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Practice Demonstration of Robustness of Humanoid Biped Robot GENBE
Based on NANBA-Walk and Run with Distributed Control of Physical Body

Yoshihiko KAWAZOE

Department of Human-Robotics, Faculty of Engineering, Saitama Institute of Technology

Abstract

In the previous paper, 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, further developing into autonomous walking, running, instantaneous turn and the simple

autonomous shock avoidance during falling down and instantaneous rising up. Instability makes the natural

movement. This paper demonstrated using high-speed video camera the robustness of humanoid biped robot

GENBE with distributed control of physical body who walks and runs everywhere even on the ice and snow.
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Fig.1 Ordinary side-step ( left side movement) of humanoid biped robot with ZMP, which utilizes static

balancing (unit:second, high-speed video analysis:250 fps)
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Fig.3 Theory.of side step movement based on

transition from State 1 to State 2 using instability.
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Fig.4 Simple self-sustained robust instantaneous NANBA side-step ( left side movement) of humanoid biped robot GENBE
No.4-2007 based on distributed control of physical body in a martial art utilizing instability with Anti-ZMP, which uses only
small active power. (high-speed video analysis:250 fps)

t=0.30[s] t=0.40[s] t= 0.60[s] t=0.80 s

(a) Right side stepping with kick of ground by left leg.

t=0.00Is]

t=0.00[s]

t=0.20[s] t=0.40[s]
(b) Right side stepping using instability without kick of ground.
Fig.5 Right side stepping by biped robot (250 fps)
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Fig.6.  NANBA Run of Naoko TAKAHASHI
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(d) t=0.200 (e) t=0.233 () t=0.333 (g) t=0.433 (h) £=10.533
(e: nearly State 2)

(i) t=0.600 (j) t=0.667 K £=0.733 1) t=0.799 (m) t=0.899
(i: nearly State 3)
(m: nearly State 4)
Fig.7 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 .
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Fig.8 Emergence of simple self-sustained humanlike robust quick stops and instantaneous turns of humanoid
biped robot GENBE No.5-2006 for abrupt disturbance during NANBA walking. (every 5/30 frames).
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Fig.9 Subsumption Architecture of NANBA
walk of GENBE No.5 -2006 for obstacle
avoidance and instantaneous NANBA turn (90
degrees).
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(m) N © ®)
Fig.10 Humanoid biped robot GENBE who walks and runs everywhere on the ground.
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flo4 0.67s f168 0.80s f172 0.93s f176 1.06s 180 1.33s
(a) Walks on the floor in Fig.10(a)

48  0.00s 52 0.13s 156 0.27s 60 0.40s fo4 0.53s

68 0.67s 72 0.80s 76 0.93s 80 1.06s 84 1.33s
(b) Walks on the floor in Fig.10(b)

56 0.13s

60 fo4

0.80s 184 0.93s
(d) Walks on the floor in Fig.10(c)

50



BETERP T FELE 5185 2008
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(e) Walks on the floor in Fig.10(d)

T = e >
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(f) Walks on the floor in Fig.10(e)

60

f76 0.80s 30 0.93s
(g) Walks on the floor in Fig.10(f)

XN & -
fl12  0.67s f116 0.80s f12 0.93s

(h) Walks on the floor in Fig.10(g)
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(i) Walks on the floor in Fig.10(h)
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140 0.80s f144 0.93s
(k) Walks on the floor in Fig.10(j)
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(I) Walks on the floor in Fig.10(k)
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2008

196 1.06s

(m) Walks on the floor in Fig.10(1)
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t=150s

t=1.40s

(n) Walks on the floor in Fig.10(m), (n), (0),and (p)
Fig.11 Robustness of humanoid biped robot GENBE who walks and runs everywhere, even on the ice and snow.
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Fig.12 Robustness of humanoid biped robot GENBE who walks, runs and performs, anytime and anywhere.

LTV,

14~B1 17 1%, mREH - A= % - N
—hF—r w7 TV T N E~DERT
b2 I A A ORBERIZ D ORERDL H
D, EREE LTI mEREIE L AL,
KR ThH oo, BRI 2HEEB L,
T AT T (AR, B (20 L TRADERES),
EiF ELE), Bh (OBBAZ5) ©41HA
T, BEOFEELET7TEETIZEEE L,
6, 7% TA OFE - L~ULE LTW5S. 2
FHORERFTIL, (SPP G#ERl) 4 : (SSP OHH
EEREE) 2 (TA) 2 : (&fE) 20HEGE
L, #fiie &2 TE AT A MEFTRAL
ThhoTW5D (B, FHMiEi 12 BLOV 6,7 1T
SRXMMA). TV BTV g D &I
HCPRAZLTHH9H. £7-, HEFE (BE

100) BIOHINE, 747 7CREYE, =il
(ELX) B, BHEEHZD. 2N

FEWONER ELET D LD i EAI DS
ANBDDEEICRTE L0138 L L, Au—7n
XN, TR THEFTNC TR ARbh,

2 HEHOHFHRERIZHAD &k B OB) X 138
BDENDD. HEMET L7 —T NV EARFET
DRI EDBRENRER DI b b, R
RRBUXIFEAERNT, LIz oT, iy
LTEETLZENTES. e R MEEE#
LA AFI 7R CE DRy hodhEotk#E
BB ECTh o7, ZiEAIT 3 A oW
RLET VBT —va v hbRBEOEREZ R L,
TaYxs MIOHME L TIBAED R A
HETHD.



BETERP T FELE 5185 2008

Fig.14 Robustness of humanoid biped robot GENBE employed in Science Partnership Project (SPP) with S-High school
and C-High school of technology.

Fig.15 Robustness of humanoid biped robot GENBE employed in Science Partnership Project (SPP) with [ -High School
of technology
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Fig.16 Robustness of humanoid biped robot GENBE employed in Science Partnership Project (SPP) with I- High
School of technology

k)

Fig.17 Robustness of humanoid biped robot GENBE employed in Science Partnership Project (SPP) with O- High School
of technology.
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