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How Should Be the Robot That Coexists with Nature, Life and Human
: Emergence of Instantaneous NANBA TURN of Humanoid Biped Robot GENBE Based on the
Distributed Control of Physical Body in a Martial Art with Instability

Yoshihiko KAWAZOE*

* Saitama Institute of Technology, 1690 Fusaiji, Fukaya, Saitama 369-0293, Japan

ABSTRACT

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. The previous paper realized the
simple self-sustained humanlike robust walking and running NANBA of humanoid biped robot GENBE
based on distributed control of physical body in a martial art utilizing instability with Anti-ZMP, which
uses only small active power with simple chaotic limit cycle formed by the interaction between the
unstable gravitational force and the ground. This paper realized the simple humanlike robust
instantaneous NANBA TURN about body axis of humanoid biped robot GENBE utilizing instability

which makes the movement.
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(a) State 1

i )

(b) State 2
Fig.1 Fundamental States NANBA Walking of
GENBE-No.2 with 6 freedom legs.

:::::

(b) state 2

- Fig.3 Fundamental States NANBA Walking of
(b) state 2 Autonomous GENBE-No.5 with 10 freedom
Fig.2 Fundamental States NANBA Walking of legs.

GENBE-No.4 with 10 freedom legs.

(a)0.000s (b)0.033s (c)0.066s (d)0.099s(e)0.133s (f)0.166s (g)0.199s (h)0.233s (i) 0.266s (j) 0.299s
(a) nearly state 1 (c) state 2 (f) state 3 (h) state 4
Fig.4 Emergence of simple self-sustained humanlike robust running NANBA of self-sustaining humanoid

biped robot GENBE No.4. Height: 34 cm, Running speed: 18 cm/s (6 steps/s).
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L 16 / Table 1 Measured operating time and max
2 / operating angle vs. time setting (speed) of GENBE
£ 12 No.4.
= Time . Max Operating Max Operating
o £ . Operating .
2 05 8 Setting Time Angle of Angle velocity
o (speed) Servomotor of Servomotor
o 4 1 0.047sec 15deg 319deg/sec
qL) 2 0.094sec 30deg 319deg/sec
< 1 1 1 3 0.188sec 60deg 319deg/sec
0 4 0.376sec 120deg 319deg/sec
0 2 4 6 8 5 0.752sec 180deg 239deg/sec
Pitch speed (steps/s) 6 1.504sec 180deg 120deg/sec
7 3.008sec 180deg 60deg/sec
Fig.6 Measured average walking speed vs. pitch
speed.
i SRH 0 9@ & 0 Sm & 0 Nm A 0 HRH 0 el
Operator 2.93s ----- -- 4.16 5.57 5.86---------- 6.50 7.85 10.02

Fig.7 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).

0 S0fm] 50 0 Sln] 50 0 S0[cm] S0 0 Slen] & 0 S0fcn] S0 0

= el
25.55s 26.02s 26.55s 26.96s-------- 27.54s ----- 28.07s ------ 28.41
(a) 1st trial of Human Operator with some stabilizing skill (OT01)
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0 Sofem] 50 0 Slen] 50 0 S0len] 50 0 ELC]

50
25.49s 26.31s 26.78s 27.07s 27.42s ----- 27.89s --—--- 28.66s
(b) 10th trial of Human Operator with some stabilizing skill (OT10)

NN
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39.32s 39.73 40.14 40.43 ------- 40.84 41.13 41.73s
(c) 10th trial of Human Operator with higher stabilizing skill (ME10)
Fig.8 Stick pictures of stabilizing behaviors of human operators showing the mechanism developing from
baby walk to Japanese express messenger.
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y (a) statel (b) state2
(a) statel (b) state2
Fig.10 Fundamental two states of 180 degrees
Fig.9 Fundamental two states of 90 degrees NANBA NANBA TURN.
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(a) t=0.000 (b) t=0.627 (c) t=0.990

(e)t=1.716 ®Ht=2.013
~ (f) nearly statel

(h) t=2.343 (i) t=2.508 () t=2.673 (k) t=2.838 () t=3.003

(/) nearly state2
Fig.11 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN about body axis of
humanoid biped robot GENBE No.4 based on distributed control of physical body in a martial art utilizing
instability with Anti-ZMP, which uses only small active power. It turns instantaneously 90 degrees per second.
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(@) t=2.178

(a) t=10.000 (b) t=0.627 (c) t=10.990 ) () t=2.013
(f) nearly statel

(h) t=2.343 (i) t=2.508 (G)t=2.673 (k) t=2.838 (1) t=3.003

(1) nearly state2
Fig.12 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN about body axis of
humanoid biped robot GENBE No.4 based on distributed control of physical body in a martial art utilizing
instability with Anti-ZMP, which uses only small active power. It turns instantaneously 180 degrees per second.

(2)t=2.178
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Fig.13 GENBE No.S (Left) and Position Sensitive
Detector (Right).



(d) t=4.27 s
Fig.14 Obstacle (front wall) avoidance of humanoid biped robot GENBE No.5 using a simple humanlike
robust instantaneous NANBA TURN about body axis based on distributed control of physical body in a
martial art utilizing instability with Anti-ZMP, which uses only small active power. It turns

instantaneously about 90 degrees per second.

(e) t=4.80 s
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