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Emergence of Instantaneous NANBA TURN of Humanoid Biped Robot GENBE
Based on the Distributed Control of Physical Body in a Martial Art with Anti-ZMP
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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 instantaneous
NANBA TURN about body axis 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 using

gravity.
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Fig.A1 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN of humanoid biped robot GENBE

No.4. It turns instantaneously 90 degrees per second.
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Fig.A2 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN of humanoid biped robot
GENBE No.4. It turns instantaneously 180 degrees per second.

(i) t = 2.508

H A2 No.06-7

Dynamics and design Conference 2006 CD-ROM 7 3C4E 550
o1-

() t=2.673 (k) t=2.838 (1) t=3.003

[2006.8.6-9, 4 i Z2]



1. AROETLEW

DA B LA RIS NS —E A n Ry FON#
Ry el Fx OFRFICHE L THIICE S (JERko
B VT TERIC R D) A e Ry FEERT H DI,
EFEOFRICE b bT, Fr OBV ITiT 11k, 1L,
16, 50T 1EoaR Yy b HFEELRV[I]-[14]. E5E
8P, ALEr, EREAESESICB O Tr ARy MO

ZRRFADB TSN TV D23, BURO Ry i
PSRN PN ﬁfbtﬁf/%&m®EW%%@¢&

W OEBFTREMEZ FIEIC TE RN TN D [14].

AR Z D ASIMO, Y =—® QRIO, FEEE® HRP-2 72 X
WICREFEEND ZRBITeR v ME, HEROHIEE M % i
LRERERCTH DN, e s, A<y 7 &0
EOBEZ DT TN UARBHHEIZANTLE Y. b
OuRy X, EiE ZMP (Zero Moment Point) @ | {H %
BITOREARE L, EHREMEINCH S 5 BITIEEN G, i
F~OREFI DT L —F L7220, T —YC b MEERA
%<, —RE— 5@ﬁﬁ%k%< EHERE 1D 72 18 &
LU, Lab, EREICBTDIMELIZTHV[1][2]. I -
ARSI LD BB 72 ZMP BIEORFZE LR DIC 2 S
TWDN[15], B - ZAadEhE Nk o s EREICE
W CITIEE 70 JE & HHEICE 5 ZMP I ORI 613
HNTHAH. RURTHLERITEEIOS L, BEfFfoE
a—~ /A FTEHRINTWARVWDOIX, ()EHZEEL T
KRR BIREB 2, 2SR REBCBR BB il & T I R
HNELRLET MLRRZD S L Tr RA MIEMRTHI LT
B2 ELEELNER L TWAIL6][17].

AT TIX[3]-[5], TERD ZMP il & 135 %t D Anti-ZMP
EADTTEARAREEZFAT A HTREBICLY, AR TE
Ry b TRR) O - FR - ﬁﬁkff/ﬁ*%
FoNED ] FEBELE. olRy FoOREER (U1#) |
LoHmeEDEIZHE b T ARY Iy b A 7/1/%
BT 5. RELITESE BIR) Thbv, REZOLON
FHExE o< 5. EEd) 1%, L7 —Mi&/M300km % 1 H
TELTLEVDNATRMIZ LA TESTT-A4BITHS.

AR a Ry b & OEREERED L S IcE D To—
Bt D 5 HRHL N R D S DRI T, REEA L7 5 OlE
ENC X AHERD Fmtsiaid@ A Ly, AWk, BfifA
FE, PAEIAEE e COMAEDbRICL D BEOSITEED
HHERD, S BIAEKRORERIC X 2 Fin & 1380
B LR TG (TN Z—r | LIER) ORB
Elddz, TFoonNe =2 X, GROMEE2ZO8HT
180 EET—BDOIBIZEZD. RTA—FZFEIZLDH
TED AT - %ﬁ@m#&ﬁ TOWTIERIER[18)ITHR < 5.
2. A\HMBEZRaRyMREEHIOFTUNEYDERLE

FETRHOY—RER DO EERE T EZEN

X1, WEEASSHBEERrRR Y b HRE/A1 5 I
LR EREE L CHE O LiIcEEE AN L TEER 2 &)
Thy, MMTFEER DN LTV TF R & R ART
K1okLo1Z, RiESEERY, (1) REL k2 hHIC
BT 5 EEMAEHIZELS. 2) K2 zmm%WW®ﬁ,
T5&, BRICEBETERIHFI @hfb%,&&#%ﬂ#
5.0 @) ZMHRQ)EXFOEEZTHY, ZOMO>ORIESE
0 SEF[1][3]. Y — A O EEEA & A EOMA S DhEIC
X0, BIEEOKEETOBRTRAMETHSD. M7 DRE N
P —R & %72 KHR—1 GEER 7)) 28 L7zo» R
45 CTHY, K2 ZTHEM4 5 ORERTHS.
17 @ B —AE—& (ES 10 BIE) Z 64 L, & & 340mm,
NyT ) —SBHERZ 1.2ke THD. [THILf 4 5 OFFT
FEY REE2 5] CRUTHEHN, EEOBEESEHE
XY EERERICERDOEF . TREA 5 5 (K

3) X, EBEICHREMDOH D~ A =2 (Eye- bot, CPU32 &

b ZFEL, R4 5 CESLESITOHRT —
HH_R—22 LT, BASITSER LTV ]3]

K 4ix, X5 ORERE G 2728 &0@EWED (18cm/s,
[Foe. 57//JJ)T%U,%}M@FEJ%E%/TLTMZD
X5 DR EHSTHAHED B> TN 6
ﬁ%»*ﬁ®t/?ﬁf(*ﬁ@0%@0T4@ﬁ®*ﬁ
HWELAZ 7y hLIEbO TS, 4FEEOSHITORRER T
ZFIERUCTHD. oy FHEERERDIZONT, SITHE

TITEBIMC EAR DD, B FHEENR 6 steps/s (HR1TH

JE 18cm/s) CTHITHENORL 2D, Zhuk, #HWI—
RIEE L)L speed 0,1,2 TiE b Lo REIZ i@ W Lz

Mg

(a) State 1

xﬁﬁ%

(b) State 2
Fig.1 Fundamental States NANBA Walking of
GENBE-No.2 with 6 freedom legs
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Fig.2 Fundamental States NANBA Walking of
GENBE-No.4 with 10 freedom legs

(b) state 2
Fig.3 Fundamental States NANBA Walking of
Autonomous GENBE-No.5 with 10 freedom legs
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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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Fig.5 Fundamental States of NANBA dash of GENBE No.4.
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Fig.6 Measured average walking speed vs. pitch speed.

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

Tim.e Operating Max Operating Max Operati.ng
Setting Time Angle of Angle velocity
(speed) Servomotor of 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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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).
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(b) 10th trial of Human Operator with some stabilizing skill (OT10)
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(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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Fig.9 Fundamental two states of 90 degrees NANBA TURN.
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Fig.10 Fundamental two states of 180 degrees NANBA
TURN.
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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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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.
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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.
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