy days. The 
adoption of this light greatly determines the gloomy and cold 
atmosphere of cyberpunk. 
  
III. Features of color performance in animation and film 

 
A. Performance features in animation 

 
The visual effect demonstrated in animation is produced and 

formed by the consistent flowing of color and shadow. While 
the tone refers to the overall tendency of picture color and the 
maximum color effect. Animation is much freer in color 
application and processing, which is decided by the features of 
animation. Animation adopts stop-motion freehand pictures or 
frame-by-frame images to let these images be continuously 
played, therefore, the animation creation is sometimes 
fictitious and sometime real. Colors in animations are 
subjectively designed by creators, so there is a great room for 
variation and imagination, which is closer to the nature of 
painting. Color effect in pictures can be real and diversified or 
fictitious and highly general; it can be exaggeratedly adopted 
according to the demand of plot or even turn into a 
supernormal color to play the charm of color variation to the 
fullest. 
 
B. Performance feature in live-action film 
 

The color of live-action film shall abide by the shadow law 
and color rule. Color in these picture truly reflects the real life, 
meanwhile, there also exist some films with subjectivity and 
exaggeration. Whereas, owing to the true-life figure, scene and 
lighting, this kind of film can still conform to the common law 
of visual recognition, which extracts, summarizes and 
exaggerates in color processing from real life. Hence, in this 
film, the color in the last pictures will be exaggerated and 
intensified to demonstrate a certain stylized effect, however, it 
is based on the exaggeration processing within the real scope 
and hasn’t deviated from the real life. 
 
IV. Performance of cyberpunk style tone in animation and 
film 
 
A. <Ghost in the Shell，1995> 
 

 
                       
                           Fig. 1 Interior scene  

 

       
 
                               Fig. 2 Interior scene 
 
The universal network, information intelligence and highly 

developed technology are materialized into mega metropolises 
which are mostly set as the background. In picture 1, the 
darkness has overcast the interior scene, and only the 
Silhouette of Motoko is shown in the picture as surrounded by 
the outdoor metropolis. The interior environment is stuffy and 
dark with a tone of cyan. In picture 2, high-rise buildings are 
standing outdoors in rain clouds, the narrow room, bed, cup 
and clothes, only the light emitted from the TV breaks the 
silence. The color is also in a depressed and gloomy cyan. 
 

            
 
                          Fig. 3 An overall view of the metropolis 
 

            
 
                                    Fig. 4 Scene of Hong Kong 
 

Picture 3 provides a bird’s eye view of the metropolis with 
the cold lights, and the whole picture is in the tone of cyan. 
Picture 4 presents the view of one street in Hong Kong, on the 
basis of the cool tone, the colorful neon lights are added to 
manifest the modernity. The entire tone in animation is in a 
harmonious cool tone. 
 
B. <Ghost in the Shell，2017> 
 

Picture 5 is originated from the film when Motoko wakes up, 
which is similar to the animation in background of metropolis. 
Compared to the stuffy interior environment, the lighting in 
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film is more real and the light and shade contrast is softer. 
Without an obvious cool light resources, the film also creates a 
depressive atmosphere. 
 

 
 
                                      Fig.5 Interior scene  

 

 
 
               Fig. 6 An overall view of the metropolis 
 

 
 
                            Fig. 7 Scene of Hong Kong 
 

Based on an entirely cool tone, the film has expanded the 
areas of holographic projection and colored light resource like 
neon light, meanwhile, many brighter colors like pink and cyan 
blue are applied (these are popular colors in the recent design 
field) to replace the cyan tone in animation and hence promote 
the overall brightness in many scenes. By combing the plot, the 
film has adopted many Glitch Art elements to improve the 
fashion. Glitch refers to failure: a short-time impulse wave, 
which can also be understood as an automatic or artificial bug. 
Failures occur in the digital environment or generated by 
mechanical or man-made interference can therefore be 
classified as Glitch Art- a kind of failure-bade aesthetical 
creation, therefore, Glitch Art can also be regarded as the 
beautified glitch, or the creation method to complete 
aesthetical activities through glitch. 
 
C. Comparison 

 

        Animation               film

 
 
 
 Interior  
scene 

  
Similarity: dark cool tone and stuffy interior 
environment;Difference: light and shade contrast is 
more intensive in animation, and its cool tone is more 
obvious. 

 
 
 
 
Bird’s eye 
view 

  
Similarity: cool tone, mostly environmental light 
resource; 
Difference: the animation has exaggerated the 
adoption of cyan which covers a large area; the color is 
diversified and colorful in film by using the artificial 
light resource like neon light. 

 
 
 
 
 
  Street 

  
Similarity: colorful, and the area of artificial light is 
large; 
Difference: the film has expanded the areas of 
holographic projection and colored light resource like 
neon light by using Glitch Art element. 

 
Small conclusion:for the animation of Ghost in the Shell is 

2D hand-painted frame-by-frame film, the colors are designed 
by creators, then there is a great room for variation and 
imagination, which is closer to the painting features. While in 
live-action film, the tone of last pictures will be intensified, but 
it is still based on the exaggeration processing within the real 
scope and hasn’t deviated from the real life. Through a large 
area of neon light and holographic projection, the mainstream 
element like Glitch Art has made the film more fashionable, 
scientific and modern. 
 
                                      V. Conclusion 

 
In both 1995 Ghost in Shell(animation) and 2017 Ghost in 

Shell(film), the cyberpunk style environment has been visually 
described, namely the highly urbanized and modernized 
environment and desolated slum. The thesis is aimed at 
analyzing the tone and light resource of cyberpunk scene to 
detect the similarities and differences between cyberpunk style 
animation and film. In animation, the color application is more 
exaggerated and bold, no matter in the urbanized environment 
or slum, the depressive and gloomy cool tone is prevailing. 
Most of the light resources are artificial (neon light). On the 
basis of cool-colored environment, the film has expanded the 
areas of holographic projection and colored light resource like 
neon light to strengthen the modern recognition of cyberpunk 
style high-tech sense; meanwhile, by applying Glitch Art 
element, the whole fashion has been promoted, which not only 
develops a new style in stereoscopic effect but also assists in 
the initial attempt of color. Besides, the Glitch Art element 
extremely conforms to the main topic of cyberpunk, both 
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animation and film have visually performed the style of 
cyberpunk to the fullest. The film has enhance its modernity 
and high-tech sense. 
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Abstract 
 

Recently, transmedia works have been created by 
reconfiguring existing stories based on various media; 
therefore, related markets are growing rapidly. Many 
attempts have been made in the point that using the 
characteristics of media such as its visual, auditory, and 
spatial sense and the responses of the consumers to the 
place, taste, and time of the consumers, consumers can 
experience variety of things. However, in storytelling of the 
transmedia, it is hard to display the mutuality of the 
materials that the media and the story have, and the 
success of the transmedia is severely limited due to the 
limitation of the existing story. Therefore, various 
researches on the media characteristics in the tansmedia 
are required, due to the rapid change of the media. This 
study investigated the definition and classification of the 
transmedia, and compared and analyzed the material and 
genre differences according to the occurrence of 
transmedia. Through this study, we sought to find out the 
story material that can increase the concentration of the 
consumers according to the specific media. Based on this 
research, we expect that the related research that can lead 
to the interest and concentration of the effective audience 
in the case of transmedia occurrence will be further 
expanded 

Keywords-trans media; Storytelling; Contents 

  
I. Introduction 

     
In this case, it is possible to reduce the gap to the storytelling, 

to maximize the advantage of the media, and to suggest a more 
efficient approach to the use of the transmedia using the unique 
characteristics of the original story genre of the transmedia. It 
is efficient in producing any kind of transmedia and enables 
efficient production of characteristics of media. As a result of 
various researches on the relationship between the star of 
transmedia and the media, it is expected to bring out the 
satisfaction of the audience of diverse media while 
maintaining the atmosphere of the original work. Also, it is 
possible to expect the effect of shortening the production 
period by suitably and efficiently adjusting to the media. In 
addition, variety of new media is being created faster now. 
Therefore, it is necessary to carry out various types of research 
in accordance with the emerging new media in the future. 

II. The Forms of the Transmedia 
 

Transmedia means to be reproduced from one media to 
another. This means that not only does it end with primary 
reproduction, but also include the movement of the reproduced 
media back to the other media[1]. In Henry Jenkins 
“Convergence Culture: Conflicts between Old and New 
Media,” it is necessary to expand the media while it is being 
converted into a new media structure. It is not just the idea of 
simple information transmission for profit creation; beyond the 
role of simple medium when moving, it requires diversity to 
create appropriate strategies and stories according to the media 
contents. For example, a work based on existing novels and 
comics can continue the story without space and time 
limitation. However, if the work is transformed into a movie, 
drama, or an animation which are visual medium, it is 
necessary to modify the story according to the spatial structure 
and time because of the limitation of the platform. In addition, 
in order to satisfy the existing users and to smoothly bring in 
new users, it has flexibility to adjust the work to the media 
itself according to the flow of the times and the technological 
environment when produced. 

Transmedia is being reproduced not only as a media that has 
a basic function of transmitting information of a media, but 
also as a media that is like a game that can communicate with 
the demanding audience. Various channels of TV programs 
and the receptors are being created and the transmedia is 
becoming more and more diverse according to the changes of 
various media such as entertainment, current affairs, debate, 
and sitcom. Also, according to the development of media, 
visual or auditory technological elements which couldn’t be 
seen in the existing works can now be seen due the 
development of CG, and the existing media is reproduced, 
which is the transmedia of the remake concept. Fantasy 
elements, which were mainly published in the forms of novels 
and comics, are being remade according to the characteristics 
of genres such as movies and animation as the rate of 
implementation increases with the development of graphics. 
Based on the comics that becomes the subject of the existing 
story, it is not only reproduced with new media continuously 
as time passes, but also in the case of a movie that occupies a 
large portion of the implementation of CG, it repeats with a 
constant pattern when the it is divided on the basis of 20 years. 
Also, the story of comics is rebooted not based on the 
implementation rate but on the period, and therefore it can be 
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reproduced and become various media of new form. At this 
time, only the background element and the presentation 
element are changed according to the media, or the story flow 
itself is reconstructed, and the ending is changed. In this aspect, 
the flexibility of the transmedia is given to explain the 
viewpoints of other opinions, the narrator of the text is 
changed by an inverted element, or the story is reconstructed 
by switching even the main character to another character. For 
example, ‘Los Angeles BB Continuous Murder Case,’which 
mainly focuses on the interpretation of the psychological 
fighting, has been rebuilt as a novel type of prequel which had 
the story when main character disappeared after the incident. 
There is a form of transmedia that is produced a lot recently, 
such as the webtoon of the Snowpiercer ‘Prequal: 
Snowpiercer’and ‘Seoul Station.’(Figure 1) shows sequential 
production paths for remakes and prequels that have their 
publications as their original work.  

Fig. 1 Transmedia based on publications 

As shown in Table 1, the form of the remake of the video 
returning to the publication is called the remake transmedia. 
This work focuses on the main story, and when it wants to give 
a change, it adds or changes ‘a’which is a random content and 
proceeds in the existing framework. On the other hand, when 
the original media is produced in a prequel, because the 
producer is the same person as the story writer, the time period 
or the main character of the story may change which can create 
huge difference from the main story, because it is much more 
flexible. After the video is already remade by the transmedia, 
the content of the original work is added and the follow-up is 
done in the same way as the previous version. It can be 
transformed into various forms of media with the focus on one 
story, and existing stories can be reproduced as media that is 
more suitable. Thus, the story is transformed with a close 
correlation in the transmedia. There is OSMU which is similar 
to transmedia, and OSMU means that one source is made into 
another digital media animation, movie, drama, game, and so 
on. Most OSMU can apply the technique for digital 
storytelling to video contents business. Often, one source can 
secure and maintain the existing consumer, having a layer of 
long-term consumers. As to why heroic stories can appear in 
series, these kinds of characteristics can be found mainly in 
unrealistic elements. Considering these casual relationships 

between fantasy desires, fantasy motives, fantasy fulfillment 
motives and usage amounts, the fantasy element can increase 
the immersion of the content, and the higher immersion, the 
higher the intention of repetition. [Shin Young Park, ‘The 
Influence of Media Content Users’Fantasy Needs on Content 
Immersion’Korean School Newspaper, Media Society, 2010.4 
232-254 (24 pages)] As the credibility of concept and common 
sense which vary with time changes, it is possible to agree on 
the same level of existing consumers from the position of 
acceptance according to how fictional the existing framework 
is. The use of story duplication on multiple media shows the 
characteristic of OSMU well. While transmedia has a high 
level of story flexibility, the OSMU has the characteristic of 
keeping the subject as large as possible without adding the +  

 Story Characteristics of Each Media 
Various expressions can be made according to the 

characteristics of media. In the case of publications, narrative 
structure proceeds using paper and pictures on paper. Written 
text or pictures have lower financial or technical limitations in 
expressing fantasy elements or cosmic backgrounds. This 
background has a wide range of limitations that the artist wants 
to express. However, video media that rely heavily on media 
technology may produce a sense of distance from the intention 
of the original author. As a result of this problem, once the 
existing media has been developed, it is remade in order to 
meet the exact implementation date. The duration of the story 
also shows the difference. Contents that progresses at a 
different time range such as movies, dramas, animations, etc. 
arrange the elements in the entire story and progress the story. 
The movie ends in about 90 to 120 minutes with only one story. 
In the case of animation or drama, a big story breaks into 
smaller ones in one season or it divides by issue. If there is no 
production plan for the next season, it is necessary to consider 
how to finish the story while the story is being progressed. The 
game, which is not the video purpose of viewing, proceeds in 
consideration of the interaction with the player. Thus, the fact 
that there is a direct influence on program selection under such 
media environment leads to the preference of the consumer, 
and the ‘program genre’which reflects the preference of the 
consumer becomes an importance determinant of viewing 
behavior. (Webster & Wakshlag, 1983)’.  

The importance of these topics is not only recognized within 
the story, but also in the case of publications, the group of 
‘mania’among sustainable consumers remains firmly. 
However in the case of TV programs, it is easy to change the 
channels. Therefore in maintaining the continuing interest of 
consumers, there is a limit when the original story is based on 
the contents such as current affairs and crimes and such that 
are serious. Usually, television dramas- melodrama, sitcoms, 
action series, movies, and general drama tend to express that 
they are enjoying higher status in a richer world than most 
viewers are living in. Like this, expressions in TV programs 
need to be more beautiful than reality rather than being serious, 
and constant stimulation is always needed. In the case of 
movies, it can be appropriate in the part about the sustainability 
of the serious content because it has the immersion in a short 
time. In this way, media and material are closely related. 
Depending on media persistence, relevance, repeatability, etc., 
it can be used in production and it can continue the story in a 
stable manner.  
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III. Analysis of Story Characteristics of Transmedia

A. Storytelling of Trnasmedia  

 Transmedia needs various structures to suit various 
characteristics of media. It is important for the OSMU and the 
transmedia that utilize the original work are constructed so that 
the surrounding environment and the media implementation 
technique are compatible with each other in the original story. 
Also, the story of transmedia should be used not only as a 
concept of recalling various media but also as a cultural 
strategy that encompasses culture and technology users, 
creators, texts and contexts. However, in the case of OSMU, 
when expanding to new media, it is based on the original 
media, and when it is converted to the third media, it is based 
on the original, while the transmedia is based on the expanded 
media. Therefore, there is a difference in which that it makes 
the story repeatability of existing OSMU flexible. OSMU 
concentrates on using the original story to produce new media. 
However, transmedia is moving away from this repetition and 
applying a new story for each media. When the story is 
transformed based on the existing story, the story is divided by 
materials and reassembled according to the media. This 
requires materials that were important in the existing story and 
the storytelling appropriate to the media. This storytelling 
needs to be produced once again in accordance with the media 
and the consumer accepting the media, rather than being used 
as it is in the original production. In the case of the transmedia, 
it is transformed into a new form of media because there is a 
form of movement between various media, and not just the 
existing primary production and secondary media movement. 
These variations are dependent on the number of times or 
between gaps in the media, and by minimizing the variations, 
the same story should be able to satisfy both the existing 
consumer and the new consumer. These advantages can 
reinterpret the point of view of the story in various directions. 
In this way, it is also important to reconstruct the storytelling 
into a structure suitable for each individual’s environment and 
consumers, not only in the production of an existing story but 
also in the state of having existing stories such as 
reconfiguration of media or remake prequel.   

B. Characteristics of the transmedia according to the trans- 
formed story 

We select the visual elements for each produced media, 
analyze the characteristics of the media, and identify the 
differences among the consumers. Dramas, comic films, 
novels, and animations were selected, and animations and 
dramas shaped by TV programs should provide stimulating 
elements for the sustainable consumption of consumers. This 
makes the materials to be used in many different ways. It 
increases the existing material to a full-length element, and 
distributes stimulating material evenly, and maintains the 
interest for each video that are being broadcasted. This change 
enhances the convenience and understanding of the process of 
reproducing existing consumers when one media is converted 
to other media. It helps the consumer to eliminate the sense of 
difference in the new medium and increase the respond level 
and improve the sustainability by differentiating from the 
existing story. In this process, we take advantage of various 

changes and these changes lead to the flexibility of transmedia. 
Flexibility shows changes in the form of various transmedia; as 
a change with different patterns for each media, it weighs the 
weight of the appropriate type of story material according to 
the media. As a criterion for flexibility, the response of 
consumers has led to the reponse of consumers which is not 
only to existing publications, but also to various forms of 
media. Among the existing media, musicals have the 
simultaneity of actors and performers. However, media like 
game accurate communications such as the question and 
answer with the media and the users’control. This 
characteristic of each media requires a flexible story structure 
for the media in the form of change that is different from the 
existing story. Table 2) shows the difference in the material 
composing the story according to the media.   

Comics or novels are the original works, and they have 
various extensibilities due to the production of new media. 
However, according to the development of the media, the 
original work was remade and became a new media and it 
spread to various media. 

As shown in Table 3, when Sherlock came out as drama, it 
added comical and everyday elements while maintaining the 
needs of the existing consumer’s demand. In the animation, 
Japanese anime in the 1980s started to produce various types 
of animation having stories from other country. This has 
developed into a form that is convenient for adults who have 
already been familiar with existing foreign fairy tales and 
novels to suggest to children. As for Sherlock, it was produced 
in many different forms such as novel and animation, and the 
drama produced at the BBC trans-edited to movies, which 
made the movie using the material of Sherlock Holmes coexist 
with the move <Sherlock Holmes>. The BBC produced a 
drama based on the existing novel ‘Sherlock Holmes.’They 
reset the time period to modern and did the storytelling based 
on it. In addition, they made a movie using OSMU mainly with 
the drama that is a modern setting. The actors appearing in the 
movie are the same as the drama, and in order to maintain the 
image of the same character as it was produced in comics, the 
comic was produced using the existing actor as a model in 
‘Young Ace’of Japan.  

TABLE I 
FONT SIZES FOR CAMERA-READY PAPERS 

Category Material Title 

Drama Reasoning, 
Comedy, Sitcom, 
Modern times, Love 

Sherlock(2010~) 
Sherlock homes(1984) 

Animation Reasoning,  
Good triumphing 
over evil 

Sherlock hound(1984) 

Movie Reasoning, Comedy Sherlock Sherlock,  
The Abominable Bride (2015)
Sherlock Homes(2009) 

Novel Reasoning Sherlock Homes(1892) 

Musical Music Sherlock Homes: Secret of 
The Anderson Family (2011) 
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At this time, the animated cartoon ‘detective lightening 
(Sherlock Hound 1984),’a collaboration between Tokyo 
Movie Shrine and Italy’s ‘Rai,’was handcrafted for interesting 
accessibility to low-age consumers. As shown in figure 2, it 
took the form of lowering the age of the consumer layer of the 
detective stories, which were difficult to approach, by using 
the animals’organs such as the ear and the snout. In addition, it 
made use of a variety of materials using omnibus-style stories 
and helped to keep the consumer who were in their 20s and 
under and have strong short-term concentration continue to 
watch by creating a composition that is easy to understand. As 
the age changes, it is necessary to supply the new consumers 
while maintaining the satisfaction of the existing manias.  

The Hunchback of Notre Dame is based on a novel. In this 
case, unlike Sherlock, it is a romance novel focusing on the 
romantic relationship and fantasy elements of the story. 
However, as a religious element ‘Voodoo’is added, overall 
atmosphere is dark. These two elements that are different are 
represented by the use of magic when it is transformed into 
animation. This can alleviate the weight of the whole story of 
the existing romance and religious elements and lower the 
barrier of access to the consumers searching for amusement in 
the animation. In the case of film, it demands tension of the 
live-action video and emphasizes stimulation and short-term 
immersion. This creates a sense of fear that can maximize the 
existing heavy feeling and emphasizes the feelings of noir film, 
which is far from traditional elements. In the case of musical 
which is a media that the audiences receive the visual effect 
directly with their eyes, the story of a livelier and emotional 
part is emphasized and the auditory element also plays a big 
role. This auditory element stimulates sensibility and is 
suitable as an expression of romance. This can also be seen in 
the “Hunchback of Notre Dame”animation. In this way, 
Disney produces animations and movies based on fairy tales, 
and uses musical elements like music to express emotional 
elements in the monologues. Like this, each of the various 
media has flexibility. In the case of movies, it is sold on DVD 
or VOD, which is a product that can be purchased on a 
personal device after a certain period of time after screening 
which continues from one month to four months. Like this, 
movies need to acquire a large number of consumers in a short 
period of time and secure one-time users even after a certain 
period of time. Because it is difficult to maintain the group of 
long-term consumers, it creates a high-quality video image to 
increase the desire to purchase the video. Usually, romance or 
comedy that is adjusted to the characteristic of general movie 
consumers which can attract the interest of younger people has 

higher level of completeness; also, this type of media has 
colorful and exciting elements like unrealistic SF or fantasy. 
The animation and drama series which is aired on TV shows 
that romance, sitcom, and comedy elements are more 
prominent than existing works. Especially, drama and 
animation based on TV series presents image and dynamic 
criteria. Like this, when the secondary media occurs, there are 
expressive limitation given by the media and differences and 
advantages of each according to the frequency of exposure to 
the media. This flexibility shows changes in the various forms 
of transmedia, and it can be seen that it is made to the media as 
a change with each pattern that matches the media. 

IV.Conclusion

This study classified story into genre according to 
composing material in order to investigate characteristics of 
media which is important in storytelling. In addition, the media 
used in various media were selected and classified by each 
media’s characteristics. From this, we were able to understand 
the characteristics that were emphasized or benefited by the 
media when it became transmedia, and as an element that large 
narrative structure and story have, we could find out the result 
of one part of the existing media expressed and emphasized in 
another part of the content. This characteristic means that the 
form of the media is the movement between the media, and the 
media are constantly generated and have efficiencies on each 
part. There is a difference of narrative structure according to 
the characteristics of the media and it creates the gap in the 
transmedia. In this case, it is possible to reduce the gap to the 
storytelling, to maximize the advantage of the media, and to 
suggest a more efficient approach to the use of the transmedia 
using the unique characteristics of the original story genre of 
the transmedia. It is efficient in producing any kind of 
transmedia and enables efficient production of characteristics 
of media. As a result of various researches on the relationship 
between the star of transmedia and the media, it is expected to 
bring out the satisfaction of the audience of diverse media 
while maintaining the atmosphere of the original work. Also, it 
is possible to expect the effect of shortening the production 
period by suitably and efficiently adjusting to the media. In 
addition, variety of new media is being created faster now. 
Therefore, it is necessary to carry out various types of research 
in accordance with the emerging new media in the future. 
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Abstract 

Technological advancement achieved by the 4th 
Industrial Revolution has brought many changes in 
education. Technologies such as Virtual Reality (VR)and 
Augmented Reality(AR), which have recently draw 
attention, are also incorporated into the education. VR in 
particular, has proven to be useful to enhance user's 
concentration towards content, by expanding their virtual 
experience through virtual space similar to real life. On the 
other hand, Korean students have lower interest and 
confidence in science learning than the international level. 
Therefore, Measures are needed for this. In this study, 
Using VR technology, we planned earth science 
educational VR content for middle school students with 
low interest in science. In order to improve the efficiency of 
production, VR contents design method was established 
and contents were designed based on this. Earth science 
education, which requires concepts and understanding of 
principles and is difficult for students to directly 
experiment or observe, will create synergies with the 
characteristics of VR and provide an opportunity to 
increase students' interest in science. 

Virtual Reality; VR; Earth Science Education; Experience 
Education Contents 

I. Introduction 

Science is an important subject to solve the everyday life 
problem creatively and rationally by cultivating scientific 
exploration ability and attitude[1]. However, it shows that 
South Korean students’ interest and self-confidence in science 
class is very low, compared to international standards[2]. In 
particular, moving up to middle school and high school, the 
level of excitement and enjoyment in science is continuously 
reduced. The biggest reason for this phenomenon is that most 
of the middle and high school science classes are mainly 
driven by memorizing textbook. So, improving traditional 
education system is needed to improve student interest and 
confidence in science. Recently, Technology development by 
the 4th Industrial Revolution changes the field of education a 
lot, so the VR technology is combined to the education field. 

Because, it is effective to give a sense of immersion to learning 
through experiential centered education, and it can enhance 
leaning effect through interaction in virtual space. In this paper, 
we will construct educational contents that is about the Solid 
Earth Science among the Earth Science to apply VR 
technology, and we will organize the contents, establishing the 
VR design method. 

II. Research for Base

A. Analysis of Existing Earth Science Education 

Elementary, middle, and high school science education is 
included in the science educational curriculum(National 
Curriculum) of the Ministry of Education, Science and 
Technology. Among them, the ‘Solid Earth’ section is divided 
as below [TABLE I]. It is common that they are learning the 
content of the 'Solid Earth' in the curriculum of elementary, 
middle, and high school science, by difficulty level. And it 
shows its importance. 

TABLE I 
The Solid Earth part in Earth science for elementary, middle, high 

school. 

Category Key Concept Learning Content 

Elementary school volcano and 
earthquake 

Understanding that volcanic 
activity and earthquakes have 
a large impact on people, 
such as harming people and 
property 

The shape of 
the earth 

Understanding the features 
of the earth we live in and 
the characteristics of the 
earth, sea, and air 

Middle School Changes in 
geosphere 

Understanding the nature of 
the material that makes up the 
Earth's internal structure and 
indicators. 

High 

School

General 

Science 

System of the 
earth 

Integrated Understanding on 
the features of the earth in a 
systematic way as an optimal 
environment for living 
creatures 
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 Earth 

Science I 

Fluctuation of 
the geosphere

Understanding the surface of 
the earth is constantly 
changing. 

  History of the 
earth 

Understanding the earth's 
environment and creatures 
have constantly changed over 
the geological period 

 Earth 

Science II 

Formation of 
the earth and 
field of force

Understanding the formation 
and evolution process of the 
solar system, identify the 
internal structure revealed 
through seismic waves, and 
understand the characteristics 
and changes of gravity and 
magnetic fields. 

 
 
B. Education VR Contents Example 
 

Recently, VR education contents that can experience the 
space or era which is difficult to experience in real life are 
appearing. For example, the universe, undersea, dinosaur and 
the human body. In addition, it is actively used in fields with 
high training value, such as medical and firefighting education, 
while reducing risk factors through simulation. The following 
is an example. 
 
a) Medical education content "Osso VR - Virtual Surgery"[3] 

 
Osso VR is a surgical education platform. As shown in [Fig. 

1], the user can hold a virtual surgical instrument by hand, so it 
suggests user the actual surgical procedure vivid. This has the 
advantage of being able to experience and practice practically 
difficult situations in the actual operating room. Currently, 
surgical training for orthopedic spine treatment is available 
and is being expanded and used in various medical fields. 

 

 
Fig. 1 Osso VR - Virtual Surgery 

 
b) Fire fighting education content "Fire Fighter VR"[4] 
 

<Fire Fighter VR> is a virtual fire experience contents 
developed by MWN Tech. It can be played using OculusRift 
and a proprietary hose controller. It consists of seven fire 
suppression scenarios, two fire evacuation scenarios, fire 
extinguisher usage, and a rigger usage. Because it is dangerous 
to actually experience a fire situation, systematic contextual 
content design is characteristic in order to experience a virtual 

fire situation. This can be used as useful fire training materials 
to prepare for various fire situations. 

 

 
Fig. 2 Fire Fighter VR 

 
C. Digital Earth Science Educational Content "The Lab - 
Solar System" Case[5] 
 

 
Fig. 3 The Lab - Solar System 

 
<The Lab - Solar System> is a virtual reality video game 

developed by Valve and plays with HTC Vibe device. This is 
the theme of the solar system. It can see and select the planets 
that are circling around the sun and can move arbitrarily. Also 
observe the huge sun nearby. It has the advantage of displaying 
the universe as real. However, there is no information or 
explanation other than the name of the planet that appears 
when each planet is selected, so there is a limit to learn earth 
science. In addition, there is no interaction other than capturing 
the planet, which makes it is not helpful to cause interest. 
  

III. Project Planning 
 

This project has designed science education content using 
interactive VR technology for middle school students to make 
them easily understand and effectively learn the Earth science 
subject. 

 
A. Target Analysis 
 

The primary target of this project is a middle school student 
who is 13-15 years old. Since this period corresponds to the 
adolescent period in which the concentration is lacking, the 
learning method using the virtual reality technology can 
increase the learning efficiency by giving a feeling of 
immersion. In addition, it is a time to be free from the 
university entrance examination burdens in comparison with 
high school students, and an opportunity to increase interest 
and curiosity in science. 
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B. Contents of Education 

TABLE II 
Contents of Education 

Category Key Concept The element of 

contents 

interactive learning

The Solid 
Earth 

History of the 
Earth 

Learning the 
Birth Process of 
the Earth 

Formation of 
the earth and 
field of force 

Earth's layered 
structure 
(crust,mantle, 
outer core and 
inner core in the 
earth) and 
learning of 
Magnetic field 
concept 

Earth's layered 
structure 

Magnetic field 

Plate 
tectonics 

Learning of the 
Earth’s surface  
consists of 
several plates 
and the concept 
that earthquakes 
and volcanoes 
occur at plate 
boundaries 

Earthquake 

Volcano

a) History of the Earth

Vivid 3D images in virtual reality make it possible to see and
understand the birth process of the earth. 

b) Earth's layered structure

The learner moves his or her hand directly to cut the earth
and take out the crust, mantle, outer core and inner core in the 
earth, grasp each position and learn the feature, also make 
effective learning according to the operation speed of the user. 

c) Magnetic field

This allows the learner to directly learn the principle of force
by directing the solar wind to learn the change of the magnetic 
field. 

d) Earthquakes

The learner chooses the origin to make it easy to understand
the process of earthquake and the P-wave and S-wave 

e) Volcano

The learner can easily understand the principles of
volcanoes by letting the magma in magma jump directly up 
and learning the process of volcanic eruption 

C. Flow Chart and Interface Design 

a) Flow Chart

Fig. 4 Flow Chart 

b) Interface Design

In this project, the screen design method suitable for VR 
contents implementation is made so that the front, top, bottom, 
right, and left screens are all included in the blueprint based on 
the visual field viewed by the learner through the HMD. In 
addition, the screen-specific information is classified into 
Graphic, Motion, Audio, Narration, and Text, and the 
description is numbered according to the appearance order so 
that no interference occurs during the actual development 
process. User Interaction includes a description of the 
interaction learning that the learner can move by hand. 

Fig. 5 Sketch of Interface Design  

Fig. 6 Interface Design 
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D. Implementation Content 

In this project, learning contents are divided into Earth's 
layered structure, magnetic field, earthquake, and volcano. In 
the intro, the video of Earth's history begins with the universe 
of meteorites falling. After one of the meteorites has left its 
course and collides with the user, the initial earth is created, 
and the early earth gradually appears today. ① The earth 
stratified structure will be guided by the guideline of the part to 
be cut, and it will be implemented so that the structure inside 
the earth can be observed by selecting the cutting surface again 
after the motion to cut. ②  The magnetic field will be 
implemented so that the length of the solar wind can be 
adjusted assuming that there is sun at the position of the user's 
hand. ③ The earthquake will be implemented so that the user 
can select the origin and observe the effect of the wave on the 
epicenter. ④ The volcano will be implemented so that the user 
can observe the explosion of the volcano by clicking and 
dragging the black part of the 2D magma. 

Fig. 7 Implementation Content 

E. Implementation technology 

The production technology of this content is as follows. First, 
3D graphics images can be realistically implemented using 
Unity, a game engine. Second, HMD equipment uses Oculus 
lift and provides a first-person immersive virtual reality 
environment. Third, the learning effect is enhanced by 
allowing the learner to interact with the learning contents using 
the lip motion, which is a motion recognition device. 

TABLE III 
Education Equipment  

Equipment 

Oculus Rift 
 + Leap motion 

IV. Conclusion

The purpose of this study is to design educational content 
for Solid Earth in order to produce effective educational 
contents that incorporate VR into middle school students' earth 
science education, and to establish a VR design through 
systematic construction of implementation elements so that 
joint development can be made in VR production. Based on 
this, we have planned and proposed educational contents that 
combine vivid 3D stereoscopic image and interaction. The 
advantage of this content is that the learner interacts in the 
direction of the force acting directly, so he can understand the 
principle of force while seeing visual and physical changes. In 
addition, the speed of learning can be adjusted according to the 
level of understanding of the learners, which leads to the 
advantage of being able to lead learning and experiencing in 
real life. It will be interesting to concentrate on learning, and it 
will be educational contents that can increase interest in earth 
science learning which is impossible to experience in actual 
environment and improve learning effect effectively, and can 
be extended to other scientific fields. 
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Abstract 

Demand for IoT devices is increasing, and the need for 
security of IoT devices handling important information of 
users is also increasing. As a result, various domestic and 
foreign organizations are conducting active research on 
IoT security, and security guidelines specialized for IoT 
are presented. However, the current IoT security 
guidelines have limitations that are not categorized 
according to the characteristics of IoT. 

Therefore, in this paper, we analyze the limitations of 
existing IoT security guidelines and suggests ways to 
improve them. 

Keywords-component; formatting; style; styling; insert (key 
words)Internet of Things(IoT), security guidelines, security 
evaluation model 

I. Introduction 

Since 2014, IoT (Internet of Things) has received attention 
from the next generation of IT technology. IoT is used in a 
variety of fields including home network, public safety, health 
care, medical care, and manufacturing. 

TABLE I 
 IoT Filed of use [1] 

IoT Service field Contents 

Home Care Intelligent Housing Management, 
Smart Home Service 

Health Care 
Taxi wireless payment ,Health 

information transmission, 
Healthcare applications 

Agriculture  
and Industry 

Smart Factory, Real-time crop 
monitoring, Crop yield 

management 

Car smart car, Unmanned car, 
Vehicle remote management 

traffic National road monitoring, Taxi 
wireless payment 

 Global market forecasting company Gartner, ABI Research 
etc. predicts more than 25 billion IoT devices will be 
connected in 2020. Thus, as the demand of IoT increases, the 
need for security of IoT devices collecting various important 

information of users is steadily increasing. As a result, various 
international organizations are conducting active research on 
things' Internet security, and present different standards for it. 
However, current IoT security guidelines are based on the 
existing security system, and most of them are comprehensive. 

Therefore, it is difficult to apply it properly to IoT devices 
with various constraints such as energy, processor, and 
hardware. Therefore, in this paper, we analyze the limitations 
of the characteristics of IoT devices and that of the IoT security 
guideline based on sensing, communication, network, and 
service interface technologies, which are the three components 
of IoT technology. In addition, IOT device security check are 
presented and concluded in order to properly apply security to 
various IoT devices. 

TABLE I 
 IoT Technical components [2] 

Technical area Main Content 

Sensing 
technology   

· Measurement of environmental
changes in Environment around 
things such as temperature and 
humidity 
· Detecting human behavior such as
location and facial expression 
· Re-processing the collected
Information 

telecommunication 
and network 
technology 

· Identification of things through
IoT such as RFID

· Wi-Fi, Bluetooth, 4G / LTE etc.
Network connection

Service interface 
technology 

· Visibility of Web services, mobile
applications, etc.

· Application service technology

II. Main subject

The IoT equipment is designed to maintain minimum 
performance according to the weight saving and low cost 
characteristics[2]. 
Also, since the IoT environment has changed in the cyber 
environment as a conventional PC and mobile, not only the 
existing security threat but also a new security vulnerability 
depending on the IoT environment may occur. Additional 
security requirements according to characteristics are 
required[3][4].  
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III. Parameter Estimation and Traffic Flow Prediction

Our goal is to predict the Gt+k based on a stream of observed 
sensor values. Here, a maximum a posteriori (MAP) is used to 
estimate the future values. As a posterior has the Gibbs 
distribution (GD) according to Hammersley-Clifford’s theorem 
[4], the MAP estimation is written as:  

∗ argmax P | , Α argmax
1

	 | , Α  (1)

The | ,  is the energy function for predicting  
given the model parameter A and . Then, the normalizing 
factor, Z can be discard in the MAP estimation. In the GD, the 
energy function is defined as the sum of the spatial clique 
potentials, | , Α , and the temporal clique potentials, 

| , ; thus, MAP estimation in (1) is rewritten by 
minimizing the energy function, as follows: 

P | , Α ∝ argmin | , Α | , Α
∈

 (2)

The C is all cliques defined in the spatio–temporal 
neighborhood	 . As  is the same with the set of 
cliques at each node  in , that is, ∑ ∈ , the energy 
function in (2) can be computed at each location independently. 
When using the second-order neighborhood, the energy 
function at a location r is given by the sum of its temporal 
clique potentials and spatial ones, as shown in (3) and (4): 

		 | , Α 	 , , , , , ,

∈

, , , , ,

, ∈ &

 
(3)

		 | , Α 	 , , ,

∈

, , , , ,

, ∈ &

 
(4)

In (3) and (4), ,  denote the sensor value on site 	at time , 
and subscript S and T indicate the spatial domain and the 
temporal domain, respectively. And ∙  denotes the potential 
functions for the cliques. Among several functions that widely 
used in GD, the function of log 1 , ,⋯	  
was chosen through experiments.  

The key component of the proposed model is to correctly 
estimate the clique parameters. Thus, we employ a SVR as 
nonlinear analysis to determine the clique parameters, because 
it has been successfully used in many non-linear problems and 
the large-scale predictions [5].  

Given a training data 	 , | 1,2,… , , where 
each ⊂  denotes the input dimension of the clique 
potentials and has a corresponding target value ⊂  during n 
time indexes. The goal of the regression is to fit a function 

 which approximates the relation between the data set 

points and it can be used later to infer the output for a new input 
data point. Then, the  is represented as follows: 

g ∑ ∗ ,   (5)

In (5),  and ∗  are the Lagrange multipliers, ,  is 
kernel function. Thorough experiments, we adopt the radial 
basis function kernel, which is widely used in mapping 
nonlinear relationships. 

 As soon as the parameters are learned from the SVR, the 
prediction at each location  is computed via (6).  

∗ argmin ∑ | , Α∈
| , Α   (6)

Using (6), the proposed model can predict the future sensor 
values by minimizing the energy function, when given a stream 
of observed sensor measurements. Furthermore, it can apply to 
predict the sensor values for non-sensor locations by using only 
the spatial potentials. 

IV. Experiments

For quantitative performance comparison, two methods were 
adopted as baselines: Baseline 1 is Piatkowski et al.’s method 
[2], which employed Gaussian process that is one of popular 
approaches in traffic flow estimation. They used different 
dependency model in STRF to ours: the combinatorial 
Laplacian matrix is used to represent the relationship among 
roads; 2) Baseline 2 uses the same prediction model as the 
proposed method but it uses a different parameter estimation 
method such as multiple linear regression (MLL).  

Three methods were applied to actual traffic flow data 
obtained from VDS sensors of Gyeongbu expressway, South 
Korea. The stream was collected from February and May 2015. 
The dataset includes 1076 sensors. The VDS sensors transmit 
information on traffic flow every thirty seconds. The data 
consists of the number of passing cars and their average 
velocity. In the pre-processing step, the sensor values are 
aggregated within fixed time intervals and some noisy data is 
filtered by interpolation. We tested various intervals and 
decided to five minutes, as lower aggregates are too noisy, 
which caused by sensor fidelity.  

Thereafter, the spatial graph G0 is constructed from the VDS 
sensor locations. A separate graph is constructed for a day, and 
each day is further partitioned into 288 graphs according to 
five-minute intervals. To predict the future traffic value at each 
location, the proposed method should identify the cliques from 
spatiotemporal neighbourhood and estimate their clique 
parameters. Here, a second-order neighbourhood was adopted, 
since the smaller can miss the correlation between adjacent 
roads and the larger can induce a high computational cost.  

Fig. 2 describes means of some estimated parameters from 
1076 sensors, when using a SVR and a MLL. Then, the 
parameters for five cliques that are commonly extracted from 
most of sensor locations are shown:  
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{ , , , , 	 , , , , , , , , 
, , , , , , , , , , , }. Although there 

are some differences between the methods, two common facts 
are observed: 1) the largest correlation is found in that 
represents the correlation between the same locations at 
different timestamps, which indicates that the temporal 
correlation has the most significant influence on predicting the 
next traffic flow; 2) although there are no particular trends, the 
others have the values of 0.3 to 0.7, which means both the 
spatial and temporal relations should be considered for 
prediction.  

Figure. 2 Clique parameters on three cone-zones of Fig. 2. 

Fig. 3 presents a summary of the numerical comparison for 
the three methods. Evidently, the proposed method performs 
best in all durations. As can be seen in Fig.3, the Baseline 1 
exhibited the lowest accuracy than others. This implies that the 
proposed model to represent the dependency using cliques is 
reasonable and practical. More importantly, it has superior 
performance to Baseline 2. This result demonstrates the 
effectiveness of the proposed parameter estimation method.  

In addition, to be useful for the traffic flow estimation system, 
the proposed method should be operable in real-time. Table 1 
shows the computational times in three methods. The Baseline 
1 took the longest, among three methods. The prediction time 
for the proposed traffic flow model took about 0.01 s. As 
mentioned above, in the proposed method, the prediction can be 
independently computed per a sensor location in parallel. Even 
if it is implemented on a serial computer, it can process the 
predictions for all roads on the Gyeongbu expressway within 11 
s, which is smaller than the reading interval of the VDS sensor 
(30 s).  

Consequently, the comparison results confirmed the 
efficiency and effectiveness of the proposed method in 
real-time traffic flow prediction. 

Figure 3 Performance comparison for three methods in terms 
of accuracy. 

Table 1: Computational time in three methods (.sec). 

Method Baseline 1 Baseline 2 Proposed 
method 

Model parameter 
estimation 2800 30 4 

Single run on one 
location 0.07 0.01 0.01 

V. Conclusion 

The method for real-time traffic prediction should be fast and 
scalable. For this, a novel statistical model is proposed based on 
3D MRF, where the spatial and temporal interactions at a 
location are represented by a 3D graph model using cliques. 
Then, the clique parameters is estimated by SVR. Experiments 
demonstrated that the proposed method can process with the 
accuracy of 85.6% in a real-time.  
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Abstract 

This study investigates the improvement of corporate 
images focusing on design in the rapidly changing 
corporate environment today. In the global corporate 
environment, customers see the corporate image as a 
whole and prefer healthy and ethical corporate images in 
which various public activities are reflected. This kind of 
corporate images are presented to the customers in the 
form of convergence design through design management 
that puts emphasis on the goal and philosophy of design. 
Therefore, focusing on design, this paper researches the 
improvement of corporate images through convergence 
design based on the theory of design management and on 
the background where the social role of corporate has 
grown. 

In the body of the essay, previous researches were 
examined to compose the elements of corporate image 
improvement and to draw the identity, differentiation, 
responsiveness, and permanence by applying the stages of 
design standardization claimed by Mark Oakley, who put 
stress on the goal and direction of corporate. These 
elements are finally composed into convergence BI and 
convergence CSR, enhancing the corporate images 
through convergence design. 

Convergence BI includes the value and vision of the 
corporate through visual images of corporate representing 
the image of corporate, being expressed as a convergence 
design that reflects the fairness and ethics of a corporate's 
profit-making activities and the flow of information 
technology. The empirical analysis of this study composed 
the utilization of IT, integration of corporate images, and 
warm brand images, putting relatively higher emphasis on 
the integration of corporate images. These three elements 
are components of convergence BI that contribute to the 
improvement of corporate images, but it is effective when 
they are presented to the customers in the form of product 
image integration that includes warm brand image and 
utilization of IT. 

Convergence CSR is the element that puts emphasis on 
social responsiveness through exchange and continuous 
communication with customers. It is an element that plays 
a public role of serving society, including the cultural 
activities of corporate and efforts to prevent 

environmental pollution. The empirical analysis divided a 
corporate's activities into social service activity, cultural 
activity, and environmentally-friendly activity and 
analyzed the relative importance of the three elements. 
The result of analysis showed that social service activity 
was regarded as most important to the customers. This 
demonstrates that even though cultural activities and 
environmentally-friendly activities are important as 
elements of convergence CSR and contribute to the 
improvement of corporate image, it is more effective to 
compose the corporate image in the form of social service 
activity that gives the continuous and persistent feeling. 

In conclusion, convergence BI and convergence CSR are 
applied to the improvement of corporate images through 
convergence design as a whole. In the changed role of 
design and management environment of the corporate, 
convergence design helps a corporate to create the trusted 
and favored corporate image by composing the consistent 
and integrated corporate images through design that 
includes the philosophy, vision, and social activities of a 
corporate. As such, this paper suggests the necessity of a 
systematic approach that includes various elements in 
terms of convergence design from a strategic perspective 
of design management to improve the corporate image. 

Keywords-corporate Image; Convergence; Management; CBI; 
CCSR; 

I. Introduction 

This study investigates the improvement of corporate 
images focusing on design in the rapidly changing corporate 
environment today. In the global corporate environment, 
customers see the corporate image as a whole and prefer 
healthy and ethical corporate images in which various public 
activities are reflected. This kind of corporate images are 
presented to the customers in the form of convergence design 
through design management that puts emphasis on the goal and 
philosophy of design. Therefore, focusing on design, this 
paper researches the improvement of corporate images through 
convergence design based on the theory of design management 
and on the background where the social role of corporate has 
grown. 
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II. Paradigm

In the body of the essay, previous researches were examined 
to compose the elements of corporate image improvement and 
to draw the identity, differentiation, responsiveness, and 
permanence by applying the stages of design standardization 
claimed by Mark Oakley, who put stress on the goal and 
direction of corporate. These elements are finally composed 
into convergence BI and convergence CSR, enhancing the 
corporate images through convergence design. 

III. Design Strategy

Convergence BI includes the value and vision of the 
corporate through visual images of corporate representing the 
image of corporate, being expressed as a convergence design 
that reflects the fairness and ethics of a corporate's 
profit-making activities and the flow of information 
technology. The empirical analysis of this study composed the 
utilization of IT, integration of corporate images, and warm 
brand images, putting relatively higher emphasis on the 
integration of corporate images. These three elements are 
components of convergence BI that contribute to the 
improvement of corporate images, but it is effective when they 
are presented to the customers in the form of product image 
integration that includes warm brand image and utilization of 
IT. 

IV. CSR Strategy

Convergence CSR is the element that puts emphasis on 
social responsiveness through exchange and continuous 
communication with customers. It is an element that plays a 
public role of serving society, including the cultural activities 
of corporate and efforts to prevent environmental pollution. 
The empirical analysis divided a corporate's activities into 
social service activity, cultural activity, and 
environmentally-friendly activity and analyzed the relative 
importance of the three elements. The result of analysis 
showed that social service activity was regarded as most 
important to the customers. This demonstrates that even 
though cultural activities and environmentally-friendly 
activities are important as elements of convergence CSR and 
contribute to the improvement of corporate image, it is more 
effective to compose the corporate image in the form of social 
service activity that gives the continuous and persistent 
feeling. 

V. Conclusion 
In conclusion, convergence BI and convergence CSR are 

applied to the improvement of corporate images through 
convergence design as a whole. In the changed role of design 
and management environment of the corporate, convergence 
design helps a corporate to create the trusted and favored 
corporate image by composing the consistent and integrated 
corporate images through design that includes the philosophy, 
vision, and social activities of a corporate. As such, this paper 
suggests the necessity of a systematic approach that includes 
various elements in terms of convergence design from a 
strategic perspective of design management to improve the 
corporate image. 
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Abstract 

In this paper, we implemented deep learning based face 
recognition system. Recently, many techniques have been 
developed for detecting objects at specific locations based 
on deep learning algorithms. Among various deep learning 
techniques, we choose the YOLO algorithm which shows 
fast and good performance. In recent research, various 
attempts have been made to reduce the convolutional 
structures. These studies in the field of deep learning are 
called knowledge distillation (KD). Through this study, we 
discuss a method for applying the KD strategy to face 
detection on embedded systems. 

Keywords: Face Detection, Deep Learning, Convolutional 
Neural Networks (CNN), Knowledge Distillation (KD) 

I. Introduction 

Recently, convolutional neural networks (CNN) based deep 
learning methods have shown good performance in face 
detection and object recognition domain[1, 2]. In particular, 
the you only look once (YOLO) algorithm show very good 
face detection performance[3, 4]. However, it is still difficult 
to implement the CNN-based deep learning algorithms on 
embedded systems because of the limitation of the 
computational speed. 

In recent research, various attempts have been made to 
reduce the computational cost of convolutional layers while 
maintaining the performance in the deep-learning algorithms[5, 
6]. These studies are called knowledge distillation (KD) 
methods. They try to reduce the amount of computation by 
eliminating redundant parts of the deep learning structures. 

In this paper, we have conducted experiments for face 
detection based on YOLO algorithm. And we tested the 
performance of the original YOLO algorithm. Then, we 
implemented the hints training method, and training the same 
deep learning structure part by part. Finally, we compared the 
performance of the learned deel-learning structure with that of 
the original structure. 

II. Proposed Method

The overall structure of the yolo algorithm for face detection 
is shown in Fig. 1. It consists of convolutional layers of various 
shapes, and outputs the position of the face in box shape 
coordinates. Since the object to be detected is one kind (face), 

the last CNN layer of the YOLO structure has the output of 
13×13×30. Although the YOLO algorithm is faster than other 
deep learning algorithms, it is still difficult to apply it to the 
embedded system environment. 

Fig. 2 shows the process of applying hints training to the 
yolo algorithm. After reducing the structure of the 

Fig. 1 YOLO algorithm structure for face detection. The  structure 
is divided into three parts for hints training. 

Fig. 2 Hints training on the YOLO algorithm. 
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convolutional layer, training should be performed for each part 
in order to obtain the KD effect. First, after dividing the 
original YOLO structure into three parts. Then, the hints 
training is performed for each part by using each intermediate 
inputs and outputs. The structure is trained by applying a linear 
function instead of a ReLU function to the output activation 
function of each part. 

III. Experiments

For the face detection experiment, the face detection data set 
and benchmark (FDDB) data is used. FDDB provides accurate 
annotations for face detection performance evaluation. Fig. 3 
shows some examples of FDDB datasets. For the experiment, 
we prepared three models. Of the total FDDB dataset, we used 
2,029 images for training and 379 images for testing. The 
original yolo model was modified by only the last layers and 
then fine tuned using the weight values trained through the 
VOC2 data. In the case of hints trained original YOLO model, 
the yolo structure was divided into three parts and hints 

training was performed for each part, followed by fine tuning. 
The tiny-YOLO model is modified in the final stage and fine 
tuned using existing VOC2 based weights. For each of the 
three YOLO models, 80,000 iterations are performed for 
fine-tuning.  

The face detection results are shown in Fig. 4 and TABLE I. 
Hints training is performed well, and performance is better 
than tiny-yolo. This shows that the reduction of the CNN 
structure and the hints training can obtain the KD effect. 

IV. Conclusion

In this paper, we implemented deep learning based face 
recognition system. we have conducted experiments for face 
detection based on YOLO algorithm. Through this study, we 
have investigated the applicability of deep learning algorithm 
to embedded system. 
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Fig. 3 Face detection data set and benchmark (FDDB). FDDB 
provides accurate annotations for face detection performance 
evaluation. 

Fig. 4 Face detection result using the hints trained YOLO model 
and webcam. 

TABLE I 
FACE DETECTION RESULTS 

YOLO Models Precision Recall Average 
IOU 

original YOLO 89.9 % 95.9 % 85.0 % 

hints trained original 
YOLO 85.2 % 94.3 % 83.9 % 

tiny-YOLO 82.7 % 92.4 % 80.0 % 
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Abstract 

In the field of computer graphics, the rendering speed is 
one of the most important factors. Traditionally, they use 
the standard graphics systems, such as OpenGL and 
DirectX. Since these graphics systems focused on the 
variety of graphics rendering features, the rendering 
process itself is somewhat heavy and complex. In this 
paper, we suggest another way of speed-up, through 
directly accessing the GPU hardware with the direct 
rendering manager (DRM). Our method shows better 
performance in comparison with the traditional 
OpenGL-based visualization methods. We present a 
prototype system of providing a set of simple 2D and 3D 
graphics primitives. 

Keywords – light-weight system; graphics acceleration; direct 
rendering manager 

I. Introduction 

Since the graphics output devices are available, they 
developed large amounts of graphics applications. Their areas 
covered various fields including computer animations, 
computer games, user experiences, human-computer 
interfaces, and so on. To produce the desired two-dimensional 
and/or three-dimensional images on the screen, they 
necessarily need graphics systems and graphics API 
(application program interface) libraries [1,2]. 

Historically, we have many kinds of graphics libraries, 
including OpenGL [3], DirectX [4], X window systems [5], 
Display PostScript [6], Cairo [7], OpenInventor [8], Qt [9], 
and so on. Currently, three-dimensional graphics libraries are 
the main stream in the computer graphics and its related areas. 
Most 3D graphics applications use a 3D graphics library or a 
3D graphics engine based on the specific 3D graphics library. 
At this time, OpenGL and DirectX are among the most widely 
used 3D graphics libraries. 

In some graphics applications, the display speed may be one 
of the most critical factors. Since the data set is too large for 
most 3D graphics libraries, a little bit of speedup in the 

rendering process can result in the much speed-ups.  
Though some graphics engines and full-size tools are 

available, they focus on the efficient user interfaces rather than 
the execution speed. Therefore, currently, those graphics 
libraries of OpenGL and DirectX are regarded as the most 
efficient way of high speed rendering for the large scale 
precise rendering data. 

In contrast, the graphics application programmers focused 
on the both side of speed and simplicity of the visualization 
process. To represent more realistic scenes, they need precise 
and accurate numerical data on the graphics models. One of the 
most important features is actually how to efficiently and 
rapidly display those data on the screen. In contrast, they also 
pursue the easy and intuitive way of handling those big size 
data. 

In this paper, we present a low-level programming way of 
accelerating the graphics rendering especially for large-scale 
data visualization. We focused on the low-level data packets 
between the main board and the graphics cards. After 
initialization of the rendering pipeline, we transfer the 
rendering data through these low-level data packets. We 
finally achieved remarkable speed-ups with these new 
low-level implementation of rendering processes. 

More technically, our method is based on the Direct 
Rendering Manager (DRM) [10,11]. For some specific cases, 
the application programs require only the fixed-function 
rendering schemes, and then, we can implement the specific 
functionality into the DRM-based low-level graphics 
programs, instead of the traditional OpenGL or DirectX. In 
this paper, we represent the design and the prototype 
implementation of the DRM-based accelerated rendering 
system. 

II. Design of the Rendering System

The start point of our idea is that modern windowing 
systems have many overheads to handle the windowing system 
itself. Every graphics window should handle the user 
interactions and window-to-window events, and all other user 
interface system-dependent issues. In contrast, some computer 
graphics architectures adopt direct managing systems, which 
accesses the framebuffer directly, as shown in Figure 1. 
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user applications

a window

control and transform direct rendering manager

framebuffer

user applications

windowing system direct management system

Fig. 1. Windowing systems and direct management of framebuffers. 

In the case of Linux and its derived systems, the direct 
rendering manager (DRM) module has been used to access the 
framebuffers directly. In modern computer graphics 
architecture, the graphics processing unit (GPU) is essential to 
the framebuffer management and various graphics processing. 
Thus, the modern DRM module now also manages the GPU in 
addition to the traditional framebuffer. 

The Direct Rendering Manager (DRM) is actually a module 
of the Linux kernel. Its major role is to provide an Application 
Programmer’s Interface (API) to the Graphics Processing Unit 
(GPU). The upper layers, including OpenGL and other 
application-level graphics libraries, use this DRM module as 
the standard way of transfer the data to the GPU. A 
programmer can send the rendering commands and the target 
data to the GPU, through calling DRM functions, as shown in 
Figure 2. 

user program

libdrm (API)

DRM
(direct rendering manager)

Graphics Card

Linux Kernel Space

Graphics Memory GPU

Fig. 2. The DRM module in the Linux Kernel. 

The DRM module provides additional functionalities 
including framebuffer managing, mode setting, memory 
sharing objects handling, memory synchronization, and others. 
Some of these expansions had carried out their own specific 
names, such as Graphics Execution Manager (GEM) [12] or 
Kernel Mode Setting (KMS) [13]. Those parts are actually the 
sub-modules of the whole DRM module. The detailed 
description of those modules are followed in the subsections. 

2.1 Graphics Execution Manager 

The Graphics Execution Manager (GEM) is the open-source 
Linux graphics driver approach for handling in-kernel 
graphics memory management. GEM is originally designed to 

manage graphics memory, control access to the graphics 
device execution context and handle the essential environment 
unique to modern graphics hardware [12]. GEM allows 
multiple applications to share graphics device resources 
without the need to constantly reload the entire graphics card. 
Data may be shared between multiple applications with gem 
ensuring that the correct memory synchronization occurs. 

Graphics data can consume arbitrary amounts of memory, 
with 3D applications constructing ever larger sets of textures 
and vertices. Historically, the traditional graphics application 
programs send the rendering data from the main memory to the 
graphics memory, for each context switching. For more 
speed-ups, ensuring that graphics data remains persistent 
across context switches allows applications significant new 
functionality while also improving performance for existing 
API’s. 

Modern Linux desktops include significant 3D rendering as 
a fundamental component of the desktop image construction 
process. 2D and 3D applications paint their content to 
off-screen storage and the central 'compositing manager' 
constructs the final screen image from those window contents. 
GEM provides simple mechanisms to manage graphics data 
and control execution flow within the Linux operating system.  

2.2 Kernel Mode Setting 

The graphics card should set a specific mode of the graphics 
display. So, the screen resolution, number of bits for the color 
and depth representation, refresh rate, and others are set by this 
mode. This operation usually requires low-level access to the 
graphics hardware. A mode-setting operation must be 
performed prior to start using the framebuffer, and also when 
the mode is required to change by an application or the user. 

Kernel Mode Setting (KMS) is a method for setting display 
resolution and depth in the kernel space rather than user space 
[13]. The Linux kernel's implementation of KMS enables 
native resolution in the framebuffer and allows for instant 
console (tty) switching. KMS also enables newer technologies 
(such as DRI2) which will help reduce artifacts and increase 
3D performance, even kernel space power-saving. 

III. Experimental Implementations

In the case of Linux kernels, the direct rendering manager 
(DRM) module is used to access the graphics processing unit 
(GPU). The upper layers, including OpenGL and other 
application-level graphics libraries, use this DRM module as 
the standard way of transfer the data to the GPU. 

Typical graphics programs send the data as a mixture of the 
target data and the rendering commands for those data. In the 
case of large-scale data visualization, the portion of the target 
data is dramatically high, with very small amount of the 
rendering commands. Currently graphics libraries, however, 
use the normal way to transfer the data and commands, as a set 
of mixtures. 

In our implementation, we set up the rendering commands 
with the normal OpenGL commands, to pursue the easy and 
intuitive user interfaces for the graphics programmers. Then, 
we by-pass the high-level libraries including OpenGL and 
similar ones. Instead, we send the DRM packets directly to the 
GPU. In this way, we can remove the duplicated rendering 
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commands in the normal rendering pipelines of the OpenGL 
and other high-level graphics libraries. 

As a prototype implementation, we used a set of point clouds 
from LiDAR devices, which typically consist of more than 3 
million color points, as shown in Figure 3. With the original 
OpenGL programs, those 3 million data points are rendered 
with a set of rendering commands and data, due to the normal 
OpenGL limitations. However, our implementation uses the 
low-level DRM packets to send the whole data to the GPU. 
This technique shows reasonable speed-ups. 

Fig. 3. An example of large-scale data visualization. 

Fig. 4. An example of 2D graphics output. 

Fig. 5. An example 3D graphics output. 

From an existing OpenGL application program, we can 
extract the shader programs for a fixed rendering pipeline. 
Then, we use the low-level DRM functions to build-up a 

minimum system to execute the extracted shader programs. In 
this case, our application level interfaces are directly 
connected to the Linux kernel level support to the GPU 
executions. Based on this simple and intuitive idea, we have 
implemented the first prototype system, as shown in Figures 4 
and 5. This system can display 3D graphics primitives without 
any commercial graphics library, such as OpenGL and 
DirectX. 

IV. Conclusion

In these days, typical graphics tools and application 
programming interface libraries are designed to support 
easy-to-use user interfaces and function calls. In the case of 
large-scale data visualization, the rendering speed is more 
important. This paper shows a new way of efficiently 
rendering large-scale rendering data, through the DRM 
packets. It shows reasonable speed-ups. 
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Abstract 

Risk information communication (RIC) in science and 
technology (S&T) should be facilitated in ways that reduce 
anxiety and the risk of damage occurring from danger, 
eliminate conflict among social constituents, and resolve 
distrust for S&T, and scientists and technologists, by 
providing accurate and reliable risk information in S&T. 

This study proposes a solution in which science museums 
are utilized to effectively communicate risks in S&T. Such 
establishments, their primary purpose being to provide a 
venue for education via exhibition, are ideal environments 
for enabling communication between experts and the 
general public, facilitating mutual exchanges of risk 
information in S&T. 

Whereas possible risks in S&T are frequently referred 
to in the general population, currently these risks have yet 
to be defined. Therefore, in this study a definition of the 
risks inherent in S&T, on the basis of diverse related 
legislations, policy reports and researches, will be provided. 
It is believed that this can serve as a starting point for 
future research, and hopefully the discovery of additional 
effective methods for RIC. 

One of the major causes of the issues in communication 
that tend to arise between those working in the field of 
science and the general public is the differing perceptions 
regarding what actually constitutes something being a 
genuine risk. Such differences in perception can at times 
result in a growing distrust of scientists and technologists 
in particular, as well as in the development of an 
increasingly negative view of S&T overall. The media, 
positioned as they are at the very center of RIC, sometimes 
create harmful effects by exaggerating the level of danger, 
oversimplification, or simply a lack of professionalism. 
Therefore, it is argued that there is a definite need to 
discover alternative avenues, ones which are more likely to 
consistently provide reliable and accurate information 
regarding the actual nature of the risk in question. 

This study proposes communication of risk information 
via science museums. First, those in Korea and other 
countries are introduced as being a place to communicate 
risk information in S&T. Then the interests of the public, 
and also the influence and functions of science museums, 
are analyzed in terms of the grounds and needs for them to 
contribute to RIC. 

The public interest of science museums, which is 
illuminated through the study of the history of science 
museums, related legislations and researches, is based on 
seven bases: 1) the laws, 2) who established them and 
subsequently enforces them, 3) the source of the fund for 
establishment and ownership, 4) the purpose of their 
establishment, 5) openness or accessibility, 6) public 
services and 7) public assets. 

Science museums influence the knowledge and attitudes 
of the individual. This influence is related to the 
enhancement of the level of knowledge level, and the 
subsequent change in attitude, required for accurate 
information to be communicated regarding the level of 
risk. 

The functions of science museums, along with their 
public interest, serve as the ground for the argument for 
RIC in S&T. The study sees as the grounds for it the 
functions of the science museum as a source of data and a 
place for experiences, education and communication. 

RIC in S&T needs discussion from the viewpoint of 
popularizing science because it shares the context with 
popularizing science pursuing the understanding of, and 
change of attitudes towards, S&T. This study has 
investigated the relationship between popularization of 
science and RIC of S&T from the perspective of a 
paradigm shift in popularizing science. It points out that 
there exist arguments on risks in S&T in this paradigm 
shift of the popularization of science from ‘ science 
culture’ to ‘popular understanding of science’, and 
further to ‘science in society’. This finding should be the 
grounds for the science museum, an agency of 
popularizing science, to initiate RIC in S&T. Theoretical 
grounds for science museums to initiate this 
communication of the actual risks to be found in S&T lies 
in the public interest in, influence of, function of, and 
popularization of science as shown in the literature review 
and case study. It is necessary, however, to examine 
whether or not science museums are actually capable of 
providing the conditions required to achieve success. 

This study presents the EPL Model for RIC. It enables 
communication in a plaza between Expert and Layperson. 
The science museums are where exhibition, experiencing, 
education and communication can happen. The present 
study focuses on this communication between science 
museums (P) and users (L) in the EPL Model, examining 
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whether science museums can serve for the users as an 
effective and efficient place for RIC. 

The responses received to the survey questionnaires 
handed out to the users of science museums have resulted 
in the following findings. 

First, science museums actually do offer the conditions 
required to serve as a place for the communication of 
information regarding the risks to be found in S&T. The 
propriety of a place for this purpose includes the function 
of a place of communication, reliability, the provision of 
information aligned with the level of the users, and diverse 
ways of communication. The results of the survey shows 
that science museums, though still insufficient in its 
communicative function, have strengths in exhibiting, 
education and experiencing, are high in reliability, provide 
information in a format that makes it easier to understand 
and learn, can do so at the level of the user, and have 
diverse ways of communication such as experiencing, 
visualizing, and collecting data. These findings indicate a 
high level of efficiency of science museums when it comes 
to RIC. 

Second, users of science museums saw a need for 
exhibition and education about the risks of S&T. 

Third, there exists a certain degree of correlation 
between the perceived level of risk and the level of interest 
in the risks to be found in S&T, between the perceived level 
of risk and the need for the education via exhibitions in 
science museums, the level of interest in risks and the need 
for education via exhibitions in science museums. In other 
words, the higher the awareness of the potential danger 
from risk factors in S&T, the higher the interest and the 
need for education via exhibitions. Conversely, the lower 
the awareness of the potential danger from risk factors in 
S&T, the lower the level of interest and the need for 
education via exhibitions. It indicates the need for science 
museums to educate the general public regarding the risk 
factors in S&T is affected by how high the danger is 
perceived to be. 

Fourth, the users of science museums demonstrated 
trust in the information provided by them. The level of this 
trust correlated with the level of trust in the science 
museum itself. 

On the other hand, the questionnaire survey on the users 
of science museums showed the popularization of science 
was related to the trust shown in the information provided. 

First, the higher the level of trust that the users had in 
S&T, the more positive their notion was that S&T can 
actually reduce risk factors, rather than making the 
judgement that S&T was in fact the originator of the risk 
factors. 

Second, users who evidenced a high level of trust in those 
working in science replied they believed such would in 
good conscience communicate frankly and honestly 
regarding any possible risks. 

Third, whereas accurate information regarding risk 
enhances trust, inaccurate information was found to only 
have a minor affect upon the level of trust in science and 
those working in the field. 

Based on the findings from the research so far, the 
present study has reached the following conclusion: 

accurate information regarding risk increases the level of 
trust in S&T, and those who work in these areas. Science 
museums should contribute to popularizing science by 
providing accurate information regarding risks to be 
found in S&T on the basis of public interest, influence, 
function and the users' needs. Science museums enjoy a 
high level of trust, and can therefore increase the level of 
trust in the information concerning risks that they provide. 
Science museums have the merits of exhibition, 
experiencing, and education, and various ways of 
communication via experiencing, visualization and 
collection of data. Therefore it is reasonable to suggest that 
science museums are one possible effective way of 
providing information regarding risks to be found in S&T. 

Keywords-Risk; Communication; Museum; EPL Model; 
Information; 

I. Introduction 

Risk information communication (RIC) in science and 
technology (S&T) should be facilitated in ways that reduce 
anxiety and the risk of damage occurring from danger, 
eliminate conflict among social constituents, and resolve 
distrust for S&T, and scientists and technologists, by providing 
accurate and reliable risk information in S&T. 

II. Paradigm

This study proposes a solution in which science museums 
are utilized to effectively communicate risks in S&T. Such 
establishments, their primary purpose being to provide a venue 
for education via exhibition, are ideal environments for 
enabling communication between experts and the general 
public, facilitating mutual exchanges of risk information in 
S&T. 

Whereas possible risks in S&T are frequently referred to in 
the general population, currently these risks have yet to be 
defined. Therefore, in this study a definition of the risks 
inherent in S&T, on the basis of diverse related legislations, 
policy reports and researches, will be provided. It is believed 
that this can serve as a starting point for future research, and 
hopefully the discovery of additional effective methods for 
RIC. 

III. Design Program

One of the major causes of the issues in communication that 
tend to arise between those working in the field of science and 
the general public is the differing perceptions regarding what 
actually constitutes something being a genuine risk. Such 
differences in perception can at times result in a growing 
distrust of scientists and technologists in particular, as well as 
in the development of an increasingly negative view of S&T 
overall. The media, positioned as they are at the very center of 
RIC, sometimes create harmful effects by exaggerating the 
level of danger, oversimplification, or simply a lack of 
professionalism. Therefore, it is argued that there is a definite 
need to discover alternative avenues, ones which are more 
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likely to consistently provide reliable and accurate information 
regarding the actual nature of the risk in question. 

This study proposes communication of risk information via 
science museums. First, those in Korea and other countries are 
introduced as being a place to communicate risk information in 
S&T. Then the interests of the public, and also the influence 
and functions of science museums, are analyzed in terms of the 
grounds and needs for them to contribute to RIC. 

IV. Modeling Program

The public interest of science museums, which is 
illuminated through the study of the history of science 
museums, related legislations and researches, is based on 
seven bases: 1) the laws, 2) who established them and 
subsequently enforces them, 3) the source of the fund for 
establishment and ownership, 4) the purpose of their 
establishment, 5) openness or accessibility, 6) public services 
and 7) public assets. 

Science museums influence the knowledge and attitudes of 
the individual. This influence is related to the enhancement of 
the level of knowledge level, and the subsequent change in 
attitude, required for accurate information to be communicated 
regarding the level of risk. 

The functions of science museums, along with their public 
interest, serve as the ground for the argument for RIC in S&T. 
The study sees as the grounds for it the functions of the science 
museum as a source of data and a place for experiences, 
education and communication. 

RIC in S&T needs discussion from the viewpoint of 
popularizing science because it shares the context with 
popularizing science pursuing the understanding of, and 
change of attitudes towards, S&T. This study has investigated 
the relationship between popularization of science and RIC of 
S&T from the perspective of a paradigm shift in popularizing 
science. It points out that there exist arguments on risks in S&T 
in this paradigm shift of the popularization of science from 
‘science culture’ to ‘popular understanding of science’, and 
further to ‘science in society’. This finding should be the 
grounds for the science museum, an agency of popularizing 
science, to initiate RIC in S&T. Theoretical grounds for 
science museums to initiate this communication of the actual 
risks to be found in S&T lies in the public interest in, influence 
of, function of, and popularization of science as shown in the 
literature review and case study. It is necessary, however, to 
examine whether or not science museums are actually capable 
of providing the conditions required to achieve success. 

This study presents the EPL Model for RIC. It enables 
communication in a plaza between Expert and Layperson. The 
science museums are where exhibition, experiencing, 
education and communication can happen. The present study 
focuses on this communication between science museums (P) 
and users (L) in the EPL Model, examining whether science 
museums can serve for the users as an effective and efficient 
place for RIC. 

V. Conclusion 

The responses received to the survey questionnaires handed 
out to the users of science museums have resulted in the 

following findings. 
First, science museums actually do offer the conditions 

required to serve as a place for the communication of 
information regarding the risks to be found in S&T. The 
propriety of a place for this purpose includes the function of a 
place of communication, reliability, the provision of 
information aligned with the level of the users, and diverse 
ways of communication. The results of the survey shows that 
science museums, though still insufficient in its 
communicative function, have strengths in exhibiting, 
education and experiencing, are high in reliability, provide 
information in a format that makes it easier to understand and 
learn, can do so at the level of the user, and have diverse ways 
of communication such as experiencing, visualizing, and 
collecting data. These findings indicate a high level of 
efficiency of science museums when it comes to RIC. 

Second, users of science museums saw a need for exhibition 
and education about the risks of S&T. 

Third, there exists a certain degree of correlation between 
the perceived level of risk and the level of interest in the risks 
to be found in S&T, between the perceived level of risk and the 
need for the education via exhibitions in science museums, the 
level of interest in risks and the need for education via 
exhibitions in science museums. In other words, the higher the 
awareness of the potential danger from risk factors in S&T, the 
higher the interest and the need for education via exhibitions. 
Conversely, the lower the awareness of the potential danger 
from risk factors in S&T, the lower the level of interest and the 
need for education via exhibitions. It indicates the need for 
science museums to educate the general public regarding the 
risk factors in S&T is affected by how high the danger is 
perceived to be. 

Fourth, the users of science museums demonstrated trust in 
the information provided by them. The level of this trust 
correlated with the level of trust in the science museum itself. 

On the other hand, the questionnaire survey on the users of 
science museums showed the popularization of science was 
related to the trust shown in the information provided. 

First, the higher the level of trust that the users had in S&T, 
the more positive their notion was that S&T can actually 
reduce risk factors, rather than making the judgement that S&T 
was in fact the originator of the risk factors. 

Second, users who evidenced a high level of trust in those 
working in science replied they believed such would in good 
conscience communicate frankly and honestly regarding any 
possible risks. 

Third, whereas accurate information regarding risk 
enhances trust, inaccurate information was found to only have 
a minor affect upon the level of trust in science and those 
working in the field. 

Based on the findings from the research so far, the present 
study has reached the following conclusion: accurate 
information regarding risk increases the level of trust in S&T, 
and those who work in these areas. Science museums should 
contribute to popularizing science by providing accurate 
information regarding risks to be found in S&T on the basis of 
public interest, influence, function and the users' needs. 
Science museums enjoy a high level of trust, and can therefore 
increase the level of trust in the information concerning risks 
that they provide. Science museums have the merits of 
exhibition, experiencing, and education, and various ways of 
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communication via experiencing, visualization and collection 
of data. Therefore it is reasonable to suggest that science 
museums are one possible effective way of providing 
information regarding risks to be found in S&T. 
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intelligence assistants’ features consisted of usability and 
interaction. Usability could be divided into three sub-elements, 
efficiency, flexibility, and functionality, also interaction 
comprises five sub-elements, visual appearance, satisfaction, 
acceptability, learnability, and attachment. 

 
TABLE I  

User’s Task 
 

No. Description 
1   This is lunch time. You can use only 30 minutes 

for lunch. Find the restaurant through 
intelligence assistants and capture it. 
(Key words: Find, Restaurant, Hungry) 

2   After lunch, it suddenly occurred to you that you 
forgot the slide when you will use for 
presentation this afternoon. Find the picture, 
“Thank you”, and capture it. 
(Key words: Search, Picture, Thank you) 

 
IV. Results 

A. Questionnaire 
 

The analysis of questionnaires could be divided into three 
groups by gender, types of intelligence assistant, and the 
elements of usability in the questionnaire. Totally 8 
sub-elements were considered, such as efficiency, flexibility, 
functionality, visual appearance, satisfaction, acceptability, 
learnability, and attachment. Each sub-element was composed 
of 1-3 questions.  
 
B. Task Completion Time (TCT) 
 

TCT could be analyzed by Analysis of variance (ANOVA). 
Table 2 shows the difference between intelligence assistant 
and gender. 

TABLE II  
ANOVA table with respect to mean TCT’s 

 
Source DF SS MS F-value P-value
AI 2 37155.6

8957 
18577.8
4479 

5.79 0.0046 

Gender 1 483.124
23 

483.124
23 

0.15 0.6991 

Error 74 237445.
6965 

3208.72
56 

- - 

Total 77 275084.
5103 

- - - 

 
In case of intelligence assistant, there were different (F(2,74) 

= 5.79, p = .0046). However, there was no significant 
difference between gender (F(1,74) = .15, p = .6991). 

Also, we analyzed the TCT through Tukey’s Studentized 
Range (HSD) tests and set the level of significance as 0.05 (α 
= .05). Its meant a probability of type I error. The minimum 
significant difference was 37.576. Therefore, we could deduce 
the results as follows. 

The difference between Google Assistant and Siri was 35.1 
and it was less than minimum significant difference (35.1 < 
37.6). Google Assistant and Siri were not statistically different. 
Moreover, Siri and Cortana were estimated by the Tukey 
Grouping that is identical of the relation between Google 

Assistant and Siri. The difference between Google Assistant 
and Cortana was bigger than minimum significant difference. 
Therefore, it classified another group by minimum significant 
difference (52.5 > 37.8). 
 

TABLE III  
Multiple comparisons with respect to mean TCT’s 

 
Tukey 
Grouping 

Mean N AI 

 A 111.34 26 Google Assistant 

B A 76.26 26 Siri 

B  58.87 26 Cortana 
 

V. Discussion 
 

In this study, we quantified UX of three intelligence 
assistants, Siri, Cortana, and Google Assistant. First, 
hypothesis of difference about TCT in gender, the gender 
hypothesis were verified as rejected. Thus, there was no 
difference in gender. However, the hypothesis of difference 
between three intelligence assistants have adopted. However, 
the result of Tukey’s Studentized Range test, confidence 
interval of Cortana and Google Assistant was not overlapped, 
due to they were different from each other. It meant Cortana's 
ability of performance speed is highest.  According to Analysis 
of questionnaire for female, Siri received favorable evaluation 
in all the elements. However, Analysis of questionnaire for 
male, the visual appearance, satisfaction, acceptability of 
Cortana was superior to Siri. 

In addition, it was unable to evaluate intelligence assistants 
in detailed for users because there are only two measuring 
variables. Also, there were only three intelligence assistants 
used for the task. Thus, it was difficult to generalize the 
quantification models or result. In this study, we quantified UX 
through evaluating experience for intelligence assistants. We 
expected that the achievement of this study offsets flaw of 
intelligence assistants and improve it in UX aspects. 
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Abstract 

 Chinese scholar Zhang Mingxin defined public service 
advertising as advertising activity to communicate 
beneficial social conception to public society with artistic 
technique of expression without seeking profit for direct 
purpose in Mystery of Public Service Advertising[1]. 
Public service advertising was originated in America in 
1940s, and conceptions related to public service 
advertising are advertising of public relations, social cause 
marketing, concept advertising, public advertising, etc are 
related to public service advertising. In 1986, Chinese 
public service advertising-Saving Water in modern sense 
appeared, marking that Chinese TV public service 
advertisement stepped into regular development road. 
Public service advertising transferred from few 
upper-class cultural hierarchies to common masses, and 
the whole social members became audiences of public 
service advertising via the medium of TV. Public service 
advertising pioneered equal and most convenient ways to 
widely contact cultural achievements of social main stream 
for social groups of various social hierarchies, so 
persuasive function of public service advertising should be 
emphasized.  

Keywords-persuasive function; TV public service advertising 

I. Social functions of TV public service advertising 

Public service advertising is an important component of 
modern mass media. Like other mass communication media, it 
uses audition sign of information as carrier of culture, and 
influences current cultural pattern via transfer of carrier on this 
culture. Chinese scholar Ni Ning pointed out that 
communication process of public service advertisement was 
not only communication of cultural conceptions, but also it 
was new construction of social culture continually on this 
basis[2].  

In 1948, Paul Lazarsfeld and Robert Merton proposed 
“enforcement functions of social regulation” of mass media on 
level of objective effect and influence of mass communication 
activity on social life of humans possibly in Mass 
Communication, Organized Social Activity of Common Taste. 
TV public service advertising provided positive cultural spirits 
for audiences via TV media sharing as a part of mass 
communication, and it also established high-quality cultural 
standard for the society[3]. 

 Influence of TV public service advertising on value 
orientation of audiences can change thinking way of people 
and create new atmosphere of ideological trend. Exactly as 
Melven L. Defleur mentioned in The Theory of Cultural 
Norms, function of communication tools is to communicate 
culture and construct culture and change people’s thought and 
behavior long and potentially[4]. 

II. Persuasive Function and TV Public Service
Advertising 

Explosive development of information media is 
accompanied by increasing amount of Chinese TV public 
service advertising year by year, and this phenomenon forces 
audience to face more and more scattered contents. All kinds 
of information is decomposed into fragments and obtained 
hurriedly by audiences. In hasty process of information 
obtaining, the audiences will not analyze information deeply, 
while similar information to self cognition will strengthen 
“self attitude” of audiences, embodying unconscious 
persuasion of the media-TV public service advertising on 
audiences. 

American scholar J.Gerbner thought “simulation 
environment” provided by communication media for 
audiences had great influence on cognition model of realistic 
society of people through relationship between violent crime 
content in the scenes on TV and real social crimes and related 
researches of influence of these contents on perceiving real 
society for people. Because of tendentiousness of public 
service advertising itself, when “simulation environment” in 
the information was different from conceptions of audiences 
themselves, this difference would affect audiences in long and 
subtle process, thus producing “cultivation” effect on 
cognition of audiences[5]. Audiences would also transform 
their attitudes under “cultivation” of content of public service 
advertising, namely that they were persuaded. 

E·Noelle-Neumann once pointed out that mass 
communication is an activity to provide information of 
external world and provide similar contents via channels, 
which surely causes major influence on people’s opinions and 
public opinions. In modern society, forming of public opinion 
was created by mass communication, and communication of 
public service advertising could act on audiences’ psychology 
of being afraid of loneliness and made them agree the product 
of this persuasive conception[6]. In this process, with 
influence of consonance effect, accumulative effect, 
ubiquitous effect[7], communication information of public 
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service advertising strengthened cognition of audiences and 
lingered in audiences’ cognition, making this conception kept 
as their own opinion. 
 

III. Conclusion 
 

 Persuasive function of public service advertising is not to 
enforce audiences to accept this conception in subjective 
consciousness. Instead, it aims to facilitate development of 
social culture and establish new social cultural norms, thus 
changing cultural thinking ways of audiences via mastering of 
finite audience population. Audiences accept information in 
frag-mental and fast-food information environment, thus it 
lowers precautions psychology of audiences on information 
and their trust on information is increased. Under influence of 
accumulative effect and consonance effect, related basement 
membrane is continually strengthened to form unconscious 
persuasive attitude. 

  For example, in modern society of rapid development of 
digital information, there is negative influence on audiences 
due to ideological deviation of media organizations 
unavoidably. Negative persuasion is conducted on audiences 
lacking media knowledge, such as “desire” and “money 
worship”, etc in films and TV programs. Public service 
advertising can make up deviated ideology of partial audiences 
via scientific and reasonable professional quality as one of 
effective media of mass communication. 

Public service advertising can provide positive cultural 
conceptions for audiences and deepen cognition degree of 
audiences on dead zone of knowledge; improve their cultural 
attainment, thus improving overall quality of the citizens. 
Public service advertising can also help audiences of deviated 
ideology to turn to common normal value of society, and guide 
partial audiences of illicit conception to move towards the right 
track.  

“Persuasion” has significant functions in aspect of 
reinforcing ideology of citizens as a function to guide others’ 
attitude to change towards persuasion purpose of the spreader.  
While persuasive function of public service advertising can 
deepen audiences’ cognition on culture and facilitate 
deepening of common ideology of society, and guide social 
members to draw close to positive social core values. It can 
also lower production of negative awareness and promote 
national stability and social progress effectively. 
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Abstract 
 

In this paper, we analyze the composition and size of the 
squad used in the US Army textbooks to create a more 
realistic scene in battle scenes for a large scale troop, and 
implemented it as a game AI. The basic algorithm of the 
implementation is based on Reynold’s steering behavioral 
algorithm, constructing a squad Formation, utilizing a 
combination of basic behaviors such as searching and 
arriving. Therefore realistic squad composition and 
realistic movement result I was able to get. 

 
Keywords : game AI, behavior algorithm 

  
I. Introduction 

 
The world's interest in AI is increasing day by day and its AI 

level is gradually rising. In the past, AI was an indispensable 
element of the game, and the early game AI caused passive and 
simple behavior depending solely on the player's behavior, 
such as hardware, graphics, and sound. However, AI began 
playing an increasingly important role in the game as the 
technological advances and people wanted to play more 
realistic and natural games. 

This paper presents techniques for making realistic 
representation of the movements of the infantry used in combat 
in various games. Implementation of infantry should take into 
account the implementation of group actions of squad, platoon, 
and battalion units based on individual military independent 
behavioral models. The most basic infantry operations in 
combat are based on unit-level combat, and this paper also 
focuses on how to express realistic unit-level behavior.  

A common technique used in existing games is to express 
this as a combination of individual actions based on Reynolds' 
traditional behavioral behavior (Steering Behavior) algorithm. 
However, battle scenes implemented without consideration of 
the actual squad's behavior have the problem of diminishing 
the reality. Therefore, the purpose of this paper is to express 
the large composition of attack team of 5 units and squad team 
of 11 units as a game artificial intelligence based on the data on 
formation of squad size used for actual infantry operation. The 
creation of these game AIs is worthy of study as a basis for 
more realistic squad combat simulations.  

The composition of this paper is as follows. First, chapter 2 
presents the analysis and considerations of the composition 
and basic structure used in the US Army textbooks. The 

detailed description of the implementation based on this and 
the experimental results are shown in Chapters 3 and 4, and 
finally the conclusions are given in Chapter 5. 

 
II. Composition of squad formation  

 
Basically, formation in units is used for the purpose of 

coordination with one platoon and other platoon on the ground, 
to deploy firepower to support direct firing, to minimize blind 
spots between squad members, and to facilitate combat . As a 
result, the commander must evaluate the situation and 
determine the optimal formation for the mission and situation. 

To do this, all squadrons and soldiers must have their own 
basic positions, and soldiers must be able to see their leader at 
that location. Likewise, the leader must be able to see his 
soldiers. By doing this, the leader can use them to direct them. 
The formation provides a 360-degree field of view to 
anticipate contact with enemies on the sides or fronts, and to 
take advantage of enemy attacks. formation  does not require 
precise alignment. Platoons and squads must maintain the 
flexibility to change to the size appropriate for their situation. 

The US Army squad in the US Army manual (Figure 2) is a 
combination of two Fire teams from Figure 1 Therefore, in 
order to form the formation of a squad, the formation of two 
fire teams must be formed first in the squad. 
 

 

Fig.1 Composition of Fire team 
 

 

Fig.2 Composition of Squad. 
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Basically, the formation of a fire team consists of a fire team 
wedge and a fire team file. Fire team wedge (Figure 3) is a 
basic form of the Fire team, which gives team members control 
and flexibility. It is also capable of immediate shooting in all 
directions and has excellent security because the view is 
distributed in all directions. Depending on the terrain, the 
wedge can expand or contract. However, it is difficult to 
control when the field of view is limited or narrow. 

Fig.3 Fire team Wedge. 

The Fire team file (Figure 4) is used to pass through 
restricted fields or terrain. Team members are very easy to 
control, but flexibility is lower than Fire team wedge. Instant 
fire on the sides is possible, but front and rear are limited and 
security is very low.  

Fig.4 Fire team file 

The formation of the US military squad is a combination of 
two fire teams. There are three types of Squad column, Squad 
line, and Squad file. 

The Squad column (Figure 5) is also flexible because it is 
good for controlling squad members and advantageous for 
tactical behavior with the basic formation of the squad. It has a 
wide fire range for the sides, but it is limited for the front. 
Security is excellent because the view is distributed in all 
directions. Rough terrain, poor visibility, or other factors, you 
can also modify the Squad column to an easy-to-control Squad 
file. If the terrain becomes rougher or easier to control on the 
way, the soldiers return to their original formation again.  

Fig.5 Squad Column. 

Squad Line (Figure 6) is used when maximum firepower is 
required for forward. As a result, the controllability is not as 
good as the squad column and the tactical behavior is limited, 
so the flexibility is not good. Security for front is good, but 
side and rear are vulnerable. It is used in assault because it 
provides maximum firepower for the front. 

Fig.6 Squad Line 

The Squad File (Figure 7) is used to pass through limited 
visibility or terrain. It is very easy to control, but is less flexible 
because it is very difficult to do tactical actions. Immediate 
shooting on the sides is possible, but the front and rear are 
limited. Security is very low. When you meet an enemy, it is 
not optimal formation, but it gives the leader maximum control. 
Leaders can be positioned forward or backward, and if they are 
located in front, they can raise squad's morale and make 
important decisions instantly. If you are located in the rear, you 
may be provided additional control over the formation rear. 

Fig.7 Squad File 

III. System configuration and implementation for
formation implementation 

Based on the above mentioned data, Unity 3D was used to 
implement it. First, implement fire team1 and fire team2. Fire 
teams are under the control of their respective team leaders and 
can make formation changes through them.(Figure 8, Figure 9) 
The way a team leader communicates commands to team 
members implements an event-responsive communication 
structure. In general, there are two methods for communicating 
using blackboard architecture and telegraph system. 

Among them, it is known that the method using the 
telegraph system is excellent in terms of implementation and 
performance in a small scale system. In this paper, we 
implemented communication between team members based on 
the telegraph system implemented by Buckland [6]. 
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Fig.8 Implemented team leader1, fire team1 and Fire team 
wedge. 
 

 

Fig.9 Implemented team leader2, fire team2, and fire team file. 
 

Then build a squad on top of the fire team, and join fire 
team1 and fire team2 that you built before. After that, we 
create a Squad leader for control the squad and make decisions. 
Then the team leaders, who are under the control of the squad 
leader are change the formation of a fire team that matches the 
current squad formation. 

Figures 10, 11, and 12 are examples of three basic formation 
that can be taken in a squad. A squad member may take a 
designated formation under the direction of the team leader 
and the squad leader. 
 

 

Fig.10 Iimplemented.squad of Squad column  
 

 

Fig.11 Implemented.squad of Squad Line  
 

 

Fig.12 Implemented  squad  of Squad File. 
 

IV. Result 
 

The prototype for the experiment constituted the test scene 
for the experiment which changed the basic squad formation 
appropriately according to the situation and when the 
experimenter moved the squad, we naturally wanted to check 
the formation change of the squad that fit the situation.  

For example, in one situation. If a squad leader enters a 
Jungle-like terrain with limited and difficulty of visibility 
while maintaining squad columns squad leader judge the 
situation and change formation into squad file specialized for 
backwoods movement. The team leaders then change his 
formation of fire team into a fire team file at the correct 
location in accordance with the squad leaderd's judgment 
(Figures 13 and 14). 
 

 

Fig 13 Change Squad column to Squad file. 
 

 

Fig 14 change to Squad file and break through the backwoods 
 

V. Conclusion 
 

In this paper, we propose a formation configuration of a 
squad as a basic unit for realistic squad combat. Based on the 
Fire team and squad configuration presented in the US Army 
manuals, we implemented five tactical configurations, and we 
were able to confirm the changes of squad formation according 
to the situation of the squad leader. 

At present, research has been conducted to confirm only the 
changes of the five tactical formation according to the most 
basic situation.  

In the future, we plan to develop a various  formation  
configuration and a platoon unit combat system by combining 
the decision structure of the unit commander and the five basic 
tactical units in various situations. 
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Abstract 
 
Color therapy has been employed to various industrial 

domains such as interior, textile, interface design so on. 
Conventional color therapy recommends colors defined on 
psychological knowledge and market surveys. These 
approaches can provide somewhat limited colors to the 
user; the colors have similar hue or tone. Therefore, we 
propose a novel color therapy that automatically estimate 
hidden relationship between colors and human emotions 
by probabilistic latent semantic analysis, and then 
recommends color combinations and paintings to the user 
according to their emotional state. For this, we crawl 
emotional landscape images from web and social network 
services and build ground truth by user study. We extract 
color compositions from the images and quantize them into 
occurrence vector. Finally, the probabilistic latent 
semantic analysis estimates relationship between emotions 
and color compositions, which is called as scale. The learnt 
scale is used to recommend the proper colors to the user. 
To evaluate the proposed method, we first measure the 
accuracy of predicting emotions hidden in image, and then 
analyze the recommended results with comparing the 
conventional color therapy.  

 
Keywords-Color therapy; Probabilistic Latent Semantic 

Analysis; Emotion recognition; Artworks recommendation. 

  
I. Introduction 

     
Color therapy (Color hearing) is a type of holistic healing that 

uses the visible spectrum of light and color to affect a person’s 
mood and mental health. Some colors are proved to have an 
effect on people who have brain disorders or people have 
emotional troubles [1, 2, 3]. For example, blue can have a 
calming effect, whereas red may have the opposite effect. 
Green is another color that can be used to relax people who are 
emotionally unbalanced. Yello can be used to help invigorate 
people who may be suffering from depression and improve 
self-confidence. According to this, color therapy has been 
slowly used in mental health treatment. In addition, Color 
therapy has been employed to various industrial domains such 
as interior, textile, interface design so on. Conventional color 
therapy recommends colors defined on psychological 
knowledge and market surveys. These approaches can provide 
somewhat limited colors to the user; the colors have similar hue 
or tone. 

Many studies have enabled computer to recognize human’s 
emotion or mood. In [4], they proposed and validated a novel 
methodology to automatically recognize facial emotions, which 
using a real-time face tracker output to define and extract two 
types of features, then use the features to train a machine 
learning classifier. A deep Convolutional Neural Network 
based approach was proposed to classify the emotions 
expressed by the primary human subject in static images 
extracted from movies [5]. A system using Support Vector 
Machines for classifying six basic emotions and neutral 
expression along with checking mouth status was proposed in 
[6]. 

Therefore, we propose a novel color therapy that 
automatically estimate hidden relationship between colors and 
human emotions by probabilistic latent semantic analysis, and 
then recommends color combinations and paintings to the user 
according to their emotional state. For this, we crawl emotional 
landscape images from web and social network services and 
build ground truth by user study. We extract color compositions 
from the images and quantize them into occurrence vector. 
Finally, the probabilistic latent semantic analysis estimates 
relationship between emotions and color compositions, which 
is called as scale. The learnt scale is used to recommend the 
proper colors to the user.  

To evaluate the proposed method, we first measure the 
accuracy of predicting emotions hidden in image, and then 
analyze the recommended results with comparing the 
conventional color therapy.  

 
II. Overview of the Proposed Method 

 
The goal of the proposed method is to automatically estimate 

relationship between colors and human emotions, and then 
recommend the proper colors based on learnt the relationship 
according to his/her emotional state.  

In order to the proper colors to the user, we first analyzes 
conventional color therapy based on psychological study. The 
recommended color has effects of enhancing good emotions 
such as ‘happy’ or relaxing negative emotions such as ‘angry’, 
‘surprise’ and ‘fear’. The color for same emotion usually are 
similar hue and tone each other. It is difficult to apply same 
therapy to various domain. Therefore, we map color and its 
function based on the psychological knowledge into 
Kobayashi’s affective model [12]. The Kobayashi’s model 
contain 180 affective words and consists of these words and 
color features that can be extended from one color to three or 
five combitations. For mapping them, we select the relevant 
colors and words in the Kobayashi’s model. Table 1 shows the 
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A Method for Procedural Building Destruction from Houdini to UE4 

JiaNi Zhou, Tae Soo Yun 

Department of Visual Contents 
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Abstract 

With the continuous improvement of Unreal Engine 4’s 
function, Unreal Engine 4 is no longer only used in the 
field of game development, the production of video 
content made by Unreal Engine 4 is gradually becoming 
popular. This paper was to propose a method of 
procedural building destruction workflow for 
high-quality visual effects in the form of a Houdini Digital 
Asset(HAD), also implement procedural building 
destruction with UE4 what made by Houdini, break 
through the barriers between the two pieces of software. 
This workflow brings the advantage of Houdini’s special 
effects capability to Unreal Engine 4. On the other side, 
Unreal Engine 4 provides more exhibition space and 
application opportunities for the special effects produced 
by Houdini. 

Keywords; Houdini; procedural building destruction; Unreal 
engine 4; workflow 

I. Introduction 

The fragmentation effect can be seen everywhere in the 
film and television works. The concrete implementation 
methods of broken special effects can be summarized into 
three categories. Firstly, location shooting. It refers to the 
blasting, collision and other means to destroy the real object 
or scene, and the actual process of broken objects. Although 
this production mode can obtain the realistic visual effect, 
high production costs are inevitable. When it comes to 
filming security, location shooting is not an ideal solution. 
Secondly, miniature model photography. Miniature model 
photography refers to the simulation of the crushing effect by 
simulating the crushing scene of the miniature model. This 
method saves the cost of production, but it can't quite 
simulate the realistic effect on the visual effect. Thirdly, 
Digital effects. Digital effects are a virtual crushing effect, 
which is made by using computer graphics technology, 
combined with modeling, dynamics, rendering and other 
technologies. This method not only can simulate a variety of 
crushing effects, and the visual effects are also very close to 
the truth[1]. Therefore, at this stage of the production in the 
field of film and television, most producers choose the way of 
making use of Digital effects to simulate the crushing effect. 
The film and television work famously for their visual impact 
are all produced by Digital effects, such as "Inception", "The 

Day After Tomorrow" and "2012". 
The production process proposed in this paper belongs to 

the field of digital effects, which uses the special effects 
software Houdini to produce the rigid body crushing effect of 
the building. And the results of the Houdini production will 
be imported into Unreal Engine 4 for real-time rendering. 
This process not only summarizes the broken process of the 
rigid body in Houdini, and explores how to create special 
effects into the Unreal Engine 4 material, and it breaks the 
barriers between the two software. The significance of using 
Unreal Engine 4 to demonstrate the broken effect is that it is 
not only used in the field of game development but also can 
be used to produce video content such as animation or movie. 
But Unreal Engine 4 is not as powerful as Houdini in the 
special-effects production plates. Therefore, if the effects of 
Houdini can be converted into the form that can be used by 
Unreal Engine 4, the special effects field of Unreal Engine 4 
is undoubtedly an important reinforcement. At the same time, 
Unreal Engine 4 also provides more display space and more 
application possibilities for Houdini's special effects. 

II. Houdini and The Crushing Effects

Fig. 1 illustrates the overall process of producing the rigid 
body crushing effect of the building and importing the 
Houdini production into the Unreal Engine 4 for real-time 
rendering. 

A key objective of this study is to figure out how the effects 
of Houdini can be converted into the form that can be used by 
Unreal Engine 4. This solution connects Houdini with Unreal 
Engine 4  as a complete workflow(Fig. 1). 
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Fig. 1 The Schematic Diagram of Our Method 
This section describes the production process of rigid 

body crushing in Houdini. Also, the process of special e
ffects produced by Houdini importing to  Unreal Engine
 4 is also presented. 
 
A. Classification of broken effects in Houdini 
 

The crushing effect made with Houdini can be divided into 
two kinds according to the material characteristics of the 
broken object. 1.The rigid body crushing. It refers to the 
phenomenon that the object does not deform when it is 
subjected to external force, leading to the disintegration of the 
object, and the rigid body is broken to simulate the collapse 
of the hard object such as the building collapse and the glass 
crushing. 2.The soft body crushing. It means that the object is 
deformed and cannot be restored to its original shape when it 
is squeezed by an external force. This type of fragmentation 
is often used in the crash of cars, biological objects hit and 
other malleable materials. The architectural crushing effects 
of this paper belong to the field of rigid body crushing, and 
the hard structure of the building is subjected to internal force 
and external force, which leads to its own disintegration. In 
this paper, the physical phenomenon is restored in Houdini by 
using the model and combining dynamics. 

 
B. Case analysis of Houdini's production of rigid body 
crushing effects 
 

Because of the powerful function of Houdini software, 
there are many films and TV works that use it to produce 
rigid body crushing special effects. The movie "2012" 
restores the chaos of Los Angeles in the days of the 
apocalypse, which requires a large number of buildings to 
collapse(Fig. 2). The production team used the Houdini 
software geometric fracturing tools and rigid body dynamics 
simulations to make spectacular buildings collapsed[2]. The 
movie "Inception" uses the same idea to create the scene of a 
city collapse in a dream, using a Voronoi diagram to simulate 
the shape of a broken wall. The film "Captain America: Civil 
War" also uses Houdini's rigid body image to create a 
realistic building collapse. "The Day after Tomorrow", 
"Spider-man: the Return of the Hero" and "Independence 
Day: Resurgence" all use the Houdini software to create the 
rigid body crushing effects[3]. 

 

 
 

Fig. 2 Broken scene in “2012” 
 

III. Analysis of the process of building crushing effects in 
Houdini 

 

A. Model production 
 
The model is divided into three steps: model building, 

model splitting and model integration.The first step is the 
model building. It creates a cube model in the Houdini and 
changes the shape of the model to the shape of the wall. The 
second step is model splitting. It uses the scatter node and 
Voronoi fracture node to split the uneven walls into pieces. 
Voronoi diagram is a widely used mathematical concept that 
can produce natural fracture shapes, which has an important 
guiding role as the core of Houdini rigid body crushing 
special effects[4]. The third step is model integration. It 
copies the finished wall model and then splices it together 
into a complete cube, and makes a cuboid of 3*2*4 after it is 
copied by splicing cubes. The assembled cuboids are treated 
as basic models of buildings. The preparation phase of the 
model is now complete. The specific effect is shown in the 
figure(Fig. 3) below. 
 

   
 
Fig. 3  Split the walls into pieces 
 
B. Setting the constrains 

 
Binding is the key control of the building of the crushing 

process. Setting the binding process can be divided into five 
steps, including create dynamics network, create constraint 
network, create glue constraint, clustering pieces, 
complimentary dual glue constraints(Fig. 4). 

 

 
 

Fig. 4 The flow chart of setting the constrains 
 

Setup simulation dynamic network refers to all the pieces 
of the model that will produce the basic effects of building 
collapse with the effects of gravity and rigid bodies. The most 
important of these are rbd-packed-object node and 
rigid-body-solver node. The two nodes are used to simulate 
the default rigid body fragmentation effect in the Houdini 
software, and then assign the gravity node model. After 
completing the foundation effect of the building collapse, 
further details of the collapse need to be adjusted, which is 
closer to the reality. Creating constraint network is to 
establish a mutually constrained force between each piece of 
architecture. The presence of restraint makes the building a 
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whole, and it makes the building no longer collapse instantly 
when it breaks. The interaction between each fragment makes 
the broken process more random and more consistent with the 
physical laws of reality(Fig. 5).  

Fig. 5 Building broken, a) Without constrains& b) With constrains 

Creating glue constraint contains the sticky connections 
between the pieces of the building and the foundation that is 
not affected by external forces. Glue constraint relationship 
node can establish the cohesive connection, let construction 
debris have a certain viscosity, thus making the whole 
building surface has a certain hardness. A collapse occurs 
only when external forces exceed the surface hardness of the 
building. By adding and making foundation node, the purpose 
of setting up a foundation which is not affected by external 
forces is that in the real situation, the superstructure often 
collapses, but the foundation part can be preserved intact. 
Clustering pieces are to simulate the phenomenon of debris of 
collapsed buildings would produce sizes, use voronoise node 
can give the whole building model color texture(Fig. 6). 
Fragments of the same color are reduced to the same cluster, 
resulting in a large number of buildings with different shapes 
and sizes.  

Fig. 6 Voronoise effect & Visual color grouping 

Through the expression, the complementary dual glue 
constraints separate the building surface model from the 
model inside the building. It reduces the adhesion strength of 
the building's surface model to make it easier to fall off, while 
the internal stuck strength of the building slows down at the 
time of the collapse. The internal and external strength 
differences are also more consistent with the actual 
construction collapse, the outer wall first spalling and then 
the skeleton structure inside the building collapse. The 
binding work is done here, and the specific node connection 
is shown in the figure below. It is useful to sum up and set 
binding. Through various binding additions, the link between 
the pieces of the building and the structure of the whole 
building is more rationalized. It is also prepared for the next 

steps to apply external forces[5]. 
C. Add  force 

In film and television works, the collapse of buildings is 
not only affected by gravity, sometimes accompanied by 
internal explosions or external shocks. The addition of force 
makes the crushing effect of building more real and rich. 
Adding force can be summed up in three steps. First, create 
metaballs. Second, add the force. Third, force optimization. 
Metaballs are created by connecting the metaballs node with 
the force node to achieve the creation of metaballs. Metaballs' 
role is to give metaballs, and metaballs' movement inside the 
building hits the debris in the building, causing the building 
to spatter when it collapses. After the force has been added, it 
enters the stage of force optimization. First, it adjusts the 
scope and location of the explosion, which results from 
metaballs. So it sets up a separate group of building models 
that overlap with the location of metaballs, making metaballs 
acting only on the model that the group contains. In order to 
produce multiple explosions in visual effect, It can combine 
the vdbfrompolygons node and get-pieces node to get the 
internal structure of the building. Metaballs randomly appear 
at any location within the internal structure in order to create 
multiple explosive points.Finally, it regulates the force 
intensity of metaballs and the binding intensity of the 
building debris, etc., until the test of the crushing effect of the 
building is satisfactory. The specific effect is shown in the 
figure below(Fig. 7). 

Fig. 7 A single force point & Multiple force points 

D. Visual optimization 

After finishing the debugging of the crushing effect, it 
enters the stage of visual optimization. It can be divided into 
two steps: map optimization and model refinement. It refers 
to the distinction between the external material and the inner 
material of the building. In the real life, the exterior wall of 
the building tends to be covered by a uniform coating or 
building materials, while the inner material of the wall is the 
material of the original stone or brick. Therefore, It is of great 
significance to simulate the actual building crushing effect. 
The wall model has automatically separated the two regions 
from inside and outside, merging all the models in the inside 
region into a group, merging the outside region model into 
another group. This completes a basic distinction between the 
internal and external models of the building and then assigns 
different maps to make the distinction. The model refinement 
refers to the further refinement and deformation of the debris 
of the building, making it more consistent with the actual 
visual effect of the building debris. At this stage, the 
cross-section of the building debris is very flat, which is not 
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in line with the actual situation in real life. So it is necessary 
to add concave and convex shape features to the cross-section 
of the building debris. The pointvop node, the turbnoise node, 
and the add node are connected in sequence and finally 
connected with the output node to complete the change of the 
building debris shape. The significance of turbnoise node is 
to give the fluctuation rules of the turbulence to the surface of 
the model so that the shape and wiring of the model are 
convex and distorted. To adjust the amplitude of pointvop can 
control the degree of deformation model(Fig. 8). After 
completing the visual optimization phase, you can enter the 
export steps of the special effects file. 

Fig. 8 Building model optimization a) Before & b) After 

IV. From Houdini to UE4

In Houdini, the entire fragmentation model with material 
grouping on the primitive hierarchy is imported into the OUT 
hierarchy. Export Fbx formats files via rbd_to_fbx node. Fbx 
file, as a general 3D file format, can also be recognized in 
Unreal Engine 4. The FBX file derived from the Houdini 
contains the architectural model and the map, and the 
animation of the entire broken building rigid body. Create a 
project in Unreal Engine 4, import the Fbx file exported from 
Houdini to the content folder in Unreal Engine 4, and drag 
the model file to the 3D window of Unreal Engine 4. And 
modify the animation mode of the model into use animation 
asset, and then drag the animation file of the name ending to 
the menu bar of anima to play, so that the animation file is 
associated with the model. Click the play button in the Unreal 
Engine 4, you can see the broken process of building models 
in the 3D window. Finally, edit the inside and outside two 
material, building internal and external mapping can be 
assigned to the model. At this point, the steps to import the 
Fbx file into Unreal Engine 4 are completed(Fig. 9). After 
creating CameraActor and adding level sequence in Unreal 
Engine 4, the whole process of building rigid body 
fragmentation are recorded by capture movie, and the final 
sequence frame is output. 

Fig. 9 Internal and external material separation, a) Low quality & b) 
High quality 

V. Conclusion and Proposals 

This paper analyzes and summarizes the production process 
of rigid body crushing in Houdini. The production process of 
rigid body crushing can be divided into four parts: model 
making, binding force, adding force and visual optimization. 
It makes a general summary of the actual operation process of 
each production link. It summarizes and demonstrates the 
production process of architectural rigid body crushing effect 
in Houdini, which can provide a reference for the research 
field of rigid body fragmentation. It summarizes and 
summarizes the tedious production process, and provides a 
more clear and complete production ideas. Houdini and 
Unreal Engine 4 is also an important research value of this 
paper. Fbx files are widely used in the field of 3D video game 
production and are widely used by the software. After the 
actual test, this paper confirms the special effects produced 
by Houdini can be displayed normally in Unreal Engine 4 
after exporting the FBX file, so the barriers between Houdini 
and Unreal Engine 4 are eliminated successfully. As a game 
engine, Unreal Engine 4 is not only widely used in the field 
of game production, but with the continuous improvement of 
its function, it has begun to show an upward trend in the field 
of image production. Therefore, Unreal Engine 4 provides a 
broader display space for special effects produced by Houdini. 
On the other hand, Houdini has an unshakable position in the 
field of special effects production as a professional special 
effects production software. The addition of Houdini brings 
great reinforcement to the special effects of Unreal Engine 4. 
The effects that Unreal Engine 4 cannot achieve in the past 
can be produced by Houdini now. 

In the future research will further improve the construction 
of special effects of building collapse process. In the 
production of rigid body crushing effect, the material part of 
the building model needs to be further enhanced, and the fine 
degree of rigid body fragmentation can be further improved. 
This paper simulates the crushing process of the rigid body in 
the collapse of the building, and the collapse will also 
produce effects such as smoke and fire. So if you want to 
simulate a visually stunning building collapse, you need to 
add more visual effects to the atmosphere. In addition, Unreal 
Engine 4 also has the ability to produce rigid body 
fragmentation. In future research, the production process of 
Houdini and Unreal Engine 4 software can be compared and 
studied. 
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Abstract 

As the important component factor of the park, the 
guiding system becomes the key to improve the parking 
service. With the increase in urban car ownership, the 
surge in demand for urban public car parks has evolved 
into a global problem. With the maturing of the 21st 
century information Communications technology and 
materials technology, the guidance system of public car 
park needs to be reformed in order to better meet the 
parking demand of users. This study focuses on the public 
park of the Busan Jinhai International Airport, and 
investigates the use of pain points for the guidance system 
when using the airport park by the administrators and 
drivers of the park. In order to gain insight into user needs 
and service contact points, the research process uses 
ethnographic and interview survey methods, and draws 
the service blueprint and customer groceries map. The 
results show that in the guide system of the park of Busan 
International Airport, it is the key to solve the problem 
that the guide marking is vague, the guidance information 
is vague, the lack of guidance details, the difficulty of user 
feedback and the lack of the guidance sensor. By 
proposing the design strategy of optimizing the guiding 
system of the airport park to provide humanized guiding 

service, so that the service quality of the public car park’s 

guidance system is improved. 

Keywords-Public Parking Lot；Sign System; service design; 
pain point; 

I. Research Background 

With the recovery of the global economy, the South Korean 
economy began to improve and showed steady growth. 
Among them, South Korea's automobile industry growth trend 
performance is obvious. According to statistics, as of August 
2017, South Korea's domestic car sales increased by 11.7% 
compared with the same period in 2016. As the second largest 
city in South Korea, Busan has a personal vehicle registration 
of nearly 100,000 vehicles. With the increase of personal car 
ownership in Busan, Busan parks will face many parking 
problems. Public car park, as a city planning and construction 
and public building supporting the parking of social vehicles 
for the business car park, will provide the public with a large 
number of parking spaces, which also led to the public car 
parks to solve the problem of urban parking is an important 

public space. It is essential to improve the efficiency and 
experience of public car parks by optimizing the guiding 
facilities, guiding signs, guiding planning and guiding 
processes of public car parks. 

As an important transportation hub in South Korea and East 
Asia, the annual throughput of Busan International Airport is 
maintained at around 15 million people. As shown in table 1, 
the number of total passenger and total flights has increased 
linearly since 2012, at Busan International Airport. In the face 
of such a huge flow of people, as an important airport 
transportation hub, the Busan Jinhai International Airport car 
park is required to provide quality public parking services for 
the public and passengers, especially the need to set up 
excellent car park guidance services to effectively prevent 
parks to appear the problems of parking slowly, so as to speed 
up the use efficiency of the airport car park. At present, Busan 
Jinhai International Airport has three public car parks, totaling 
more than 4,000 parking spaces. 

Fig1.  Busan International Airport  No.of passengers 
Busan Official Information Center 

II. Research Objective and Research Method

In this paper, the service design method is used to analyze 
and study the guiding system of the parks of Busan 
International Airport, aiming to excavate the key problem 
points of the parking guidance system of Busan International 
Airport, and put forward the corresponding countermeasures. 
Through field observation and face-to-face interviews, find 
out the key pain points of the park Guide System of Busan 
International Airport; To find out the key needs of improving 
the car parking guidance system of Busan International Airport 
by drawing the service blueprint and the customer journey map, 
to provide guidance for the design direction to improve and 
optimize the car park guide system of Busan International 
Airport. 
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This article adheres to the idea of human-centered design, 
takes the guiding system of the park of Busan Jinhai 
International Airport as the research object, analyzes the user 
pain points of the airport park managers and users as the 
research crowd, and puts forward the key directions to improve 
the guiding system. In order to meet the parking guidance 
demand of Busan International Airport, the purpose of 
improving the service of the airport car park is finally 
achieved. 

III. Case Study

3.1 Ethnographic & Interview 

During the initial stages of Ethnographic and Interview, on 
the one hand, it is necessary to conduct on-the-spot 
observation of the guidance system of  Busan Gimhae 
International Airport parking lot and grasp the actual situation 
of the guidance system of the parking lot, including the type, 
quality, distribution and scale of the guidance identification. 
On the other hand, it is necessary to formulate corresponding 
interview questions, processes and ways according to the 
interviewees. Finally, according to stakeholder relations, we 
demarcated the interviewees within the range parking lot 
administrators and drivers. 

The Ethnographic and Interview this time were conducted in 
a face-to-face interview way. According to interview questions 
formulated in advance, we interviewed three administrators 
and four drivers. During the interview, we also used photos 
and recordings to collect information. In the paper, a 
administrator and a driver are listed as examples respectively. 

TABLE I 
INTERVIEW&PROBLEM 

Character Manager 

Photo 

Age 56 

Problem 

1. The driver did not look at the sign but
always asked. 
2. All the letters on the floor are erased and
can not be seen. 
3. From 6:00 am to 9:00 pm and 6:00 pm to
9:00 pm, the two time periods will be long 
lines. 

Character Driver 

Photo 

Age 32 
Driving 

experience 8 years 

Problem 

1. Can not understand the sign.
2. It is neither visible nor understood, nor does
it obscure. 
3. The marking of the inlet and outlet shall be
improved. 

3.2 Service Blueprint  
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Fig. 2 Service Blueprint 
3.3 Customer journey map 
 

 
Fig. 3  journey map 

 
3.4  Pain Points and Service Improvement Schemes 
 

In this chapter, through the sorting and conclusion of the 
problem points of the 7 interviewees, and drawing on the 
service blueprint and customer itinerary diagram, we found 
five groups of pain points, they are: A.guidance identification 
is fuzzy; B. guidance information is vague; C.guidance details 
are missing; D.users’ feedback is difficult; E. lack of guidance 
sensor. Aiming at the five groups of pain points, we refined the 
design keywords for optimizing guidance system of Busan 
Gimhae International Airport parking lot, respectively, 
Readability; Meaning; Detail; Feedback; Inductors. Through 
the detailed description of the five keywords, designed the 
corresponding optimization scheme. 
 

TABLE II 
PAIN POINTS AND SERVICD IMPROVEMENT SCHEMES 
 

Pain points A Improvement schemes 

 

Guidance identification is 
fuzzy 

Readability 
1. Stereoscopic dentification; 

2. 2Big size identification; 
3. Intuitive identification; 

Pain points B Improvement schemes 

 

Guidance information is vague

Meaning 
1. Figurative symbols; 
2. Symbols of expressive po 
-wer; 
3. Interesting symbols; 
4. Symbols that conform to user 
conceptual models; 

Pain points C Improvement schemes 
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Guidance details are missing 

Detail 
1. Detailed guidance infor- 
mation; 
2. The guidance infomation is 
combined as a guide 
identification for people to 
observe. 

Pain points D Improvement schemes 

 

Users’ feedback is difficult 

Feedback 
1. Feedback information table; 
2. Record of problem and 
opinion; 

Pain points E Improvement schemes 

 

Lack of guidance sensor 

Inductors 
1.outdoor sensor with simple 
structure; 
2. can be quickly installed and 
removed; 

 
V. Conclusion 

 
Through service design method, such as interview and make 

Service Blueprint and Customer journey map, have deeply 
excavated the use pain points of the airport parking lot 
administrators and drivers for airport parking guidance system. 
The service blueprint describes in detail the relationship 
between each service link and the pain point when the users 
use the parking lot guidance system. Customer itinerary 
diagram describes the relationship with pain points at the 
aspect of emotional change. Five groups of pain points are 
sorted out and summarized, and 5 corresponding design key 
words are put forward to guide the design scheme to improve 
the problem of guidance system. Aiming at the pain point A, 
we designed a stereoscopic large size logo for enhancing the 
Readability of the guidance system. Aiming at pain point B, 
we select more specific and expressive guide symbols to 
enhance the Meaning of the guidance system. Aiming at the 
pain point C, we combine the detailed guidance information 
into a guidance identifier to compensate for the Detail of the 
guidance system. Aiming at the pain point D, we designed a 
feedback information table which can be used for 
communication to improve the feedback communication. 
Aiming at the pain point E, we conceived a simple outdoor 

sensor that users helped the parking management system detect 
if the parking space was vacant. 
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Abstract 

In October, UNESCO’s International Advisory 
Committee added Joseon dynasty’s missions to Japan, 
co-submitted by Korea and Japan, to its Memory of the 
World register. However, the records of the so-called 
comfort women, the sexual slavery victims of the Japanese 
imperial army during the Second World War, were denied 
a place on the register due to Japan’s resistance. The issue 
of sexual slavery, a historical fact from a half a century ago, 
remains a sensitive and complex problem for Korea, China 
and Japan; entangled with political interests of the three 
nations, resolution may not come so easily. 
This research studies a Korean film and a Chinese 
documentary which addressed sexual slavery to explore 
contemporary perspectives on the issue along with a 
discussion of their aesthetic difference. In addition, in 
relation to how the films were disseminated to the public, 
the societal implications of crowdfunding, a rising 
production method for visual contents in the era of SNS, 
will be explored. 

Keywords; Films on sexual slavery, crowdfunding, <Spirit’s 
Homecoming>, documentary <22>,  

Ⅰ .   Introduction :  
Sexual Slavery Victims Enter the Public Sphere of 
History; <Spirit’s Homecoming> and <22> 

The so-called comfort women were the sexual slaves who 
were forced to serve the Japanese military during the Japanese 
military invasion over Asia. Numerous records on the Nanking 
Massacre and atrocities in Korea show the Japanese army 
engaging in invasion, pillage, and killings in China and Korea 
during the Second World War. Women not only from China 
and Korea but also from the Philippines, Malaysia, Vietnam 
and Russia were forced into sexual slavery; but the Japanese 
government is yet to issue a sincere apology or 
acknowledgement of its wrongdoing. Whereas there have been 
consistent calls for national compensation and accountability 
in Korea, China have remained relatively quiet on the issue; 

however, with the recent production of documentary films on 
the issue, it would appear that China too is turning to take a 
more proactive stance on its history. 

<Spirit’s Homecoming> took 14 years in the making from 
the moment the director Jungrae Cho found an inspiration in 
<Young Ladies Burning> by Ms. Ilchool Kang, a former 
sexual slave, while he was still at university. <22> from China 
is a sequel to the director Gwe Ke’s first work <32>; the 
number of surviving former sexual slaves has fallen from 32 to 
22 

Table 1.  <Spirit’s Homecoming> & <22> 

              fig 1.  movie Poster  <Spirit’s Home comming>,  <22> 

This research examines the social functions are roles of films 
on sexual slavery as a ‘public sphere experience’ described by 
Jürgen Habermas. Expanding on the concept of ‘public 
sphere,’ Miriam Hansen’s notions of media and cultural 
studies will be studied to address the public sphere role of film 
industry through an examination of the crowdfunding 
successes of the two films. 

Category <Spirit’s Homecoming>, 
Korea 

<22>, 
China 

Genre Low-budget 
Independent Film  

Documentary film

Director Jungrae  Cho Gwe Ke (郭柯 ) 
Box office Attendance 3.59 million 15 million 

Production Costs 2.5 billion  KRW 0.4 billion KRW 
Profit (Estimated) 12 billion  KRW 15 billion KRW

Crowdfunding Revenue 1.2 billion KRW 0.17 billion KRW 
Number of 

Crowdfunders 
75,000 30,000 
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II.   How <Spirit’s Homecoming> and <22> addressed 
sexual slavery 
A. <Spirit’s Homecoming>: Requiem for the Deceased 

 
In <Spirit’s Homecoming>, the atrocities experienced by 

two girls in sexual slavery are represented in great detail. 
Considered uncomfortable by some spectators, a key scene is 
when sexual slaves are exploited in group by Japanese soldiers. 
The director takes a kite camera to pan from room to room to 
show Japanese soldiers waiting in line for their turn and each 
rooms where women are being taken advantage of; some 
question whether this scene was really necessary. The director 
Jungrae Cho has stated in media interviews that he wanted to 
emphasize how the collective system, the state, scarred the 
souls of individuals. <Spirit’s Homecoming> was also 
criticized on a scene where it was suggested that healing those 
scars could only be done with a shaman ritual through another 
female victim of sexual violence.  
 
B. <22>: Why life is important – message of healing and 
restoration 
 

Whereas <Spirit’s Homecoming> was based on testaments 
and in-depth interview with former sexual slaves to present a 
narrative which consoles those souls who have yet to return 
from foreign lands, China’s <22> shows the serenity of daily 
lives. The latter presents an old lady in her eighties doing 
household chores and living with a half-Japanese son whom 
she had during sexual slavery. The director Gwe Ke has 
mentioned in an interview that, because the director’s first film, 
<33>, had hurt many ladies who had been interviewed for the 
film, <22> was made with more restraints to give resonance 
through ordinary scenes. <Spirit’s Homecoming> based on 
historical facts and the documentary <22> showing the daily 
lives of surviving figures both show characters singing 
‘arirang’ to move the viewers and console the surviving. 
 
 
Table 2.   Key Scenes from <Spirit’s Homecoming> and < 22> 
 
 Film    Home coming Documentary 22 
 
 
 
Main 
Motif 

left : Young Ladies Burning  
Right: 32 surviving former sexual slaves 

 
 
 
 
Narra
tive  

<Spirit’s Homecoming>: Past–Pluperfect- Present,  
Three layers of Present <22>: Testaments and daily lives 
of  
survivors in the present narrative 

 
 
 
Key 
Medi
um 

 

<Spirit’s Homecoming> : Eunkyung, a shaman, conducts
 a consoling ritual to bring back the soul of the friend of  
Younghee, a survivor, who finally frees herself from guilt 
<22> : What consoles and heals the survivors is  
ordinary life and communication with the director and 
crew     

 
 

III.  How <Spirit’s Homecoming> and <22> met the 
public: Crowdfunding 

. 
Even after the script was completed, the director struggled to 
finance <Spirit’s Homecoming>. Eventually, he turned to 
crowdfunding to raise 1.2 billion KRW to bridge the gap in 
project finance and finish the film. <Northern Limit Line> and 
<26 Years> had previously used the same method to finance 
their making. The director Gwe Ke of <22> had been inspired 
by <Spirit’s Homecoming> and decided to run a crowdfunding 
project in China during the final stage of making; the Korean 
production company which had worked for <22> also 
facilitated the crowdfunding project. As shown in [Fig. 3], 
three minutes of ending credit shows the list of all funders. 
 

 
 

  Fig. 2  Funder’s List in the ending credit in <22>  
  

The same was the case for <Spirit’s Homecoming> where 
about half of production costs 1.2 billion KRW, which was 
raised through crowdfunding. The names of 77,270 citizen 
funders are shown for 10 minutes during the ending credit. 
This is in itself another moving scene in the film. 
  

      
 

Fig. 3. Funder’s List in the ending credit in  
<Spirit’s Homecoming> 
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Fig. 4. The last wish of the old Japanese military sexual slavery 
survivor. 

IV. Conclusion

Recently, films and documentaries based on historical facts 
are raising awareness of the long-forgotten reality. The history 
of sexual slavery, common to both Korea and China, has led to 
the film <Spirit’s Homecoming> and the documentary <22> to 
move tens of millions of people in the era of SNS.  

<Spirit’s Homecoming> attracted 3.6 million box office 
viewers – the highest figure yet for a Korean film about sexual 
slavery. It also recorded the largest crowdfunding success in 
Korean cinema by raising 1.2 billion KRW. <22>’s 
crowdfunding success might have been moderate in 
comparison, but it generated a big social issue and added to the 
diversity of Chinese cinema where commercial films are in 
dominance. Future research should address the socio-cultural 
implications of crowdfunded films in Korea and China along 
with visual-aesthetic analysis so that the impact of 
historically-based visual content on the public in the era of 
SNS can be examined in depth. 
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Abstract 
 
  Television, as a most exposed media and an important 

supplier of spiritual products for the elderly, should play a 
positive role in alleviating the aging process. However, in 
China, there are very few TV programs that are based on 
the potential demands of the elderly. It is precisely in this 
context that the topic of this paper has more practical 
significance. 
  This article mainly investigates the characteristics of the 
times and the demands of contemporary elderly people. 
Finally, around the demands of the elderly, a few 
representative elderly TV programs are chosen to carry 
out specific analysis, in order to provide some research 
basis and evidence for planning and producing TV 
programs that are more in line with the demands of 
Chinese elderly group. 

 
Keywords-Aging; elderly TV program; family separation; loss 

of authority; information enclosure 

  
I. Introduction 

     
Aging of population has become an unavoidable problem in 

the world. With the intensification of aging, how to provide a 
good spiritual and cultural environment for the elderly; and 
how to build a "positive aging" society have become a concern 
of the country and society. 

 In the daily life of the elderly, TV is the media they contact 
for the longest time. Therefore, in-depth theoretical study on 
the elderly TV programs has great significance for promoting 
the construction of harmonious elderly society. 

After reviewing a large number of literatures, this paper 
summarizes that the elderly TV programs are studied in the 
foreign journals from the aspects of the relationship between 
TV media and elderly, the TV ratings data and the satisfaction 
surveys on the elderly. The representative papers include: 
Robert W. Kubey's Television and Aging: Past, Present, and 
Future; Nancy Ziegler's How older persons are portrayed in 
television advertising: Implications for educators; John Bell's 
In Search of a Discourse on Aging: The Elderly on Television; 
The Relationship between Watching of TV Health Programs 
and Practice of Health Behaviors among the Elderly published 
in 2011 by Hyun-Jung Lee, Jae-Young Park; and A Study on 

the Image of Elderly People in TV News and Educational 
Programs published in 2014 by KIm Suk and Park Joo-Yeun. 

Despite such a severe aging trend, there are scant theoretical 
researches concerning TV programs for Chinese elderly in the 
Chinese academia. The studies are focused on three aspects: 
the importance of elderly programs; existing issues; and how 
to improve the quality of programs. The representative works 
are: Xia Yunyan's Discussion on the planning of elderly TV 
programs in 2001; Li Jianhua's Aging era calls for TV 
channels for the elderly in 2007; Zheng Chengfa's Status and 
development strategy of elderly TV programs in 2014; 
Deficiencies and improvements of elderly TV programs 
published by Wang Huimin in January, 2015; etc. 

This paper carries out research around the characteristics of 
the times and the demands of contemporary elderly based on 
the Chinese elderly TV programs, which is a direction and 
attempt of deepening the theoretical research. It not only helps 
the Chinese TV industry better adapt to the elderly audience 
and better meet the elderly People's viewing demands and 
spiritual and cultural life, but also provides some theoretical 
reference and ideas for the academia. 

 
 

II. Theoretical background 
 
  To actively cope with the aging of population, a series of laws 
and policies including the Revised Law on Protection of 
Elderly Rights, the Twelfth Five-Year Plan on the Aging 
Undertakings in China, etc. all point out that the media need to 
assume the social responsibilities of meeting the elderly 
people's spiritual and cultural demands and comforting their 
hearts, which should give full play to the functions of 
disseminating information, providing entertainment and 
coordinating social relations to establish a platform for 
communication between all sectors of society, thereby meeting 
the spiritual and cultural demands of the elderly and promoting 
the harmonious development of society.  
  The more targeted the TV programs for elderly in terms of 
arrangement and production, the better they can meet the 
spiritual demands of the elderly and enhance their joy of life, 
which can even solve their problems. Therefore, the 
introduction of elderly TV programs undoubtedly reflects the 
society's understanding of the elderly group and spiritual care, 
which plays an important role in building a harmonious 
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society. 
  In this paper, the TV programs tailored to the elderly 
audience by the provincial-level or above TV stations in China 
are analyzed statistically, which finds that there are only 13 
programs targeted for the elderly, such as "Sunset Glow", 
"Wonderful Old Friends", "Parents around China" and "Maple 
Leave are Red". 
  The above survey on the status quo of elderly TV programs in 
China is just the foundation of study, while the characteristics 
of the times and the demands of contemporary elderly are the 
focus of theoretical research. Only by understanding the 
characteristics of the times and the potential demands of the 
contemporary Chinese elderly, can we produce TV programs 
that are really suitable for the elderly group. 

III. TV program demands of Chinese elderly

A. Characteristics of the times of contemporary Chinese 
Elderly 

We can summarize two factors that influence the 
characteristics of the times as social factors and cultural factors. 
It is under the joint influence of these two factors that the 
contemporary Chinese elderly show a series of characteristics 
of the times, such as: family separation, loss of family 
authority and information enclosure. 

A.a. Family separation 

 Influenced by the 'filial' culture, family-based caring is the 
dominant mode of eldercare in China, where the offspring 
plays a very important role in the later life of elderly. However, 
the implementation of 'reform and opening up' and 'one-child' 
policies has led to an increased number of empty nest families, 
so that the elderly people live alone, suffering spiritual 
loneliness. The traditional Chinese culture, on the contrary, 
advocates independent personality and values spiritual life. 
Therefore, family separation has become an important factor 
affecting the spiritual life of the elderly. 'Family separation' 
prompts the elderly people eager to acquire knowledge about 
entertainment and living. Just as Wang Xihua and Zhou Huafa 
mentioned in the Correlation between quality of life, sense of 
loneliness and subjective well-being among the elderly1, the 
"empty nest phenomenon in China increased the pension and 
mental health risks of elderly people, who are eager to 
exchange and communicate with others to ease the spiritual 
loneliness. Meanwhile, they also hope to get knowledge about 
living, in order to better their solitary life. 

A.b. Loss of family authority 

  The family ethical ideas of 'benevolence & filial piety' uphold 
the supremacy of parents. However, after the establishment of 
socialist system, the feudal patriarchy has gradually lost its role, 
with family relations developing gradually towards democracy, 
equality and freedom. In addition, with the implementation of 
'one-child' policy, the families with single child have been 
dominant, and the intergenerational center of family has 
tended to younger age. These "lead to the 'preference of child 
to elderly' and 'valuing of upbringing over eldercare' 

phenomena"2. Regarding the 'loss of family authority' problem, 
Ma Lina, Tang Zhe et al. stated in the Effects of Familial 
Factors on Mental Health of Elderly People in Beijing that 
"the change in the authoritative position of elderly people let 
them feel the indifference and desolation of family members. 
To get the attention and respect of the family, the elderly group 
usually pays special attention to major domestic and foreign 
news events, in order to make contributions to the state and 
nation and to prove their value."3 This also reflects the elderly 
people's demands for love and respect. 

A.c. Information enclosure 

  The Commentaries on Yi reads that "The man of honor will 
strive constantly for self-improvement" and that "Work hard 
all day long, keep pace with the times". Influenced by such a 
progressive outlook on life, the Chinese elderly people have 
the desire to continue to seek knowledge. However, the 
"Cultural Revolution" has led to low cultural and educational 
level of contemporary elderly people, coupled with the 
increasingly weak ability to learn, many technological 
products and new things are daunting to them, which limits 
their access to information. The 'information enclosure' 
problem is also the reflection of elderly people's demands for 
acquiring information on life and enriching knowledge. For 
example, Zuo Meiyun, Liu Bobo et al. mentioned in the 
Construction and Application of Information Demand Model 
for the Elderly that "Chinese elderly people have low level of 
education. Coupled with slowness of accepting new ideas, they 
are rather informationally closed. For better living, they have 
the demands for accessing to information on life and enriching 
knowledge."4 
In summary, the three characteristics of the times of the 

contemporary Chinese elderly people, i.e. family separation, 
loss of family authority and information enclosure, reflect that 
they have demands in three aspects: love and respect, life 
service and entertainment, as shown in Fig. 1: 

[Fig. 1] TV viewing demands of Chinese elderly people 

IV. Case analysis of Chinese elderly TV programs

  This chapter analyzes in depth the design intention, effect of 
elderly TV programs in China and the satisfaction degree of 
elderly group's demands through case studies. 

A. Reflection of entertainment needs 

  Taking the 'Funny Life' broadcast in 2016 by the "Wonderful 
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Old Friends" as an example, this program invites 
older-generation comedians to talk about their apprenticeship 
days in the form of interviews. The narrative process is 
combined with singing and artistic performance, so that the 
audience can enjoy themselves. 
  Themed by the traditional Chinese opera that is favored by 
the elderly group, the program presents the familiar films, 
familiar faces, familiar music and familiar scenes to the elderly 
audience via on-site interviews with the older-generation 
opera artists. Such a program is apt to strike a chord among 
elderly group and let them recall memories and find tranquility. 
The opera singing and artistic performance part uses positive 
and happy emotional appeal instead of negative, pessimistic 
moods to help elderly group overcome the loneliness and 
silence in their later life, which meets the elderly people's 
demands for getting entertainment to ease the spiritual 
loneliness. 

B. Reflection of demands for love and respect  

  Each episode of "Wonderful Old Friends" has a dating 
section, which helps the elderly people choose objects of their 
affection through the exchange with each other and the 
one-on-one in-depth interviews by the host, so as to care about 
the love life of elderly groups. The topics like 'Eighty-year-old 
mother sues her son', 'Meddlesome Luo Guanzhang' and 'Love 
affair' broadcast by "Sunset Glow" in 2016, as well as 
'Seventy-year-old man's wedding trip' and 'Home with 
quadruplets' broadcast by "Parents around China" in 2016 
convey the society's respect and care for the elderly group from 
the perspectives of realization of personal values, affirmation 
of elderly authority, filial piety, etc.  
  The topics of the programs are set up targeting the issues in 
the elderly society like the separation of family and the loss of 
authority in family, which not only reflect the society's 
understanding and caring for the feelings of elderly, but also 
meet the elderly people's needs for love. Concerning the 
selection of themes, the news figures and news events are used 
to discuss the filial piety, eldercare, education and value 
realization based on the topics and events of elderly group's 
concern, so as to help them access to more information, which 
conveys the society's respect for the elderly people and 
affirmation of their values. 

C. Reflection of life service demands 

Among China's existing TV programs for the elderly, 
"Wonderful Old Friends", "Sunset Glow" and "Maple Leaves 
are Red" all provide services to the elderly groups targeting 
their demands for acquiring knowledge about life and health, 
in order to help them live a better life. 
  Among these programs, the topic 'Drama artist's 
reminiscence of wonderful life' broadcast by "Wonderful Old 
Friends" in 2016 invited the elderly group's favorite theater 
artists to share funny stories during travel and talk about the 
significance of travelling; recommend the most suitable way of 
travelling for the elderly people, and specify the expenses and 
shortcomings, in order to provide inspiration for the audience 
and encourage the elderly people to be delighted in travelling. 
The episode 'Healthcare regimes for the elderly' broadcast by 
"Sunset Glow" in 2016 provided healthcare knowledge to the 

elderly group with the longevity experience of two longevous 
elders as the main line. The professional elderly healthcare 
program "Maple Leaves are Red" invites experts in each 
episode to explain the health knowledge and correct the wrong 
knowledge, which introduce health care, medical knowledge 
and life tips to the elderly audience. 

V. Conclusion 

  All of the Chinese elderly TV programs surveyed are 
arranged and designed targeting the demands of elderly people, 
which meet the elderly group's needs for recreation, living, as 
well as love and respect.  
  During their arrangement and production, the elderly TV 
programs should first study and analyze the characteristics of 
the times of the elderly group, and dig deeper into the potential 
demands hidden under the characteristics of the times, so as to 
carry out the program design around the needs of the elderly. 
Such a design idea can better meet the spiritual needs of the 
elderly, and promote the formation of a harmonious society. 
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Abstract 

 A shorter form of Chinese animation school ‘Chinese 
School’ refers to animation works which started in 1950s, 
went through a period of maturity in the 1960s, and made 
significant achievements in 1970s-80s with remarkable 
Chinese features. This concept explains the birth of the 
Chinese School as well as its development and heydays 
relatively accurately. ‘Chinese School’ animation has left 
huge achievements during the development of Chinese 
animation, and this study seeks to find the content and 
meaning of such achievements by examining them. This 
has an important meaning to the workers in the Chinese 
animation industry. This paper aims to review the impact 
of traditional colors on animation modeling in Chinese 
traditional colors. 

Keywords: Chinese School Animation; Traditional Chinese 
Color; Metaphor 

1. Introduction

The aesthetic method of metaphor through color and the 
traditional notion of color are deeply related with an ethnic 
group, nation, and region, and different life habits create 
differences in the sense and understanding of color. Thus, 
analyzing the meaning expression of colors such as cultural 
and generational differences and psychological implication 
can enhance the expression of animation and the 
understanding of an ethnic culture that has different 
environments. A visual element, color has very important 
roles in visual aesthetics, atmosphere of the background, 
environmental characteristics, object’s narration, main 
character’s personality expression, metaphorical setting, etc. 
Also, the color in a screen we see gives descriptions about a 
natural environment and object as well as give meanings 
through expression and metaphor by reflecting the animator’s 
animation intent on a character’s emotion. Thus, a color 
language allows an animator to show the visualization of a 
series of incidents in an animation to audience, acting as a 
unique medium of communication between the animator and 
audience. 

This study examines the expression forms of Chinese 
traditional color in a Chinese School animation and lays the 
foundation of analysis on Chinese School animation by 

establishing, developing, and classifying the concept of 
Chinese traditional colors. Also, this paper analyzes the 
application and metaphor of Chinese traditional color and the 
traditional view of color in the animation works of Chinese 
School. By analyzing the influences from the philosophical 
view of color such as the 5 Elements theory of Chinese 
traditional color, Confucian view of color that started from 
‘proprieties’ and ‘patience’, and the Daoist view of color 
through worshipping ‘black’, this study clarifies the 
characteristics of Chinese traditional colors. Through this, by 
revealing that Chinese traditional colors give the aesthetic 
effects of ‘Chinese Beauty’ and ‘artistic conception’ on 
animation, this paper seeks to draw strengths of Chinese 
ethnic style on Chinese traditional colors to advance the 
Chinese animation industry by using them.  

II. ‘Chinese School’ Animation

 A shorter form of Chinese animation school ‘Chinese 
School’ refers to animation works which started in 1950s, 
went through a period of maturity in the 1960s, and made 
significant achievements in 1970s-80s with remarkable 
Chinese features. The ‘Chinese School’ animation started 
when CEO Te Wei of Shanghai Art Movie Production in 
1957 presented a slogan ‘Let’s find the path of ethnic style’.  
China’s ethnic art, which includes painting, sculpture, 
architecture, doubles, plays, ‘folk art’, ‘paper cutting’, 
‘shadow play’, and ‘Sehwa’ painting formed in the long 
history of China, provides immeasurable subject matters to 
the various types of animation genre. That is why ‘Chinese 
School’ animation holds strong ethnic characteristics for 
theme, forms, and depiction. First, ‘Chinese School’ 
animation is China’s ethicized animation. “Chinese School’ 
animation does not only reflect China’s living culture and 
psychology but also implements living method and 
reasonable method to succeed to traditional art and its 
mentality. Also, reflecting on the culture heritage of this kind 
of ethnic, in the process of combining modernism artistic 
characteristics of animation, ‘Chinese School’ animation 
started to form different artistic expression method and 
independent style. Through this kind of process, ‘Chinese 
School’ animation formed a characteristic and independent 
flow in the world’s animation field. Heritage of traditional art 
was consciously collected in the background of Chinese 
traditional culture. By observing and succeeding, Chinese 
animation formed a beautiful, systemic, and artistic style.  
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 Secondly, animation of ‘Chinese School’ focuses on 
thoughtful meaning. So, educational meaning has become 
deep, simple, or clear for each work. Never was this 
expression given up. When looking at the source of this kind 
of animation phenomenon and tendency, ‘Shieunji’ – based 
on the cultural background of China as a whole’ can be said 
to be naturally succeeded of literary history. Therefore, 
‘entertainment’ art characteristics of ‘Chinese School’ was 
composed. ‘Entertainment’ is a characteristic of ‘Chinese 
School’ to be aware. This does not mean ‘doctrine’ and 
‘entertainment’ exist but has different aspect of different 
country’s animation and ‘Chinese School’ among forming 
relationship between ‘teaching’ and ‘music’.  
 Third, animation of ‘Chinese School’ gives laughter to 
people. This is not just simply laughter but the purpose is to 
acquire education from the laughter. Fourth, animation of 
‘Chinese School’ pursues expression of mentality or dignity 
through image and seeks for artistic stage between similarity 
and difference. The width of the design of movement is not 
very big and rhythm and taste are focused to seek for 
beautification and refinement of movement in daily life. The 
characteristic called ‘background’ of Chinese School is very 
unique.  Animation of ‘Chinese School’ shows painting 
methods of ‘using white as black’ and ‘actual situation’ of 
traditional painting. Also, ‘background’ here is not ‘not’ but 
‘empty’ and ‘drawing is beautifully peculiar stage where 
drawing is not seen’. Fifth, ‘Chinese School’ animation is 
very creative for color use. Sixth, ‘Chinese School’ 
animation’s artistic expression method sets focus on intention. 
This is to share pulse with China’s traditional art. Intention 
and lyricism in China’s traditional art is not necessarily 
irrelative with the influence of Daoism. Daoism’s art 
mentality seeks for freedom and liberation to set a kingdom of 
free mentality.  
  

III. Uniqueness of the Colors of ‘Chinese School’ 
Animation 

 
For western animation, China’s traditional color is not a 

feature that depicts the optics and color but rather more close 
to cultural expression or thoughtful inheritance.  

The formation and development of view of color are 
closely related to differences of area, culture, and religion. 
Understanding about color is different according to nations 
and ethnic. Above all, in China’s color culture development 
process, philosophical color of thoughtful area caused to 
influence to concept and forms of color.  
  The long history of China’s color gradually formed unique 
color system with various forms and ethnic features. 
Traditional view of color was influenced by China’s 
traditional philosophical thoughts such as Yin-yang & five 
elements of the Universe, Confucianism, and Daoism. 
Therefore, the ideology of animation of Chinese animation 
cannot be parted from traditional philosophy view of color.  

The sense about using Chinese traditional colors is closely 
related to depth and psychological structure of Chinese 
people’s culture. Above all, Yin-yang& five elements of the 
universe sets the basis of Chinese color theory to provide a 
reason model to people. Chinese people interpret everything 

of the world based on Yin-yang & give elements of the 
universe.   

China’s traditional view of color sets basis on the view of 
the world of Confucianism, Daoism, and Buddhist. To 
summarize the characteristics of traditional view of color 
based on each ideology and thought, for the view of color of 
Confucianism, Confucian – the creator of Confucianism – 
follows the properties on the awareness of color, where 
Confucianism’s view of color has the basic size of five 
elements and five colors. An example is comparing or 
explaining something by color. This is the most important 
characteristic of color. Also, the view of color of Daoism’s 
main characteristic of Daojia view of color is interpreting 
degree with color. Therefore,  

Therefore, the view of color of Daojia is “No color that 
creates five colors.” And, it also has the meaning 
“Mysteriousness in mysteriousness, degree of all 
mysteriousness.” Lastly, the view of color of Buddhist 
compares or expresses wisdom through color. For example, 
yellow is the most precious color of Buddhist thought and it is 
the color of the heavens.  

When analyzing the view of color of Chinese School 
Animation from 1948 to 1989, there are 21 black/white and 
color animations, and there are 15 animations that have 5 
colors. Among these animations, there are 5 animations that 
combined Buddhist view of colors. There are 7 animations 
that are based on black and white. Among these, there is 1 
animation that combined five colors. There are 16 animations 
based on Buddhist view of colors and 4 are combined with 
five colors.  

Because color has cultural meaning, intention of color and 
aesthetic differences exist in ethnic color between different 
areas and countries. While the society is industrialized and 
becomes information-oriented, the distance between nations 
are becoming close and cultural differences are reducing, but 
there is still clear difference in color and this is especially 
shown in East-West Asia’s animation art  

 
(1) U.S. 
Disney animation has good cinematic effects and seeks for 

strong color visual, using various colors to make the same 
mood as reality.  

 
(2) Disney 
French animation among European animation has 

differentiated attraction and different nations. French 
Animation <Beautiful City Trio> has the artistic characteristic 
and humor of French with ethnic colors of France. Especially, 
new visual color has been given to the viewers by using dark 
colors by copying work style of a European artist.  

 
(3) China 
Color in ‘Chinese School’ animation focuses on desertion, 

implication, and intrinsic beauty and dignity. ‘Chinese 
School’ focuses on the artistic stage and emotion. For artist 
emotion, force is preferred. While focusing on ‘holding 
back‘ and ‘hide’, ‘sharing’ and ‘change’ are also focused.  

Chinese traditional painting focused on ‘superb spirit’ and 
‘artistic sage’. ‘Chinese School’ animation color used 
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Abstract 

 Worldwide successful animations often reflect the 
trends of the times and ethno-cultural characteristics 
featly. This is because, in addition to the industrial and 
economic aspects, it is necessary to consider the inherent 
tendencies and cultural characteristics of audiences. In 
this thesis, we would like to analyze the ethnocultural 
characteristics of the animation of the early "Chinese 
school" and seek the direction of successful production of 
Chinese animation. 

Keywords-"Chinese School" Animations; Ethnocultural; 
cultural; traditional;  

I. Introduction 

Looking at the examples of world-widely successful 
animations, such as (Winter Kingdom, 2013), (Minions, 2015) 
from the United States and (your name is 2016), (One Piece, 
2016) from Japan, it can be known that it reflects its own 
ethnocultural characteristics, while being following the trends 
that highly regards personal life. Such cases expanded the 
possibility to be embraced their own national culture by 
audiences of various countries, by reflecting in the animations 
as expressional elements, rather than directly expressing their 
culture. 

  In contrast, contemporary Chinese animations, unlike 
animations standing out its ethnocultural characteristics of the 
early "Chinese school" [1], have accepted only the technical 
part from overseas and been producing works with imitating 
the United States and Japan. Development through imitation 
can vitalize the industry, but its sustainability declines and 
settles as a factor impeding its own developing. Therefore, in 
order to build a foundation for sustainable development for 
Chinese animations like the cases of the United States and 
Japan, it is necessary to analyze the trends of the global market 
along with the progress of technology and to prepare a proper 
environment to reflect the ethnocultural characteristics. In this 
thesis, we analyze the ethnocultural characteristics of the early 
"Chinese School" animation and try to seek the successful 
production direction of Chinese animation. 

II. History of the "Chinese school" animation

The animation in China was started producing through Art 
Prize "Hundred Flowers policy" suggested from Mao Zedong 
in 1956. This gave animation producers the effect of 

encouraging the creation of work and resulted in improving the 
quality of animations. Early Chinese animations were mostly 
made for political propaganda and educational purpose. 
However, centering around the Shanghai animation studio 
(Shanghai Animation Film Studio), Te Wei, the founder and 
the first president of the "Chinese school", laid the foundation 
for the development of Chinese animation, with asserting 
"Chinese nationalism" which emphasizes China's unique 
culture. Since then, the "Chinese School" has produced 
numerous animations, animations based on their own culture 
became famous all over the world. However, since Chinese 
animation producers at that time were able to continue their 
works with the government's support and according to 
government's demands, so it was not necessary to consider the 
trend of the times. This caused the shortage of the market 
competitiveness of the "Chinese School" animation and acted 
as a factor to make it disappeared from the market after the 
year 2000. Today, the Chinese animation industry has 
developed a lot by accepting successful cases and technologies 
from overseas, but it is a reality that Chinese inherent 
ethnocultural characteristics are lacking. 

III. Ethnocultural characteristics of the "Chinese school"

Ethnocultural characteristics of the early "Chinese school" 
animation can be arranged as five categories (traditional 
thought, expression technique, color, music, modeling) as 
shown in Table 1. 

 One of the ethnocultural characteristics of the "Chinese 
School" animation, 1)Traditional thoughts are produced using 
the folk legend, cultural masterpiece, mythology, comedy, 
proverb, and civilian year painting, based on Confucian 
ideology and virtue of Confucius and Mencius which are the 
representative thoughts of China[2].  

 This means that Chinese traditional thoughts emphasize the 
responsibility, the spirit of struggling against the powerful 
authority, the humility, and the attitude of excluding conceit. 
This expresses the independent searching spirit, and shows it is 
possible to achieve the goal if there is a willingness to do. 

2) Expression techniques are developed through
continuous research by former generation artists Million 
brothers, Te Wei, Money Jiajun, Hu Jinqing, Yu Zheguang, 
Yan Dingxian, Xu Jingda, Duan Xiaoxuan, and utilize 
techniques used for civilian performances unique to China 
through forms such as ink paintings, wooden dolls and paper 
dolls. 

3) The color of the "Chinese school" animation was made
based on Chinese unique the color of five (blue, red, black, 
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white, yellow) [3]. This forms Chinese unique selecting habit 
of colors transmitted from ancient times, and the tendency of 
aesthetic. 

 It expresses the character and background of the animation 
by embodying the unique image used for colors. 

4) The music and sound of the "Chinese School" animation
are using traditional Chinese instruments such as Pipe, 
Heptachord, Suona horn, Erhu, Gong, Drum, etc. It expresses 
cultural characteristics through folk songs from various ethnic 
groups in China and also depicts the story and atmosphere of 
animation through sound. 

5) Animation modeling of the "Chinese school" can be
divided into the person and the background, and the modeling 
a human figure has mostly expressed the characteristics 
through the makeup used in the Peking Opera. And, it creates 
the atmosphere of background modeling with utilizing ancient 
mural paintings, architecture, landscape paintings, Dunhuang 
mural paintings, etc. 

IV. Conclusion

In the thesis, we analyzed the ethnocultural characteristics of 
the early "Chinese School" animations to seek the direction of 
successful production of Chinese animation. Most of the 
successful animations of the world used the trend of the times 
and the national culture of their own country as expressional 
elements so that audiences can embrace them easier. The 
current Chinese animations have achieved sufficient 
development, in terms of technology, but there is still a lack of 
the base for own development, unlike the cases of successful 
animations in the world. The ethnocultural characteristics of 
the early "Chinese school" animations examined in this thesis, 
can be considered as expressional elements that can apply in 
the stage of Chinese animation production in the future. 
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Categories Characteristics 

1)Traditional
Thought

-Expressing Confucian ideology and virtue of 
Confucius and Mencius 
-Expressing folk legend, cultural masterpiece, 
myth, comedy, and proverb 
-Use of civilian year paintings as objects  
-Representative works <The monkey king>, 
<Feeling from mountain and water> 

(Scenes expressing Confucian ideology) 

2)Expression
Technique

-Expression using ink paintings, wooden dolls, 
paper dolls, etc.  
-Expression adapting civilian performances 
-Representative works <little tadpole to find her 
mother>, <shepherd> 

(Scene well-shown the ink painting technique) 

3)Color

-Representation of colors based on the color of 
five 
-Representative works <Prince Nezha's Triumph 
Against Dragon King>, <Monkey King 
Conquers the Demon> 

(Scenes well-shown the color of five) 

TABLE I 
ETHNOCULTURAL CHARACTERISTICS AND 

REPRESENTATIVE WORKS OF THE "CHINESE SCHOOL" 
ANIMATION 

Categories Characteristics 

4)Music

-Use of Chinese traditional musical instruments 
such as Pipe, Heptachord, Suona horn, Erhu, 
Gong, Drum  
-Psychological expression using Chinese folk 
songs 
-Representative works <Sheperd> <The Proud 
General, a.k.a. The Conceited General> 

(Scenes well-shown the Chinese traditional 
musical instruments) 

5)Modeling

-Representation of person modeling using the 
Peking Opera makeup 
-Representation of background modeling 
utilizing ancient mural paintings, architecture, 
landscape paintings, and Dunhuang mural 
paintings 
-Representative works <The Proud General, 
a.k.a. The Conceited General>, <Legend of 
Sealed Book, a.k.a. Secrets of the Heavenly 
Book> 

(Scenes well-shown the Peking opera makeup) 
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Abstract 

Nano sized metal structures occompany a unique 
resonance phenomenon which is named as surface 
plasmons (SPs), a collective oscillation movement of the 
free electrons in the metal. Since SP resonance appears at 
visible light range, plasmonic structures widely used for 
imaging devices such as displays and CMOS imaging 
sensors. In addition, metal-based and very thin (~ 
hundreds nm) structures have high potential to be formed 
shape-free electronics like flexible, foldable, stretchable, 
and any other kinds of shape-transformation. I suggest a 
novel structure concept for augmented reality based on 
transparent liquid crystal displays. Especially, the detail 
technologies of the plasmonic component are presented 
with experimental results. Plasmonic structure 
participating in color appearance of the device was 
designed in terms of the imaging device which mixes real 
environment and digital information.   
Keywords: imaging device, surface plasmon, nano 
photonic structure, augmented reality, color electronic 
device 

Keywords-component; Plasmonics, Nano structure,
Augmented reality 

I. Introduction 

Beyond an aggressive competition to develop large size 
screens in earily 2000’s, their have been dramatic advances in 
display technologies: super high resolved displays; novel 
display types with new light emitting materials such as organic 
light emitting diodes, quantum dot, micro light emitting 
diodes; three dimensional displays such as light field, 
holography. In recent years, these technical trends help using 
displays not only for representation of information but also for 
combining digital information with real situation.  

A variety types of extended reality electronics including 
virtual reality or augmented reality(AR) are introduced have 
been introduced with their interesting usages, but there still 
remain manu problems to be solved in terms of a user’s 
viewing experience. Glasses type AR electronics generally use 
a tiny projection system, which project additional digital 
information in the glass screen. In this case, it is difficult to 
adjust the light intensity balance between emitting light 

(projected in the glass screen, additional information) and the 
embient light passing through the glass (real scenery).  

In this paper, I suggest a novel structure concept for 
augmented reality based on transparent liquid crystal displays 
(LCDs). The device without any emitting component controls 
the transmission intensity through the glass by liquid crystal 
layer. Especially, it contains a novel multi-functional layer 
which works as an electrode and color filter simultaneously.  

II. Transparent display structure simplified by combined
with plasmonic color electrode 

Figrue 1 shows the schematic of the proposed device 
structure. Compared to the conventional LCDs, backlight unit 
is removed. In addition, a novel component named ‘color 
electrode’ functions as the substrate, color filter and electrode 
at the same time. The suggested structure generate the 
additional digital information by the degraded light intensity 
through the LC layer. The color electrode induces the electric 
field into the LC. The LC changes the polarization state of the 
light passing through the device, and finally the transmission is 
controlled.  

(a) 

(b) 

Fig. 1 Schematics of (a) the conventional device structure of liquid 
crystal displays (LCDs), and (b) the proposed structure including 
nano photonic based color materials (plasmonic color) 

The technical convergence produced by nano technologies 
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has spurred the development of novel transparent, flexible, 
stretchable, and other multi-functional devices. Among the 
many interesting features of nano structures, they have the 
remarkable ability to produce colors when they interfere with 
visible light. A nanostructure inspired by the components of a 
Morpho butterfly’s wing appears vivid blue without any 
colored ingredient.1 Such structurally colored materials are 
being increasingly introduced as an alternative to conventional 
color technology.2,3 Unlike synthesized dyes or pigments4, a 
nano structure produces color based on simple design rules. In 
addition, structurally colored materials have higher stability 
when exposed to chemicals, heat or light than organic 
synthesized color materials. 

For reproduce colors, surface plasmon enhanced metallic 
nano structure. We previously reported on plasmonoic color 
filters, including their design method and integration on 
realistic devices5; the fabrication method for large area 
applications6; and an MNA-based plasmonic filter integrated 
on transparent TFTs, which had the effect of improving the 
instability of TFTs under light7. In the same vein, the proposed 
structure in this work, the color electrode is consisted of an 
aluminum film which is perforated periodically with a circular 
holes. 

Fig. 2 The schematics of plasmonic color electrode with the thickness 
of 200 nm, the electric field enhancement around the nano hole, the 
cross section image of the fabricated color electrode obtained by SEM, 
and the photograph of the red electrode fabricated on to the area of 2.5 
cm x 2.5 cm.   

The finalized plasmonic color electrode structure has the 
height of within some hundreds nm. This thin and metal-based 
structure is advantageous for form-free devices such as 
flexible, stretchable, and etc.  

III. Conclusion

In this work, a novel device structure for transparent display 
is suggested in which the electrode layer functions as filtering 
colors as well. Compared to the material based conventional 
color filter which has limitation in fabrication under submicron 
dimension (hard to pattern the color resist through the 
lithography), nano patterned pixel can be realized in more 
precise dimension. Therefore, the proposed electrodes in this 
work are not just for reducing device structure by combining 

two functions (coloring and electrode). Therefore, we expect 
this work will helpful to enhance the use of plasmonic 
structures in various fields 
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Abstract 

A growing number of related organizations, specialists 
and ordinary people have developed interest in the 
exhibition industry, and particularly, more efforts have 
been made to perceive specialized trade exhibitions as a 
marketing means for trades and exportations among 
companies and countries and push for practical plans, and 
their importance has been more emphasized than ever. In 
addition, as officials engaged in Specialized Trade 
Exhibition in Korea including exhibition planners, 
organizers, participants (participating companies), guests, 
visitors, companies and the government strengthen their 
awareness about exhibitions, capital investments are being 
increased and realized on a partial basis. 

Generally speaking, the rate of exhibitions centering on 
B2C engaged in selling end products is high, and 
specialized exhibitions and trade exhibitions with 
strengths and competitiveness as high value-added 
industry account for the largest part. 

"Successful exhibitions’ can be realized when an 
exhibition planner, a sponsor, participants (participating 
companies) and visitors become the principal agents of an 
exhibition with a sense of ownership and the ultimate 
purpose of an exhibition can be achieved on the back of 
proactive support given by visitors, companies and the 
government and harmonious exhibition environment 
elements.  

The study aims to suggest a method of realizing a 
successful exhibition by delving into a qualitative 
evaluation model for effective Specialized Trade 
Exhibitions. 

A success in an exhibition can be determined by such 
integrated analyses conducted based on objective data as 
target value aimed at minimizing and objectifying 
subjective evaluation, quantitative participation and 
exhibition area in addition to evaluation index. However, 
such qualitative factors as a sponsor, participants 
(participating companies) and visitors who are classified as 
the principal agents of an exhibition are also very 
important in addition to physical quantitative data. 

The study suggested a qualitative evaluation model for 
specialized trade exhibitions based on such qualitative 
factors as an organizer, participants (participating 
companies) and visitors who are the principal agents of an 
exhibition, and the contents and results of the study are as 
follows. 

First, the study is concentrated on understanding the 
theoretical background of the exhibition industry through 
theoretical examination, the current state of domestic and 
foreign exhibition (industries), types of exhibitions, 
theories on Specialized Trade Exhibitions, their 
importance, success factors, the main principals and 
functions of Specialized Trade Exhibition, environmental 
factors and promotional activities. In addition, it was 
focused on comprehending previous studies related to 
exhibition evaluation models in order to design and verify 
qualitative evaluation models for Specialized Trade 
Exhibitions that can lead to a successful exhibition. In 
particular, the study concentrated on figuring out such 
three core components of evaluation as the 
appropriateness of an exhibition, a cognitive path of an 
exhibition and purposes of an exhibition, and the 
appropriateness of an exhibition is reconstituted as the 
suitability of contents and infrastructure, a cognitive path 
of an exhibition as a participants' cognitive path (a 
participating companies7 cognitive path) and the purpose 
of participation in an exhibition as the purpose of 
participants' involvement (the purpose of participating 
companies7 involvement), the purpose of visitors' 
involvement and the purpose of a sponsor’s participation. 

Second, the study designed a qualitative evaluation 
model and designated resultant research hypotheses and 
questionnaires based on developed qualitative evaluation 
indicators through theoretical examination and related 
previous studies. 

Third, an initial questionnaire was established through 
the use of Delphi Method in order to see if the designed 
qualitative evaluation model is a research method that can 
be practically assessed with regard to the Korea’s four 
Specialized Trade Exhibitions that are globally certified, 
and Pilot Study was conducted of 30 experts based on 
reliability analyses on stability, consistency, predictability 
and accuracy of questionnaires and exploratory elements. 

Fourth, the final questionnaire survey was conducted of 
a group of experts and 10,000 persons with KPCA and 
KOREA PACK, SIMTOS and COPHEX (collected 2519 
questionnaires, recorded 25.19% in the rate of recovery 
and excluded 402 questionnaires containing insincere 
responses) on a total of 7 potential variables (suitability of 
contents and infrastructure, participants7 cognitive path 
(participating companies7 cognitive path), visitors' 
cognitive path, the purpose of participants' involvement 
(the purpose of participating companies’ involvement), the 
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purpose  of visitors' participation and the purpose of a 
sponsor’s participation) on a scale of one to seven from 
April 20, 2016 to April 23, 2016. As for a method of 
analysis on the results of a questionnaire survey and 
related procedures, previously designed research models 
and hypotheses were verified based on the final data on 
reliability analysis, validity analysis, technological 
statistics on research variables, substantiation of 
differences caused by general characteristics of subjects to 
a questionnaire survey. 

In particular, reliability analysis (Cronbach’s a )  was 
conducted for the purpose of Exploratory Factory 
Analysis (EFA) and internal consistency review so that the 
suitability of a tool aimed to measure such potential 
variables as the appropriateness of an exhibition, a 
cognitive path of an exhibition and the purpose of 
participation in an exhibition can be tested. Additionally, 
the validity of concentration and distinction was confirmed 
through Confirmatory Factory Analysis (CFA) on a 
measuring tool. 

In addition, average and standard deviation were 
examined through technological statistics on potential 
variables of subjects to research, and independent t-test, 
one way ANOVA and Scheffe’s method were applied to 
figure out the appropriateness of an exhibition according 
to general characteristics of the subjects to an exhibition, a 
cognitive path of an exhibition and the purpose of 
participation in an exhibition, and structural relationships 
among research variables were reviewed through 
Pearson’s correlation coefficients in order to figure out 
correlations among such potential variables as the 
suitability of an exhibition, a cognitive path of an 
exhibition and the purpose of participation in an 
exhibition to apply a structural equation model that can 
confirm direct effects, indirect effects and the total effects 
at the same time. In the stage of application of a structural 
equation model, a measurement model was applied to 
analyze confirmative factors of potential variables, and x2/ 
TLI, CFI and RMSEA indicators were reviewed to judge 
the suitability of a research model. Thus, the study takes 
diverse indicators into account due to the fact that each 
suitability indicator has different characteristics. Toward 
this end, significance of changes in x2 value according to 
changes in the degree of freedom was tested, and three 
indicators were compared to establish an optimal model. 

The final results of the study are as follows. 
As a result of a test on impact relations among research 

variables used in the study through a structural equation 
model, the designed research model is deemed to be an 
optimal model that can well explain causal relationships 
among research variables (Hair et al., 1998), and the 
suitability indicator that is a basis for the judgement is %2 
=6012.761 (df=334, p<0.001), GFI=0.842, AGFI=0.808, 
CFI=0.817, TLI=0.793, RMSEA=0.089, NFI=0.809 and 
IFI=0.817. 

In the meantime, as a result of examination on 
explanatory power ( R 2 )  of each research unit through 
causal relationships between exogeneous variables and 
endogenous variables, it turned out that the suitability of 
contents and infrastructure explained 56.0% of 

participants7 cognitive path (participating companies7 
cognitive path) and 37.7% of visitors7 cognitive path, 
87.4% of the purpose of participants' involvement 
(participating companies7 involvement), 86.8% of the 
purpose of visitors' involvement and 66.4% of the purpose 
of a sponsor's participant, which indicates that all 
hypotheses on relationships among research unit of the 
suitability of contents and infrastructure, participants' 
cognitive path (participating companies7 cognitive path), 
visitors7 cognitive path, the purpose of participants' 
involvement (participating companies7 involvement),  the 
purpose of visitors' involvement and the purpose of a 
sponsor’s participant have significant effects, provided 
that of the research hypotheses formulated with the 
standardization path coefficient 0.035(t=0.533, p=0.594), 
only the hypothesis H3-2 (the suitability of contents has 
significant effects on the purpose of visitors' participation) 
does not have any significant effect, and it was rejected. 

The study reached the following conclusion based on the 
results. In order to enhance competitiveness of Specialized 
Trade Exhibitions in the most reasonable and practical 
way, efforts need to be made to suggest practical 
methods in the field by developing a qualitative 
evaluation model that can objectively evaluate 
competitiveness of an exhibition instead of assessing 
competitive index in consideration of the degree of 
achievement of subject purposes led by the public sector 
including the government or local governments. It is also 
expected to provide practical help to more concrete 
exhibition industry, assessment on the current state of 
Specialized Trade Exhibition and follow-up studies on the 
strength of the qualitative evaluation model (indicator) 
suggested by the study. However, the study has limitations 
in that intangible qualitative value evaluation on 
exhibitions was dealt with based on insufficient overseas 
data and preceding theories. Since the qualitative 
evaluation model tends to be intrinsically inclined to 
subjective aspects, more efforts were made to maintain 
objectification, but it was not enough to resolve practical 
limitations. 

In addition, many samples were collected and analyzed 
for the purpose of questionnaire survey, but Specialized 
Trade Exhibitions held in April were mostly concentrated 
on electronics industry exhibitions and packaging industry 
exhibitions, which presented practical difficulties. 

In this regard, it appears that further studies need to be 
conducted on more progressive and evolved in-depth 
qualitative evaluation models for Specialized Trade 
Exhibition, and it is desirable to conduct omni-directional 
comprehensive research led by the industry, the academia 
and research centers on the back of proactive support 
aimed at enhanced national competitiveness centering on 
the government and local governments. 

Keywords-corporate Image; Qualitative Evaluation; Trade; 
Exhibition; Specialized; 

I. Introduction 

A growing number of related organizations, specialists and 
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ordinary people have developed interest in the exhibition 
industry, and particularly, more efforts have been made to 
perceive specialized trade exhibitions as a marketing means 
for trades and exportations among companies and countries 
and push for practical plans, and their importance has been 
more emphasized than ever. In addition, as officials engaged in 
Specialized Trade Exhibition in Korea including exhibition 
planners, organizers, participants (participating companies), 
guests, visitors, companies and the government strengthen 
their awareness about exhibitions, capital investments are 
being increased and realized on a partial basis. 

II. Paradigm

Generally speaking, the rate of exhibitions centering on B2C 
engaged in selling end products is high, and specialized 
exhibitions and trade exhibitions with strengths and 
competitiveness as high value-added industry account for the 
largest part. 

"Successful exhibitions’ can be realized when an exhibition 
planner, a sponsor, participants (participating companies) and 
visitors become the principal agents of an exhibition with a 
sense of ownership and the ultimate purpose of an exhibition 
can be achieved on the back of proactive support given by 
visitors, companies and the government and harmonious 
exhibition environment elements. 

III. Design Strategy

The study aims to suggest a method of realizing a successful 
exhibition by delving into a qualitative evaluation model for 
effective Specialized Trade Exhibitions. 

A success in an exhibition can be determined by such 
integrated analyses conducted based on objective data as target 
value aimed at minimizing and objectifying subjective 
evaluation, quantitative participation and exhibition area in 
addition to evaluation index. However, such qualitative factors 
as a sponsor, participants (participating companies) and 
visitors who are classified as the principal agents of an 
exhibition are also very important in addition to physical 
quantitative data. 

The study suggested a qualitative evaluation model for 
specialized trade exhibitions based on such qualitative factors 
as an organizer, participants (participating companies) and 
visitors who are the principal agents of an exhibition, and the 
contents and results of the study are as follows. 

IV. Modeling

First, the study is concentrated on understanding the 
theoretical background of the exhibition industry through 
theoretical examination, the current state of domestic and 
foreign exhibition (industries), types of exhibitions, theories 
on Specialized Trade Exhibitions, their importance, success 
factors, the main principals and functions of Specialized Trade 
Exhibition, environmental factors and promotional activities. 
In addition, it was focused on comprehending previous studies 
related to exhibition evaluation models in order to design and 

verify qualitative evaluation models for Specialized Trade 
Exhibitions that can lead to a successful exhibition. In 
particular, the study concentrated on figuring out such three 
core components of evaluation as the appropriateness of an 
exhibition, a cognitive path of an exhibition and purposes of an 
exhibition, and the appropriateness of an exhibition is 
reconstituted as the suitability of contents and infrastructure, a 
cognitive path of an exhibition as a participants' cognitive path 
(a participating companies7 cognitive path) and the purpose of 
participation in an exhibition as the purpose of participants' 
involvement (the purpose of participating companies7 
involvement), the purpose of visitors' involvement and the 
purpose of a sponsor’s participation. 

Second, the study designed a qualitative evaluation model 
and designated resultant research hypotheses and 
questionnaires based on developed qualitative evaluation 
indicators through theoretical examination and related 
previous studies. 

Third, an initial questionnaire was established through the 
use of Delphi Method in order to see if the designed qualitative 
evaluation model is a research method that can be practically 
assessed with regard to the Korea’s four Specialized Trade 
Exhibitions that are globally certified, and Pilot Study was 
conducted of 30 experts based on reliability analyses on 
stability, consistency, predictability and accuracy of 
questionnaires and exploratory elements. 

Fourth, the final questionnaire survey was conducted of a 
group of experts and 10,000 persons with KPCA and KOREA 
PACK, SIMTOS and COPHEX (collected 2519 
questionnaires, recorded 25.19% in the rate of recovery and 
excluded 402 questionnaires containing insincere responses) 
on a total of 7 potential variables (suitability of contents and 
infrastructure, participants7 cognitive path (participating 
companies7 cognitive path), visitors' cognitive path, the 
purpose of participants' involvement (the purpose of 
participating companies’ involvement), the purpose  of 
visitors' participation and the purpose of a sponsor’s 
participation) on a scale of one to seven from April 20, 2016 to 
April 23, 2016. As for a method of analysis on the results of a 
questionnaire survey and related procedures, previously 
designed research models and hypotheses were verified based 
on the final data on reliability analysis, validity analysis, 
technological statistics on research variables, substantiation of 
differences caused by general characteristics of subjects to a 
questionnaire survey. 

In particular, reliability analysis (Cronbach’s a )  was 
conducted for the purpose of Exploratory Factory Analysis 
(EFA) and internal consistency review so that the suitability of 
a tool aimed to measure such potential variables as the 
appropriateness of an exhibition, a cognitive path of an 
exhibition and the purpose of participation in an exhibition can 
be tested. Additionally, the validity of concentration and 
distinction was confirmed through Confirmatory Factory 
Analysis (CFA) on a measuring tool. 

V. Conclusion 

The final results of the study are as follows. 
As a result of a test on impact relations among research 

variables used in the study through a structural equation model, 
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the designed research model is deemed to be an optimal model 
that can well explain causal relationships among research 
variables (Hair et al., 1998), and the suitability indicator that is 
a basis for the judgement is %2 =6012.761 (df=334, p<0.001), 
GFI=0.842, AGFI=0.808, CFI=0.817, TLI=0.793, 
RMSEA=0.089, NFI=0.809 and IFI=0.817. 

In the meantime, as a result of examination on explanatory 
power ( R 2 )  of each research unit through causal relationships 
between exogeneous variables and endogenous variables, it 
turned out that the suitability of contents and infrastructure 
explained 56.0% of participants7 cognitive path (participating 
companies7 cognitive path) and 37.7% of visitors7 cognitive 
path, 87.4% of the purpose of participants' involvement 
(participating companies7 involvement), 86.8% of the purpose 
of visitors' involvement and 66.4% of the purpose of a 
sponsor's participant, which indicates that all hypotheses on 
relationships among research unit of the suitability of contents 
and infrastructure, participants' cognitive path (participating 
companies7 cognitive path), visitors7 cognitive path, the 
purpose of participants' involvement (participating companies7 
involvement),  the purpose of visitors' involvement and the 
purpose of a sponsor’s participant have significant effects, 
provided that of the research hypotheses formulated with the 
standardization path coefficient 0.035(t=0.533, p=0.594), only 
the hypothesis H3-2 (the suitability of contents has significant 
effects on the purpose of visitors' participation) does not have 
any significant effect, and it was rejected. 

The study reached the following conclusion based on the 
results. In order to enhance competitiveness of Specialized 
Trade Exhibitions in the most reasonable and practical way, 
efforts need to be made to suggest practical methods 
in the field by developing a qualitative evaluation model 
that can objectively evaluate competitiveness of an 
exhibition instead of assessing competitive index in 
consideration of the degree of achievement of subject purposes 
led by the public sector including the government or local 
governments. It is also expected to provide practical help to 
more concrete exhibition industry, assessment on the current 
state of Specialized Trade Exhibition and follow-up studies on 
the strength of the qualitative evaluation model (indicator) 
suggested by the study. However, the study has limitations in 
that intangible qualitative value evaluation on exhibitions was 
dealt with based on insufficient overseas data and preceding 
theories. Since the qualitative evaluation model tends to be 
intrinsically inclined to subjective aspects, more efforts were 
made to maintain objectification, but it was not enough to 
resolve practical limitations. 

In addition, many samples were collected and analyzed for 
the purpose of questionnaire survey, but Specialized Trade 
Exhibitions held in April were mostly concentrated on 
electronics industry exhibitions and packaging industry 
exhibitions, which presented practical difficulties. 

In this regard, it appears that further studies need to be 
conducted on more progressive and evolved in-depth 
qualitative evaluation models for Specialized Trade Exhibition, 
and it is desirable to conduct omni-directional comprehensive 
research led by the industry, the academia and research centers 
on the back of proactive support aimed at enhanced national 
competitiveness centering on the government and local 
governments. 
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Abstract 
 

There is a difference in the process of recognizing and 
interacting with the space in the ‘physical reality space’ 
and ‘virtual reality space’ that reproduced based on it. If 
the process of spatial practice in real space is to make a 
relationship with 'act of walking', in the virtual reality 
space it communicates with space through sensory 
transitions based on the 'act of seeing', thereby expanding 
its meaning. Because human vision obtains information by 
repeating fixation and saccade, it is necessary to design 
virtual reality space by applying spatial syntax to spatial 
elements based on spatial depth in order to increase the 
depth of immersion when experiencing virtual reality. In 
this paper, we study how to simplify the depth of space by 
applying or fusing five image elements (path, edge, node, 
district, landmark) of the spatial structure to the virtual 
reality space to increase the information concentration. It 
is expected that the degree of immersion and concentration 
of space experience and its efficiency will be enhanced by 
constructing the space with the landmark as a node and 
the path connecting the district in the virtual reality space. 
Through this study, it is possible to systematize the 
elements necessary to apply spatial syntax in virtual reality 
space, and to improve the difference and efficiency of 
reproduced experience in actual physical space and virtual 
reality space. 

 
Keywords-Virtual Reality Space; Spatial Practice; Placeness; 

Perception; Cognition; Fixation; Saccade; Immersion; 

  
I. Introduction 

     
With the development of digital technology and media, 

virtual reality space, which is realized beyond physical 
meaning, is becoming more important. In 2016 Gartner Hype 
Cycle, after 2nd and 3rd generation product, which modified 
the weakness of early H/W were released, VR industry seems 
to have entered ‘Slope of Enlightenment,’ where it makes a 
stable entrance to the market and profit model is materialized. 
In the virtual reality space, the user interacts with the space 
through the visual cognitive process. Virtual reality space and 
physical space interact through this process. In Marc Auge’s 
notions of non-places, ‘places’ is defined as anthropological 

place (relationship, history, identity.) However, virtual reality 
space is ‘non-places’ that is formed under modern society’s 
digital condition: super modernity and digital network 
technological society [1]. In a spatial practice within virtual 
reality space which is categorized as a ‘non-places’ can be 
activated through visual action; Virtual reality space expands 
and acquire a place through sense, perception, cognition, and 
user’s experience process.  

  In this thesis, it studies the process of place acquirement in 
‘non-places’ that occur when virtual reality space based on a 
physical space in real world. It explains the process of visual 
space recognition with contextual relationship between the 
human eye’s fixation and saccade performing in spatial 
practice process and the landmark. It suggests how to acquire a 
place when ‘places’ in real world, which is an anthropological 
place that has relationship, history, and identity, into virtual 
reality. In result, virtual reality contents will increase its 
ultimate goal – immersion and existence; virtual reality space 
will expand and broaden the definition.  

 
II. Non-Places and Spatial Practice 

 
A. places & non-places 
 

In Marc Auge’s notions of places and non-places, ‘places’ is 
defined through relationship and history and relates to identity; 
‘space’ does not, which is why it’s considered ‘non-place’.  
Non-places is a non-historical, non-related, non-identifiable 
space. Here, ‘non-places’ are not anthropological places which 
lack symbolic expressions of identity, relationship and history; 
rather they exist on the basis of supermodernity – a feature of 
modern, technological society.  It’s not a place for staying; it 
includes network-based space for passing by. This is 
confirmed in that SNS(social network services) space on 
mobile media is considered non-places [1-3].  

As described TABLE I, ‘non-spaces’ is characertised for its 
circularlity, passage, occupation and connection which allows 
for temporary and contract-based staying and communication. 
VR space allows for network connection, combining device 
and contents, from a physical place to digital space, wherever 
the user may be; thus it is considered a ‘non-places’ [4, 5].  

Bolter & Grusin state that cyber space can also be included 
as ‘non-places’; they argue ‘non-places’ as media mediated 
space [6]. Here, the state of media mediation implies 
‘non-space’ on standby, which is formed with media such as 
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text, image, and sound, to act as environmental composition in 
the middle of transfer from real society to physical space [1]. 
Network-based virtual reality space through media used by 
modern people in ‘non-places’ on standby also implies. Virtual 
reality space with virtual reality media can be comprehended 
as a space of ‘non-places,’ in which the media properties are 
extended if you imply Marshall-Mcluhan’s quote: this 
technology always define existence and the message means 
media [7].   
 

TABLE I 
Auge’s Places and Non-Places 

 
Places Non-Places 

Residence,  
Resident entity 

Transit, 
Transit entity 

Crossroads Interchange 

Traveler Passenger 

Monument Housing estate 

Language Communication 

 
Auge using the term ‘space of non-places’ is important 

because it defines the difference of ‘space’ and ‘non-places’ 
[4]. ‘Non-places’ in virtual non-physical space happens 
through media mediation which enables spatial migration. 
Then, experiencing ‘space’ in virtual reality space that is 
‘non-places,’ is an act of execution in ‘non-places’ which may 
bring difference with an act in real place. In ‘non-places,’ the 
study will continue to learn the process and what is required in 
order to create place-valued result. 

 
B. Spatial Practice 
 

Michel de Certeau called space ‘practiced place’ the 
importance of story created through the act of walking in space 
was emphasized. Here, the ‘act of walking’ relates the user 
who experiences the space with that space through the 
practice; the user and space influence each other. Because the 
space that de Certeau has mentioned must be practiced, Auge’s 
‘non-places’ is a space before the action, and this ‘non-places’ 
requires spatial action. 

If de Certeau’s act of walking concentrates on reading and 
interpreting, the process of understanding the space visually is 
the act of cognition and interaction. Seeing helps to expand the 
space and have a new approach. This experience expands the 
emotion of experiencing the space; thus it expands the space. 
Through this, the interaction about the space and spatial 
practice based on understanding become possible.  

  Seeing defines going into revealed existing world [8]. To 
understand the characteristics related to spatial cognition, a 
prospective study of human’s visual perception structure is 
required. Human’s vision is the most important of brain’s data 
processing; humans judge with over 70% of vision when they 
recognize an object. Visual perception goes through sense, 
perception, and cognition. Vision repeats fixation, which gazes 
high-density information, and saccade, which skips in between 
gazes; they activate selective cautious state. Pupil’s 
consecutive movements of visual perception transfers 
momentary; the area where the vision can’t observe is 

reckoned as visual blur that cannot be precisely deciphered. 
Fixed stare in between saccadic movements recognize specific 
shape; it acquires necessary information for recognition 
[9-11]. 

  Compare to spatial practice that monopolizes through the 
act of walking in physical space, act of seeing, in other words, 
the process of visual perception imbues in terms of experiment 
of object and information and acquirement of information in 
space. From a phenomenological perspective, experiencing the 
space to experience the place is defined as understanding the 
place through the act of the subject and expanding the space 
and its meaning as well [12]. 

  Subject’s visual act is observer’s perspective. According to 
Manovich, the subject of sight imprisons through media 
representation system. From Renaissance perspective panting, 
through camera lenses, to mobile devices and digital contents 
interfaces, the sight of subject clearly classifies between real 
space and virtual space. In fact, in virtual reality space, virtual 
space completely replaces real space; the sight of subject 
completely remains in virtual space. Thus, spatial composition 
elements exist in VR space in spectacle; the experience of the 
space is necessary after collecting space information through 
spatial practice [13].  

Virtual reality space which exists through digital media 
takes on the characteristics of multimedia based on data such 
as text, image and sound. To become aware of such space, 
visually perceived image and the symbolism of text must 
interact with individual experience to merge into a single 
symbolism [3, 14].  

 
III. Reproduced Virtual Reality and Placeness 

 
A. Spatial Practice in Virtual Reality Space 

 
The concept of ‘non-places’ as physical space is defined by 

words or text. The ‘non-places’ of daily life and experience, 
‘passing point’ or ‘temporary residence,’ are places which we 
move to  spatially in order to fulfil objectives. What connects 
the individual with the environment, other than relationship 
formed with the particular purpose of place, is language and 
image created by it.   

If this concept of ‘non-places’ can develop to be defined by 
media symbols, virtual reality space, which can be defined as 
spatial movement by digital nomad, may be termed a space 
with its own purpose, isolated from the real world. If VR space 
is seen not as residential space but rather space of transit and 
movement, thus a ‘non-place,’ then the newly created reality 
and spatial practice in virtual reality space merit our attention 
[15].    

SNS space, a virtual ‘non-places’ of mobile media, can be 
seen through text, photos and video; on the other hand, virtual 
reality space can be visually received through 360-degree 
video. Here, the notion of walking, which includes visual 
perception and cognition of it, can be integrated with the act of 
moving. The act of seeing, visually understanding and 
recognizing space for experience in virtual reality purports to 
acquire spatial information and to explore the space; this is the 
process of spatial practice in virtual reality space. In other 
words, sensory metastasis occurs from virtual space. Such 
sensory action of the user’s experience imbues VR space with 
the significance as space for the user; and the need for spatial 
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formative design considering user experience can be explained 
[9, 16-17]. 

 
B. Spatial Cognition in Virtual Reality Space 

 
Form recognition is the sub-course of perception; it’s a 

process of signifying the perceived symbol while perceiving 
specific space or shape. Analyzing and recognizing the 
information of cognized space through sensory organs is the 
process of comparing between saved information from 
long-term memory and input information through the visual 
receptor, and cognizing the shape. In this perspective, 
reproducing actual physical place into virtual reality space 
helps the subject to contextually recognize, by utilizing the 
information from experience, education and memory [18].  

Five elements to construct and recognize the spatial 
structure to images are: path, edge, node, district, and 
landmark. In virtual reality space that was reproduced based on 
inspection, the node arranges along with the landmark 
elements, which exists within the physical edge of real space. 
Landmark is an additional role to connect the starting point and 
destination; it guides to cognize the space as digital spectacle. 
In addition, the landmark is arranged by a node to enhance the 
information concentration by putting the node to the area that 
the observer gazes while her/his eyes are moving. 

 

 
Fig. 3 Landmarks: The area of spatial cognition 
 

Bulguksa Buddhist Temple is a UNESCO world heritage 
site and it meets Auge’s concept of the ‘place.’ In this temple, 
there are many cultural heritages including Dabotap pagoda, 
Seokgatap pagoda, 6 national treasures and 4 treasures; each 
classifies the temple as a semantic area, thus it features spatial 
difference. During experience of the physical space in the real 
world, many nodes and situations are shown as the depth of the 
space between starting point and destination. Concentrating 
the information by simplifying the depth of the space is 
effective in virtual reality space than real world. Therefore, 
Bulguksa landmarks can be simplified into 10 landmarks, and 
each landmark can be designated as gaze territory and node. 
Each node consisted with landmarks helps spatial practice, 
space between nodes is recognized as a path for the sight to 
jump.  

 Based on the landmarks, unit areas that exist within the 
physical boundary of virtual reality space are set to 10 areas; 
the area 3 and 4 and the area 5, 6 and 7 are regarded as a space 
to set the starting point at 1. When physical space of real world 
is reproduced into virtual reality space, the path for spatial 

practice should be set as the shortest path; spectacle should be 
organized by assigning each area as a node thus gaze and 
spatial practice will be fulfilled. In virtual reality space, the 
connection between movement and vision expand with the 
hierarchy of space as the starting point. Through the spatial 
practice that increases the space sense, users will increase the 
contents engagement and get sensory transition.  

 

1 6 

2 7 

3 8 

4 9 

5 10 

Fig. 3 Nodes in Reproduced Virtual Reality 
 

VI. Conclusions and Future Works 
 
Experience in virtual reality space transforms the space of 

observation into the space of experience. ‘Seeing’ is entering 
and immersing oneself into that virtual space for cognition; the 
act of paying attention can develop into the idea of residing in 
that space. This ultimately is a development from seeing to 
being. Spatial practice in virtual reality space results in 
interaction and experience based on visual perception. Also, 
interaction and understanding of sensory space based on user 
experience endows a sense of reality and existence, enabling 
contents immersion.   

Spatial practice process is defined as real space is 
relationship between spaces; in virtual reality space, it expands 
more than the relationship. Therefore, physical reality space 
and virtual reality space reproduced on it signify the difference 
of recognition interaction process. In this thesis, landmark 
areas in virtual reality space are set as nodes and paths are 
organized to get connected to simplify the depth of the space. 

By applying five image elements of spatial structure such as 
path, edge, node, district and landmark to the virtual reality 
space in a convergent form, the information concentration has 
been enhanced.  

  The possibility of interaction with space through fixation 
and saccade based on visual perception has been presented by 
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applying spatial cognition elements for spatial practice in 
‘non-places’ reproduced in a virtual reality space. In future, 
experiential quantitative evaluation in virtual reality space to 
which spatial structure image elements are convergent and 
applied will be conducted together with follow-up studies 
related to spatial syntax. It is expected to produce highly 
immersive virtual reality contents and evaluate such contents 
based on spatial practice through deeper understanding and 
reflection of virtual reality space and real existences. 
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Abstract 
 

Ink-and-wash animations have mostly been produced in 
China. Recently, ink-and-wash animations are produced 
by using CG but most of them focus more on higher 
artistry than commercial approach. To popularize 
ink-and-wash animations requires approaches in three 
aspects. First, it is necessary to establish efficient 
ink-and-wash technique styles in production process; 
second, to make a commercial approach to Beijing opera 
in the perspective of scenarios and; third, to complete a 
fusion style that combine with the modern ink-and-wash 
painting of ink-and-wash style. This study attempts to find 
efficient ink-and-wash technique styles on production 
process, the first issue aforementioned.  

 
 

Keywords-component; formatting; Ink-Painting, Ink-Wash  
Animation, Blurring Effect 

  
I. Introduction 

     
Originating in the late Tang Dynasty, ink-and-wash 

paintings have been inherited and developed over a long 
period of time. Ink-and-wash techniques include Oriental 
painting’s unique painting patterns and its artistry was applied 
to the first ink-and-wash animation To Find Tadpole’s Mom 
(小蝌蚪找妈妈) released in 1960 and it was successfully put 
into animation format. Based on the public’s explosive interest, 
ink-and-wash animations have continuously been created and 
today’s development of CG technology enables production of 
3D ink-and-wash animations. Thus, Ode to Summer, the first 
3D ink-and-wash animation produced in 2003, realizes 
ink-and-wash techniques with fantastic images using 3D 
software Autodesk Maya. 

 
A. Cell Ink-Painting Animation 

 
The sense of form found in Ink-Painting presents an image 

which stands out from the clean and refined aesthetic of 
contemporary design[1]. Ink-painting expresses the form and 
depth of objects through the variation of ink concentration; ink 
and paper presents a harmony of black and white with an 
emphasis on the beauty of empty space. It is an art of serenity. 
Such Northeast Asian aesthetic has found visual manifestation 
in a number of animation films.  

On the production process of <The Cowboy's Flute, 1964> 
by Te Wei of Shanghai Art Film Production (Fig. 1), Sa 
Hyowook (2011) observed that the colouring part must be 
done in layers; even with the same head of a water buffalo, 
they used 4-5 different colours, pinkish grey and dark grey for 
large areas and greenish ink colour for the horn and wrinkles 
around the eye. Each colour is applied on the layers of 
transparent cellophane[2]. Kwon Sehyuk (2011) also 
commented that the animation film coveys the analogue feel of 
ink painting[3]. This points to how the expression of 
tranquility-in-dynamics and the aesthetics of emptiness, all 
characteristic features of ink painting, have been applied to 2D 
animation to find an application in moving figures. In the early 
days of animation in the 1960s, this was a labour-intensive 
process demanding much time and manpower.  

 

 
 
Fig. 1 Left) <The Cowboy's Flute, 1964>, Right) <A stadpole 
Looking for Mom> 

 
The right side of the Figure 1) is To Find Tadpole’s Mom, 

the very first ink-and-wash cell animation directed by Te Wei 
(特偉) in 1960 based on ink-and-wash painting by Qi Baishi 
(齊白石). On the ink-and-wash painting used on the animation, 
Kim Yoona (2010) stated that ‘Ink-and-wash painting has 
been a pictorial medium that represents not only China but the 
entire East and gives Asians affinity and westerners novelty 
and a unique world view of the East’ [4]. Ink-and-wash 
animation in this early stage has an advantage that it can 
express ink-and-wash technique as it is but it requires 
labor-intensive production processes that demand too much 
time and human labor. In an ink-and-wash animation, shooting 
is done by moving a character picture that each part cut out is 
connected. To keep feelings of ink-and-wash painting, 
bringing cameras into different sets of focus for multiple 
shooting is particularly difficult and cumbersome, which needs 
much manpower and time as well[5].  
 
B. CG Ink-Wash Animation 

 
Figure 2 <Ode to Summer>, the first 3D Ink-Painting 
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Animation that appeared in 2003, was produced by director 
Shee, using 3D software Autodesk Maya. Lee Young-heon 
(2007) said that the entire process was processed in 
monochromatic tone and the smoothness of the end point of 
the surface was smoothly reproduced with computer 
graphics[6]. Autodesk Maya 's shading setting values were 
used to express the unique jade of the ink painting technique 
and the intensity of the line. Through Non-realistic rendering, 
the realistic depiction and the perspective were expressed. In 
this way, China's Ink-Painting Animation started from the cell 
technique of 2D animation, and was re-created in 2003 using 
3D animation. Recently, Using VFX effects of 3D animation, 
we are creating more fantastic images by using the latest 
technology in the artistry of traditional ink painting. 

 

 
 
Fig. 2 <Ode to Summer> 
 

2D and 3D animations produced on the basis of 
ink-and-wash painting techniques and traditional artistry 
have their own sensuous expressiveness. Producing media, 
expression techniques and features of ink-and-wash 
painting, 2D cell animation and 3D ink-and-wash 
animation are as shown in the Table 1 below.  
 

 II. ink-Painting Style using CG 

The most important factor in ink-painting style animation 
is the ink line on the outline and the run of ink in inner areas. 
In the past, ink lines were drawn by hand and then scanned 
onto the computer to produce outlines in order to recreate 
that analogue feel.  In recent years, however, the Hong 
Kong-made ink painting tool Expresii has enabled ink line 
drawing and the expression of ink run so that ink-painting 
style animation can be produce digitally. 

In the process, tools such as Expresii, Photoshop, 
Autodesk Maya and After Effect are used.  

 

 
 
Fig. 3 Ink line drawing with Expresii 

 
A. Creating Ink-painting Animation Characters 

 
Characters in ink-painting animation show the variation in 

ink outline as well as run effect even in the same colour. Thus 
modelling data for CG character should be simple and 
articulate so as to facilitate the expression of such textures. The 
figure is a character in a fusion Beijing opera animation, 
produced with CG to capture the concept image. 

 

 
 
Fig. 4 Ink-Wash character concept image and modeling data 

 
B. Modelling and Texture 

 
Before applying ink-painting style, modelling data’s UV 

needs to be unfolded so that ink-painting texture can be put on 
to modelling data. This is the same as any other 
animation-making process.  

 

TABLE I 
KINDS AND DIVISION OF INK-WASH ANIMATION 

        
/ Ink-Painting 2D Cell 

Animation 
3D Ink-Wash 

Animation 
Division  Ink-Painting Cell 

Animation 
3D Graphic 
Animation 

Producti
on 

Medium  

Wood-written 
ink 

( 紙筆硯墨) 

Cellophane,  
Wood-writte

n ink 
( 紙筆硯墨) 

Shading and 
non-realistic 
rendering 
techniques in 
Maya 

Expressi
on 

Techniq
ues and 

Methods  

technique of 
the Jung Joong 

Dong, The 
beauty of 

space, Near 
distance, 

Expression of 
distant view 

technique of 
the  Jung 
Joong Dong , 
The beauty 
of space, 
Near 
distance, 
Expression 
of distant 
view 

Implementing 
more useful 
dynamic images, 
Expression 
technique of the 
Jung Joong 
Dong 

Impleme
ntation 

Characte
ristics  

Center of 
artistry 

Labor 
intensive 
Traditional 
artistic, 

Technology-cent
ric, 
Traditional 
artistic 
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Fig. 5 cloth UV and body UV 

 
Afterwards, Expresii and Photoshop are used to creature 

ink-painting texture and colours in accordance with UV. 
  

 

 
Fig. 6 cloth texture body texture 

 

C. Shader production 

To complete shader, import texture from Maya’s hyper sh
ader window and connect to lamber surfacer. Considering feat
ures of ink-and-wash painting, make shader by using lamber s
urface to minimize lighting’s influence and highlight flat ima
ges. Apply Maya’s Toon shader and to express light and sha
de of ink lines, complete the changes of thickness of ink lines b
y adjusting shader’s attribute. Save it as preset to apply shad
er to other characters.  

 

 
 
Fig. 7 top) body shader, botton) cloth shader 

 
Apply the Toon shader of Autodesk Maya and change the 

thickness of the shader to adjust the attribute of the shader to 
express the shade of the shader. Save it as a preset to apply the 
Shader to other characters. 
 

 
Fig. 8 make a toon shader and render image 
D. Ink-Run Brush Effect 

A characteristic feature of ink-painting is that, like water 
painting, ink run happens when a brush touch the paper. While 

the inside and outline of a character is in ink-painting style, for 
this character to blend in with the background, the colour of 
the character needs to run into the exterior. As such effect 

TABLE 2 
Composing process with the render layer  

     
Classificat

ion
Image Text 

Lander 
layer  

  

 

RGB image 
extraction for 
synthesis 

 

Extract images 
by separating the 
tokens of Toon 
Shader 

 Synthesis 
   
   
          

 

Applied Ink line 
layer 

 

Apply a filter to 
smooth the 
boundaries 
between image 
and background

 

Apply a filter 
inside the 
appearance line 
to correct the 
diffuse outline 
of the image 
below 

 

Apply a filter to 
spread the 
outline outward 

 

Image of paper 
texture for 
background 
application 
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cannot be produced by CG modelling, this must be done in 
the process of composition; for composition, outline and inner 
colour must be rendered separately. The table 2, presents how 
separate rendering creates ink-run effect in the composite 
stage.   
 

The final result is shown in the following figure. 
 

 
 
Fig. 9 Final Ink-Wash image with blurring effect 
 

III. Conclusion 
 

Headed by Disney/Pixar, animations using computer 
graphics have been continuously developed recently and they 
are sometimes described as realistically as films. As CG 
facilitates not only realistic descriptions but also various styles, 
it would be the only option to diversify producing methods and 
restore traditional cultures in a modern way so that Asian 
countries with rich history get in on this global race. Producing 
processes of ink-and-wash animation on this study consist of 
shortening the rendering time as much as possible and 
facilitating light work without any additional plug-ins while 
they can be implemented on old versions’ software as well. 
Henceforward the study seeks to examine possibilities of 
commercial popularization as a process of reinterpreting 
traditions using creative ideas.  
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Abstract 

In the process of 3D Animation performance, transition 
the scene is an important mean to strengthen the story line. 
In order to investigate how to achieve the continuity 
between images in space and time in 3D animation scenes 
transformation, this paper uses the inductive deduction 
method which selecting different ways of organizing the 
scene in 3D animation films from the basic components of 
audio-visual language including picture composition, 
character movement direction, camera movement 
direction and point of view to conclude the continuity of 
images transformation is mainly the continuity of vision 
and the continuity of intention. The visual continuity in the 
picture is mainly reflected in: the subject line is in line with 
the direction of the object and the main position of the 
frame in the composition is matched; the movement 
direction of the character draws and out is unified; the 
motion of the camera is in line with the subject of motion; 
the continuity of image is reflected in the image function of 
small props in the picture associated with the content of 
the story; the sequence of images is coherent in narrative 
logic. To summarize these rules and get the root cause of 
continuity of image is using 3D animation narration to 
develop causality. And the reason is explained further to 
be easy understood. 

Keywords-3D Animation movie; Continuity; Screen; Scenes 
Transformation;  

I. Introduction 

3D animation is as much a visual art as a movie. The 
performance art of the picture show lens language is basically 
interlinked. 3D animation can be used to refer to the movie's 
lens language. In the movie, the footage captured by the 
camera during a start-up to the stop is called the lens which is 
the basic unit of the film. The scene is composed of one or 
more lenses. 
Scene transformation means the change of time relationship 
and space relationship. If the single image is not designed in an 
unstructured way, and the position relation, camera angle and 
motion direction of the picture cannot match the next picture, it 
can make the picture change to form a visual sense of obtrusive 
as well as increase the audience's difficulty of understanding of 

the relationship between time and space. In order to avoid the 
cut marks left in the frame and make the audience visually felt 
the jump cut, we can use the "seamless editing" of Hollywood 
narration to enhance the continuity of scene transformation. In 
the "seamless editing" method, the viewer can still see the 
physical cut, but because the editor took advantage of the 
audience's visual psychology and life experience, the visual 
elements in the picture are highly unified. Therefore, the 
audience's attention is not interrupted and in the meantime 
increasing the continuity of the picture. [1] 

In scene transitions, due to the very big difference of dealing 
with the characteristics of the materials, screenplay way and 
people's visual continuity of the benchmark, especially the 
image information of see in the picture, mismatch in the error 
scene conversion method, or switching method is not 
appropriate, will dim the understanding of the audience, thus 
reducing the audience's understanding. It is precisely because 
of the existence of this situation that the study of scene 
transformation is necessary. In the unfolding process of 
narrative plots of animation film, it needs the sense of sight to 
perceive the inner link of front and rear events of the image. It 
needs to be proved by the way of summing up by narrative 
storytelling, deducting material characteristics and object 
analysis and application of continuous elements. 

The research method is to select the most recent film and 3D 
animation of the Best Director award And the Best Editing 
Award, and to chart the technique of scene transition based on 
the story and the screen transition theory. In the transition of 
3D animation, in order to continue the inherent meaning of 
continuity, quickly understand the nature of the story, we need 
two kinds of distinctions and the analysis 2 kinds of distinction 
and analyses of different individual's application of camera 
from the origin of the animated story to the extended way 

The first is through the deductive method, to approach with 
the theory of concrete facts in general reality. The second is 
through the inductive style, to carry out detailed close-up 
starting with the important content of the center through the 
transition from concrete facts to ordinary facts, thus driving the 
whole animation story. In the performance of the screen, it is 
necessary for us to analyze objects, understand the important 
functions, use 3D animation to make the perspective view of 
virtual camera in maya, export the size of the lens and the 
general camera techniques and use them in the experiment for 
a physical size of the specific lens. 

The objective of this thesis is the transition of the scene in 
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change the actual film and animation with roles as the center. 
Therefore, it aims to derive the analysis and root cause as the 
definition value to maintain the context of the visual 
perception cognitive dimension based on the expected subject, 
action and environment continuity of the expected as the 
standard. The basic data, as the basic information of the 
context scene of the transition is flexibly used, so that the story 
has the right continuity in making a movie. 

 
II. The Conversion Techniques  

of 3D Animation Scene 
 

A. The type and main characteristics of the shot 
 

In the film, the camera refers to the video camera, which is 
recorded on film, and is the basic visual element of the motion 
picture language. According to the existing film theory, the 
shot can be classified into two ways according to the “shot 
size” and “expressing ways of camera”.[2] 

 
Table 1. Classification and characteristics of shots 

 
Image Shot size Feature 

 

 
Extreme 
Close-up 

 

The ability to portray 
the specific details of 
the subject and 
emphasize the role. 

 

 
Close-up 

The clear description 
of the feature of the 
main expression. 
Strengthening the 
audience and the 
main emotional 
resonance by 
shortening the 
distance.[3]                   

Medium 
Close-up 

 

 
Medium 

shot 

Occupying a large 
proportion having the 
descriptive 
significance in the 
film and television 
works. Able to 
display body 
language, part of 
facial expressions 
and surroundings. [4] 

 
Medium 
Full shot 

 

Full shot 

Emphasis on the 
overall image and 
environmental 
relations. 

 

Extreme 
long shot 

 

For the performance 
of macroscopic 
scenes, and the small 
characters appear in 
the picture. 

The shooting scale is the key element in the picture which 
limits the scope of vision. From the image taken, the scene can 
be divided into the proportion of the characters and the 
proportion of scenery. The size of the scene depends on the 
distance between the camera and the subject with the length of 
the focal lens used. In order to facilitate observation scene 
transitions shot size individual role changes, this article choose 
to person ratio shooting scale taxonomy, and finish the table 1 
with the shooting scale and characteristics of the view. 

 
According to Table 1, which shows classification and 

characteristics of shot size, in the process of scene transition, 
the conversions in the shot size can cause changes in the 
perception of audience. [5]The closer the distance between the 
camera and the subject, the less background space of the 
subject, which emphasizes the subject. At the same time, 
emotional engagement with the subject of the audience 
becomes higher.On the contrary, the farther the camera is from 
the subject, the larger background space of the subject, which 
emphasizes the environment. As the visual distance between 
audience and subject becomes longer, emotional involvement 
with the subject of the audience decreases. Therefore, we can 
clarify the visual intent of the conversion of shooting scale, 
connect the context of the whole story. By using the 
appropriate shooting scale, the photographer can improve the 
continuity scene transition. 

Camera skills can be classified in accordance with 
perspective, movement and function of the camera. 
 

Table 2. Classification and characteristics of camera 
performance techniques 

 
Shot Feature 

 
Camera motion 

 

Move back and forth, up and down, 
left and right along the X, Y, Z axes, 
causing the audience to produce 
different visual perception reactions. 

Establishing shot For a macro scene of the story. 

 
Dolly zoom shot

 

Changing the perspective of the 
background occurs without changing 
the size of the body in the scene, thus 
resulting in a constant approximation 
or far away effect. The speed at which 
the lens moves the zoom can affect the 
emotional transmission of the picture.

 
Subjective shot 
 

Role looking to the camera or touching 
the lens. Strengthening the interaction 
between the audience and the subject.

Over the shoulder 
shot 

Increasing the depth level of the 
screen. 

 
Two shot 
 

Expressing the relationship between 
individuals according to the ratio of 
composition, angle, position, etc. 

Group shot Expressing the relationships between 
people, groups and the environment. 

 
Emblematic 

 

Expressing the relationship between 
the subject's attributes and behavior 
and events 

- 357 -

[Poster Presentation - Session P3]



B. Method of scene conversion 
 

Transformation scene in 3D animation is a kind of form, 
which is an important means of complete animation in literary 
narrative. It requires that the attention  should be paid to 
psychological partition and visual continuity.[6] Image 
contents between scenes and scenes, paragraphs and 
paragraphs should be smooth, harmonious and unified. So that 
achieve these performance, we need to look for the connection 
between the appropriate lens from the perspective of meaning, 
emotion, internal rhythm and so on. It is the need for the 
development of narrative content and the need to create 
hierarchy and structure. In the process of the screen 
performance, scene transformation means the change of time 
and space, which is made up of the object in the audio-visual 
language, color, light and shade, as its composition, shooting 
scale, action, camera movement, camera angles, sound 
elements such as interaction, mutual contact, through visual 
perception presents the paragraphs in literature on the narrative 
context. In order to get a clear picture of the relationship 
between the scenes and the scenes, the following figure 1 is for 
illustration. 

 
Figure 1. The relationship of shots, scenes, sequences 

 
Seen from figure 1, the scene is composed of one or several 

lenses. The paragraph is composed of a series of scenes. The 
parts that use the bold line mark are part of the transition. 
There are two meanings of the transitions between scenes, one 
is the relationship between time and space. The other is the 
transition from one state to another. 

In the process of 3D animation scene transformation, the 
combination of images can be divided into skilled groups and 
unskilled groups. Skillful group is the technique of fading, 
fading, folding, fading, and gradually showing the use of 
optical means to transition the scene. [7]This kind of method 
has subjective compilation intention, which can make sure the 
pause feeling between the film paragraph and the scene 
cohesion. Therefore, the audience can feel the time in the scene 
and the space transformation obviously. The unskilled group is 
to use the montage method to connect the lens in the content 
and the meaning, realizing the continuity between the scenes 
and the paragraphs. It is similar to the hidden clipping method 
of Hollywood, and the main means of matching the scene 
transformation of scenes, characters’ vision, motion direction, 
camera movement and similar objects are realized. In order to 
clear the method of scene transformation of unskilled group in 
3D animation, the sequence in the animation Zootopia is 
illustrated. 

The content in figure 2 is mainly about the conversion of the 
dialog between three different roles. The role’s name is 
represented on the right side of the diagram. The paragraphs in 
the graph are composed of six scenes from left to right. The 
grey part represents the skill of the scene transformation. The 
red arrows indicate the situation of the conversions, which are 
the field transitions of a single character, and the two forms of 
the field transitions between different roles. 

 
 

Figure 2. Sequence in the animation Zootopia 
 
By this way, each scene in the paragraph can be observed 

with multi-level. In the dialogue scene, the conversion of 
shooting scale is not obvious. And all are medium shot. 
Among them, the direction and angle of the lens have changed. 
At the debut of the character, the angle of the camera is at a 
horizontal angle. Between Flash and Nick and Judy, the 
perspective line of the table is close to the vertical line, which 
shows the balance relationship and the position relationship of 
the different individuals. According to the description of this 
episode, Nick and Judy asked Flash about the license plate 
number. And the purpose of their conversations was the same. 
Therefore, in the picture, the triangle relationship was handled 
skillfully as a two-way relationship by the props table, which is 
in line with the narrative relationship of the plot. 
  

III. The analysis of 3D animation scene transformation 
 

During the scene transition of 3D animation, in order to 
further analyze the continuity of the scenes in space and time, 
we will summarize the basic elements of the shooting scale, the 
eyes of the characters, the movement direction and the 
movement direction of the camera the according to 
audio-visual language in this section. And we can draw a 
conclusion the rule of continuity in scene transition of 3D 
animation. 
 
A. To match the main position of the composition in the picture 
composition  
 

From the perspective of space, any single image has the 
center of gravity of the composition, and the subject relevant to 
the subject is often configured in the center of the structure of 
the composition. The focus of composition is the fulcrum of 
the audience’s vision. In the transformation of the two adjacent 
images, the main position of the composition should remain 
unchanged, regardless of the Angle of the scene, the Angle of 
the camera and the activity of the subject. If an actor’s 
panoramic view appears on the left side of the screen, he must 
appear on the left side of the picture when switching to a 
close-up view of the same visual axis. If this rule is violate , the 
audience will have to shift their attention from one side of the 
screen to the other, resulting in incoherent images.  
As shown in figure 2, in Zootopia, in the four consecutive 
images from 3rd  minutes and 40 seconds to 4th minutes and 
06 seconds, the composition of the rabbit Woody has been  on 
the right side of a third place in the picture, regardless of the 
Angle of the lens, the change of the shooting scale, the position 
of the main body has never changed which ensures the 
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persistence of vision phenomenon, and the images  maintain a 
good continuity in the process of transformation. 

Figure 3. Sequence in the animation Zootopia 

In the transformation of picture (2) (3), the picture will 
pause just because of the great change of the shooting scale. 
we can guarantee the main rabbit Woody to remain  in the 
figure (3) , in which the area covered by the image just covers 
the main area of the panorama (2). Rabbit woody’s mom and 
dad took the opposite position with Woody in the composition, 
and position in continuous images also remain unchanged. The 
way of symmetrical composition in a continuous animation 
scene is also very common. 

The rules of matching the main position in the picture 
composition are followed by the narrative rules of 
chronological order in the story of 3D animation. 

B. To match the main position of the composition in the picture 
composition. 

The movement of the characters can enhance the expressive 
force of the picture and bring the transformation of the picture 
space. If the direction of the action in the drawing is not 
reasonable, then it will cause the chaos in the space and time. 
The criterion of “180 degree ” is the principle of action axis, 
which can maintain the continuity on the scene space. It is 
close to the way we see the world, and conforms to our 
cognitive habits. Therefore, to maintain this standard can make 
sure that the direction of action will not produce chaos. 
As shown in fig.2, Zootopia has a continuous five scenes from 
21st  minutes and 50 second to 22nd  minutes and 25 seconds, 
with the hamsters moving from left to right in the frame. 

Figure 4. Sequence in the animation Zootopia 

Although linear motion is the most common forms of 
exercise in life, the body of the 3D animation rarely keeps 
single linear motion trend. It often takes a variety of ways such 
as a circular motion, vertical motion, disappearing through the 
picture or entering into the eye movement. The design of 
changing the motion direction can enhance the dimension and 
depth of the pictures, and hence, make the characters more 
vivid. 
The picture in which the role will change the motion direction 
in the process of motion must be completely recorded and 
retained so as to clearly show the  characters’ movement state 

for the audience. Such as in Despicable Me 3, the Minions 
begin to move  from the left to the right in the picture and the 
turning process of Minions has been clearly recorded when 
they want to change direction in the crossing.  

Figure 5. Sequence in the animation Despicable Me 3 

C. The consistence of movement direction of the camera with 
the direction of the main movement 

Unlike the movie, when shooting a fierce action, 3D 
animation camera has often been arranged on the axis of a 
moving subject, and it must keep the same direction and speed 
with the subject movement. A driver, for example, suddenly 
found that brakes malfunction, we will always see the 
expression of terror on his face when he staring at the road 
ahead and, the next scene from his perspective, will be 
performed rushing along a zigzagging path toward a 
dangerous bend, which will give the audience a immersive 
feeling. The motion of the camera simulates the audience’s 
perspective, which will be successfully hidden in the motion of 
the picture, and make the connection of the motion lens just as 
easy as fixing the lens. 

In addition, the movement direction of the axis camera is 
called the neutral direction, which can be connected to two 
perfect pictures of the shaft. When axis movement on one side 
is not strong enough, and it can be connected a neutral 
direction, and then, the camera can be moved to the axis of the 
other side to continue the shooting. 

Figure 6. Sequence in the animation Despicable Me 3 

The strengthen the body movement of the sense of speed, 
the movement direction of the camera can be opposite to the 
subject movement. For example, a rushing car is heading to the 
camera, and the camera continues moving toward the vehicle, 
the audience will have the illusion that the car is continually 
accelerating. On the contrary, to show a distant carriage, if the 
lens gradually pulls away, it feels like it will be the end of the 
scene, and it will work as the preparation for the next scene 
that is completely in different time and space. 

Figure 7. Sequence in the animation Despicable Me 3 

The quick footage of push-pull is always replaced by the 
scene clip in the animation, which can eliminate the clips, and 
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maintain the continuity of image transformation. This 
technique is difficult to achieve in the ordinary film and 
television plays because of the particularity of the animation 
camera, which can keep its own characteristics of the picture 
language in the animation. 

 
D. The unification of subject line 
 

3D animation picture often uses subjective perspective as a 
clip point of subject. The content of the viewpoint can be the 
main body of the next picture. The direction of the subject 
view can guide the audience’s attention, which may lead to the 
next scene. As in the previous scene, the protagonist was 
looking out of the window, while in the next scene, it takes a 
subjective view of him from his position and he will appear 
outside the window. The causal relationship between the view 
content allows the audience to temporarily forget the 
transformation of the screen and maintain the continuity of the 
picture. 

 

 
 

Figure 8. Sequence in the animation Despicable Me 3 
 

The direction of vision can also connect the picture to 
complete the transition of time and space. For example, the 
passage from Despicable Me 3: In the first picture, character is 
at home, looking at the phone screen, and in the second picture, 
there is a phone call from Mel, and the third picture is of Mel in 
the office. The first and second picture have completed the 
pictures’ cohesion by Grutzon gazing direction because the 
main body of “seeing” and “what has been seen” conform to 
the audience’s life experience, so it is easy to neglect the image 
transformation. The second and third pictures are about the 
Minions, from the screen of phone to the scene of the office. 
And the transformation of the time and space images is 
completed by using the matching method of composition of the 
same subject. 

 
IV. Conclusion 

 
The reason and the result is a pair of categories to reveal that 

the universal connection in the objective world has 
successively and mutually restricted relationship. The reason 
is the objective existence that causes a certain phenomenon, 
and the result is the embodiment of the role of the cause 
Causality has time sequence, that is, the reason must be first 
and the result can only be after the time order cannot be 
reversed. The causality of things development in the 3D 
animation narration refers to the cause, process and result of 
events in the 3D animation narration, and the logical sequence 
of series of body language, such as character action, language 
and expression, which is according with the role movement, 
mental activity and thinking mode. Causality in 3D animation 
narration is the fact that conforms to the objective law, which 
conforms to the objective requirements of the audience's 
perception of things. In the process of the use of audio-visual 
language elements, only by following the causality of the 
development of the 3D animation narration can the scene 

transformation in the animation be continuous and the 
narration be smoothly carried out to the audience and achieve 
the attention. 

Therefore, as described in the introduction of this study, we 
have set the criteria for deriving the analysis and root cause as 
the definition value to maintain the context of the visual 
perception dimension based on the continuity of the object, 
behavior and environment of the character. In the future 
research, it will apply the real case in the production of 
animation to use it as the basic data of logical and contextual 
scene transition, so that the audience will have the continuity 
of the correct story. 
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Abstract 

In the present study, an evaluation system has been 
developed directly which conforms to a convergence 
design education (design-engineering convergence content 

program), ⌜ DOT LAB Program⌟ , in which study and 

operation were carried out directly. In order for the 
evaluation by applying the present evaluation system to 
other convergence design education program, it is possible 
to evaluate and diagnose by putting weighted value on 
each situation. This study has a purpose to present a 
general evaluation tool of the convergence design 
education program. 

Moreover, based on the developed evaluation system, a 
survey has been proceeded to educator and performer who 

participated in ⌜ DOT LAB Program⌟ on the degree of 

their satisfaction, to understand the different position for 
each role at the performance of program and to utilize it 
for the supplementation at the next process and operation 
of relevant program. 

In order to construct the above evaluation system, the 
approaching method for education evaluation has been 
adopted in the first stage on the basis of the education 
evaluation model by a famous scholar. In the second stage, 
elements have been extracted to be used for the evaluation 
system through the search for existing literature which 
presented the evaluation tool for competency. In the third 
stage, contents organized in the first and second stages 

have been substituted to a specific education program, ⌜
DOT LAB Program⌟  to extract a possible final sphere 

that is needed and possible to utilize the outline, education 
method, schedule and contents. In the last fourth stage, 
detail index elements have been extracted for the 
evaluation scope set in the third stage. 

In addition, in order to verify the developed evaluation 
system, the analysis has been carried out for correlation, 
validity, and reliability between spheres. The degree of 
satisfaction has been substituted to a hexagonal model for 
each of three groups (program development professor, 
processing teacher, performing student) who participated 

in ⌜ DOT LAB Program⌟  to look its development of 

satisfaction at one glance. 

In conclusion, the following shows two outlines of the 
intention to present in the present paper. 

First, an education program has been proceeded, which 
is a part of a convergence design education, and a general 
evaluation system has been constructed to conform to the 
program. Various evaluation tools shall be presented for 
evaluation by applying this system to other convergence 
design education program. Second, after the process of 
convergence design education program, the difference in 
the degree of satisfaction shall be known for each sphere of 
a professor of program development, a processing teacher, 
and a performing student to learn, and the program shall 
be improved at the process of next convergence design 
education program. 

Keywords-Convergence; Education; DOT LAB Program; 
Construction; Evaluation; 

I. Introduction 

In the present study, an evaluation system has been 
developed directly which conforms to a convergence design 
education (design-engineering convergence content program), 
⌜ DOT LAB Program⌟ , in which study and operation were 
carried out directly. In order for the evaluation by applying the 
present evaluation system to other convergence design 
education program, it is possible to evaluate and diagnose by 
putting weighted value on each situation. This study has a 
purpose to present a general evaluation tool of the convergence 
design education program. 

II. Paradigm

Moreover, based on the developed evaluation system, a 
survey has been proceeded to educator and performer who 
participated in ⌜ DOT LAB Program⌟ on the degree of their 
satisfaction, to understand the different position for each role 
at the performance of program and to utilize it for the 
supplementation at the next process and operation of relevant 
program. 

III. Design Program

In order to construct the above evaluation system, the 
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approaching method for education evaluation has been 
adopted in the first stage on the basis of the education 
evaluation model by a famous scholar. In the second stage, 
elements have been extracted to be used for the evaluation 
system through the search for existing literature which 
presented the evaluation tool for competency. In the third stage, 
contents organized in the first and second stages have been 
substituted to a specific education program, ⌜ DOT LAB 

Program⌟  to extract a possible final sphere that is needed and 
possible to utilize the outline, education method, schedule and 
contents. In the last fourth stage, detail index elements have 
been extracted for the evaluation scope set in the third stage. 

IV. Modeling Program

In addition, in order to verify the developed evaluation 
system, the analysis has been carried out for correlation, 
validity, and reliability between spheres. The degree of 
satisfaction has been substituted to a hexagonal model for each 
of three groups (program development professor, processing 
teacher, performing student) who participated in ⌜ DOT LAB 

Program⌟  to look its development of satisfaction at one 
glance. 

V. Conclusion 

In conclusion, the following shows two outlines of the 
intention to present in the present paper. 

First, an education program has been proceeded, which is a 
part of a convergence design education, and a general 
evaluation system has been constructed to conform to the 
program. Various evaluation tools shall be presented for 
evaluation by applying this system to other convergence 
design education program. Second, after the process of 
convergence design education program, the difference in the 
degree of satisfaction shall be known for each sphere of a 
professor of program development, a processing teacher, and a 
performing student to learn, and the program shall be 
improved at the process of next convergence design education 
program. 
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Abstract 

VE(Value Engineering) was first used in manufacturing, 
after Lawrence Delos Miles, tried to find function-based 
replacement materials as he sought asbestos as the floor 
finishing material for the factory, when America was 
having difficulty finding substitute goods due to the 
shortage of equipment and materials as well as manpower 
because of the World War Ⅱ. 

It is commonly understand as a method for improving 
value through organized efforts which consists in seeking 
better solutions by discovering financially advantageous 
solutions while maintaining equal or higher functions. 

Particularly, VE is defined as a process for reviewing the 
economic feasibility of a design in construction etc. for the 
purpose of reducing cost and improving functions while 
satisfying the project owners' requirements through 
identifying, removing, and changing unnecessary 
functions, redundancies, excess etc. involved in facilities. 
VE is implemented according to the related law for 
VE-applicable cases in which the project cst exceeds 10 
billion won or the project owner recognizes its need and 
VE actually delivers such benefits as enhanced functions of 
the applicable facilities or saved budget for them. 

However, exhibition, which is characteristically 
classified as construction of goods, has no applicable legal 
provisions for using value engineering even if the project 
cost exceeds 10 billion won. And the work of designing, 
producing, and installing exhibits is ordered as a turn-key 
project, which means that the contractor is responsible for 
the entire process from design to installation. This means 
that there is relatively high risk that external factors such 
as contractor's experience, size, owned workforce, and 
finances can affect a successful implementation of an 
exhibition project, but in reality, there is no sufficient 
institutional program structured to address the issues. 

This study aims to modify VE as currently implemented 
in architecture so that it may fit the characteristic 
structure of exhibition projects and thereby propose an 
Exhibit Evaluation Model (EEM) which can improve the 
quality of exhibits. To look at earlier studies on exhibit 
evaluation methods or models, most of them either suggest 
improvements or directions for replacement based on 
audience feedback in the management of exhibits after 
they are created or are concerned with the quantitative 

aspects which involve assessing the physical environment 
of exhibits. In contrast, the study seeks to create evaluation 
criteria and procedures and create an applicable 
qualitative evaluation system with respect to a series of 
processes designed to ultimately improve quality and mode 
of production for exhibits from their design. For 
developing an EEM, the study has surveyed related 
specialists' understanding of the need to operate an 
Exhibit Value Engineering (EVE), the operation of an 
evaluation model etc. in three different categories.  

The survey found that with regard to their 
understanding of the need to apply EVE in exhibits, 81.7% 
of the respondents had a positive view of what EVE could 
do to deliver quality assurance, functional improvements, 
and budget efficiency for exhibits. In the survey of their 
perception of evaluation model operation, 49.4% if the 
respondents chose "minimum 5 billion won" as the 
appropriate fund size for EVE, and regarding the 
participation in the staff for an EVE team, 76.2% found 
"outsiders experts + project implementers(company, 
construction project management group) + project 
owner" the most adequate. For the EVE team size, the 
largest 51.2% of the respondents chose "5 to 9 persons", 
and for the point of time for EVE implementation, 53% 
chose "After the completion of basic design". Furthemore, 
as to distinguishing evaluation criteria into the hardware 
category that reviews content, educational program etc. 
84.1% of the respondents showed a positive view of "I 
agree" or stronger choices. About classifying objects of 
evaluation into the four categories (types of work) of 
content & planning, design, facility, and management & 
maintenance, 68.3% of the respondents showed a positive 
view of "I agree" or more. As far as the specific evaluation 
criteria (content & planning, design, facility, and 
management & maintenance), 714.4% of the respondents 
showed a positiv view of "I agree" or stronger choices as to 
the appropriateness of the evaluation criteria for content 
& planning, 79.9% showed a positive view of the 
appropriateness of the appropriateness of the evaluation 
criteria for facilities, and 77.4% showed a positive view of 
the appropriateness of the evaluation criteria for 
management & maintenance.  

Based on the survey results, the study wants to present 
the directionality of the EVE by providing a systematic 
bases for EEM and suggesting a plan to apply evaluation 
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criteria in designing exhibits. The method for 
implementing an evaluation model consists in tentatively 
choosing the most highly regarded evaluation criteria 
through a separate survey by distinguishing exhibit 
evaluation criteria into the four categories of content & 
planning, design, facility, and management & maintenance 
and by selecting the specific evaluation criteria including 
scientific principles, originality, realizability, and 
educationality. By selecting higher priorities out of the 
secondary selection of categories using AHP analysis and 
implementing EVE through pairwise comparison, the 
study seeks to come up with a method for identifying 
quality improvement and functional enhancement suited 
to the characteristics of exhibits. 

As the study is preceded by studies on EVE adopted and 
applied in exhibition business through a comprehensive 
examination of the procedures, mode of operation, and 
effects of VE as implemented in construction, it has a 
limited ability to acquire reliability for an objective 
verification of evaluation system, mode of evaluation etc. 
Moreover, as negatively viewed by 18.3% of the 
respondents in the survey of perception, the issues of 
insufficient reliability due to institutional insufficient, the 
mode of procedural operations, utilization, of workforce 
need o be addressed. Considering that minimum 80% of 
the respondents who answered in the negtive, we need 
additional research and supplementation to establish a 
well-organized and specific evaluation system, lest we 
incur problems that may occur during the implementation 
of EVE by working level staff such as increased workload 
and insufficient reliability of the results. 

However, the study can be described as an outcome that 
is presented as an institutional plan for a process that can 
ensure efficient use of a budget and improve the quality of 
exhibits and supplement and improve the process for 
reviewing the design of exhibits, especially through 
utilizing EVE and implementing exhibits at science centers. 
The study is significant, in that it has thereby recognized 
the need for EVE and create a basis with basic data for 
developing EEM. 

While using the study as such basic data and with a view 
to effectively operating EVE, several future revisions may 
be suggested as follows. 

First, efficiently using the EEM that is presented in the 
study will need administrative supports including support 
from related systems and creation of detailed operational 
guidelines. Its short-term establishment may be difficult 
without such legal provision as is enjoyed by architecture, 
but we will have to recognize its need through continuous 
institutional improvements and work to produce results by 
which its effects may be verified. 

Second, we will need to create infrastructure for training 
and increasing exhibition VE specialists, such as support 
for educational system and creation of educational 
institutions. Establishing the reliability of the results of 
EVE implementation through qualitative upgrade of 
various professionals and acquisition of their skills and 
resources that take into consideration the 
characteristically multi-work and multi-area exhibition 
industry will be effective for the stable operation of VE. 

Third, we will have to work to get a separate budget for 
supporting the operation of EVE system and funding 
professionals on the VE team and its project budget. Thus, 
the risks such as administrative red tapes in response to 
the demands from contracting parties (beneficiaries) and 
inefficiency involved in increased workload falling on 
project implementers could be overcome to achieve mutual 
win-win based on mutual efforts and trust of contracting 
parties (beneficiaries) and project implementers 
(companies). 

Finally, as what hasn't been treated in the study, 
incorporating the results of EEM into a database will be 
significant for keeping an integrated management system 
for tracking records such as the frequency of exhibits 
incurring troubles and their popularity while 
implementing such tasks as future replacement or renewal 
of exhibits. 

Keywords-Exhibit; Quality; Science Center; Value; 
Engineering; 

I. Introduction 

VE(Value Engineering) was first used in manufacturing, 
after Lawrence Delos Miles, tried to find function-based 
replacement materials as he sought asbestos as the floor 
finishing material for the factory, when America was having 
difficulty finding substitute goods due to the shortage of 
equipment and materials as well as manpower because of the 
World War Ⅱ. 

II. Paradigm

It is commonly understand as a method for improving value 
through organized efforts which consists in seeking better 
solutions by discovering financially advantageous solutions 
while maintaining equal or higher functions. 

Particularly, VE is defined as a process for reviewing the 
economic feasibility of a design in construction etc. for the 
purpose of reducing cost and improving functions while 
satisfying the project owners' requirements through identifying, 
removing, and changing unnecessary functions, redundancies, 
excess etc. involved in facilities. VE is implemented according 
to the related law for VE-applicable cases in which the project 
cst exceeds 10 billion won or the project owner recognizes its 
need and VE actually delivers such benefits as enhanced 
functions of the applicable facilities or saved budget for them. 

III. Design System

However, exhibition, which is characteristically classified as 
construction of goods, has no applicable legal provisions for 
using value engineering even if the project cost exceeds 10 
billion won. And the work of designing, producing, and 
installing exhibits is ordered as a turn-key project, which 
means that the contractor is responsible for the entire process 
from design to installation. This means that there is relatively 
high risk that external factors such as contractor's experience, 
size, owned workforce, and finances can affect a successful 
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implementation of an exhibition project, but in reality, there is 
no sufficient institutional program structured to address the 
issues. 

This study aims to modify VE as currently implemented in 
architecture so that it may fit the characteristic structure of 
exhibition projects and thereby propose an Exhibit Evaluation 
Model (EEM) which can improve the quality of exhibits. To 
look at earlier studies on exhibit evaluation methods or models, 
most of them either suggest improvements or directions for 
replacement based on audience feedback in the management of 
exhibits after they are created or are concerned with the 
quantitative aspects which involve assessing the physical 
environment of exhibits. In contrast, the study seeks to create 
evaluation criteria and procedures and create an applicable 
qualitative evaluation system with respect to a series of 
processes designed to ultimately improve quality and mode of 
production for exhibits from their design. For developing an 
EEM, the study has surveyed related specialists' understanding 
of the need to operate an Exhibit Value Engineering (EVE), 
the operation of an evaluation model etc. in three different 
categories. 

IV. Modeling System

The survey found that with regard to their understanding of 
the need to apply EVE in exhibits, 81.7% of the respondents 
had a positive view of what EVE could do to deliver quality 
assurance, functional improvements, and budget efficiency for 
exhibits. In the survey of their perception of evaluation model 
operation, 49.4% if the respondents chose "minimum 5 billion 
won" as the appropriate fund size for EVE, and regarding the 
participation in the staff for an EVE team, 76.2% found 
"outsiders experts + project implementers(company, 
construction project management group) + project owner" the 
most adequate. For the EVE team size, the largest 51.2% of the 
respondents chose "5 to 9 persons", and for the point of time 
for EVE implementation, 53% chose "After the completion of 
basic design". Furthemore, as to distinguishing evaluation 
criteria into the hardware category that reviews content, 
educational program etc. 84.1% of the respondents showed a 
positive view of "I agree" or stronger choices. About 
classifying objects of evaluation into the four categories (types 
of work) of content & planning, design, facility, and 
management & maintenance, 68.3% of the respondents 
showed a positive view of "I agree" or more. As far as the 
specific evaluation criteria (content & planning, design, 
facility, and management & maintenance), 714.4% of the 
respondents showed a positiv view of "I agree" or stronger 
choices as to the appropriateness of the evaluation criteria for 
content & planning, 79.9% showed a positive view of the 
appropriateness of the appropriateness of the evaluation 
criteria for facilities, and 77.4% showed a positive view of the 
appropriateness of the evaluation criteria for management & 
maintenance.  

Based on the survey results, the study wants to present the 
directionality of the EVE by providing a systematic bases for 
EEM and suggesting a plan to apply evaluation criteria in 
designing exhibits. The method for implementing an 
evaluation model consists in tentatively choosing the most 
highly regarded evaluation criteria through a separate survey 
by distinguishing exhibit evaluation criteria into the four 

categories of content & planning, design, facility, and 
management & maintenance and by selecting the specific 
evaluation criteria including scientific principles, originality, 
realizability, and educationality. By selecting higher priorities 
out of the secondary selection of categories using AHP 
analysis and implementing EVE through pairwise comparison, 
the study seeks to come up with a method for identifying 
quality improvement and functional enhancement suited to the 
characteristics of exhibits. 

As the study is preceded by studies on EVE adopted and 
applied in exhibition business through a comprehensive 
examination of the procedures, mode of operation, and effects 
of VE as implemented in construction, it has a limited ability to 
acquire reliability for an objective verification of evaluation 
system, mode of evaluation etc. Moreover, as negatively 
viewed by 18.3% of the respondents in the survey of 
perception, the issues of insufficient reliability due to 
institutional insufficient, the mode of procedural operations, 
utilization, of workforce need o be addressed. Considering that 
minimum 80% of the respondents who answered in the negtive, 
we need additional research and supplementation to establish a 
well-organized and specific evaluation system, lest we incur 
problems that may occur during the implementation of EVE by 
working level staff such as increased workload and insufficient 
reliability of the results. 

However, the study can be described as an outcome that is 
presented as an institutional plan for a process that can ensure 
efficient use of a budget and improve the quality of exhibits 
and supplement and improve the process for reviewing the 
design of exhibits, especially through utilizing EVE and 
implementing exhibits at science centers. The study is 
significant, in that it has thereby recognized the need for EVE 
and create a basis with basic data for developing EEM. 

V. Conclusion 

While using the study as such basic data and with a view to 
effectively operating EVE, several future revisions may be 
suggested as follows. 

First, efficiently using the EEM that is presented in the study 
will need administrative supports including support from 
related systems and creation of detailed operational guidelines. 
Its short-term establishment may be difficult without such 
legal provision as is enjoyed by architecture, but we will have 
to recognize its need through continuous institutional 
improvements and work to produce results by which its effects 
may be verified. 

Second, we will need to create infrastructure for training and 
increasing exhibition VE specialists, such as support for 
educational system and creation of educational institutions. 
Establishing the reliability of the results of EVE 
implementation through qualitative upgrade of various 
professionals and acquisition of their skills and resources that 
take into consideration the characteristically multi-work and 
multi-area exhibition industry will be effective for the stable 
operation of VE. 

Third, we will have to work to get a separate budget for 
supporting the operation of EVE system and funding 
professionals on the VE team and its project budget. Thus, the 
risks such as administrative red tapes in response to the 
demands from contracting parties (beneficiaries) and 
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inefficiency involved in increased workload falling on project 
implementers could be overcome to achieve mutual win-win 
based on mutual efforts and trust of contracting parties 
(beneficiaries) and project implementers (companies). 

Finally, as what hasn't been treated in the study, 
incorporating the results of EEM into a database will be 
significant for keeping an integrated management system for 
tracking records such as the frequency of exhibits incurring 
troubles and their popularity while implementing such tasks as 
future replacement or renewal of exhibits. 
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Abstract 

This is a study on the convergence of nano technology 
and art, and the perception and attitude. 

The topic of this study is the nano technology and nano 
art, and its main contents include the convergence 
research of corporate design moral management, 
corporate social responsibility, and creating shared value. 
Also the causal relation of this study results from the 
mutual relations between the topic and contents of this 
study, which is the perception and attitude of users of nano 
technology and art. The main target and contents of the 
study include the research on the FGI perception and 
attitude of CEOs in the convergence advanced 
management program(AMP) of a domestic university. 

Therefore, the design ethics, moral management, and 
creating shared value for corporate social 
responsibility(CSR) are important to nano technology 
based on the convergence research on nano technology and 
nano art. There should be opportunities to create new 
creative values in the future and also to evolve to better 
forms, and it would be urgently needed to have 
comprehensive researches on it. 

This study aims to research the design moral 
management and corporate social responsibility of nano 
technology and art for the new creation of shared value in 
accordance with a series of social, economic, and 
environmental trend. 

The results and contents of this study are like below. 
First, the results of this study through the understanding 

of preceding researches and theoretical consideration are 
like below. 

In the aspect of strong convergence with diverse areas 
and dealing with the fine-size world that has not been 
handled before, nano technology has a huge expectation of 
its innovativeness while it also has potential risks that 
should be managed. Therefore, it would be especially 
needed to reinforce the risk management of nano 
technology regulations. As a new art(design) area captured 
by scientists, nano art is settling down as an important axis 
of convergence industrial design area or artistic expression 
of pure art or modern art. Also, in the results of viewing 
the observance of business ethics and scientific technology 
ethics, design moral management(DMM) and corporate 
social responsibility(CSR), the creation of shared 
value(CSR) as the spirit of the time, and the significance of 

design, they were the important contents and core of the 
study on the future value of nano technology and nano art. 

However, as there are also negative sides of nano 
technology and nano art, we should not forget that they 
could bring fatal damages to mankind. 

Second, under the topic of nano technology and art, the 
results of the empirical research on the FGI perception of 
and attitude toward design moral management, corporate 
social responsibility(CSR), and creating social value(CSV) 
are like below. The main subjects and contents of this 
study were the FGI perception and attitude of 44 CEOs in 
the convergence advanced management program(AMP) of 
a domestic university. The characteristics of the selected 
samples were 36 CEOs and executives, two professors, two 
representatives of civic group, two representatives of 
consumer, one public official in political service, and one 
executive of National Science Museum. Regarding sex, it 
included 34 men and ten women. In case of age, there were 
11 people in their 40s and 33 people in their 50s. Regarding 
career experience, there were ten people with experience 
for more than 25 years, 23 people with experience for 
20-25 years, and 11 people with experience for less than 20 
years. In regard of academic background, there were 23 
people with doctor's degree, 19 people with master's 
degree, and two people with bachelor's degree. The 
questionnaire was composed of total 53 questions such as 
five questions for perception(cognition & experience), five 
questions for attitude(participation & practice intention), 
three questions for convergence, five questions for 
influence, ten questions for moral management system(3C), 
five questions for social responsibility, five questions for 
shared value, and eight questions for consciousness 
including subjective survey. 

The empirical analysis of this study verified all in the 
significance level(p<.05), and the statistical processing was 
analyzed by using SPSS WIN 22.0 Program. As detailed 
empirical analysis methods, in order to understand the 
general characteristics of the survey subjects, the 
frequency analysis and the internal reliability test between 
questions were conducted. To examine correlations 
between the research topic and contents, the correlation 
analysis was performed. Besides them, t-test, one-way 
ANOVA, scheffe test as a post-test, and regression analysis 
were also conducted. 

The results of the analysis are like below. 
In the results of frequency analysis, the whole items 
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except for four questions such as the vitalization of the 
topic and contents of this study, necessity of efforts, 
weaknesses and limitations, and the government 
institutional support and complementation among total 53 
questions showed positive results like the scale value 
degree was average 4.00 more than "important", which 
showed domestic large/small companies' CEOs and 
executives' positive and future-oriented consciousness and 
attitude. 

The negative responses on those four questions about the 
vitalization of the topic and contents of this study, 
necessity of efforts, weaknesses and limitations, and the 
government institutional support and complementation 
also accorded with the response to the subjective survey, so 
that it would be necessary to have solutions to them. 

In the results of analyzing the descriptive statistics and 
reliability of the relation between the topic and contents of 
this study, all the perception(cognition & knowledge), 
attitude(participation and practice intention), convergence 
of nano technology and nano art, importance of 
convergence industry, government policy and support of 
convergence industry, risk of nano technology, influence of 
nano technology, design moral management(DMM) & 
system components(3C), corporate social 
responsibility(CSR), and creating shared value(CSV) 
showed Cronbach's α 

higher than 0.7, which satisfied the reliability level of 
internal consistency. In the results of analyzing 
correlations between the topic of this study and variables 
related to contents, the perception(cognition & experience) 
of nano technology and art showed positive 
correlations(p<.001) with design moral 
management(r=.782). The attitude(participation and 
practice intention) showed positive correlations(p<.001) 
with the convergence of nano technology and art, the 
importance of convergence industry, and the importance 
of government policy and support of convergence 
industry(r=.580), design moral management(r=.526), 
corporate social responsibility(r=.744), and creating 
shared value(r=.654). Therefore, there were correlations 
between the topic of this study such as nano technology 
and nano art, and the main contents of this study such as 
design moral management(DMM), corporate social 
responsibility(CSR), and convergence of creating shared 
value(CSV), and the causal relations of this study such as 
perception(cognition & experience) and 
attitude(participation and practice intention). 

The limitations and suggestions of this study are like 
below. 

This study focused on the convergence of nano 
technology and art, and perception and attitude. 

Therefore, it should result from the topic of this study 
such as nano technology and nano art, and the 
convergence study on the main contents of this study such 
as design moral management (DMM), corporate social 
responsibility(CSR), and creating shared value(CSV), and 
the correlations between the topic and contents of this 
study as the causal relation which is users' perception of 
and attitude toward nano technology and art. 

However, as a study on FGI perception and attitude of 

44 CEOs in the convergence advanced management 
program(AMP) of a domestic university including 
policy-making authority, expert group, corporate CEO 
and executive, civic group, consumer group, scientist, and 
artist, there were no researches on the perception and 
attitude of other expert groups and ordinary people. 

The perception and attitude of general citizens and 
consumers, and their perceived vitalization of the topic 
and contents of this study, necessity of efforts, weaknesses 
and limitations, and government institutional support and 
complementation, and their ideas for solution would be the 
limitations of this study, which is remained as the future 
task of follow-up researches. 

Keywords-Convergence; Attitude; Technolohy; Nano; Art; 

I. Introduction 

This is a study on the convergence of nano technology and 
art, and the perception and attitude. 

The topic of this study is the nano technology and nano art, 
and its main contents include the convergence research of 
corporate design moral management, corporate social 
responsibility, and creating shared value. Also the causal 
relation of this study results from the mutual relations between 
the topic and contents of this study, which is the perception and 
attitude of users of nano technology and art. The main target 
and contents of the study include the research on the FGI 
perception and attitude of CEOs in the convergence advanced 
management program(AMP) of a domestic university. 

II. Paradigm

Therefore, the design ethics, moral management, and 
creating shared value for corporate social responsibility(CSR) 
are important to nano technology based on the convergence 
research on nano technology and nano art. There should be 
opportunities to create new creative values in the future and 
also to evolve to better forms, and it would be urgently needed 
to have comprehensive researches on it. 

III. Design Program

This study aims to research the design moral management 
and corporate social responsibility of nano technology and art 
for the new creation of shared value in accordance with a series 
of social, economic, and environmental trend. 

. 

IV. Modeling Program

First, the results of this study through the understanding of 
preceding researches and theoretical consideration are like 
below. 

In the aspect of strong convergence with diverse areas and 
dealing with the fine-size world that has not been handled 
before, nano technology has a huge expectation of its 
innovativeness while it also has potential risks that should be 
managed. Therefore, it would be especially needed to reinforce 
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the risk management of nano technology regulations. As a new 
art(design) area captured by scientists, nano art is settling 
down as an important axis of convergence industrial design 
area or artistic expression of pure art or modern art. Also, in the 
results of viewing the observance of business ethics and 
scientific technology ethics, design moral management(DMM) 
and corporate social responsibility(CSR), the creation of 
shared value(CSR) as the spirit of the time, and the 
significance of design, they were the important contents and 
core of the study on the future value of nano technology and 
nano art. 

However, as there are also negative sides of nano 
technology and nano art, we should not forget that they could 
bring fatal damages to mankind. 

Second, under the topic of nano technology and art, the 
results of the empirical research on the FGI perception of and 
attitude toward design moral management, corporate social 
responsibility(CSR), and creating social value(CSV) are like 
below. The main subjects and contents of this study were the 
FGI perception and attitude of 44 CEOs in the convergence 
advanced management program(AMP) of a domestic 
university. The characteristics of the selected samples were 36 
CEOs and executives, two professors, two representatives of 
civic group, two representatives of consumer, one public 
official in political service, and one executive of National 
Science Museum. Regarding sex, it included 34 men and ten 
women. In case of age, there were 11 people in their 40s and 33 
people in their 50s. Regarding career experience, there were 
ten people with experience for more than 25 years, 23 people 
with experience for 20-25 years, and 11 people with 
experience for less than 20 years. In regard of academic 
background, there were 23 people with doctor's degree, 19 
people with master's degree, and two people with bachelor's 
degree. The questionnaire was composed of total 53 questions 
such as five questions for perception(cognition & experience), 
five questions for attitude(participation & practice intention), 
three questions for convergence, five questions for influence, 
ten questions for moral management system(3C), five 
questions for social responsibility, five questions for shared 
value, and eight questions for consciousness including 
subjective survey. 

V. Conclusion 

The empirical analysis of this study verified all in the 
significance level(p<.05), and the statistical processing was 
analyzed by using SPSS WIN 22.0 Program. As detailed 
empirical analysis methods, in order to understand the general 
characteristics of the survey subjects, the frequency analysis 
and the internal reliability test between questions were 
conducted. To examine correlations between the research topic 
and contents, the correlation analysis was performed. Besides 
them, t-test, one-way ANOVA, scheffe test as a post-test, and 
regression analysis were also conducted. 

The results of the analysis are like below. 
In the results of frequency analysis, the whole items except 

for four questions such as the vitalization of the topic and 
contents of this study, necessity of efforts, weaknesses and 
limitations, and the government institutional support and 
complementation among total 53 questions showed positive 
results like the scale value degree was average 4.00 more than 

"important", which showed domestic large/small companies' 
CEOs and executives' positive and future-oriented 
consciousness and attitude. 

The negative responses on those four questions about the 
vitalization of the topic and contents of this study, necessity of 
efforts, weaknesses and limitations, and the government 
institutional support and complementation also accorded with 
the response to the subjective survey, so that it would be 
necessary to have solutions to them. 

In the results of analyzing the descriptive statistics and 
reliability of the relation between the topic and contents of this 
study, all the perception(cognition & knowledge), 
attitude(participation and practice intention), convergence of 
nano technology and nano art, importance of convergence 
industry, government policy and support of convergence 
industry, risk of nano technology, influence of nano 
technology, design moral management(DMM) & system 
components(3C), corporate social responsibility(CSR), and 
creating shared value(CSV) showed Cronbach's α 

higher than 0.7, which satisfied the reliability level of 
internal consistency. In the results of analyzing correlations 
between the topic of this study and variables related to contents, 
the perception(cognition & experience) of nano technology 
and art showed positive correlations(p<.001) with design 
moral management(r=.782). The attitude(participation and 
practice intention) showed positive correlations(p<.001) with 
the convergence of nano technology and art, the importance of 
convergence industry, and the importance of government 
policy and support of convergence industry(r=.580), design 
moral management(r=.526), corporate social 
responsibility(r=.744), and creating shared value(r=.654). 
Therefore, there were correlations between the topic of this 
study such as nano technology and nano art, and the main 
contents of this study such as design moral 
management(DMM), corporate social responsibility(CSR), 
and convergence of creating shared value(CSV), and the 
causal relations of this study such as perception(cognition & 
experience) and attitude(participation and practice intention). 

The limitations and suggestions of this study are like below. 
This study focused on the convergence of nano technology 

and art, and perception and attitude. 
Therefore, it should result from the topic of this study such 

as nano technology and nano art, and the convergence study on 
the main contents of this study such as design moral 
management (DMM), corporate social responsibility(CSR), 
and creating shared value(CSV), and the correlations between 
the topic and contents of this study as the causal relation which 
is users' perception of and attitude toward nano technology and 
art. 

However, as a study on FGI perception and attitude of 44 
CEOs in the convergence advanced management 
program(AMP) of a domestic university including 
policy-making authority, expert group, corporate CEO and 
executive, civic group, consumer group, scientist, and artist, 
there were no researches on the perception and attitude of other 
expert groups and ordinary people. 

The perception and attitude of general citizens and 
consumers, and their perceived vitalization of the topic and 
contents of this study, necessity of efforts, weaknesses and 
limitations, and government institutional support and 
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complementation, and their ideas for solution would be the 
limitations of this study, which is remained as the future task of 
follow-up researches. 
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Abstract 

Sharply increasing knowledge and information and the 
development of Information Communication Technology 
(ICT) have given rise to a new type of learning, Especially, 
Virtual Reality (VR), based on 3D video, is perceived as a 
noteworthy learning medium in that it promotes interest 
and immersion in learning by providing realistic 
information and with sensory immersion characteristic of 
the medium, which exerts significant influence on 
achievement in and satisfaction with learning. 

VR, characterized by 3D spatiality, immersion, real-time 
interaction etc., refers to the technology that provides the 
user with information which does not exist in reality and 
lets the user experience vividly situations which are not 
experienced in the real world through the interaction that 
taps into the senses in the computer-created virtual space. 
Experiential Safety Hall, in particular, should find great 
effectiveness through the employment of such virtual 
reality, as it includes the temporo-spatial concept for such 
situations as are hard to explain with 2D data or text and 
so cannot be directly observed.  

Activities in Experiential Safety Hall which proceed with 
such VR experiences help effective realization of 
educational learning, in that learning naturally 
implements itself while audience-led observation and 
manipulation lead to immersion in learning, interest, and 
satisfaction. 

The study is designed to identify the influences that 
virtual reality exercises on educational effectiveness and 
return visitors in Experiential Safety Hall activities and 
present directions for future operation by tapping into the 
characteristics of VR based on an empirical data analysis. 

Introduction in Chapter 1 presents the background and 
purpose of the study and describes the scope, method, and 
flow chart of the research. 

With the understanding that the discussion of the 
activities in Experiential Safety Hall, the concept and 
characteristic sof VR and their application in education 
could lead to immersion and interest in education and 
satisfaction with it and thereby result in return visitors, 
Theoretical Literature Review in Chapter 2 reviews earlier 
studies related to the components. Also, the chapter 

surveys actual content in Experiential Safety Hall and 
examines the earlier studies on the definition and 
importance of experiential safety education. 

Research Method of Chapter 3 establishes the study 
model and hypothesis for an empirical study, provides 
operational definitions of any experience of VR, preferred 
type of experiential hall activities in accordance with 
classification of experiential safety content by type, which 
are the subfactors of Experiential Safety Hall activities, of 
immersion and interest in learning and satisfaction with it 
as the subfactors of educational effectiveness, and of the 
variables of the intention to return as visitors and the 
intention to recommend as subfactors of return visitors, 
and then presents the composition of the questionnaire, the 
composition of the measuring tool, and statistical analysis 
method. 

Empirical Analysis and Hypothesis Testing in Chapter 4 
proceeds with an empirical analysis based on the responses 
to a questionnaire, which is a measuring tool serving the 
research method. The study was performed with a survey 
using a self-administered questionnaire. For hypothesis 
testing, the study performed frequency analysis, reliability 
test, independent sample t-test, one-way ANOVA, and 
Scheffe ’ s test, and calculated mean and standard 
deviation to identify descriptive statistics. Besides, the 
study analyzed the hypothesis testing with correlation 
analysis and regression analysis. The analysis ended up 
rejecting 6 out of all 33 hypotheses while accepting 27 of 
them. 

Conclusion in Chapter 5 summarizes the discussions, 
implications, and limitations of the study and then makes 
suggestions for further studies. 

Based on the results of the empirical analysis, what the 
study wants to suggest can be summarized as follows. 

First, considering that most of the hypotheses about the 
influences that virtual reality exercises on educational 
effectiveness in Experiential Safety Hall activities, VR 
content needs to be propagated through its diversification 
with a view to boosting its educational effectiveness with 
respect to safety. 

Second, the analysis of the intention to return as visitors 
and the intention to recommend with a view to audience’
s return to activities in Experiential Safety Hall shows that 
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as the activities in Experiential Safety Hall, the number of 
visits, any experience of VR, and return to preferred 
activities did not exert significant influence, whereas past 
experience of VR was not significant. Specifically, the 
presence of past experience of VR showed greater 
influence than its lack, and immersion VR as active 
experience registered greater influence on return as 
visitors. This analytical result verifies that those visitors 
who experienced VR through the activities at Experiential 
Safety Hall continued to recommend Experiential Safety 
Hall and return to it. It is my understanding that 
organizing and acquiring diverse VR content helps 
visitors’ return to Experiential Safety Hall. 

Third, the analysis of the influences on educational 
effectiveness and visitors ’  return, which are major 
characteristics of Experiential Safety Hall activities, shows 
that educational effectiveness exerts a significant positive 
influence on visitors’ return. To check the influence of 
subfactors, immersion and interest in learning and 
satisfaction with it all exerted significant positive influence 
on visitors’ return as well as its subfactors of the intention 
to return and the intention to recommend. Accordingly, it 
has been demonstrated that greater educational 
effectiveness increases the possibility for visitors’ return. 

Keywords-Virtual Reality; Education; Return Visitor; Safety 
Hall Activities; Elementary School; 

I. Introduction 

Sharply increasing knowledge and information and the 
development of Information Communication Technology 
(ICT) have given rise to a new type of learning, Especially, 
Virtual Reality (VR), based on 3D video, is perceived as a 
noteworthy learning medium in that it promotes interest and 
immersion in learning by providing realistic information and 
with sensory immersion characteristic of the medium, which 
exerts significant influence on achievement in and satisfaction 
with learning. 

II. Paradigm

VR, characterized by 3D spatiality, immersion, real-time 
interaction etc., refers to the technology that provides the user 
with information which does not exist in reality and lets the 
user experience vividly situations which are not experienced in 
the real world through the interaction that taps into the senses 
in the computer-created virtual space. Experiential Safety Hall, 
in particular, should find great effectiveness through the 
employment of such virtual reality, as it includes the 
temporo-spatial concept for such situations as are hard to 
explain with 2D data or text and so cannot be directly 
observed.  

Activities in Experiential Safety Hall which proceed with 
such VR experiences help effective realization of educational 
learning, in that learning naturally implements itself while 
audience-led observation and manipulation lead to immersion 
in learning, interest, and satisfaction. 

III. Design Program

The study is designed to identify the influences that virtual 
reality exercises on educational effectiveness and return 
visitors in Experiential Safety Hall activities and present 
directions for future operation by tapping into the 
characteristics of VR based on an empirical data analysis. 

Introduction in Chapter 1 presents the background and 
purpose of the study and describes the scope, method, and flow 
chart of the research. 

With the understanding that the discussion of the activities 
in Experiential Safety Hall, the concept and characteristic sof 
VR and their application in education could lead to immersion 
and interest in education and satisfaction with it and thereby 
result in return visitors, Theoretical Literature Review in 
Chapter 2 reviews earlier studies related to the components. 
Also, the chapter surveys actual content in Experiential Safety 
Hall and examines the earlier studies on the definition and 
importance of experiential safety education. 

IV. Modeling Program

Research Method of Chapter 3 establishes the study model 
and hypothesis for an empirical study, provides operational 
definitions of any experience of VR, preferred type of 
experiential hall activities in accordance with classification of 
experiential safety content by type, which are the subfactors of 
Experiential Safety Hall activities, of immersion and interest in 
learning and satisfaction with it as the subfactors of 
educational effectiveness, and of the variables of the intention 
to return as visitors and the intention to recommend as 
subfactors of return visitors, and then presents the composition 
of the questionnaire, the composition of the measuring tool, 
and statistical analysis method. 

Empirical Analysis and Hypothesis Testing in Chapter 4 
proceeds with an empirical analysis based on the responses to a 
questionnaire, which is a measuring tool serving the research 
method. The study was performed with a survey using a 
self-administered questionnaire. For hypothesis testing, the 
study performed frequency analysis, reliability test, 
independent sample t-test, one-way ANOVA, and Scheffe’s 
test, and calculated mean and standard deviation to identify 
descriptive statistics. Besides, the study analyzed the 
hypothesis testing with correlation analysis and regression 
analysis. The analysis ended up rejecting 6 out of all 33 
hypotheses while accepting 27 of them. 

Conclusion in Chapter 5 summarizes the discussions, 
implications, and limitations of the study and then makes 
suggestions for further studies. 

V. Conclusion 

Based on the results of the empirical analysis, what the study 
wants to suggest can be summarized as follows. 

First, considering that most of the hypotheses about the 
influences that virtual reality exercises on educational 
effectiveness in Experiential Safety Hall activities, VR content 
needs to be propagated through its diversification with a view 
to boosting its educational effectiveness with respect to safety. 

Second, the analysis of the intention to return as visitors and 
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the intention to recommend with a view to audience’s return to 
activities in Experiential Safety Hall shows that as the 
activities in Experiential Safety Hall, the number of visits, any 
experience of VR, and return to preferred activities did not 
exert significant influence, whereas past experience of VR was 
not significant. Specifically, the presence of past experience of 
VR showed greater influence than its lack, and immersion VR 
as active experience registered greater influence on return as 
visitors. This analytical result verifies that those visitors who 
experienced VR through the activities at Experiential Safety 
Hall continued to recommend Experiential Safety Hall and 
return to it. It is my understanding that organizing and 
acquiring diverse VR content helps visitors ’  return to 
Experiential Safety Hall. 

Third, the analysis of the influences on educational 
effectiveness and visitors ’  return, which are major 
characteristics of Experiential Safety Hall activities, shows 
that educational effectiveness exerts a significant positive 
influence on visitors’  return. To check the influence of 
subfactors, immersion and interest in learning and satisfaction 
with it all exerted significant positive influence on visitors’ 
return as well as its subfactors of the intention to return and the 
intention to recommend. Accordingly, it has been 
demonstrated that greater educational effectiveness increases 
the possibility for visitors’ return. 
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Abstract 

In this study, to establish an actual evaluation model 
suitable for coffee remote education converging coffee 
education and remote education, the preliminary coffee 
remote education evaluation model is built through 
preliminary surveys by referring to matters required for 
diagnosing coffee education and preceding researches. 
Then, by conducting additional surveys by experts, the 
final evaluation model for coffee remote education was 
established in pursuant to setting up the weighted value by 
area. 

As such, to establish the evaluation model for coffee 
remote education, first, the survey forms were distributed 
to completers of coffee education, and the preliminary 
evaluation model for coffee remote education was 
composed focusing on the satisfaction rates from the 
survey result. Next, to verify the preliminary evaluation 
model for coffee remote education designed earlier, the 
FGI expert group is composed to filter out inappropriate 
questionnaires from the evaluation questionnaires in the 
preliminary evaluation model for coffee remote education. 
Lastly, the final questionnaires of evaluation model for 
coffee remote education and weighted value are set up to 
have total 16 items in 4 areas of the final evaluation model 
for coffee remote education. 

Also, to set up the weighted value by area of evaluation 
model for coffee remote education established earlier, the 
general scores from evaluation or the original score from 
the secondary survey results were calculated. From 
calculating the initial and secondary weighted values, the 
difference between weighted values was not great, hence 24 
scores were calculated from all of the 4 areas. As result 
from this, the proposals of this study can be summarized as 
follows. 

First, the evaluation areas and evaluation questionnaires 
suitable for evaluation model for coffee remote education 
required for diagnosing the coffee remote education 
converging coffee education and remote education were 
materialized. Second, to build the final preliminary 
evaluation model for coffee remote education, the final 
evaluation model for coffee remote education was 
proposed by FGI expert verification through coffee 
experts and remote education experts. Also, the weighted 
values by evaluation area were set up to facilitate actual 

diagnosis after the completion of coffee remote education 
program in the future. 

Keywords-Composition; Coffee; Remote Education; 
Evaluation; FGI; 

I. Introduction 

In this study, to establish an actual evaluation model suitable 
for coffee remote education converging coffee education and 
remote education, the preliminary coffee remote education 
evaluation model is built through preliminary surveys by 
referring to matters required for diagnosing coffee education 
and preceding researches. Then, by conducting additional 
surveys by experts, the final evaluation model for coffee 
remote education was established in pursuant to setting up the 
weighted value by area. 

II. Paradigm

As such, to establish the evaluation model for coffee remote 
education, first, the survey forms were distributed to 
completers of coffee education, and the preliminary evaluation 
model for coffee remote education was composed focusing on 
the satisfaction rates from the survey result. Next, to verify the 
preliminary evaluation model for coffee remote education 
designed earlier, the FGI expert group is composed to filter out 
inappropriate questionnaires from the evaluation 
questionnaires in the preliminary evaluation model for coffee 
remote education. Lastly, the final questionnaires of evaluation 
model for coffee remote education and weighted value are set 
up to have total 16 items in 4 areas of the final evaluation 
model for coffee remote education. 

III. Design and Model Program

Also, to set up the weighted value by area of evaluation 
model for coffee remote education established earlier, the 
general scores from evaluation or the original score from the 
secondary survey results were calculated. From calculating the 
initial and secondary weighted values, the difference between 
weighted values was not great, hence 24 scores were 
calculated from all of the 4 areas. As result from this, the 
proposals of this study can be summarized as follows. 
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IV. Conclusion

First, the evaluation areas and evaluation questionnaires 
suitable for evaluation model for coffee remote education 
required for diagnosing the coffee remote education 
converging coffee education and remote education were 
materialized. Second, to build the final preliminary evaluation 
model for coffee remote education, the final evaluation model 
for coffee remote education was proposed by FGI expert 
verification through coffee experts and remote education 
experts. Also, the weighted values by evaluation area were set 
up to facilitate actual diagnosis after the completion of coffee 
remote education program in the future. 
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Abstract 

Chinese ancient towns declined impacted by the 
urbanization, but they have been protected and developed 
after regeneration. The research on the protection and 
development of the three ancient towns as the historical 
and cultural space and exploration of the ways and means 
of regeneration is helpful to analyze the internal main 
factors, so as to provide reference and help for the 
protection and development of other ancient towns. In the 
theory of the production of space, the three elements of 
space can be used to analyze the internal agents of the 
spatial change, which also are the important theoretical 
tools to analyze the spatial relationship. In this paper, we 
will establish a analytical framework to analyze the 
buildings, public space, social space and action space of 4 
regenerated ancient towns and concrete cases with the 
three elements of space, and research the government’s 
operation and management and the habitants ’ 
development forms, so as to provide the reference value 
for the ancient towns and even the protection and 
development of ancient towns.  

Keywords： Ancient Towns; Research on the Regeneration; 
urban regeneration  

I. Introduction 

A. The background and purpose of the research 

Ancient towns are the carriers of local history, regional 
features and traditional culture, and the social and historical 
heritage embodied by the building space. While the 
manpower, funds and resources were flowing into cities, the 
economy of the ancient towns declined rapidly so that the life 
of the people in the ancient towns were affected severely duo 
to the lagging social service. As a country with an ancient 
civilization, China has many ancient cities and towns with 
long history. Chinese people have researched ancient towns 
comprehensively for a long time. Although there is no 
comprehensive and systematic research on the urban 
regeneration or no concept of the ‘urban regeneration’, 
there are still some relevant theoretical researches, but the 
main content is about ‘rebuilding’, ‘protection’ and ‘
inheritance ’ , and few researchers are involved in the 
research and analysis of the urban regeneration mode. 

The implementation of urban regeneration has made 

corresponding progress in solving the problems in all levels 
of the city and has achieved remarkable results in the 
economic development, improvement of people's livelihood, 
cultural heritage and environmental protection. Chinese 
scholars have researched the series of theories from the West 
deeply and introduced them to China, and have created the 
theory of urban regeneration with its own features according 
to cultural environment, economic development, urbanization 
process and other differences. The production of space is a 
process of the space to be developed, designed, used and 
rebuilt, which has accumulated many urban research cases. 
Similarly, ‘ancient towns" has many problems that can be 
explained combined with the production of space. Therefore, 
we will research the construction of the regeneration mode of 
the ancient towns and cities from the perspective of the ‘
production of space’. 

The purpose to research the regeneration of ancient towns 
is to analyze the influence and effect of different regeneration 
ways of ancient towns, which can be used as reference for the 
regeneration and protection of other ancient towns. Find out 
the equilibrium point among Chinese culture, economy and 
society for the regeneration of ancient towns with the theory 
of "production of space’ as the analysis tool to show the 
specific theory for the diversified and sustainable 
regeneration ways. Moreover, the combination of the 
traditional culture for the regeneration of ancient towns and 
the modern life can provide new methods and reference for 
the protection of traditional culture. 

B. The scope and methods of the research  

In this paper, we will analyze four ancient towns with the 
three elements of the production of space, which are spatial 
practice, representations of space and representational space. 
For the spatial practice, research the regeneration ways of the 
material buildings and public space of ancient towns. For the 
representations of space, analyze the functions, influence and 
effect of the government, the management company and the 
development company in the regeneration process of ancient 
towns. For the representational space, analyze the people and 
culture in the ancient towns and the mutual relations among 
the aborigines, foreign merchants and tourists. 

Firstly, take the literature research method. Sort out some 
viewpoints and questions related to the regeneration of 
ancient towns in the academic papers, relevant books and 
internet resources, and then summarize, research, and analyze 
these questions so as to form the personal viewpoints finally.  
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Secondly, take the case research method. Make use of the 
relations between various types of the production of space in 
the regeneration process of 3 ancient towns with the theory of 
production of space to research the operation of the internal 
mechanism, to find out the decisive factors for the generation 
of ancient towns, and further to sort out the important 
conclusions. 

Thirdly, take the theoretical analysis method. Analyze the 
rebuilding ways for the material space and public space in the 
first element, spatial practice, the participation or functions of 
the government sectors and the development company in the 
second element, representations of space, and the behaviors of 
the habitants, tourists and cultural activities in the space in the 
third element, representational space. 

II. Theoretical Review

A. Henri Lefebvre's  theory of the production of space 

A.a.The concept of the production of space 

The theory of the production of space was proposed by 
Henri Lefebvre in 20th century, who thought the space was 
the continuation and external manifestation of time, and it 
contained the ideologies and material resources of human 
history and civilization from generation to generation, so the 
space had both material attribute and spiritual attribute. Henri 
Lefebvre summarized three elements for the social space, 
which were the perceived, the conceived and the lived. They 
are not completely different from each other, and there is a 
dialectical relationship between them. Only by this dialectical 
relationship, the subject can be transferred from one level to 
another and run through the whole living space.[1] 

A.a.a.spatial practice 

The spatial practice mainly means the functional space. 
Namely, it is the human spatial social practice. Spatial 
practice is a spatial activity physically, which can ensure the 
smooth progress of economic production and social 
production and involves objects and things, and in which, 
human can move and behave. [2] 

A.a.b.Representation of space 

The representations of space mean any social dominant 
space, and they also refer to the conceptualized spaces. 
Scientists, urban planners, technical land dividers, social 
engineers, science-oriented artists, etc have conceived this 
urban space, which tends to be a linguistic symbol system.[1] 

A.a.c.Representational  spaces 

The representational space is governed and experienced 
passively. Its subjects are the residents, users, some artists, 
writers and philosophers in the space. This space is above the 
physical world and it uses the objects symbolically, which 
tends to the non-linguistic symbol system.[1] 

B. The theory of urban regeneration  

B.a.The concept and scope of the urban regeneration  

Urban regeneration refers to the urban reconstruction, 
reorganization of land use functions and resources and 
corresponding urban environment renovation and 
reconstruction when cities are adapting to the new changes in 
social economy, technological development, the continuity of 
history and culture and other aspects. Usually, the objects of 
urban regeneration mainly are the old city zones. To adjust 
and improve the functions of the old city zone and to promote 
and even recreate the vitality and environmental quality of the 
historic city zones are the key points of "urban regeneration". 
[5]Cities are always faced with the challenge of reservation 
and elimination, and regeneration and decline. Essentially, a 
city is a dynamic organism with metabolism. The time 
gradients are inevitable in the urban changes, but the keys are 
how to deal with the relationship between "the new" and "the 
old", and how to grasp the relationship between the 
inheritance and continuation of urban culture and the 
development of society and economy, which are the 
important aspects of "urban regeneration". [6] 

The scope of urban regeneration includes the physics, 
industries, environments, sociality, history, culture, society 
and other aspects in large cities and local small and medium-
sized cities. From the physical perspective, its purposes are to 
guarantee the urban charm, and take it as an opportunity to 
induce the systematical hostling of urban centers and planned 
development in development zones practically. [5] 

In the economic aspect, the improvement in physics or 
environment plays a catalytic role in the high land use rate 
and the promotion of economic activities, and also plays a 
positive role in the positive contribution to the economy. [5] 

III. Analysis of the regeneration cases on the space of
ancient towns 

A. The basic standard and outline of the cases selected 

In this paper, we selected 3 ancient towns after regeneration 
with highest frequency of occurrence, wining awards and 
most popular in the process of collecting data and consulting 
books, in which, Dayan Town subordinate to the Old Town of 
Lijiang（丽江） ranks on the World Cultural Heritage List, 
Wuzhen Ancient Town was included in the waiting list in 
2008, and Qibao Town was remolded at latest, and the main 
reasons to select it were because its existence time was short 
and it was located in downtown. 

[Table 1] The case outline of the ancient town spaces 

Name Location/ 
scale 

Preservatio
n type 

Analysis 
scope Analysis content 

Wuzhen 
Ancient 
Town 

Zhejiang 
Province 

712,000km²

Overall 
utilization 
after 
restoration  Material 

space 

Social 
space 

Action 
space 

- The specific ways 
applied in the 
regeneration process 
of the three spaces 
- The dialectical 
relationship between 
the regeneration and 
the production of 
space 
- The change of the 
production of space 
after regeneration 

Dayan 
Town 

Yunnan 
Province 

38,000km²
Partial 

Qibao 
Town 

Shanghai 
Municipalit

y 
213,000km²

Partial 
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V. Epilogue 

Successful urban public areas are not accidental, there must 
be suitable conditions. Through the integration of these 
conditions can promote the city regional activities and space, 
create a place of city environment. The book City Building: 
Nine Planning Principles for the Twenty-First Century points out 
that: The environmental content to be planned should be 
regarded as the result of the change of the surrounding 
conditions and functional requirements under the control of 
the limited conditions.[9] In the landscape design of 
Quanzhou Bay Pier Park, the location of the site, the 
development requirements of urbanization is the limit of the 
design. By protecting or creating a unique and memorable 
atmosphere of the environment, enrich people's behavior 
while strengthening environmental place, is the functional 
requirements that the design strives to solve.  

Urban waterfront public area is not only a material 
structure, but also a social structure. This social structure is 
the embodiment of "human activities"——The behavior in 
the region is permeated by the way of life and activity, which 
makes the region full of vitality and vitality. Quanzhou Bay 
Pier Park creates a brand new trail system with Container 
plank road as design element, providing uninterrupted 
walking experience for park visitors. Moreover, the different 
functions and shapes of waterfront space highlight the 
participation of waterfront activities, provides help to 
promoting the regional vitality, materializing urban 
characteristics. 
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Abstract 

This paper is focused on development Heuristic checklist 
for the English Learning Mobile Application to find 
usability problems. 

Keywords-Heuristic; usability; mobile application; Heuristic; 

I. Introduction 

There are Heuristic evaluation[1], Cognitive Walkthrough, 
Benchmarking test, Laboratory evaluation to evaluate the 
usability of mobile applications. The heuristic evaluation 
proposed by Nielson (1994) is a usability test aimed at 
professionals in the field of assessment. There are advantages 
finding usability problems in a faster time and low cost[2]. 
However, there is a disadvantage that finding fewer problems 
than usability testing intended for real user because they are 
assessed by a smaller number of experts [3]. Therefore, it is 
necessary training assessors to experts level or developing a 
customized checklist to  application in order to improve the 
shortcomings of a Heuristic Evaluation [2]. 

The study intends to study how to effectively assess the 
usability of the Realistic English learning application 'EXALL' 
developed by researchers. 'EXALL' has characteristics that 
uses the information technology and aims for education. Thus, 
Based on the Neilson's Heuristics, we propose to develop and 
propose a Heuristic checklist for customized usability 
evaluations, considering the characteristics of the 'EXALL' 
application.

II. Related Work

2.1. Mobile Application Interface Component 

Mobile applications communicate with users by interfaces. 
Interface includes GUI, Information Architecture, and 
Interaction elements [4], which helps user's communication 
with application. In other words, the interface is closely related 
to the user's usability. Thus, components of mobile interface 
are considered to be key in mobile application usability 
evaluation. 

2.2. Factors that affect Continuing Study 

TAM (Fred D. Davis, 1989) is a model developed to 
describe the user's behavior and intentions who use 
information technology. The TAM explains the user's behavior 
as a succinct, rich, theoretical rationale.[5]. According to the 
TAM for understanding e-learning continuance intention, The 
quality of the system, Information, Service, the cognitive 
absorption of users, and the subjective influence have an effect. 
Evaluation of quality of information should be enhanced in 
terms of quality in terms of educational applications. The 
user's cognitive absorption affected Temporal Dissociation, 
Focused Immersion, Heightened Enfoyment [7]. Each element 
has ‘Time appeared to go by very quickly when user was using 
the application.’, ‘While on the application, my attention did 
not get diverted very easily.’, ‘Using the application provided 
a lot of enjoyment.’ meaning. On the other hand, Subjective 
influence of external and internal influences, related to 
Channels that distributed applications rather than the usability 
of the application, is excluded from the evaluation item. 

2.3. Neison’s Usabilitty Heuristics 

 The heuristic evaluation of Neilson (1994) is an evaluation 
method to discover the usability for interface design. An 
evaluation is performed by examining the all processes that 
evaluators use the system and analyzing elements that should 
be considered in the system [1]. Neilson’s Usability Heuristic 
elements are shown below Table1. 

TABLE I 
Neilson’s Usability Heuristics 

1 Visibility of system status 

2 Match between system and the real world 

3 User control and freedom 

4 Consistency and standards 

5 Error prevention 

6 Recognition rather than recall 
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7 Flexibility and efficiency of use 

8 Aesthetic and minimalist design 

9 Help users recognize, diagnose, and recover from errors 

10 Help and documentation 

III. Results

The following figure1 is shown in when considering for 
developing the heuristic evaluation items mentioned above. 
Each item of an existing Heuristics which is developed 
Neilson(1994) is classified as a mobile interface element. If the 
classified items relate to the educational aspects that affect the 
user's cognitive absorption, reconfigure the assessment item. 

Fig. 1 Configure English Learning Application Heuristic 

Based on the process, We develop a heuristic checklist for 
the English Learning Application EXALL. The following 
table 2 is the developed Heuristic Checklist. 

TABLE II 
Heuristic Checklist for Application ‘EXALL’ 

HEURISTICS INTERFACE EDUCATION
AL ASPECTS CHECKLIST 

Visibility 
of 

System 
Status 

GUI 

EXALL provides 
information and 
appropriate feedback to the 
user regarding the ongoing 
process. 

Interaction 

EXALL does not have an 
unexpected action  in the 
actions performed by the 
user. 

Temporal 
Dissociation 

EXALL has an adequate 
response rate compared to 
the user's work, so it feels 
like the time is not delayed..

Match 
between 
system 
and the 
reorld 

Interface 

The word, sentence, and 
symbol used by EXALL are 
similar to those used in 
everyday environments. 

Icons, images and 
characters used in EXALL 
match correspond to 
real-world objects and 
meanings. 

Information
Architectur

e 

The flow of information 
provided by EXALL is 
natural and logical. 

Quality of 
Information 

The learning content 
provided by EXALL is 
related to learning 
objectives. 

The learning content of 
EXALL meets the purpose 
of using the application. 

Heightened 
Enjoyment 

The learning content of 
EXALL meeThe learning 
content provided by 
EXALL is interesting. 

User control 
and 

freedom 

Interaction

EXALL can initiate a new 
task itself, except that the 
user unilaterally accepts the 
result of the interaction. 

If you make a mistake while 
using EXALL, you can exit 
the application at any time.

Information
Architectur

e 

Focused 
immersion 

The system message of 
EXALL makes users feel 
that they are controlling the 
system.  

Consistency 
and 

standards 

Information
Architectur

e 

The same items within the 
EXALL are consistently 
presented. 

Quality of 
Information 

The learning content 
provided by EXALL is 
consistent with the typical 
English learning content. 

Interface 

The EXALL screen is 
consistent with other 
learning applications. 

Focused 
immersion 

A screen of EXALL allows 
users to concentrate on 
their work. 

Error 
prevention 

Information
Architectur

e 

EXALL is designed to 
prevent users from 
committing errors easily. 

Provide an appropriate 
error message if the user 
commits an error. 

Help users 
recognize 

Interface 

EXALL is visually marked 
for operation and selection.

EXALL screen is simple 
and minimizes multI-page 
display. 

Focused The important information 
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immersion of EXALL is focused on 
the user's attention and can 
be focused on the work 
performed. 

recognition 
rather than 

recall 

Information 
Architectur

e 

Users do not need to move 
to other screens to navigate 
the necessary information. 

EXALL considers varying 
levels of users from 
beginner to expert. 

Quality of 
Information 

EXALL provides adequate 
learning according to the 
user's level. 

Interface 
EXALL provides shorter 
keys and shorter keys. 

Interaction 
EXALL allows users to 
adjust the settings as 
desired. 

Aesthetic 
and 

minimalist 
design 

Interface 

EXALL icon is in harmony 
with each other. 

Text of EXALL is arranged 
so that it is easy to read. 

It is the direct and active 
sentence of EXALL's 
question. 

Quality of 
Information 

The Learning Aid 
characters offered by 
EXALL have the 
appropriate form to deliver 
English learning content. 

Temporal 
Dissociation 

Use the application of the 
EXALL learning character 
to use more time than 
expected. 

Interaction 

The inlet window of the 
EXALL requires only a 
minimum input to suit the 
purpose. 

Heightened 
Enjoyment 

It is interesting to 
communicate with the 
character of EXALL. 

Recover 
Error 

Information 
Architectur

e 

An error message in 
EXALL is expressed in 
terms of general language. 

EXALL error messages 
define problems and 
provide solutions for quick, 
concise, and accurate 
recovery. 

Focused 
immersion 

EXALL does not interfere 
with user distraction by 
presenting a simple 
recovery method. 

Interaction 

If an error occurred due to 
the wrong input, you can 
correct only certain parts 
without retyping them. 

Help and 
Documentati

on 

Information 
Architectur

e 

The help of EXALL is easy 
to search, related to tasks, 
and configured according 
to the sequence of tasks.. 

Instructions for using 
EXALL can be easily 

viewed and easily 
searchable at any time. 

Quality of 
Information 

EXALL provides help with 
the current situation. 

V. Conclusion 

This study created a Heuristic checklist tailored to ' EXALL 
' to improve usability of English learning applications ' 
EXALL '. This could be used to evaluate the rapid usability 
evaluation of educational mobile applications. Meanwhile, the 
heuristic usability evaluation proposed in this study does not 
address the cause of the usability problem. To complement this, 
it could be an effective mobile application usability evaluation 
tool if it  combine the way to understand the cause. 
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Abstract 

According to the survey results of the Korean Traffic 
Safety Administration in 2013 and 2014, 93% and 89% of 
public casualties were caused by unauthorized crossing the 
rail. Therefore, there is an urgent need for an effective and 
inexpensive system to prevent similar accidents. We 
designed a system through the drone shot images near the 
rail, to identify whether there are people near the rail, and 
ultimately to achieve the purpose of preventing accidents 
using MobileNets presented by Google Inc. 

Keywords-component; railway accident, image recognition, 
deep-learning 

I. Introduction 

The overpressure in the air when a high-speed train passes 
will be a serious threat to people near the train route [1]. Unlike 
the metro, it is difficult for railway companies to track the 
conditions near all rails. In the metro system, as a 
precautionary approach, setting physical barriers such as 
barrier doors can prevent accidents effectively [2]. But this 
prevention method requires a lot of resources outside the city.  

 The emergency braking system uses the maximum braking 
force to stop the vehicle in an emergency. The emergency 
brake, as a last resort, provides more braking force than the 
standard brake. It may cause damage such as fire and 
derailment accident. Emergency brake (normal train) will 
provide about 1.5 m/s^2 deceleration. And the emergency 
brake system (high-speed train) is more effective and will give 
about 1.8 m/s^2 deceleration. The emergency brake distances 
with different speed are shown in TABLE I [3]. 

TABLE I 
Emergency Brake Distance at Various Speed 

Speed(km/h) 100 160 200 300
Emergency Brake Distance(m) 250 600 850 1900

Therefore, we must give the train sufficient emergency 
brake distance and emergency brake time to effectively 
prevent train accidents.  

II. Railway Accident Prevention System based on
MobileNets 

If you set up a camera on a train to shoot the frontal tracks in 
real time, the effective image area that can be used for target 
recognition is very small due to the height of the train. 
Therefore, in order to improve the effective image area for 
target recognition must set the camera to a higher place. 

We try to solve this problem like this we send the drone 
before the train arrives and shoot the rail and detect the target 
(people near or on the railway). If the target is detected, the 
warning message will be sent immediately to provide adequate 
emergency brake time and emergency brake distance. 

Take the commercial DJI drones Phantom 4 as an example, 
it can fly continuously for 30 minutes, the control distance is 7 
km, the speed can reach 70 km / h and video resolution is 4K 
and 60 frames per second. These properties can fully meet the 
needs of the system 
Convolution Neural Network (CNN) is a deep, feed forward 

artificial neural network. CNNs require minimal preprocessing 
due to use of a multilayer perceptron variation [4]. To improve 
the performance of CNNs, such as classification accuracy, the 
general idea is to increase the network’s size. At present, many 
papers prove that in order to enhance the performance of 
network there are some methods such as increasing the depth 
of the network or increasing the width of the network. But in 
order to reduce the over-fitting, we need to reduce the free 
parameters. In the MobileNets, the depthwise convolution uses 
a single filter for each input channel and then the pointwise 
convolution uses a 1*1 convolution to combine the previous 
depthwise convolution’s results. The standard convolution 
combines the filters by the convolution cores in only 1 step and 
then obtains a new result. The depthwise separable 
convolution is separated into two layers to do the same work, a 
1*1 pointwise convolution and a depthwise convolution, 
which can reduce the computational complexity and model 
size effectively [5]. For each depthwise convolutions and 1*1 
pointwise convolutions, there is the Batchnorm (BN) and 
ReLU layer. 

III. Experiment Result

The dataset in this experiment uses the PASCAL VOC 
format. There are 1123 images in the dataset. Of which 919 
images were used for training, the other 204 images were used 
for evaluation. There is 3 kind of input size 150*150, 200*200 
and 250*250. As shown in Fig.1, in order to simulate the 
different flight states of the drone during the actual flight, the 
dataset collects the images of the drone under different 
shooting angles and different background environments. There 

- 392 -

[The 2nd ICCT | International Conference on Culture Technology]



are images near the station, images at the roadside, and images 
at the mountainside 

Figure 1 Dataset Image Sample 

Figure 2 Input Image Sample 

We use the human body in different positions near the rail as 
the target of recognition as shown in Fig.2(b). The dataset 
includes images of different genders, as well as images of 
different poses. Record the input rectangle’s corner pixel value 
(xmin, ymin, xmax and ymax) and save them into tfrecord file, 

TABLE II 
Accuracy with Various Input Sizes 

Step 
Size       

5K 10K 15K 20K 

150*150 0.05375 0.6971 0.8257 0.9056 

200*200 0.3630 0.8767 0.9091 0.9637 

250*250 0.5253 0.9316 0.9913 0.9827 

As shown in TABLE II, when the input size is 150*150, 
accuracy is only 5.375% at the step of 5K. If the input size 
increases to 200*200 and 250*250, the accuracy at the step of 
5K increases significantly, increasing to 36.3% and 52.53%.  

After sufficient training, the model accuracy can reach more 
than 90%. However, after 15K steps, the accuracy with the size 
of 250*250 decreased, the estimation is insufficient data 
samples, resulting in over-fitting occurred. If we have more 
data samples, this problem will be solved. 

Figure 3(a) Result (Step.6K) 

Figure 3(b) Result (Step.20K) 

As shown in Fig.3(a), When training is not enough, the 
features of the rails are found first. So, there were incorrect 
detections. The computer mistakenly detected the rail as the 
target. As shown in Fig3(b), the features of human near the 
rails are found completely. The previous error did not appear 
again. 

It’s harder to recognize the target because of poor image 
quality or poor lighting conditions when input image size is 
150*150, as shown in Fig.4(a). Fig.4(b) shows when input size 
is 250*250, the target can be identified successfully. The main 
reason for this problem is that in this poor light conditions, the 
features of the rails are hard to find. Especially when the input 
size is small, the input part has less information, which makes 
the feature finding more difficult. 

Figure 4(a) Recognition Failed (Size150) 
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Figure 4(b) Recognition Success (Size250) 

IV. Conclusion

Sending the drone before the train arrived and shooting the 
situation of the rail, the model can effectively identify the 
human target near the rail in different environments, so as to 
achieve the purpose of preventing the occurrence of railway 
accidents and suicides. By comparing several sets of data, it 
can be seen that in the case of the input data size 200*200, high 
accuracy and fast performance can be obtained at the same 
time. Compared with the experimental data with the input size 
of 250*250, the accuracy with the input size of 200*200 is 
reduced by about 2~3%, but it can give priority to the 
performance in poor hardware environments. In the good 
hardware environment and if data samples are enough, the 
model with the input size of 250*250 is the first choice. 
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Abstract 

The representation method of CG animation is dividing 
into pursuing actual image and pursuing 2D animation. 
The way to pursue 2D animation has made many advances, 
and works such as "Rakuen Tsuiho: Expelled from 
Paradise, 2014" are producing images very close to 2D 
animation. However, the use of motion capture has been 
expanding in order to improve production efficiency, but 
in reality, the motion of the animation character does not 
overcome the limits of the actor's movement. Therefore, 
we tried to grasp the possibility of a method to analyze 
character animation of limited animation and apply it to 
motion capture data. 

Limited Animation; CG Animation; style (key words) 

I. Introduction 

Limited animation is an animation production method which 
became known by Tezuka Osamu, produced Astro Boy in 
1963, by reducing, the TV series animation which originally 
requires 100,000 sheets per work to 5,000 sheets per work 
instead. Although limited animation has cut down on 
production cost and production period, it was counted as a 
cause to make the production environment of the animation 
industry bad and the low quality, as a result, was always 
controversial. But as original drawing artist Yoshinori Kanada 
drew the original drawings of robot animations, including 
'Getter Robo, 1974' in the 1970s, limited animation no longer 
had its low quality but built a style of the level of art and even 
led a fandom culture of animation.[1] 

Kanada's drawing method is not only the action of the 
character but also the combination of effects such as light, 
explosion, and beam, a wide-angle technique using camera 
flow line and lens to maximize the efficiency of production 
and the visual style. It could be organized it through analysis as 
shown in [Table 1].  

First, we found that the movement of the character has slow 
motion and repeating motion compared with the high-speed 
presentation. It is analyzed in such a way that the limited 
working method compensates for the simple and efficient 
operation of the character by using the movement of the 
camera or the gorgeous production using light and rays to 
enhance the overall work quality. 

TABLE I 
Analysis of limited drawing method in 2D animation[1] 

Classification 2D image Timing extraction 

Perspective Total Frames : 121 
Character frames (no repeat) :49

Light Total Frames:24 
Character frames (no repeat) :9 

Beam Total Frames:26 
Character frames (no repeat) :9 

Explosion Total Frames:10 
Character frames (no repeat) :5 

Action Total Frames:26 
Character frames (no repeat) :10

Effect Total Frames:10 
Character frames (no repeat) :4 

II. Motion Capture and Limited Animation

We tried to examine the elements necessary for directing 
limited character animation in CG animation using motion 
capture and apply it to Ball bounce animation using Maya to 
grasp its possibility.  

A. Generation of motion capture data 

Motion capture is a device that makes the movement of a 
person into a data and transmits it to the motion of CG 
character. When you see the actual movements of the actor and 
the movements made with the data, the results appearing in the 
data will make you feel the optical illusion of a lot of fine 
movements of more swaying than the actor's actual movements. 
Because the actor is wearing a motion capture suit that is in 
close contact with the body rather than a costume appropriate 
for the situation, the movement of the arm is not covered by 
clothes and the actor can't have hands in a pocket, so it is more 
likely to occur unnecessary movements and conscious arm 
movements. Therefore, a motion capture actor who performs 
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the motion necessary for animation must have a sense of 
consciousness trying to minimize unnecessary motion while 
the body is in action.  

The second is that the development of the motion will come 
out smoothly overall in the result, and it can be modified to 
some extent in the editing work, but, in order to match the 
actor's motion with fast animations such as slapsticks, the 
directing of movements is better to be adjusted to the 
animation rather than the movie. Additional research will 
follow on this. 

B. Motion data and camera directing  

CG animators tend to think that animation data editing 
process using motion capture is very difficult. The keyframe 
animation and motion capture animation have the opposite 
process. The keyframe animation production method that 
creates something from nothing is the process of completing 
the detail animation from the layout animation through the 
blocking animation. While this is a method that completes 
while adjusting clumsy motions and rough flow lines, 
animation using motion capture is a process of correcting the 
motion according to the scene from the completed motion and 
discarding and shooting again if an inadequate motion is 
captured. Therefore, it can be said that these two methods are 
opposite from the beginning. Also, in many cases, the layout 
animator and the character animator are separated from each 
other among the CG animators, which might make it more 
difficult to apply the limited animation. Limited animation 
analyzed earlier, but character animation should be produced 
at the same time considering a very close relationship with the 
camera. Also, if considering the camera and character flow line 
for each sequence rather than just one cut, it can be created a 
good limited animation, so it may be difficult to produce a 
limited animation for the current animators who should focus 
on each cut in the production process. It can be made rules 
about the relation between the character animation and the CG 
camera for the limited animation as following. 

First, as shown in the first image in Fig. 1, the character 
moves faster as the camera approaches, and moves in slow 
motion as the camera goes away, repeats the intension of the 
motion. The camera adjusts the distance with the character and 
follows the side or the back of the character and moves up to 
the sky to maximize the space utilization of the character. The 
second is to make a strong impression by cutting shortly after 
the mid of the character's motion when the character's walking 
like the second image in Fig.1. Normally, movement is 
parabolic exercise and the timing of front and rear are similar 
at the apex of the motion, but by drastically reducing timing of 
the rear, makes the character move like the motion snapped, 
and it can give a feeling of tension to the action, which might 
be someehat slow, of the motion capture. Thirdly, as shown in 
the third image of FIG. 1, to create a strong feeling by making 
the character moving slow or stopped, and then adding the 
quick movement of a knife or an effect in front of the 
movement. Fourth, as shown in the fourth image of FIG. 1, 
before expressing the intensity of the sequence operation, 
terminating the end of the previous cut by slow motion and 
developing the beginning of the next cut with high speed, and 
it will make possible for the production to continue the tension 
lower or higher.  

Fig. 1. Koji, Yume ga Sameru made, Fate, Yozakura Quartet 

Fig. 2. Strength change of character's movement due to 
proximal movement of a camera following the character. (left: 
camera, right: character) 

III. Conclusion

Limited animation started for lowering the production cost, 
but recently it is established the position as the representative 
animation production method of Japan, and it is known as the 
representative work style of Japanimation. It is not easy to 
make limited animation production of CG animation because 
the current CG animation production processes are adapted to 
US productions such as Pixar and DreamWorks, and there is a 
limit to the animators' abilities implementing limited 
animations. Just as Hideaki Anno, who produced "Evangelion 
(1995)", tried to apply the limited method to a live-action 
version movie "Cutie Honey, 2004" as trying to apply 
animation style to live-movies, if can control the tensions of 
audiences by adjusting the strengths of motion according to the 
motion capture data and the directing of the camera, in the 
current situation that 2D animation using the motion capture, is 
produced a lot, it seems that animation production 
environment using motion capture will be further activated. 
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Abstract 

The Great Wave off Kanagawa is one of Thirty-six Views 
of Mount Fuji that is created by Hokusai Katsushika at the 
age of 70 as a painter of Ukiyo-e plank in Japan’s E-do Era. 
He combines his unique “trichotomy composition” with 
the Western perspective to form Mount Fuji- centered 
centripetal composition of a picture. Besides, he employs 
traditional Japanese line drawing, pattern and decorative 
color, surprising composition and momentary various 
poses to present turbulent and intense atmosphere. All 
these enable the picture to cover the aesthetic 
characteristic of Ukiyo-e as well as the author’s internal 
spirit. But the animation Kubo and the Two Strings 
employs 3D stop-motion animation and post-production to 
show roaring waves while Miss Hokusai employs 2D 
hand-drawn animation to show the spirit of billow. So the 
paper is based on Kubo and the Two Strings and Miss 
Hokusai to discuss the differences of the type of the 
animation, the narrative mode and production methods, so 
as to compare the aesthetic characteristic and the 
expression and understanding of the Great Wave 
off Kanagawa. 

Keywords-component; the Great Wave off Kanagawa; Ukiyo-e; 
Aesthetic Characteristic 

I. Introduction 

A. Research Background and Purpose 

The Great Wave off Kanagawa is one of Thirty-six Views of 
Mount Fuji that is created by Hokusai Katsushika at the age of 
70 as a painter of Ukiyo-e plank in Japan’s E-do Era. The 
roaring of surge intensively contrasts with the silence of the 
distant Mount Fuji, which can express the struggle between 
man and nature and manifest a kind of struggling and hope. 
From both the art aesthetics and inner spirit, wave and 
spoondrift are stressed with great importance in Japanese he 
feng culture. The thesis analyzes the features of ukiyo-e and 
Japanese culture in the animation through presenting the art 
aesthetics Hokusai Katsushika in 2D and 3D forms and 
comparing the interpretation discrepancy between west and 
east cultures on Japanese culture. 

B. Scope of Study and Method 

The research mainly studies the scenes of sea waves in two 
animations, and mainly adopts the following methods: 1. The 
historical investigation on aesthetical features and inner spirit 
in The Great Wave of Kanagawa; 2. The influence from 
foreign   culture on Hokusai Katsushika; 3. A case analysis on 
the aesthetical features and inner spirit of Kanagawa; 4. The 
impact from a comprehensive analysis of literature review and 
case analysis on the definition of social culture. 

II. Theoretical Review of The Great Wave off Kanagawa

The Great Wave off Kanagawa was created by Japanese 
Katsushika Hokusai who is a celebrated Ukiyo-e woodblock 
printing artist. People also refer to him as the “painting 
maniac”. Combining scenography of Dutch landscape 
woodblock painting with traditional landscape painting of 
Ukiyo-e, Katsushika Hokusai presented a mythical dreamland 
with novel composition and multiple colors to viewers.  Based 
on social life during the Edo period, Ukiyo-e is a kind of genre 
painting which is honored as the “visual encyclopedia of the 
Edo period”. In terms of art history in Japan, Ukiyo-e boldly 
expressed people’s pursuit of hedonism and sensualism for the 
first time and depicted subjects as female beauties, kabuki 
actors, sumo wrestlers, scenes from history and folk tales, 
travel scenes and landscapes, flora and fauna and erotica. In a 
word, it is an art featured with unique folk characteristics. In 
addition, good woodblock paintings do not only present 
painters’ personal thoughts, but also reflect the social 
environment. The Great Wave off Kanagawa was painted 
between 1823 and 1829 and is a classic one of Thirty-six 
Views of Mount Fuji.  

Fig. 1 The Great Wave off Kanagawa 
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A. Precursors of The great wave off Kanagawa 

Hokusai produced several precursors on the theme of his the 
great wave; we show a sequence of them in figure 2, 3, 4. 
“Figure 2 Spring view of Enoshima, from 1794–1798. Figure 3 
Oshiokuri riding the waves, from 1806–08, when Hokusai is 
known to have stayed in Kisarazu, Chiba. Here sailors wearing 
the brown same usual in autumn are sculling standing, as 
described by Isabella Bird, rather than crouching in 
anticipation of the wave as in the great wave. Figure 4 
Honmoku, off Kanagawa. Here we are at Honmoku point, in 
Byobu-ga-ura, present-day Negishi Bay, Yokohama, not far 
from the viewpoint of   the great wave, but we are looking in 
the opposite direction, across Tokyo Bay to Chiba, and Fuji is 
behind us. (Julyan H.E. Cartwright, Hisami Nakamura, 2007, 
p.125)”Just one sailor in blue same is visible. This image from 
1812 seems very exaggerated, with the oshiokuri in full sail 
heading straight for shore while the enormous wave is about to 
hit her abeam and manifest the evolution of his idea over a 
span of decades. 

 Fig. 2 Spring view of Enoshima 

Fig. 3 Oshiokuri riding the waves 

Fig. 4 Honmoku, off Kanagawa 

B. Composition 

The entire painting was composed with circle and triangle 
patterns. Besides, Katsushika Hokusai developed his own 
styles by drawing lessons from scenography which was often 
used in western painting. Its triangular composition did not 
only enhance its stability but also made waves more dynamic 
and powerful imperceptibly. Overlapped triangular 
compositions presented a front-back perspective space for its 

viewers. Mount Fuji in the background intensified the feeling 
of depth. Circular compositions enhanced strictness of the 
picture and completeness of waves. Thus, waves in the 
painting look more dynamic. Therefore, the painting presented 
a totally different visual perception. The perfect combination 
of dynamic and static forces increased vitality of this painting. 
Hence, it is safe to say that this painting is a vivid interpretation 
and presentation of unbalanced beauty. 

 Fig.5 Composition 

C. Color 

Under the Wave off Kanagawa, are just as subtle in their 
colouring: atmospheric pink and grey in the sky, deep Prussian 
blue in the folds of the sea. Fishing skiffs are lost in the waves, 
while the great wall of water, with its finger-like tendrils, 
threatens to engulf both them and the tiny Mount Fuji in the 
distance. That the Great Wave became the best known print in 
the west was in large part due to Hokusai’s formative 
experience of European art. 

The entire painting was rendered with blue colors. Using 
overseas Werling blue, Katsushika Hokusai injected an active 
and impetuous vibe with blue waves and whitesea spray. 
Warm-toned background advantage of strong comparison 
between light and dark colors, Hokusai, based on typical and 
conventional line drawing and decorating colors, drew sea 
waves with simple lines. In addition, dark colors on the top 
with contrast between light and shade domed the entire 
painting. Blue water set off the impressive visual effect 
accomplished by rolling white waves. It is not difficult to find 
out that application of different shades of blue as well as color 
transition made this painting extremely splendid. 

     Fig.6 Color 

D. Thought 

In this picture, strong waves pat on fishing boats but brave 
boatmen devote themselves to the thrilling and intense fight 
against nature so as to survive from the sea. Mount Fuji in the 
background intensified the turbulent and tense atmosphere. 
Hokusai used the fight between people and the sea as a 
symbolization of national integrity and spirits with which 
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Japanese people can fight against difficulties and setback in 
their lives. 

F. Aesthetic characteristics 

“Mono no aware” or “the pathos of things” refers to a kind 
of aesthetic perception developed from objects’ sadness. In 
addition, it was based on objects’ simple but profound 
emotions.” Therefore, “mono no aware” is considered as a 
kind of pure aesthetic sense that defines subjectivity and 
self-disciplines of Japanese arts. It can be seen from 
Katsushika Hokusai’s works that he captured natural beauty 
via painting. Meanwhile, he achieved an artistic combination 
of nature and himself by pouring his own feelings into the 
natural environment. 

“Beauty of profundity and quietness” brings a unique beauty 
of grace and sentiment to Japanese literature and arts. Thus, 
with it, Japanese aesthetics presents an aesthetic consciousness 
that is mild, peaceful, implicit and innocent “chrysanthemum” 
is a badge as a symbol of Japanese royal family and “The 
Sword” is a symbol of Japanese samurai culture in  <The River 
Chrysanthemum and The Sword>. Benedict   is the use of the 
two reactions to things Japanese character “The Japanese are, 
to the highest degree, both aggressive and unaggressive, both 
militaristic and aesthetic, both insolent and polite, rigid and 
adaptable, submissive and resentful of being pushed around, 
loyal and treacherous, brave and timid, conservative and 
hospitable to new ways. They are terribly concerned about 
what other people  will think of their behavior, and they are 
also overcome by guilt when other people know nothing of 
their misstep (Benedict, 1946. p.3) ”  This is full of 
contradictory character, the painting also reflected.

III. Case analysis method

Features of The Great Wave of Kanagawa can be obtained 
through the literature review of it, refer to table 1. 

TABLE I 
Aesthetic characteristics of The Great Wave off Kanagawa 

A piece of 
work 

Composition 
and Color 

Aesthetic 
characteristics and 

Thought 
The Great 

Wave 
off 

Kanagawa 

-Circular and 
triangular 
-Western 

perspective 
-Traditional 

painting 
techniques 

- Decorative 
- Gorgeous 

-Chiaroscuro 
-Depth varied 

- Mono no aware 
- Beauty of profundity and 

quietness 
- Static and dynamic 

combination of 
contradictions 

- Japan's national 
character 

- A spirit of heroism 

Table 1 can be acquired by studying the aesthetical features 
and inner spirit of The Great Wave of Kanagawa, and the 

researching object is the application of The Great Wave of 
Kanagawa in scenes of 3D animation Kubo and 3D animation 
Miss HOKUSAI. The roles of aesthetical features, inner spirit 
and narration in these two animations have been compared and 
analyzed. 

IV. Case Study

A. Aesthetic characteristics of The Great Wave off Kanagawa 
in Kubo and the Two Strings 

Kubo and the Two String, directed by Travis Knight, is the 
latest 3D stop-motion animation produced by Laika 
Entertainment. Taking Japanese culture as the story 
background, it tells a story about how Kubo saved his families. 
In the beginning of the film, the mother sat in a boat traveling 
through the stormy sea with a baby in her hands. This scene is 
also an adaptation from the Great Wave off Kanagawa painted 
by noted Ukiyo-e artist Katsushika Hokusai. Travis Knight 
intended to deliver a Japanese spirit to audiences that although 
human beings are small in the world, they are fearless and 
brave in fighting against nature. Based on his own keen 
observation of nature, Katsushika Hokusai grasped the most 
magnificent moment of roaring waves. However, this scene in 
the film was produced with CG technology on the basis of a 
picture of the stormy sea taken in the real world. This film paid 
its respect to the Great Wave off Kanagawa in a form of a 2D 
hand-painted picture. The author added his own understanding 
to the picture by remaining the circular and triangular 
composition but eliminating the mountain in the distance. It 
can be seen from the picture that a small boat was drifting 
along with sea waves but rounded waves were not as tense as 
that in Hokusai’s painting. In addition, the film kept bright 
colors of Ukiyo-e. The application of lights and shades as well 
as color transition made the picture look resplendent and 
ornamental.  

Fig.7 The Great Wave off Kanagawa in Kubo and the Two 
Strings 

B. Aesthetic characteristics of The Great Wave off Kanagawa 
in Miss Hokusai 

Miss Hokusai is a film adapted from the novel of Hinako 
Sugiura who is a researcher in the lifestyles and customs of 
Japan’s Edo period. It tells stories about the most famous 
Ukiyo-e artist Katsushika Hokusai and his daughter 
Katsushika Ōi while reflecting social customs and relations 
during the Edo period in Japan. In the film, boating on a river, 
Ō-Ei described waves in his father’s painting to her half-sister 
who was blind. Suddenly, waves started roaring and they were 
like sitting in a boat in the Great Wave off Kanagawa. The 
entire picture changed from the peaceful river to roaring sea 
waves as the 2 dimensional woodblock printing was developed 
into a 2D animation film .The picture of roaring surges was the 
last scene of the film. Drawing lessons from the Great Wave 
off Kanagawa, the film intensified the feeling of depth using 
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circular and triangular compositions. The scene was rendered 
with blue colors and strong waves were also in dark blue so as 
to match with the color of sky. 

Fig.8 The Great Wave off Kanagawa in Miss Hokusai 

TABLE II  
Aesthetic characteristics of The Great Wave off Kanagawa 

in Kubo and the Two Strings and Miss Hokusai 

Animation Original 

image 

Animation 

image 

Design characteristics

Kubo and 

the Two 

String 

-Dauntless spirit 

-Reappearance of 

dynamic truth 

-Beauty of profundity 

and quietness 

- Static and dynamic 

combination of 

contradiction 

Miss 

Hokusai 

-Contradiction 

aesthetics 

V. Conclusion 

On the basis of a series of features of Ukiyo-e presented in 
Kubo and the Two Strings and Miss Hokusai, The Great Wave 
off Kanagawa in Kubo and the Two Strings， The Great Wave 
off Kanagawa in Kubo and the Two Strings， Travis Knight 
intended to deliver a Japanese spirit to audiences that although 
human beings are small in the world, they are fearless and 
brave in fighting against nature. Although the true 
reproduction of the Great Wave off Kanagawa, but the 
different storylines, different performance techniques, the 
artistic characteristics of the different, but the most 
fundamental fearless spirit is exactly the same. The Great 
Wave off Kanagawa in Miss Hokusai ， The entire picture 
changed from the peaceful river to roaring sea waves as the 2 
dimensional woodblock printing was developed into a 2D 
animation film. Drawing lessons from the Great Wave off 

Kanagawa, the film intensified the feeling of depth using 
circular and triangular compositions although the same 
composition, the same color, different characters story 
background, the idea of conveying the picture is completely 
different. This animation combined Japanese cultural 
characteristics, folk customs as well as national spirits with its 
plots by adding and enhancing epochal features and social 
elements in it. Therefore, it did not only present cultural 
differences moderately, but also gave the rein to its own 
characteristics. Thus, this film made itself understood and 
accepted by the world as audiences who were attracted by its 
plots could accept cultural features of Japan gradually. In a 
word, it combines cultural traits with distinct features of the 
age. 
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Abstract 

As a comparative study on the value of design concept 
between service provider (Developer) and service receiver 
(Customer) groups, the aims of this study is to present a 
service model focused on Internet of Things (IoT) based 
Continuous positive airway pressure (CPAP) on U-health 
care and user environment. The finding from this study 
shows that 7 out of 12 items reached a consensus of 
viewpoint on value between service receiver and service 
provider, which the attributes of the service model are 
based on user environment. Whereas the other 5 items 
showed the divergent viewpoint on value which included 
the attributes of U-health care service model. 

Keywords- obstructive sleep apnea; U-health care; service 
design; concept value; satisfaction attributes; weighted scoring 
model 

I. Introduction 

A. Background research 

Thriving in today’s fast changing society, the role and 
capability of designers are diversifying and the importance of 
designers who are able to identify and solve problems with 
new vision and perspective are emerging in various industries. 
For this reason, the importance of service design which 
requires experience and humanities thinking has now come to 
a fore in the current technology-oriented industries. 

Although various service design case studies have been 
strived to implement a successful service model, yet most of 
the studies has been a tendency towards relying on designers' 
instinct when evaluating hypotheses. In fact, there is a lack of 
objectivity in decision making for current service design 
studies, as the service design hypotheses from the perspective 
of service designers, group who engaged in development and 
service receivers (customers) are mutually different in terms of 
values. Therefore, there is a need for a scientifically and 
objective evaluation methods and standards approach for the 
design concepts by the service designers. 

B. Purpose of study 

This study aims to develop a practical service design model 
for the obstructive sleep apnea patient through the case study 
of various IoT based U-health care and user environment based 
service development. The main purpose of the research is to 
provide a scientifically and objectively conceptual evaluation 
method by conducting a conceptual value evaluation from the 
groups of service provider and the service receiver. 

II. Theoretical background

A. Characteristics of Obstructive Sleep Apnea and market 
trends 

Symptoms of obstructive sleep apnea can cause fatigue, 
impair memory, and in severe cases it causes depression or 
sudden death. In order to improve the quality of life through 
healthy sleeping, the development of treatment devices 
underline the importance of a multidisciplinary approach to the 
treatment of snoring and sleep apneas. The vast majority 
remain unaware, undiagnosed and untreated, despite knowing 
the fact that this serious disorder can have significant 
consequences.  

Moreover, the number of sleep apnea patients suffering from 
chronic aging of society is steadily increasing, and estimated 
10 million of the Koreans adult population is habitually 
snoring, and about 100,000 of them are estimated to be sleep 
apnea patients. In the United States, the sleep management 
market, which accurately analyzes and diagnoses sleep 
conditions, is expected to grow steadily, as sleep related 
illnesses reach a significant population (According to 
American statistics, 30% of the population suffers from 
insomnia and sleep apnea is about 1%.). [1] 

B. KanoModel 

    Kano (1984) proposed a survey method to classify the 
quality attribute elements of the model. The Kano model 
questionnaire is constructed through a set of question pairs 
includes a functional and a dysfunctional form questions. 
(“Table. 1”) is a questionnaire survey on obstructive sleep 
apnea with IoT based U-health care service. Based on the 
(“Table 1”), the quality and satisfaction attributes are 
evaluated with the table below. [2] 
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design concept from the service provider and the receiver. As a 
concrete research method, the result of comparative analysis 
by utilizing Kano satisfaction and SC (Score model, Concept 
Position) satisfaction based on double diamond method. In the 
development phase, we thought that customers would 
weighted more value on the services required in terms of user 
environment. However, we found that the service based on 
IoT- U-healthcare was weighted higher value. As the age of the 
customers decreased, it became clear that they were shifting 
from general aged to pro-sumer (professional- consumer) 
customers. 
    However, the limitations of this study are that the results of 
surveys are different depending on the development areas 
participated in the survey. In particular, software developers 
placed a high priority on the importance of IoT-based U-health 
care service, and there is a tendency to favor on various 
product service models. User-environment based service 
contents has been conducted with the evaluation of customer 
satisfaction and also analyzed as an attractive service. 
Therefore, it is necessary to consider user-environment based 
service contents as it is show in the upper concept list of 
development. 
    Hence, a meaningful research is deemed necessary to study 
diversity research and put efforts in relation to the opinions of 
the service receiver and service provider’s point of parity and 
point of differences, scientifically analyze, evaluate and 
presented in new service design research analysis methods. 
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Abstract 

Advances in VR technology are rapidly developing 
according to the development of hardware. The 
development of equipment that can maximize the visual 
experience of the user comes to call the desire of experience 
through contact, especially in the case of games, demand 
for enhancing bodily sensation is increasing such as getting 
gun shot or colliding with something. Therefore, as a 
technology enabling interaction with characters appearing 
in VR, we will try to apply motion capture to VR and to 
analyze the manufacturing process, the advantages, and 
disadvantages of this. 

Virtual reality; real-time motion capture; interaction (key 
words) 

I. Introduction 

Virtual reality is not defined by one software or hardware 
but understood to a single lifestyle. Currently, there are still 
many restrictions on expressions of realism to implement the 
virtual reality. Nonetheless, the virtual reality is anticipated to 
change the way of life such as people's play, education, and 
workplace.  HTC's Vive is the most recognized device 
currently implementing VR.  This device embodies virtual 
reality with visual sense and a partial bodily sensation.  In the 
text, we investigated the current sensory devices and studied 
and tried applying the implementation of real-time operation 
inside the virtual reality, which can increase the physical 
sensitivity. 

II. Main subject

2.1. The usage of VR 

    Despite technical challenges, since VR has been developing 
technology and commercial content to exploit a new field in 
the field of games, games are playing the most important role 
in the field of virtual reality. The VR game enhances the most 
realistic and immersive feeling to the game field that evolved 
from MUD games using characters to 2D games and 3D games, 
devices which stimulate not only visual but also other 
sensations at the same time for maximizing realistic feeling, 
are being studied continuously. In addition to games, VR is 
beginning to change existing content while being increasingly 
applied to markets such as medical, military, real estate, design, 
industry, geography, and education.  

2.2 VR body perceptual enhancement device 

2.2.1 VR sports sensory device 

Only three HMDs (HTC Vive, Oculus Rift, and PS VR) 
among the commercially available VR devices support the 
device for bodily sensation in conjunction with HMD. The 
interactive VR devices for bodily sensation effectively reduce 
the occurrence of dizziness caused by the use of HMD using 
the existing VR and further increase the immersive feeling. 
Techniques for enhancing interactive bodily sensation have 
been developing, and technologies for enhancing a sense of 
physical sensation such as a simulation chair, a position 
tracking device, and a body sensation suit by electrical 
stimulation as shown in FIG. 1, have been developing.  

The Nibiru air seat is made up of seats connected to the arms 
of the machine. By transferring the data of positions from the 
game to the seat and then synchronizing with the scenes inside 
the game, a simulation in which the pilot controls the airplane 
through the cockpit is created. The equipment called Virtuix 
Omni VR treadmill is composed of concave floor and 
equipment to fix the waist. The user wears the shoes with 
Omni tracking pod attached and when walks or runs anywhere 
on the floor, it records the movement of the foot of the tracking 
sensor machine user on the shoes and synchronizes the screen. 
Tesla Suit is made of smart fiber clothing and synchronizes 
with the shock placed in the game through electric stimulation 
by using radio waves to experience the virtual reality. 

Image1, Nibiru Air War Seats , Omni VR Treadmill, Tesla Suit 
Body Feeling Clothes 

2.2.2 The VR instance of motion capture 

 Nissan UEFA Champions League VR game is a VR game 
project developed jointly by Nissan Wasd Studio and Nissan 
VR Test Lab. Wasd Studio makes it possible to have an 
experience that can feel like real using Xsens MVN Awinda 
motion capture device. Gamers should play three soccer tests 
in a virtual space, and they will use their body-based motion 
information to play football in virtual space for the test. In the 
project, capturing the performing actions is very important. 
The purpose of this project is that as many people to enjoy this. 
Easy installation, the sophistication of tracking, and quick 
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calibration are helpful for experiencing this for each person. 
However, this game still has defects in feedback. At the 

moment of kicking a ball, the gamer should feel a collision 
between the foot and the ball, but cannot feel it during the 
game. If this game is combined with the product of Tesla, the 
moment when kicking a soccer ball, the gamer will feel the 
foot hitting the ball and experience a higher level of bodily 
sensation. 

Image2, Nissan UEFA Champions League VR game 

2.3 The analysis of Real-Time Motion Capture Technique 
for Application of Game Engine 

If the existing VR sensory device is a device for gamers, 
when the action of the object in the game interacts with the 
gamer or can affect the gamer, it will provide the gamer with 
the experience of higher immersion and bodily sensation.   

2.3.1 Different motion capture mode 

-Optical motion capture device 

The advantage of using optical motion capture is that it is 
very well compatible with digital actors since it has been 
applied for a long time. The disadvantage is that although the 
space setting of the motion capture camera is necessary, since 
there is limitation in the monitoring area of the camera, there 
might be many obstacles in the capture space, and also there is 
a high probability of occurring the data loss due to the acting 
that the actor interacts with other performers.  

-Gyroscopic motion capture device 

Gyroscopic motion capture has fewer data to collect than the 
optical system, and its real-time capture is easy, the range of 
motion obtained by calculation is large, and its precision is 
high so that recently it tends to be activating. The facility itself 
has the advantage that it has high price competitiveness and it 
is not significantly affected by the environment. The 
disadvantage is that the motion parameters of the sensor 
measured by the IMU cause severe interference of noise. 
MEMS (Micro Electro Mechanical Systems) machines also 
make data errors of Zero - offset and drift phenomena. 

2.3.2 Example of motion capture application for VR conte
nt using htc Vive  

Tried to create a simple VR game with zombie characters 
using Unity and experience the level of the bodily sensation by 
virtual characters. To do this, we created a space, zombie 
characters, and accessories for game production with Maya, 
and brought it into the Unity game engine to construct a room 
escaping game.  

Image3,Game experience scenes and game space settings 
and game images 

In the text, in the course of the game, instead of applying 
motion capture zombies, progressed until its appearance of 
zombies produced with motion capture. We also tested 
real-time motion capture character operation in the Unity game 
engine.  OptiTrack's prime was used as a motion capture 
device to apply a real-time game engine.  

Image4, Real-Time Motive mocap into Unity 

Image5, The application process of Real-Time motion 
capture 

The level of bodily sensation of the game test produced 
through Vive came out high, and it is planned that research on 
gamer's flow line development and on what zombie characters 
will be used for real-time motion capture to increase the 
immersive degree. 

Two problems occurred in implementing the real-time 
operation on a game engine using motion capture. First, there 
is a delay in operation. The optical motion capture system 
captures a target using a plurality of cameras and estimates the 
value of the target position. The precise cause and solution of 
the delay time, which is not noticeable but varies depending on 
the operation, will be studied in the future. Second, when the 
motion capture character gestures using an object in real time, 
the motion of an object not being constrained is displayed not 
matched in the position and the rotation value with the 
character. In other words, the character throws things to the 
gamer, the disagreement of the position value of the object to 
which the marker adheres appears severely. Further research 
about this issue also will be carried out.  

III. Conclusion

Synchronizing two devices is very important to induce 
real-time bodily sensation by using a motion capture device for 
enhancing the level of bodily sensation. The application of the 
game engine using the existing motion capture device was to 
produce the game data and not to apply for the real time game 
engine. However, as the number of virtual reality contents has 
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been increasing recently, the demand for real time game 
application has also been increasing. Among the additional 
research subjects, the experiment of gestures by real-time 
motion capture characters using objects is currently being left 
as a problem to be solved even for the Unity game engine 
production company, and yet it seems possible in future 
versions. The action delay of real-time motion capture is 
expected to be considered the application of additional 
cameras, hardware upgrade, or application of gyro-type 
motion capture system. However, since the most important 
thing is the bodily sensation of the game, it is most important to 
upgrade the setting of game, scenario, and placement of 
situations accompanying the flow line of the game, to enhance 
the level of bodily sensation using the motion capture device.  I 
would like to analyze the level of bodily sensation which 
interacts through the production experience in the future. 
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