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Contact Phase Invariant Controller Design for Humanoid Robot
based on Inverted Pendulum Model with Variable Impedance Leg

*Tomomichi SUGIHARA (Univ.of Tokyo), Yoshihiko NAKAMURA (Unif.of Tokyo,CREST)

Abstract| Manipulation of external forces is the key to enhance the humanoid mobility. We propose a
new controlling method based on the control of inverted pendulum with variable impedance to realize the
scheme. Using the proposed, various types of legged motions, including motions on the ground and in the
air, are achived.
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U� ZMP 6) Géíg2Ä4$+i±�ç6)E2·
ì$0�D"25X¢$, ZMP6�-<â5AD8�
�m6õî�#Ð�Gbz$0�+. <+n÷�G¬
�,-U�L��í#EDmâ5��0, <ÿö�B6
è¸:6�E4�k, �mY5ù +�¼6¬ú, `�
d4�Ø�mjGõÊ$+ 7). �Ö17"EG�Z$,

©5��Jwd�XwUG¦&Di±�ço\tGo
u&D"25A-0, -U/ -U�L6S�muU4
6����dª�54D"2Gð&. <+ou$+o
\t5¡/�0.»$+,cp�kaĴ 68��mQ
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Fig.1 Legged system and inverted pendulum with
variable impedance
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Fig.2 Contact phase, impedance and inverted pen-
dulum control
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Fig.3 Humanoid control system connected with en-
vironment
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Fig.4 Block diagram of a humanoid controller
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Fig.5 Snapshot of jump motion simulation
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Fig.6 Loci of COG and ZMP in each axis

4. ÞåâØÆËÍÐ¼ÆÎÑ
bz$+÷�G¬�0, �\[¥mâ#ÐGSl

pu�Sqw�50Ø-+. vjZ]o\t2$0

7 HOAP-1 8) G;`$, Slpu�Sqw57 Z-

DYNAFORM G¬�+ 9). °	, X	7, ¨`]=
Û=´, ¢�°	Ù#, ¢�ÞN[¥Ù#G)E*E
50[mm],220[mm],50[mm]2$ , [¥Ï7����`Ù
# 220[mm]5úB&DA�5, �eKJV5��0J

wd�XwUG¾`$+. � 57Á�$+mâ#Ð¹
GH`n�Sqw50�v$+2�6U_ZgSqZ]
1�D. <+� 67,��«9 ZMP6§+1�D. -
U¤�5i±�ç#Ð«9Jwd�XwU#Ð�e,
5¥w$, y`4[¥mâ�õÊ1�0�D"2��
�D.

5. ½ÄÃ¿
�Â 7) 6��G�Z$, ��Jwd�XwU©G¦

&Di±�ço\t5¡/�+cp�kaĴ 6�m
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