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How Should Be the Robot That Coexists with Nature, Life and Human

: Mechanism of Robustness of Humanoid Biped Robot GENBE
Based on the Distributed Control of Physical Body in a Martial Art

Yoshihiko KAWAZOE

There is no robot around us in our society at the current stage and also there will be no
robot in the future if we define a robot as an autonomous machine working in the arena of
offices, homes, and disaster sites, etc. outside the factories and continue the present
conventional research and development (R&D) style in robot projects. It seems that the
emergence of intellectuality in an autonomous robot exists in the dexterity of human or
creatures as complex systems and the research style and the development procedure along
this approach should be necessary for realization of a real intellectual robot. The previous
paper realized the simple self-sustained humanlike robust walking & running NANBA of
humanoid biped robot GENBE based on distributed control of physical body in a martial art
without ZMP (Zero Moment Point) control, which uses only small active power with
simple chaotic limit cycle using gravity, further developing into autonomous walking &
running. This paper showed the mechanism of robustness of the NANBA walk and run of
humanoid GENBE compared to the skill-up process of human operators during stabilizing
control of an inverted pendulum and the NANBA-like running of the Olympic top athletes.
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(b) GENBE-No.4 with 10 freedom legs
Fig.1 Humanoid Biped Robots GENBE utilizing
instability.
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Fig.3 NANBA Run of Naoko TAKAHASHI
(Sakaiya Sport)

Fig.4 NANBA Walk of GENBE No.4.
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Fig.2 Behavior of self-sustained humanlike robust walking NANBA by humanoid biped robot
GENBE No.4 (height: 34 cm, weight 1.2 kg). Walking speed: 7.9 cm/s (reduced walking speed to

height 170 ¢cm: 1.4 km/h).
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Fig.5 Stick pictures of stabilizing behavior of human operator similar to conventional Zero
Moment Point (ZMP) control falling down after 10 seconds from start of trial (NRO1).
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(c) 10th trial of Human Operator with higher stabilizing skill (ME10)
Fig.6 Stick pictures of stabilizing behaviors of human operators showing the mechanism
developing from baby walk to Japanese express messenger.
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(a: nearly State 1)
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Fig.7 Behavior of self-sustained humanlike robust running NANBA by humanoid biped
robot GENBE No.4 (height: 34 cm). Walking speed: 15 em/s (2.7 km/h: reduced

walking speed to height 170 cm).

Fig.8 GENBE No.4 (right) & GENBE No.5 (left)
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