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Dynamics simulation of humanoid robots using contact force calculation
based on LCP
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Shin’ichiro NAKAOKA, Shizuko HATTORI, Fumio KANEHIRO,
Shuuji KAJITA and Hirohisa HIRUKAWA (AIST)

Abstract— This paper describes a LCP-based method for calculating contact forces in dynamics simulation of humanoid
robots. The method is based on the algorithm proposed by Kokkevis, and we propose additional procedures that make
the algorithm more practical in the reality and numerical stability. The simulation system is verified by experiments using
humanoid robot HRP-2, and the result shows the efficiency and validity of the method.
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(a) Dynamic Friction (b) Static Friction

Fig.1 Directions of the frictional constraint

(b) Friction Pyramid

(a) True Friction Cone

Fig.2 Possible regions of reactve forces in the static state.
The left cone shows the true region, and the right quad-
rangular pyramid is the region in our method.

SENSORMOUNT

ABSORBER RUBBER

Fig.3 The foot impact absorption mechanism of HRP-2
[9]. The ankle and the sole are connected by three
units of an absorber bush and a damper.
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Fig.4 A virtual joint model of absorber bushes. Transla-
tional z-axis, pitch and roll axes are added to the parts
below the anke joints, and linear spring-damper force
to keep the original position is given to each joint.
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Fig.5 The pitch-axis moment acting on the left foot during
the body oscillation caused by inclining the body

oboboooooboooooboobooono o

gboboooooboobooboobobobooooo
gbobooooooooobobooooooogon
gboboboooooooooboobobooooon
gboooog

040 HRP2O0ODOOOOODOOOOOOOOOO
gboobooooooobDoboboboobooogoon
gbobooooobooboooooooooooogon
obobooooooooobooboobobooooon
obobooboooobooooobooboboooon
gbooboooooooboobobobooooooon
obobooooooooobooboobobooooon
obooooooboooooooboo

6. OO

O00000D0000 OpenHRP[11]ODOOOOO
gooooooooOHRP2000000000000
goboooooboooobooobooboooon P
gooogozMpOO0O0OO0O0O0O0DOOOODODODODOO
gboooobooooobooooobooooooooon
ob00oobOO0oobO ABAOOOO400 Runge-Kutta [
oboboobooooooooboobobooooon
gooooolsjooooooooooooobooon 120
obobo4.00000000000DO0O0O0O0O00O0
1.0x1073[m/s] 00 000000000000

gbboboooooboooobooboooooooo
U000 HRP2000000000000000O0ODO
ooooooobooooooooooooooson
gboboboboboboooooooboooogn
gboboooooooboboboboboooooo
gobooooooooobbooooooboobooog

[No. 07-2] Proceedings of the 2007 JSME Conference on Robotics and Mechatronics, Akita, Japan, May 10-12, 2007
1A1-A08 (3)



700
600
500
400
300
200
100

actual |
simulation ------- A M i
i

vertical force [N]

-100 1 1 1 1 1
0

time [s]

Fig.6 The vertical floor reaction force acting on the left
foot during a stepping motion
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Fig.7 The roll-axis floor reaction moment acting on the left
foot during a stepping motion
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Fig.8 Computation time of the dynamics calculation. The
points show the correlation between the numer of con-
tact points and computation time in a time step.
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