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Real-Time Motion Generation of Humanoid with ZMP Actuation based on Inverted Pendulum

*Tomomichi SUGIHARA (Univ. of Tokyo), Hirochika INOUE (Univ. of Tokyo)

Abstract| Humanoids must have much better re
exes to act in the real environment with people. We

suppose the real-time motion generation method for humanoids with ZMP actuation based on the inverted

pendulum control, which can give humanoids such higher activities. The algorithm, and the validity of it

are shown.

Key Words: Humanoid, Real-Time Motion Generation, ZMP actuation, Inverted Pendulum Control

1. ¿½À¾
H/Ó��A��s�`1¿[L�]ÔXo£Pm

L[Gk, 1¿_�^C×MnTs����Z_¡©^
kN, ÍRPm1¿c_öC.¹9HÂWMnYCm.

L_jD]ÂW^¤Em^`,

� ½Î[_º!@"|]\_|�j]²­
� K��^jmÊØ]�´�ï

]\^Nû^�¤N, loRQuÿoÖQ�¬möC¡
u�³H�©ÙZBm. S_Tg^`, ÕH��j^£
Pm{s��two?Ðj^¹©N, �¿�¿_)X^
¤OYkA^�,_¡uo7éPmL[HËgknm.

�ßÌZ`,%Ä_jD]«Ë^¤E, ��A��s

�^öC¡u�³o�§PmL[o�j[N, ÆuÿÕ
H ZMP(Zero Moment Point;ÕH�Km��³_�
,) 1) o��m[NTo®-�[v¨_{s��tw
o£PmL[^ÁXCY, ZMPoKÿPmL[^jl
�,Pno7éPm�	¿uÿ<:��oh�Pm.

v¨_�J^ÁXCTßÌµhBmH 2, 3) ,Æ�²
HU»[�·NY���¬mjD]�~ro§gNY
Cm,�C`yg_ÆÃð^y¦NYCm]\ ,�©9@
�©9_mZ�ZHBVT. �ßÌZh�Pm��`,

7éV$[]mÆ��|�_�~�o¾¯¦PmL[
]J,eTyg_Ãð^ægRQ, ��]�©9[�©
9o£NYCm.

2. ÕÔÑÙÓØ×ÅÎÆÍÈÊ
ÆuÿÕ`f',½Î[�5_mZ 3
âj^B*P

mH, HY_²³_÷³H§Jj]��%_Bm�mG
kÕ^ÿ©NYCm[à]PL[h�¬m. S_jD

]§Jj]��%^FKm²³_ÿ©mH ZMPZB

m. L_[I¡u�i
`, �,o xG,ZMPo xZMP ,

�³¨Pno g[FJ[, ��_öM z = zZMP o§
EmL[^jVYÑ�j^
_jD^�Mnm.

�xG = !
2
G(xG � xZMP ) (1)

�yG = !
2
G(yG � yZMP ) (2) 

LLZ !G �

r
�zG + g

zG � zZMP

[FCT.

!

Ln`Æ��|�H,Fig.1_jD^ ZMPo��m[P
mo®-�[à]RmL[o��NYCm. �VY,o

x ZMP

xG

xc

inverted pendulum biped locomotion system

Fig.1 Inverted Pendulum and Legged Robot
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Fig.2 Block chart of real-time motion generation method for legged robot

Fig.3 A stepping motion with an impact
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Fig.4 Loci of COG, ref.ZMP and real ZMP
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