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Welcome Message
On behalf of the ROBIO 2006 Conference Organizing Committee, we would like to extend a
warm welcome to you all to the 2006 IEEE International Conference on Robotics and Biomimet-
ics. ROBIO is a young and well-respected annual conference, and the Kunming meeting is the
third ROBIO after the inaugural Shenyang meeting in 2004 and the Hong Kong meeting in 2005.
ROBIO is indeed becoming an excellent forum for researchers in robotics and biomimetics from
Asia as well as around the world to exchange their ideas and latest results. A record 608 papers
were submitted to this year’s conference, from six continents and 29 countries, roughly one third
of which come from outside mainland China. After a thorough review process, 288 or 47% of the
submitted papers were accepted into ROBIO 2006’s technical program, which runs from three days
on December 18, 19, and 20, 2006 in six parallel tracks. In addition, we are pleased to complement
the technical program with three plenary talks by world renowned researchers of our �eld.

The host city of ROBIO 2006, Kunming, is known also as �the City of Eternal Spring� for its
mild climate throughout the year. Kunming is the capital city of Yunnan Province, which is home
to 26 ethnic minorities in China. The city naturally serves as the gateway to the numerous tourist
attractions in this beautiful part of the country, two of which are featured as a part of ROBIO’s
cultural program, Stone Forest (Shilin) and Lijiang (Beautiful River). While Shilin just outside of
Kunming is known for its bewitching karst landform, Lijiang is the home of the ancient Dongba
culture, which is well-preserved today. Lijiang is the only Chinese city listed on UNESCO’s World
Cultural Heritage list, where some tourists are known to be so overwhelmed by the harmonious
union of nature and civilization that they arrive only to never leave. You are all cordially invited to
join one of the post-conference tours for a rich cultural experience.

ROBIO 2006 has been the effort of many colleagues, volunteers and friends. We would like
to take this opportunity to express our gratitude for their help. The members of the Program
Committee worked very hard to produce informative feedback to the authors; the members of
the organizing committee contributed signi�cantly to the success of the conference. The �nancial
assistance of the Chinese National Science Foundation, Peking University and Beijing Institute
of Technology is gratefully acknowledged. Finally, we would like to thank the authors who have
contributed papers to the conference. This is your conference to be enjoyed and celebrated. Have
a pleasant stay in Kunming, Yunnan, and China. We hope to see you all again next year in ROBIO
2007!

Hong Zhang, University of Alberta, Canada Hongbin Zha, Peking University, China
General Chair Program Chair
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Conference Information
4-day Conference Schedule

The conference technical sessions and social functions cover a three-day period, from Monday to Wednesday, Decem-
ber 18-20. The overall schedule is shown in the table below.

Sunday, Dec 17 Monday, Dec 18 Tuesday, Dec 19 Wednesday, Dec 20

Plenary I Plenary II Plenary III
Technical Sessions (M1) Technical Sessions (T1) Technical Sessions (W1)

Registration Technical Sessions (M2) Technical Sessions (T2) Technical Sessions (W2)
Technical Sessions (M3) Technical Sessions (T3) Technical Sessions (W3)

Welcome Dinner Awards Banquet Farewell Reception

Conference Registration

The conference registration desk, located on the �rst �oor of Green Lake Hotel, will be open according to the schedule
below for on-site registration as well as for the pre-registration attendees to pick up their registration package.

Day Time

Sunday December 17 12:00 - 20:00

Monday December 18 08:30 - 17:00

Tuesday December 19 09:00 - 17:00

Wednesday December 20 09:00 - 12:00

Audio-Visual Equipment

There will a data projector, a pointer, a microphone and a computer available in all rooms. Anything else required
must be requested by the authors.
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Email and Computer Facilities

Wired internet access will be available in Room Misty Rain (See �oor plan in Figure 3), December 18-20 from 09:00-
17:00. Wireless internet access will be available throughout Green Lake Hotel.

Transportation

Taxis are available from the Kunming International Airport to the conference hotels for approximately $4 or 30 RMB.
Travel time from the airport to the hotel is approximately 20-30 minutes, depending upon the traf�c.

Lunches

Buffer lunches will be provided to all registered ROBIO participants, on Decmber 18, 19, and 20, served at Belvedere
Western Restaurant/Jianye Chinese Restaurants on the �rst �oor of Green Lake Hotel. Additional lunch tickets can be
purchased for $20 or 160 RMB per ticket at the ROBIO Registration Desk.

Social and Cultural Functions

Welcome Dinner will be held on December 18 at Jixin Expo Restaurant at 18:30. Buses leave Green Lake Hotel at
17:30 to transport conference delegates to the restaurant, and bring people back to Green Lake Hotel around 20:30.
A limited number of extra dinner tickets are available to spouses and friends of registered delegates at the cost of $50
or 400 RMB per ticket.

The conference Awards Banquet will be held in the Golden Ballroom at Green Lake Hotel on December 19 at 18:30.
Banquet tickets are issued to registered delegates. In addition, a limited number of extra banquet tickets are available
to spouses and friends of the registered delegates at $50 or 400 RMB per ticket.

A one-hour Farewell Reception will take place on December 20 at 17:30 in the foyer area of the conference level of
Green Lake Hotel. All delegates are invited to the reception, but the dinner portion of the evening is left to the delegates
to explore Kunming on their own. Information about the city is available at the hotel as well as the registration desk.

ROBIO will organize a one-day tour to Stone Forest (Shilin) on December 21, and a two-day (three-day) tour to
Lijiang, leaving Kunming on December 21, staying in Lijiang for one night (two nights), and returning to Kunming
on December 22nd (23rd). Details of these tours, as well as tourist information about Yunnan and China in general,
are available at the desk of ROBIO’s of�cial travel agency, YOTC, located next to the conference registration desk.
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Kunming Local Guide
City of Kunming

ROBIO 2006 will be held in Kunming, capital of Yunnan Province in southwest China. Kunming can be conveniently
reached via direct �ights from a number of major Asian cities including Hong Kong, Osaka, Singapore, Seoul, Kula
Lumpur, and Bangkok, and via frequent daily domestic �ights from all major Chinese cities. The conference hotel,
Green Lake Hotel, is only 20-30 minutes by taxi from Kunming International Airport.

With a history of more than 2,400 years, Kunming owes its importance to the fact that it was the gateway to the
celebrated Silk Road that facilitated trade with Tibet, Sichuan, Myanmar and India. Today the city is the political,
economical and cultural center of Yunnan and the provincial center for transport, science and technology, and conse-
quently has become the most popular center for tourism in Southwest China.

Kunming enjoys a pleasant climate and does its best to live up to its title of �the City of Eternal Spring�. Kunming
is the focal point of Yunnan minority culture. Some 26 ethnic minorities, such as Han, Yi, Bai, Miao, Dai, and Hani,
inhabit the region. The hugely successful 1999 International Horticultural Exposition enhanced Kunming’s in�uence
in the world.

Stone Forest (Shilin) is the most highlight attraction in Kunming with its alluring highland scenery, bewitching karst
landform. In addition varied and exotic habitats and customs and places of historical interest can be found at major
scenic spots such as Dianchi Lake, the Village of Ethnic Culture, Grand View Pavilion, etc.

Lijiang

ROBIO 2006 will organize a post-conference trip to the city of Lijiang, some 600 km northwest of Kunming. Lijiang
is the only Chinese city listed on UNESCO’s World Cultural Heritage list. With a history of 1,300 years, it is generally
referred to as the Old Town of Lijiang, home to the ancient Dongba culture and a major scenic area in China.

Lijiang is heavily populated by people of Naxi nationality. It is the county seat of the Naxi Autonomous County.
It is situated on a plateau at an elevation of 2,600m and is impressive because of its scenery and lush vegetation.
With the Jade Dragon Mountain as backdrop, the old town has adapted itself harmoniously to the natural scenery.
The architecture is especially noteworthy for the blending of elements from several cultures that have come together
over many centuries. Lijiang maintains an ancient water-supply system of great complexity and ingenuity that is still
functioning effectively. The people of Naxi, while developing their land of snow-clad mountains and turbulent rivers
since ancient times, have to their credit the �Dong Ba Culture� seen as one.
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Figure 1: A map of the Green Lake Hotel area.

Figure 2: The address of Green Lake Hotel in Chinese.
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Green Lake Hotel Conference Level - Kunming

Figure 3: Plenary talks will be held in Golden Ballroom, and Track 1 through 6 parallel technical sessions will be held
in Room Haitang, Chahua, Mudan, Lake Side, Sporting Seagull, and Blooming Flowers, respectively. Internet service
will be available in Room Misty Rain.
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Plenary Talk I

Monday December 18, 2006, 09:00-10:00
Golden Ballroom, Green Lake Hotel Conference Level

Autonomous Navigation: Achievements in Complex
Environments

Martin E. Adams
School of Electrical and Eletronics Engineering
Nanyang Technological University, Singapore

Abstract: Over the past decade, challenging applications for autonomous robots have been identi�ed, in the ar-
eas of servicing crowded, built-up areas, mining, search and rescue operations, underwater exploration and airborne
surveillance. Autonomous navigation arguably remains the key enabling issue behind any realistic commercial suc-
cess in these areas. Consequently, autonomous robotic research has focused on large scale and long term navigation
algorithms, sensing technologies, robust sensor data interpretation and map building.

The recent breakthroughs which contribute to the success of outdoor �eld robotics, and remaining fundamental re-
search issues involved, will be the theme of this presentation. The most successful robot navigation algorithms to-date,
have been derived from a probabilistic perspective, which takes into account vehicle motion and terrain uncertainty
and sensor noise. Over the past decade, an explosion of interest in the estimation of an autonomous robot’s location
state, and that of its surroundings, known as simultaneous localisation and map building (SLAM), is evident. New
algorithms which represent uncertain information based on particle �lters and Gaussian mixture models, as well as the
more classical Kalman �lter based techniques, are advancing the progress of a robot’s long term navigation abilities.
This has been signi�cantly aided by recently affordable sensor technologies, including GPS and inertial measurement
units (IMUs) as well as fast and reliable laser range �nders.

To demonstrate the state of the art in autonomous navigation, outdoor research experiments will be demonstrated
within complex, built environments, jungle terrain and in the under water domain with an array of vehicles, using
RADAR, underwater SONAR and laser range �nders. Finally, new research, which correctly addresses the, often
previously ignored, fundamental issues of observability, sensed target classi�cation and sensor biases will also be
presented. With affordable new hardware, and a wealth of new estimation techniques, autonomous robot technology
is entering a new era in which applications within complex environments becomes achievable.

Brief Biography: Martin Adams is an Associate Professor at the School
of Electrical and Electroni c Engineering, Nanyang Technological University
(NTU), Singapore. He obtained hi s �rst degree in Engineering Science at the
University of Oxford, U.K, in 1988 and continued to study for a D.Phil at the
Robotics Research Group, University o f Oxford, which he received in 1992. He
continued his research in autonomous rob ot navigation as a project leader and
part time lecturer at the Institute of Rob otics, Swiss Federal Institute of Tech-
nology (ETH), Zurich, Switzerland. He was employed as a guest professor and
taught control theory in St. Gallen (Switzerla nd) from 1994 to 1995. From
1996 to 2000, he served as a senior research scienti st in robotics and control,
in the �eld of semiconductor assembly automation, a t the European Semicon-
ductor Equipment Centre (ESEC), Switzerland. His research work focuses on
autonomous robot navigation, sensing, sensor data interpretation and control,
and he has published many technical papers in these �elds. He has been the prin-

ciple investigator and leader of many robotics projects, coordinat ing researchers from local industries and local and
overseas universities and is an associate editor of the International Journal of Systems Science..
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Plenary Talk II

Tuesday December 19, 2006, 09:00-10:00
Golden Ballroom, Green Lake Hotel Conference Level

MCells, Gels and Motion: A Fresh Cellular
Approach to Biomimetics

Gerald H. Pollack
Department of Bioengineering

University of Washington, U. S. A.

Abstract:The cytoplasm is broadly acknowledged to be a polymer gel. Yet, textbook mechanisms build on the
presumption that it is an aqueous solution. The concept of a gel-like cytoplasm is replete with power. Partitioning
of ions between the inside and outside of the cell is directly explainable from the cytoplasm’s gel-like character
and the organization of its water molecules; such partitioning requires zero maintenance energy, unlike ion-pumping
mechanisms. The cell’s electrical potential is also explainable: substantial potentials are measured in gels, as well as
in cells stripped of their membrane. Gels also undergo phase-transition � ransformation of protein and water from one
physical state to another. In undergoing phase transition, the gels change volume, ion content, solvency, permeability,
etc. changes similar to those experienced by organelles within the functioning cell. The polymer-gel phase transition
therefore has the potential to be a central paradigm for mediating many aspects of cell function � particularly movement
and including muscle contraction. These ideas are explored in depth in a recent book (Pollack, �Cells, Gels and the
Engines of Life,�, 2001, www.ebnerandsons.com). Movement by phase-transition is in fact the basis of many types of
arti�cial motion. Hence, the broadly taken approach to arti�cial motion is in many ways similar to the approach taken
by nature. These similarities will be discussed in the lecture.

Brief Biography: Prof. Gerald Pollack received his B.S.E.E. from Poly-
technic Institute of Brooklyn in 1961 and his Ph.D. in Biomedical Engineer-
ing from University of Pennsylvania in 1968. He has been with University of
Washington since 1968 where he is now a professor of Bioengineering. Dr.
Pollack has received numerous awards in recognition of his research excellence
and professional service. He is a Founding Fellow of of the American Insti-
tute of Medical and Biomedical Engineering, a Fellow of the American Heart
Association, and AHA’s Inaugural Fellow of Council on Basic Cardiovascular
Sciences. He won Distinguished Lecture Award of Biomedical Engineering
Society and IBC’s International Scientist of the Year in 2002, Distinguished
Award of the Society for Technical Communication in 2003 and Merit Award
of the International STC Competition in 2004, for book his book Cells, Gels
and the Engines of Life. His current research interests are in molecular basis of
biological motion, optical image processing, and novel instrumentation.
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Plenary Talk III

Wednesday December 20, 2006, 09:00-10:00
Golden Ballroom, Green Lake Hotel Conference Level

Mobiligence: Emergence of Adaptive Motor
Function through Interaction among the Body, Brain

and Environment
Hajime Asama

RACE (Research into Artifacts, Center for Engineering)
University of Tokyo, Japan

Abstract: Adaptiveness is one of the target functions of research on autonomous robotic systems. However, the
adaptiveness realized in the robotic research so far is quite limited and speci�c to sample problems and systems
con�gurations. On the other hand, all the animals from primitive ones to insects or mammals have commonly the
adaptiveness to behave in an unexpected environment. Such adaptive behaviors are the intelligent sensory-motor
functions, and most essential and indispensable ones for animals to survive.

It must be effective to consult biological systems to �nd the general design principle to realize the adaptiveness
in arti�cial systems as well as robotic systems. However, the secret of the mechanism to realize the adaptiveness in
animals is not yet thoroughly revealed even in biology as well as brain science and neurophysiology. Such an adaptive
function is considered to emerge from the interaction of the body, brain, and environment, which is caused by a subject
to act or move. We call the intelligence for generating adaptive motor function mobiligence.

The Mobiligence project started from 2005, which was accepted as a �ve-year program of Scienti�c Research on
Priority Areas of Grant-in-Aid Scienti�c Research from the Japanese Ministry of Education, Culture, Sports, Science
and Technology (MEXT). The present project is designed to investigate the mechanisms of mobiligence by collab-
orative research in biology and engineering from systematic and synthetic (constructive) approach. In this talk, the
abstract of the project is introduced in contrast to adaptive behaviors achieved in the robotic research so far.

Brief Biography: Prof. Hajime Asama was born on Jan. 18, 1959. He
received MS and DS degrees in Engineering from the University of Tokyo, in
1984 and 1989, respectively. He worked at RIKEN (The Institute of Physical
and Chemical Research, Japan) from 1986 to 2002, and became the professor
of RACE (Research into Artifacts, Center for Engineering), the University of
Tokyo in 2002. He received JSME Robotics and Mechatronics Division Best
Paper Award in 1995, JSME Robotics and Mechatronics Division Academic
Achievement Award in 2000, Best Paper Award of Fanuc FA Robot Foundation
in 2006, etc. He played an editorship of �Distributed Autonomous Robotics
Systems�, its second and �fth volume which were published from Springer-
Verlag, Tokyo in 1994, 1996 and 2002 respectively. He was the IFAC TC chair
on Intelligent Autonomous Vehicles from 2002 to 2005. He is a fellow of JSME
since 2004, and a member of IEEE, JSME, RSJ, SICE, etc. He is the director
of the Mobiligence project in the MEXT Grant-in-Aid for Scienti�c Research

on Priority Areas from 2005. His main interests are distributed autonomous robotic systems, cooperation of multiple
autonomous mobile robots, emergent robotic systems, ubiquitous systems, service engineering, and Mobiligence,
namely emergence of adaptive motor function through the body, brain and environment.

xvii



2006 IEEE ROBIO Program Schedule
December 17-20, 2006, Green Lake Hotel, Kunming, China

SUNDAY DECEMBER 17
12:00 - 20:00 Registration

MONDAY DECEMBER 18
09:00 - 10:00 Plenary I (Martin Adams) - Golden Ballroom
10:00 - 10:20 Coffee/Tea Break
10:20 - 12:20 M1-1 M1-2 M1-3 M1-4 M1-5 M1-6

Robot Vision I Human-Robot
Interaction I

Biomimetics I Mobile Robots I Sensors I Control I

12:20 - 13:30 Lunch Break
13:30 - 15:10 M2-1 M2-2 M2-3 M2-4 M2-5 M2-6

Robot Vision II Human-Robot
Interaction II

Biomimetics II Mobile Robots II Sensors II Control II

15:10 - 15:30 Coffee/Tea Break
15:30 - 17:10 M3-1 M3-2 M3-3 M3-4 M3-5 M3-6

Robot Vision III Human Robot
Interaction III

Biomimetics III Mobile Robots III Sensor Net-
works

Control III

17:30 - 20:00 Welcome Dinner at Jixin Expo Restaurant

TUESDAY DECEMBER 19
09:00 - 10:00 Plenary II (Gerald Pollack) - Golden Ballroom
10:00 - 10:20 Coffee/Tea Break
10:20 - 12:20 T1-1 T1-2 T1-3 T1-4 T1-5 T1-6

Robot Vision IV Human-Robot
Interaction IV

Walking Robots I Mobile Robots IV Manipulation I Control IV

12:20 - 13:30 Lunch Break
13:30 - 15:10 T2-1 T2-2 T2-3 T2-4 T2-5 T2-6

Camera Calibra-
tion

Human-Robot
Interaction V

Walking Robots
II

Localization Manipulation II Control V

15:10 - 15:30 Coffee/Tea Break
15:30 - 17:30 T3-1 T3-2 T3-3 T3-4 T3-5 T3-6

Calibration and
Reconstruction

Cooperative
Robots

Robot Systems SLAM Manipulation III Control VI

18:30 - 20:30 Awards Banquet at Green Lake Hotel

WEDNESDAY DECEMBER 20
09:00 - 10:00 Plenary III (Hajime Asama) - Golden Ballroom
10:00 - 10:20 Coffee/Tea Break
10:20 - 12:20 T1-1 T1-2 T1-3 T1-4 T1-5 T1-6

Robot Vision IV Human-Robot
Interaction IV

Walking Robots I Mobile Robots IV Manipulation I Control IV

12:20 - 13:30 Lunch Break
13:30 - 15:10 T2-1 T2-2 T2-3 T2-4 T2-5 T2-6

Camera Calibra-
tion

Human-Robot
Interaction V

Walking Robots
II

Localization Manipulation II Control V

15:10 - 15:30 Coffee/Tea Break
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Calibration and
Reconstruction

Cooperative
Robots

Robot Systems SLAM Manipulation III Control VI

17:30 - 19:00 Farewell Reception

Session Room Haitang Chahua Mudan Lake Side Sporting
Seagulls

Blooming
Flowers
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Monday, December 18, 2006

Time Room Session Session Title Page

10:20 - 12:20 Haitang M1-1 Robot Vision I 3

Chahua M1-2 Human-Robot Interaction I 4

Mudan M1-3 Biomimetics I 5

Lake Side M1-4 Mobile Robots I 6

Sporting Seagulls M1-5 Sensors I 7

Blooming Flowers M1-6 Control I 8

13:30 - 15:10 Haitang M2-1 Robot Vision II 9

Chahua M2-2 Human-Robot Interaction II 10

Mudan M2-3 Biomimetics II 11

Lake Side M2-4 Mobile Robots II 12

Sporting Seagulls M2-5 Sensors II 13

Blooming Flowers M2-6 Control II 14

15:30 - 17:10 Haitang M3-1 Robot Vision III 15

Chahua M3-2 Human-Robot Interaction III 16

Mudan M3-3 Biomimetics III 17

Lake Side M3-4 Mobile Robots III 18

Sporting Seagulls M3-5 Sensor Network 19

Blooming Flowers M3-6 Control III 20
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Session: M1-1 Monday, December 18, 10:20 - 12:20
Robot Vision I

Chairs: Yasushi Yagi, Huosheng Hu
Room: Haitang

10:20 - 10:40

Integrating Shape and Color Features for Adaptive Real-time
Object Tracking

Junqiu Wang and Yasushi Yagi

We propose an adaptive tracker by selecting reliable features
from color and shape cues. Good features are selected and ap-
plied to represent the target according to the descriptive ability
of these features. The experimental results demonstrate that our
tracking algorithm is robust and ef�cient in the challenging im-
age sequences.

10:40 - 11:00

Vision and Laser Data Fusion for Tracking People with a
Mobile Robot

Nicola Bellotto and Huosheng Hu

We present a multisensor fusion system for tracking people with
a mobile robot using a laser and a camera. The ego-motion of
the robot is also taken into account and the information fused
using an UKF. Finally, multiple tracks are generated and main-
tained with an appropriate data association procedure.

11:00 - 11:20

A Redundancy-Based Scheme to Perform Safe Vision-Based
Tasks Amidst Obstacles

David Folio and Viviane Cadenat

This paper presents a redundancy-based scheme allowing to
avoid both occlusions and obstacles for a mobile robot perform-
ing a vision-based task in a cluttered environment. The pro-
posed method relies on the continuous switch between several
controllers depending on the environment and is validated by
experimental results.

11:20 - 11:40

Stereo SLAM Using Two Estimators
Trung Ngo Thanh, Yusuke Sakaguchi, Hajime Nagahara and

Masahiko Yachida

This paper proposes a new algorithm for Simultaneous Local-
ization and Mapping (SLAM) with omnidirectional stereo vi-
sion. Two estimators are used in the method. The �rst estimator
(a binocular estimator) mostly focuses on the robot trajectory;
the second estimator (a monocular estimator) is devoted to the
map building.

11:40 - 12:00

A Gesture Model and Its Applications in Risk Assessment for
Misrecognition

Jian Lu, Wei Jiang and Kyoko Hamajima

Before the gesture recognition is to be widely used as a new
method for human-robot interface, some measurements are re-
quired for risk assessment and for risk reduction to assure
safety, especially if the interface is to be used in action control
for the robot working in human-robot cooperation style.

12:00 - 12:20

Tracking Chemical Plumes in 3-Dimensions
R. Andrew Russell

This paper considers the problem of tracking airborne chemical
plumes in 3-dimensions with a robot that has a limited capabil-
ity for sensing and following chemical plumes in 3-dimensions.
This paper describes the search strategy and the robot that was
developed to test it as well as presenting practical results.
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Session: M1-2 Monday, December 18, 10:20 - 12:20
Human-Robot Interaction I

Chairs: Shugen Ma, Masahiro Nohmi
Room: Chahua

10:20 - 10:40

Effectiveness of Distributed Pressure and Slippage Force
Presentation in Tactile Virtual Reality

Yiru Zhou, Masahiro Ohka, Tetsu Miyaoka and Yasunaga Mitsuya

In pervious virtual reality systems, haptic presentation devices
have already been developed and their usage discussed. How-
ever, the combination effects of distributed pressure and slip-
page force sensations have not been investigated in spite of their
possibilities for virtual reality systems. In this study, we devel-
oped a mouse capable of presenting combined stimulation to
discuss the combination effects on virtual reality.

10:40 - 11:00

A Wearable Sensor System for Human Motion Analysis and
Humanoid Robot Control

Tao Liu, Yoshio Inoue and Kyoko Shibata

This paper presents a study on the implementation of a wearable
sensor system for quantitative human motion analysis and the
application of the captioned sensor system to humanoid robot
control. A human motion analysis system is considerably in-
expensive compared with the conventional 3D motion analysis
system based on high-speed camera.

11:00 - 11:20

Communication Mechanism Study of a Multi Robot Planetary
Exploration System

Zheng Zhang, Shugen Ma, Binggang Cao and Zhenli Lu

Communication mechanism is a key problem for multi-robot re-
search. The communication characteristics of a recon�gurable
planetary multi-robot system are analyzed. According to the
function requirement of the multi-robot system, enlightened by
the principle of TDMA (Time Division Multiple Address) and
rotational mechanism, a novel multi-robot wireless communi-
cation mechanism is proposed.

11:20 - 11:40

Contact Task by Force Feedback Teleoperation Under
Communication Time Delay

Masahiro Nohmi and Thomas Bock

This paper proposes a new strategy for space teleoperation un-
der communication time delay. Remote manipulator is teleop-
erated through a virtual spring by the new strategy. Basic al-
gorithm is that difference of command and telemetry due to the
time delay is displayed to an operator by force re�ection.

11:40 - 12:00

Building and Understanding Robotics - a Practical Course for
Different Levels Education

Houxiang Zhang, Tim Baier, Jianwei Zhang, Wei Wang, Rong Liu,
Dazhai Li and Guanghua Zong

This practical course deals with a kind of education robotics
system whose object is to offer a chance to different levels of
students to acquire knowledge about robotics. This learning
process will involve the students, as they can design and build
their own mobile robot according to their ideas, program and
test it personally. In our implementation, the mechanical parts
are based on LEGO bricks and our new designed output and
input bricks as a physical platform.

12:00 - 12:20

Event Based Methodology for SuperMedia Enhanced
Teleoperation

Yang Liu, Ning Xi, Amit Goradia and Yonghui Xue

In this paper, analysis and design of event based methodology
for the SuperMedia enhanced bilateral Internet-based teleoper-
ation are described. Stability of teleoperator system is proved
and stability conditions are also given. The algorithm is veri�ed
by a simulation and results demonstrate the effectiveness of this
methodology.
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10:20- 10:40

A Numerical Analysisof an Undulatory MechanicalFin Dri ven
by ShapeMemory Alloy

YonghuaZhang,Laibin Jia,JianhuiHe,JieYang,ShiwuZhangand
KinhuatLow

A three-dimensionalunsteadycomputationof an undulatory
mechanical�n driven by ShapeMemory Alloy is performed.
Pressuredistribution on �n surface was computedand inte-
gratedto provide �n forceswhich were decomposedinto lift
andthrust. A comparisonwasconductedto reveal the gener-
ateddynamicforceaccordingto kinematicparameters.

10:40- 11:00

Designand Investigationof ShapeMemory Alloy Dri ven
Flexible Pectoral Fin

YonghuaZhang,JianhuiHe,JieYang,ShiwuZhangandKinhuat
Low

Introducemechanicalstructureandcontrol circuit. Createde-
formation model of SMA �n. Achieve the following exper-
imental results: relationshipbetweenthe tip displacementof
SMA plateandtheoutputvoltageof straingauge;relationship
betweenheatingcurrentandmaximal�n tip displacement;re-
lationshipbetweenheatingcurrentandrespondingspeed.

11:00- 11:20

Visual Tracking of Multiple Robotic Fish for Cooperative
Control

JunzhiYu, Yimin Fang,LongWangandLizhongLiu

This paperinvestigatedvisual trackingof multiple biomimetic
robotic�sh whichswimtogetherto achievesomespeci�c tasks
in underwaterclutteredenvironments. Taking accountof sur-
roundingbackgroundand kinematiccharacteristicsof swim-
ming �sh, a novel color-index-basedidenti�cation approachis
presented,whichis capableof identifyingmulti-�sh rapidlyand
robustly.

11:20- 11:40

Thr owing Objects - A Bio-Inspir edApproachfor the
Transportation of Parts

HeinzFrank,NorbertWellerdick-Wojtasik,BiancaHagebeuker,
GregorNovakandStefanMahlknecht

Basedon the fact that in naturethehighestspeedsarereached
at �ight, a bio-inspiredtechnicalapproachfor the fast trans-
portationof objectsby throwing is described.During the�ight
a catchingdevice with a 3D-camerafollows the object like a
raptorwhich is huntingaprey.

11:40- 12:00

Estimation of SurfacePropertiesUsingA NewRobotic Finger
Kiyoshi Ioi, Hirofumi MaedaandRyoSato

We presentsimultaneousestimatingthe position and the me-
chanicalimpedanceof unknown surfacesusinga new robotic
�nger. Successfullytreatingsucha simultaneoussensingde-
vicewill contributeto reducingtheinspectiontimerequiredfor
industrialproducts,andcould alsobe useful for detectingun-
known surfacessuchasin disasterzones.

12:00- 12:20

Elliptic Trajectory Generation for Galloping Quadruped
Robots

KyeongYongKim, OhungKwon,JeSungYeonandJongHyeon
Park

Despitethefactthatarunningleggedrobotcanbesimplymod-
eledby aspringloadedinvertedpendulumandthetrajectoryof
its centerof gravity is approximatedasa ball on the rebound,
themotionsof its swingingleg andsupportingleg arevery im-
portantto run stably. In many previous works, trajectoriesof
legscouldeasilydeviatefrom their workspaceof legsandthus
make therobotsunstable.
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