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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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Fig.1 Legged system and inverted pendulum with
variable impedance

cp�kaĴ 7HswO�B&D��ô´¹1�
D�, ��5ô´�üY$+o\t1µì&D"25
A-0, ï6A�4�m�còGo�"2�1�D.

�xG = !2G(xG � xZ) (1)

�yG = !2G(yG � yZ) (2)

�zG =
fz
m

� g (3)

+,$�\�ÒG z ó52C, xG = [ xG yG zG ]
T

«9 xZ = [ xZ yZ zZ ]
T
7)E*E��|V«9

ZMP, fz7�\	|¶,m7vjZ]68ô´,g7�¶
�Eh1�D. <+,!G7ï6A�5`¨#ED.

!2G =
fz

m(zG � zZ)
(4)

"EBAC,ZMPxZ «9�\	|¶G<â&D"21
��G#Ð1�D"2���D. q5��6���Ò
�m5�&Dò (1)(2)7, ¹� ZMPGéíg2$+i
±�ç2ì+XJ_lOUG¦&D"2GðÜ$0�
D. þ-0,<â´2$06 ZMP6¾`57i±�ç


1C21


日本ロボット学会 創立20周年記念学術講演会 (2002年10月12日～14日)



6#Ð� (PID#Ð,H1 #Ðj) G�¬&D"2��
w1�D.
��,��6�\�Ò�m5�&Dò (3)5��07

fz � 0 (q5 fz = 062�7 -U�L1�D"2G
��&D)1�C, -U/ -U�L6S�muU46
�5#ED°	6+>6�E,«9X	î5z'&
D�¼¶¬új57, "6�\	|¶ fz 6<â�N�
4¤�G�+&. "6A�4���E@�¼¬úGl
�d5õÊ&D+>5, �Ã®17� 15ð&A�4

��Jwd�XwU©i±�ço\t5¡/�#Ð�
Gbz&D. "62�,reffz7ïòAC¾`#ED.

reffz = KPz(
refzG � zG) +KDz(

ref _zG � _zG) (5)

+,$ refzG7��Ù#6ä
S1�C, Ï�&DA�

5,�m6sª5A-0����FD. KPz,KDz 7�

25ð&A�5, -��L2�msª5A-0e,4S
G.`&D���D. ·Id57ï6A�4è�5

Floating
 Phase

Variable
Impedance
Control

Inverted
Pendulum
Control

Restitution
   Phase

Compression
     Phase

Standing
  Phase

Standing
  Phase

III I IIIII

z G

z G

ref

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
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