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Development of JIZAI Movement of Humanoid Biped
Robot GENBE Toward Super—High Speed NANBA Dash
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Department of Human-Robotics, Faculty of Engineering, Saitama Institute of Technology

Abstract

It seems that the emergence of intellectuality in an autonomous robot exists in the dexterity of
human or creatures as complex systems. The previous paper proposed the research style and the
development procedure along this approach for realization of a real intellectual robot. We call this
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 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 utilizing instability without ZMP (Zero Moment
Point) control, which uses only small active power with simple chaotic limit cycle utilizing instability,
further developing into autonomous walking & running. Instability makes the natural movement. We
also investigated the approach to the emergence of the intellectuality of an autonomous robot for
breaking through the problems of the conventional intelligent robot with SMPA (Sense- Model- Plan-
Act) framework in the real world. It is based on the development of human's dexterity or proficient
skills with Subsumption Architecture (SA) by learning in the real world. This paper showed the
development of NANBA Run of Humanoid Biped Robot GENBE by using small-soles toward
Super-High Speed NANBA Dash making full use of instability as a source of driving force based on
the distributed control of physical body in a martial art.

Key Word: Robotics, Humanoid Biped Robot, High Speed NANBA Dash, Human-Robotics,
Small-Soles
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(a) Naoko TAKAHASHI  (b) GENBE No.4.
Fig.1 NANBA Runs

Table 1 Measured operating time and max operating
angle vs. time setting (speed) of GENBE No.4.

Time Operating Max Operating Max Operating

Setting . Angle of Angle velocity of
Time

(speed) Servomotor Servomotor

1 0.047sec 15deg 319deg/sec

2 0.094sec 30deg 319deg/sec

3 0.188sec 60deg 319deg/sec

4 0.376sec 120deg 319deg/sec

5 0.752sec 180deg 239deg/sec

6 1.504sec 180deg 120deg/sec

7 3.008sec 180deg 60deg/sec
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(a) Large (59x113 mm) (b) Small (46x66 mm)
Fig.2 Soles of biped robot GENBEs

(a) State 1 (b) State 2
Fig.3 Two states of GENBE No.4 with small soles
for Super-high-speed NANBA dash 37cm/s,
8 steps/s.
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(1) £=0.000s

(9) t=0.160s

(2 t=0.020s  (3) t=0.040s  (4) t=0.060s

(5) t=0.080s  (6) t=0.100s  (7) t=0.120s  (8) t=0.140s

Nearly State 1 Nearly State 2

(100 t=0.180s (1) t=0.200s  (12) t=0.220s  (13) t=0.240s  (14) t=0.260s  (15) t=0.280s (16) t=0.300s
State 3 Nearly State 4

(17 t=0.320s  (18) t=0.340s  (19) t=0.360s  (20) t=0.380s  (21) t=0.400s  (22) t=0.420s  (23) t=0.440s (24) t=0.460s

Nearly State 1

Nearly State 2

(25)t=0.480s  (26) t=0.500s  (27) t=0.520s  (28) t=0.540s (29) t=0.560s  (30) t=0.580s  (31) t=0.600s (32) t=0.620s

Nearly State 3

(a) KOHNO's RUN

Nearly State 4

Nearly State 1

(b) GENBE No.4 with small soles

Fig.4 Emergence of NANBA dash 37cm/s, 8 steps/s of GENBE No.4 with small soles. It takes only 0.6

seconds from standstill to 2 step runs.
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Fig.5 Moves of legs in the air for NANBA dash 37cm/s, 8 steps/s of GENBE No.4 with small soles (Every

0.02 seconds)
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Fig.6 Forward speed vs pitch speed of biped robot
GENBE No.4 (A : with small-soles).
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Fig.7 Simple autonomous shock avoidance during falling down and instantaneous rising of biped robot
GENBE No.5 with Anti-ZMP based on distributed control of physical body in a martial art utilizing
instability. It takes only 2.5 seconds.
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Fig.8 Autonomous humanoid biped robot B A BT E2RE (RREEE B E)
GENBE No.5-2005 LT, MEERT4 5 ) OMEO Bz Biko—i
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(a) Before falling down (b) after falling down
Fig.9 Detection of falling down using Position
Sensitive Detector (PSD).
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Fig.10 PSD-Sensor of autonomous humanoid biped
robot GENBE No.5-2005
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(w) t=5.166 s

Fig.12 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN-2006
of humanoid biped robot GENBE No.5 for obstacle avoidance during NANBA walking. It turns
instantaneously 90 degrees in 0.8 seconds for obstacle avoidance and restarts NANBA walking

(every 5/30 frames).
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Fig.13 Fundamental two states of GENBE- No.4-
2006 NANBA turn (90 degrees)
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State 2

(e) State 5
Fig.14 Fundamental states of GENBE- No.5- 2006
of improved NANBA turn (90 degrees) for
obstacle avoidance during NANBA walking.

Forward
Walk
Sensor

I Servo motor I

(*1)
S :Avoid > Walk

Fig.15 Subsumption Architecture of NANBA
walk of GENBE No.5 -2006 for obstacle
avoidance and instantaneous NANBA turn
(90 degrees).
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Fig.16 Emergence of simple self-sustained humanlike robust quick stops of humanoid biped robot GENBE
No.5-2006 for abrupt disturbance during NANBA walking. It stops quickly during walking in 0.8

seconds (every 5/30 frames).
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