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Robotics appears to be a very lively and fruitful field of re-
search in Japan. Some of the research topics cannot be
found elsewhere at all, and some are significantly ad-
vanced. Discussing this impression, a collection of labora-
tories is introduced with their most outstanding topics.
This report is based on the notes of trips through Japanese
laboratories in February, September 1997, and January
1998 as well as on long term research relationships with
Japanese institutes.

1. Motivation and Criteria

The robotics research scene in Japan is a widespread
and lively community. From this scene, research top-
ics and projects that are unique or original will be
highlighted. This report is not meant to be a strict sci-
entific discussion of the subjects, but to set a spotlight
on recent trends and developments in the Japanese
robotics research community and to give links for
deeper investigation.
Criteria used for the description of groups and
projects include:

• Original and outstanding research topics.
• Basic research issues.
• Disciplines represented in the group, thus the

interdisciplinarity of the group – a key issue for
most parts of robotics research.

• International exchange (visiting researchers).
• Intended or implemented applications.
• Industrial relationships.
• Participation in research funding programs.
• Organisation or initiation of conferences, work-

shops, and scientific organisations.
• Special aspects/notes.
The discussed groups and projects are a selection of
the laboratories known or have been visited by the
authors only. Thus this report focuses on some recent
work instead of listing the full range of robotics
groups. Up to now, there are more than 150 Japanese
research groups concerned in robotics research or

closely related topics [20]. And even in this listing the
‘classical’ control theory oriented stream of robotics,
mainly relating to manufacturing manipulators, is
not covered completely.

The description of individual laboratories is organ-
ized in three sections:

• Biological orientation: The motivation to under-
stand biological creatures and to mimic certain ob-
served aspects is a central issue in these
laboratories. Biologically plausible solutions are
usually preferred over technologies, exploiting
global observers or high speed communications.

• Learning & cognition: Here the understanding
and design of artificial creatures is the central as-
pect. Especially adaptability to current working
environments as well as the understanding and
modelling of complex interactions between robots
themselves and with their habitat is discussed.

• Mechatronics: By studying the complex possibili-
ties of kinematics with many degrees of freedom
and understanding high speed feedback systems,
a third important aspect of robotics research is ad-
dressed.

These categories are anything but rigid. The selection
being done here is based on the main motivation of
each group. Obviously, solutions originating from
investigations in many degrees of freedom kinemat-
ics can also be biologically plausible.

The authors are aware of the fact that the selection of
‘interesting’ topics is to a certain degree related to the
research focus and background of themselves. Thus
the robotics research activities of the authors should
be mentioned briefly by keywords: Autonomous sys-
tems [18] (especially mobile systems in natural envi-
ronments), learning and adaptation [19] (on all levels of
control/cognition), complete systems [2] (i.e. ‘closed
loop’ systems), and complex behaviours [7], (together
with fruitful experimental setups evaluating these
behaviours).
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2. Biologically Oriented Laboratories

Working with biological creatures (laboratory of Hi-
rofumi Miura and Isao Shimoyama), mimicing biologi-
cal systems (Noboru Ohnishi laboratory and the labo-
ratory of Masami Ito), organizing robotics groups un-
der biologically plausible aspects (the biochemical
systems laboratory of Isao Emura) or observing hu-
man teachers and try to replay and refine recognized
actions (Mitsuo Kawato laboratory) – these are all as-
pects of biologically inspired robotics research. Two
of these laboratories will be discussed here.

2-1. Miura & Shimoyama Laboratory
University of Tokyo

The laboratory of Hirofumi Miura and Isao Shimoya-
ma at the University of Tokyo handles a range of dis-
ciplines under the aspect of some well-defined lead-
ing topics. Insect behaviours, biological sensors, µ-
robotics, and ‘combinations’ of biological and me-
chatronic creatures are some of the topics the labora-
tory is dedicated to. Strong backgrounds in biology
(also in cooperation with the group of Ryohei Kanza-
ki at the University of Tsukuba), µ-mechanics and µ-
electronics, as well as computer science are available.
Moreover the team is internationally oriented. Fab-
rizio Mura for instance (coming from the laboratory
of N. Franceschini at the CNRS, Marseille, France)
performs research on an insect compound eye design
and Raphael Holzer (from Switzerland) experiments
with stimulated cockroaches and other setups [8].

The authors would like to discuss only some aspects
out of the research field of the Miura and Shimoyama
laboratory briefly: The first aspect is µ-robotics,
where ideas from Japanese Origami are joined with
sophisticated µ-mechanics, leading to walking ma-
chines of 0.7 by 1.5 mm . The energy problem is
solved by stimulating oscillations of mechanical
parts externally. These mechanical resonances (at 50
and 100 Hz) are used to activate a pushing leg on
each side of the vehicle. By using different resonance
frequencies on each side, the direction of motion is
controlled also. As other sources of energy for the µ-
manipulators, structures sensitive to magnetic, elec-
trostatic [8], and air pressure changes are presented.
All these parts are produced in two cleanrooms
owned by the laboratory.

One of the projects including biological components
is the usage of a pheromone sensitive antenna ex-
tracted from a silk moth for the control of a small mo-
bile robot. It could be shown that this biological sen-
sor can be employed successfully to follow a track of
pheromones by an artificial creature [10]. Recurrent
neural networks and genetic algorithms are em-
ployed also in the development of motion control
structures.

In a further experiment cockroaches are stimulated
by electrical pulses and heat at some sensitive areas
in order to control their walking behaviour. The com-
plete µ-controller as well as the energy and the I/O
for this task are applied on a small ‘backpack’ for the
cockroach. Some potential applications are inspec-
tions after an earthquake, where cracks or pipes are
often too small or rough to use conventional robots.
In another experiment individual cockroach legs are
extracted, stimulated electrically and attached to an
artificial body. Here the movement control is more
explicit (and thus complex) than by stimulating the
whole insect to move towards a certain direction.

The other way round, a robot controlled by a (com-
pletely intact) silk moth in order to follow a pherom-
one track is also implemented successfully. Being
fixed over a conventional trackball, the moth controls
the robot by turning the trackball with its feet.

‘Conventional’ robots, like a six-legged robot are
used also to study the generation of walking pat-
terns. Two walking robot designs (in the ‘standard
scale’ mechanics) were produced in the laboratory
for this purpose up to now.

Finally a flying µ-robot is presented, where a mag-
netic sensitive layer (nickel) is used in conjunction
with polyimide to produce a wing-flapping move-
ment, controlled by a magnetic field [13].

2-2. Kawato Laboratory
ATR, Kyoto

The group of Mitsuo Kawato as part of the ATR (Ad-
vanced Telecommunications Research Institute In-
ternational) and as part of the ERATO project, is dedi-
cated to investigations in the sensor-motor loop of bi-
ological as well as artificial creatures. International
contacts are intense and many visiting researchers
are participating in the research (49 out of 224 re-
searchers at ATR are invited from overseas). In the
group of Mitsuo Kawato for example, which is part
of the human information processing laboratory, Ste-
fan Schaal – a visiting researcher from Georgia Insti-
tute of Technology – was heading the computational
learning group in the Kawato Dynamic Brain project
(ERATO).

One of the approaches followed is an observing and
rehearsal method, where complex sensor-motor
tasks like Kendama (a Japanese game), pole balanc-
ing and others are performed by human ‘tutors’ and
observed by a stereo camera system. This recorded
information is used to initialize a kinematic model
that is refined during further process by reinforce-
ment learning methods. Thus the search in the tre-
mendous spatio-temporal state space of a seven de-
grees of freedom arm (here especially constructed for
this experiments using fast hydraulics) is significant-
ly pruned in order to make the learning task efficient.
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The work could be demonstrated in practical experi-
ments starting from the observation of the human tu-
tor to the learned pole balancing. The theoretical
foundation of the ‘bi-directional theory’ can be found
in [11]. Here the central aspect is that the exchange of
coordinating control information between higher
and lower level components is forced in both ways
and that modules are operating in parallel. Details
about the reinforcement learning scheme can be
found in [3] given by Kenji Doya who is the head of
the computational neurobiology group.

In cooperation with Hiroaki Gomi from NTT Basic
Research, the human reactions to small disturbances
during the movement of a handle in a two dimen-
sional plane are recorded. Measuring the stiffness
and other parameters of a human arm during such a
movement, the relationship between local reflexive
control and overall control by the brain is investigat-
ed. Experimental results imply that explicit and con-
tinuous control by the brain is playing a more impor-
tant role than assumed up to now [5].

3. Learning & Cognition

The process of adaptation, learning and cognition as
understood as situated interactions and modelling of
dynamical environments is discussed as: a principle
of autonomia in organisms (‘Ba’ research institute of
Hiroshi Shimizu), a dynamical system (research con-
ducted by Jun Tani at Sony CSL), learning of elemen-
tary and complex behaviours with little a-priori
knowledge (laboratory of Minoru Asada), a process of
visual sensing (laboratory of Yoshiaaki Shirai), a co-
operative system including many types of agents
(laboratory of Toyoaki Nishida), an interaction of ro-
bots and humans in natural environments (Real
World Computing (RWC) group header by Nobuyuki
Otsu at ETL), or as imitation and social behaviours
(group of Yasuo Kuniyoshi). To highlight just two of
these directions, SONY CSL and the group of Yasuo
Kuniyoshi will be discussed briefly.

3-1. Sony Computer Science Lab.
Tokyo

The laboratory headed by Mario Tokoro has strong
international relations in most fields of computer sci-
ence. International researchers are regularly invited
to the laboratory and support a dynamic and lively
group atmosphere. Robotics research is conducted
by Jun Tani, in collaboration with Chisato Numaoka
(now moved to the Paris dependence of Sony CSL)
and Luc Steels from the University of Brussels (VUB),
who has visited the laboratory several times. The lab-
oratory is in existence for almost ten years, and has
settled on many advanced (basic) research areas.

Involved robotics topics are vision, dynamical sys-
tems (implemented in recurrent neural networks),
dynamical world modelling, concept formation
(symbol generation), and active vision. The first ex-
periments are performed with a mobile robot
equipped with a laser range finder. The robot wan-
ders in a maze like environment and detects branch-
es. The sequence of branches, i.e. the time sequences
of the data delivered from the laser range finder is
used to train a recurrent neural network with inter-
nal states, representing the context [14].

The work is currently expanded to more complex
concepts of the environment using a vision system
on a new mobile robot with some possibilities of in-
teraction, due to a two degrees of freedom arm. Top-
ics like attention mechanisms and active sensing are
considered too. Up to now it could be shown that a
spatio-temporal world model can be generated and
interpreted as a dynamical system where unbound-
ed series of sensor samples are employed – thus a cal-
ibration of the system is not being done by introduc-
ing absolute landmarks (or similar information) in
advance, but by interpreting the structures in the
generated phase-space of the dynamical system.

A recent research stay of Stefano Nolfi at SONY CSL
led to an approach of hierarchical recurrent modules,
which scales much better in complexity than other or
former recurrent systems [15].

3-2. Kuniyoshi Laboratory
ETL, Tsukuba, Ibaraki 

The laboratory of Yasuo Kuniyoshi, performs re-
search in the field of cooperative behaviours, espe-
cially regarding active vision and imitation. Human-
oid robotics was introduced recently (partly integrat-
ed in the Real World Computing Project – RWCP).
The group itself is internationally oriented, thus four
of the seven members are coming from Australia,
Finland, USA, and France. From the research topics
discussed, cooperating robots and the imitation as-
pect will be highlighted briefly.

Based on monocular vision sensors, the robots in the
laboratory use optical flow methods and zero dispar-
ity filtering to generate behaviours like dynamic col-
lision avoidance (collision avoidance with each other
while continuous driving), passing each other, and
unblocking the paths of other robots by predicting
potential collisions. In this complete multi-robot en-
vironment the relation between autonomy and social
interaction is investigated [9].

As a related stream of research, the principles of imi-
tation are studied considering the example of pick
and place operations, where humans take the part of
the teacher [1]. The results are dedicated for a hu-
manoid robot also, which is currently simulated, but
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is intended to be implemented physically in the very
near future.

4. Mechatronics

Mechatronics as a definite bottom-up strategy for ro-
botics research triggers all robotics disciplines by
supplying immediate feedback loops as a basic pre-
condition for interaction, or when expressed more
generally, by supplying ‘bodies’ for the ‘brains’.
Moreover the ‘brains’ of artificial vehicles are getting
more distributed and coupled more closely with the
‘body’ elements (following biological systems), thus
a strict distinction is questionable now.
Mechatronic aspects are considered here by: suggest-
ing a complete frame for modular creatures (the
group of Masahiro Fujita at Sony), building complex
kinematics (laboratory of Takashi Emura and the
group of Eiji Nakano), studying and generating hu-
manoid movements (laboratory of Hikaru Inooka), by
investigating in control and µ-mechanics (laboratory
of Toshio Fukuda), and by studying complex dynam-
ics underwater (laboratory of Tamaki Ura). The mod-
ular earthbound creatures at SONY and the underwa-
ter activities from Tamaki Ura will be picked for a
short discussion.

4-1. Sony Corporation
Tokyo

Robotics research at SONY (outside the SONY compu-
ter science laboratory, discussed individually) is per-
formed in the group of Masahiro Fujita at the D21 lab-
oratory, Tokyo. The driving application is entertain-
ment robotics, where all levels of robotics problems
are attacked from scratch, meaning almost any hard-
ware and software is designed at Sony. Moreover it is
tried to establish a new standard on the new market
of entertainment robots (OPENR) and to support ro-
botics research laboratories.
The presented vehicle is a fully autonomous, 12 DoFs
four legged robot with visual and auditive on-board
capabilities, and showing complex, entertainment
behaviours [4] – a light-weight and in the sense of
Rolf Pfeifer [12] well balanced artificial creature. The
video camera, as with most other parts of the system,
is especially designed for the robot and utilizes a vol-
ume of just 4 cm3.

4-2. Ura Lab.
University of Tokyo

Tamaki Ura is one of the pioneers in autonomous un-
derwater vehicles and his laboratory was and is in-
volved in many international underwater activities.
Different research directions are followed thereby.
Where the emphasis is on long-range autonomous

vehicles in the ‘R-One’ project (together with indus-
trial partners for e.g., sea operations and an encapsu-
lated diesel engine) the ‘twin-burger’ research plat-
form is employed for intensive vision research, con-
nectionist control strategies and map learning. Most
of the ‘land-robots’ research aspects are investigated,
but in a far more demanding, unpredictable and dy-
namic environment. For an overview of underwater
activities in Japan please refer to [16].

5. Remarks & Conclusions
Politics, Motivations, Organizations

Where this report could only stake out the field
based on selected examples, the authors hope that
this short excursion rose at least some interest in this
diverging field of Japanese activities. For a more
complete overview please refer to e.g., [20]. In order
to sum up the our impressions of the many presented
systems and the many discussions and talks, the au-
thors would like to emphasize some outstanding as-
pects here.
There is an overall tendency to manufacture nearly
everything from mechatronics to sensors, chip de-
sign, and programming within one environment.
This seems to be correlated with the tendency to
work on small and µ-robots. They require special
components and re-working designs which were
successful for larger and more common platforms. 
Usually only one or two people, often students or
PhD candidates, are designing an experiment and
the robot platform most suitable to it. I.e. there are
many different and heterogeneous projects going on
like a swarm of scouts finding pathways through an
unknown jungle. A large and homogeneous project
where, for instance, ten or more researchers worked
upon, could usually not be found. Seen from the per-
spective (which is shared strongly by the authors)
that there is not only one successful or correct way to
come up with a good robot design, this looks very
promising. The questions tackled are generally cou-
pled very loosely with an actual application. The au-
thors had the feeling that a kind of humus is generat-
ed out of which within the next 5 or 10 years the most
successful approaches will be selected and trans-
ferred into practice.
The laboratories are often headed by senior scientists
who spent some years either in the USA or in Germa-
ny often to obtain their Ph.D. and they are very
aware of the international scientific community.
They are materializing the promise of the Japanese
government to repay the international family of na-
tions for what Japan obtained from it in the first
place. The authors are appreciating the open-mind-
edness and willingness to explain what is going on in
the laboratories which went far beyond the common
kindness of treating a foreign guest. There was never
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the impression that some information was withheld,
of course except the usual confidence required for
joint ventures with industries.

The report is focused on local projects and approach-
es, but it should be at least mentioned that some im-
pressive long term initiatives (like the Brain Science
research program at RIKEN) are established support-
ing many of the mentioned ideas by supplying a per-
spective far beyond the common ‘two–or–three–
years–application–driven–funding’. 

Acknowledgements

As a central support, Keiko Saito as well as Yoshiko
Numata from the GMD Tokyo office organized
events very carefully and reliably. A tremendous or-
ganizational work was also undertaken by many lab-
oratory members in order to enable a smooth trip
and free minds for the scientific discussions. Thus we
found a very warm welcome in many laboratories
during the trips.

References

[1] P. Bakker and Y. Kuniyoshi 
Robot see, robot do : an overview of robot imitation
AISB Workshop on Learning in Robots and Animals,
Brighton, UK, April 1996.

[2] Thomas Christaller
Cognitive robotics (in German)
In: Maar, Ch.; Pöppel, E.; Christaller, Th. (eds.) ‘Die
Technik auf Weg zur Seele: Forschungen an der
Schnittstelle Gehirn / Computer’ Reinbek 1996, pp.
321 - 326

[3] Kenji Doya
Efficient nonlinear control with actor-tutor architecture
Mozer, Jordan, Petsche (eds.) Advances in Neural In-
formation Processing Systems 9, MIT Press, Cam-
bridge, MA, USA, 1997

[4] Masahiro Fujita, Koji Kageyama
An open architecture for robot entertainment
Proc. of the first intern. conf. on Autonomous Agents,
Marina del Rey, CA USA, February 1997

[5] H. Gomi, M. Kawato
Equilibrium-point control hypothesis examined by meas-
ured arm-stiffness during multi-joint movement
Science, 272, 117-120 (1996).

[6] G. Haye, J. Demiris
A robot controller using learning by imitation
A. Borkowski, J.L. Crowley (eds.), Proc. of the 2nd In-
tern. Symp. in Intelligent Robotic Systems, pp. 198-
204, Grenoble, France

[7] Joachim Hertzberg, Herbert Jaeger, Uwe R. Zimmer,
Philippe Morignot - 14.09.98
A Framework for Plan Execution in Behaviour-based ro-
bots
Proc. of the ISIC/CIRA/ISAS '98, September 14-17,
1998, Gaithersburg, Maryland, USA

[8] Raphael Holzler, Isao Shimoyama, Hirofumi Miura
Hybrid elctrostatic-magnetic mircoactuators
Proc. of the IEEE Intern. Conf. on Robotics and Auto-
mation, pp. 2941-2946, Nagoya, May 1995

[9] Y. Kuniyoshi 
Fusing autonomy and sociability in robots
Proc. First Int. Conf. Autonomous Agents (Agents97
Invited talk.), pp.470--471, Marina del Ray, CA, USA,
Feb.5-8, 1997

[10] Yoshihiko Kuwana, Isao Shimoyama, 
Hirofumi Miura
Steering control of a mobile robot using insect antenna
Proc. of the IEEE/RSJ Intern. Conf. on Intelligent Ro-
bots and Systems (IROS ‘95), pp. 530-535, Pittsburgh,
August 1995

[11] Hiroyuki Miyamoto, Stefan Schaal, Francessca Gan-
dolfo, Hiroaki Gomi, Yasuhara Koike, Rieko Osu, Eri
Nakano, Yasuhiro Wada, Mitsuo Kawato
A Kendama learning robot based on bi-directional theory
Neural networks, vol. 9, no. 8, pp. 1281-1302, 1996

[12] Rolf Pfeifer
Symbols, patterns, and behaviour:
Towards a new understanding of intelligence
Proc. of the
Japanese Conference on Artificial Intelligence, 1996

[13] I. Shimoyama, Y. Kubo, T. Kaneda, H. Miura
Simple microflight mechanism on silicon wafer
Proc. of the IEEE MEMS ‘94, pp. 148-152

[14] Jun Tani
Model-based learning for mobile robot navigation from the
dynamical systems perspective
IEEE Transactions on Systems, Man, and Cybernetics
– Part B: Cybernetics, Vol. 26, No. 3, June 1996

[15] Jun Tani, Stefano Nolfi - 18.12.97
Self-organization of modules and their hierarchy in robot
learning problems: a dynamical systems approach
Technical report SCSL-TR-97-008 - Sony CSL, Tokyo,
Japan

[16] Tamaki Ura - 01.06.95
Underwater Robotics in Japan – To overcome difficulties of
development of autonomous underwater vehicles
Proc. of the IEEE IROS '95 Workshop, June 1995

[17] Takashi Yasuda, Isao Shimoyama, Hirofumi Mirua
Microrobot locomotion in a mechanical vibration field
Advanced Robotics, Vol. 9, No. 2, pp. 165-176, 1995

[18] Uwe R. Zimmer 
Robust World-Modelling and Navigation in a Real World
Neurocomputing, Vol 13. No 2-4, 1996

[19] Uwe R. Zimmer
General and Specific Models in Complex Robotics Systems
– a critique and a proposal
GMD Technical report, January 1997

[20] GMD – German National Centre for Information
Technology
Robotics in Japan, a collection of groups and projects
http://www.gmd.de/People/Uwe.Zimmer/Lists/
Robotics.in.Japan.html


	Robotics appears to be a very lively and fruitful field of research in Japan. Some of the researc...
	1. Motivation and Criteria
	2. Biologically Oriented Laboratories
	2-1. Miura & Shimoyama Laboratory University of Tokyo
	2-2. Kawato Laboratory ATR, Kyoto
	3. Learning & Cognition
	3-1. Sony Computer Science Lab. Tokyo
	3-2. Kuniyoshi Laboratory ETL, Tsukuba, Ibaraki
	4. Mechatronics
	4-1. Sony Corporation Tokyo
	4-2. Ura Lab. University of Tokyo
	5. Remarks & Conclusions Politics, Motivations, Organizations

	References

