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length | weight inertia
m] | [k kg m”]
Link0 || 0.31 0.76 | 6.09 x 1073
Linkl || 0.15 | 0.16 | 3.00 x 10~*
Link2 || 0.13 | 0.38 |5.35x107*
Link3 || 0.01 | 0.11 |8.33x10°8

link

joint | range[rad]
hip | 2.950 5.94
knee | 0.350 3.33
ankle | 1.5704.71
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. length | weight inertia
link 9
[m] [kg] (kg m?]
body 0.20 3.55 | 1.32x 1072
thigh || 0.10 0.7 |5.83x1074
shank || 0.10 1.18 | 9.83 x 1074
foot || 0.098 | 0.50 |1.67x107°

joint | range[rad]
hip | 1.9205.15
knee | 0.940 3.14
ankle | 2.100 4.18
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DYNAMIC STAND UP MOTION OF A HUMANOID

Jun’ichiro OOGA*, Masaki OGINO*, Koh HOSODA*" and Minoru ASADA*f

*Dept. of Adaptive Machine Systems, tHANDAI Frontier Research Center
Graduate School of Engineering, Osaka University

Humanoid robots are expected to assist human dairy
life. In order for robots to work flexibly in such en-
vironments, existing research has focused on stably
walking with two legs without falling down. In a real
world, however, even if a robot tumbles by accident,
it should be able to stand up and walk again.

Kanehiro et al.(1995) developed the robot which
could stand up statically using its both hands, but
static stand up motion always needs static stability,
and is less energy efficient than dynamic stand up
motion.

On the other hands, Morimoto and Doya(2001)

proposed a hierarchical reinforcement learning method
which enabled a real robot to learn to stand up dy-
namically based on the subgoal sequence.
Ito et al.(2002) showed that a robot with a few DOF's
achieved a stand up motion using leg swing move-
ment. While these robots were fortunately well de-
signed to have good properties such as the wide range
of the joint angles, requirements for a robot with such
properties to stand up has not been clear.

In this paper, we discuss the requirements of dy-
namic stand up motion. When the body of the robot
rises up, the rotation center is located at hip joint,
but after the collision between the foot of the robot
and floor, it shifts to the sole. The shorter the dis-
tance of the rotation center between before and after
collision is, the less the rotation energy loses by col-
lision. In order to decrease the moving distance of
the rotation center, we propose that (1) robot should
have wide range of the joint angles, (2) the length of
the shank is shorter than that of the thigh. We show

a robot based on these requirements could stand up

in a computer simulation.

However, if the robot does not meet these require-
ments, it is very difficult to stand up dynamically.
So, we propose that the back of these robot should
be round by waist joint or attachment with curve.

The advantages of a round back are as follows; (1)
the energy lost by friction during the rotation of the
body decreases compared to without it, (2) if a round
back is designed in such a way that the extended
curve of the round back can reach the tip of foot,
the energy lost by collision decreases because of the
smooth shift of the rotation center, and (3) the ojec-
tive trajectory of joint angles can be designed simply.

So, in order to find the proper parameters of a
round back, we examine using a computer simula-
tion and apply the result to a real humanoid robot,
HOAP-1 produced by Fujitsu Automation Ltd. Since
HOAP-1 does not have waist joint, we design a round
back based on the result examined using a computer
simulation, and experiment. We succeed in a dynamic
stand up motion by HOAP-1 with the round back.



