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Jae‐Bok Song

General Chair of URAI 2008
Professor, Korea University

Welcome to URAI 2008

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

On behalf of the organizing and program committees, I would like to welcome all of you to 
URAI 2008, the 5th International Conference on Ubiquitous Robots and Ambient Intelligence, to be 
held at Korea University, Seoul, Korea, on November 20‐22, 2008. As the General Chair, it is my 
great pleasure and honor to host URAI 2008, cosponsored by KROS (Korea Robotics Society) and 
IRRC (Intelligent Robotics Research Center) at KU, and technically‐cosponsored by IEEE RAS. 
Although URAI began as a small workshop focusing on ubiquitous robotics 5 years ago, it has 
grown into the international conference which covers both ubiquitous robotics and various types of 
intelligent robotic systems. The aim of this conference is to bring together researchers, engineers 
and practitioners to presents their ideas and recent works. 

URAI 2008 is highlighted by 3 plenary talks by renowned researchers and 18 technical sessions 
of 135 contributed papers. A series of exciting social events are to be provided for the participants, 
including welcoming reception, conference banquet, as well as a KU campus tour, KIST lab tour 
and KU lab tour.  

I would like to take this opportunity to thank all the organizing and program committee members 
who work hard to make URAI 2008 a success. My special appreciation should be directed to Dr. 
Bum‐Jae You and Prof. Hajime Asama, the program chairs for their invaluable contributions. 

   
Seoul, the capital city of Korea, has been playing political, economic, and cultural centers of 

Korea for over 600 years. Seoul is surrounded by magnificent mountains with the Han River 
running along the city center. Among its numerous skyscrapers and glass towers, Seoul presents a 
number of royal palaces and ancient gates in different parts of its downtown. Please, enjoy your 
stay in Seoul by exploring the charm and uniqueness of Seoul too.

Sincerely, 
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Conference Organizers & Sponsors

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

❏ Conference Organizers

Korea Robotics Society

Intelligent Robotics Research Center
@ Korea University  

❏ Conference Sponsors 

IEEE Robotics & Automation Society   

Robotics Society of Japan

Institute for Information Technology Advancement
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Exibitors

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

Name of Company DASAROBOT Co., Ltd President Kang, SukHyee 
Address 11th Fl. Bucheon Techno Park 

401, Yakdae‐dong, 
Wonmi‐gu, Bucheon City,
Gyunggi‐do

Country Rep. of Korea

Phone +82‐32‐329‐5551 FAX +82‐32‐329‐5558  
E‐mail dasarobot@dasarobot.com Website http://www.dasarobot.com

http://www.dasarobot.com
Contents of 
Exhibit

Intelligent Pet Robot ‘Genibo‐QD’.
Education Robot System ‘Genibo‐M’.
Mobile Platform for Education and Research.

Introduction
Dasarobot is a robot production company that works to “Create value for the industrial society and 
Construct the world of affluency through Robots”. Since its establishment in 1998, Dasarobot has produced 
varied automation applications and solutions in the industrial robot field. For the service robot area, we 
have been developed the intelligent mobile platform, the public service robot, a security robot, and so on. 
Genibo, the nation’s first emotional entertainment pet robot, is another results of our efforts to advance 
robot age of one robot for every household. Dasarobot considers its customer’s trust as a first priority for 
the company, focuses on selection and concentration to enhance corporate competitiveness.

Name of Company ROBOTIS President Kim, Byoung Soo
Address #605 Ace Techno Tower, 55‐7, 

Mullae‐dong 3ga, 
Yeongdungpo‐gu, Seoul, Korea 
150‐992

Country Rep. of Korea

Phone +82‐2‐2168‐8787 FAX +82‐2‐2168‐8795  
E‐mail contactus2@robotis.com Website http://www.robotis.com
Contents of Exhibit Robot exclusive actuator DYNAMIXEL

Educational robot kit BIOLOID, OLLO
Humanoid research platform URIA

Introduction
ROBOTIS is a personal robot company established in April 1999. The company’s main product is a robot 

exclusive actuator DYNAMIXEL, educational robot kit BIOLOID, OLLO and humanoid research platform URIA. 
Currently, we are actively supporting robotic events, school curriculum and university research activities around 
+30 countries worldwide.

DYNAMIXEL is an intelligent high‐performance networked DC servo motor controlled with digital packet 
communication. It has a powerful feedback system with versatile expansion capability and can be linked in a 
daisy chain topology. URIA is a humanoid research platform for robot scientists to conduct real life R&D activities 
under PC based developing environment.. It is 57cm in height, weighs 5.5kgs, and has 24 interlinked actuators 
that can move in omni direction over even terrains. An embedded PC and LCD monitor is installed in its chest 
and the user can develop even more intelligent and interactive robots using various I/O interfaces including USB 
camera and MIC, gyro sensors, PIR sensors, FSR, stereo speaker, and WiFi communication system.

BIOLOID is an educational robot kit with special modular DC servo blocks designed for robot application. 
The kit includes servo motors, sensor module, frames and software. 26 different robots examples are included 
in the Comprehensive kit, such as a puppy, dinosaur, spider, and a humanoid. Users can choose from 3 levels 
(Beginner, Comprehensive, Expert). OLLO is reconfigurable robot kits good for learning and family fun. Helps 
users build creativity and learn the basics of tobotics, programming, and technology related algorithms while 
having fun.
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Name of Company Hagisonic Co., Ltd. President Kim, Paul
Address 535 Yongsan‐dong, Yuseong‐gu, 

Daejeon, Korea
Country Rep. of Korea

Phone + 82‐42‐936‐7740 FAX + 82‐42‐936‐7742
E‐mail hagisonic@hagisonic.com Website http://www.hagisonic.com

http://www.hagisonic.com
Contents of Exhibit AniBat™,  StarGazer™
Introduction

Hagisonic is the technology‐intensive venture with the innovative sensor technology products of the 
world’s best performance. Setting up its business on the verge of the new millennium, it has been engaged 
in developing the state‐of‐the‐art sensor products and devices of competitive prices. Ultrasonic sensors and 
localization sensors for intelligent robots, ultrasonic transducers for NDT and medical diagnosis, and 
various applied devices are the core competences of Hagisonic.

Together with ASIC modules for ultrasonic transmitting and receiving, Hagisonic’s ultrasonic sensor 
modules with anisotropic beam pattern, called “AniBat™” is on quite a competitive edge in both 
technology and price. The “AniBat™” allows robots to work properly with only 2~5 sensors, only about a 
tenth of the quantity of conventional ones, while it usually takes 20~30 ultrasonic sensors in order for 
robots to avoid obstacles. Also, StarGazer™, the localization sensor of Hagisonic used for intelligent 
robots, has extraordinary high accuracy and convenience in positioning and heading intended angles and 
convenience. Hagisonic has been supplying its products widely to customers widely at home and abroad 
comprising some 250 companies and research institutions in more than 20 countries of the world. In 
addition, thanks to its NDT transducers of the world best performance, Hagisonic has long been enjoying a 
close partnership with the world‐famous iron and steel companies including POSCO, Dongkuk Steel etc. 
Hagisonic has expanded the horizon of its service so as to cover the area of the public health by 
producing medical ultrasonic transducers used for osteoporosis diagnosis.

Name of Company ROBOTEVER Inc. President Kim, Changkun
Address 7F Daeheung Bldg, 4‐3 Yangjae‐

dong, Seocho‐gu, Seoul, Korea
Country Rep. of Korea

Phone +82‐2‐573‐3622 FAX +82‐2‐573‐3523
E‐mail sdhong@robotever.com Website http://www.robotever.com
Contents of Exhibit 3D Camera system & Face detection and recognition S/W
Introduction

Since 2007, Embedded Solution Leading Provider for intelligent Service Robot
Provide 2D & 3D Face detection & recognition S/W, various updated Sensors for robot and 3D scanner.

Name of Company SimLab Co., Ltd. President Chang, Kyong‐Sok
Address TaeSeung Bldg, 15‐9 Jamwon‐dong, 

Seocho‐gu, Seoul, Korea
Country Rep. of Korea

Phone +82‐2‐3471‐2014 FAX +82‐2‐6280‐9931  
E‐mail info@simlab.co.kr  Website http://www.simlab.co.kr
Contents of Exhibit SimStudio2 (dynamic  simulation platform)

RoboticsLab (robot software development environment for rapid‐prototyping reusable 
robotics algorithm)

Introduction
SimLab is a robotics software development and consulting company specializing in dynamic simulation. 
The company established in April 2004. Committed to providing the best solution for the emerging 
robotics market, we have developed a high performance dynamic simulation platform (SimStudio2). 
Currently, they are developing rapid‐ prototyping software platform for robotics algorithms, related with 
control engines (RoboticsLab)



10

Name of Company ED Co., Ltd. President Park, Yong Hoo
Address [Head office] 517‐15, 

Sangdaewon‐dong, Jungwon‐gu, 
Seongnam‐city, Gyeonggi‐do 
[Seoul branch office] 1024‐4, Deoksan 
bldg., Banngbae‐dong, Seocho‐gu, 
Seoul.

Country Rep. of Korea

Phone [Head office] 
+82‐31‐730‐7300
[Seoul branch office] 
+82‐2‐2046‐7100

FAX [Head office] 
+82‐31‐730‐7312
[Seoul branch office] 
+82‐2‐2046‐7170

E‐mail trade@ed.co.kr Website http://www.ed.co.kr
Contents of Exhibit EDRS (Exciting & Dynamic Robot Control Simulation Software),

Intelligent Robot 
Introduction

Based on its solid career and reputation as a world’s leading laboratory equipment supplier, ED is 
making great stride in new, latest IT technology. The company is actively throwing its energy into a 
diversified business realm such as intelligent robots. 

To secure highly distinctive technology and meet the market demand more rapidly, ED is aggressively 
finding and fostering Its core competency in the new growth dynamics industry. 

It is enlarging investment capacity for better future.

Name of Company ROBOMATION Co., Ltd. President Kim, Kyoungjin
Address 3F, Jungdong Bldg., 296‐4 Suckchon‐

dong Songpa‐gu, Seoul, Korea
Country Rep. of Korea

Phone +82‐2‐421‐1651 FAX +82‐2‐421‐1655  

E‐mail iotekcor@hanmail.net Web‐site http://www.robomation.kr
Contents of Exhibit ROBOID STUDIO is a software that make easy to write your robot PELICANOID is a 

roboid (robot like a device) that connected to PC USB port.
Introduction

Robomation is a company for commercializing, manufacturing and Sales of Network based Service 
Robot, PC based Wire/Wireless Edutainment Robot, Small‐Size Robot/Toys, Digital Instrument for musical 
instruments.

RoboKor, Inc. is a marketing partner which is working together with Robomation Co., Ltd. for domestic 
and global robot market. Official site is “www.robotschool.org”.

Name of Company Yujin Robot Co., Ltd President Shin, Kyung Chul
Address #1214 Namsung Plaza,345‐30, 

Gasan‐dong, Guemcheon, Seoul
Country Rep. of Korea

Phone +82‐2‐2026‐1430 FAX +82‐2026‐1440

E‐mail insung@yujinrobot.com Website http://www.yujinrobot.com
Contents of Exhibit iClebo (Cleaning robot)

Irobi Q (Ubiquitous Robot)
Introduction
Yujin Robot Co. Ltd., has been a leading company in the area of industrial robot, MEMS test handler 
and manufacturing automation system with the state of the art technology for more than 15 years. The 
company moves forward to intelligent robot to realize intelligent life with robot
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General Information

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

❏ Conference Location 
The conference will be held at Hana Square of Korea 
University Science Campus. Hana Square is a multi‐plaza 
to make the most of the underground space from the 
three stories underground to the ground. The Hana Square 
holds multi‐media center, meeting rooms, auditorium, 
exhibition hall, and DVD room. In its spacious exhibition 
hall and auditorium, the Square accommodates everything 
from small and medium size symposiums to international 
conferences. With Korea University’s best facilities and 
equipment for academic events, the Hana Square takes 
pride in its "state‐of‐the‐art" of audio‐visual systems, 
lighting capabilities, electrical infrastructure, and 
telecommunications systems installed in all meeting rooms 
and exhibition halls. Also, as an academic complexity 
building, there are bookstores, fast food cafeteria, coffee 
shop, convenient store, fresh bakery, and fitness center.

Hana Square
Korea University
Anam‐dong, Seongbuk‐gu
Seoul, 136‐713 Korea

❏ Registration Desk
The registration desk will be open at the lobby of 
Atrium on the 1st basement of Hana Sqaure in the 
period of the following times:

08:15 ‐ 18:30 Thursday, November 20 
08:15 ‐ 16:30 Friday, November 21

❏ Information/Message Board
The Information/Message Board will be located near 
the Registration Desk. Messages will be posted in 
this area throughout the conference. 

❏ Name Badges
All attendees must wear their name badges at all 
times to gain admission to all conference sessions, 
exhibits and receptions.

❏ CD‐ROM Proceedings
A full manuscript of each paper presented at the conference 
has been published on CD‐ROM Proceedings. Your 
registration fee includes a copy of IEEE CD‐ROM 
Proceedings.

❏ Official Language
The official language of the conference is English 
and will be used for all presentations and printed 
materials.

❏ Currency and Credit Cards
The unit of Korean currency is Won. Foreign 
currency and traveler's checks can be exchanged into 
Korean Won at foreign exchange banks and other 
authorized money exchangers. Credit cards, including 
VISA, American Express, Diners Club, Master Card 
and JCB, are accepted at major hotels, department 
stores, and large restaurants. The exchange rate is 
subject to fluctuation. 

❏ Electricity
In Korea, outlets for 220 volts 60 Hz are dominant. 
Always check the power supply before using your 
equipment.

❏ Internet Access
You can get easy access to the internet services 
inside the Hana Square. Also, wireless internet is 
available in the conference venue.

❏ Refreshment Break
Coffee and fresh beverage will be served around the 
Hana Square lobby.

❏ Climate
Seoul temperature is expected to range 0 to 12℃ 
(32~54°F) during the conference. It is sunny and 
bright, but sometimes isolated shower in Seoul. The 
weather is subject to change.

❏ Restaurants
There are several cafeterias inside Hana Sqaure and 
campus. A leaflet of restaurant information will be 
provided on‐site.
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Hotel Information

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

❏ Holiday Inn Seongbuk

Hotel website: http://www.holiday.co.kr/eng/index.htm
Hotel address: 3‐1343, Jongam‐dong, Seongbuk‐gu, Seoul, Korea
Contact: Phone: +82‐2‐929‐2000, FAX: +82‐2‐929‐0204 
Hotel view and map 

         

❏ Registration
‐ You can register through the hotel website.
‐ To get a special discount, specify that you are a URAI participant in the remark section.

❏ Transportation
Limousine bus from the Incheon international airport
‐ Buy a bus ticket bound for Dobong (Gangbuk/Seongdong). 
‐ Get on the bus at the bus stop 3B or 10A at the airport.
‐ Get off the bus at the Holiday Inn Seongbuk Station.
‐ Bus fare: KRW 13,000, Interval: 20‐30 min, Travel time: 80 min

From Hotel to Korea University
‐ Free shuttle bus
‐ Nov. 20, 08:40 : Hotel front to Hana Square (Conference Venue)
‐ Nov. 20, 20:10 : Hana Square to Hotel (10 min after the welcome reception)
‐ Nov. 21, 08:40 : Hotel front to Hana Square (Conference Venue)
‐ Nov. 21, 21:00 : Alumni Hall (Banquet) to Hotel (10 min after the banquet)
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❏ Hamilton Hotel

Hotel website: http://www.hamilton.co.kr 

Hotel address: 119‐25 Itaewon‐dong Yongsan‐gu, Seoul, Korea 

Contact: Phone: +82‐2‐794‐0171, FAX: +82‐2‐795‐0457

Hotel view and map

        

  
 
❏ Transportation

Limousine bus from the Incheon international airport

‐ Buy a bus ticket bound for Hannam‐dong. 

‐ Get on the bus at the bus stop 5A or 11B at the airport.

‐ Get off the bus at the Hamilton Hotel Station.

‐ Bus fare: KRW 14,000, Interval: 12‐17 min, Travel time: 70 min

From Hotel to Korea University

‐ Subway Line 6 from Itaewon Station (Exit 1) to Anam Station (Exit 4)
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‐ Humanoid Robots ‐ Silver Mate Platforms ‐ Intelligent Service Robots ‐ Human‐friendly Agent Technology‐ Bio‐mimetic Intelligent Control ‐ Robot Vision/Intelligent Sensing & Perception‐ Mobile Manipulation ‐ Portable Haptic & Tele‐operation

Tour Program

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

[Tour 1] Korea University Campus Tour

Date & Time: Nov. 20 (Thu.), 12:50 ‐ 1:50 (1 hr)
Fee: Free
Website: http://www.korea.edu

[Tour 2] KIST Tour: KIST Center for Cognitive Robotics Research

Date & Time: Nov. 20 (Thursday), 12:50 ‐ 1:50 (1 hr)
Fee: Free
Website: http://www.kist.re.kr/en/iv/sy_ro_in.jsp 
Research Area
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‐ Safe Robot Arm ‐ Dependable Navigation ‐ Low‐cost Force/Torque Sensing ‐ Vision‐based Navigation‐ Omni‐directional Robots ‐ Visual SLAM using Ceiling Features‐ Jumping Robots ‐ Navigation using Low‐cost Sensors

[Tour 3] Korea University Intelligent Robotics Lab Tour

Date & Time: Nov. 21 (Friday), 12:50 ‐ 13:30 (40 min)
Fee: Free
Website: http://robotics.korea.ac.kr 
Research Area

       

[Tour 4] Seoul Tour

Date & Time: Nov. 22 (Saturday.), 10:00 ‐ 15:00 (5 hrs)
Fee: $60 (including lunch and VAT)

It could be cancelled if the number of applicants is less than 15.
[Site 1] Blue House (where president stays)
[Site 2] Kyoung‐Bok Palace (main palace of the kingdom of cho‐sun)
[Site 3] National History Museum
[Site 4] Insadong (shopping street for foreign visitors)

SJM

SJM

Mapping Localization

Behavior Decision Intelligent Navigation

Dependable 
Navigation

SLAM

P0

P2

P1

P3 P4

P5

t0

t1

t2 t3t4

t5

t6

t7

t8

t9

Localizer
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Conference Venue

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

❏ Conference Place
   Hana Square, Science Campus, Korea University

            

             <Korea University>                               <Techno Complex Research Center>

            

<Hana Square>                                       <Conference Hall>

❏ Transportation

Limousine bus from the Incheon international airport

* Buy a bus ticket bound for Dobong/Gangbuk/Seongdong. 

* Get on the bus at the bus stop 3B or 10A at the airport.

* Get off the bus at either Korea Univ. Station or Holiday Inn Seongbuk Station.

* Bus fare: KRW 13,000, Interval: 20‐30 min, Travel time: 80 min

Subway Line 6

* The nearest subway station to the Korea University Science Campus is Anam Station (not Korea Univ. 

Station) of Line 6. The main entrance to the Science Campus is 100 m away from Exit 4.
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❏ Map around Korea University
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❏ Map of Korea University Science Campus
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❏ Floor Plan of Hana Square
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Technical Program at a Glance

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

Thursday, November 20
08:15-18:00 Registration

Auditorium Multimedia Room

09:00-10:30
TA1 TA2

Robot Intelligence Humanoid Robots 1
10:30-10:45 Coffee Break

10:45-12:15
TB1 TB2

Navigation 1 Humanoid Robots 2
12:15-14:00 Lunch & Tour (KU Campus / KIST Center for Cognitive Robotics Research)
14:00-14:15 Opening Ceremony (Auditorium)
14:15-15:15 Plenary Talk 1 : Ren C. Luo (Auditorium)
15:15-15:30 Coffee Break

15:30-17:00
TC1 TC2

Navigation 2 Network Robots
17:00-17:15 Coffee Break

17:15-18:45
TD1 TD2

Navigation 3 Service Robots
19:00-20:00 Welcome Reception (Sanhakkwan Restaurant @ KU)

Friday, November 21
08:15-16:30 Registration

09:00-10:30
Auditorium B119 B120

FA1 FA2 FA3
Robotic Mechanisms HRI 1 Ambient Intelligence

10:30-10:45 Coffee Break

10:45-12:15
FB1 FB2 FB3

Intelligent Space 1 HRI 2 Computed-Aided Surgery 1
12:15-13:30 Lunch & Tour (KU Intelligent Robotics Lab)
13:30-14:30 Plenary Talk 2 : Antonio Bicchi (Auditorium)
14:30-15:30 Poster Session <FPO> (Exhibition Hall)
15:30-16:30 Plenary Talk 3 : Masatoshi Ishikawa (Auditorium)
16:30-16:45 Coffee Break

16:45-18:15
FC1 FC2 FC3

Intelligent Space 2 Vision Computed-Aided Surgery 2
19:00-20:30 Banquet (Alumni Hall @ KU)

Saturday, November 22
Social Tours
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Plenary Speakers

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

Professor Ren C. Luo, National Taiwan University, Taiwan

Theories of Multisensor Fusion and Its Applications to Network Based 
Ubiquitous Robotic Systems

[Biography]

  Ren C. Luo (M’83–SM’88–F’92) received the Ph.D. degree in electrical engineering from the Technische 
Universitaet Berlin, Berlin, Germany. He is currently a Distinguished Professor in the Department of Electrical 
Engineering at National Taiwan University and President of Robotics Society of Taiwan. He also served as President 
of National Chung Cheng University in Taiwan. He was a Professor of Department of Electrical and Computer 
Engineering at North Carolina State University, Raleigh, NC, USA and Toshiba Chair Professor in the University 
of Tokyo, Japan.

His research interests include sensor‐based intelligent robotic systems, multisensor fusion and integration, computer 
vision, micro/nano technologies, rapid prototyping, and advanced manufacturing systems. He has authored more than 
300 papers on these topics, which have been published in refereed technical journals and conference proceedings. 
He also holds several patents. Dr. Luo received IEEE Eugean Mittlemann Outstanding Research Achievement Award, 
1996; ALCOA Foundation Outstanding Engineering Research Award, NCSU, USA; National Science Council 
Outstanding Research Awards, 1998‐1999, 2000‐2001, 2002‐2005; National Science Council Distinguished Research 
Awards, 2006‐2008; TECO Outstanding Science and Technology Research Achievement Award, 2001. Dr. Luo is 
currently Editor‐in‐Chief of IEEE/ASME Transactions on Mechatronics. He served as President of IEEE Industrial 
Electronics Society (2000‐2001). He also served as President of Chinese Institute of Automation Engineers, Convener 
of Automation Technology Division, National Science Council; Adviser of Ministry of Economics Affairs and 
Technical Adviser of Prime Minister's Office in Taiwan.

He contributes regularly to IEEE sponsored international conferences by serving as conference General Chairs 
(IEEE IROS 1992, MFI 1994, IECON 1996, MFI 1999, ICRA 2003, IECON 2007, IROS 2010), Program Chairs, 
program committees, and offers short courses or tutorials and plenary/keynote speeches in various countries and 
research communities. Dr. Luo is a Fellow of IEEE since 1992 and a Fellow of IEE.

[Abstracts of Plenary Talk]

Synergistic use of multiple sensors by machines and systems enables greater intelligence to be incorporated into 
their overall operation. Motivation for using multiple sensors can be considered as response to simple question: 
if a single sensor can increase the capability of a system, would the use of more sensors increase it even further? 

Multisensor fusion, as defined here, refers to any stage in the integration process where there is an actual 
combination (or fusion) of different sources of sensory information into one representational format. It is one aspect 
of the overall integration process which involves mathematical and statistical issues including combining sensor 
uncertainty methods for sensor fusion includes estimation methods such as covariance Intersection (CI), covariance 
union (CU), Kalman filtering; classification methods, such as support vector machine (SVM) etc.

In this talk, some theories of multisensory fusion and its applications to network based ubiquitous robotic systems 
such as multi level sensory data fusion for human tracking and smart home and other sensory controlled ubiquitous 
robotics systems will be presented and discussed.  



22

Professor Antonio Bicchi, University of Pisa, Italy

Variable Impedance Actuators for Safe and Effective Physical          
Human‐Robot Interaction

[Biography]

Antonio Bicchi (Laurea M.E. 1984 Univ. of Pisa / Ph.D. 1989 Univ. of Bologna / Post‐doc 1989‐90 MIT AI 
Lab) is a Professor of Automatic Control and Robotics in the Department of Electrical Systems and Automation 
of the University of Pisa, Italy.  His research interests are in Robotics, Control, and Haptics. Antonio Bicchi has 
published more than 200 papers in peer‐reviewed journals and conferences, and has served on the editorial board 
of IEEE Transactions on Robotics and Automation and RAS Magazine, the Int. J. of Robotics Research, the advisory 
Board of IEEE Transactions on Automation Science and Engineering, and others. A list of publications and a CV 
are available for reference at www.piaggio.ccii.unipi.it/~bicchi.
 He currently serves as the Director of the Interdepartmental Research Center ``E. Piaggio'' of the University of 
Pisa, where he leads the Automation and Robotics group since 1990.  He is an IEEE Fellow, Chair of the IEEE 
RAS Conference Editorial Board, and served as Vice President of IEEE Robotics and Automation Society for Member 
Activities (2006‐2007). He was General Chair for the First WorldHaptics Conference (Pisa 2005), and for Hybrid 
Systems: Computation and Control (HSCC2007, Pisa).

[Abstracts of Plenary Talk]

 Robots designed to share an environment with humans, such as in domestic or entertainment applications or in 
cooperative material‐handling tasks, must fulfill different requirements from those typically met in industry. It is 
often the case, for instance, that accuracy requirements are less demanding. On the other hand, a concern of paramount 
importance is safety and dependability of the robot system. According to such difference in requirements, it can 
be expected that usage of conventional industrial arms environments will be far from optimal. 
 The inherent danger to humans of conventional arms can be mitigated by drastically increasing their sensorization 
and changing their controllers. However, it is well known in the robotics literature that there are intrinsic limitations 
to what the controller can do to modify the behavior of the arm if the mechanical bandwidth (basically dictated 
by mechanism inertia and friction) is not matched to the task. In other words, making a rigid, heavy robot to behave 
gently and safely is an almost hopeless task, if realistic conditions are taken into account. 
 One alternative approach at increasing the safety level of robot arms interacting with humans is to introduce 
compliance right away at the mechanical design level. Accuracy in positioning and stiffness tuning would then be 
recovered by suitable control policies. This approach is clearly closer in inspiration to biological muscular apparatuses 
than to classical machine‐tool design, which has inspired most robotics design thus far.
 In this talk, I will discuss the problem of achieving good performance in accuracy and promptness by a robot 
manipulator under the condition that safety is guaranteed throughout task execution. Intuitively, while a rigid and 
powerful structure of the arm would favor its performance, lightweight compliant structures are more suitable to 
safe operation. The quantitative analysis of the resulting design trade‐off between safety and performance has a strong 
impact on how robot mechanisms and controllers should be designed for human‐interactive applications. We discuss 
few different possible concepts for safely actuating joints, and focus on aspects related to the implementation of 
the mechanics and control of this new class of robots.
 



23

Professor  Masatoshi Ishikawa, The University of Tokyo, Japan

High Speed Vision and its Applications in Robotics

[Biography]

  Masatoshi ISHIKAWA received the B.E., M.E. and Dr. Eng. degrees in mathematical engineering and information 
physics in 1977, 1979 and 1988, respectively, from University of Tokyo, Tokyo, Japan. From 1979 to 1989, he 
was a senior researcher at Industrial Products Research Institute, Ministry of International Trade and Industry, Tsukuba, 
Japan. He was an associate professor of the University of Tokyo from 1989 to 1999. From 1999, he was a professor 
of mathematical engineering and information physics at University of Tokyo. From 2001, he is a professor of creative 
informatics at University of Tokyo. He was a vice‐president and an executive vice‐ president of University of Tokyo, 
from 2004 to 2005, from 2005 to 2006, respectively.
 His current research interests include sensor data fusion, VLSI vision chip and its applications, high speed image 
processing, visual feedback, meta‐perception, sensor networks, robotics, optics in computing, and parallel processing. 
His research activities are described in homepage (http://www.k2.t.u‐tokyo.ac.jp/index‐e.html). In particular, he 
hasrecently developed an innovative high‐speed batting robot, a high‐speed catching robot hand, a vision chip system, 
a micro visual feedback system, and an interactive human interface display 

[Abstracts of Plenary Talk]

Since almost all conventional image processing systems were too slow to control mechanical systems, Image 
data could not be used for control of robots. In order to obtain enough information, massively parallel image processing 
devices and systems have been developed using semiconductor integration technology. The key concept may be 
a system based on a hierarchical parallel and distributed processing architecture, capable of working in real time. 
In addition, dynamics matching as a system design concept and meta‐perception as a system application are proposed 
as new points of view for dynamic robot system based on sensor data fusion. Dynamics matching means that physically 
defined time constants of system elements such as sensors, actuators, objects, environment, and processing modules 
should be matched with each other. Meta perception includes various methods for capturing and manipulating 
information that is normally inaccessible to humans and machines 
 In my talk, a high speed image processing system with 1 kHz image processing rate based on pixel parallel 
processing architecture will be shown with applications ranging from multi target tracking (1000 targets can be tracked 
in every 1 ms), high speed 3D range data acquisition (1000 points 3D position data can be taken in every 1 ms), 
to micro visual tracking system and visual inspection for bio/medical applications. In robotics area, a sensory‐motor 
fusion system (arm and/or hand) capable of realizing high‐speed batting, dynamic catching, regrasping, dribbling, 
pen rotation, tool manipulation, and knotting based on dynamics matching and high speed visual feedback using 
the 1kHz image processing will be presented. Based on these systems, possibility of high speed robots which is 
too fast to see will be proposed. On the other hand, the "Khronos Projector" interactive‐art installation, and the 
haptic radar will be shown as examples of meta‐perception applications. Theories, devices, algorithms and architectures 
for these innovative systems will be explained. Finally, road map for faster and more intelligent robots in the future 
will be shown. 
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Technical Program Information

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

The technical program consists of 3 plenary sessions, 3 parallel oral sessions and 1 poster session of 
contributed papers. 

❏ Plenary Sessions
The plenary sessions will be held at Auditorium on 
the 1st basement of Hana Square, Korea University.

❏ Technical Sessions
All technical sessions will be held in Rm. B119, 
Rm. B120, a Multimedia room, and Auditorium on 
the 1st basement of the Square.

❏ Guide to Understanding Session 
Numbering

Each session in the technical program is assigned a 
unique number which clearly indicates when and 
where the paper is presented. A typical number is 
shown below:

Typical Session Number: TA1

The first letter (e.g., T) indicates the day of the 
conference.

T= Thursday, F= Friday

The second letter (i.e., A) indicates the time of the day.

A, B = Morning, 
C, D = Afternoon

The third number (e.g., 1) shows the location of the 
presentation which is one of the five session rooms.

1 = Auditorium
2 = Multimedia room (Thursday, 20), B119 (Friday. 21)
3 = B120

Social Program Information

❏ Welcome Reception
Thursday, November 20, 19:00~20:00, Techno Complex Research Center (1F Restaurant) 

URAI 2008 invites all conference attendees to enjoy an evening with colleagues and friends. Beverage and 
snacks will be served for all the registrants.

❏ Banquet
Friday, November 21, 19:00~20:30, Korea University Alumni Hall 

You are welcomed to the banquet to be held on November 21. Please make sure to bring the banquet ticket. 
In the banquet, the URAI 2008 Best Paper Awards will be presented.
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Technical Program Schedule

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

❏ Thursday, November 20

[TA1]  Robot Intelligence

Chairs: Kazuhiro Ohkura, Hiroshima University, Japan
Unsik Park, AIST, Japan

RM: Auditorium 

09:00~09:15 TA1-1 Generalizing Task Knowledge from Multiple Demonstrations
Donghyun Kim, Hyunsik Kim, Incheol Kim
Kyonggi University. KOREA

09:15~09:30 TA1-2 Autonomous Specialization in a Multi‐Robot System based on Artificial Evolution
Toshiyuki Yasuda1, Tomoya Matsuda1, Yuichi Kawamatsu1, Yoshiyuki Matsumura2, Kazuhiro 
Ohkura1

1Hiroshima University, JAPAN, 2Shinshu University, JAPAN

09:30~09:45 TA1-3 Relational Knowledge Representation for Robotics Tasks
Stanislav Slusny, Roman Neruda
Institute of Computer Science Academy of Sciences of the Czech Republic

09:45~10:00 TA1-4 Decision Making in Fault Detection via Gaussian Kernel Support Vector Machine
Un Sik Park, Yoshihiro Nakabo, Yoji Yamada
AIST, JAPAN

10:00~10:15 TA1-5 Calibration Technique for Odometry of Mobile Robots using Terminal Iterative 
Learning Control
Sharifuddin Mondal, Youngmok Yun and Wan Kyun Chung
Postech, KOREA

10:15~10:30 TA1-6 Development of Path Planning Algorithm using A* Search Method for Multi‐Robot 
System
Sungmoon Jin1, Byung June Choi1, Bumsoo Kim1, Hyungpil Moon1, Jachoon Koo1, Hyouk 
Ryeol Choi1, Wankyun Chung2

1Sungkyunkwan University, KOREA, 2Pohang University of Science and Technology, KOREA
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[TA2]  Humanoid Robots 1

Chairs: Paul Oh, Drexel University, USA
Daniel Lee, University of Pennsylvania, USA

RM: Multimedia Room 

09:00~09:15 TA2-1 Learning Humanoid Locomotion over Rough Terrain 
Alex Kushleyev, Beth Garber, Daniel D. Lee
University of Pennsylvania, USA

09:15~09:30 TA2-2 Adaptive Locomotion Controller Based on Frequency‐Adaptive Oscillator for Biped 

Robots 
Jae‐Kwan Ryu1, Nak Young Chong1, Bum‐Jae You2, Henrik I. Christensen3

1JAIST, JAPAN, 2KIST, KOREA, 3Georgia Tech., USA

09:30~09:45 TA2-3 Investigation of an Analytical Motion Filter for Humanoid Robots 

Karl J. Muecke, Dennis W. Hong
Virginia Tech., USA

09:45~10:00 TA2-4 Extending Animator Tool Sets for Humanoid Robotics

Paul Diefenbach, Daniel Letarte, Christopher Redmann, Robert Ellenberg, Paul Oh
Drexel University, USA

10:00~10:15 TA2-5 Exploring Creativity through Humanoids and Dance

Robert Ellenberg, David Grunberg, Youngmoo Kim, Paul Oh
Drexel University, USA

10:15~10:30 TA2-6 Lithium Battery Series Balance Circuit and Wireless Inductance Charging for 
Humanoid Robots
Sheng Chen1, Chung‐Huo Lin1, Han‐Pang Huang2

1Hwa Hsia Institute of Technology, TAIWAN, 2National Taiwan University, TAIWAN

10:30~10:45 Coffee Break

[TB1] Navigation 1

Chairs: Woojin Chung, Korea University, Korea RM: Auditorium 

10:45~11:00 TB1-1 Development of Position Correction Technique for Mobile Robot using Magnet 
Hall Sensor
Bumsoo Kim1, Byung Jun Choi1, Sung Moon Jin1, Hyungpil Moon1, Ja Choon Koo1, 
Hyouk Ryeol Choi1, WanKyun Chung2

1Sungkyunkwan University, KOREA, 2Pohang University of Science and Technology, KOREA
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11:00~11:15 TB1-2 Sensitivity Analysis and Position Calibration of Optical Mouse Array for Mobile 
Robot Velocity Estimation 
Sungbok Kim, Sanghyup Lee, and Hyeongsik Kim
Hankuk University of Foreign Studies, KOREA

11:15~11:30 TB1-3 Development of Massive Data Transferring Method for UPnP based Robot Middleware
Kyung San Kim, Sang Chul Ahn, Yong‐Moo Kwon, Heedong Ko, and Hyoung‐Gon Kim
KIST, KOREA

11:30~11:45 TB1-4 A New Pedestrian Navigation System Based on a Low‐Cost IMU 
M. Jadaliha, A.M. Shahri, M. Mobed
Sharif University of Technology, IRAN

11:45~12:00 TB1-5 A Modeling System Using Incremental Factorization 
Ji‐Yong Lee1,2, Mun‐Ho Jeong1, Bum‐Jae You1

1KIST, KOREA, 2UST, KOREA

12:00~12:15 TB1-6 Obstacle Avoidance of an Outdoor Patrol Robot on the Road
Seung‐bohm Hong, Youjin Shin, Woojin Chung
Korea University, KOREA

[TB2] Humanoid Robots 2

Chairs: Ching‐Kuo Wang, Hwa Hsia Institute of Technology, Taiwan
Joono Cheong, Korea University, Korea

RM: Multimedia Room 

10:45~11:00 TB2-1 Integration of Humanoid Robots in a Collaborative Working Environment: A Case 
Study on Motion Generation
Olivier Stasse1, Rudolf Ruland2, Florent Lamiraux3, Abderrahmane Kheddar4, Kazuhito 
Yokoi2, Wolfgang Prinz1

1AIST/CNRS JRL, JAPAN, 2Fraunhofer FIT, GERMANY, 3CNRS – LAAS, AIST/CNRS JRL, 
JAPAN, 4CNRS – LIRMM, AIST/CNRS JRL, JAPAN

11:00~11:15 TB2-2 Humanoids in the Classroom 
Douglas S. Blank1, Keith J. O'Hara2, Stewart T. Tansley3, Teyvonia Thomas1, and Meena 
Seralathan4

1Bryn Mawr College, USA, 2Georgia Institute of Technology, USA, 3Micosoft Research, USA, 
4Haverford College, USA

11:15~11:30 TB2-3 A New Method of Grasp Quality Measure Using Ray‐Shooting and Extended 
Grasp Wrench Space 
Hyunhwan Jeong, Jongwoo Park, Joono Cheong
Korea University, KOREA

11:30~11:45 TB2-4 The Neural Network and the Non‐traditional Actuators of Prosthetic Eyes on the 
Humanoid Robot 
Ching‐Kuo Wang1, Wei‐Fu Hwang1, Han‐Pang Huang2

1Hwa Hsia Institute of Technology, TAIWAN, 2National Taiwan University, TAIWAN



28

11:45~12:00 TB2-5 The Innovational Eyeball Mechanism Driven by the Tiny Pneumatic Module on 
the Humanoid Robot
Chiu‐Sung Wu1, Ching‐Kuo Wang1, Han‐Pang Huang2

1Hwa Hsia Institute of Technology, TAIWAN, 2National Taiwan University, TAIWAN

12:00~12:15 TB2-6 Biomimetic Dynamic Locomotion Control of a Quadruped Walking Robot on 
Rough Terrains
Duc Trong Tran, Ig Mo Koo, Gia Loc Vo, Young Kuk Song, Ho Moon Kim, and Hyouk Ryeol 
Choi
Sungkyunkwan University, KOREA

12:15~14:00 Lunch & Tour (KU Campus / KIST Center for Cognitive Robotics Research)

14:00~14:15 Opening Ceremony                                                  RM: Auditorium 

Plenary Talk 1

Chair: Bum‐Jae You, Korea Institute of Science and Technology, Korea RM: Auditorium

14:15~15:15 Theories of Multisensor Fusion and its Applications to Network‐Based Ubiquitous Robotic 

Systems
Prof. Ren C. Luo, National Taiwan University, Taiwan

15:15~15:30 Coffee Break

[TC1] Navigation 2

Chairs: Sooyong Lee, Hongik University, Korea
Yeonsik Kang, KIST, Korea

RM: Auditorium 

15:45~16:00 TC1-1 Recognition of Objects with Legs Using Model Information and Image from Tilted 
Camera
Tae‐Bum Kwon, Jae‐Bok Song
Korea University, KOREA

16:00~16:15 TC1-2 The Performance of a Visible Light Communication Based Indoor Positioning 
System Experiment
Chinnapat SERTTHIN, Emiko TSUJI, Shinichiro HARUYAMA, Masao NAKAGAWA
Keio University, JAPAN

16:15~16:30 TC1-3 A Hybrid Vehicle License Plate Detection Method Based on HSI Color Model and 
Histogram 
Kaushik Deb, Suk‐Ju, Kang, Kang‐Hyun Jo
University of Ulsan, KOREA
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16:30~16:45 TC1-4 A Real‐Time Architecture for Service Robots in USN Environments 
Byoung‐Wook Choi1, Dong‐Gwan Shin2, Jeong‐Ho Park3, Soo‐Yeong Yi1

1Seoul National Univ., KOREA, 2Robostar Co., Ltd ., 3Dasarobot Co., Ltd.

16:45~17:00 TC1-5 Experiments of Autonomous Lane Tracking Control Using Monocular Camera
SeungBeum Suh, Yeonsik Kang, Chi‐Won Roh, Sung‐Chul Kang
KIST, KOREA

16:45~17:00 TC1-6 Depth Estimation using Monocular Camera and Infrared Light Pattern
Incheol Kim1, Sooyong Lee2, Jae‐bok Song3

1Samsung Electronics, Co. LTD, KOREA, 2Hongik University, KOREA, 3Korea University, KOREA

[TC2] Network Robots

Chairs: Woojin Chung, Korea University, Korea
Mandal Nirmal, National Institute of Technical Teachers’ 
Training and Research, India

RM: Multimedia Room 

15:30~15:45 TC2-1 Attitude Control of Aqua Farm Patrol Robots Based on a Gyro Momentum Approach 
Jinseong Lee, Namhoon Kim, Doheon Lee
KAIST, KOREA

15:45~16:00 TC2-2 Deploying Real Mobile Robot Swarms Equipped with Dual Rotating Infrared Sensors 
Geunho Lee, Seokhoon Yoon, Nak Young Chong
JAIST, JAPAN

16:00~16:15 TC2-3 Contact Stability Analysis and Coordinative Manipulation of a Dextrous Robotic 
Finger Mechanism 
N. K. Mandal1, A. Dutta2, S. R. Deb2

1National Institute of Technical Teachers’ Training and Research, INDIA, 2Jadavpur University, INDIA

16:15~16:30 TC2-4 Multiple Moving Goals Tracking for Robot Swarms Adapting to an Unknown Environment 
Geunho Lee, Seokhoon Yoon, and Nak Young Chong
JAIST, JAPAN

16:30~16:45 TC2-5 A Common Framework for Supporting Interoperability among Disparate 
Heterogeneous Robot Middlewares
Janarbek Matai, Young‐Ho Suh, Hyuongsun Kim, Kang‐Woo Lee and Hyun Kim
ETRI, KOREA 

16:45~17:00 TC2-6 Development of Gateway System for CAN and ETHERCAT
Seong Jin Cho, Jae Wook Jeon
Sungkyunkwan University, KOREA

17:00~17:15 Coffee Break
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[TD1] Navigation 3

Chairs: Li‐Chen Fu, National Taiwan University, Taiwan
Nakju Lett Doh, Korea University, Korea

RM: Auditorium

17:15~17:30 TD1-1 Line‐Segment based Global Path Planning for Mobile Robot
DooSan Baek, Jeong‐Gwan Kang, Su‐Yong An, Se‐Young Oh
Pohang University of Science and Technology, KOREA

17:30~17:45 TD1-2 Realization of an Artificial Pheromone System by Using Random Data Carriers 
for Navigation of Autonomous Robots 
Herianto, Toshiki Sakakibara, Daisuke Kurabayashi
Tokyo Institute of technology, JAPAN

17:45~18:00 TD1-3 An Efficient Hierarchical Localization for Indoor Mobile Robot with Wireless 
Sensor and Pre‐Constructed Map
Chi‐Pang Lam, Wei‐Jen Kuo, Chun‐Feng Liao, Ya‐Wen Jong, Li‐Chen Fu, Joyce Yen Feng
National Taiwan University, TAIWAN

18:00~18:15 TD1-4 Time‐Suboptimal Real Time Path Planner for a Humanoid Robot under Linear 
Motion Constraint
Soo‐Hyun Ryu1, Young‐Hoon Lee1, Yeonsik Kang2, Bum‐Jae You2, Nakju Lett Doh1

1Korea University, KOREA, 2KIST, KOREA

18:15~18:30 TD1-5 Multisensory Data Fusion for Ubiquitous Robotic Services
Ren C. Luo1, Ogst Chen2

1National Taiwan University, TAIWAN, 2National Chung Cheng University, TAIWAN

18:30~18:45 TD1-6 Simultaneous Localization and Mapping in Robotics 
Dinesh D. Thakur, Mary Lourde R.
BITS,Pilani‐Dubai, Dubai International Academic City, U.A.E.

[TD2] Service Robots

Chairs: Bum‐Jae You, KIST, Korea
Jae Wook Jeon, Sungkyunkwan University, Korea

RM: Multimedia Room 

17:15~17:30 TD2-1 An Office Service Robot Butler II: Service‐Oriented Approach 
Sungon Lee1, Sang‐rok Oh1, Bum‐jae You1, Gaetano Ciaravella2, Paolo Dario2

1KIST, KOREA, 2Scuola Superiore Sant’Anna (SSSA), ITALY

17:30~17:45 TD2-2 Mediated Interface to Augment Recognition for HRI 
Joochan Sohn, Jaehong Kim, Minsu Jang, Changyu Park, Hyeonsung Cho, Sangseung Kang, 
Daehe Lee, Cheonshu Park, Yunkoo Chung
ETRI, KOREA
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17:45~18:00 TD2-3 Robot Assistant for Care of Older People 
Bruce MacDonald, Waleed Abdulla, Elizabeth Broadbent, Martin Connolly, Karen Day, Ngaire 
Kerse, Michael Neve, Jim Warren, Catherine Watson
University of Auckland, NEW ZEALAND

18:00~18:15 TD2-4 Networked and Cooperating Robots for Urban Hygiene: the EU funded DustBot Project
B. Mazzolai, V. Mattoli, C. Laschi, P. Salvini, G. Ferri, G. Ciaravella, P. Dario
Scuola Superiore Sant’Anna (SSSA), ITALY

18:15~18:30 TD2-5 Development of an EtherCAT Master Module using Linux
Byung Yun Oh, Key Ho Kwon, Jae Wook Jeon
Sungkyunkwan University, KOREA

19:00~20:00 Welcome Reception
Sanhakkwan Restaurant (1st floor), Korea University
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❏ Friday, November 21

[FA1] Robotic Mechanisms

Chairs: Dennis Hong, Virginia Polytechnic and State University, USA RM: Auditorium 

09:00~09:15 FA1-1 Classification and Characterization of Inverse Kinematics Solutions for Robotics 
and Animation
Mahmoud Tarokh1 and Malrey Lee2

1San Diego State University, USA, 2Chonbuk National University, KOREA

09:15~09:30 FA1-2 Environment Estimation Using Serial‐type Dual Actuator Unit Capable of Force 
Estimation
Byeong‐Sang Kim, Jae‐Bok Song
Korea University, KOREA

09:30~09:45 FA1-3 The Development of CHARLI: a Linear Actuator Powered Full Size Humanoid Robot 
Derek Lahr, Dennis Hong
Virginia Polytechnic and State University, USA

09:45~10:00 FA1-4 A Simple Haptic Interface for Educational Purpose
Nicholas Hamlin, Saner Jairakrean, and Teeranoot Chanthasoopeephan
King Mongkut’s University of Technology Thonburi Bangmod, THAILAND

10:00~10:15 FA1-5 Performance Analysis of an Insect‐inspired Flapping Wing Device Actuated by a 
Compressed Piezoceramic Actuator
Quoc Viet Nguyen, Hoon Cheol Park, Nam Seo Goo, Doyoung Byun
Konkuk University, KOREA

[FA2] HRI 1

Chairs: Bruce Maxwell, Colby College, USA 
Jaeyeon Lee, ETRI, Korea 

RM: B119

09:00~09:15 FA2-1 The Effects of Appearance and Interface Design on User Perceptions of 
Educational Robots
Namin Shin1, Sunhee Lee2 
1Dongguk University, KOREA, 2Seoul National University, KOREA 

09:15~09:30 FA2-2 Development of Human‐Robot Interaction Systems for Humanoid Robots
Bruce A. Maxwell, Brian Leighton, Andrew Ramsay
Colby College, USA

09:30~09:45 FA2-3 Multimodal User Recognition for Intelligent Service Robots
Jaeyeon Lee, DoHyung Kim, Hye‐Jin Kim and Dae Hwan Hwang
ETRI, KOREA
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09:45~10:00 FA2-4 Human‐Robot Interaction Using Indicating Behavior for Service Robot
Eri sato‐Shimokawara, Shoichiro Sakurai, Toru Yamaguchi
Tokyo Metropolitan University, JAPAN

10:00~10:15 FA2-5 Recognition of Human Torso Orientation for Human Robot Interaction
Turbat Erdenebatkhaan, Ji‐Hyung Park
KIST, KOREA

10:15~10:30 FA2-6 Face Recognition Using HOG Features
Woo‐han Yun, DoHyung Kim, Byung‐yeol Song, and Ho‐sub Yoon
ETRI, KOREA

[FA3] Ambient Intelligence

Chairs: Tatsuo Arai, Osaka University, Japan 
Tsutomu Hasegawa, Kyushu University, Japan 

RM: B120 

09:00~09:15 FA3-1 Management System Architecture for Project Based Production with Use of RFID
Eiji Arai, Hidefumi Wakamatsu, Eiji Morinaga
Osaka Univ., JAPAN

09:15~09:30 FA3-2 Building Monitoring System Using RFID and Mobile Robot
Kenji Tsukamoto, Tomohito Takubo, Kenichi Ohara, Yasushi Mae, Tatsuo Arai
Osaka Univ., JAPAN

09:30~09:45 FA3-3 A Robot Control Method Integrating Ambient Intelligence: Door‐Closing Task 
Experiments with Various Robots
Takeshi Sakaguchi1, Takeshi Ujiie2, Shinichi Tsunoo2, Kazuhito Yokoi1, Kazuyoshi Wada2

1JRL, AIST, JAPAN, 2Tokyo Metropolitan University, JAPAN

09:45~10:00 FA3-4 Human Tracking by Cooperative Sensing of Distributed Environment Sensors and 
Mobile Robots 
Tsutomu Hasegawa, Keita Mohri, Ryo Kurazume, Kouji Murakami
Kyushu University, JAPAN

10:00~10:15 FA3-5 Structural Environmental Informatization using Sensor Network with 
Heterogeneous Sensors
Tamio Tanikawa1, Kenichi Ohara2, Kohtaro Ohba1

1ISRI, JAPAN, 2AIST, JAPAN

10:15~10:30 FA3-6 Rough Terrain Walking by Using ZMP Criteria Map 
Yoshinori Imada, Tomohito Takubo, Yasushi Mae, Tatsuo Arai
Osaka University, JAPAN

10:30~10:45 Coffee Break
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[FB1] Intelligent Space 1

Chairs: Hajime Asama, The University of Tokyo, Japan 
JangMyung Lee, Pusan National University, Korea

RM: Auditorium

10:45~11:00 FB1-1 Design of Location Management Module and Environment Server for 
Constructing of Intelligent Environment Space
Inyong HA1, Yusuke TAMURA1, Soichiro MORISHITA1, Hajime ASAMA1, Itsuki NODA2, 
Yasushi HADA3, Hiroyuki OKAMOTO4

1The University of Tokyo, JAPAN, 2AIST, JAPAN, 3NICT, JAPAN, 4Ritecs, Inc., JAPAN

11:00~11:15 FB1-2 Localization of a Robot using Particle Filter on a Lattice of RFID Tags 
Kenri KODAKA, Haruhiko NIWA, and Shigeki SUGANO
Waseda University, JAPAN

11:15~11:30 FB1-3 Estimation of Human Motion Trajectory in an Elevator Cage with Images from a 
Monitoring Camera
Kenji MITSUI1, Hajime ASAMA2, Yasushi HADA3, Kuniaki KAWABATA4, Shinichiro 
YAMAGUCHI5, Soichiro MORISHITA2

1IBM Corp., JAPAN, 2RACE, The Univ. of Tokyo, JAPAN, 3NICT, JAPAN, 4RIKEN, JAPAN, 
5Hitachi Building Systems Co., Ltd., JAPAN

11:30~11:45 FB1-4 Indoor GPS and Receiver for Robot Navigation : Seamless Positioning between 
Indoor and Outdoor Space
Haruhiko Niwa1, Kenri Kodaka1, Takuji Ebinuma2, Yoshihiro Sakamoto3, Shigeki Sugano1

1Waseda University, JAPAN, 2Tokyo University, JAPAN, 3Knowledge Service Co., JAPAN

11:45~12:00 FB1-5 Research on Intelligent Space Architecture Developing Tools 
Shaohua ZHENG, Mihoko NIITSUMA, Takeshi SASAKI, Hideki HASHIMOTO
Univ. of Tokyo, JAPAN

12:00~12:15 FB1-6 A Dynamic Localization Algorithm for High Speed Mobile Robot using iGS 
SeungKeun Cho, JangMyung Lee
Pusan National University, KOREA

[FB2] HRI 2

Chairs: Seul Jung, Chungnam National University, Korea RM: B119

10:45~11:00 FB2-1 Interacting with Robots “Indirectly” through Projected Display 
Jongkyeong Park and Gerard J. Kim
Korea University, KOREA

11:00~11:15 FB2-2 A Conversational Interface Platform for Integrated Service Robot using MS Robotics Studio
Sungsoo Lim, Sung‐Bae Cho
Yonsei University, KOREA 
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11:15~11:30 FB2-3 Fast and Reliable Camera‐tracked Laser Pointer System Designed for Audience 
Jong Gwan Lim1, Farrokh Sharifi2, Dong‐soo Kwon1

1KAIST, KOREA, 2Ryerson University, CANADA

11:30~11:45 FB2-4 Development of a Mobile Robot System for a Boxing Game as an 
Undergraduate Robotics Course Project
Seul Jung, Seungjun Lee, and Bora Kim
Chungnam National University, KOREA

11:45~12:00 FB2-5 Development of a Lie‐to‐Sit and Sit‐to‐Stand Assistance System for Elderly and 
Disabled Persons 
Aslam Pervez, Hyeshin Park, Chang‐gyu Lee and Jeha Ryu
GIST, KOREA

12:00~12:15 FB2-6 Intelligent Sensing for the Blind 
Incheol Kim1, Sooyong Lee2, Sungdo Ha3

1Samsung Electronics, Co. LTD, KOREA, 2Hongik University, KOREA, 3KIST, KOREA

[FB3] Computer‐ Aided Surgery1

Chairs: Byung‐Ju Yi, Hanyang University, Korea RM: B120 

10:45~11:00 FB3-1 Comparison of Registration Methods for Ear‐Nose‐Throat Surgical Navigation
Jaesung Hong, Nozomu Matsumoto, Shizuo Komune, Makoto Hashizume
Kyushu University, JAPAN

11:00~11:15 FB3-2 Cadaver Study for Spinal Fusion Surgery Using a Bi‐planar Fluoroscopy Based 
Robotic System 
Jae Heon Chung, Sungmin Kim, Byung‐Ju Yi, Young Soo Kim
Hanyang University, KOREA

11:15~11:30 FB3-3 Development of FOV – Controllable Endoscope 
Keri KIM1, Hiroki KAMIUCHI2, Hiromasa YAMASHITA2, Ken MASAMUNE2, Toshio CHIBA1, 
Takeyoshi DOHI2

1National Center for Child Health and Development, JAPAN, 2 University of Tokyo, JAPAN

11:30~11:45 FB3-4 Miniature Legged Robot Driven by Artificial Muscle Actuator
Huu Chuc Nguyen, Huu Lam Vuong Nguyen, DukSang Kim, Ja Choon Koo, Hyouk 
Ryeol Choi, Youngkwan Lee, Jae Do Nam
Sungkyunkwan University, KOREA

12:15~13:30 Lunch & Tour (KU Intelligent Robotics Lab)
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Plenary Talk 2

Chair: Jae‐Bok Song, Korea University, Korea RM: Auditorium 

13:30~14:30 Variable Impedance Actuators for Safe and Effective Physical Human‐Robot Interaction
Prof. Antonio Bicchi, University of Pisa, Italy

14:30~15:30 [FPO] Poster Session                                            RM: Exhibition Hall

Plenary Talk 3

Chair: Hajime Asama, The University of Tokyo, Japan RM: Auditorium

15:30~16:30 High Speed Vision and Its Applications in Robotics
Dr. Masatoshi Ishikawa, The University of Tokyo, Japan

16:30~16:45 Coffee Break

[FC1] Intelligent Space 2

Chairs: Wonpil Yu, ETRI, Korea 
Nishio Shuichi, ATR, Japan

RM: Auditorium

16:45~17:00 FC1-1 Dynamic Adaptation of Global Path for Safe Navigation of Mobile Robot
Jae‐Yeong Lee, Kyuseo Han, Wonpil Yu
ETRI, KOREA

17:00~17:15 FC1-2 Scalable Multi‐People Head Tracking for Robotic Services Combining Multiple Sensors
Yusuke Matsumoto, Toshikazu Wada, Shuichi Nishio, Takehiro Miyashita and Norihiro Hagita
ATR, JAPAN

17:00~17:15 FC1-3 Robotic Localization Service Standardization
NISHIO Shuichi
ATR, JAPAN

17:15~17:30 FC1-4 Towards Tangible Robotic Space ‐ Robotic Space Service in Metaverse 
Muhammad Rusdi Syamsuddin, Maria Niken Mayangsari, Pan Juasiripukdee, Yong‐Moo Kwon
KIST, KOREA

17:30~18:00 FC1-5 Japanese Government‐led Projects aimed at Next‐Generation Robots and its 
Structured Environments
Kensuke Murai
AIST, JAPAN
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18:00~18:15 FC1-6 Dependable System Design for Multiple Mobile Robots Navigation in Corridors
Bong Keun Kim, Yong‐Shik Kim, Hyun Min Do, Tetsuo Tomizawa, Jae Hoon Lee, Yasushi 
Sumi, Tamio Tanikawa, Kohtaro Ohba
AIST, JAPAN

[FC2] Vision 

Chairs: In So Kweon, KAIST, Korea RM: B119

16:45~17:00 FC2-1 A Geometric Approach to Particle Filtering‐Based Visual Tracking 
Junghyun Kwon, Frank C. Park
Seoul National University, KOREA

17:00~17:15 FC2-2 Quick and Accurate Estimation of 3D Hand Posture
Kiyoshi Hoshino, Motomasa Tomida
University of Tsukuba, JAPAN

17:15~17:30 FC2-3 Intelligent Grasping by Learning from Observation 
Seong‐Young Ko, Hanbyul Joo, Dong Geol Choi, Hyeongwoo Kim and In So Kweon
KAIST, KOREA

17:30~17:45 FC2-4 Kalman Filter Based Coarse‐Fine Control Method for a Visual Alignment Robot
Haemin Jeong, SangJoo Kwon
Korea Aerospace University, KOREA

17:45~18:00 FC2-5 Autonomous Salient Visual Feature Detection Using Salient Points from both 
RGB and HSV Color Spaces for Visual SLAM in Indoor Environments
Yong‐Ju Lee, Jae‐Bok Song
Korea University, KOREA

[FC3] Computer‐ Aided Surgery 2

Chairs: Byung‐Ju Yi, Hanyang University, Korea  RM: B120 

16:45~17:00 FC3-1 Automatic Real‐Time Surgical Instruments Tip Tracking in Laparoscopic Surgery 
Kwang Gi Kim, HeyWon Im, Whi‐Vin Oh, Yung Ho Jo,Young Woo Kim
National Cancer Center, KOREA

17:00~17:15 FC3-2 Measurement of Trocar Inserting Motion for Endoscopic Surgery and 
Development of Force Feedback Device for Training System 
Masamichi Sakaguchi1, Hiroki Hidaka1, Jumpei Arata1, Hideo Fujimoto1, Michitaka Fujiwara2, 
Takuya Watanabe2, Akimasa Nakao2

1Nagoya Institute of Technology, JAPAN, 2Nagoya University School of Medicine, JAPAN
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17:15~17:30 FC3-3 Smart Actuators based Micro Robots for Digestive Organ Inspection
Byungkyu Kim.
Korea Aerospace University, KOREA

17:30~17:45 FC3-4 Design of an Open Core Control Software for Surgical Robots with High Connectivity
Hiroaki Kozuka1, Jumpei Arata1, Hyung Wook Kim1, Naoyuki Takesue2, Blagovest 
Vladimirov1, Masamichi Sakaguchi1, Junichi Tokuda3, Nobuhiko Hata3, Kiyoyuki Chinzei4, 
Hideo Fujimoto1

1NIT, JAPAN, 2Tokyo Metropolitan University, JAPAN, 3Harvard Medical School, Brigham and 
Women’s Hospital, USA, 4AIST, JAPAN 

17:45~18:00 FC3-5 Locomotive Microrobot for Capsule Endoscopes 
Sungwook Yang1, Kitae Park1, Seung Seok Lee1, Kyonghwan Na1, Jinseok Kim1, Eui‐Sung 
Yoon1, Jongho Choi2, Sukho Park2, Jongoh Park2

1KIST, KOREA, 2Chonnam National University, KOREA

19:00~20:30 Banquet 
Alumni Hall, Korea University 
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Abstracts of  Papers

The 5th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2008)

❏ Thursday, November 20

▶ Robot Intelligence [TA1] 

Generalizing Task Knowledge from Multiple Demonstrations
Donghyun Kim, Hyunsik Kim, Incheol Kim
Kyonggi University, KOREA
In order for a robot to learn task from demonstration, it must be able to separate what is relevant to the task 
being taught from all irrelevant information as well as to recognize the goals of the performed action. In this 
paper, we introduce the design and implementation of a task learner that can build up task knowledge from 
verbal action commands. When the task learner receives commands from the user in the learning mode, it 
records these commands so it can execute them sequentially when later instructed. It also stores the time each 
action command was given, the selected readings of the laser range finder, and the visual tracking information 
on the color object. And then from the filtered sensory information, the task learner figures out the context of 
each action command. By trying to understand the context of each action during demonstration, the task 
learner can build the task procedure as a sequence of (context, action) pairs. The robot can learn tasks from 
a single demonstration, but it also should be able to adapt and refine its knowledge as more demonstrations 
are given. The ability to generalize over multiple demonstrations is important. Given more than one 
demonstration from the user, our task learner generalizes the initially learned task knowledge through search 
on the contextual version space.

Autonomous Specialization in a Multi‐Robot System based on Artificial Evolution 
Toshiyuki Yasuda1, Tomoya Matsuda1, Yuichi Kawamatsu1, Yoshiyuki Matsumura2, Kazuhiro Ohkura1

1Hiroshima University, JAPAN, 2Shinshu University, JAPAN
An autonomous mobile robot that performs behavior‐learning has a long history of research. From the 
viewpoint that a mobile robot should be autonomous in the real sense, unsupervised learning such as 
reinforcement learning or artificial evolution would be appropriate for realizing robot’s adaptive behavior. 
However, unfortunately, appropriate behavior acquisition for an autonomous mobile robot is a challenging 
problem with state‐of‐the‐art technologies. Discussions on collective behavior learning in a multi‐robot system is 
rarely available in literature. In this paper, an evolutionary robotics approach is empirically applied to a multi‐
robot system to coordinate cooperative behavior for a task given to the whole multi‐robot system. Several 
computer simulations are conducted to illustrate the effectiveness of the proposed approach.

Relational knowledge representation for robotics tasks 
Stanislav Slusny, Roman Neruda
Institute of Computer Science Academy of Sciences of the Czech Republic, Czech Republic
Reinforcement Learning is widely studied approach in Artificial Intelligence, used to design intelligent agents. 
In real life applications, state space is usually too big and convergence of algorithms toward optimal agent’s 
strategy is slow. By clever knowledge representation, problem’s complexity can be significantly reduced. That 
was the main motivation behind the Relational Reinforcement Learning (RRL). RRL is a combination of 
Reinforcement Learning and Inductive Logic Programming. This article extends Relational Reinforcement 
Learning algorithms and applies them on classical robotics task, in which robot has to explore the maze.
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Decision Making in Fault Detection via Gaussian Kernel Support Vector Machine 
Un Sik Park, Yoshihiro Nakabo, Yoji Yamada
AIST, JAPAN
This paper presents a new method of the decision making in fault detection, which is required to be more 
efficiently done for safety‐critical applications, e.g., personal service robot. In this method, one‐class 
classification method by using Gaussian kernel based support vector machine is applied to discriminate an 
abnormal pattern of the residual signal from normal ones and provide an indication of the onset of fault. The 
proposed method can be used for the fault detection of sensors, actuators, or controllers, which constitute the 
basic components of the control system in a safety‐critical system. In simulation, the results of the fault 
detection for a dual sensor are presented by using this method.

Calibration Technique for Odometry of Mobile Robots using Terminal Iterative Learning Control
Sharifuddin Mondal, Youngmok Yun and Wan Kyun Chung
Postech, KOREA
For a successful navigation, odometry calibration is an essential step because most of the control algorithms 
works based on odometry information. In odometry, two types of errors, namely, systematic and non‐
systematic error appear. In this paper, a terminal iterative learning control based odometry calibration method 
is proposed to calibrate systematic error. First, a terminal iterative learning control algorithm for discrete‐time 
nonlinear systems is derived. Then, using this learning algorithm, an odometry calibration method is 
developed. The main advantage of this technique is that there is no need to follow any specified trajectory. 
Any arbitrary trajectory can be chosen to calibrate the systematic errors. By simulation and experiment results, 
the efficacies of the proposed techniques are evaluated. The results show that the proposed method reduces 
odometry error significantly.

Development of Path Planning Algorithm using A* Search Method for Multi‐Robot System 
Sungmoon Jin1, Byung June Choi1, Bumsoo Kim1, Hyungpil Moon1, Jachoon Koo1, Hyouk Ryeol Choi1, 
Wankyun Chung2

1Sungkyunkwan University, KOREA, 2Pohang University of Science and Technology, KOREA
Motion planning of multiple mobile robots is one of the challenging problems in robotics. In this paper, we 
present a path planning algorithm for multiple mobile robots using modified A* algorithm. The A* algorithm 
is able to find an optimized path solution when each robot initially calculates the paths. However, in case 
that several mobile robots move simultaneously, they can be considered as dynamic obstacles, and each robot 
will become to collide with dynamic obstacles from the other robots. Thus, to avoid the conflicts, in the 
modified A* algorithm, each robot computes its optimal path using A* algorithm, without any consideration of 
the paths of the other robots. When each robot moves to follow its own trajectory, some robots may collide 
with other. In this case, the sensors of robot are detected change of environment and the robots that are 
involved in collision generate detour path using A* algorithm which is known for finding detour path 
optimally. Then, by considering the priorities of all the robots, it is determined which robot takes detour and 
which robot takes the original path. To evaluate performance for control of multiple robots, the proposed path 
planning algorithm was validated through preliminary simulations and experiments using small sized mobile 
robot.

▶Humanoid Robots 1 [TA2]

Learning Humanoid Locomotion over Rough Terrain 
Alex Kushleyev, Beth Garber, Daniel D. Lee
University of Pennsylvania, USA
We are currently starting work on learning humanoid bipedal locomotion over rough terrains1. To facilitate 
obtaining data for the machine learning algorithms, we have constructed a low‐cost experimental humanoid test 
platform that allows for many repeated learning trials. This platform uses the commercially available Hitec 
Robonova robot, which has been augmented with a Hokuyo laser scanner and an IMU. The locomotion engine 
incorporates a kinematic model of the legs, and estimates its state probabilistically with a 6DOF filter. 
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Information about ground truth is provided by a Vicon motion capture system, enabling precise feedback for the 
control and planning algorithms.

Adaptive Locomotion Controller Based on Frequency‐Adaptive Oscillator for Biped Robots 
Jae‐Kwan Ryu1, Nak Young Chong1, Bum Jae You2, Henrik I. Christensen3

1JAIST, JAPAN, 2KIST, KOREA, 3Georgia Tech, USA
In this paper, we propose a new central pattern generator (CPG) consisting of the adaptive neural oscillator 
and simple networks of neural oscillators with fixed parameter values. We apply this CPG to generate joint 
trajectories for biped locomotion when there is a significant change in terrain slope. Specifically, the proposed 
CPG can produce a coordinated multidimensional rhythmic pattern and keep the rhythmic pattern with a 
specific phase lag by self‐modulating its intrinsic frequency according to the frequency of sensory feedback 
signals. The overall locomotion controller incorporates the stabilizing controller as well to cope with various 
uncertainties. The stabilizing controller is a reflex system against external perturbations that allows online 
modulation of trajectories to maintain proper posture and stability. We verify the effectiveness of the proposed 
locomotion controller with a simulated humanoid robot under unpredictably changing terrain slope conditions.

Investigation of an Analytical Motion Filter for Humanoid Robots 
Karl J. Muecke, Dennis W. Hong
Virginia Tech, USA
Mimicking human motion with a humanoid robot can prove to be useful for studying gaits, designing better 
prostheses, or assisting the elderly or disabled. Directly mimicking and implementing a motion on a humanoid 
robot may not be successful because of the different dynamics, which may cause instability. Using the Zero 
Moment Point as the stability criteria, this work proposes an Analytical Motion Filter, which stabilizes a 
reference motion that can come from human motion capture data, kinematic synthesis, or animation software. 
The resulting solutions used in the Analytical Motion Filter provide insight into the complex interactions of 
motion and stability.

Extending Animator Tool Sets for Humanoid Robotics 
Paul Diefenbach, Daniel Letarte, Christopher Redmann, Robert Ellenberg, Paul Oh
Drexel University, USA
There has historically been a disconnect between the engineering of robotic behaviors and the artistic, simple 
creation of fluid, human‐like motions. This work discusses an approach which leverages 3D tools originally 
created for computer graphics animators and repurposes them for humanoid robotics. Initial proof‐of‐concept 
work on a simple off‐the‐shelf humanoid built from simple servos and brackets provides a testbed prior to 
migration of the techniques to a larger, complex, reactionary biped robot, the HUBO.

Exploring Creativity through Humanoids and Dance
Robert Ellenberg, David Grunberg, Youngmoo Kim, Paul Oh
Drexel University, USA
Programming a humanoid robot to dance to live music is a complex task requiring contributions from multiple 
disciplines. A vocabulary of intricate limb motions must be designed to be stable and stylistically consistent. 
To produce coordinate these movements with music, the robot must be able to detect the appropriate beats 
within audio. One approach is a perceptual model of hearing, which can accurately determine beat locations, 
even for music without strong rhythmic content. The chosen implementation used an IIR feedback comb filter 
bank to determine tempo of an audio stream in real‐time. A library of gestures was designed for a small 
humanoid robot to represent various dance motions. The software coordinates dance by choosing a random 
series of gestures, ensuring that a sequence won’t upset the robot’s balance. While playing the audio, the 
software initiates gestures that syncronize with detected beats. The final implementation allows user 
choreography and generative dance in a graphical user interface.

Lithium Battery Series Balance Circuit and Wireless Inductance Charging for Humanoid Robots 
Sheng Chen1, Chung‐Huo Lin1, Han‐Pang Huang2

1Hwa Hsia Institute of Technology, TAIWAN, 2National Taiwan University, TAIWAN
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A major hurdle to operating a humanoid robot for an extended length of time is the ability to supply 
sufficient electric power. This paper presents a humanoid robot electric system with an innovative charging 
and balancing technology of series batteries. If lithium‐ion batteries are connected in series to increase voltage, 
an imbalance causes a short circuit, reducing battery life for the robot. A switching inductor circuit with an 
89c51 single chip controller is employed to balance the voltage in the series. The battery series in conjunction 
with wireless inductive charging demonstrates a positive effect for improving not only convenience, but also 
efficiency.

▶Navigation 1 [TB1]

Development of Position Correction Technique for Mobile Robot using Magnet Hall Sensor 
Bumsoo Kim1, Byung Jun Choi1, Sung Moon Jin1, Hyungpil Moon1, Ja Choon Koo1, Hyouk Ryeol Choi1, 
WanKyun Chung2

1Sungkyunkwan University, KOREA, 2Pohang University of Science and Technology, KOREA
Odometer errors of wheeled mobile robots are caused by various factors including wheel diameter tolerance, 
wheel misalignment, slippage, and irregular surface conditions. Correcting the accumulated odometer errors of 
wheeled mobile robots is a critical issue for localization. In this paper, we propose a practical position error 
compensation technique using magnet hall sensors combined with odometry for wheeled mobile robots on 
magnetic implanted surfaces. We considered two patterns of implanted permanent magnets on the surface. 
Magnetic bars were placed at each vertex of regular triangles or squares on a flat surface. We showed that the 
rectangular configuration of the permanent magnetic bars was better for a robust localization under sensor 
noise. Also, based on measurement data from the hall sensors, we derived a method for mobile robot position 
error compensation. We provided experimental results to show the feasibility and effectiveness of the proposed 
method for a differential drive wheeled mobile robot.

Sensitivity Analysis and Position Calibration of Optical Mouse Array for Mobile Robot Velocity 
Estimation 
Sungbok Kim, Sanghyup Lee, and Hyeongsik Kim
Hankuk University of Foreign Studies, KOREA
This paper presents the sensitivity analysis and the position calibration of a regular polygonal array of optical 
mice that are installed at the bottom of a mobile robot to estimate the traveling velocity. First, the velocity 
kinematics from a mobile robot to an array of optical mice is given as a overdetermined system. Second, the 
least squares mobile robot velocity estimation is then expressed in the form of simple average. Third, the 
approximated mobile robot velocity estimation error owing to imprecisely installed optical mice is analyzed. 
Fourth, a simple and practical method for calibrating the positions of optical mice is then devised based on 
least squares formulation. Finally, experimental results are given to demonstrate the performance of the 
proposed optical mouse array position calibration.

Development of Massive Data Transferring Method for UPnP based Robot Middleware 
Kyung San Kim, Sang Chul Ahn, Yong‐Moo Kwon, Heedong Ko, and Hyoung‐Gon Kim
KIST, KOREA
The research to utilize UPnP as a network based robot middleware platform is in progress. For networked 
robot components, there is a need to transfer massive data such as multimedia contents. However, since the 
UPnP technology is using SOAP messages, it is not efficient to send bulky binary data in UPnP messages. In 
order to overcome the weak point, this paper proposes UPnP‐MTOM, MTOM (message Transmission 
Optimization Mechanism) implementation over UPnP, as an effective way for bulky data transmission with 
UPnP messages. This paper presents our implementation method and experimental results of UPnP‐MTOM 
implementation.

A New Pedestrian Navigation System Based on a Low‐Cost IMU 
M. Jadaliha, A.M. Shahri, M. Mobed
Sharif University of Technology, IRAN
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This paper introduces a positioning system for a walking person by measuring some inertial data from his 
shoes in a GPS denied environment. Improving the accuracy of a low cost Strapdown Inertial Navigation 
System (SINS), mounted on a human body, is the main goal of experiments carried out in this paper. 
Correcting  accumulated errors using a new approach, based on statistic analysis of the inertial data, and 
effective modifications on traditional Zero Update Velocity (ZUPT) are proposed. In this approach, motionless 
situations are detected by statistic analysis of the accelerometer data to stop drift in pose estimation. Moreover, 
another block corrects the speed estimation in period of last step backwards and the pose estimation of the 
shoes accordingly. To evaluate the proposed approach, a small low‐cost IMU is implemented and placed in the 
heel of a shoe. Experimental results illustrate significant improvement for the pose prediction in human like 
movements.

A Modeling System using Incremental Factorization 
Ji‐Yong Lee1,2, Mun‐Ho Jeong1, Bum‐Jae You1

1KIST, KOREA, 2UST, KOREA
This is about a model generation using SIFT features for object pose estimation. There are many approaches 
that estimate an object pose. Among these approaches, it is for one based on feature. The feature‐based pose 
estimation approach needs a model consisting of features. The result of object pose is influenced by the 
accuracy of model. Here, we propose a modeling method using an incremental factorization. After the whole 
model is generated, it is modified for increasing the accuracy of model, which is performed using iterative 
extended Kalman filter (IEKF).

Obstacle Avoidance of an Outdoor Patrol Robot on the Road 
Seung‐bohm Hong, Youjin Shin, Woojin Chung
Korea University, KOREA
In the case of outdoor mobile robots, there are a lot of difficulties, such as the localization of the robot and 
avoidance from static and dynamic obstacles. Also, research that combines the technologies is rarely attempted. 
In this paper, we combined three techniques for the navigation of outdoor mobile robots. These components 
are: motion control of the mobile robot; location; and the search for special features of the outdoor 
environment. In the motion‐control component, we basically used the Vector Field Histogram algorithm and 
overcame the limitation of the original algorithm to apply motion control for outdoor navigation. We used 
DGPS to localize the robot and regarded the road‐surface as a special feature of the environment. Finally, 
through an actual outdoor experiment, we upheld the efficacy of our outdoor navigation system.

▶Humanoid Robots 2 [TB2]

Integration of Humanoid Robots in a Collaborative Working Environment: A Case Study on Motion 
Generation
Olivier Stasse1, Rudolf Ruland2, Florent Lamiraux3, Abderrahmane Kheddar4, Kazuhito Yokoi2, Wolfgang Prinz1

1AIST/CNRS JRL, JAPAN, 2Fraunhofer FIT, GERMANY
3CNRS – LAAS, AIST/CNRS JRL, JAPAN, 4CNRS – LIRMM, AIST/CNRS JRL, JAPAN
This paper illustrates through a practical example a preliminary integration of a humanoid robotic architecture, 
with an open‐platform collaborative working environment called BSCW. BSCW is primarily designed to 
advocate a futuristic shared workspace system for humans. We exemplify how such complex robotic systems 
(such as humanoids)can be integrated as a proactive collaborative agent who provides services and interact with 
other agents sharing the same collaborative environment workspace. Indeed, the robot is seen as a ‘user’ of the 
BSCW which is able to handle simple tasks and reports on their achievement status. We emphasis on the 
importance of using standard software such as CORBA in order to easily build interfaces between several 
interacting complex software layers, namely from real‐time constraints up to basic Internet data exchange.

Humanoids in the Classroom 
Douglas S. Blank1, Keith J. O'Hara2, Stewart T. Tansley3, Teyvonia Thomas1, and Meena Seralathan4

1Bryn Mawr College, USA, 2Georgia Institute of Technology, USA, 3Micosoft Research, USA, 4Haverford College, USA
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We are attempting to bring humanoid robotics into the classroom for use by undergraduate and graduate 
students in fields such as computer science, engineering, and physics. However, we also wish to broaden the 
scope of students that could explore ideas surrounding humanoid robotics. That is, we would like to make 
humanoid robotics an area for which all students could explore. We hope to accomplish this task by creating a 
multi‐tiered framework with a layered set of abstractions and interfaces. Furthermore, we would also like to 
abstract away the details of particular robots so that students and researchers could use a variety of simulated 
and real robots without having to change their abstractions or code. If we succeed, we will not only bring the 
exciting challenges of humanoid robots to a new generation of students, but also bring a diversity of students 
into these rich areas of study.

A New Method of Grasp Quality Measure Using Ray‐Shooting and Extended Grasp Wrench Space 
Hyunhwan Jeong, Jongwoo Park, Joono Cheong
Korea University, KOREA
In order to determine the grasp quality measure, various measures and methods have been proposed previously. 
Most of them require complicated procedures and are computationally expensive. The cause of this weakness is 
due to the hyper degrees of freedoms of robot hands. So, we may need a new grasp measure which is easier 
and simpler than previous ones. In order to calculate the grasp measure, we suggest an extended grasp wrench 
space, where the torque bound of robot hand is considered. We use the ray‐shooting technique to find the 
distance between the convex hull of task wrench space and the convex hull of extended grasp wrench space. 
We verify the effectiveness of the proposed method through various simulations.

The Neural Network and the Non‐traditional Actuators of the Prosthetic Eyes on the Humanoid Robot 
Ching‐Kuo Wang1, Wei‐Fu Hwang1, Han‐Pang Huang2

1Hwa Hsia Institute of Technology, TAIWAN, 2National Taiwan University, TAIWAN
Delicate variations of the facial emotions can dramatically spiritualize the humanoid robot with passionate 
scenarios. Generally speaking, advanced eyeball expression contributes much more impressions than any other 
facial organ on the robot skull. This paper is dedicated to self‐handcraft an inexpensive, however, animated 
prosthetic eye prototype on the spherical space instead of Cartesian space. The facial mechanisms are driven 
and controlled by the delicately ultrasonic servomotor on the topological point of view. Finally, emotional 
simulations and the experiments with the data acquisition are carefully examined and successfully demonstrated 
the advantages of the proposed innovation.

The Innovational Eyeball Mechanism Driven by the Tiny Pneumatic Module on the Humanoid Robot
Chiu‐Sung Wu1, Ching‐Kuo Wang1, Han‐Pang Huang2

1Hwa Hsia Institute of Technology, TAIWAN, 2National Taiwan University, TAIWAN
Pneumatic power source has become increasingly delicate and effective in the application of tiny mechanical 
devices in the past few years. Advanced eyeball expression contributes much more impressions than any other 
facial organ on the robot skull. This paper is dedicated to self‐handcraft an incentive, inexpensive, and 
animated eyeball mechanism on the spherical space instead of Cartesian space. The proposed biomimic eyeball 
module will be developed by the series‐connected, pneumatically driven AI‐servo actuators on the viewpoint of 
topology. In this paper, emotional simulations and the experiments with the data acquisition are also examined 
and successfully justified the advantages of the proposed innovation.

Biomimetic Dynamic Locomotion Control of a Quadruped Walking Robot on Rough Terrains
Duc Trong Tran, Ig Mo Koo, Gia Loc Vo, Young Kuk Song, Ho Moon Kim, and Hyouk Ryeol Choi
Sungkyunkwan University, KOREA
In this paper, we introduce a comprehensive method to build up a central pattern generator (or CPG) that can 
generate various kinds of complicated controlling signals with high accuracy. The model is quite simple but 
effective in controlling legged robots. Then, this model is used to control the dynamic locomotion of a 
quadruped robot with trot gait. Besides, a biomimetic controller is introduced in this paper. Not like the other 
controllers, our approach is to treat CPG and the feedback signals from the sensors separately but 
complementarily. Several module‐like neurons are integrated in the controller to process the sensory feedbacks 
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and send out suitable stimulus signals to help the robot stably trotting on various kinds of rough terrains. 
Finally, the proposed controller is validated via a dynamic simulation of a quadruped walking robot.

▶Navigation 2 [TC1]

Recognition of Objects with Legs Using Model Information and Image from Tilted Camera
Tae‐Bum Kwon, Jae‐Bok Song
Korea University, KOREA
A mobile robot encounters various objects in the real environment, and it should recognize and exploit objects 
for successful navigation. Therefore, perception is the most important ability for many navigation techniques 
such as localization, obstacle avoidance, HRI, and so on. It is, however, very difficult to detect some objects 
featured by thin legs using only a 2D range sensor, the most popular sensor type for navigation. In this case, 
a vision sensor is more suitable than a range sensor for perception, but a monocular camera cannot provide 
the range data, which is essential for the use of the recognized object. To overcome this drawback, this paper 
proposes a new method to detect the objects with legs using the model information and a tilt camera. In this 
scheme, a robot detects the candidates for legs in the camera image, generates many possible candidates for 
object pose (position and orientation), and selects the best candidate by evaluating all candidates using visual 
information. Various experiments in the real environment showed the proposed scheme was effective in 
recognition of the objects with legs.

The Performance of a Visible Light Communication Based Indoor Positioning System Experiment
Chinnapat SERTTHIN, Emiko TSUJI, Shinichiro HARUYAMA, Masao NAKAGAWA
Keio University, JAPAN
Location awareness is one of the essential characteristics of robotic technology. In this paper, the authors are 
focusing on the improvement of VLID (Visible Light ID) system that provides positioning information via 
light bulb; the achievable accuracy is very rough as in room level. In our approach, 6‐axes sensor is 
embedded at the receiver to provide azimuth and tilt angulations, in addition a positioning estimation scheme 
which include receiver’s FOV (Field‐of‐View), receiver orientation and channel DC (Direct Current) gains in 
the estimating process, is proposed to enhance the estimation accuracy. RMSED (Root Means Square of Error 
Distance) between experimental position and ERP (Estimated Receiver Position) is used to indicate the system 
performance. The experiments of 1320 under three receiver’s FOV configuration, in the experimental area of 
1200mx5000m x2050mm were performed. The results show that without utilizing the proposed positioning 
estimation scheme, the achievable accuracy is equal in every receiver’s FOV configurations. Nevertheless, the 
achievable RMSED are decreasing in proportion to receiver’s FOV under the proposed schemes, from our 
experimental results the achievable RMSED are in the range of 298 to 463mm under different FOV 
configurations, which shows the maximum improvement of 82.41% comparing with the one without utilizing 
the proposed positioning estimation scheme.

A Hybrid Vehicle License Plate Detection Method Based on HSI Color Model and Histogram 
Kaushik Deb, Suk‐Ju, Kang, Kang‐Hyun Jo
University of Ulsan, KOREA
Detecting the region of a license plate is the key component of the vehicle license plate recognition (VLPR) 
system. Detecting the exact and perfect location of a LP from a vehicle image is considered to be the most 
important and crucial step of a VLPR system, which greatly affects the recognition process and directly 
influences the accuracy and speed of entire system. In this paper a HIS color based vehicle license plate 
detection (VLPD) method is proposed. In this method, (a) HSI color model is used for detecting candidate 
regions and (b) vehicle license plate (VLP) regions are the prerequisite criteria verified and detected by using 
position histogram. In the proposed method, input vehicle images are converted into HSI color images. Then 
the candidate regions are found by HSI color model on the basis of using hue, saturation and/or intensity. 
These candidate regions may include LP regions; geometrical properties of LP are then used for classification. 
Finally, decomposing candidate regions which containing predetermined LP alphanumeric character by using 
position histogram to verify and detect VLP region. In the experiment on detecting license plates, 150 images 
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were taken from different conditions such as poor illumination, varied distance from the vehicle and also 
varied weather comparing with traditional approaches. Location of the license plates would have been failed in 
12 of the 138 images and thereby the license plate detection rate of success is 92%.

A Real‐Time Architecture for Service Robots in USN Environments 
Byoung‐Wook Choi1, Dong‐Gwan Shin2, Jeong‐Ho Park3, Soo‐Yeong Yi1

1Seoul National Univ., KOREA, 2Robostar Co., Ltd ., 3Dasarobot Co., Ltd.
This paper implements a real‐time software architecture of using dual kernel of standard Linux and real‐time 
embedded Linux, Xenomai. It is used for the real‐time control of service robots doing assisted‐living service 
in Ubiquitous Sensor Network (USN) environments for the elderly people. This is achieved by monitoring 
their mental and physiological data with wireless sensor nodes. Sensed data in sensor nodes are routed back 
to a moving sink node by multi‐hop communication. For the purpose of handling emergency situations, real‐
time processing is required both in routing algorithm from the sensor nodes to the moving sink node and 
processing collected data for invoking tasks. The real‐time tasks are implemented with priorities to rapidly 
respond to urgent sensor data. In order to validate deterministic response of the proposed system, the 
performance measurement of the delay in handling sensing data transmission and performing trajectory control 
with feedback loop is evaluated with non real‐time standard Linux.

Experiments of Autonomous Lane Tracking Control Using Monocular Camera
SeungBeum Suh, Yeonsik Kang, Chi‐Won Roh, Sung‐Chul Kang
KIST, KOREA
Autonomous Lane detection with vision is a difficult problem because of various road conditions, such as the 
shadowy road surface, various light conditions, and the signs on the road. In this paper we propose robust 
lane detection algorithm to overcome the shadowy road problem using a statistical method. The algorithm is 
applied to the vision‐based mobile robot controller. In parallel with the lane following controller, the global 
position of the robot is estimated by the developed localization method to specify the locations where the lane 
is discontinued. The results of experiments, done in the region where the GPS measurement was unreliable, 
show good performance to detect and to follow the lane in complex conditions like shades, water marks, and 
etc.

Depth Estimation using Monocular Camera and Infrared Light Pattern
Incheol Kim1, Sooyong Lee2, Jae‐bok Song3

1Samsung Electronics, Co. LTD, KOREA, 2Hongik University, KOREA, 3Korea University, KOREA
This paper describes a new sensor system for 3D range measurement using the monocular camera and 
infrared light pattern. Environment and obstacle sensing is the key issue for mobile robot localization and 
navigation. Laser scanners and infrared scanners cover 180° and are accurate but too expensive. Those sensors 
use rotating light beams so that the range measurements are constrained on a plane. 3D measurements are 
much more useful in many ways for obstacle detection, map building and localization. Stereo vision is very 
common way of getting the depth information of 3D environment. However, it requires that the 
correspondence should be clearly identified and it heavily depends on the light condition of the environment. 
Instead of using stereo camera, monocular camera and the projected infrared light are used in order to reduce 
the effects of the ambient light while getting 3D depth map. Modeling of the projected light pattern enabled 
precise estimation of the range. Identification of the cells from the pattern is the key issue in the proposed 
method. Several methods of correctly identifying the cells are discussed and verified with experiments.

▶Network Robots [TC2]

Attitude Control of Aqua Farm Patrol Robots Based on a Gyro Momentum Approach 
Jinseong Lee, Namhoon Kim, Doheon Lee
KAIST, KOREA
This paper presents the application of gyro momentum in attitude control of aqua farm patrol robot. Gyro 
momentum has commonly been used in attitude control of satellites and spacecrafts. It is to control the 
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attitude of whole rigid body, not by external propulsion, but by internal gyro momentum torque. It further 
analyzes the dynamical equations in underwater with angular momentum conservation principle between gyro 
and robot body. In addition, internal actuator system such as gyro was demonstrated by controller, responding 
stably in numerous underwater parameters and simulated in time response.

Deploying Real Mobile Robot Swarms Equipped with Dual Rotating Infrared Sensors 
Geunho Lee, Seokhoon Yoon, Nak Young Chong
JAIST, JAPAN
This present a self‐deployment strategy for a large number of minimal, low‐cost mobile robots toward building 
their swarm network performing habitat or environmental monitoring. As the minimal robot model, we assume 
that robots are not allowed to have the identifier, any predetermined leaders or common coordinate systems, 
and any explicit communication. From the low‐cost point of view, this paper present a new relative position 
acquisition platform using infrared sensors that enables to support the coordination of self‐deployment by the 
simple robots in a 2‐dimensional plane. Specially, the prototype dual rotating infrared (DRIr) sensors mounted 
on the front and rear edge of each mobile robot are developed to make it possible to observe moving 
neighboring robots. Utilizing the DRIr sensors, we experimentally implement and validate the self‐deployment 
algorithm with the mobile robot swarms. The experimental results show the effectiveness of our self‐
deployment strategy.

Contact Stability Analysis and Coordinative Manipulation of a Dextrous Robotic Finger Mechanism 
N. K. Mandal1, A. Dutta2, S. R. Deb2

1National Institute of Technical Teachers’ Training and Research, INDIA, 2Jadavpur University, INDIA
In this paper, we discuss the mechanics involved in coordinating multiple finger mechanisms by considering 
the dynamics of an object and explicitly describing the resultant force and the internal forces applied to it. 
The resultant force is the vector sum of the forces applied to an object, and directly contributes to motion 
control of the object. The internal forces represent the elements of force vectors that are cancelled within the 
object and do not contribute to motion control. We may obtain object stability by generating the resultant 
force, where it was assumed that the end‐effectors maintain contact with an object. Contact stability is the 
ability of the end‐effectors to maintain contact with an object without slipping. In this paper, we have 
investigated contact stability against unexpected disturbing forces.

Multiple Moving Goals Tracking for Robot Swarms Adapting to an Unknown Environment 
Geunho Lee, Seokhoon Yoon, and Nak Young Chong
JAIST, JAPAN
The paper presents an adaptive tracking algorithm enabling a large‐scale swarm of autonomous mobile robots 
to follow multiple moving goals while adapting to an unknown environment populated with obstacles. Based 
on local interactions that a geometric technique allows robots to generate an equilateral triangle lattice with 
their two neighbor robots, the proposed algorithm is implemented with two principal functions of both 
determination of a goal direction and adaptive flocking. More specially, this paper deals with a realistic 
consideration about sensor measurement errors. The validity of the proposed algorithms is verified through 
extensive simulations. Our results indicate that the proposed algorithm can be applied to the deploying 
example regarding the tracking of toxic sources adaptively in an area of interest by a swarm of mobile 
sensors.

A Common Framework for Supporting Interoperability Among Disparate Heterogeneous Robot 
Middlewares
Janarbek Matai, Young‐Ho Suh, Hyuongsun Kim, Kang‐Woo Lee and Hyun Kim
ETRI, KOREA 
This paper describes the ongoing development of a software framework for supporting interoperability and 
integration among heterogeneous network‐based robotic development systems. We studied two of network based 
robotic software development systems named CAMUS framework and RT‐Middleware. The CAMUS(Context‐
aware Middleware for URC Systems) is a middleware developed by Electronics and Telecommunications 
Research Institute(ETRI), in Korea, based on the URC(Ubiquitous Robot Companion) concept for developing 
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network based robotic systems. On the other hand, The RTMiddlware was developed by Agency of Industrial 
Science and Technology(AIST), in Japan, to promote applications of Robot Technology(RT) in various fields. 
The proposed framework supports interoperability and interconnection among modularized software named RT‐
Components(RTC) in the context of RTMiddleware and Service Agents(SA) in the context of CAMUS 
framework. We also implemented and tested some components based on the proposed approach.

Development of Gateway System for CAN and ETHERCAT
Seong Jin Cho, Jae Wook Jeon
Sungkyunkwan University, KOREA
Hydraulic Controller Systems presently use network‐based controllers. This system uses the CAN network 
system. ETHERCAT is actively being introduced in industrial communication networks. This results in rapid 
progress of motion network technology development, needed to extend industrial automation in real‐time. 
ETHERCAT is widely applied in Industrial Networks. ETHERCAT is relatively in low‐cost but has high 
communication speed. In this paper, we implement the CAN‐ETHERCAT Gateway System. CAN and 
ETHERCAT are used as communication protocols.

▶Navigation 3 [TD1]

Line‐Segment Based Global Path Planning for Mobile Robot
DooSan Baek, Jeong‐Gwan Kang, Su‐Yong An, Se‐Young Oh
Pohang University of Science and Technology, KOREA
In this paper, a path planning algorithm is presented. A path planning algorithm which works in grid‐based 
map has several disadvantages such as long computation time for finding shortest path and great amount of 
resources for representing global map. In the light of these problems, we propose a path planning algorithm 
that works in line segment‐based map. Portals which serve as passages for robot’s movement are generated 
and portal tree is constructed using these portals. By inspecting portal tree, we can search shortest path from 
start to goal position. Moreover, path optimization techniques are applied to the generated path to assure that 
the path is reliable for robot’s navigation. Experimental results are demonstrated using third floor map in 
existing LG building.

Realization of an Artificial Pheromone System by Using Random Data Carriers for Navigation of 
Autonomous Robots 
Herianto, Toshiki Sakakibara, Daisuke Kurabayashi
Tokyo Institute of technology, JAPAN
This paper presents a model for realizing an artificial pheromone system by using data carriers and 
autonomous robots. Navigation systems based on animal behavior have attracted considerable attention in the 
past few years. Navigation systems using artificial pheromones have not been extensively developed. By 
introducing an artificial pheromone system composed of data carriers and autonomous robots, a robotics 
system creates a potential field for navigation. First, we develop pheromone density in a discrete nominal 
model. Then, we extend the model to deal with a random layout that is suitable for real conditions of data 
carriers. For demonstration of the effectiveness of our proposed model, computer simulations and hardware 
implementations are performed. The artificial pheromone potential field constructed using our proposed model 
can be used for the navigation of autonomous robots.

An Efficient Hierarchical Localization for Indoor Mobile Robot with Wireless Sensor and Pre‐Constructed 
Map
Chi‐Pang Lam, Wei‐Jen Kuo, Chun‐Feng Liao, Ya‐Wen Jong, Li‐Chen Fu, Joyce Yen Feng
National Taiwan University, TAIWAN
This paper proposes a feasible localization method for robot in indoor environment with wireless device. 
Localization and navigation have been important issues in mobile robot researches. Particle filter based 
localization is wide used in recent researches. But not only particle based localization methods suffer 
computation overhead, particle depletion, and the long time duration needed to initialize robot position, it also 
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relies heavily on motion model. To deal with these problems, we combine the 802.11g wireless senor network 
and a pre‐constructed map to provide an indoor robot localization system in hierarchical manner. We apply 
this system to a home service robot, running in an environment with common family furnishing, to show our 
hierarchical system that is feasible and efficient, and also solves the above problems of particle filter.

Time‐Suboptimal Real Time Path Planner for a Humanoid Robot under Linear Motion Constraint
Soo‐Hyun Ryu1, Young‐Hoon Lee1, Yeonsik Kang2, Bum‐Jae You2, Nakju Lett Doh1

1Korea University, KOREA, 2KIST, KOREA
The purpose of this paper is to plan a path for humanoid robot called MAHRU on real‐time in a partially 
dynamic environment. And a path planner should consider the kinematic constraints of the humanoid robot 
and generate a line‐based and time‐suboptimal path. For these purposes, we take a visibility graph approach 
and a global‐local hybrid approach. By using a topological map and door information, we can get the fault‐
tolerant path and obtain each local path planner‟s input information. Moreover, by reducing the number of 
turning points, the path planner generates a time‐suboptimal path. The results of simulation present that a 
calculation time of the global‐local method is 6 times less than that of the local method and a moving time 
of the time‐based visibility graph is 1.5 times less than that of the previous visibility graph.

Multisensory Data Fusion for Ubiquitous Robotic Services
Ren C. Luo1, Ogst Chen2

1National Taiwan University, TAIWAN, 2National Chung Cheng University, TAIWAN
The smart home is a way to offer a convenient, comfortable, and safe residential environment. A smart home 
would control the temperature, illumination and home appliances according to the conditions of residents. 
Recent advances in microprocessor, radio frequency (RF) and novel sensor technologies have made the 
development of wireless sensor network (WSN) system possible. We design a multi‐functional sensor system 
which combines the smoke, pyroelectric and temperature sensors with wireless component to replace the 
original smoke detector on the ceiling. With this sensor the wireless sensor network system can be realized in 
the indoor environment. We also design a device with RF transceiver only which is called “iCard”. The RF 
signal can provide the distance data using radio signal strength (RSS) technology. With fusing the multi 
signals from neighbor sensors, this system can identify the residents in the surveillance environment. Using the 
pyroelectric infrared (PIR) sensors, we can detect the presence and approaching angle of residents. By 
combing the outputs of multi adjacent pyroelectric sensors, and fusing the RF data, the system is able to 
locate the resident with a reasonable degree of accuracy. Thus the smart home can offer appropriate intelligent 
services.

Simultaneous Localization and Mapping in Robotics 
Dinesh D. Thakur, Mary Lourde R.
BITS,Pilani‐Dubai, Dubai International Academic City, U.A.E.
Simultaneous Localization and Mapping (SLAM) is concerned with the problem of building a map of an 
unknown environment by a mobile robot while at the same time navigating the environment using the map. 
There are many steps involved in SLAM and these different steps can be implemented using a number of 
different algorithms. This paper gives an overview of the current body of work on the subject, involves study 
of various existing SLAM techniques and simulating them in MATLAB.

▶ Service Robots [TD2]

An Office Service Robot Butler II: Service‐Oriented Approach 
Sungon Lee1, Sang‐rok Oh1, Bum‐jae You1, Gaetano Ciaravella2, Paolo Dario2

1KIST, KOREA, 2Scuola Superiore Sant’Anna (SSSA), ITALY
This paper deals with our development of office service robots. In our new design of an office robot, we 
adopted top‐down approach, finding services and implementing them to a robot. In other words, the services 
determined the design of the robot and the algorithms. Our ultimate goal is to find useful and satisfying 
services that office robots can offer.
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Mediated Interface to augment recognition for HRI 
Joochan Sohn, Jaehong Kim, Minsu Jang, Changyu Park, Hyeonsung Cho, Sangseung Kang, Daehe Lee, 
Cheonshu Park, Yunkoo Chung
ETRI, KOREA
Even though many activities in research and commercialization are conducted by robotic engineers for long 
time, we can find few robust applications in real world. Most problems are caused by noises hard to be 
predefined in real world. This paper presents alternative solutions to solve these problems using sensor fusion 
based recognition and shows what kind of robotic applications are developed with it in educational robot and 
elderly care robot.

Robot Assistant for Care of Older People 
Bruce MacDonald, Waleed Abdulla, Elizabeth Broadbent, Martin Connolly, Karen Day, Ngaire Kerse, Michael 
Neve, 
Jim Warren, Catherine Watson
University of Auckland, NEW ZEALAND
The developed world’s population is ageing rapidly, and in many countries aged care facilities (ACFs) are 
struggling to maintain quality care. Advances in mobile robot technology can significantly help in providing 
cost‐effective caring for the aged. South Korea’s Electronics and Telecommunications Research Institute (ETRI) 
and New Zealand’s University of Auckland/UniServices have established a joint relationship to provide robots 
to care for older people. A voice of the market analysis, and a legal analysis have been completed. The joint 
New Zealand/Korean R&D program will be hosted in Auckland, bringing together researchers in engineering, 
computing, and health, and building on UoA expertise in robot programming, human–robot interaction, 
psychological and clinical evaluation, healthcare informatics, wireless propagation, and speech communication. 
The proposed research will focus on customizing the South Korean robotics platform for use in older care 
and healthcare facilities. A number of New Zealand health IT companies and research providers, and Korean 
robotics companies will be involved in developing key robotic applications for older care. The proposed 
research will focus on westernizing the Korean robot platform, and customizing it for use in older care and 
healthcare facilities. Aged care facilities will be partners in the project, from design to evaluation. 
Psychological and clinical studies will advance knowledge of the acceptability of robots to older people, and 
establish the effectiveness of the robotic technologies for interaction with the aged in their own homes and in 
ACFs, and with care staff.

Networked and Cooperating Robots for Urban Hygiene: the EU funded DustBot Project
B. Mazzolai, V. Mattoli, C. Laschi, P. Salvini, G. Ferri, G. Ciaravella, P. Dario
Scuola Superiore Sant’Anna (SSSA), ITALY
The DustBot project is aimed at designing, developing, testing and demonstrating a system for improving the 
management of urban hygiene based on a network of autonomous and cooperating robots, embedded in an 
Ambient Intelligence (AmI) infrastructure. In the final scenario, the robots will be able to operate in partially 
unstructured environments (such as squares, streets, parks, etc.) and to sweep them from rubbish and dirt. 
They will be able to transport small quantities of home garbage, collected on demand from citizens, at their 
doors. By using preloaded information on the environment (e.g. area maps) and inputs from on‐board and 
external sensory systems, and by taking advantage of the benefits provided by the Ambient Intelligence 
platform, the robots will move with a proper (and selectable) level of autonomy to carry out their tasks. Two 
kinds of robots have been designed and they are under development: the cleaning robot (DustClean) and the 
citizen‐friendly robot for garbage collection (DustCart). The cleaning robot is equipped with cleaning tools and 
with multiple sensors for monitoring atmospheric pollutants, giving information on the environmental quality in 
real time. The DustCart robot is equipped with the cart for bin‐liner transport and discharge and with the user 
interface aimed at providing selected information about air quality and waste management to different users.

Development of an EtherCAT Master Module Using Linux
Byung Yun Oh, Key Ho Kwon, Jae Wook Jeon
Sungkyunkwan University, KOREA
Real‐time networking is important in the field of real‐time robot control. EtherCAT is a real‐time network, 
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based on Ethernet developed by BECKHOFF. It consists of master and slave modules. The slave is fixed in 
an ASIC chip, so we use it without modification, but the master is not fixed. The user must therefore 
develop the master in an embedded module. This paper presents the development of an EtherCAT master 
module in a MPC8349 chip using the Linux OS with an improved cycle time. A new method to reduce the 
hardware load in the development of the EtherCAT master is proposed. This EtherCAT module is easy to 
develop and apply, since it uses Linux.
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▶Robotic Mechanisms [FA1]

Classification and Characterization of Inverse Kinematics Solutions for Robotics and Animation
Mahmoud Tarokh1 and Malrey Lee2

1San Diego State University, USA, 2Chonbuk National University, KOREA
Topological properties of the kinematics map are exploited to develop a novel method for redundancy 
parameterization and an extremely fast inverse kinematics solutions for 7‐DOF anthropomorphic manipulators 
and animation characters. The method consists of generating joint angles vectors (configurations) and 
determining their associated hand position/orientation (pose) via the known forward kinematics. The generated 
data are classified into various inverse kinematics solutions manifolds. These manifolds are subsequently 
segmented so that the redundancy can be parameterized and the solutions can be represented by simple 
equations whose parameters are stored for rapid online computation. During the online, given the desired hand 
pose, the appropriate stored parameters are retrieved and various inverse kinematics solutions are computed. 
The online time to provide various solutions is of the order of several microseconds which allow real‐time 
inverse kinematics evaluations for fast moving animation characters or manipulators.

Environment Estimation Using Serial‐type Dual Actuator Unit Capable of Force Estimation
Byeong‐Sang Kim, Jae‐Bok Song
Korea University, KOREA
Control of a robot manipulator in contact with the environment is usually conducted by a direct feedback 
control system using a force‐torque sensor or an indirect impedance control scheme. Although these methods 
have been successfully applied to many applications, some problems such as the cost have to be solved to 
make the practical use. To cope with such problems, redundant actuation was used to enhance the 
performance of position/force controllers. This paper proposes a novel design of a dual actuator unit (DAU) 
composed of two actuators connected in series to provide the capability of force estimation, as well as the 
environment estimation. The torque exerted on the joint, the stiffness and surface of the environment in 
contact with the manipulator can be estimated without an expensive force sensor by using encoder 
information. Various experiments demonstrate that the DAU can provide good performance for the force and 
the environment estimation.

The Development of CHARLI: a Linear Actuator Powered Full Size Humanoid Robot 
Derek Lahr, Dennis Hong
Virginia Polytechnic and State University, USA
Humanoid robots are highly demanding structures, often pushing the envelope of design with their strength, 
accuracy, and power requirements. The most common means of actuating such robots has been with DC servo 
motors coupled to harmonic drive units through a small gear or belt reduction. Coupled together, these motors 
and harmonic drives provide the high torque and low angular velocity required at the joints of a humanoid 
robot. Harmonic drives are also lightweight, compact, and free of backlash. They are not without their 
limitations though, those being primarily cost, flexibility, and nonlinearity. For those reasons, this paper 
investigates the design of CHARLI, Virginia Tech’s first full size humanoid robot, and the unique advantages 
of linear actuators in such a robot. It will cover the basic principles of such actuators and how they are 
employed in a robot. Parallels are drawn between such a robot design and the natural skeletal and muscular 
systems it mimics. Additionally, cost and weight savings are allowed for by these actuators in some joints 
through parallel actuation methods.
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A Simple Haptic Interface for Educational Purpose
Nicholas Hamlin, Saner Jairakrean, and Teeranoot Chanthasoopeephan
King Mongkut’s University of Technology Thonburi Bangmod, THAILAND
This paper presents a design for a basic one degree of freedom (1DOF) haptic interface that will be 
accessible by introductory engineering students. The device provides a simple overview of haptic technology 
by allowing interaction with virtual obstacles of varying rigidity and location based on values input by the 
user. We explain the construction and function of the device from both a mechanical and a programming 
viewpoint. Our interface is designed to display haptic behavior at a low cost, so that educational programs 
will not be overwhelmed by the financial requirements usually necessary to study the subject.

Performance Analysis of an Insect‐inspired Flapping Wing Device Actuated by a Compressed 
Piezoceramic Actuator
Quoc Viet Nguyen, Hoon Cheol Park, Nam Seo Goo, Doyoung Byun
Konkuk University, KOREA
We have analyzed and experimentally examined the flapping performances of an insect‐inspired flapper 
actuated by a compressed unimorph piezoceramic actuator. Flapping tests were conducted at various flapping 
frequencies and wing rotation angles to find the optimum flapping frequency of the flapper and investigate the 
effect of the wing rotation on the aerodynamic force generation. Flapping tests in the vacuum were also 
undertaken to measure induced inertia force, the aerodynamic force was then calculated by subtracting the 
inertia force from the total force measured in the air. It was found that the average inertia force was 
relatively small when compared to the average total force. The two‐dimensional computational fluid dynamics 
(CFD) simulation result of the flapper agrees well with the peak value and average value of the experimental 
result. Smoke wired flow visualization in a low speed wind tunnel revealed that the flapper could generate 
relative strong leading edge vortex and small trailing edge vortex during flapping.

▶HRI 1 [FA2]

The Effects of Appearance and Interface Design on User Perceptions of Educational Robots
Namin Shin1, Sunhee Lee2 
1Dongguk University, KOREA, 2Seoul National University, KOREA 
This paper presents a survey study carried out to identify users’ perceptions of the effect of educational robots 
for children. The survey was administered to 87 users who hosted network‐based intelligent robots, iRobiQ® 
and Genibo®, for four weeks either at home or kindergarten settings. The analysis of the survey data showed 
that users’ perceptions of the effect of educational robots were greatly influenced by two design factors: robot 
appearance design and interface design. The majority of respondents believed that iRobiQ® was useful for the 
cognitive development of their children whereas Genibo® was rated highly in the domain of cognitive 
development. Considering the interaction effect between robot design and user perceptions of its effect, the 
paper suggests some considerations for the design and development of educational robots for children.

Development of Human‐Robot Interaction Systems for Humanoid Robots
Bruce A. Maxwell, Brian Leighton, Andrew Ramsay
Colby College, USA
Effective human‐robot interaction is one of the primary challenges for humanoid robots. Sources of uncertainty, 
such as robot motion, perception, and people challenge interaction systems that are not adaptive or robust to 
failure. Developing and testing robust and effective interaction algorithms requires a test system that 
incorporates real robots, perception and human components. Simulation of any of these three components does 
not allow realistic evaluation. We present a low‐cost system that will enable testing and development of 
interaction systems for humanoid robots. The system uses a Robonova humanoid robot, an external camera, a 
vision system designed for social interaction, and a host computer. As a demonstration of a working system, 
we also present an initial framework for object‐centered human‐robot interaction that has the potential to be 
scalable, robust, and efficient in enabling the robot to achieve goals in a social situation.
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Multimodal User Recognition for Intelligent Service Robots
Jaeyeon Lee, DoHyung Kim, Hye‐Jin Kim and Dae Hwan Hwang
ETRI, KOREA
User recognition is one of the key functionalities for intelligent service robots. However, the conditions for the 
recognition are severe. The robots should be able to recognize the users non‐intrusively, which restricts the 
means to face and speech. Furthermore, the captured signals are often noisy in the environment for the robots, 
which inevitably results in performance degradation. In this paper, we tried to improve the overall accuracy by 
combining the results of independently developed recognition modules. In combining the results, it is essential 
to convert the matching scores of each recognition module into a common scale. This paper proposes a new 
approach to normalize the matching scores so that arbitrary number of recognition modules can be efficiently 
combined. In the proposed method, discrete PDF (probability density function) by a histogram is adopted to 
model the distribution of the matching scores. This approach is tested on a newly developed database that is 
designed to reflect the situations the robots are supposed to encounter. The experimental result shows the 
recognition rates of 94.7% (improvement of 9.04% over the individual recognizers). This result is 2.30% better 
than the traditional Mahalanobis distance approach.

Human‐Robot Interaction Using Indicating Behavior for Service Robot
Eri sato‐Shimokawara, Shoichiro Sakurai, Toru Yamaguchi
Tokyo Metropolitan University, JAPAN
Authors focused on gestural interaction for service robot. Indicating motion which is one of the gesture motion 
is useful for interaction to indicate an object or direction. Same motion has different means according the 
target object. We developed the service robot recognize the service from the indicating behavior and object 
property. The user received various service using only indicating motion using this system. We implemented 
this system for home service; there are service robot which pick up an object by arm and move automatically, 
and desk light which is composed as RT‐component can be turn on/off according to input signal. Moreover, we 
are trying to multimodal interaction because gesture is useful indication but not suit for telling the specific 
object feature such as a name, color, and so on. We shows pre‐experiment for multimodal interaction.

Recognition of Human Torso Orientation for Human Robot Interaction
Turbat Erdenebatkhaan, Ji‐Hyung Park
KIST, KOREA
In the human robot interaction, social robots should be capable of detecting and understanding human 
interaction cues, such as gesture recognition and attention perception. We propose a new method for these 
challenging cues using human torso orientation estimation. In this paper, we describe fast head detection and 
tracking algorithm using Viola‐Jones Detector [1] and its depth. We also introduce our method to detect 
shoulder candidate region and calculate torso orientation, estimating both shoulder’s depths and its location 
information. We compared the results of our method with other body orientation detection focused techniques 
and found that our method can work to any environment, moving or stable and it require much less 
computation resource.

Face Recognition Using HOG Features
Woo‐han Yun, DoHyung Kim, Byung‐yeol Song, and Ho‐sub Yoon
ETRI, KOREA
Face recognition on the robot system is under challenging environments due to the motion blur, illumination 
change, inaccurate face detection caused by the movement of the person and the robot. In this paper, we 
concentrate on the problems caused by imperfect face normalization. This paper introduces the recognition 
method using HOG descriptors. The method also adopts GIC as a preprocessing method. We show the 
effectiveness of the proposed method on PF01 and ETRI‐HRI Database acquired using the robot in uncontrolled 
environment.
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▶ Ambient Intelligence [FA3]

Management System Architecture for Project Based Production with Use of RFID
Eiji Arai, Hidefumi Wakamatsu, Eiji Morinaga
Osaka Univ., JAPAN
In a project based production such as a construction production, different types of companies/ enterprises 
execute the project cooperating and interdepending with each other. However, there is not any mean to 
integrate different management systems, and the conventional schedule has to include excessive slack/float 
because it takes much time to negotiate with other systems according to disturbances occurring frequently 
during the project. We propose a total management system architecture utilizing parts and packets unification 
for a project based production. It consists of multiple argents and the bulletin board module connecting them. 
First, each argent registers offering parameters and its conditions which act as triggers for its rescheduling on 
the bulletin board module. If and only if a registered condition is satisfied, the module informs the relevant 
argent about that. The argent then changes its schedule and reports changed parameters to the module. This 
implies that argents do not have to know whom they should inform about changes of their parameters. Thus, 
the bulletin board module realizes necessary and sufficient communication among argents.

Building Monitoring System Using RFID and Mobile Robot
Kenji Tsukamoto, Tomohito Takubo, Kenichi Ohara, Yasushi Mae, Tatsuo Arai
Osaka Univ., JAPAN
The collaborative monitoring system with RFID sensor tag and the mobile robot is proposed. The collaborative 
monitoring system with RFID sensor tag and the mobile robot is proposed. The system provides both wide 
area monitoring and detailed monitoring. The wide area monitoring is achieved by RFID sensor tag. We 
employ UFAM(Ubiquitous Functions Activation Module) developed by AIST Japan for RFID sensor tag and it 
can make sensor network by multiple tags and access points. The detailed monitoring is executed by high‐
speck sensors on a mobile robot. We implement the system to Water Leak Detection on back of ceiling in a 
building. The proposed detection system consists of three systems: RFID sensor network system, Remote robot 
control system and Integration control system. The sensor network monitors continuously the surrounding of 
sensor tags, and the mobile robot goes the rounds for periodic inspection. When certain sensor tag measures 
abnormal information, the integrated control system commands the mobile robot to check around it in 
particular. In this paper, we equip the mobile robot with a thermography to find heat of evaporation by the 
detailed temperature distribution. This technique is evaluated in demonstration experiment.

A Robot Control Method Integrating Ambient Intelligence : Door‐Closing Task Experiments with Various 
Robots
Takeshi Sakaguchi1, Takeshi Ujiie2, Shinichi Tsunoo2, Kazuhito Yokoi1, Kazuyoshi Wada2

1JRL, AIST, JAPAN, 2Tokyo Metropolitan University, JAPAN
A large amount of information involving human beings is available on the Internet; however, only little 
information that involves robots is available. We believe that having ambient intelligence provides helpful 
information for robots under ubiquitous computing technologies. The purpose of our research is to describe 
common environmental information in order to enable a robotic system to execute target tasks in a variety of 
ambient conditions. This system can correspond to various robots and various objects when we design the task 
information, which does not depend on the types and structures of these robots. In this paper, we focus on the 
door‐closing task performed by robots among various other tasks and propose a robot control method that 
integrates the ambient intelligence. The effectiveness of the proposed system is experimentally confirmed using 
a refrigerator with two types of doors; a door status sensor, which we developed; a humanoid robot; and a 
mobile manipulator.

Human Tracking by Cooperative Sensing of Distributed Environment Sensors and Mobile Robots 
Tsutomu Hasegawa, Keita Mohri, Ryo Kurazume, Kouji Murakami
Kyushu University, JAPAN
This paper describes a human tracking system composed of embedded cameras in the environment and a laser 
range finder (LRF) mounted on a mobile robot. Embedded cameras measure the pose of the mobile robot, 
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while the LRF tracks human walker in the close surroundings of the robot. The system enables expanding area 
of tracking while avoiding occlusion in the daily life environment cluttered with the furniture and other 
obstacles.

Structural Environmental Informatization using Sensor Network with Heterogeneous Sensors
Tamio Tanikawa1, Kenichi Ohara2, Kohtaro Ohba1

1ISRI, JAPAN, 2AIST, JAPAN
In this paper, a sensor network system to measure usage pattern for a house is reported. The sensor network 
system has many active type RFIDs as a network node. The RFID has advantages of low cost and low power 
consumption. Also the RFID can connect various sensors for measuring environment information, since having 
I/O port as external interface. Environment information is stored on a database through the RFID’s wireless 
radio communication function. The sensor types in this system are variety from slow changing information like 
temperature and humidity data to event notification like a human detection data. The paper will be described a 
acquisition procedure for various characteristic sensor data on the same sensor network, also. Finally, based on 
the sensor data, capability of analysis of the usage pattern for a house will be discussed.

Rough Terrain Walking by Using ZMP Criteria Map 
Yoshinori Imada, Tomohito Takubo, Yasushi Mae, Tatsuo Arai
Osaka University, JAPAN
A new method for bipedal walking on rough terrain by using ZMP criteria map is proposed. The rough terrain 
walking is classified by landing timing of a swing leg. The walking pattern is modified in real‐time according 
to the difference between the ideal timing and the measured timing by a force sensor on a foot. The modified 
walking pattern is decided by referring the ZMP criteria map. The ZMP criteria map can indicate a safe 
landing timing of a swing leg. The criteria map is derived by the off‐line walking pattern simulation of a table
‐cart model with a preview controller. The proposed method implemented to the model of HRP‐2 and 
confirmed on a dynamic simulator.

▶ Intelligent Space 1 [FB1]

Design of Location Management Module and Environment Server for Constructing of Intelligent 
Environment Space
Inyong HA1, Yusuke TAMURA1, Soichiro MORISHITA1, Hajime ASAMA1, Itsuki NODA2, Yasushi HADA3, 
Hiroyuki OKAMOTO4

1The University of Tokyo, JAPAN, 2AIST, JAPAN, 3NICT, JAPAN, 4Ritecs, Inc., JAPAN
In this paper, we propose location information service model of objects on the intelligent environment space. 
To achieve this, we design location management module for registering location information and environment 
server for providing location information. In addition, the specification of location information and the process 
of protocol for service providing is also defined. Finally, we test the designed system in a real environment 
which has many sensors such as RFID or Camera for registering location. The results of this study show that 
the proposed system can manage the location information of objects in real‐time.

Localization of a Robot using Particle Filter on a Lattice of RFID Tags 
Kenri KODAKA, Haruhiko NIWA, and Shigeki SUGANO
Waseda University, JAPAN
This paper describes a method of estimating a pose of robots on a lattice of RFID tags using a particle filter. 
In recent years, radio frequency identification (RFID) has become a very popular method for localizing robots 
because it is robust to environmental change. There is a model room in WABOT‐HOUSE Laboratory of 
Waseda University where the floor is equipped with a lattice of RFID tags at 300mm intervals, simulating a 
future home environment where robots interact symbiotically with humans. We speculate that such an 
environment, where the tags are distributed at regular intervals, is one of the most probable infrastructures of 
the near future and propose a method that use the particle filter to estimate the pose of robots on the lattice. 
Our experiment shows the position and orientation error converges at the small error of about 2cm and 0.1rad 
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when two readers are placed appropriately and also highlights some items which should be considered when 
readers are configured.

Estimation of Human Motion Trajectory in an Elevator Cage with Images from a Monitoring Camera
Kenji MITSUI1, Hajime ASAMA2, Yasushi HADA3, Kuniaki KAWABATA4, Shinichiro YAMAGUCHI5, 
Soichiro MORISHITA2

1IBM Corp., JAPAN, 2RACE, The Univ. of Tokyo, JAPAN, 3NICT, JAPAN, 4RIKEN, JAPAN, 5Hitachi Building 
Systems Co., Ltd., JAPAN
Many crimes are perpetrated easily in an elevator cage. Therefore, it is necessary to detect crimes automatically 
from images taken by a monitoring camera installed in an elevator cage. People who commit crimes in an 
elevator would show unusual movement, such as a rapid approach, so human motion trajectory in an elevator 
is an important feature for automatic detection. As described in this paper, we propose a method of motion 
trajectory measurement in an elevator with processing of images from a monitoring camera. First, a person’s 
height is inferred from an image when the person enters. Then, the person’s location and motion trajectory are 
assessed in the elevator from the position of the person’s head and the person’s height.

Indoor GPS and Receiver for Robot Navigation ‐ Seamless Positioning between Indoor and Outdoor 
Space
Haruhiko Niwa1, Kenri Kodaka1, Takuji Ebinuma2, Yoshihiro Sakamoto3, Shigeki Sugano1

1Waseda University, JAPAN, 2Tokyo University, JAPAN, 3Knowledge Service Co., JAPAN
Wabot‐House Laboratory has been working on an indoor GPS. Extending the GPS to indoor space will enable 
us to seamlessly track the position of a mobile robot that moves between indoor and outdoor spaces. We think 
that the GPS will be a global structured environment because it has only one standardized coordinate system 
and is available all over the world. We had already constructed a basic structure for an indoor GPS with four 
pseudolites, a GPS repeater, and two receivers serving as base and rover stations. The system basically worked 
well in that it could track the rover’s receiver with centimeter‐level resolution inside the laboratory room unless 
a cycle slip occurred. The prototype receiver, however, was designed for only indoor positioning and was too 
large to be installed in a mobile robot. We are now developing a new smaller receiver which can seamlessly 
position a robot traveling between an indoor and outdoor environment. Our present receiver consists of a 
Superstar Second (SS2) receiver board and an Armadillo processor module. The SS2 was improved to track 
both signals from out‐of‐door GPS satellites and indoor pseudolites. The Armadillo was designed to obtain data 
from the SS2 and act both as rover and base stations. We mounted this receiver on a mobile machine and 
conducted positioning experiments in a laboratory. The tracking of the robot worked well in real time and 
provided centimeter‐level resolution for horizontal movement. The results of these experiments showed the 
feasibility of seamlessly tracking movements between indoor and outdoor environments.

Research on Intelligent Space Architecture Developing Tools 
Shaohua ZHENG, Mihoko NIITSUMA, Takeshi SASAKI, Hideki HASHIMOTO
Univ. of Tokyo, JAPAN
With the recent development of sensor technology, intelligent robotic room is now a hot research topic. When 
doing experiments, we found that actual trials have great cost, both in human resource and time. Therefore we 
propose our Intelligent Space Architecture Developing Tools (ISADT) to maximize the power of computer in 
constructing Intelligent Space. Firstly, Environment Designer is used to create a variety of environment 
conveniently so that we can change different kinds of environment into Intelligent Space. As sensor acts as the 
main role, Sensor Arranger tests possible arranging scenarios before physical construction. We use Virtual 
Viewer to do first‐person view observation. Last but not least, ISpace Simulator utilizes the created environment 
and sensor arrangement to test robot algorithms and valuate the whole sensing system. Our work is still on the 
way, but current tools show good performance and sensor models are successful compared to real sensors.

A Dynamic Localization Algorithm for High Speed Mobile Robot using iGS 
SeungKeun Cho, JangMyung Lee
Pusan National University, KOREA
This paper proposes a dynamic localization algorithm for a mobile robot which is capable of high speeds. It 
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takes a relatively long time for the localization of a mobile robot with active beacon sensors since the distance 
to the beacon is measured by the freight time of the ultrasonic signal. When the mobile robot is moving 
slowly, the measuring time does not result in high error. However, with an increase in the mobile robot speed, 
the localization error becomes too high to use for the mobile robot navigation. Therefore, this research 
proposes that in high speed mobile robot operations, instead of using two active beacons for localization, an 
active beacon along with encoders are utilized to localize the mobile robot. This new approach resolves the 
high localization error that is caused by the speed of the mobile robot. To improve the localization accuracy 
even further, a least square algorithm has been developed to reduce the distance error in the beacon sensor and 
a self error compensation algorithm is also proposed for compensating the encoder error which is very sensitive 
to the environment. The performance of the dynamic localization algorithm has been verified by comparing it 
to the conventional method through real experiments.

▶HRI 2 [FB2]

Interacting with Robots “Indirectly” through Projected Display 
Jongkyeong Park and Gerard J. Kim
Korea University, KOREA
Most current forms of Human Robot Interaction (HRI) require “direct” interaction/contact with the robot, often 
causing much inconvenience and usability problems. In this paper, we present a novel “indirect” HRI paradigm 
using projected display and remote multimodal interaction. The projector (on the moving robot) projects 
information on the nearby surface and provides a relatively large area on which indirect interaction can occur. 
As an instance of such an HRI paradigm, we present a moving robot kiosk that projects displays around itself 
and serve and interact with multiple people at once. We discuss various technical issues in realizing this newly 
proposed HRI paradigm, in particular, the generation of large and correct projection on the floor, detecting and 
managing multiple interested users, and designing effective interactions for them.

A Conversational Interface Platform for Integrated Service Robot using MS Robotics Studio 
Sungsoo Lim, Sung‐Bae Cho
Yonsei University, KOREA 
The development of robot technology makes the functions and services of robots be integrated, and thus they 
becomes more intelligent and useful. The usage of service robots becomes more sophisticated, direct 
communication by means of human language is required to increase the efficiency of their performance. In this 
paper, we proposed a conversational interface platform for integrated service robot using MS Robotics Studio. 
The proposed platform consists of a conversation manager for controlling the flows of the integrated service 
robot, a user interface for interacting with users, and multiple service robots for performing actions or services. 
As a test‐bed of the proposed platform, we built a schedule manager system and confirm the usability through 
SUS subject test by comparing the schedule manager system with MS Outlook.

Fast and Reliable Camera‐tracked Laser Pointer System Designed for Audience 
Jong Gwan Lim1, Farrokh Sharifi2, Dong‐soo Kwon1

1KAIST, KOREA, 2Ryerson University, CANADA
For reliable real‐time interaction in a camera‐tracked laser pointer system, new interactive techniques are 
proposed in this paper. While the conventional systems have been developed for speaker's convenience, 
audience’s comfort is critically considered from the viewpoint of audience in the proposed system. Thus, the 
system performance is measured for overcoming the commonly encountered issues due to poor image 
processing reliability, discomfort due to cursor echo, and visual overload by excessive visual feedback. As a 
solution, an active region of interest (AROI) is proposed and used to reduce computational load and to move 
away the cursor from a laser spot. Also, IMU‐based gesture is recommended for selection issue and the 
reduction of relatively useless visual feedback, to lead a reliable performance enough to replace ‘clicking’ in a 
mouse. As a result, AROI usability experiment results are compared with other 4 competitors and two useful 
applications of gesture‐based interaction are presented.
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Development of a Mobile Robot System for a Boxing Game as an Undergraduate Robotics Course 
Project
Seul Jung, Seungjun Lee, and Bora Kim
Chungnam National University, KOREA
This paper presents the process of developing boxing robots as a mobile robot platform for an undergraduate 
robotic course project. The undergraduate robotics course is an interdisciplinary class such that students can 
learn how to integrate all the techniques that have learned in the previous course works since the course is 
provided in the senior level. Students are given same robot sizes, motors and hardware to design their own 
boxing robots. The boxing robot is a wheeled drive mobile robot with two arms so that students can have 
experiences about both structures of serial robots and mobile robots that have been taught in the class. Within 
a semester, a group of two students finishes the project by designing the shape using ProE CAD software. 
Modeling and analysis procedures are then followed based on their models. Simulation studies of checking 
movements of two arms are conducted based on kinematics and of controlling the robot arms based on 
dynamics. Finally, evaluation is done by performing boxing games.

Development of a Lie‐to‐Sit and Sit‐to‐Stand Assistance System for Elderly and Disabled Persons 
Aslam Pervez, Hyeshin Park, Chang‐gyu Lee and Jeha Ryu
GIST, KOREA
Elderly population is increasing in many developed countries. One of the major challenges for such people is 
the independent mobility during daily life activities such as walking, lie‐to‐sit, and sit‐to‐stand. Robotics 
technology has the potential to offer flexible assistive devices for improving the quality of their life through 
helping them in their daily life activities. We have already proposed SpiderBot‐II, an incompletely restrained 
parallel wire mechanism, for assisting elderly and handicapped in their homes. This paper reports the extension 
of SpiderBot‐II for assistance in lie‐to‐sit and sit‐to‐stand activities of such people. These tasks are very 
fundamental in their daily‐life activities and a low cost and light weight robotic system will be very useful for 
them. Preliminary experimental results show that the proposed system is effective in supporting the users in lie‐
to‐sit and sit‐to‐stand assistance.

Intelligent Sensing for the Blind 
Incheol Kim1, Sooyong Lee2, Sungdo Ha3

1Samsung Electronics, Co. LTD, KOREA, 2Hongik University, KOREA, 3KIST, KOREA
Most of the blind or vision‐impaired people use white cane or guide dog for walking. The white cane helps 
the user to perceive the environment simply identifying the existence of nearby obstacles. The conventional 
white cane is a stick and the user feels whether it is moving freely in space or is hit by an obstacle. In this 
paper, ultrasonic range sensors, rate gyros, inclinometers, and accelerometers used instead of this primitive way 
of sensing, in order to sense more than the existence of the object in front. This paper presents a new device 
(called as ‘smart wand’) which provides more and accurate information to the user.

▶Computer‐Aided Surgery 1 [FB3]

Comparison of Registration Methods for Ear‐Nose‐Throat Surgical Navigation
Jaesung Hong, Nozomu Matsumoto, Shizuo Komune, Makoto Hashizume
Kyushu University, JAPAN
A surgical navigation system for ear, nose, and throat surgery was developed and clinically evaluated. The 
registration process determines the overall accuracy of image‐guided surgery. Particularly otologic surgery 
requires submillimetric accuracy, and it is known that invasive registration using bone‐anchored fiducial markers 
acquire less error. We have developed a less‐invasive strategy for attaching bone markers by transferring the 
markers to the patient’s bone intraoperatively. The template of the bone surface was produced from the edited 
CT with virtual fiducial markers attached on the temporal bone. In this paper, various registration methods 
including the proposed method with regard to Ear‐Nose‐Throat surgery are compared and discussed.
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Cadaver Study for Spinal Fusion Surgery Using a Bi‐planar Fluoroscopy Based Robotic System 
Jae Heon Chung, Sungmin Kim, Byung‐Ju Yi, Young Soo Kim
Hanyang University, KOREA
This paper introduces a surgical robotic system employing a bi‐planar fluoroscopy. This system consists of a 
surgical planning system, an O‐type bi‐planar fluoroscopy, and a surgical robot. The surgical planning system 
determines a surgical path by using a captured image from the bi‐planar fluoroscopy or a reconstructed 3D 
image from CT at the pre‐operative stage. The robotic system plays the role of a guider of the surgical path 
generated by the surgical planning system. We apply the robotic system to the cadaver study for a spinal 
fusion. Performance of the proposed system was confirmed by comparing the CT images before and after the 
cadaver study.

Development of FOV – Controllable Endoscope 
Keri KIM1, Hiroki KAMIUCHI2, Hiromasa YAMASHITA2, Ken MASAMUNE2, Toshio CHIBA1, Takeyoshi 
DOHI2

1National Center for Child Health and Development, JAPAN, 2 University of Tokyo, JAPAN
Background‐In the endoscopic surgery, smooth and safe manipulation of the endoscope is very important to 
obtain proper visual information. Using our endoscope system, we can control FOV safely without a risk of 
tissue damages due to endoscope manipulation inside of body cavity. Method of approach‐The FOV – 
controllable endoscope comprises two sleeves (inner and outer), CCD camera, beam splitter, polarization plates 
and observation windows attached to the sleeves. The FOV (forward or side) can be freely changed merely by 
mechanical rotation of the outer sleeve. We manufactured 7mm endoscope prototype, and conducted in vivo 
experiment and performance assessments with the prototype. Results‐In in vivo experiment, we could 
successfully visualize the liver and intestinum at the forward view, and blood vessel on abdominal wall at the 
side view without any changes in endoscopic position. In repeatability assessment on controlling FOV, the 
average displacement of the central point after changing FOV ten times was less than 3% of the screen in 
distance. Conclusions‐We developed the novel endoscope system that can be used to obtain both the forward 
view and the side view without the risk of damaging body tissues or internal organs.

Miniature Legged Robot Driven by Artificial Muscle Actuator
Huu Chuc Nguyen, Huu Lam Vuong Nguyen, DukSang Kim, Ja Choon Koo, Hyouk Ryeol Choi, Youngkwan 
Lee, Jae Do Nam
Sungkyunkwan University, KOREA
During the last decade, articial muscle actuators based on electroactive polymers (EAPs) have had a rapid and 
steady progress. Among them, dielectric elastomer actuator (DEA), which has high force to weight ratio and 
large strain, is considered as the most promising muscle‐like actuator. By developing a new dielectric elastomer 
material named synthetic elastomer, the novel multi‐stacked actuator can generate not only larger strain but also 
larger force. This actuator is certainly suitable for substituting the additional actuators in robotic application. As 
a result, a miniature legged robot driven by this type of actuator will be presented by utilizing a simple 
mechanism. Experimental works are performed to evaluate the actuation performance of the proposed miniature 
legged robot.

▶ Intelligent Space 2 [FC1]

Dynamic Adaptation of Global Path for Safe Navigation of Mobile Robot
Jae‐Yeong Lee, Kyuseo Han, Wonpil Yu
ETRI, KOREA
Obstacle avoidance or local path planning aims to arrive a goal position safely without colliding with obstacles. 
However, many local path planning approaches are easy to be stuck into local minima. This paper presents a 
method that generates safe path based on global path planning. The method does not require complex 
processing or parameter tuning, which is frequently required with conventional local planning approaches. 
Effectiveness of the method is shown with computer simulation.
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Scalable Multi‐People Head Tracking for Robotic Services Combining Multiple Sensors
Yusuke Matsumoto, Toshikazu Wada, Shuichi Nishio, Takehiro Miyashita and Norihiro Hagita
ATR, JAPAN
This paper presents a method for human‐head tracking by integrating multi‐viewpoint images captured by 
embedded cameras and depth information measured by LRF (Laser Range Finder). The LRF human tracking 
can estimate 2D human positions robustly, and multi‐camera tracking can estimate 3D human‐head positions, 
which sometimes become unstable. In order to achieve tracking robustness, we combine the two tracking results 
by using the LRF result as maintenance information toward multi‐camera tracking. Through an experiment in a 
real environment, we confirmed that our method outperforms toward existing methods.

Robotic Localization Service Standardization
NISHIO Shuichi
ATR, JAPAN
Location information is an essential factor required in every robotic systems. However, up to now, there exists 
no standard interface for treating location information suitable for robotics. In this paper, an ongoing 
standardization activity to specify interface for accessing localization results is represented.

Towards Tangible Robotic Space ‐ Robotic Space Service in Metaverse 
Muhammad Rusdi Syamsuddin, Maria Niken Mayangsari, Pan Juasiripukdee, Yong‐Moo Kwon
KIST, KOREA
This paper introduces a tangible robotic space of which main idea is robotic space service in metaverse. The 
metaverse is the convergence of 1) virtually enhanced physical reality and 2) physically persistent virtual space. 
It is a fusion of both, while allowing users to experience it as either. First, this paper introduces our previous 
researches on virtual robotic space. Second, this paper describes briefly the trends of metaverse research, 
especially in view of virtual world and mirror world. Finally, this paper presents new possible robotic space 
service while combining the current robotic space and metaverse.

Japanese Government‐led Projects aimed at Next‐Generation Robots and its Structured Environments
Kensuke Murai
AIST, JAPAN
Japanese government has led a series of important projects for next‐generation robots in the period of the 3rd 
Science and Technology Basic Plan. This paper highlights the description related to next‐generation robots in 
the Long‐term Strategic Guidelines "Innovation 25" and the Strategy for Creation of Innovative Technology as 
well as the Coordination Program of Science and Technology Projects.

Dependable System Design for Multiple Mobile Robots Navigation in Corridors
Bong Keun Kim, Yong‐Shik Kim, Hyun Min Do, Tetsuo Tomizawa, Jae Hoon Lee, Yasushi Sumi, Tamio 
Tanikawa, Kohtaro Ohba
AIST, JAPAN
In this paper, an algorithm for navigation in narrow corridors by the multiple mobile robots which have 
independently given missions is proposed. Since the navigation path for each robot is planned based on the 
given mission, moving obstacles such as other robots and human beings prevent the achievement of required 
navigation. Moreover, a narrow corridor and corner area can cause the malfunction of robot sensors and 
ambient sensor systems. To cope with these problems, a dependable control algorithm has to be designed so as 
to ensure reliable navigation while it has to be robust against sensor faults and collision with moving obstacles. 
Hence the goal is to develop the dependable robotic system which is aimed at planning the navigation path of 
each mobile robot based on task oriented planning as well as providing robustness against sensor faults and 
obstacles.
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▶Vision [FC2]

A Geometric Approach to Particle Filtering‐Based Visual Tracking 
Junghyun Kwon, Frank C. Park
Seoul National University, KOREA
We develop a geometric particle filtering algorithm that explicitly takes into account the geometry of the affine 
group for the visual tracking problem. The geometric issues arising in a particle filtering on the affine group, 
i.e., the state equation and sample mean formula, are resolved in a coordinate‐invariant way. The superiority of 
our geometric particle filtering‐based visual tracker to the local coordinate representation‐based ones is 
demonstrated via comparative experiments.

Quick and Accurate Estimation of 3D Hand Posture
Kiyoshi Hoshino, Motomasa Tomida
University of Tsukuba, JAPAN
We propose a hand posture estimation system that can retrieve a hand posture image most similar to the input 
data from a non‐multilayer database. Our system uses, at the first stage, coarse screening by the proportional 
information on the hand images which roughly correspond to forearm rotation or bending of the thumb or four 
fingers. And then, at the second stage, performs a detailed search for similarity for selected candidates. To 
describe forearm rotation, and wrist’s internal and external rotation, bending and stretching, no separate 
processes were used for estimating the corresponding joint angles. By estimating the sequential images of the 
finger shape by using this method, we successfully realized a process involving a joint angle estimation error 
within several degrees, a processing time of approximately 80 fps, by using a note PC, even when the wrist 
was freely rotating. Since the image information and the joint angle information are paired in the database, as 
well as the wrist joint, the system could generate the imitative motions as those of the fingers and wrist of a 
human being by means of a robot by outputting the estimation results to the robot hand.

Intelligent Grasping by Learning from Observation 
Seong‐Young Ko, Hanbyul Joo, Dong Geol Choi, Hyeongwoo Kim and In So Kweon
KAIST, KOREA
This paper explains the development of the intelligent grasping robot system to learn the manipulation skill of 
the object and then to imitate its trajectory. The system was developed so that it observes the posture and the 
trace of the desired object, produces the trajectory for 5DoF robotic arm, and moves to mimic the trajectory 
reversely. In order to extract the information of the object in real‐time, the shape matching algorithm is applied 
to stereo images. The center position of the object is obtained at each image and these are utilized to calculate 
the 3‐D position in the camera coordinate system. These points were converted in the robot coordinate system, 
and the trajectory for the robot’s motion was generated by interpolating these points. The grasping motion of 
the robotic arm is generated by using the start position and prior knowledge about the shape of the object. It 
was shown that the developed robotics system based on shape matching method operates robustly.

Kalman Filter Based Coarse‐Fine Control Method for a Visual Alignment Robot
Haemin Jeong, SangJoo Kwon
Korea Aerospace University, KOREA
The visual alignment system is considered as one of core technologies in the flat panel display industry. 
Largely, it consists of vision system and control system, where the vision system extracts the centroid of 
alignment marks and the control system compensates the alignment error. In this paper, we develop a Kalman 
filter based control algorithm for posture estimation of alignment marks. Also, proposed is a coarse‐fine 
alignment method to generate the error compensation trajectory using the measurements of alignment mark 
centroids from both fine and coarse images. First, the equation of motion for the mark posture required in 
Kalman filter is given by adopting the forward kinematics of parallel UVW stage. Second, measurements of 
mark centroids are extracted from the coarse image scaled down image from the original fine image. As a 
result, the proposed Kalman filter based coarse‐fine alignment method considerably reduces the number of 
alignments. Finally, the performance of proposed algorithm is verified by experimental results. 
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Autonomous Salient Visual Feature Detection Using Salient Points from both RGB and HSV Color 
Spaces for Visual SLAM in Indoor Environments
Yong‐Ju Lee, Jae‐Bok Song
Korea University, KOREA
For successful SLAM, feature detection becomes an important issue. This paper proposes autonomous detection 
of salient visual features for visual SLAM in indoor environments. Visual feature candidates are generated by 
the SIFT keypoints and contour information. Then uniformity maps which measure the level of similarity with 
the candidates and entropy maps which measure the level of diversity of information are created. Uniformity 
and entropy maps are combined to make a saliency map which is represented as grayscale values. In the 
saliency map, it is possible to distinguish the salient visual features from the background. The robot estimates 
its pose using the detected visual features and builds a grid map of the unknown environment using a laser 
scanner. The positions of visual features are also represented in the grid map. Experimental results demonstrate 
that the algorithm proposed in this paper enables a robot to find visual features such as objects or groups of 
small objects with a stereo camera in unknown environments.

▶ Computer‐Aided Surgery 2 [FC3]

Automatic Real‐Time Surgical Instruments Tip Tracking in Laparoscopic Surgery 
Kwang Gi Kim, HeyWon Im, Whi‐Vin Oh, Yung Ho Jo,Young Woo Kim
National Cancer Center, KOREA
In recent years, several endoscopic assistant robots have been developed to hold laparoscopes in minimally 
invasive surgery. Such systems provide more stable images and precise camera positioning. Difficulties 
traditionally encountered with mutual understanding between the surgeon and a camera assistant can also be 
eliminated. The experimental setting consisted of a laparoscope (MGB, Germany) fixed in space by a scope 
holder inside a trainer box (Simulab Corp, USA). The scope was probed onto a stationary laparoscopic 
cholecystectomy model (Simulab Corp, USA) with a slowly moving laparoscopic instrument (Karl Storz, 
Germany). The image data were transmitted via ELICA, an endoscopic vision system (MGB, Germany), to a 
high performance workstation equipped with a frame grabber and RTX, a real time operating system extension 
for windows. The acquired image data were processed in Visual C++(Ver 6.0 Microsoft inc, USA). The images 
were first performed preprocessing algorithm and then converted from RGB space to HSV. Gaussian noise 
filtering was applied for noise reduction. To segment the instrument, previously determined Hue and Value 
ranges were applied. Frame subtraction was also applied as the instrument was the only moving object in the 
images. To reduce the false positive rate, Hough transform was used to extract lines and typical morphology of 
the instruments. In an experimental setting, the proposed method successfully tracks the tip of moving 
instruments in real time while the laparoscope is fixed in space. Improvements should be made so the method 
can be applied to the endoscope robot currently being developed by the authors.

Measurement of Trocar Inserting Motion for Endoscopic Surgery and Development of Force Feedback 
Device for Training System 
Masamichi Sakaguchi1, Hiroki Hidaka1, Jumpei Arata1, Hideo Fujimoto1, Michitaka Fujiwara2, Takuya 
Watanabe2, Akimasa Nakao2

1Nagoya Institute of Technology, JAPAN, 2Nagoya University School of Medicine, JAPAN
The goal of this study is development of trocar inserting motion training system for endoscopic surgery. In this 
study, we measured the real trocar inserting motion data and designed the force feedback device for training 
system. In this paper, we introduce an endoscopic surgery and bladeless trocar. Next, we explain the trocar 
inserting motion measurement system and show the experimental data such as a trocar position, inserting force, 
and rotational torque. Then we show the designed force feedback device for training system. Next, we explain 
the training system which combined with image display system and force feedback system. Finally we conclude 
this study.

Smart Actuators based Micro Robots for Digestive Organ Inspection
Byungkyu Kim.
Korea Aerospace University, KOREA
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We have studied various smart actuators to develop micro robots for the capsule endoscope. In particular, some 
locomotive mechanisms based on PZT actuators, IPMC(Ionic Polymer Metal Composite) actuators and 
SMA(Shape Memory Alloy) actuators are actively studied for diagnosing some disease in digestive organs. 
Before we fabricate micro robots, smart material based actuators such as PZT, IPMC, and SMA actuators are 
evaluated in the viewpoint of power consumption, environment dependency and generative force. Based on 
evaluation results, some micro robots are developed properly according to application. Based on PZT actuators, 
the inchworm‐like robot is fabricated and tested in the colon of the swine to demonstrate performance of 
locomotion. IPMC based Tadpole‐like robot is constructed and tested in the water since IPMC actuator show 
best performance in water environment. It can be applicable to diagnose gastro‐intestine. In addition, an 
earthworm‐like mechanism is constructed and tested to integrate in capsule endoscope that is commercialized to 
diagnose disease in small intestine. Based on those research efforts, we expect to develop the next generation 
micro robot that can diagnose disease in human digestive organ.

Design of an Open Core Control Software for Surgical Robots with High Connectivity
Hiroaki Kozuka1, Jumpei Arata1, Hyung Wook Kim1, Naoyuki Takesue2, Blagovest Vladimirov1, Masamichi 
Sakaguchi1, Junichi Tokuda3, Nobuhiko Hata3, Kiyoyuki Chinzei4, Hideo Fujimoto1

1NIT, JAPAN, 2Tokyo Metropolitan University, JAPAN, 3Harvard Medical School, Brigham and Women’s 
Hospital, USA, 4AIST, JAPAN 
In this paper, a structure of an open control software for surgical robots is presented. With the recent 
development of advanced medical devices, the connectivity among those devices such as navigation systems 
and medical imaging devices became important for surgical robots. Also, the safety issue is essential for the 
control software of medical robots. From these perspectives, we developed the open control software to 
overcome these challenges. Virtual fixture is one of the supporting methods of manipulations as a “force 
guide”. In this paper, a method for introducing the virtual fixture on a neurosurgical application is presented. 
The method is implemented on the developed software.

Locomotive Microrobot for Capsule Endoscopes 
Sungwook Yang1, Kitae Park1, Seung Seok Lee1, Kyonghwan Na1, Jinseok Kim1, Eui‐Sung Yoon1, Jongho 
Choi2, Sukho Park2, Jongoh Park2

1KIST, KOREA, 2Chonnam National University, KOREA
For diagnoses of digestive organs, capsule endoscopes are widely used and offer valuable information. The 
general capsule endoscope consists of image sensing module, telemetry module and battery. It is passively 
moved by peristaltic waves of gastro‐intestinal tract and thus has some limitations for doctor to get images of 
the organ and to diagnose more thoroughly. As solutions to these problems, a locomotive function of capsule 
endoscopes has being developed. We have proposed a capsule‐type microrobot with synchronized multiple legs. 
However, the proposed capsular microrobot has some limitations, such as low speed in moving, inconvenience 
to the operation, lack of an image module, and deficiency in a steering module. In this paper, we will 
describe the limitations of the locomotive microrobot and propose the solutions of the drawbacks. The solutions 
are applied to the capsular microrobot and evaluated by in‐vitro tests. Based on the experimental results, we 
conclude that the proposed solutions are effective and appropriate to move inside of intestinal tract.
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▶ Poster Session [FPO]

Implementation of Intelligently Controlled Two‐Autonomously‐Driven‐Wheeled Robot 
Kuo‐Ho Su1, Shun‐Feng Su2

1Chinese Culture University, TAIWAN, 2National Taiwan University of Science and Technology, TAIWAN
A novel architecture of intelligently controlled two‐autonomously‐driven‐wheeled robot is developed in this 
study. In the control scheme, the fuzzy inference is designated as a main controller and the neural network is 
designated as auxiliary part. Consider the parametric variation, external load disturbance, nonlinear friction, 
unpredicted and unstructured uncertainties for the practical drive system, the transient and unmodelled 
uncertainty will be occurred and can be accumulated as the lumped uncertainty. The neuron uncertainty 
observers are added in the balance, speed fuzzy controllers and synchronous robust controllers to decrease the 
number of gyroscope, reduce the accumulated estimated error and ascend the stability. To reduce the 
chattering phenomena, the translation width is embedded into fuzzy controller. Additionally, to reduce the 
circumgyrating radius and ascend the steering capability on a bumpy road under same specifications of motor 
and tire, two wheels are driven independently. The hardware of whole system includes a microcontroller, 
FPGA&RAM Card, RF receiver, gyroscope, infrared sensors, motor encoders, driving circuits and two 
autonomous controlled motors. The controllers calculate two independent motor driving currents according to 
the detected angle of tilt, the angle rate of gyroscope, speed error, speed error rate of motors and observed 
lumped uncertainty.

Backing up Control of a Truck trailer type Vehicle with Practical Constraints : Computing time‐delay 
Youngouk Kim1, Jongbae Lee1, Chang‐Woo Park2

1KETI, KOREA, 2INHA Technical College, KOREA 
An efficient vision‐based simultaneous localization and map building (SLAM) method is presented for home 
robots using a forward monocular camera. Visual navigation can handle complicated problems, such as 
kidnapping, shadowing and slipping. A low‐cost video camera is particularly suitable for mobile home robots 
in the sense of human robot interaction, and it does not disparity map computation. This paper also presents 
a novel framework of scale‐invariant feature transform (SIFT), where the difference of Gaussian (DOG)‐based 
scale‐invariant feature transform method is replaced by the difference of wavelet (DOW) transform. The 
modified SIFT enables real‐time applications or embedded systems for home robot products. Two different 
types of home robots, such as cleaning and service robots serve as a tested platform of the proposed vision‐
based navigation. The experimental results show that the robots can provide acceptable navigation performance 
on unstructured environment in real‐time.

Study on IDE using Simulation for Component Based Robot Software Development
Hyo‐Young Lee1, Ju‐Won Kim1, Suk‐Joong Kim1, Sang‐Yep Nam2

1ED Co. Ltd., KOREA, 2Kookje college, KOREA
We have designed an integrated development environment which utilizes a simulation system to develop robot 
software components. The designed development environment can help a developer to verify the developed 
component fast by means of the system. The designed development environment provides several functions as 
follows: First, it provides the functions of deploying and simulating Robot Software components on/to a 
virtual robot which has physical characteristics that are similar to the targeted robot. Second, it provides 
functions of debugging the simulation process of component developing tools. Furthermore, it provides various 
functions which make it easy and fast when programming robot software based on component by a developer.

A Up‐Stair Motion Planning Algorithm for a Biped Robot
Jae Yeon Choi, Youngjin Choi, Byung‐Ju Yi
Hanyang University, KOREA
This paper deals with a new up‐stair motion planning algorithm for a biped robot. The whole body of the 
humanoid can be visualized as a kinematically redundant robot, where the number of joints are more that the 
required degree of freedom. Based on the ZMP constraint equation, a sequential redundancy resolution 
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algorithm is proposed, which ensures the ZMP trajectory, the planned operational motion, and additional sub‐
criteria such as joint limit index. The feasibility of the proposed algorithm is verified by simulating a up‐stair 
motion if a human scaled 12‐DOF biped robot.

Development of a Rehabilitation System Using Humanoid Robot 
Aiman Musa M. Omer1,Hideki Kondo1, Hun‐ok Lim2, Atsuo Takanishi1

1Waseda University Tokyo, JAPAN, 2Kanagawa University Yokohama, JAPAN
The humanoid bipedal robot WABIAN‐2R was developed to be used as human motion simulator. It is able to 
perform similar human‐like walking motion. Moreover, the robot is able to perform walking motions with a 
walking support device. This walking device was moving passively helping the robot to move easily. 
However, to go further with this development, we have to test the robot using the walking device with 
different conditions such as activating its wheel motors. Conducting this experiment is expected to be highly 
risky and costly. Therefore, we had developed a dynamic simulator in order to test the performance of the 
robot using the walking support device before conducting it in real simulation.

Probabilistic Feature Matching for Map Merging in the Multi‐robot FastSLAM with Unknown Initial 
Correspondence
Heon‐Cheol Lee1, Nosan Kwak2, Jeong‐Hee Lee1, Beom‐Hee Lee1

1Seoul National University, KOREA, 2AIST, JAPAN
The success of the single‐robot FastSLAM in recent years has led to research on the multi‐robot FastSLAM. 
If the initial correspondence between the robots is not known, the robots need at least one encounter to 
obtain the map transformation matrix calculated by the relative poses between them. Since the relative poses 
of the robots are obtained by the robot‐to‐robot measurement which is not error free, the error in the merged 
map increases as time goes. To solve this problem, the method of updating the merged map has been used. 
For the more accurate update, this paper proposes a novel feature matching technique which uses probabilistic 
methods. The performance of the proposed feature matching technique was verified in computer simulations, 
which significantly reduced the RMS feature error.

PF‐MDS SLAM : Combining Multidimensional Scaling and Particle Filtering for Simultaneous 
Localization And Mapping 
Hongmo Je, Daijin Kim
POSTECH, KOREA
This paper proposes a combined multidimensional scaling with particle filtering for sloving SLAM problem. 
We adopted the basic idea of the rao‐blackwellized particle filter SLAM which separates the robot pose 
estimation
problem and mapping problem, we use the particle filter (PF) to estimate the pose of individual robot and use 
the multidimensional scaling (MDS), one of the distance mapping method, to find the relative coordinates of 
landmarks toward the robot. Experimental results demonstrate the effectiveness of the proposed algorithm over 
the FastSLAM.

Application of Monte Carlo Localization for Mobile Robots in RFID Infrastructure 
Kwangwoong Yang1, Kuk Cho1, Hongseok Kim1, Jungyun Bae2

1KITECH, KOREA, 2Texas A&M University, USA
Mobile robots are increasingly being used to perform various tasks. The potential of robots require having 
accurate localization techniques and an efficient path planning algorithm. This paper represents a localization 
technique based on Monte Carlo Localization using RFID tags as an artificial landmark. RFID is a sensor 
which can provide high speed resolution with low costs and small size. Using this sensor, we can get reliable 
localization results and reduce the costs. Passive RFID tags are attached on the floor and a RFID reader is 
attached to the mobile robot. Error of localization using RFID is increased according to the sensing range of 
the reader. Thus, we fuse RFID information with encoder data to reduce the error. Brief review of Monte 
Carlo Localization and the probabilistic model of RFID system are provided. Through the simulation and 
experiments, we showed how the proposed algorithm works in the environment.



66

Wavelet‐Based Visual Navigation and Its Application to Home Robots 
Youngouk Kim, Jongbae Lee, Junyoung Yun
KETI, KOREA 
An efficient vision‐based simultaneous localization and map building (SLAM) method is presented for home 
robots using a forward monocular camera. Visual navigation can handle complicated problems, such as 
kidnapping, shadowing and slipping. A low‐cost video camera is particularly suitable for mobile home robots 
in the sense of human robot interaction, and it does not disparity map computation. This paper also presents 
a novel framework of scale‐invariant feature transform (SIFT), where the difference of Gaussian (DOG)‐based 
scale‐invariant feature transform method is replaced by the difference of wavelet (DOW) transform. The 
modified SIFT enables real‐time applications or embedded systems for home robot products. Two different 
types of home robots, such as cleaning and service robots serve as a tested platform of the proposed vision‐
based navigation. The experimental results show that the robots can provide acceptable navigation performance 
on unstructured environment in real‐time.

Remembering Exploration 
Jungtae Kim, Daijin Kim
Pohang University of Science and Technology, KOREA
For autonomous mobile robots the robot needs to have some ability like navigation which is mainly consisted 
of localization and map‐building. The method to find new area for map‐building is called exploration. In this 
paper we introduce new exploration method which searches unknown area by reducing the redundant path. 
Unlike the previous study, which focuses on the trade‐off between exploration and exploitation not on 
exploration itself, we suggest novel exploration method, Remembering Exploration (RE), which emphasizes 
exploration itself. For comparing our method with the previous methods we have an experiment in grid‐world 
simulation, and for showing the possibility of RE method in real environment we also have 2D world 
simulation experiment. The experiment results show that our method has the priority over the previous 
method.

Efficient Self‐Localization of Mobile Robot using High Accurate Geo‐Location System with Position 
Tracking Bias
Gon‐Woo Kim1, Moon‐Kyou Song1, Sang‐Moo Lee2

1Wonkwang University, KOREA, 2Division of Applied Robot Technology Korea Institute of Industrial 
Technology, KOREA
In this paper, we propose a high accurate geo‐location system based on a single base station, where its 
location is obtained by Time‐of‐Arrival (ToA) and Direction‐of‐Arrival (DoA) of the radio signal. For 
estimating accurate ToA and DoA information, a Multiple SIgnal Classification (MUSIC) is adopted. The 
position tracking bias for mobile robot localization is occurred by the time delay caused by the estimation 
process using MUSIC algorithm. For accurate self‐localization of mobile robot, the Unscented Kalman Filter 
(UKF) with position tracking bias is applied. The simulation results show the efficiency and accuracy of the 
proposed geo‐location system and the enhanced performance when the Unscented Kalman Filter is adopted for 
mobile robot application.

3D Terrain Reconstruction Using 2D Laser Range Finder and Camera Based on Cubic Grid
Ji Hoon Joung, Kwang Ho An, Jung Won Kang, Woohyun Kim, Won Hwa Kim, Myung Jin Chung
KAIST, Korea
In this paper, we present the method of 3D terrain reconstruction with color information from a camera and 
precise distance information from a 2D LRF(Laser Range Finder) with less data. We obtain extrinsic 
parameters between a camera and LRF using planar pattern to fuse two sensors. The obtained 3D terrain 
model is based on points and requires large amount of data. To reduce the amount of data, we use cubic 
grid‐based model instead of point‐based model.
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Connectivity‐based Beacon Localization in Sensor Networks
Shinkyu Park, Kongwoo Lee, Jeongsik Choi, Beomhee Lee
Seoul National University, KOREA
In robot based‐beacon localization, grid mapping and state estimation using the extended Kalman filter (EKF) 
are well known localization methods. There are some necessary approximations needed for state estimation 
when the EKF is employed: linearization and Gaussian assumption. These approximations lead to mismatch 
between estimated state and real state, and this error accumulates as traveled distance of a robot increases. 
This approximation error generates errors in the both robot and beacon positions. In this paper, we propose 
error reduction method which reduces influence of the approximation error. By incorporating the connectivity 
between beacons, where the connectivity is established by computing the distance between relevant beacons, 
into the beacon localization algorithm, the performance of this algorithm is improved in terms of the position 
error.

Design of Wireless Robot‐PNP for Intelligent Service Robots 
Chang Seog Song, Yeon Geol Ryu and Myung Jin Chung
KAIST, KOREA
Previous robot is a device assembly‐type for a specific purpose accomplishment. However, a recent intelligent 
service robot needs the capability which automatically searches Hardware & Software & Operating System in 
a complex indoor environment, and recognizes those as own element, like PNP(plug and play). But a general 
Robot‐PNP technology is based on a wire USB interface which connects with a sensor or actuator by cable 
and it is able to connect with only robot platform and devices. In this paper, we propose a wireless robot‐
PNP for intelligent service robot. Proposed wireless robot‐PNP can search and recognize peripheral devices 
without direct connecting to a robot body. It is used IEEE 802.15.4 as a wireless connectivity and consisted 
of six modules (Device Discovery module, Event Management module, Device List Management module, 
Device Profile Analysis module, Service Discovery module, Device Control module). Proposed wireless robot‐
PNP can autonomously recognize peripheral devices, including the mutual recognition with peripheral devices 
and control those like a robot's own component.

A Robot Component Container for Open Platform for Robotic Services (OPRoS) 
Choulsoo Jang1, Seungwoog Jung1, Byoungyoul Song1, Minsoo Ryu2, Cheolhoon Lee2

1ETRI, KOREA, 2Hanyang University, KOREA, 3Chungnam National University, KOREA
The Open Platform for Robotic Services(OPRoS) provides the software component model standard for 
reusability and compatibility of the robot software components in the heterogeneous communication network. 
The robot component container for OPRoS manages the lifecycle of components and the communications 
between components, and coordinates the execution of components. In this paper, we will introduce the 
component model of OPRoS and the container for the proposed model.

Marionette‐type Remote Motion Control of Humanoid for Tangible Tele‐Meeting
Jungmin Yoo1,2, Euntai Kim1, ChangHwan Kim2

1Yonsei University, KOREA, 2KIST, KOREA
This paper describes a marionette‐type control method to adapt captured human motions to a humanoid robot 
in real‐time for the tangible tele‐meeting system. The robot is used as a tangible avatar to imitate the 
movements of an actor, who is in the long distance. For adapting movements, the structural difference 
between the actor and the avatar is the main problem. The degree‐of‐freedoms and segment lengths of each 
arm of the avatar are not the same as those of the actor. To resolve this problem, we introduce the strategy 
to control a typical marionette. In virtual space governed by robot dynamics, a marionette that has the 
physical properties of the avatar is moved by strings attached to the actor’s body. The motion information of 
the virtual marionette is transferred to the tangible avatar and makes it imitate actor’s postures. Experiments 
show that the method works well adapting complex human upper‐body movements in real‐time.

Integral Image for Triangular Masks 
Jean‐Charles Bazin and Inso Kweon
KAIST, KOREA
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Filtering an image with a mask is one of the most common operations in image processing. For faster 
execution, Viola and Jones [1] have proposed the method of integral image which is able to convolve the 
image with a uniform rectangular mask very quickly. This paper aims to extend the concept of integral 
images for triangular masks. As an application of our method, we show some results of real‐time and 
automatic triangle object detection, which is an important issue in computer vision.

Morphological Human Body Motion Capture Using Disparity Map 
Sewoong Jun, Jongbae Lee
KETI, KOREA 
This paper presents a new real‐time system to acquire pose information of human torso such as body, arm 
and head. The system does not need any visual marker or device to wear on human body and adopted stereo 
camera to obtain robust system against for illumination and complex background without position initialization 
of articulated objects. We present a solution to estimate self‐occluded body objects when human model 
behaves normal action towards the camera. The main idea of the solution is to apply a component labeling 
techniques on sliced disparity map, and found the arm position when the arm is located in front of basis 
distance of body and we could also found arm location when the arm is located on the basis distance with 
Morphological methods. From this method, we can obtain the Torso shape considering self‐occlusion. It is 
simple and fast in comparison with other methods which satisfy real‐time performance and accuracy of object 
tracking at the same time. Furthermore, the method has not boost‐trapping problems, it makes the system can 
work without initialization in the starting. As the result of experiments, we obtained the reliable motion data 
of articulated object motion under various costume and body type of models.

Robust Background Maintenance For Dynamic Scenes With Global Intensity Level Changes 
Kapje Sung Youngbae Hwang In‐So Kweon
KAIST, KOREA
In background subtraction, the maintenance of significant backgrounds is very critical under various scene 
changes. In this paper, we propose a background maintenance method for dynamic scenes including global 
intensity level changes caused by the changes of illumination conditions and camera settings. If global 
intensity level changes abruptly, the conventional background model cannot discriminate true foreground pixels 
from the background. The proposed method immediately modifies the background model based on the 
estimation of level changes by mean‐shift. Saturated pixels are handled by an additional scheme. In real‐world 
experiments for dynamic scenes, our proposed method outperforms previous methods by adaptive background 
maintenance and handling of saturated pixels.

Robotic System for Searching Cracks beneath Bridge
Je‐Keun Oh, Giho Jang, Hyunchul Lee, Se Min Oh, Seung‐Chul Lee, Youngjin Choi, Byung‐Ju Yi, Hai Won 
Yang, Jeong Ho Lee, Young Shik Moon
Hanyang University, KOREA
This paper proposes a robotic system for searching cracks beneath bridges. This robotic system for bridge 
inspection has been developed with aims of checking the safety status of a real bridge and gathering accurate 
data such as crack widths and lengths. The developed robot system is composed of the moving mechanism 
mounted on a specially designed car and the vision system for precise inspection. Especially, this paper 
emphasizes the system integration method to design and control the entire robot system.

Dynamical Balancing Control for Stable Walking of Quadruped Robot 
Minkyu Won1, Taehun Kang2, Wan Kyun Chung1

1POSTECH, KOREA, 2Pohang Institute of Intelligent Robotics, KOREA
In this paper, dynamical balancing control method for dynamic walking of quadruped robot is developed. 
Usually in static walking, robot can maintain the stability easily with the static stability criteria. However in 
dynamic walking, because of the high speed, the static stability index cannot be acceptable. Dynamic walking 
is basically unstable walking with respect to the static point of view. Dynamic walking robot is easy to lose 
its balance and tumble down at some situation: 1) At acceleration or deceleration; 2) External forces is 
exerted; 3) On the rough terrain. The suggested control method is from the robot posture information. The 
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roll, pitch angle and angular velocity of trunk measured and the reaction force of feet, for compensating these 
factors, is generated. This algorithm is well tested in dynamic simulation environment. In the simulation, robot 
can maintain the body posture on the inclined balancing board, and it is returned to the equilibrium state at 
the external forces are exerted.

Sound Pressure Comparison for Detecting Incorrect Sonar Measurements
Kyoungmin Lee, and Wan Kyun Chung
POSTECH, KOREA
In this paper, we address the problem of detecting incorrect sonar measurements. We use ideas from 
inconsistency of information among sonar measurements together with the sound pressure of the wave from 
the sonar sensor to develop new method to detect incorrect sonar readings. From various experiments, the 
method called the sound pressure comparison (SPC) is confirmed that it is better than existing method at 
deciding the true state of sonar measurements.

Development of Ultrasonic Sensors with Water Repellent Screen 
Bo‐Yeon Kim1, Ju‐Yeon Kim2, Youn‐Kuk Ahn3, Duck‐Hee Choi3, Byoung‐Geuk Kim3

1Cheshire Academy, USA, 2Cheshire Academy,USA, 3Hagisonic Co., Ltd, KOREA
Ultrasonic sensors have been used for detecting and positioning of obstacles in a mobile robot and for factory 
automation of mass production line and so on. Especially, in outdoor environment, closed (waterproof) 
ultrasonic sensors have been widely used. However, the closed ultrasonic sensors have shown low energy 
conversion efficiency between electrical energy and mechanical power. In this study, we developed the new 
types of ultrasonic sensors by employing a water repellent screen on an open type ultrasonic sensor in order 
that the ultrasonic sensors might have both waterproof performance and high energy conversion efficiency. 
Water repellent liquid was applied to the several types of screens under different conditions and the 
performance was examined. Moreover, we fabricated new types of ultrasonic sensors with both water repellent 
performance and anisotropic ultrasonic beam directivity as well as the conventional types of ultrasonic sensors 
with water repellent screens. The designed ultrasonic sensors were very effective for intelligent robots.

Zero‐Crossings with Cross‐Correlation in ZCTD Model 
Byoung‐gi Lee, Jongsuk Choi
KIST, KOREA
Zero‐crossing‐based interaural time differences estimation (ZCTD) model is an essential component for a 
binaural sound source localization algorithm. This estimates ITD from the time difference of a pair of zero‐
crossing points from left and right ears. To find the corresponding counterpart on the right to a left zero‐
crossing point, it needs the information on the HRTF (head‐related transfer function). But at times, the HRTF 
is not available or its effect is meager. We propose a HRTF‐free pairing way by cross‐correlation. This will 
be useful when the microphones of ZCTD system are in obstacle‐free field.

Empirical Evaluation of Learning Machines for P300 Detection 
Han G. Jo, Chung K. Lee, Sun K. Yoo
Yonsei University, KOREA 
A brain‐computer interface (BCI) is a system that provides a new communication channel for people with 
severe motor disabilities. This paper presents a study about the empirical evaluation of learning machines to 
detect P300 component that is used to BCI operation. The multi linear regression and neural network was 
tuned using data from training sets and then applied to data from validation sets. The experimental results 
from multi linear regression and neural network are achieved about 75% and 83.3% accuracy respectively. 
Based on the empirical evaluation, computerized detection of P300 can be used to communicate between 
human and computer (Robot) in case of a physically handicapped person.

Human Pose Estimation Based on Common Body Component Analysis 
Seong‐Sik Cho, Hye‐Min Chang, Gerard J. Kim, and Seong‐Whan Lee
Korea University, KOREA
Vision‐based human pose estimation is a challenging problem due to self‐occlusion, the complex articulated 
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structure of the human body, deformations, pose variations and anthropometrical differences. Most previous 
approaches model the poses using skeletons with the torso at its root, based on the assumption that the torso 
is the least varying part and unoccluded for a given pose. Such an approach is limited in that it cannot 
detect poses that incur significant changes in the body parts, especially, the root body part such as the torso, 
and may require a high number of similar exemplars for the same pose category. In this paper, we propose 
an improved human pose estimation method based on the “common body” components in which the least 
moving and varying body part can be designated and used in the pose matching process in a flexible manner. 
We show, through implementation and experiments, that such an extension improves the estimation accuracy 
relative to the number of exemplars required. And we compare the localization accuracy between Mori’s 
approach and our proposed method with CMU Mobo data and aerobic pose data. Our proposed method show 
significantly lower error overall and achieved up to about 85% of recognition accuracy.

Pointed Object Segmentation for Service Robots
Hyung‐O Kim, Soohwan Kim, Sung‐Kee Park
KIST, KOREA
This paper describes how to extract a unknown object pointed by a person while interacting with a robot. 
Our proposed method consists of two stages: the detection of the operators' face and the estimation of the 
pointing direction, extraction of the pointed object. The operator's face is recognized by using the Haar‐like 
features. Then, from the shoulder‐to‐hand line we estimate the pointing direction. Finally, we segment an 
unknown object from 3D point clouds in region of interest. We implemented a object registration system with 
our mobile robot and obtained reliable experimental results.

Continuous Variation Estimation for Tensor‐Based AAM 
Hyung‐Soo Lee, Daijin Kim
POSTECH, KOREA
To obtain robust AAM fitting, we proposed a tensor‐based AAM in our previous work which estimates the 
pose, expression, and illumination variations of the input image and generates variation‐specific AAM basis 
vectors. However, the discrete variation estimation which is used for tensor‐based AAM did not work well, 
when the input image has the facial pose, expression, and illumination which are not included in the training 
images. In this paper, we propose a continuous variation estimation, where each variation is approximated by 
a mixture of its constituent basis vectors. The experimental results show that the continuous variation 
estimation obtain more precise mixture coefficient vectors for the input images and generate more appropriate 
AAM basis vectors; as a result, it reduce both fitting error and the number of iterations required for fitting.

Two Methods to Speed up ICP Algorithm : Hierarchical Model Point Selection and Logarithmic Data 
Point Search
Daehwan Kim, Daijin Kim
POSTECH, KOREA
Iterative closest point (ICP) algorithm is widely used for registering the geometry or shape data but requires a 
long computation time to find the corresponding closest points between the model points and the data points. 
To reduce the computation time, we propose two speedup methods: hierarchical model point selection (HMPS) 
and logarithmic data point search (LDPS). HMPS reduces the search time by limiting the region to be 
searched of the data points corresponding to a model point effectively. LDPS reduces the search time by 
visiting the data points within the region to be searched using 2D logarithm search. The HMPS can be 
operating together with the LDPS as well as any search method. To evaluate the speed of the ICP using two 
proposed methods, we apply it to the 3D human body motion tracking. Experimental results show that the 
ICP using two proposed speedup methods is about 20 times faster than the existing ICP.

The Emotional Expression of the Facial Robot Using the Reaction Decision Model 
Myoung‐Soo1, Jang Kyung‐Geune Oh2, Seung‐Jong Kim2, Shin‐Suk Park1

1Korea University, KOREA, 2KIST, KOREA
The technologies related to how to make robots express emotion are important aspects of the studies of 
intelligent robots. Thus, in this article, we present a developmental method for generating emotions and human
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‐like facial expressions in a robot named ‘Buddy.’ The variety of information collected by sensor in the 
external environment was analyzed by using the process of ‘Stimuli Definition & Appraisal’. Then, the 
translated data were used to generate emotions. Next, a Reaction Decision Model was used to correlate the 
generated emotions with the corresponding human facial expressions based on the research about personality 
theories in the field of psychology. Last, the robot’s emotions were expressed by Action Coloring, a three‐step 
process. The first step is generating part of the facial expression. The second step is collecting data and 
information related lip synchronization and gestures. The third step is combining the appropriate components 
of the three expressions. All of the expressions are operated from an external environment to control the 
robot’s emotions and personality. Our approach using these methods and the results obtained confirmed the 
feasibility of developing intelligent robots that can interact with human beings.

Architecture of an Unmanned Underwater Vehicle Simulator 
S. H. Jeon, S. K. Lee, Nakju Lett Doh
Korea University, KOREA
The architecture of an Unmanned Underwater Vehicle simulator in this paper is divided into six domains: 
initialization, physical, database, algorithm, virtual and debug domain. Associating with these six domains, a 
simulator is developed with the compound of MATLAB and Microsoft Visual C++. Reduced effort in coding 
algorithms with built‐in functions of MATLAB and convenient debugging by interrupting the simulation is 
possible with the simulator.

Odometry Accuracy Improvement for a Car‐Like Mobile Robot 
Kwanghyun Yoo, Woojin Chung
Korea University, KOREA 
Recently, automatic parking assist systems are commercially available. In order to achieve automatic parking, a 
pose recognition problem is one of the most challenging issues. Odometry provides fundamental pose 
estimations for wheeled vehicles. For accurate and reliable pose estimation, systematic and nonsystematic errors 
of odometry should be reduced. This paper focuses on systematic error sources of a Car‐Like Mobile Robot 
(CLMR) and proves an odometry calibration method that was suggested in previous researches. Kinematic 
parameters of CLMR can be successfully calibrated by only a couple of test driving. Experimental 
verifications are carried out by using a radio‐controlled miniature car. Simulations are also performed in order 
to rationalize our calibration method.

Improvement of Feature‐based Object Recognition Using Affine Transformation for Mobile Robot 
Navigation
La Tuan Anh and Jae‐Bok Song
Korea University, KOREA 
Object recognition is very important in indoor navigation because objects are easily found in indoor 
environments. Feature‐based object recognition methods such as SIFT and SURF are currently used because of 
their computational efficiency and robustness to various transformations, such as rotation, scaling, or small 
affinity. However, when a robot moves in the environment, a change in viewpoint of an object becomes large 
in most cases, which lowers the object recognition rate. To deal with this problem, this paper proposes a 
method for creating additional images seen from different viewpoints for the same object using affine 
transformation. These additional models can enhance the object recognition rate even for the case of a large 
change in viewpoint. Various experiments were conducted on locally planar objects such as pictures, posters, 
and so on. The experimental results showed that the proposed method could improve the object recognition 
rate significantly.

Longitudinal Motion Control based on Unmanned Aerial Vehicle Model
Heesung Chae, Wonpil Yu
ETRI, KOREA
Unmanned Aerial Vehicles (UAVs) have become prominent and feasible solutions for many applications from 
the civilian to the military sectors. The many advantages of the UAV has made possible to do military 
service such as reconnaissance, surveillance, battle damage assessment, and communications relays [1][2]. 
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Civilian and commercial applications are not developed as well as military applications. Possible applications 
of UAV technology include environmental monitoring (pollution, weather, and scientific applications), forest 
fire monitoring, border patrol, traffic monitoring, mapping, and rescue. In this paper, we focus on the 
modeling and simulation for UAV. We will show the feasibility of UAV from the simulation results although 
we did not reach the experiment.

Inter‐Integrated Circuit Communication in Mobile Robot Application 
Surachai Panich
Srinakarinwirot University, THAILAND
This paper will explain a communication between mobile robots and sensors using in robot application or 
mobile robot research. The hardware interface with the Inter–Integrated Circuit System or shortly I2C bus 
system will be mainly described here. The mobile robot components, I2C bus system and some I2C slave 
devices are also introduced. Finally, the software is developed to control sensor data from the robot (master 
device) to slave devices based on the I2C bus with C++.

A Wall‐Climbing Robot with Pneumatic System
Surachai Panich, Kittinut Khumkiatkul, Preeda Tungnapagorn, Chairit Wuthishuwong, Witthaya Kleebmek
Srinakarinwirot University, THAILAND
Up until the present time, the highly building wall has always dangerous to human life who necessarily works 
on the wall such as wall cleaning, but robotics is a good solution that should be extremely developed to 
overcoming. A novel, simple wall‐climbing robot has been devised and prototyped which has many methods 
to design robot. This paper has the purpose to construct and develop a wall‐climbing robot. With pneumatic 
system is mainly to construct the robot, which consists of many devices, vacuum generator for holding, 
pneumatic cylinder for movement, solenoid valves for airline control, and others. In mechanic design, the leg 
mechanism is the main mechanical design task. The leg mechanism has 2 degree of freedom moving in 
parallel and perpendicular direction with the wall. The robot can move on the wall in diagonal line comparing 
with its body. Lastly, simple intelligent algorithm is developed by C++ language program that increases robot 
performance.
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