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Emergence of Adaptive Dynamic Walking NANBA of Humanoid Biped Robot GENBE
Based on the Distributed Control of Physical Body in a Martial Art
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It seems that the emergence of intelligence 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
intelligent robot. This paper realized the simple self-sustained humanlike robust walking NANBA of humanoid biped robot
GENBE based on distributed control of physical body in a martial art without ZMP control, which uses only small active power
with simple chaotic limit cycle using gravity, further developing into autonomous walking.
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Fig.1 Stabilizing control by a human operator
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Fig.2 Behavior of an inverted pendulum in a phase plane.
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Fig.3 Humanoid Biped Robot GENBE
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Fig.4 Emergence of simple humanlike robust walking NANBA of humanoid biped robot GENBE No.2. Height: 30 cm,
walking speed: 10 cm/s (Reduced walking speed to height 170 ¢cm: 2 km/h)

L
Fig.5 Self-sustaining humanoid biped robot GENBE No.3.
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Fig.7 Autonomous humanoid biped robot GENBE No.5
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n)t=89.03 s 7 (P)t=90.03 s ®)t=9227s V)t=93.73s
Fig.8 Self-sustaining humanoid biped robot GENBE No.4 rising from lying on his back.

(b)t=6843s dt=6827s  (e)t=69.97s Ht=7640s MHt=7723s Dt=7993s
Fig.9 Self-sustaining humanoid biped robot GENBE No.4 break-fall for preventing falling down and picking himself up.

(@)t=0.00s (b)t=240s ©)t=2.57s d)t=2.73s (e)t=2.87s Ht=3.00s (2)t=320s

(h)t=337s (i)t=3.50s ()t=364s (k) t=3.80s ()t=394s (m)t=4.10s (M) t=427s

Fig.10 Emergence of simple self-sustained humanlike robust walking NANBA of self-sustaining humanoid biped robot GENBE No.4. Height:
34 cm, Walking speed: 7.9 cm/s (reduced walking speed to height 170 cm: 1.4 km/h).

@t=000s  (b)t=0.10s ©t=027s (d)t=047s (©t=053s #)t=063s (@)t=077s

(h)t=0.90s (i)t=100s ()t=107s ®t=113s ()t=120s (m)t=127s M)t=133s

Fig.11 Emergence of simple self-sustained humanlike robust running NANBA of self-sustaining humanoid biped robot GENBE No.4. Height:
34 cm, walking speed: 15 em/s (reduced walking speed to height 170 cm: 2.7 km/h).
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Fig.12 Emergence of simple self-sustained humanlike robust walking NANBA of humanoid biped robot GENBE No.5. Height: 35
cm, Walking speed: 6.5 cm/s (Reduced walking speed to height 170 cm: 1.14 km/h)

397 —457
Fig.13 Emergence of simple self-sustained humanlike robust walking with autonomous obstacle avoidance of humanoid biped
robot GENBE No.5.
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