國立臺灣體育大學(桃園)

 補助學生出國參加國際學術會議、競賽、訓練與研習活動返國報告書
（請於參加活動返國後填寫）                              填表日期：　　年　　月　　日
	報告人姓名
	陳亦曜
	就讀系(所)
	體育研究所

	活 動 時 間
	2008/8/4～8/7
	活 動 地 點
	中國南京
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一、參加活動經過
本次參與2008國際體育工程聯合學術會議，緣起於2007年參加國際運動資訊協會(International Association on Computer Science in Sport ，簡稱IACSS)於加拿大卡加利大學( University of Calgary)所舉辦的第六屆國際體育資訊論壇(6th International Symposium of Computer Science in Sport )在去年會議中與本次研討會主辦人結識並於回後受邀成為大會組織委員會(Organization Committee) 成員。本次會議包含了五個國際會議，包括本次會議總共由四大國際會議所組成，包括2008國際體育電腦科學學術會議(IACSS2008)、2008國際體育工程與體育儀器器材研討會(SESE2008)、第四屆國際體育數學與體育系統工程研討會(MSS2008)、2008國際體育統計、體育測量與評價、體育管理研討會(SMS2008)、2008國際生物力學與運動技術分析研討會(SBSP2008)，因此整個研討會以「國際體育工程聯合學術會議」為主題，主辦單位包括了南京理工大學、南京師範大學、南京體育學院三個學校，與會者包括來美國、加拿大、德國、英國、澳大利亞、紐西蘭、巴西、日本、伊朗等近四十多個國家的300多位世界級專家學者。其中包括國際體育電腦科學學會名譽主席約根•皮爾教授、香港中文大學洪友濂教授、奧地利維也納大學阿蒙德•巴卡教授、英國林肯大學約翰•哈蒙德教授、加拿大卡爾加里大學拉裡•卡茨教授、芬蘭赫爾辛基諾基亞研究中心鐘代蒂博士等9位知名專家，他們就電腦模擬技術在體育中的應用、運動生物力學在運動鞋製造、體育與健康的生態系統建設、運動技能最佳化、網路奧林匹克數位博物館建設等，分別作了9場精彩的專題演講。
我這次所參加的為其中2008國際體育電腦科學學術會議(IACSS2008)部分。並於會議中以「The Development of Human Motion Detection System」為主題餘8/5 上午第一場口頭發表進行英文口頭發表。研討會時間表如下： 
	Time
	Event
	Venue

	4-Aug-08

	All Day
	Registration
	Hanyuan Hotel, Purple Hotel

	5-Aug-08
	Event
	Venue

	07:00-07:45
	Breakfast
	Hotels

	8:00
	Departure for the Conference Center of Nanjing University of Science and Technology byconference coachs (by walking for those staying at Purple Hotel/Conference Housing)

	08:30-09:00
	Joint Opening Ceremony
	Conference Center

	9:00-9:40
	Group photoDragon-Dance Show (by National Champion Team)
	Outside Conference Center

	09:40-10:40
	Keynotes/Invited Address 1, 2
	Conference Center

	10:40-11:00
	Tea Break

	11:00-12:00
	Keynotes/Invited Address 3, 4
	Conference Center

	12:00-13:30
	Lunch
	University Hotel, Purple Hotel

	14:00-15:30
	Keynotes/Invited Address 5, 6, 7
	Conference Center

	15:30-16:00
	Tea Break

	16:00-17:00
	Keynotes/Invited Address 8, 9
	Conference Center

	17:00-17:30
	Free Session: Casual Discussion
	

	17:30
	Coach to Restaurant

	18:00-19:30
	Welcome Dinner
	Sunny Restaurant

	19:30
	Conference coach back to Hotels

	6-Aug-08
	Event
	Venue

	8:00
	Departure for the Conference Center of Nanjing Normal University (conference coachprovided from all conference Hotels)

	09:00-10:45
	Oral Presentation (Seven Concurrent Sessions)
	Room 1, …, Room 7

	10:45-11:00
	Tea Break

	11:00-12:00
	Poster Presentation

	12:00-13:00
	Lunch

	13:00-14:00
	Poster Presentation

	14:00-15:30
	Oral Presentation (Seven Concurrent Sessions)
	Room 1, …, Room 7

	15:30-153:40
	Tea Break

	15:40-17:10
	Oral Presentation (Seven Concurrent Sessions)
	Room 1, …, Room 7

	17:10
	Taking shuttle to the Library Conference Room

	17:30
	Joint Closing Ceremony
	Conference Room in Library

	
	Invitation to IACSS2009, POC2012, etc
	

	18:00
	Coach to Restaurant

	Conference Dinner

	19:30
	Coach back to Hotels

	7-Aug-08
	Event
	Venue

	8:30
	Departure for Nanjing University of Sports (coach from all the Hotels)

	9:00-9:30
	Introduction of Nanjing University of Sports
	Conference Center

	9:30-11:30
	Units, Laboratories Tour and Visit Research Groups 
	Nanjing University of Sports

	11:30-12:30
	Conference Buffet
	Olympic Resturant

	12:30
	Taking conference coach to the Purple-Gold Mountain

	13:00-16:00
	Sightseeing
	Dr. Sun Yat-sen's Mausoleum

	16:00
	Taking conference coach back to Hotels

	18:00
	Dinner
	Hanyuan Hotel, Purple Hotel


二、參加活動心得
這次參加研討會可以算是去年IACSS研討會的延續，在研討會中除了自己的發表以外，並於其中認識許多國外友人，其中不乏多位去年也在加拿大發表的學者如：Larry Katz, Roberto Cejuela等人。參加國際會議最大的收穫，除了讓自己的研究接受國際友人的檢視與建議外，更大的收穫在於認識志同道合的朋友，透過與國際友人之間的交流互相給予建議與協助。而這次的研討會內容以體育工程為主題，其下所包含的五大會議主題可說是包括了運動科學的各個領域。透過這次的研討會讓我更能了解目前的研究與其他國家的研究方向並沒有落後的現象，反而在運動資訊方面我們比起國外有許多領先之處。與會的學者在運動資訊方面的研究大多仍以競技與訓練為主，利用電腦可以快速運算與累積資料的優點，作為比賽決策支援、訓練追蹤、運動科學分析軟體為主。過去所參加的第六屆體育資訊論壇，由於與會學者均為運動資訊方面的專家，討論主題亦為資訊技術的應用與開發為主，因此在視野上較為狹窄，但今年研討會包括了五大主題，增加了跨領域之間的討論與激盪。
由今年與會人員所發表的主題可以發現，資訊技術應用於體育已受到國際學術界的認可，而資訊技術本身已由過去是一門高不可攀的科學逐漸成為各個領域中所必須具備的工具。而放眼目前體育界不論從事哪一種研究都需要電腦的輔助以讓其研究更加順利。過去「進行實驗→資料彙整→輸入資料→統計分析」的流程已不是目前世界研究的趨勢。為了使研究更加順利，各國研究人員大多會與資訊專業人員搭配，提出研究流程上的需求進行程式的開發以節省研究過程中所需要實驗流程、資料蒐集、統計分析的應用。讓整個研究流程可以自動化，寧可在初期多花點時間開發系統以節省時驗進行時所需要冗長與繁瑣的資料蒐集、整理、統計、分析等流程。而這樣的趨勢亦與軟體工程中所指出的流程相符。因此，不論是硬體設備的資料擷取、自動化的資料蒐集過程、自動化的統計分析流程都是未來的趨勢。未來的發展重點應該會在如何讓電腦代替人腦進行資料的判斷與研讀以及利用電腦進行運動學習與訓練輔助的軟體上。
三、建議
透過本次研討會的參與，有以下建議：
1. 國內運動科學研究水準早已不輸國外，但在科際整合上卻落後許多。應加強運動科學各子領域之間的合作。

2. 運動的學習除了肢體的操作外，更包含了物理、化學、數學等不同學科的內容，透過體育進行跨學科教學以增加學生的學習興趣並驗證其他學科所學之內容。

3. 由於研討會僅有三天時間，而與會學者多達三百多位，研討會主辦單位包括了南京理工大學、南京師範、南京體育學院三所學校跨校合作，而研討會進行場地亦在三個學校之間互相支援進行，在台灣少見這樣的研討會辦理模式，值得國內參考。
四、攜回資料名稱及內容
【出席活動證明文件、申請補助活動之成果照片與全程錄影檔案(電子檔)等】
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February 25, 2008

Dear Yi-Yao Chen, Feng-Chin Chu, Wu-Chou Chen,

After peer review, we are pleased to inform you that your paper/abstract in
titled “The Development of Human Motion Detection System” has been
selected for presentation / lecture at the 2008 Joint International
Pre-Olympic Conference on Sports Science and Sports Engineering to be
held on August 5-7, 2008, at the Nanjing University of Science and
Technology (Nanjing, China).

Please note that all delegates/presenters/lecturer should register for the
conference. Delegates may register by completing the attached
registration form and email / mail it back to us by following the instruction in
the form. If you would prefer hard-copy versions of the acceptance /
invitation letter for applying your visa and traveling fund, please indicate
this by forwarding your surface mail address to organizing committee on

2008@0OlympicCongress.org.

Please inform your co-authors. Your paper has also been accepted to be
included in the printed conference proceedings (hardcover). Please submit
your camera-ready paper (2-6 pages) to us before 30 March 2008 by
following the paper template on congress website if you have not
submitted the camera-ready paper to us.

Please also access to the congress website on www.OlympicCongress.org
for information of the congress program, hotel reservation, traveling
information, etc.

On behalf of the congress scientific committee, | would like to thank you for
submitting your proposal, abstract and paper. We very much look forward
to welcoming you to Nanjing before 2008 Beijing Olympic Game.

Sincerely Yours,

Prof. Yong Jiang (John)

Executive Chair of Scientific Committee of the Conference
Faculty of Science

Nanjing University of Science and Technology

Nanjing, 210094, China

math@mail.njust.edu.cn




圖 1 研討會接受函
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August 5-7, 2008, Nanjing, China
Main Conference:

2008 Pro-Olympic Congress on Computer Science in Sports  (TACSS2008)
Workshops:

1. Statistics and Management in Sports (SMS2008) 2. Sports Engineering and Sports Equipment  (SESE2008)
3. Modeling and Simulation in Sports  (MSS2008) 4. Sports Biomechanics and Sports Performance  (SBSP)

March 2, 2008

Yi-Yao Chen

National College of Physical Education and Sports
Graduate Institute of Sports Science

250 Wen Hua 1st Rd

Kweishan 33333, Taoyuan

Taiwan

Dear Yi-Yao Chen,

Ref: Invitation for attending the 2008 Pre-Olympic Conference

The 2008 Joint International Pre-Olympic Conference on Sports Science and Sports Engineering
will be held on August 5-7, 2008 at the Nanjing University of Science and Technology, Nanjing,
China. The Academic Committee of the conference has sent you a letter of paper acceptance by
email before.

Here I, on behalf of the Organizing Committee of the conference, would like to invite you to
attend the conference and present your paper. Please note that all delegates should complete
registration form which can be downloaded from website: www.OlympicCongress.org and send it
to us by March 31, 2008.

For information of the conference program, hotel reservation, travel information, etc., please
access to the conference website. Look forward to meeting you in Nanjing.

Sincerely Yours,

Prof. Xiadfeng Wang

The Chair of Organizing Committee of the Conference
President of Nanjing University of Science and Technology

Post address: JACSS2008, Faculty of Science, Nanjing University of Science and Technology, Nanjing, 210094, China
Email: 2008@OlympicCongress.org, Tel: +86 139 5102 8086, Fax: +86 25 8431 5757, Web: OlympicCongress.org




圖 2 研討會邀請函
[image: image3.jpg]August 4-8, 2008, Nanjing, China

2008 International Pre-Olympic Conference

g University of Science and Technology

Post address: IACSS2008, Faculty of Science, Nanjing University of Science and Technology, Nanjing, 210094, China

Joint 2008 Pre-Olympic Congress

2008 Joint International Pre-Olympic Conference on Sports Science & Sport Engineering
2008 International Pre-Olympic Conference on Computing Science
2008 International Pre-Olympic Workshop on Modelling and Simulation

Conference Certificate ( English Version )

To whom it may concern

This certificate is to certify that Yiyao Chen

A . pt
as an attending delegate has taken part in the above, a/i@d
The details of the conference are as follows: -

1. Dates of Conference:
2008/08/04 Registration, 2008/08/08 Last day of Conference

2. Location: Nanjing University of Science and Technology, Nanjing Normal University, Jiangsu
Nanjing Institute of Sport.

Kind Regards

Conference Organising Committee of the Joint 2008 Pre-Olympic Congress
(China Association of Sports Mathematics, SIAM, Scientific Committee )

2008/08/04





圖 3 研討會發表證明
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圖 4 研討會名牌
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圖 5 研討會開幕式
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圖 6 南京理工大學宋文煜副校長開幕致詞
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圖 7  大會主辦人蔣勇教授開幕致詞
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圖 8 IACSS 主席 Arnold Baca 開幕致詞
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圖 9 IACSS 秘書長 Larry Katz 開幕致詞
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圖 10 開幕式後，舞龍表演
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圖 11  與會人員全體拍照(部分)
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圖 12 本校參與本次研討會人員合影
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圖 13  研討發表場地，南京師範大學國際會議廳
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圖 14  口頭發表現場
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圖 15  口頭發表現場
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圖 16  閉幕式
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圖 17  南京師範大宋永忠校長於閉幕式中致詞
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圖 18  南京師範大學王建副校長於閉幕式中致詞
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圖 19  香港中文大學洪友濂教授於閉幕式中致詞
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圖 20  IACSS主席 Arnold Baca於閉幕式中致詞
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圖 21  與IACSS 主席 Arnold Baca 合照
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圖 22  與國際友人 Kruglova Larisa 合影留念
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圖 23  與IACSS 秘書長 Larry Katz 合影留念
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圖 24  與本次研討會主辦人，南京理工大學蔣勇教授合影留念
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圖 25 與國際友人 Roberto Cejuela 合影留念

五、其他
研討會發表論文全文
The Development of Human Motion Detection System
Yi-Yao Chen , Chao-Tso Tu, Feng-Chin Chu, Wu-Chou Chen(
National College of Physical Education and Sports, Taiwan
Abstract. Motion capture systems have been widely used in field of sport science. However, such systems were very expensive and not affordable for common users. In this research, a video-based motion capture system was developed. With this system, three-dimensional human motion data was detected through commercial video cameras, simple calibrating process and markers. On the other hand, we used Vicon motion capture system to capture sport stretch to build a motion knowledge base. After analyzed these captured data, correct stretch motion patterns were built. A knowledge base was built after stretch motion patterns were analyzed. With this knowledge base and video-based motion capture system, users can do stretches at home, office and other environment. System will immediately give users proper instructions to prevent injuries. In the future, more exercise items and instruction will be added into this system so people can do exercise in safer way.

Keywords: pattern recognition, image calibration, motion tracking, automatic instruction
1. Introduction 

Motion Capture System is widely-used equipment for collecting data in research of sport science and is employed in several domains: computer games, virtual reality, animation, etc. However, such systems need special training and techniques to operate. And collecting and process data were very time-consuming and cumbersome work. Although many commercial products had been available and more user-friendly products were available, the price was high and not affordable for normal people.

This paper proposed a prototype for motion capture and human motion instruction system. To develop such system, two major problems must be solved: 1) How to make human limbs recognizable for computer systems and 2) How to make computers recognize correct movement from series of movements. After both problems were solved, motion tracking system and analytical data were integrated into a prototype system. In this prototype system, each analytical data were stored in a knowledge base so that motion tracking system can compare captured track with knowledge base. This prototype won't give user any alarms until the system had detected different in movement pattern or posture. And there alarms were issued simultaneously while the user was executing the stretch exercises.
2. Related works
The training for sportsman and physical education were used to depend on coaches' and teachers' experience. The introduction of sport science promoted the training method into field of science. By analyzing data, coaches gave sportsman instructions in more precise ways. However in physical education, teachers have few devices to analyse student's performance. This became the barrier while teachers wanted to give further instruction to students. Teachers can provide better physical education lesson if they have some equipments to help their teaching activities [1].
2.1. Motion capture systems
Motion capture system, also known as "mocap system", is a device which can capture body movement. Such system can capture data for purpose of analyse or feedback in ways of real-time or off-line [2]. In general, there are three major models of motion capture: optical, electromagnetic and electromechanical [3].

Optical motion capture systems use high-speed cameras (two or more) to capture markers attached on human body. With proper calibration process, system can calculate position for each marker. Optical motion captures systems are very useful to capture fast motion data for analyzing. However, such system has drawback of high price (USD$ 100,000 to USD$250,000) and sensitive to environment. It also needs lot of data processing and post-production works. However, such system was one the most popular devices used in fields of sport science and animation movies.

Electromagnetic motion capture systems use transmitters (attached on subject) as markers. And the receivers immediately receive three dimensional motion data through the change of magnetic field. Such systems are easy to calibrate, useful in wide space and can instantly be seen on computer screen. The prices were lower (USD$5,000 to USD$150,000). However, electromagnetic motion capture system is sensitive to magnetic field (cell phone, power station, etc.). And it had limitation in frame rate. Electromagnetic motion capture systems were getting popular in field of animation movies and arts creation.

Electromechanical motion capture system uses mechanical devices to measure the rotation of human body limb. Such system can capture fast motion and can be presented synchronously. The price is lowest (USD$5,000 to USD$10,000). However, the mechanical device became burden and limitation to movement. 

After comparing the advantages and drawbacks of these three models. We decided to use home video cameras to develop our motion capture system.
2.2. The application of motion capture system in physical education
The development of motor skills comes from two important elements: cognition and coordination. In a discussion of motor learning [4], three phases of motor skills acquisition were distinguished, from beginner to master level, which were called the cognitive phase, associative phase and autonomous phase. To obtain motor skill need observation, imitation and practices. Learners need continuous trial and correction to perfect movements [5]. Using motion capture system, we can analyse badminton [6], Golf Swing [7], Over-arm Throwing [8] and etc. Furthermore, motion capture systems can be used in analyzing delicate Chinese martial arts [9]. In addition to motion analysis, the captured data can also applied to create multimedia learning materials for Chinese Martial arts[10, 11], basketball [12], gymnastics [13, 14], and stretching [11, 15], etc. In multimedia learning, three views of messages needed to be delivered to learners: delivery of media, presentation modes and sensory modality [16]. In the past researches, researchers putted their focus on developing learning content and presentation platform. However, few researches focused on kinaesthetic feedbacks to learners.

Motion capture system had been one of the most popular devices to detect and track human's movements. In the past, the captured data had been done on finding human's movement features in sport. The process of analysis can observe movement quality [17]. Integrating these features and multimedia learning materials can give learners immediate feedbacks while they are doing their exercises.
3. Method
The first thing to build a system to detect human spacial movements need to make computer system able to catch the object three-dimensional coordinations and to track the motions. To make these tracks meaningful for computer system, it need to give some feature patterns for some motions so that these track can fit the motion patterns. At last, these two parts must be integrated so learners can gain proper feedback.
3.1. Three dimensional reconstruction and motion tracking
Suppose there is a person with markers attached on his/her joints. Relative to this person, there were some (more then two) cameras around this person. To detect these markers captured on single camera, we applied Houth Transform to detect markers filmed on single frame of one camera [18] and then label each marker. After labelling, the corresponding points in different cameras' view can be identified. Using Epipolar Geometry, three-dimensional coordinates of every point will be calculated and labelled.

After labeling three dimensional points, we use nearest-neighbor algorithms to find the relation between two frames so the track for each point can be calculated after calibration. Then we can have each joint's track in space(See Fig.1). 
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Fig.1 Three dimension reconstruction and tracking
3.2. Kinematic analysis
To obtain proper motion features, we use Vicon 624 system to capture 50 sets of different stretch exercises each set contained 2 correct movements and 3 incorrect movements for analyzing. The correct movements were following the guideline described in the book "Sports Stretch" [19]. Each set was calculated with kinematic parameters (position, angle, velocity and angular velocity). After calculation, analytical graphs for different body limbs and joints were plotted to identify the difference between correct movements and incorrect movements. Any differences shown on these graphs will be recorded as the bases to pattern recognition.
4. Result
The result of study had three major parts: Motion tracking system, kinematic analysis and prototyping system. Described as following.
4.1. Motion tracking system
According to the previously analysis, system were designed to capture subject's motions from four different angles (four cameras ). System architectureis shown as following(Fig.2).
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Fig.2 Motion tracking system architecture

As long as each video can film the whole body, the system can calculate each marker's position. (Fig.3)
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Fig.3 Reconstruction Process
4.2. Kinematic analysis
In analytical works, figures were drawn to identify the feature patterns. The feature pattern between correct movements and incorrect ones (Fig.4, Fig.5) can be used for motion pattern recognition.
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Fig.4 Feature pattern from correct movement (left upper arm stretching in front of thorax)
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Fig.5 Feature pattern from incorrect movement (left upper arm stretching in front)

From the analysis, feature pattern between correct and incorrect movement can be distinguished. And such differences can be used for pattern recognition. The motion tracking system can use this pattern to differentiate correct movement from incorrect ones.
4.3. Prototyping system

After motion capture algorithm and kinematic analysis works were finished. Human motion detection system was developed (Fig.5, Fig.6). 
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Fig.5 Tracking Process
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Fig.6 Human Motion Detection System
.This system can automatically calibrate cameras, capture and label markers and track user's movements. System will immediately give user real-time feedback (green for correct and red for incorrect) when he or she is executing selected stretch exercise.
5. Conclusion and discussion
Although this system had developed, there are some improvements need to be done:

· Due to limitation of camera frame rate, which means system can process at most 30fps to provide real-time feedback. However, our algorithm was not fast enough process all frames from video cameras.

· The instruction part of software can only point out the differences between subject and feature patterns. However, this feedback was numerical. The numerical feedback need to associate with more specific instructions.
· Such system can only detect the gesture of human movement. As to sports stretch, it is difficult to detect the muscle stretching. More bio-feedback devices (EMG, ECG, etc.) need to be integrated to detect real physical condition.
· In the future, we wish to use fewer and cheaper video capture devices to improve this system. And more sports activities can be analyzed to generate their feature pattern to verify the feasibility of this system.
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