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Plaza, Beppu, Oita, Japan except in Oita, Japan (AROB 5th *00)
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be held on 28-30 January, 2004, at B-Con Plaza, Beppu, Oita,
Japan. This symposium invites you all to discuss development
of new technologies concerning Artificial Life and Robotics
based on simulation and hardware in the twenty first century.

OBJECTIVE

The objective of this symposium is the development of new
technologies for artificial life and robotics which have been
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fields. This symposium will discuss new results in the field of
artificial life and robotics.
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MESSAGE

Masanori Sugisaka
General Chairman of AROB
(Professor, Oita University)

It is my great honor to invite you all to the upcoming International Symposium on
Artificial Life and Robotics. The first symposium was held in February (18-20) 1996, B-Con
Plaza, Beppu, Oita, Japan. That symposium was organized by Oita University under the
sponsorship of the Japanese Ministry of Education, Science, Sports, and Culture
(Monbusho), and co-sponsored by Santa Fe Institute (USA), SICE, RSJ, and IEEJ, (Japan). I
would like to express my sincere thanks to the Science and Technology Policy Bureau,
Ministry of Education, Culture, Sports, Science and Technology (Monkasho), Japanese
Government, for their repeated support.

This symposium is supported by Monkasho, Air Force Office of Scientific Research, Asian
Office of Aerospace Research and Development (AFOSR/AOARD) and other institutions. The
symposium invites you to discuss the development of new technologies in the 21st century,
concerning Artificial Life and Robotics, based on simulation and hardware.

We hope that AROB will facilitate the establishment of an international joint research
institute on Artificial Life and Robotics. I hope that you will obtain fruitful results from the
exchange of ideas during the symposium.

M. Sugisaka

December 20, 2003



MESSAGE

Hiroshi Tanaka
Program chairman of AROB
(Professor, Tokyo Medical and Dental University)

On behalf of the program committee, it is truly my great honor to invite you all to the
Ninth International Symposium on Artificial Life and Robotics (AROB 9th ’04). This
symposium is made possible owing to the cooperation of Oita University and Santa Fe
Institute. We are also debt to Japanese academic associations such as SICE, RSJ, and
several private companies. I would like to express my sincere thanks to all of those who
make this symposium possible.

As is needless to say, the complex systems or Alife approach now attracts wide interests as
a new paradigm of science and engineering. Take an example in the field of bioscience. The
accomplishment of HGP (Human Genome Project) has published the special issue of Nature,
and HGP (Human Genome Project), vast amount of genome information brings about not
only from human genome but also various species like several bacterias, yeast, warm, fly.
However, as a plenty of genome data becomes available, it becomes sincerely recognized that
the framework by which these genome data can be understood to make a whole picture of
life is critically need thus, in the “post genomic era , the complex systems or Alife approach is
now actually expected to be an efficient methodology to integrate this vast amount of data.

This example shows the complex system approach is very promising and becomes widely
accepted as a paradigm of next generation of science and engineering. We hope this
symposium becomes a forum for exchange of the ideas of the attendants from various fields
who are interested in the future possibility of complex systems approach.

I am looking forward to meeting you in Beppu, Oita.

H. Tanaka

December 20, 2003 % W \%
—



TIME TABLE

RoomA RoomB RoomC RoomD
1/27(Tue) 8:00
13:00
Registration (Registration Desk)
17:30
Welcome Party (in Hotel Arthur 10th Floor)
1/28(Wed.) 8:00 Registration (Registration Desk)
9:00
IPS (4) Chair: J. Wang IS1 (5) Chair: T. Yamamoto | GS1(6) Chair: P. Sapaty
10:30 Coffes Break
10:40 Opening
Ceremony
11:00 Plenary Talk
Chair J. Johnson
PT1 H. H. Lund
12:00 [T ? ”
' ' ~ ' ~ lunch
13:00 -
GS19 (6) Chair: J. Casti GS13 (5) Chair: W. Wells IS8 (6) Chair: M. Kono
14:30
GS9 (4) Chair: M. Rizon GS24 (4) Chair: J. Johnson | GS6 (4) Chair: H. H. Lund
igig Coffee Break
' GS4 (6) Chair: C. Tayor GS21 (7) Chair: D.J. G. James | IS7 (6) Chair: J. M. Lee
17:30

GS: General Session IS: Invited Session
GS1 Artificial Brain -1

GS2 Artificial Brain- Il

GS3 Artificial Intelligence

GS4 Artificial Life-T

GS5 Artificial Life- I

GS6 Artificial Living

GS7 Bioinformatics

GS8 Cognitive Science

GS9 Computer Graphics

GS10 Evolutionary Computations-I

GS11 Evolutionary Computations - I

GS12 Genetic Algorithms

GS13 Human-Machine Cooperative System
GS14 Intelligent Control and Modeling-1

GS15 Intelligent Control and Modeling- I

GS16 Intelligent Control and Modeling- Il

GS17 Micro-Robot World Cup-Soccer Tournament
GS18 Molecular Biology-I

IPS: Invited Professor’s Session

PS Poster Session

GS19 Mobile Vehicles-1

GS20 Mobile Vehicles- II

GS21 Neural Networks

GS22 Robotics-1

GS23 Robotics-1I

GS24 Robotics-1

IS1 Soft Robotics and Intelligence

IS2 Artificial and Natural Adaptions

1S3 Biological Information Processing and Control
1S4 Biomimetic Machines and Their Applications
IS5 Intelligent Pattern Classification

1S6 Intelligent Information Retrieval

IS7 Intelligent Mobile Robot

IS8 Computer Vision and Distributed Control Systems
1S9 Molecular Biology- Il

IPS Invited Professor's Session

PS Poster Session



RoomA RoomB RoomC RoomD
1/29(Thu.) 8:00 Registration (Registration Desk)
9:00

GS12(6) Chair: Y. G. Zhang GS22 (5) Chair: C. Zhang GS20 (6) Chair: J. M. Lee
10:00
Pl S
11:00 Coffee Break

Plenary Talk
Chair D. J. G. James
PT2 R. Pfeifer
12:00 :
Lanch

1300 o -

PS (3) 1S3 (5) Chair: K. Abe 1S2 (5) Chair: K. Naitoh
14:15
1430 Coffee Break

GS8 (6) Chair: K. B. Sim GS14 (5) Chair: Z. Bubnicki | IS5 (4) Chair: S. Omatu
15:45

GS5 (6) Chair: H. Kashiwagi | GS23 (7) Chair: T. Kubik

16:00

GS10 (5) Chair: L. Han
17:30
18:00 § : :

AROB Award Ceremony (Chair: K. Watanabe)
Banquet (Hote] Shiragiku)

20:30 -

GS: General Session IS: Invited Session
GS1 Artificial Brain-I

GS2 Artificial Brain- II

GS3 Artificial Intelligence

GS4 Artificial Life-1

GS5 Artificial Life- I

GS6 Artificial Living

GS7 Bioinformatics

GS8 Cognitive Science

GS9 Computer Graphics

GS10 Evolutionary Computations-I

GS11 Evolutionary Computations - Il

GS12 Genetic Algorithms

GS13 Human-Machine Cooperative System
GS14 Intelligent Control and Modeling-I

GS15 Intelligent Control and Modeling- I

GS16 Intelligent Control and Modeling- I

GS17 Micro-Robot World Cup-Soccer Tournament
GS18 Molecular Biology-I

IPS: Invited Professor’s Session

PS Poster Session

GS19 Mobile Vehicles-I

GS20 Mobile Vehicles- I

GS21 Neural Networks

GS22 Robotics-I

GS23 Robotics- I

GS24 Robotics- 1

IS1 Soft Robotics and Intelligence

1S2 Artificial and Natural Adaptions

1S3 Biological Information Processing and Control
1S4 Biomimetic Machines and Their Applications
1S5 Intelligent Pattern Classification

1S6 Intelligent Information Retrieval

IS7 Intelligent Mobile Robot

IS8 Computer Vision and Distributed Control Systems
1S9 Molecular Biology- Il

IPS Invited Professor's Session

PS Poster Session



RoomA

RoomB

RoomC RoomD

1/30(Fri.) 8:00

e

egistration (Registration Desk)

9:00
GS15 (6) Chair: E. Hayashi

e e
10:45

1S4 (5) Chair: K. Watanabe

GS3 (5) Chair: T. Yamamoto

Coffee Break
GS2 (4) Chair: T. Arita

12:00 _—‘__—_____;_______
Lunch
13:00 ‘————‘—‘————‘T‘_——‘—'—]
GS18 (4) Chair: H. Hirayama GS17 (3) Chair: M. Tanaka-Yamawaki | IS6 (4) Chair: H. Yanagimoto

GS11 (4) Chair: H. Tanaka

1S9 (4) Chair: K. Ohnishi

14:00
GS7 (4) Chair: K. Uosaki

15:15

GS16 (5) Chair: K. Watanabe

16:30

15:30 I-————
Farewell Party (Room A)

GS: General Session IS: Invited Session
GS1 Artificial Brain-I

GS2 Artificial Brain- I

GS3 Artificial Intelligence

GS4 Artificial Life-T

GS5 Artificial Life- 11

GS6 Artificial Living

GS7 Bioinformatics

GS8 Cognitive Science

GS9 Computer Graphics

GS10 Evolutionary Computations-I

GS11 Evolutionary Computations - II

GS12 Genetic Algorithms

GS13 Human-Machine Cooperative System
GS14 Intelligent Control and Modeling-I

GS15 Intelligent Control and Modeling- Il

GS16 Intelligent Control and Modeling-1II

GS17 Micro-Robot World Cup-Soccer Tournament
GS18 Molecular Biology-I

IPS: Invited Professor’s Session

P—10

PS Poster Session

GS19 Mobile Vehicles-I

GS20 Mobile Vehicles- Il

GS21 Neural Networks

GS22 Robotics-1

GS23 Robotics- I

GS24 Robotics-1l

IS1 Soft Robotics and Intelligence

IS2 Artificial and Natural Adaptions

IS3 Biological Information Processing and Control
1S4 Biomimetic Machines and Their Applications
IS5 Intelligent Pattern Classification

1S6 Intelligent Information Retrieval

IS7 Intelligent Mobile Robot

IS8 Computer Vision and Distributed Control Systems
1S9 Molecular Biology- Il

IPS Invited Professor's Session

PS Poster Session



TECHNICAL PAPER INDEX

January 28 (Wednesday)

Room D

11:00~12:00 PT-1 Plenary Talk1
Chair J. Johnson

PT-1 Re-configurable Robotic Artefacts for Cognitive Rehabilitation and Contextualised

Development
H. H. Lund (University of Southern Denmark, Denmark)

*This talk is a combination of two below papers:
Educational robotics : Manipulative technologies for cognitive rehabilitation
H. H. Lund (University of Southern Denmark, Denmark)
P. Marti, V. Palma (University of Siena, Italy)
I-Blocks in an African context
H. H. Lund (University of Southern Denmark, Denmark)
M. Vesisenaho (University of Joensuu, Finland)

January 29 (Thursday)

11:00~12:00 PT-2 Plenary Talk2
Chair D. J. G. James

PT-2 Interacting with the real world - design principles for intelligent systems

R. Pfeifer (University of Zurich, Switzerland, University of Tokyo, Japan)

P—11



January 28 (Wednesday)

Room A

9:00~10:30 IPS Invited Professor’s Session
Chair: J. Wang (Oita University, Japan)

IPS-1 Why the future happens e I-19
J. L. Casti (Santa Fe Institute, USA)

IPS-2 Micro-/Nanorobotic system e 1-24
T. Fukuda, F. Arai, L. Dong (Nagoya University, Japan)

IPS-3 A mode to create artificial intelligence--from knowledge to intelligence 1-28
Y. G. Zhang (Academia Sinica, P.R.China)
M. Sugisaka (Oita University, Japan)

IPS-4 Robotics in the emergence of complexity science e 1-32
J. Johnson, P. Iravani (The Open University, UK)

13:00~14:30 GS19 Mobile Vehicles-I
Chair: J. Casti (Santa Fe Institute, USA)

GS19-1 A navigation scheme for mobile robots using global and local path planning ==+ 1
G-H. Park, Y-K. Choi (Pusan National University, Korea)
J-H. Park (Jinju National University, Korea)

GS19-2 Robust acceleration control of wheeled mobile robot moving on rough surface 5

M. Wada, M. Oya, H. Honda. T. Kobayashi, H. Ohkawa (Kyushu Institute of
Technology, Japan)

GS19-3 The design of a real-time, multiagent system for controlling distributed devices in ~ ***** 9
an autonomous robot system
M. Obayashi, H. Nishiyama, F. Mizoguchi (Tokyo University of Science, Japan)

GS19-4 State observer - Based robust control scheme for wheeled mobile robots ==+ 13
M. Oya, K. Higashi, M. Wada, T. Kobayashi (Kyushu Institute of Technology,
Japan)

GS19-5 Estimation of vehicle cornering stiffness of using GPS/INS e 17
M-K. Lee, G. Park, Y-S. Chang, S. Hong, M-H. Lee (Pusan National University,
Korea)

GS19-6 The application of a robot for the construction of curtain wall in a high building -+ 21

S-Y. Lee, B-S. Ko, C-S. Han (Hanyang University, Korea)
K-Y. Lee, S-H. Lee (Samsung Corporation, Korea)

P—12



14:30~15:30 GS9 Computer Graphics
Chair: M. Rizon (Northern Malaysia University College of Engineering,
Malaysia)

GS9-1 Fingerprint classification method using measurement of ridge energy changes >+ 25
K-B. Yoon (Kimpo College, Korea)
C-H. Park (Yonsei University, Korea)

GS9-2 Generating a virtual human model for a mixed reality space e 29
I. Yamaguchi, J. K. Tan, S. Ishikawa (Kyushu Institute of Technology, Japan)

GS9-3 In-vitro experimental results of real-time visual servoing e 33
for the laparoscope manipulator
J-S. Heo, M-S. Kim, Jung-Ju Lee (Korea Advanced Institute of Science and
Technology, Korea)

GS9-4 An efficient fully automatic face tracking using binary template matching = 37
K-H. An, D-H. Yoo, M-J. Chung (KAIST, Korea)

15:45~17:30 GS4 Artificial Life-I
Chair: C. Tayor (University of California, Los Angels, USA)

GS4-1 Nonparametric method for nonlinear system identification oo 41
H. Kashiwagi (Kumamoto University, Japan)
Y. Li (University of Glasgow, UK)

GS4-2 Modelling artificial life by attributed eco-array grammars e 45
R. Freund, M. Oswald, A. Binder (Vienna University of Technology, Austria)

GS4-3 Multilayered Discourse in Hyper-comic e 49
Y. Endo, T. Ogata (Yamanashi University, Japan)

GS4-4 Implications of the ability to learn simple actions on the efficiency of = = 53
evolution of social behavior of agents
I. Tanev (ATR Human Information Science Laboratories, Japan)
K. Shimohara (ATR Human Information Science Laboratories, Kyoto
University, Japan)

GS4-5 An immunity-based approach towards a synthesis of artificial organisms 57
T. Mori, Y. Ishida (Toyohashi University of Technology, Japan)

GS4-6 Fault-tolerance in biological systems simulated on asynchronous 61
cellular automata
F. Peper (Communications Research Laboratory, Himeji Institute of Technology,
Japan)
T. Isokawa, F. Abo, N. Matsui (Himeji Institute of Technology, Japan)
J. Lee, S. Adachi, S. Mashiko (Communications Research Laboratory, Japan)

P—13



Room B

9:00~10:30 IS1 Soft Robotics and Intelligence
Chair: T. Yamamoto (University of the Ryukyus, Japan)
Co-Chair: K. Yamada (University of the Ryukyus, Japan)

1S1-1 A study of a parallelized immune co-evolutionary algorithm for == 67
division-of-labor problems
N. Toma, S. Endo, K. Yamada (University of the Ryukyus, Japan)

IS1-2 Information separation of position and direction of a robotby 71
two interacting Self-Organizing Maps
N. Oshiro, K. Kurata (University of the Ryukyus, Japan)

IS1-3 System identification using dynamical neural network with GA-based training """ 75
K. Nakazono, H. Kinjo (University of the Ryukyus, Japan)
K. Ohnishi (Keio University, Japan)

1S1-4 Tracking and recognition of moving objects in a monocular image 79
sequence based on visual characteristics
S. Odo (University of the Ryukyus, Okinawa University, Japan)
K. Hoshino (University of Tsukuba, Japan)
K. Yamada (University of the Ryukyus, Japan)

I1S1-5 Quantitative analysis of relationship between leg movements and 83
subjective impressions in CG animation
S. Kamisato, S. Odo, K. Yamada, S. Tamaki (University of the Ryukyus, Japan)
K. Hoshino (University of Tsukuba, Japan)

13:00~14:30 GS13 Human-Machine Cooperative System
Chair: W. Wells (University of Nevada, Las Vegas, USA)

GS13-1 Development of Vietnamese pronunciation training system by DP matching method ****** 87
M-T. Nguyen (Tokyo Institute of Technology, Japan)
J. Murakami (Kumamoto National College of Technology, Japan)

GS13-2 Fault diagnostic of induction motors for equipment reliability and health - 91
maintenance based upon fourier and wavelet analysis
H. Bae, Y-T. Kim, S-H. Lee, S-S. Kim, M-H. Lee (Pusan National University,
Korea)

GS13-3 Interactive musical editing system for supporting human errors and 95
offering personal preferences for an automatic piano
E. Hayashi, Y. Takamatu (Kyushu Institute of Technology, Japan)
H. Mori (Apex Corporation, Japan)

P—14



GS13-4 Developing potential robots to facilitate humanitarian demining: Challenges, ~  ***** 99
needs and design requirements

M. K. Habib (Monash University Malaysia, Malaysia)

GS13-5 Questionnaire results of subjective evaluation of seal robot at the Japan —  ***** 103
cultural institute in Rome, Italy
T. Shibata (National Institute of Advanced Industrial Science and Technology,
PERESTO, JST, Japan)
K. Wada, K. Tanie (National Institute of Advanced Industrial Science and
Technology, University of Tsukuba, Japan)

14:30~15:30 GS24 Robotics-1I
Chair: J. Johnson (The Open University, UK)

GS24-1 Intelligent control system based on artificial life e 107

X. Tu, Y. Yin, G. Zeng, X. Ban (University of Science and Technology Beijing,
P.R.China)

GS24-2 Evolution of a large-scale spiking neural network for robot navigation 111
M. Eaton, N. Jordan, J. J. Collins, M. Mansfield (University of Limerick,
Ireland)

GS24-3 High precision and predictive control for linear motor container transport system ****** 115
using DR-FNNs
J-W. Lee, S-K. Kim, K-S. Lee (Dong-A University, Korea)

GS24-4 Evocation of robot behaviors based on the affordance of worksite objects == 119
K. Tani, T. Kawamura (Gifu University, Japan)
H. Yamada (Toyota Industries Corporation, Japan)

15:45~17:30 GS21 Neural Networks
Chair: D. J. G. James (Coventry University, UK)

GS21-1 Short-term memory circuit using hardware ring neural networks e 123
N. Sasano, K. Saeki, Y. Sekine (Nihon University, Japan)

GS21-2 Statistical learning based radial basis function networks for pattern classification - 128
J-H. Choi (Kimpo College, Korea)
J-H. Lee (Inha University, Korea)
K-W. Rim (Sun Moon University, Korea)

GS21-3 Evolution of hybrid neural networks using genetic network programming e 132

D. Li, K. Wada (Kyushu University, Japan)
K. Hirasawa, J. Hu (Waseda University, Japan)

P—15



GS21-4 Auditory evaluation experiments of Japanese vowel synthesized by using 136
cascaded sand-glass type neural network
M. Kimoto, T. Shimizu, H. Yoshimura, K. Sugata, M. Tanaka (Tottori
University, Japan)

GS21-5 A neural network-based remote guidance interface for rescue robot ot 140
Z.Yang, K. Ito, K. Saijo, A. Gofuku (Okayama University, Japan)
F. Matsuno (University of Electro-Communications, Japan)

GS21-6 Growing neural network with hidden neurons e 144
R. Kurino, M. Sugisaka, K. Shibata (Oita University, Japan)

GS21-7 Backpropagation algorithm for rice yield prediction e 148
P. Saad, M. Rizon, N. Rusli (Northern Malaysia University College of
Engineering, Malaysia)

N. Khairah, A. Bakri (University Technology Malaysia, Malaysia)
S. Sakira (Universiti Utara Malaysia, Malaysia)

Room C

9:00~10:30 GS1 Artificial Brain-I
Chair: P. Sapaty (National Academy of Ukraine, Ukraine)

GS1-1 Study of artificial brain based on Multi-centrum Self-coordination mechanism === 152
L. Han (Beijing Technology and Business University, P.R.China)
X. Tu (University of Science and Technology Beijing, P.R.China)

GS1-2 Dynamic air traffic management using distributed brain concept e 156
P. Sapaty, V. Klimenko (National Academy of Sciences, Ukraine)
M. Sugisaka (Oita University, Japan)

GS1-3 Tierra sonification: An audio display system for Tierra e 160
J. Hart (ATR Human Information Science Laboratories, Japan)
R. Berry (ATR Media Information Science Laboratories, Japan)

GS1-4 Aspect of non-story processing and film rhetoric composition in the narrative > 162
generation mechanism
A. Kanai (Japan Society for the Promotion of Science, Yamanashi University,
Japan) /
T. Ogata (Yamanashi University, Japan)

GS1-5 ATR artificial brain project: Key assumptions and current state e 166
A. Buller, H. Hemmi, M. Joachimeczak, J. Liu, K. Shimohara, A. Stefanski
(ATR International, Human Information Science Laboratories, Japan)

GS1-6 Narrative and music as variation: Transformation of musical structure based on ~ *****- 170

narrative discourse theory
F. Kobayashi, T. Ogata (Yamanashi University, Japan)
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13:00~14:30 IS8 Computer Vision and Distributed Control System
Chair: M. Kono (University of Miyazaki, Japan)
Co-Chair: M. Yokomichi (University of Miyazaki, Japan)

IS8-1 Autonomous mobile cars on a highway controlled with neural networks ===+ 174
T. Uemura, T. Kai, T. Shinchi, M. Yokomichi, T. Kitazoe (University of Miyazaki,
Japan)

IS8-2 Stereo matching from color images based on self-organization neural networks ~ *=***- 178

X. Hua, M. Yokomichi, M. Kono (University of Miyazaki, Japan)

IS8-3 Stereo correspondence by SVM regression S 182
H. Sugiyama, M. Yokomichi, X. Hua, M. Kono (University of Miyazaki, Japan)

IS8-4 Edge detection and curvature calculation in the visual system oo 186
S. Niitsuma, K. Tokunaga (Shizuoka University, Japan)

1S8-5 Three-dimensional multi-inkdot automata e 190
T. Makino, H. Okabe, S. Taniguchi, M. Sakamoto (University of Miyazaki, Japan)
K. Inoue (Yamaguchi University, Japan)

IS8-6 Stabilization of LTI systems with periodic communication constraints = 194
by using periodic Kalman filter
M. Kono, A. Kose, N. Takahashi (University of Miyazaki, Japan)

14:30~15:30 GS6 Artificial Living
Chair: H. H. Lund (University of Southern Denmark, Denmark)

GS6-1 Design of human support system for smart assistance e 198
H. Nishiyama, Y. Mine, W. Yamazaki, M. Obayashi, F. Mizoguchi (Tokyo
University of Science, Japan)

GS6-2 Dynamically separating learning algorithm for interactive computers in dynamic =~ ***** 202
environment: Optimization of collective performance in networked computers
K. Nakayama, K. Shimohara (Kyoto University, ATR Human Information
Science Laboratories, Japan)
0. Katai (Kyoto University, Japan)

GS6-3 On a model of motion sickness induced by coriolis stimuli e 207
N. Kitayama, M. Tanaka-Yamawaki (Tottori University, Japan)

GS6-4 Flight control of insects e 211
T. Ohmi, S. Kuroda (The University of Electro-Communications, Japan)

F. Tanaka (Tokyo University of Science, Japan)
K. Hirasawa (Fluid Technology Co., Ltd., Japan)
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15:45~17:30 IS7 Intelligent Mobile Robot
Chair: J-M. Lee (Pusan National University, Korea)

1S7-1 Environment reconstruction and navigation of a mobile robot using an active vision """ 216
T-S. Jin, J-M. Lee (Pusan National University, Korea)
J-W. Park (Institute of Information Technology Assessment, Korea)

IS7-2 Trajectory estimation of a moving object using Kohonen Networks = 221
S-J. Kim, J-H. Lee, J-M. Lee (Pusan National University, Korea)

1S7-3 Cooperative behavior learning in distributed autonomous robotics system " 225
C-M. Hwang, J-Y. Kim, D-W. Lee, K-B. Sim (Chung-Ang University, Korea)

1S7-4 Fingerprint matching algorithm based on the artificial immune system = 229
J-W. Jeong, T-H. Kim, D-W. Lee, K-B. Sim (Chung-Ang University, Korea)

[S7-5 Optimal design of the 2-layer fuzzy controller with vision system = 233
K-S. Byun, K-S. Heo, C-H. Park, K-B. Sim (Chung-Ang University, Korea)

IS7-6 Discretization of Takagi-Sugeno fuzzy observer-based output-feedback control ~ *=**** 237
using intelligent digital redesign
H-J. Lee, J-B. Park (Yonsei University, Korea)
Y-H. Joo (Kunsan National University, Korea)

Januarv 29 (Thursday)

Room A

9:00~10:30 GS12 Genetic Algorithms
Chair: Y. G. Zhang (Academia Sinica, P.R.China)

GS12-1 DNA computing for an absolute 1-center problem: An evolutionary approach " 241
Z. Ibrahim, O. Ono, Y. Tsuboi (Meiji University, Japan)
M. Khalid (Universiti Teknologi Malaysia, Malaysia)

GS12-2 GA based production simulator by new individual expression, rough crossover ~ ****** 245
and constant individual input

H. Yamamoto, E. Marui (Gifu University, Japan)

GS12-3 Object tracking by using additive competitive leaning and shape information =" 249
Y-H. Park, H. Kang (Chung-Ang University, Korea)

GS12-4 The analysis for the path of an object in earth orbit with genetic algorithms =" 253
R. Goto, Y. Sato (Hosei University, Japan)
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GS12-5 Minimization of the consumption energy of a manipulator using the Genetic =~ ****** 259
Algorithm for obtaining Fourier coefficients of the approximation functions
Y. Yokose (Kure National College of Technology, Japan)
T. Izumi (Shimane University, Japan) '

GS12-6 Keeping diversity of reference set for keeping diversity of population in =+ 263
distributed genetic algorithms
T. Nakashima, T. Yoshida, H. Ishibuchi (Osaka Prefecture University, Japan)

13:00~14:15 PS Poster Session

PS-1 Matching interpretation by utterance interaction on cooperative robot tasks v 267
T. Kimura, A. Sano (Ryukoku University, Japan)

PS-2 4 subspace-based face detection method using image-size reduction e 269
and magnification
M. Kobayashi, T. Takahashi (Ryukoku University, Japan)

PS-3 On the stability of a model for interaction between HIV and T-Cell CD4* w271
H. Ueda, Y. Ishida (Toyohashi University of Technology, Japan)

14:30~16:00 GS8 Cognitive Science
Chair: K-B. Sim (Chung-Ang University, Korea)

GS8-1 Towards fully distributed cognitive systems e 274
P. Sapaty (National Academy of Sciences, Ukraine)
K. Kawamura (Vanderbilt University, USA)
M. Sugisaka (Oita University, Japan)
R. Finkelstein (Robotic Technology Inc., USA)

GS8-2 Evolution of biological concept network e 279
T. Maeshiro (University of Tsukuba, ATR International, Human Information
Science Laboratories, Japan)
K. Shimohara (ATR International, Human Information Science Laboratories,
Japan)
S. Nakayama (University of Tsukuba, Japan)

GS8-3 Application of animal feeding behavior learning to a small mobile robot =+ 283
N. Sakamoto, H. Kanoh (Meiji University, Japan)

GS8-4 A genetic algorithm for multiple face detection e 287
X. Fan (Oita University, Japan)
M. Rizon (Northern Malaysia University College of Engineering, Malaysia)
M. Sugisaka (Oita University, RIKEN, Japan)
H. Kimura (The University of Tokyo, RIKEN, Japan)

GS8-5 Global identification of complex systems e 291
J. Swiatek (Wroclaw University of Technology, Poland)
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GS8-6 An experiment of dissimilarity reconstruction in information recommendation ~ ***** 295
7. Kou, T. Ban, C. Zhang, L. Zhuang (Tsinghua University, P.R.China)

16:00~17:30 GS10 Evolutionary Computations-I
Chair: L. Han (Beijing Technology and Business University, P.R.China)

GS10-1 Length-based DNA computing for 1-pair shortest path problem = 299
7. Ibrahim, O. Ono, Y. Tsuboi (Meiji University, Japan)
M. Khalid (Universiti Teknologi Malaysia, Malaysia)

GS10-2 General protocol for evaluating the degree of occurrence of mis-hybridization == 303
S. Kashiwamura (Hokkaido University, Japan)
A. Kameda (CREST, Japan Science and Technology Corporation (JST), Japan)
M. Yamamoto (PRESTO, Japan Science and Technology Corporation (JST),
Hokkaido University, Japan)
A. Ohuchi (CREST, Japan Science and Technology Corporation (JST), Hokkaido
University, Japan)

GS10-3 4 simple model for the evolution of a lexicon e 309
E. E. Vallejo (Tecnolégico de Monterrey, Mexico)
C. E. Taylor (University of California, Los Angeles, USA)

GS10-4 Evolution of investment strategy in an environment offered by the real tick data - 313
M. Tanaka-Yamawaki, T. Motoyama (Tottori University, Japan)

GS10-5 A4 sub-goals adaptation method for quick reinforcement learning 317
in varied environments
K. Kondo, K. Yamauchi, T. Omori (Hokkaido University, Japan)

Room B

9:00~10:30 GS22 Robotics-1
Chair: C. Zhang (Tsinghua University, P.R.China)

GS22-1 Approaching motion control of the Humanoid Robot by using linear visual servoing - 321
K. Okamoto, K. Yamaguchi, N. Maru (Wakayama University, Japan)

GS22-2 Design of vision-based motion control system for balloon robot e 325
H. Kadota, H. Kawamura, M. Yamamoto, A. Ohuchi (Hokkaido University,
Japan)
T. Takaya (RICOH SYSTEM KAIHATU COMPANY, LTD., Japan)

GS22-3 A probabilistic approach to identify environmental models of mobile robots 329
K. Kanemoto (Nara Institute of Science and Technology, Japan)
J. Yoshimoto (CREST, Japan Science and Technology Agency, Nara Institute of
Science and Technology, Japan)
S. Ishii (Nara Institute of Science and Technology, CREST, Japan Science and
Technology Agency, Japan)



GS22-4 An approximate stability analysis of a robust control DC motor system using =+ 333
higher order derivatives of universal learning networks
A. Hussein, K. Wada (Kyushu University, Japan)
K. Hirasawa, J. Hu (Waseda University, Japan)

GS22-5 Experiment of digital RAC for an underwater robot with vertical planar ~ -+ 337
2-link manipulator
S. Sagara, K. Shibuya, M. Tamura (Kyushu Institute of Technology, Japan)

13:00~14:15 IS3 Biological Information Processing and Control
Chair: K. Abe (Tohoku University, Japan)

Co-Chair: N. Homma (Tohoku University, Japan)

IS3-1 Fast Incremental leaning methods inspired by biological learning behavior =~ - 341
K. Yamauchi, T. Oohira, T. Omori (Hokkaido University, Japan)

IS3-2 Self-organizing neural networks for concept formation e 347
N. Homma, M. Sakai, K. Abe (Tohoku University, Japan)

IS3-3 Discretization of analog communication signals by noise additionin 351
communication learning
K. Shibata, M. Nakanishi (Oita University, Japan)

IS3-4 Active and passive dynamics of the head-neck complex in response to vibration =~ ***** 355
M. A. Fard, H. Inooka (Tohoku University, Japan)

IS3-5 A model of bipedal walking controlled by the basal ganglia - brainstem systems ~ ***** 359
N. Tomita, M. Yano (Tohoku University, Japan)

14:30~15:45 GS14 Intelligent Control and Modeling-I
Chair: Z. Bubnicki (Wroclaw University of Technology, Poland)

GS14-1 Computer simulation of an augmented automatic choosing control designed ~  ***** 363
by extremizing a combination of Hamiltonian and Lyapunov functions
T. Nawata (Kumamoto National College of Technology, Japan)
H. Takata (Kagoshima University, Japan)

GS14-2 A fully automated and intelligent marine transportation system e 367
T-H. Nguyen (Hoang Minh JSC, Vietnam)
D-K. Tran, T-Q. Hoang, T-H. Tran, V-T. Bui (Hoang Nguyen Commercial Co.,
Ltd., Vietnam)
X-T. Cao, D-H. Nguyen, T-N. Hoang, H-S. Pham (Hoang Minh Co., Ltd.,
Vietnam)
T-M-H. Nguyen, H-S. Dao, V-T. Pham (Manufacture and Service Enterprise,
Vietnam)



GS14-3 Online estimation of ship steering dynamics and its application in designing =" 371
an optimal autopilot
M-D. Le (VINASHIN, Vietnam)
C-S. Truong, T-H. Nguyen, T-H. Cao (Hong Thang TST., Vietnam)
H-T. Nguyen, D-T. Nguyen, V-C. Nguyen, V-H. Hoang (C&A Technology
Application Support Co., Ltd., Vietnam)

GS14-4 A design of digital adaptive control systems for space robot manipulators using ~ ****** 375
transpose of Generalized Jacobian Matrix
Y. Taira (National Fisheries University, Japan)
S. Sagara (Kyushu Institute of Technology, Japan)

GS14-5 Application of neural network to generation of robot arm trajectory v 380
S. Imajo, M. Konishi, T. Nishi, J. Imai (Okayama University, Japan)

15:45~17:30 GS5 Artificial Life- II
Chair: H. Kashiwagi (Kumamoto University, Japan)

GS5-1 Formation of agent behavior by adaptive pickup of ambient information with ~ ===** 384
speculative action
H. Yamagishi, T. Shiose, H. Kawakami, O. Katai (Kyoto University, Japan)

GS5-2 Construction and verification of DNA hairpin-based RAM e 388
N. Takahashi (Hokkaido University, Japan)
A. Kameda (CREST, Japan Science and Technology Cooperation (JST), Japan)
M. Yamamoto, A. Ohuchi (Hokkaido University, CREST, Japan Science and
Technology Cooperation (JST), Japan)

GSb5-3 The artificial muscle and its application in robot e 392
M. Sugisaka, H. Zhao, N. Mokhtar (Oita University, Japan)

GS5-4 Application of uncertain variables to learning process in knowledge-based - 396
decision systems
Z. Bubnicki (Wroclaw University of Technology, Poland)

GS5-5 Artificial knowledge system consisted of impulse response to change for 400
timing representation
Y. Amemiya, Y. Yonezawa (Ibaraki University, Japan)

GS5-6 State estimation of nonlinear stochastic systems by evolution strategies == 406
based particle filter
K. Uosaki, Y. Kimura, T. Hatanaka (Osaka University, Japan)



Room C

9:00~10:30 GS20 Mobile Vehicles- II
Chair: J-M. Lee (Pusan National University, Korea)

GS20-1 Linear Feature Prediction for confidence estimation of sonar readings =+ 410
in map building
S. O’Sullivan (IBM Software Group, Ireland)
J. J. Collins, M. Mansfield, D. Haskett, M. Eaton (University of Limerick,
Ireland) v

GS20-2 A4 quantitive evaluation of sonar models and mathematical update methods for ~ **+*+ 414
map building with mobile robots ‘
S. O’Sullivan (IBM Software Group, Ireland)
J. d. Collins, M. Mansfield, D. Haskett, M. Eaton (University of Limerick,
Ireland)

GS20-3 Obstacle avoidance strategy for a mobile robot in the guideline navigation -+ 419
J. Wang (Oita University, Japan)
H. Kimura (The University of Tokyo, RIKEN, Japan)
M. Sugisaka (Oita University, RIKEN, Japan)

GS20-4 Fuzzy obstacle avoidance and navigation for mobile robot e 425
M. Sugisaka, R. Chen (Oita University, Japan)

GS20-5 Driving control of autonomous vehicle with vision system using Cell Mediated ~  ****- 429
Immune Algorithm (CMIA) controller
Y-J. Lee (Korea Aviation Polytechnic College, Korea)
S-K. Kim, J-H. Suh, K-S. Lee (Dong-A University, Korea)

GS20-6 Decentralized control of cooperative 3-wheeled mobile robots using passive =+ 433

velocity field control - Adaptive generation method of desired velocity field -
J-H. Suh, S-K. Kim, K-S. Lee (Dong-A University, Korea)
Y-J. Lee (Korea Aviation Polytechnic College, Korea)

13:00~14:15 IS2 Artificial and Natural Adaptions
Chair: K. Naitoh (Yamagata University, Japan)
Co-Chair: T. Ohira (Sony Computer Science Laboratories, Japan)

[S2-1 Diversity and evolutionary implication of Archaea, the third domain of life ==+ 437
T. Itoh (RIKEN, Japan)

[S2-2 Self-organizing mechanism of biosystems - Purine and pyrimidine density ratios ' 440
in tRNA and rRNA -
K. Naitoh (Yamagata University, Japan)



IS2-3 Repulsive delayed random walk e 443
T. Ohira (Sony Computer Science Laboratories, Japan)
T. Hosaka (Tokyo Institute of Technology, Japan)

IS2-4 Data reduction for 3D visualized data distribution e 445
H. Miyachi (KGT Inc., Japan)
N. Sakamoto (Kyoto University, Japan)

1S2-5 Symbiotic fusion of life and artifact - A new possibility of biomass - == 449
K. Naitoh (Yamagata University, Japan)

14:30~15:45 IS5 Intelligent Pattern Classification
Chair: S. Omatu (Osaka Prefecture University, Japan)

1S5-1 Evaluation of vibration on many positions by SOM e 452
N. Kamimoto, Y. Yamada, M. Kitamura (Matsushita Electric Works Ltd., Japan)
K. Nishikawa (Kanazawa University, Japan)

IS5-2 Separation of acoustic signals of transmission machines by ICA e 456

N. Kamimoto, Y. Yamada, M. Kitamura (Matsushita Electric Works Ltd., Japan)
K. Nishikawa (Kanazawa University, Japan)

1S5-3 Intelligent classification of bill money e 460
S. Omatu (Osaka Prefecture University, Japan)
M. Teranishi (Nara University of Education, Japan)
T. Kosaka (Glory TD Himeji, Japan)

IS5-4 Removal of environmental noise with adaptive filter e 464
Y. Kogeichi, S. Omatu (Osaka Prefecture University, Japan)

15:45~17:30 GS23 Robotics-II
Chair: T. Kubik (Wroclaw University of Technology, Poland)

GS23-1 Quadruped robot positioning control of leg by linear visual servoing o 468
Y. Inoue, N. Maru (Wakayama University, Japan)

GS23-2 Evolution of sidewinding locomotion of simulated limbless, wheelless robots ~ ***** 472
I. Tanev (ATR Human Information Science Laboratories, Japan)

T. Ray (ATR Human Information Science Laboratories, Japan, The University
of Oklahoma, Norman, USA)

GS23-3 Design of a real time adaptive controller of robot manipulator e 476
with eight joint based DSPs
S-H. Han, H-R. Kim, D-Y. Jung (Kyungnam University, Korea)



GS23-4 Induction of prototypes in a robotic setting using local search MDL ===+ 482
G. M. Kobele, J. Riggle, C. Taylor, E. Stabler (University of California, Los
Angels, USA)
R. Brooks, D. Friedlander (The Pennsylvania State University, USA)

GS23-5 Learning of reaching a colored object based on direct-vision-based ~ e 486
reinforcement learning and acquired internal representation

K. Yuki, M. Sugisaka, K. Shibata (Oita University, Japan)

GS23-6 Optical flow as a tool for optical speed sensor e 490
T. Kubik (Wroclaw University of Technology, Poland)
M. Sugisaka (Oita University, Japan)

GS23-7 An assymetric 2-D passive dynamic walker e 494
N. Mayer, A. A. Forough-Nassiraei, M. Browne (GMD-Japan Research
Laboratory Collaboration Center, Japan)

J. M. Herrmann (Universitat Gottingen, Germany)
T. Christaller (GMD-Japan Research Laboratory Collaboration Center, Japan,
Fraunhofer Institut fiir Autonome Intelligente Systeme, Germany)

January 30 (Friday)

Room A

9:00~10:30 GS15 Intelligent Control and Modeling- II
Chair: E. Hayashi (Kyushu Institute of Technology, Japan)

GS15-1 Robot manipulator control using topology representing network e 498
according to initial posture
T. Yamakawa, K. Horio, K. Ueno (Kyushu Institute of Technology, Japan)

GS15-2 Study on computer simulation system of biological modeling for move-in mud robot ----*- 502
F. Ren (Harbin University of Science & Technology, P.R.China)
D. Wang, L. Zhang, Q. Meng (Harbin Engineering University, P.R.China)

GS15-3 Autonomous navigation towards intelligently behaving robots == 507
M. K. Habib (Monash University Malaysia, Malaysia)

GS15-4 Speed control of a stepping motor of the electric vehicle based on speed 511
parameters estimation via PWM inverter
M. Sugisaka, Z. Mbaitiga (Oita University, Japan)



GS15-5 A robust adaptive direct controller for non-linear first order systems = 515
M-M. Nguyen (Hoang Minh JSC, Vietnam)
V-L. Nguyen, T-T. Nguyen, V-C. Pham, T-T-H. Do, T-H. Nguyen (Hoa Ban Co.,
Ltd., Vietnam)
H-B. Nguyen, T-K-H. Nguyen, T-V. Le, Q-S. Nguyen (Phu Bao, Co., Ltd.,
Vietnam)

GS15-6 Ships’ optimal autopilot using a multivariate auto-regressive exogenous mode ~ ****** 519
T-H. Nguyen (Hoang Minh JSC, Vietnam)
T-T. Ha, V-V. Vo, V-T. Nguyen, C. Nguyen (Bac Ninh Consultant and
Investment, Co., Ltd., Vietnam)
D-K. Nguyen, T-Q. Pham, M-C. Nguyen, T-M. Nguyen (Tan Viet Hoang, Co.,
Ltd., Vietnam)

10:45~12:00 IS4 Biomimetic Machines and Their Applications
Chair: K. Watanabe (Saga University, Japan)
Co-Chair: K. Izumi (Saga University, Japan)

[S4-1 Enhancing awareness in cooperative robots through perceptual anchoring " 523
S. A. Guirnaldo, K. Watanabe, K. Izumi (Saga University, Japan)

1S4-2 A study on constructing a neuro-interface using the concept of virtual 527
master-slave system
R. Syam, K. Watanabe, K. Izumi (Saga University, Japan)

1S4-3 Neural network approach to acquire the free-gait motion of quadruped robots =+ 531
in obstacle avoidance

T. Yamaguchi, K. Watanabe, K. Izumi (Saga University, Japan)

[S4-4 Coordination of voice and visual information for intelligently cooperating =+ 535
between human and robot
K. Izumi, Y. Tamano, Y. Nose, K. Watanabe (Saga University, Japan)

1S4-5 Fuzzy hint acquisition for the inverse kinematic solution of redundant manipulators ~— ***** 539
using neural network — Tracking unknown enclosed trajectory-
S. F. M. Assal, K. Watanabe, K. Izumi (Saga University, Japan)

13:00~14:00 GS18 Molecular Biology-1
Chair: H. Hirayama (Asahikawa Medical College, Japan)

GS18-1 Statistical micro mechanical method for dynamic kinetic binary interaction ~ ***** 543
among biomolecules with moderate density
H. Hirayama (Asahikawa Medical College, Japan)

GS18-2 A cellular automata model for HIV infection and antigenic diversity threshold - 547
H. Ueda, Y. Ishida (Toyohashi University of Technology, Japan)



GS18-3 Statistical approach for function classification of proteins in the biological texts -+ 551
D-W. Park, H-C. Kwon, M-H. Lee (Pusan National University, Korea)
H-G. Cho (Youngsan University, Korea)

GS18-4 Chemotaxis of an eukaryotic cell in complex gradients of chemoattractants ==+ 555
S. I. Nishimura, M. Sasai (Nagoya University, Japan)

14:00~15:15 GS7 Bioinformatics
Chair: K. Uosaki (Osaka University, Japan)

GS7-1 Time minimum extrinsic blood clotting system as a cascade biosignal transmission ~ ***** 559
H. Hirayama (Asahikawa Medical College, Japan)

GS7-2 Finding evolutional mechanism in financial time series by means of correlation ~  ***** 563
dimension analysis
M. Tanaka-Yamawaki, H. Tanaka (Tottori University, Japan)

GS7-3 Gene expression modelling with the use of Boolean network e 567
T. Kubik (Wroclaw University of Technology, Poland)
M. Sugisaka (Oita University, Japan)

GS7-4 Chemical genetic programming — Evolutionary optimization of the translation from - 571
genotypic strings to phenotypic trees
W. Piaseczny, H. Suzuki (ATR Human Information Science Labs, Japan)
H. Sawai (Communications Research Laboratory, Japan)

Room B

9:00~10:30 GS3 Artificial Intelligence
Chair: T. Yamamoto (University of the Ryukyus, Japan)

GS3-1 Efficient method for collecting useful Web pages with the feature of the Web structure -**+- 575
J. Matsukubo, Y. Hayashi (Japan Advanced Institute of Science and Technology,
Japan)

GS3-2 Toward the consistent simulation of narrative discourse based on narratology ~ - 579
T. Ogata (Yamanashi University, Japan)

GS3-3 Extraction of meaningful tables on the Internet e 585
S-W. Jung, J-H. Kang, K-R. Ryu, H-C. Kwon (Pusan National University, Korea)

GS3-4 Spatial strategies on a generalized Spatial Prisoner’s Dilemma e 589
Y. Ishida, K. Mori (Toyohashi University of Technology, Japan)

GS3-5 Transformation of story in the story generation system based on narratology ~  *=**** 593
T. Ogata, Y. Hosaka (Yamanashi University, Japan)



10:45~12:00 GS2 Artificial Brain- II
Chair: T. Arita (Nagoya University, Japan)

GS2-1 Classification and Combination of perspective in Narrative = 597
K. Ueda, T. Ogata (Yamanashi University, Japan)

GS2-2 A robotic approach to emotion from a selectionist perspective e 601
T. Kato, T. Arita (Nagoya University, Japan)

GS2-3 Model based recognition for artificial brain e 605
X. Wang (Tsinghua University, P.R.China, Oita University, Japan)

M. Sugisaka (Oita University, Japan)
W. Xu (Tsinghua University, P.R.China)

GS2-4 Non-intrusive eye gaze estimation under large head movement using property of ~ ****** 610
projective transform
D-H. Yoo, M-J. Chung (Korea Advanced Institute of Science and Technology,
Korea)

13:00~14:00 GS17 Micro-Robot World Cup-Soccer Tournament
Chair: M. Tanaka-Yamawaki (Tottori University, Japan)

GS17-1 Developing a benchmarking framework for map building paradigms 614
J. J. Collins, M. Eaton, M. Mansfield, D. Haskett (University of Limerick,
Ireland)
S. O’Sullivan (IBM Software Group, Ireland)

GS17-2 Developing a statistical baseline for robot pursuit and evasion using areal =" 618
world control architecture

M. Mansfield, dJ. J. Collins, S. O’Sullivan, M. Eaton, D. Haskett, T. Collins
(University of Limerick, Ireland)

GS17-3 Controlled balanced growth of robot populations e 622
D. J. G. James (Coventry University, UK)
V. G. Rumchev (Curtin University of Technology, Australia)

14:00~15:15 GS16 Intelligent Control and Modeling-1I
Chair: K. Watanabe (Saga University, Japan)

GS16-1 Leak detection in pipelines based on non-negative matrix factorization = 629
R. Hu, H. Ye (Tsinghua University, P.R.China)

GS16-2 Acrobot control by learning the switching of multiple controllers = 633
M. Nishimura (Nara Institute of Science and Technology, Japan)
J. Yoshimoto (CREST, Japan Science and Technology Agency,
Nara Institute of Science and Technology, Japan)
S. Ishii (Nara Institute of Science and Technology, CREST, Japan Science and
Technology Agency, Japan)



GS16-3 Real time implementation of visual feedback control for industrial robot - 637
manipulator
S-H. Han, D-Y. Jung, H-R. Kim (Kyungnam University, Korea)
H. Hashimoto (The University of Tokyo, Japan)

GS16-4 Quality of cascade operations control based on uncertain variables ot 643
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Abstract

The paper describes an early research related to
the design, development and evaluation of a
concept of flexible and physical components to
manipulate conceptual structures. The concept
exploits the affordances of physical objects in
creating tangible media for collaborative and
distributed edutainment spaces. Especially, we
explore the possibility of allowing young
children (and other potential users) to develop
and interact with virtual/physical worlds by
manipulating physical objects in different
environments and at different scales (a classroom,
a museum, a playground). A set of basic I-
BLOCKS with individual processing and
communication power was developed and can be
further evolved in blocks of different shape and
material in order to increase transparency of
individual building block functionality. Users of
the I-BLOCKS system can do ‘programming by
building’ and thereby construct functionality of
artefacts in an intuitive manner without the need
to learn and wuse traditional programming
languages. In the paper we describe in detail the
technology of I[-BLOCKS and discuss their
application to a linguistic scenario.

Introduction

We developed a special kind of new devices
for ambient intelligence solutions in edutainment
environments [2]. We call these devices I-
BLOCKS (Intelligent Blocks), and they are the
supporting devices for exploring the design of a
concept of flexible and physical components to
manipulate conceptual structures. Here, we will
describe a particular application of the I-
BLOCKS technology to a linguistic scenario for
children with dyslexia. In this scenario we

transfer a well-known task used by speech
therapists to the I-BLOCKS, in order to give
more feedback and more sensorial information to
the child.

The I-BLOCKS tool consists of a number of
‘intelligent’ building blocks that can be
manipulated to create both physical functional
and conceptual structures [2, 3]. The I-BLOCKS
support our more philosophical claim that both
body (physical structure) and brain (functional
structure) play a crucial role in intelligence. The
focus on building both physical and functional
structures with the I-BLOCKS also lead to the
possibility of investigating the concept of
‘programming by building’ [2], in which
programming of a specific behaviour simply
consists of building physical structures known to
express that specific behaviour. So, we suggest
moving away from programming the artefacts
with traditional programming languages, and
instead provide methods that allow people to
‘program by building’ without the need for any a
priori knowledge about programming languages.
Indeed, we even suggest to completely removing
the traditional host computer (e.g. a PC) from the
creative process.

The I-BLOCKS tool that support
investigation of this innovative way of
manipulating conceptual structures consists of a
number of ‘intelligent’ building blocks (I-
BLOCKS) that each contain processing and
communication capabilities. Each I-BLOCK has
a physical expression (e.g. a cube or a sphere).
When attaching more I-BLOCKS together, a
user may create a physical structure of I-
BLOCKS that process and communicate with
each other, depending on how the I-BLOCKS
are physically connected to each other.
Interaction with the surrounding environment
happens through I-BLOCKS that obtain sensory



input or produces actuation output. So the overall
behaviour of an ‘intelligent artefact’ created by
the user with the I-BLOCKS depends on the
physical shape of the creation, the processing in
the I-BLOCKS, and the interaction between the
creation and the surrounding environment (e.g.
the user him/herself) — see [1] for details.

Fig. 1. Left: the internals of a building block with
micro processor and communication channels. Right:

example of input (sensor) building block that contains
two microphones. © H. H. Lund, 2002.

Our first implementation of I-BLOCKS uses
an electronic circuit containing a PIC16F876 40-
pin 8 bit CMOS Flash microcontroller for
processing, and provides four 2-ways serial
connections in  each I-BLOCK  for
communication (see Fig. 1). In order to better
visualise the concept, we have chosen to make
the housing out of rectangular LEGO DUPLO!
bricks. Energy power from a battery building
block is transported through the construction of
I-BLOCKS via connectors in the corners on the
bottom on each block and connectors in the studs
on top of each block.

There exist different types of I-BLOCKS that
all share the same standard technology of
providing processing and communication
capabilities. We term these standard building
blocks. In a number of cases, the standard
building blocks are extended with the addition of
sensors in order to become input building blocks,
and in a number of cases extended with the
addition of actuation in order to become output
building blocks. Input building blocks include
building blocks with LDR sensors, IR sensors,
microphones, switches, potentiometer, and
output building blocks include building blocks
with servo motor, DC motor, IR emitter, LEDs,
sound generator, etc. (see examples on Fig. 1).

In order to wverify the technological
possibilities of the I-BLOCKS (e.g. versatility of
control methods), we implemented different
kinds of processing in the I-BLOCKS, making
the I-BLOCKS becoming arithmetic blocks,

' LEGO and LEGO DUPLO are trademarks of
LEGO System A/S.

behaviour blocks, neural blocks, and spiking
neural blocks [5].

Several basic experiments tell us that I-
BLOCKS may allow ‘programming by building’,
and here we elaborate on how
construction/configuration of I-BLOCKS can
represent a conceptual structure, and be used at
different scales and contexts.

I-BLOCKS for cognitive rehabilita-
tion: an application scenario

Our new concept of flexible and physical
components to manipulate conceptual structures
allows exploration of scenarios at different scales
and contexts of use. The above mentioned
examples of I-BLOCKS implementation
indicated use at object scale with small elements
(LEGO DUPLO bricks) for individual use
supporting gesture based interaction and direct
manipulation. These small elements could, for
instance, be used for arithmetic training by
allowing the trainee to physically manipulate the
structures of arithmetic I-BLOCKS and receive
feedback directly from the structure. But they
could also be used in unstructured activities, for
instance where a child is simply performing free
play by constructing with behaviour I-BLOCKS
or neural I-BLOCKS, and interact with the
construction that he/she builds.

In the following we present a particular
application of the I-BLOCKS technology to a
linguistic scenario. In this scenario we transfer a
well-known task used by speech therapists to the
I-BLOCKS, in order to give more feedback and
more sensorial information to the child. Our
hypothesis is to test whether external
representations, in the form of dynamic I-
BLOCK constructions, would assist children in
learning linguistic structures in a more effective
way than with the combination of static iconic
pictures like the ones currently used by speech
therapists. Besides this, we want to test if bricks,
differently from cards, can support the children
in the performance of logic and grammatical
abstraction tasks. A third hypothesis is that
bricks can support the creative activity of
linguistic production once the structuring of
sentence is well interiorized by children through
the feedback provided by the I-BLOCKS.

Currently, the speech therapist tries to teach
to children with language problem the right
structure of a sentence. In focus group interviews,
the speech therapist’s work with children was



observed, and it is evident that manipulation of
objects is a very important feature in order to
reach language skills. Every task has the form of
a game, in which the speech therapist helps the
child, giving good scaffolding to the task.

Children with dyslexia, i.e. a difficulty in the
scholastic learning, or with a Specific Language
Impairment (SLI), can have problems to
understand the structure of a sentence, and the
speech therapist tries to help using lots of
instruments. One of a task that the speech
therapist purveys is to construct a sentence with
special cards. These cards have different shapes:
(1) Small and tall green rectangle for article
(Fig.2), (2) Rectangle with an icon on for noun
(Fig.3), (3) Red arrow for verb (Fig.2), and (4)
Small square for preposition.

—

Fig 2: Example of an article and a verb card.

Fig.3: Example of a situation-card.

The activity is articulated in the following
steps:

- The child has to recognize the different parts
of a sentence without icons (verb and article).

- The therapist encourages the child to choose a
situation depicted on the situation cards.

- The therapist presents the components of the
specific sentence that the child has to identify
and to use to structure the sentence (e.g. “the
child eats the chicken”).

- The child composes the sentence putting the
constituting elements in sequence.

- the therapist asks the child to read the
sentence putting his/her finger on the cards. If
the performance is not correct, the therapist
encourages the child to try again making
questions like -Where is the word “the” in the
following sequence? (Fig.4).

Another version of the task is to make
available more noun-icons and to ask to the child
to construct a good sentence. (semantic task).

Fig. 4: An example of sentence where an article is
missing (‘The boy eats chicken’).

In this task, the child manipulates directly the
cards, and every card represents a well specified
part of the sentence. The feedback, obviously,
comes from the speech therapist. However, with
the I-BLOCKS, we may develop a system where
the child is manipulating the structure of
sentences when manipulating with the physical
structure of I-BLOCKS, and at the same time
receives feedback from the I-BLOCKS
construction. In  the  first  mock-ups
implementation, we have decided to preserve the
characteristic of article (the small dimension),
and to give different colours for different roles in
the sentence: (1) Red small brick for article, (2)
Green brick for noun, (3) Yellow display brick
for verb.

So a sentence construction could take the
form shown in figure 5. The I-BLOCKS can now
give feedback and sensorial information to the
child based upon the physical structure that the
child has created.

The first testing activity was performed with
two children, T. 6 years old, with hypoacusia and
M. 10 years old, with dyslexia. In order to
experiment the idea at a low cost, the Wizard of
Oz technique was used. This technique involves
a user interacting with a fake system (low fi
prototypes) which is actually operated by a
hidden developer - referred to as the 'wizard' [4].
The wizard processes input from a user and
simulates system output. During this process the
user is led to believe that they are interacting
directly with the system. This form of
prototyping is beneficial early on in the design
cycle and provides a means of studying a user's
expectations and requirements. The approach is
particularly  suited to exploring design
possibilities in systems which are demanding to
implement such as those that feature intelligent
interfaces incorporating agents, advisors and/or
natural language processing. In our case, we re-
created a situation in which child had the idea of



interacting with a fully working I-BLOCK
system that provided timely and appropriate
feedback.

For the testing different verb, article and noun
bricks were developed for composing Subject —
Verb — Object sentences.

The situation cards represented the following
situations:

- the child drinks the juice

- the child eats the chicken

- the child greets a friend

- the iceman sells the ice-ream

- the child buys the ice-cream

- the newsagent sells the newspapers

- the child looks at the television (in italian the
sentence is without preposition! I bambino
guarda la televisione)

- the doctor examines the child

- the mum kisses the child

- the teacher reads a novel

- the mechanic repairs the car

- the grandma sews the dress

- the grandpa buys the bread

- the daddy drives the car

- the mum irons the trousers

In addition to noun, verb and article bricks,
another special silver brick was used to verify
the correct composition of the sentence. The
silver brick produced a sound in case the
sentence was incorrect, or it read the sentence
without inflections in case the task was
performed correctly.

The testing activity was similar to the one
executed through the cards. The child composed
the sentence using the bricks and then the
therapist asked the child to read the sentence and
check the correctness with the silver brick.

Fig. 5: “the mum irons the trousers”

In case of error, the child was encouraged to try
other combinations until the correct one is
reached. Therefore “system” pronounced the
correct sentence so the child could compare is
performance with the one of the system.

it

lg. 6: a sentence with the silver brick

The Wizard of Oz worked well, so the mock-
up was implemented for further testing. The
experience revealed a number of interesting
properties of the bricks:

e  The interactive bricks sustained trial-and-
error activity. The children were
stimulated to seek different configurations
of bricks and rapidly check the results.

* Children were in control of the
experimental setting. They could check
themselves the results of the activity
without the support of the therapist.

¢ Children were much more involved in the
activity. The same task performed with
cards resulted boring and in some cases
frustrating.

e The silver brick was always put at the end
of the sentence to mean that the children
understood the sequential structure of the
sentence.

* The sound feedback is informative and
not intrusive. It was interesting to note
how the children were encouraged to
reflect on the structure of the sentence in
case of error.

e The abstraction task was executed
correctly. The children became familiar
with the bricks and were able to recognise
the grammatical elements of the sentence
(noun brick, article brick etc.).

In a later testing session the children were
asked to invent a sentence using the bricks,
without icons. The result was amazing. M. for
example composed the following sentences that
reflected his interest for animals:

The varan lives in Komodo
The varan eats goats in Komodo



where he used yellow bricks to represent the
preposition (Fig. 7).

Fig. 7: creation of new sentences

Based on this positive feedback from the
‘Wizard of Oz’ experiments, we implemented a
system in the I-BLOCKS reflecting the
properties of the Wizard of Oz experiments. I-
BLOCKS implemented in LEGO Duplo bricks
would represent nouns, verbs, articles,
preposition, based on their colour or size. Each
block would also be labelled with the word.
Further, a large I-BLOCK (in fact two blocks put
together) would represent the magic silver brick.
This large block would write the sentence on a
display and play a happy or sad tune, depending
on the correctness of the constructed sentence.

This implementation was tested with children
from Denmark, Italy, and Tanzania. The initial
experience  suggests us that such an
implementation may be useful with users with no
learning problems (experiments performed at
Aalokke Skolen, Odense, Denmark, and Tumaini
University, Iringa, Tanzania), whereas the
building may pose some problems to children
with dyslexia (experiments performed in Siena,
Italy in the context described above). We will
investigate this difference further in the future.

Discussion

Following the  Distributed  Cognition
approach [1], our hypothesis in designing I-
BLOCKS for the linguistic scenario was that it
may be possible to enhance cognition by
mapping problem elements (components of a
sentence) to an external, manipulative, physical
and reacting construction in such a way that
solutions become immediately evident and the
children can receive feedback on their action of
combining I-BLOCKS. Zhang and Norman [6]
propose a theoretical framework in which
internal representations and external
representations form a "distributed
representational space" that represents the
abstract structures and properties of the task in

"abstract task space” (p. 90). They developed this
framework to support rigorous and formal
analysis of distributed cognitive tasks and to
assist their investigations of "representational
effects [in  which] different isomorphic
representations of a common formal structure
can cause dramatically different cognitive
behaviours" (p. 88). “External representation are
defined as the knowledge of the structure in the
environment, as physical symbols, objects, or
dimensions (e.g., written symbols, beads of
abacuses, dimensions of a graph, etc.), and as
external rules, constraints, or relations embedded
in physical configurations (e.g., spatial relations
of written digits, visual and spatial layout of
diagrams, physical constraints in abacuses, etc.)”

(p- 180) [7].

The/a cat eats the/a mouse
Il/un gatto mangia il/un topo
En kat spiser en mus

Fig. 8: Possible construction with the I-BLOCKS
mock-up for the linguistic task in three different
languages (English, Italian, and Danish).

The feature that different representations can
cause dramatically different cognitive behaviour
is referred to as “representational determinism”
[7]. It is obviously easier to play tictactoe than
15. This is exactly because tictactoe relies on
external representations utilizing what we are
good at, whereas you need to represent the
numbers and their sum internally in the other
game which we do inefficiently.

The development of the setting for the
linguistic scenario is still underway. Experiments
with children with dyslexia will be performed to
verify if the “representational determinism” of I-

BLOCKS can effectively sustain linguistic
learning.
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Abstract

The paper describes some initial experiences in
involving users from Tanzania in the
development of I-BLOCKS technology for the
African cultural context. Users of the intelligent
building  blocks (I-BLOCKS) can do
‘programming by building’ and thereby
construct functionality of artefacts in an intuitive
manner without the need to learn and use
traditional programming languages. We allow
both secondary school pupils and university
students in Tanzania to investigate possibilities
by building with I-BLOCKS within three
scenarios, for (1) mathematical training, (2)
emotion construction, and (3) language grammar
training. Based on the experience, the pupils and
students engaged in description of future
development of the technology, e.g. by
developing concept maps for African I-Blocks.

Introduction

Most IT tools are developed on a Western
cultural background, which influences the
direction in which these tools are developed —
and rightfully so, since the tools are also mainly
delivered to users with this cultural background.
However, the tools may not necessarily have the
same success when used in different cultural
settings. The reason for this being that the tools
may be context dependent, and users may have a
different cultural background, different kind of
logical thinking, different daily living context,
etc. [2]. Here, we present a technological tool
that may facilitate development in different
cultural contexts, and we try to verify the
suitability of the tool by collaboration with
secondary school pupils and university students
in Tanzania.

We developed a set of technological building
blocks, I-Blocks, to support learning by
construction, and more specifically to support
“programming by building” [4]. By attaching a
number of basic building blocks together, the
user may construct an artefact that can both
perceive input, process, and produce output.
Here, it is important to emphasise that each
building block is a basic building block, and the
overall functionality is obtained by combining a
number of building blocks into a whole system.
By using building blocks that the wuser
him/herself should combine together, we may
indeed be able to apply the technology to
different cultural contexts, since it is not the
designer/engineer that produces the overall
system as a black box, but it is the user
him/herself that, based on his/her desires,
construct the desired artefact by combining a
number of building blocks.

I-Blocks

The intelligent Building Blocks, called I-Blocks,
were developed to each contain a microprocessor
[4]. In the applications described here, the
housing of the I-Blocks takes the form of LEGO
DUPLO bricks that each contains the electronics

including the microprocessor. The
microprocessor used in this case is the
PIC16F876 40-pin 8 bit CMOS Flash
microcontroller.  Each I-Block has four

communication channels, two on the bottom of
each brick and two on top of each brick. So,
when attached together, I-Blocks may be able to
communicate with each other over the two-way
serial communication channels.

We constructed a number of different I-Blocks.
As the basis, we constructed a Basic I-Block that



contains microprocessor and communication
channels, and all other I-Blocks are extensions of
this basic I-Block. The extensions include Input
I-Blocks and Output I-Blocks. Input I-Blocks
may be Basic I-Blocks with IR sensors,
microphones, touch sensors, LDR sensors, etc.,
whereas Output I-Blocks may be Basic I-Blocks
with motor, sound generator, IR emitter, display,
etc.

The functionality of a system of I-Blocks is
defined by the way the system is physically
constructed, what processing take place inside
the individual I-Blocks, and the interaction with
the surrounding environment. In the work
presented here, the physical construction and the
interaction is decided by the users in Tanzania,
whereas the processing is initially pre-defined by
us engineers in a number of applications. Based
on the experience with these applications, the
Tanzanian users developed concept maps and
figures for the further development of other I-
Blocks applications suitable for the Tanzanian
context, i.e. African I-Blocks.

I-Block Applications

Initially we will look at three applications used
in the first I-Block workshops in a secondary
school and at a university in Tanzania. The three
applications were I-Blocks for emotional
constructions, I-Blocks for mathematical training,
and I-Blocks for language grammar training. The
first of these applications can be used for a free,
explorative play, whereas the latter two were
used in a more direct educational setting with a
more direct subject aim (i.e. math or language).

I-Blocks for Emotional Construction

The I-Blocks for emotional construction were
initially developed by J. Nielsen and Prof. H. H.
Lund at the Maersk Institute, University of
Southern Denmark in collaboration with A.
Rullo and Prof.ssa P. Marti at the University of
Siena [5]. The main idea behind the I-Blocks for
emotional construction is the implementation of
a system that allows the user to construct
different emotional models by the different
physical constructions of I-Blocks systems. So
the emotional model will be defined by the
physical aspects of the construction made by the
user. In this way, the user can explore different
emotional models and emotional expressions by
experimentation with the construction of

different physical aspects. To our best
knowledge, this is quite different from most
other robotic experiments with emotional models,
since in all other cases, the models are pre-
defined by the researcher/engineer, and the user
is interacting with the pre-defined model. In
these applications, the emotional expression of
the robotic entity will change dependent on the
sensory input provided to the system by the user,
but the user is not constructing the system or the
emotional model him/herself. However, with the
I-Blocks for emotional construction, it becomes
possible for the user to actually construct the
system and the emotional model by simple,
physical manipulation with the I-Blocks.

I-Blocks for Mathematical Exercises

The arithmetic blocks include blocks for addition,
subtraction, multiplication and division, sensor
input blocks for setting input values, and output
blocks to present output values. As an example
let us look at the task of calculation of the results
of arithmetic expressions, and here specifically
the task to present a result for the following
expression:
(x+y)*z

where x, y and z are either standard sensory
inputs or user set inputs (the user can set input
values with sensor building blocks by pressing a
switch or turning a potentiometer). The task has
been solved correctly for a solution that presents
the right result with regards to every possible
input.

Fig. 1: A construction with arithmetic I-BLOCKS
that performs an arithmetic calculation: (x+y)*z. The
user can set the value of the small blocks on the top (x
and y) and on the right side (z). The result is displayed
as binary number with LEDs on the low