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Numerical Simulation of Biped Locomotion Robot
Etsuo KUME

Computing and Information Systems Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
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(Received February 20, 1991)

The Human Acts Simulation Program (HASP) has been performed since
1987 at JAERI. In this program, a human-shaped robot reads and
understands instructions written in natural languages such as Japanese,
planning and producing a required sequence of actions, approach te a
Jdevice or an instrument recognizing its entity and does the ordered work
for plant maintenance. All of these processes are simulated by logical
and numerical computations. The major aim of the HASP is to develop
fundamental technologies for design of intelligent robots.

This report will describe the simulation methods and results of a
human-shaped robot motions. The simulation methods of robot’s arms and
robot’s start and stop motions have been newly developed based on the
steady walking model with fixed arms developed by M. Vukobratovié.

The influence of arm motions to the stable walking and the continuous

connection from start to steady walking, etc. will be discussed.

Keywords: HASP (Human Acts Simulation Program), Robot, Robot Dynamics,
Human-shaped Robot, Biped Locomotionm, Zero Moment Point (ZMP),

Rigid Body, Dynamic Walking, Stable Region, Compensating Motion
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Fig. 2.1 Configuration of robot ioints and bodies
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Table 3.1 Classification of simulation robot model
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Table 3.2 Influence of upper body mass L0 compensating motions
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Table 3.3 Comparison of simulated results
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g irad. ] ¢ [rad.]
B ] ;

HEE fri 0] M Ji Tl B
0, 0000 -0, 0022 -0. 0021 0, 1783 0.172]
10,0333 -0. 0244 -0, 0236 0,2138 0. 2018
0. 0667 -0, 0441 -0, 0427 0, 2321 0. 2181
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0, 1333 -0.0770 -0. 0746 0. 2550 0,2414
0. 1667 -0. 0905 -0, 0878 0. 2631 0.2477
0. 2000 -0. 1023 -0. 0993 0,2530 0. 2486
0,2333 -0. 1125 -0, 1082 0.2562 0, 2426
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0, 5000 -0. 1473 -0, 1436 0. 1605 0, 1611
0. 5333 -0. 1466 -0, 1430 0. 1394 0. 1435
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0. 7000 =0, 1273 1 -0, 1240 -0, 3025 0.0195
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. 8667 -0.u74¢2 -0. 0721 -0, 0117 . 0099
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Table S.4 Influence of standstill time Lo stable walking

([ starting motions !

4l B Rl (sec.)

Y:-0.08~0.1

0.0 0.5 1.0 1.5 2.0
FEEH 1 IC A S HE DR
X:-0,1~0.2. 0 0 0 0 0
Y:-0.08~0, 08
FERENE 2 IS A DD HE
X:-0.2~0.4 0 0 4 2 0
Y:-0.08~0.1
S L R TR
Table 3.5 Number of calculated cases for stable walking
([ starting motions )
(Tt — A cr -100, 100, 1.0 -10, 10, 0.1 -0.92,0.1,0,005
wE, AT 7 Cr ” o 0.0,3.3,0. 005
ZeEAEE LI A B IS DO 36 6 4 22190
geEhEig 1 r X:-0.1~0.2 | ¥:-0.08~0.08
Table 3.6 influence of standstill time to stable walking
([ stopping motions J
ook M i (sec.)
0.0 0.2 0.5 1.0 1.5 2.0
FEEREIR LICA DGO
X:-0.1~0.2 0 0 0 0 0 Q
Y:-0.08~0.08
SR 2 IS AL
X:-0,2~0.4 0 0 0 13 0 0

BHEIEAT T A BB L DR
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Table 3.7 Influence of standstill fime and walking time to stable walking

( stopping motions

| s A BBEO

=i F TOWERM ol B R (sec.)
{sec.) g
(0.5 1.0 1.5 *
0.8 66 17 0 0
0.5 141 34 18
0.4 164 20 10 81
0.3 0 0 0 0

* {2 LI ED SETIEHAL ¢ B
G 2 ¢ K:-0.2~0.4 . Y:-0.08~C. |

Table 3.8 Number of calculated cases for stable walking

([ stopping motions )

RO — o Cr -100, 100, 1. 0 -2, 1,0.1 -1.6,-1.3,0.005
i AT v T Ce " 12,33,0.1 12.7,32. 5, 0. 005
TR LI ASSEOEE 60 133 70816

FEREMEL

¥:-0.1~0.2 . Y:-0.08~0.08
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{ GALIT ) AH2
2.0 1.0
BETA1IL
8
1 é 11 16 21 26 31 61
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.24
0.0 0.0 -0.7045 -5.,9158
BETA1R
9
1 & 11 16 21 26 31 51 61
0.0 0.0 0.0 0.0 G.0 0.0 0.0 -0.5
E -0.26
c.0 0.0 0.6947  -4.3190
BETAZL )
) 8
1 6 11 16 21 26 31 61
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.28
0.0 0.0 1.0238 3.3682
BETAZR
9
1 & 11 16 21 24 31 43 61
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.35
. -0.2586
0.0 0.0 0.1991 8.8129
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1 6 11 16 21 26 31 51 61
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—0.1444
0.0 0.0 0.7998 1.1992
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1 & 11 16 21 26 3t 51 61
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0.0 0.0 -0.8001 -1.2052
Fig. B-1 Input data of the gait
[ starting motion )
<<< HEICHI >»>  H2 LINK FOR AH2 START AHZB?Z
START
0.0 0.0 0.0
1.0 0.85 1.0 1.0 -5.0 1.0
6.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 1.0 0.0 0.0 0.0
-10.0 10.0 0.01 -10.0 10.0 0.01
-0.08§ 0.200 -0.090 0.080
0.00000260 0.05467097 0.35687818 1.01615985

Fig. B-2 Input data for generating compensating motions
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