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Introduction of the Mobiligence Program

Emergence of Adaptive Motor Function through Interaction
among the Body, Brain and Environment
- A Constructive Approach to the Understanding of Mobiligence -

Hajime Asama
Director of the Mobiligence Program
The University of Tokyo

1. Introduction

The Mobiligence program is a five-year program
started from 2005[1], which was accepted as a program
of Scientific Research on Priority Areas of Grant-in-Aid
Scientific Research sponsored by the Japanese Ministry
of Education, Culture, Sports, Science and Technology
(MEXT). Currently, 40 subjects are being carried out (11
subjects for planned research group, 20 subjects for
applied research group, and one subject for operation).
The first, the second, and the third international
symposium on mobiligence was held in Dec., 2005[2],
July, 2007[3], and Nov., 2009[4] respectively, in which
we discussed mainly the research results obtained in the
mobiligence program and the research plans.

In this report, the outline of the program including the
objective and the organization is presented. The concept
of mobiligence, which can be defined as intelligence for
generating adaptive motor function which emerges by
mobility, and the approach to understand the mechanisms
that generate the adaptive behaviors are explained, and a
part of the main research outcome is introduced.

2. Program Objective of the Mobiligence Program

All the life forms such as humans, animals, and insects,
can behave adaptively even in diverse and complex
environment in various types of behaviors, such as
locomotive behaviors in the form of swimming, flying,
and walking, manipulation behaviors such as reaching,
capturing, and grasping by using hands and arms, social
behaviors to the other subjects, etc. The intelligent
sensory-motor functions to generate adaptive behaviors
are considered most essential and indispensable for them
to survive.

It is known that such function for adaptive behaviors is
disturbed in patients with neurological disorders.
Parkinson disease is a typical example of such disorders
on adaptive motor function, and autism or depression can
also be considered as a disorder on social adaptive
function. Recently, due to aging or environmental change
of society, the population of people who are suffering
from these diseases is growing rapidly, and it has
become urgent to cope with this problem. However, the
mechanisms of generating such adaptive behaviors are
not thoroughly known yet. With this background, the
objective of the program is set to understand the
mechanism that generates the adaptive behaviors.

3. Concept of Mobiligence

Such an adaptive function is considered to emerge by
the active mobility of the cognitive subject. In the subject
is in the stationary state, there is not so much interaction
among body, brain, and environment. However, once the
subject starts to move, the signals to move the body are
transmitted from the brain to the body. As the result of
the motion of the body, the physical interaction between
the body and environment are made, and due to the
interaction, the information from environment is input to
the brain directly or fed back to the brain via the body as
somatosensory signals. Namely, the motion of the subject
accelerates the interaction among body, brain, and
environment, which is considered essential for the
subject to behave adaptively. Based on the consideration,
we built up a working hypothesis that the adaptive
function emerge from the interaction among the body,
brain and environment, which requires actions or
motions of the subject, and defined mobiligence as
intelligence for generating adaptive motor function
which emerges by mobility.

The information which can be acquired by mobility
can be listed as follows:
1. Diverse information by changing location of the

subject

2. Dynamical information by motion
3. Experience accumulated in the subject

There is difference in the concept of the conventional
robotics and mobiligence, which are compared in fig. 1.

In the conventional robotics, which discusses
intelligence for mobility, the first step is perception and
cognition. The subject recognizes the environment based
on the information perceived by sensors, then plans the
motions by applying knowledge which should be
implemented in advance, and behaves by controlling the
actuators, namely, moves the body, which causes the
interaction to the environment, as shown in fig. 1-(a). On
the other hand, in the concept of mobiligence which
investigates intelligence emerged by mobility, the first
step is behavior as shown in fig. 1-(b). The perception is
initiated by the behavior. As a result of the behavior, rich
information can be acquired by the interaction between
the body and the environment, and input to the brain.
The information can be accumulated in the brain, and
utilized concurrently to generate adaptive behaviors in
real time. The combination of the two concepts derives
the tight and continuous loop between cognition and



behavior or among body, brain, and environment, which
is considered quite important to wunderstand the
intelligence of living systems that behave adaptively or
to design the intelligence of the autonomous artificial
robots.
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Fig. 1. Comparison of the concepts of conventional
robotics and mobiligence

4. Collaborative Research of
Engineering

It is typical to use animal experiments in the
conventional biological research. By this analytical
approach, large amount of knowledge and findings have
been obtained so far, such as the structure and function
of various neural networks, neural
transmitters/modulators, etc. However, there is also
limitation in this conventional analytical approach based
on animal experiments. The animal experiments are
usually made with animals in the fixed conditions, and
they can reveal only the simple brain function in a
stationary state. For the mobiligence research, where it is
required to investigate the complex function which
emerges through interaction among brain, body, and
environment in a dynamic state, the mechanisms that
generate adaptive behaviors are hardly able to be
elucidated only by the conventional analytical approach.
To overcome the problem, a new approach was
introduced to tackle this problem in the mobiligence

Biology and

program. Based on the knowledge of biological research,
such as neurophysiology, neuroethology, clinical
medicine, cognitive science, microbiology, physiological
models are to be derived. To these biological models,
dynamic system modeling technology is applied to
derive biological system models, which can be
implemented on simulators or actual robot systems. By
constructing the adaptive function on the simulators or
actual robots based on the models, we can verify the
models, evaluate the effects of the various parameters,
and introduce new hypotheses to the biological scientists.
In the mobiligence program, this approach is called a
constructive approach by collaborative research of
biology and engineering.

In the mobiligence program, three methodologies for
collaborative research of biology and engineering have
been proposed and in practice so far:

A.  System Biomechanics

By neurophysiological research, we can derive models
for nervous systems. On the other hand, by engineering
and anthropological research, musculoskeletal models
can be derived. By integrating the nervous system
models and musculoskeletal models, dynamic system
models can be introduced, and can be implemented on
simulators or actual robots. As the results of experiments
using the simulators or actual robots, we can verify the
models or hypotheses, produce new possible hypotheses
on the mechanisms which generates the adaptive
behaviors, and feed them back to the biological scientists,
or provide robotic scientists with design principle to
realize adaptive artificial systems. This methodology for
collaborative research is shown in figure 2-(a).

B. Synthetic Neuroethology

From neurophysiological research, enormous
independent pieces of physiological knowledge are
acquired in diverse levels from chemical reaction to
cellular and behavioral (individual or social) level.
Multiple pieces of the knowledge in multi-levels can be
synthesized by technologies in robotics or engineering to
derive dynamic system models, which represent the
hypotheses of the mechanisms that generate adaptive
behaviors. The behavior or performance of the models
which should be implemented on simulators or actual
robots can be compared with the behavior or
performance of the actual living systems, and the models
or hypotheses can be verified in ethological manner. This
methodology for collaborative research is shown in
figure 2-(b).

C. Brain-Machine Integrated System

Biology can provide us with biological body components,
such as brains, limbs, organs etc. Engineering or robotics
can provide us with mechanical body parts, such as
sensor devices, actuators, processors, etc. By integrate
these body parts, we can construct brain-machine
integrated systems, which can also be called cyborg. By
analyzing the behavior and function of the integrated
system, we can investigate the function of the biological



components or systems, and can provide robotics
scientists with the methodologies to realize artificial
systems that can behave adaptively. This methodology
for collaborative research is shown in figure 2-(c).
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Fig. 2. Methodologies for collaborative research
of biology and engineering

5. Research Subjects and Groups

In the mobiligence program, we focused on the
following three aspects to investigate the mechanisms
that generate adaptive behaviors, and organized three
research groups for each aspect:
Group A (Adaptation to the environmental change)

Investigation of mechanism to generate the
information adaptively based on cognition of the
environmental change
Group B (Physical Adaptation)

Investigation of mechanism to control the motion of
the body adaptively according to the environment
Group C (Social Adaptation)

Investigation of mechanism to select the behaviors
adaptively to the other subjects and the society

The researchers in these three groups conduct their
respective research on specific subjects, such as

cognition, learning, motion generation, and body control,
focusing on specific life forms, such as humans, animals,
and insects in individual level and social level. However,
another important target of this program is to clarify the
universal and common principle underlying the
mechanism of mobiligence, and establish the design
principle for adaptive systems. We organized the fourth
group to understand the common principle:
Group D (Common Principle)

Investigation of common principle on dynamics in
generating adaptive behaviors

6. Recent Research Outcome

In the mobiligence program, many collaborative
research subjects have been initiated, and various
valuable research outcome have been obtained so far by
the intensive specific research in the group A, B, and C.
In parallel to the specific research, some common
structures and features have been extracted as the
common principle on the structural dynamics or
information creation of the mechanisms for adaptation.
Followings are a part of the recent research outcome:

In the research of group A, which focuses on cognition
to the environmental change, adaptation to dynamic
environments in reaching movements as shown in Fig. 3
has been investigated by Ito, et. al[5]. Two types of force
fields, namely velocity-dependent force field for internal
model adaptation and divergent force field for impedance
adaptation, have tested, in which the subject should learn
to reach the targets. It was proved that the subjects can
learn to generate the optimal hand force patterns in both
cases, and can adapt even when that force field was
changed in the middle of the motion. As a result of the
experiments, it can be assumed that the impedance and
internal-model controls can be programmed in a
feedforward manner in adaptation to the contexts of
dynamic environments. This function is called
anticipatory adaptation. Yano, et. al. investigated real
time adaptation mechanisms on a feedforward structure,
especially mechanisms on generating real time
constraints as Minashi (abductive) information, taking an
example of olfactory computation in slug brain[6]. As a
result of experiments, it was found that the initial signals
to move the body, which is considered to correspond to

MO+ Ho.0)=t—J(0 F,

Fig. 3. Reaching behavior



emotional behavior, precedes about 40-60[msec] to the
memory accessing signal flow, which is considered to
correspond to interpretation of the perceived information.

In the research of group B, which focuses on physical
adaptation, namely adaptation in the individual level,
emergence and control in adaptive locomotion under
changing environment has been investigated by system
biomechanics approach, namely systematic approach
based on neural and musculoskeletal models. Takakusaki,
et. al. investigated function of basal ganglia, cerebral
cortex, brainstem, spinal cord, thalamus, limbic system,
and cerebellum on locomotion, and discovered a detail
structure on the signal flow in the neural networks[7].
Especially, Nakajima, et. al. investigated how cortical
motor areas (M1, SMA, PMd) in primates contribute to
the gait control by using Japanese (Macaque) monkey[8].
As a result of experiments on recording the firing pattern
of cortical neurons during locomotion of macaque
monkeys on moving treadmill, it was found that the
discharge frequency drastically increased when the
monkey converted its locomotor pattern from
quadrupedal to bipedal. A block diagram on the
locomotion was derived as a physiological model for
locomotion, where it was also indicated that the postural
control system is activated earlier than the movement
control system, and sends feedforward signals to
movement control system. On the other hand, Tsuchiya,
Ogihara, et. al. developed a musculoskeletal model of
Japanese monkey based on anatomical data and CT data
by anthropological and engineering approaches[9],
which is shown in fig. 4. It is expected to integrate the
physiological model and the musculoskeletal model to
enable simulation on dynamic locomotion of Japanese
monkey by constructive approach for further
investigation in near future.

In the research of group C, which focuses on social
adaptation, namely adaptation in the social (multi-agent)
level, cognition of other agents and selection of adaptive
behaviors to other agents or society have been
investigated by synthetic neuroethology approach.
Aonuma, et. al. focused on fighting behaviors between
male crickets as shown in fig. 5. As a result of

Fig. 4. Musculoskeletal model of Japanese
monkey

experimental investigation, new  physiological
knowledge were obtained such that aggressiveness
increases by inhibition of NO/cGMP cascade, OA level
in the brain decreases by NO and fighting behavior, and
the decrease level depends on the results of fights (win or
lose)[10]. Fujiki, Asama, et. al. implemented a
mathematical model of the neural mechanism by reaction
diffusion equations[11], and Ashikaga and Ota, et. al.
implemented a mathematical model of interaction
between male crickets by finite automaton[12]. By
integrating both models, the behavior selection of male
cricket can be simulated from chemical reaction level in
the brain to the social interaction level. As a result of
simulation results, it was suggested that the different
types of the society emerge depending on the density,
namely the number of individuals per unit area. Figure 6
is the simulation results on aggressiveness of male
crickets depending on the density. The graph shows that
all the individuals become aggressive in low density
(large field size) condition, while only small number of
individuals become aggressive in high density (small
field size) condition. It is pointed out in the ethological
research that this simulation results fits the behaviors of
actual make crickets very well, and from these
consideration, the models we derived are proved to be
reasonable.

In the research of group C, Kanzaki, et. al. have
investigated the adaptive brain function of silk moth by
brain-machine integrated system approach[13]. A mobile
robot integrated with insect brain, which is shown in fig.
7 has been developed, where the robot can be controlled
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Fig. 6. Simulation results on aggressiveness
depending on density



by the embedded insect brain signals. As a result of
pheromone source localization experiments with this
robot, it was found that the silk moth brain can
successfully control the robot body and localize the
pheromone source even if the control gain of the right
wheel and the left wheel were differentiated. This result
verified the plasticity of the silk moth brain. By changing
body dynamics, control gain or other parameters of the
body, it is expected to investigate the adaptive function
of the silk moth brain and neural systems more in detail.

In the research of group D, which focuses on common
principle, balance dynamics in mechanical properties and
information processing in control has been investigated
from the viewpoint of physical constraints, because it is
considered that the balance between mechanical
embodiment and neural control system is considered
very important for realization of adaptive function. The
main concern of this group is what kind of balance
mechanisms exist in living systems, and how this should
be designed in autonomous artificial systems. Osuka, et.
al. have focused on adaptive function in passive dynamic
walking, and discovered a stabilization mechanism by
implicit feedback structure in body dynamics[14].
Ishiguro, et. al. have developed a modular robot system
“Slimebot” based on collective behavioral approach as
mimesis of slime mould (amoeba), which is shown in fig.
8[15]. The robot system employs a fully decentralized
control by exploiting embodied coupled nonlinear
oscillators, and passivity by s spontaneous inter-modular
connectivity control mechanism. As a result of actual
robot experiments, it was discovered that a certain
passivity can significantly increases its adaptiveness.

From the research outcome obtained so far in the
mobiligence  program, there found a common
characteristic in the mechanisms that generate adaptive
behaviors as shown in fig. 9. The perceived sensory
information is dimensionally compressed in environment
cognition. However, the information which can be
obtained is not always sufficient to generate motion. In
such situation, Minashi (abductive) information is
generated in real time, which is equivalent to constraints
for control of redundant degrees of freedom in the
physical body. The motion is not always generated or
switched in a reactive manner (such as impedance
adaptation). The internal models learned and formed in
the brain through experience are quite essential to
generate adaptive behaviors effectively according to the
context. The motion generation complexity depends
much on the embodiment. If the body is well organized,
the active mechanism to control the body can be
simplified.

7. Expected Impact of the Mobiligence Program
By the mobiligence program, various types of
mechanisms that generate adaptive behaviors in various
living systems, such as humans, animals, and insects, are
expected to be elucidated as well as common principle.
Although the main contribution will be brought to
biological field, huge impacts to other fields are expected
as well. To the medical field, the results of our research

will contribute to the discovery of a method to improve
motor impairment and develop rehabilitation systems. To
the engineering field, the results of our research will
contribute to the derivation of the design principles of
artificial intelligence systems. By the mobiligence
program, the new research discipline is expected to be
explored, and a new research organization that integrates
biology and engineering is expected to be established,
where new programs or curriculums are implemented to
foster young engineering scientists and biologists to
conduct collaborative and interdisciplinary research
between  biological and engineering  research,
respectively.
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Fig. 8. Modular robot system “Slimebot”
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Junior Academy of the mobiligence program was
established, and tutorials, workshops, and seminars have
been carried out for the young researchers in mobiligence
program. The academy is now working on editing the
terminology related to the mobiligence research.

8. Conclusion

The mobiligence program was introduced, which
started from 2005 in Japan as a five-year program of
Scientific Research on Priority Areas of Grant-in-Aid
Scientific Research sponsored by the Japanese Ministry
of Education, Culture, Sports, Science and Technology
(MEXT). The concept of mobiligence was explained,
which can be defined as intelligence for generating
adaptive motor function which emerges by mobility. The
objective of the program and the constructive approach
by collaborative research of biology and engineering for
the mobiligence research were mentioned as well as the
subjects and organization of the program. Finally, a part
of the current research outcome was introduced.

The outline of the program including the objective and
the organization was presented. The concept of
mobiligence, which can be defined as intelligence for
generating adaptive motor function which emerges by
mobility, and the approach to understand the mechanisms
that generate the adaptive behaviors were explained. A
part of the recent research outcome was introduced.

Detail and other research outcome was presented in
AMAM 08 (Fourth International Symposium on
Adaptive Motion of Animals and Machines), in the
workshop of IROS ’08 (2008 IEEE/RSJ International
Conference on Intelligent Robots and Systems),
DARS '08 (2008 International Symposium on
Distributed Autonomous Robotic Systems), and will be
presented in Mobiligence ’09 (Third International
Symposium on Mobiligence), which will be held in
Awaji, Japan, in Nov., 2009.
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Hajime Asama**, Kazuo Tsuchiya*?, Kaji Ito*3, Masafumi Yano**, Koichi Osuka*>,
Kaoru Takakusaki*®, Ryohei Kanzaki**, Hitoshi Aonuma*’, Akio Ishiguro**, Jun Ota**

*1The University of Tokyo, *“Doshisha University, **Tokyo Institute of Technology, *“*Tohoku University,
*>Osaka University, *®Asahikawa Medical College, * ‘Hokkaido University

1. Missions
The missions of the steering committee are as follows:
Establish goals for the Mobiligence Program
Plan and coordinate research
Evaluate research progress and consult
Determine the procedures for the public invitation of
proposed topics
e Organize symposia and research meetings for the
purpose of developing related research
Plan publicity of research results
Encourage close collaboration among researchers,
i.e, information exchange, mutual understanding,
and communication
e Plan international research and lectures by members
of academic societies and announce interim and ex
post evaluations of progress
e Devise programs to encourage fused collaboration
among bhiologists and engineering scientists and
establish aresearch center and research organization

2. Summary of 2009 Activities of the Steering
Committee

Research subjects were coordinated in each group to
facilitate the fused collaboration between biologists and
engineering scientists, which characterizes this program,
and joint group meetings and open group meetings were
organized to promote the inter-group collaboration
effectively. Following events were organized; an
international symposium, a domestic closed symposium
for internal review, tutorials, workshops, and seminars.
The internal review to the research activities of each
project was performed. Many organized sessions are
organized at international and domestic conferences. A
series of text books (four volumes) on Maobiligence were
planned, edited and publicized. The homepage for
publicity and the database to record the activities in the
program were maintained and updated. Research report
was edited and published. Activities of Junior Academy
of the mobiligence program were supported.

3. Steering Committee Meetings and WGs
The following Steering Committee meetings were
held:
e 1% Steering Committee Meeting
Nov. 21st, 2009, 14:00-15:00
at Awagji Yumebutai International Conference Center
e 2" Steering Committee Meeting
Mar. 3rd, 2010, 12:30-13:30
at Hotel Taikanso in Matsushima

4. Publication Committee Meeting
The following publication committee meeting was
held for publication of the text book series on
Mobiligence:
e 1st Publication Committee Meeting
Nov. 20th, 2009, 12:20-13:30
at Awaji Yumebutai International Conference Center

5. Publication of the Text Book on Mobiligence

A series of the text books (four volumes) on
Mobiligence were publicized at the end of February,
2010 from Ohmsha Ltd.. (Fig. 1)
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Fig. 1 Cover page of the Mobiligence text book

6. Organization of Symposia
6.1 International Symposium

The third International Symposium on Mobiligence
was held at Awaji Yumebutai Conference Center, Japan
on Nov. 19-21, 2009. Organized sessions organized by
each group of the Mobiligence program were held, which
include 3 invited speeches, 26 oral presentations, and 81
poster presentations and discussions. The invited
speakers are; Joel W. Burdick (California Institute of
Technology, USA), Martin S. Fischer (Friedrich-Schiller-
Universitdt (Germany), and Yoshiharu Yamamoto (Univ. of
Tokyo, Japan). Individual research outcome was presented
in the ora and poster sessions by the members of
Mobiligence program. A night session was organized by
Junior Academy of the Mobiligence program. Total
number of participants was 137. The presentations and
discussions were recorded and publicized on the internet
broadcasting system[1]. Figure 2 shows a presentation in
the third International Symposium on Mobiligence.



Fig. 2 Presentation in the International Symposium

6.2 Domestic Closed Symposium

A symposium for internal evaluation was held in Hotel
Taikanso in Matsushima, Japan, on Mar. 1-3, 2010. Oral
and poster presentations on the research progress in 2009
of al the subjectsin the Mobiligence program were made
by each research leader and members. They were all
reviewed by the review committee members and the
steering committee members. Prof Minoru Asada (Osaka
Univ., Japan) gave an invited talk. A night session was
also organized by Junior Academy of the Mobiligence
program. Total number of participants was 113.

7. Publicity
7.1 Organization of Special Issues of Journals
A specia issue on Mobiligence was organized in the
following journal and magazine:
e Advanced Robotics, International Journal, Vol.23,
No.5 (2009), 5 papers
e Japanese Journal of the Society of Instrument and
Control Engineers, Vol. 48, No. 9, (2009), 7 papers
The selected papers which were presented at the third
International Symposium on Mobiligence will be
published in the special issue of Journal of Robotics and
Autonomous Systems.

7.2 Organization of Workshops in International

Conferences
Workshops were planned and held in the following
international conferences:

e Workshop on Future Trends of Mobiligence:
Adaptive Motor Function through Dynamic
Interactions among the Body, Brain and
Environment, 2009 |EEE International Conference
on Robotics and Automation (ICRA 2009), Kobe,
Japan, May (2009), workshop, 6 papers

e Workshop on Mobiligence: Socid Adaptive
Functions in Animals and Multi-Agent Systems,
2009 |EEE/RSJ International Conference on
Intelligent Robotics and Systems (IROS2008) , St.
Louis, USA, Sep. (2009), workshop, 9 papers

7.3 Session Organization in Domestic Conferences
Organized Sessions on Mobiligence were organized

in the following domestic conferences:

e 2009 JSME Robhotics and Mechatronics Division
Annual Conference, Fukuoka, Japan, May 2009, 7
posters

e 2009 RSJ Annual Conference, Yokohama, Japan,
Sep. 2009, 6 papers

e 19th Intelligent System Symposium, Aizu, Japan,
Sep. 2009, 4 papers

e 2009 SICE Systems and Information Division
Annual Conference, Yokohama, Japan, Nov. 2009, 4
papers

e 2009 SICE System Integration Division Annual
Conference, Tokyo, Japan, Dec. 2009, 15 papers

e 2010 SICE Decentralized Autonomous Systems
Symposium, Nagoya, Japan, Jan. 2010, 6 papers

7.4 Other Publicity Activities

The home page of the Mobiligence program was
updated accordingly[2], database on research
achievementd[ 3] and activity records was maintained and
presented on the web site.

The brochure of the Mobiligence program including
subscribed research groups was published and distributed
as well as call for proposas for the new subscribed
research. The report, this volume, on the research
activities of the Mobiligence program in 2009 was edited
and published. The concept of the Mobiligence and
current research outcome were broadcasted through the
internet broadcasting system[1].

8. Organization of other Seminars, Tutorials and
Workshops
To accelerate the fused collaboration and to foster
young scientists and students who are doing mobiligence
research, following seminars, tutorials, and workshops
were arranged and held:

e Tutorial “Adaptation for Environment — Prediction
and Internal Models’

May 24th, 2009, 13:00-17:00 in 2009 JSME
Robotics and Mechatronics Division Annual
Conference at Fukuoka Convention Center

e Seminar of the Group “Common Principle”

June 3rd, 2009, 10:30-17:00 at Toyonaka Campus of
Osaka Univ.

e  44th Seminar of SICE Division of Autonomous and
Decentralized Systems “Network and Interaction”
June 19th, 2009, 13:30-16:00 at Hongo Campus of
the Univ. of Tokyo

e  44th Seminar of SICE Division of Autonomous and
Decentralized Systems “Network and Interaction”
June 19th, 2009, 13:30-16:00 at Hongo Campus of
the Univ. of Tokyo

e  Seminar of the Group “Physical Adaptation”

July 20th, 2009, 10:30-17:00 at Doshisha Univ.

e  Seminar of the Group “Adaptation for Environment”
Aug. 28th 14:00-30th 12:00, 2009 at Tokiwa Hotel

e Open Symposium “Hot Encounter of Animal
Ethology with Robot Engineering”

Nov. 27th, 2009, 16:30-19:00 in 28th Annual
Meeting of the Japan Ethological Society at Tsukuba
Univ.



e Tohoku Universty RIEC  workshop on
“Understanding of Order Generation of Adaptive
behaviors in Biological System by the Constructive
Approach”

Dec. 18th 13:30 — 19th 12:30, 2009, a RIEC,
Tohoku University, Sendai, Japan

e  Seminar of the Group “ Social Adaptation”

Feb. 1st 10:20-16:00, 2010, at RIES, Hokkaido
Univ.

9. Review
The research progress, outcome, and the collaboration
between biology and engineering were reviewed by the
following international and domestic reviewers in the
third international symposium, and by the domestic
reviewers in the domestic closed symposium:
e Domestic reviewers:
Prof. Shinzo Kitamura (Hyogo Prefecturl Institute of
Technology), Prof. Shigemi Mori (National Institute
for Physiological Sciences), and Prof. Ryoji Suzuki
(Kanazawa Institute of Technology)
e International reviewers:
Prof. Sten Grillner (Karolinska Inst.), Prof. Avis H.
Cohen (Univ. of Maryland), Prof. Rolf Pfeifer (Univ.
of Zurich)

10. Activity Support for Junior Academy of the
Mobiligence program
The steering committee supported the following
activities of the Junior Academy of the mobiligence
program:

e Organized Session in the 2010 SICE Decentralized
Autonomous Systems Symposium, Nagoya, Japan,
Jan. 2010, 3 papers

e Creating Glossaries (embodied in the text book on
Mobiligence)

11. Planning of Future Program for Mobiligence
Planning and discussion on new projects was made by
a working group which consists of a part of the steering
committee, to expand the research area of Mobiligence
after the term of the Mobiligence program terminates

References
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Group A: Adaptation to Environment
Annual Report

Koji ITO
Tokyo Institute of Technology, Japan

I. RESEARCH PROJECT

The aim of Group A is 1) to clarify the brain-nervous
mechanisms for creating appropriate hypothesis to
constrain behaviors based on the accumulated experiences
under unpredictable environments, 2) to analyze the motor
control mechanisms producing adaptive behaviors
corresponding to dynamical environments, and 3) to
construct mathematical models of the adaptive
sensorimotor coordination mechanism composed of the
brain, body and environment. To perform the above aim,
the group hangs the following research subjects.

Research subject AO01: Modeling of intra-cerebral
mechanisms _for _motor adaptation to unknown
environments.

In order to generate adaptive behaviors in various
environments, it is necessary to integrate the redundant
degrees of freedom in the brain, body and environment
based on changing contexts of situation. The research
subject aims to elucidate the brain mechanisms of the
sensorimotor coordination corresponding to the dynamic
environments by the experimental, constructive and
systematic approaches.

Research subject A02: Anticipatory adaptation of
sensorimotor coordination.

To wunderstand the sensorimotor coordination
mechanism for environment cognition and appropriate
motor adaptation, behavioral contexts and intrinsic factors
(e.g., anticipation, intention, attention, affection, etc.) of
subjects should be considered. The research subject aims
to clarify the relationship between these intrinsic factors
and  sensorimotor  adaptation  under  unfamiliar
environments.

Il. RESEARCH GROUPS

Group A consists of two planned and seven
subscribed research groups. The research groups are
reformed in this year based on the middle evaluation.

- Planned Research Groups
1) A01-01 Kaoji Ito (Tokyo Institute of Technology)

Modeling of intra-cerebral mechanisms for motor
adaptation to unknown environments

2) A01-02 Toshiyuki Kondo (Tokyo University of
Agriculture and Technology)

Anticipatory adaptation of sensorimotor coordination

11

- Subscribed Research Groups
A01-11 Toshiya Matsushima (Hokkaido University)

Optimal motor investments: algorism of instantaneous
gain rate computation

A01-12  Yasuharu
Technology)
Learning and control model in consideration of
inconsistency between vision and tactile

A01-13 Tadashi Ogawa (Kyoto University)

The role of the prefrontal cortex in advancing
cognitive adaptation under unknown circumstances
A01-14 Yasuji Sawada (Tohoku Institute
Technology)

Study of optimization for the cooperative adaptation
between motions of two persons by mutual tracking
experiments

A01-15 Akira Murata (Kinki University, School of
Medicine)

Brain mechanisms for recognition of bodily self and
others

7) A01-16 Tetsunari
Informatics)

3) Koike (Tokyo Institute of

4)

5) of

6)

Inamura (National Institute of

Multimodal sensorimotor integration and behavior
induction between other and self based on mirror
neuron model

8) AO01-17 Jun Tani (Brain Science Institute, RIKEN)

Understanding ~ "Organic
cognitive brain mechanisms

Compositionality" in

I1l. RESEARCH RESULTS
(1) Learning by motivated observation

"Learning by observing" is an important feature
confirmed in human motor learning. Matter et al. reported
that observing someone else's behavior affects even
subconsciously on the consecutive motor learning. In
their experiment, the subjects who observed a video
beforehand, in which someone engaged in an arm
reaching task under a viscous curl force field
demonstrated rapid adaptation compared with the
subjects without the observation. Their experiment,
however, had not constrained whether the subjects had
intention to imitate the observed behavior.



We experimentally examined the effects of observing
expert's movement beforehand, and of providing an
instruction to have motor imagery during the observation.
As well as Matter's work, arm reaching movement under
viscous curl force field was used as the learning task.
Twelve subjects participated in the experiment. They
were randomly-assigned into three groups; (1) Rest, (2)
Observation, and (3) Motivation, respectively. The
Observation and Motivation group asked to look at a
video, in which an expert engaged in the reaching
movement under the force field. In addition, the
Motivation group subjects were provided with an
instruction that they have to tackle the same task just after
the observation.

The experimental result shows that the subjects who
experienced a preceding observation (i.e. Observation or
Motivation group) outperformed the subjects without the
observation, especially in the latter stage of the motor
learning (i.e. final performance level). Moreover, the
Motivation group subjects demonstrated a rapid
performance improvement than the others in the early
stage of the motor learning.

(2) Electroencephalogram (EEG) - functional electrical
stimulation (FES) system for stoke motor
rehabilitation

Stroke is a leading cause of adult disability which
induces functional deficits in motor control. Motor
learning is considered as the basic principle for
rehabilitation, but there are few systems which focus on
motor learning for severely paralyzed patients. We
proposed a BCI rehabilitation system which used
electroencephalogram (EEG) of motor intention (event
related desynchronization: ERD) to control functional
electrical stimulation (FES) of sensory feedbacks. The
proposed system (EEG — FES system) could accelerate
motor recovery by dynamically variable FES amplitude.
We had performed fundamental researches about ERD.
Here, we will report the short term (one day) training
effect for a severely impaired patient.

One stroke patient (male; age = 55 years; hemiplegia
duration = 30 months) was recruited. The patient had
infarction in brain stem and had paralysis in his left side.
Tibialis anterior muscle was aimed in the training and this
subject had severely impaired in this muscle (SIAS,
foot-pat score; 0/5). In the EEG — FES training, the
subject performed twenty trials (one trial = 1 minute)
with repeating attempt of dorsal extension. During the
trial, the subject repeated dorsal extensions and rose the
bar display and FES amplitude as much as possible
(Updated every 500 msec).

Before and after training, the subject performed
repetition of dorsal extensions with cue presence (without
bar display and FES). One trial (10 sec) contained cue
absence (5 sec, no mation) and cue presence (5 sec,
motion). In total, thirty trials data were recorded in
succession.
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Comparing before and after training, the quality of
motion was significantly improved. Before training, the
knee joint was moved and the ankle joint not activated. In
contrast, after training, the clear ankle joint movement
was observed. Before training, there was little myoeletric
activity during the motion (5 — 10 sec), but the activity
after training was much improved.

These results support the use of EEG - FES system for
severely paralyzed muscles. The EEG - FES system had
changed the quality of ankle motion. The mechanism of
the improvement is not clarified, but it may be due to
brain plasticity by dynamically controlling functional
electrical stimulation (FES) amplitude accordance with
motor intention. It is crucial to note that this study is only
from one stroke subject with short term training. More
studies with different lesion locations and chronicities are
needed to evaluate the effect of EEG — FES system.

IV. MEETING AND OTHERS

- Joint Meeting of Group A and B
Date: Dec. 18, 13:30 — Dec. 19 12:30, 2009.

Place: Meeting room, Research Institute of Electrical
Communication, Tohoku University.

Attendee: 30 members of group A and B.
Presenters:
1) Prof. Kusaki Takakusaki, Asahikawa Medical
College.
2) Dai Yanagihara, University of Tokyo
3) Tetsuro Funato, Doshisha University
4) Masahiro Shimizu, Tohoku University
5) Jun Ota, University of Tokyo
6) Toshiya Matsushima, Hokkaido University
7) Yasuharu Koike, Tokyo Institute of Technology
8) Koji Ito, Tokyo Institute of Technology
9) Masafumi Yano, Tohoku University
Free discussion.

- Half Day Tutorial in ROBOMEC 2009 at FUKUOKA

Date: May. 24, 13:00 — 17:00, 2009.

Place: Fukuoka International Congress Center,

Attendee: 80.

Presenters:

1) Toshiyuki Kondo (Tokyo University of Agriculture
and Technology)

2) Yasuharu Koike (Tokyo Institute of Technology)

3) Tetsunari Inamura (National Institute of Informa-
tics)

4) Koji Ito (Tokyo Institute of Technology)




Modeling of Intra-cerebral Mechanisms for Motor Adaptation to
Unknown Environment

Koji Ito and Manabu Gouko (Tokyo Institute of Technology)

I. INTRODUCTION

Even if we situated in unfamiliar environments with any
kinematic and/or dynamic transformations, we can adapt
to them in several trials-and-errors. As a consequence of
the motor learning process, we can acquire a neural rep-
resentation of the relation between motor command and
the movement, i.e. internal model of the environment. [
However, it is still open question to explain the neural
representation, i.e. how the internal models are represented
in our brains.

For instance, we can instantly manipulate any objects by
using any tools even though there are a number of combina-
tional possibilities. In addition, we can select an appropriate
internal model according to the contextual information of the
environments. It implies that there is an intrinsic prediction
and motor adaptation mechanisms in the motor area of our
brain.

The A01-01 group aims to clarify the intra-cerebral mech-
anisms to recognize unfamiliar environments and to generate
suitable motor commands, through psychophysical exper-
iments and computational modeling of human movement
learning. Additionally, a rehabilitation system for the stroke
patient based on the motor adaptation mechanisms is also
developed. In this report we explain about our recent research
topics.

II. Cooperative mechanisms of internal model control
and impedance control under force fields

When performing the arm movements under the dynamical
environments (ex. object manipulation and tool-use), CNS
needs to combine internal model control and impedance
control in a feedforward manner. Recently, in the area of
human motor control and computational neuroscience, many
experiments which investigate motor adaptation of human
arm movements under the dynamical environments have been
performed. However, the mechanism which CNS combines
two control strategies (internal model control and impedance
control) has not been clarified. In our research, we setup the
mixed force field by composing the velocity-dependent force
field and position-dependent force field. Then we analyzed
motor adaptation of arm movements under the force field [1].
In addition, we also performed the numerical experiment by
using the computational model of human arm movements to
support the psychophysical experimental results [2].
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Fig. 2. Reaching movements under the complex environment.

A. Psychophysical experiment on reaching movements under
force fields

Several students participated in the experiment. In the
experiment, the subjects performed point-to-point reaching
movements in the horizontal plane. The subjects moved their
right hand from the start point to the target point quickly.
The movement distance was 0.125m. The movement time
was 300+ 50ms. As a experimental apparatus, we used the
robotic manipulandum [1]

In the experiment, the subjects learned reaching move-
ments under two types of force fields. One is the velocity-
dependent force field (the® simple environment’ ) which
generates the load depending on the hand velocity of the
subject. The other is the mixed force field (the' complex
environment’ ) which generates the load depending on both
the hand velocity and 