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Autonomous Shock Avoidance during Falling Down and
Instantaneous Rising of Biped Robot GENBE Ultilizing Instability

E JIBZE@EELIRX)

Yoshihiko KAWAZOE, Saitama Institute of Technology, Fusaiji 1690, Fukaya-si, Saitama

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. We proposed in the previous paper the concept of Human-Robotics, where robots
and engineers should learn and develop in collaboration with each other in the real world on the basis of the dexterity of
nature, life and human. We showed in this paper as the case studies the humanlike robust NANBA walking & running &
instantaneous turn of humanoid biped robot GENBE based on distributed control of physical body in a martial art, which
uses only small active power with simple chaotic limit cycle utilizing instability. Furthermore, the simple autonomous
shock avoidance during falling down and instantaneous rising of biped robot GENBE based on distributed control of

physical body in a martial art utilizing instability was shown.
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(a) State 1

I-Eg.

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

[ OOOT 1]

(a) statel ) (b) state2
Fig.4 Fundamental two states of 90 degrees NANBA TURN.

(b) state 2
Fig.2 Fundamental States NANBA Walking of
GENBE-No.4 with 10 freedom legs

(a) statel (b) state2
Fig.5 Fundamental two states of 180 degrees NANBA TURN.

Fig.6 GENBE No.5 (Left) and Position Sensitive Detector

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

(d)t=5.22's (e) t=6.04 ) t=9.17 (g) t=10.16 (h) t=13.000
Fig.7 Obstacle (front wall) avoidance of humanoid biped robot GENBE No.5 using a conventional walking TURN. It turns about 90
degrees in 4~5 seconds.
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(d) t=4.27 (e) t=4.80 (f) t=5.37 (g) t=5.80 t=7.33s
Fig.8 Obstacle (front wall) aveidance 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 in a second.
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(a) State 1 (throw back the head)
Fig.12 Four states for realizing autonomous shock avoidance during falling down owing to being pushed from backside and
instantaneous rising of biped robot GENBE with Anti-ZMP based on distributed control of physical body in a martial art utilizing
instability.
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(b) State 2 (crouching posture)
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(a) Before falling down (b) after falling down
Fig.9 Detection of falling down using Position Sensitive

Detector (PSD).

Upright

Lv.1
Sensors m) poture

Shock Avoid | Lv.0

=) Actuators

Fig.10 Subsumption Architecture of GENBE No.5 with
parallel modules of agents.

Upright
posture

Center-
Sensor

1

Shock Avoid

Servo motor
1)

S :Shock Avoid > Upright Posture

Fig.11 Subsumption Architecture of GENBE No.5 with
shock avoidance and instantaneous rising.

(c) State 3 (rising posture) (d) State 4 (Upright)



(a =0.72 s (b) t=1.40

e) t=1.72

(f) t=1.84

(i) =224 ) =3.00

(k) t=3.16

(d) t=1.64

(8) =2.00 (h) =2.08

() =3.80 s

Fig.13 Simple autonomous shock avoidance during falling down and instantaneous rising of biped robot GENBE with Anti-ZMP
based on distributed control of physical body in a martial art utilizing instability - Part 1. It takes only 2.5 seconds.
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Fig.14 Simple autonomous shock avoidance during falling down and instantaneous rising of biped robot GENBE with Anti-ZMP
based on distributed control of physical body in a martial art utilizing instability - Part 2. It takes only 2.5 seconds.
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