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A Survey Report for the Biped Locomotion Model Under External Force
Ichiro KATO®, Atsuo TAKANISHI* and Etsuo KUME

Computing and Information Systems Center
Tokai Research Establishment
Japan Atomic-Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 2, 1993)

A mechanical design study of biped locomotion robots is being per-
formed at JAFRI within the scope of the Human Acts Simulation Program
(HASP). The design study at JAERI is of an arbitrarily mobile robot for
inspection of nuclear facilities. We have developed the simulation soft-
ware which has capability of obtaining several types of stable motions
for straight walking in terms of design tools. In addition, we are
studying more complex walking patterns such as turning. However, in
order to realize the robustness of walking, it is also necessary for the
robot to have a capability of walking under external force as a distur-
bance which is caused by touching an object and so on. A survey has been
performed for collecting useful information from already existing biped .

locomotion robots.

This is a survey report for the biped locomotion model under external
force: the WL-12RIII/IV designed and developed at Waseda University.
This report includes the machine model, control system, contrel method

and results of walking experiments.

Keywords: HASP(Human Acts Simulation Program), Robot, Robot Design,
Biped Locomotion, Machine Model, Control System, External

Force

* Waseda University
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m, : mass of particle {
r, =[x,y.z] : position vector of particle ¢
P =[x,y,0] : position vector of P

G =[g.g,8] : gravitational acceleration

T =|T,T,T] : total torque acted on P

M;=[M_M,M,: external moment j

F,={F,F,F, : external force k

S, = [xuy02:] : position vector where external force k is put

Fig.2.5 Definition of vectors for walking system
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sagittal plane lateral plane
W-XYZ :moving coordinate
O-XYZ:fixed coordinate

Fig.2.6 Modeling of a biped walking robot having a trunk
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Fig.2.7 Outline of the control method
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modeling of a biped walking robot

\/

ZMP equations

v

equations of the trunk
f(6p,0p,0p,Br,01,0r)=d(1)
G(6p,06p,0p,Or,61,6r)="F(t)

v

Bp=k1(6p,6p,Br,0p--)
er:l(z(epsepserser)

T before walking

i

: l while walking
\d
ép=k1(9p,6p,ér,8p---)
Br=k=(6p,0p,Br,6r--)

Y

external forces s al : Lower-hmbs
. numerical integration
and i}l‘i\[’&eﬂm' —> (Runge-Kutta method) <_ motion : L(t)

v ZMP XJ.mp,Yzmp
/ trajectory of trunk:68p,0r /

Fig.2.8 Flow-chart to compute the trunk motion
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)—( Fixed to lower-limbs

Fig.2.9 Structure of the trunk
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sagittal plane lateral plane

W-XYZ :moving coordinate
O-XYZ:fixed coordinate

 Fig.2.10 Two-particle model of a biped walking robot
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two-particle model of a biped walking robot

Y

ZMP ecquations

¥

linearilzed differential equation

v

equation for the trunk deviation

v

boundary value problem
to compute change value of ZMP
(Xor=X5=0) (third step)

Roi=8:(Xo,X0) (first step)
Ri=$:(X0,X0) (second step)

before walking

while walking l V:'
boundary value problem

to compute change value of ZMP
(Xsr=Xn=0) (third step)

trunk deviation -
. Ryw=81(X5,X0) (first ste
LX) [ e o) p)

szZSz(Xa,Xo) (second step)

v

compute the landing position : X

Y

trajectory of the foot

2

angle pattern of the lower-limbs
{(inverse kinematics)

Fig.2.11 Flow-chart to compute change value of ZMP
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Fig.3.2 Link structure of WL-12RIV
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