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A Survey Report for the Biped Locomotion Robot

Compensating Three-axis Moment
Tchiro KATOQ*, Atsuo TAKANISHI* and Etsuo KUME

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

Tokai-mura, Naka-gun, Tharaki-ken

{Received August 31, 1994)

A dynamic walking simulation of biped locomotion robots based on the Zero
Moment Point (ZMP) criterion is being conducted at JAERI. The ZMP criterion to
obtain the stable walking patterns is that respective sums of moments around pitch-
axis and roll-axis which act on the robot are equal to zero. So far, as for the rest
moment around yaw-axis, the moment is balanced to frictional force, assuming that
the frictional force between robot's sole and floor is sufficiently large in our study.
According to a recent paper, however, slipping around yaw-axis between robot’s sole
and floor has occurred as the walking speed becomes faster, and the slipping has
made the walking unstable. So influence of this moment can not be ignored for the
fast walking. A survey has been performed for collecting relevant information from
already existing biped locomotion robots.

This is a survey report for the biped locomotion robot compensating three-axis
moment by a trunk motion : the WL-12RV designed and developed at Waseda
University. The WL-12RV has been realized 1.5 times as fast as dynamic walking
compared with a biped locomotion robot compensating two-axis moment (eg. WL-
12RIV) . This report includes the machine model, control method and results of

walking experiments of the WL-12RV.

Keywords: Robot, Biped Locomotion, Zero Moment Point (ZMP) ,

Three-axis Moment, Yaw-axis, Trunk Motion

*  Waseda University
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m; :pass of particle i

ri= [x.,vi.2:] :position vector of particle i
P = [Xp, Vo Z5] ‘position vector of P

G = [gx gy, 8.1 :gravitational acceleration

T = [T,,T,, T.1 ;total torque acted on P

Fig.3. 1 Definition of vectors for walking system
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sagittal plane lateral plane

Fig.3.2 Modeling of biped walking robot having trunk (3-particles)

- [XO’, Vo, zo ]
Moo= Mo1 T Mooz

Fig. 3.3 Definition of vector of trunk(3-particles)
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sagiftal plane lateral plane

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

Fig. 3.4 Linearized model of a biped walking robot having trunk(3-particle)
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( START)

szp(n) =szp(n_ 1 ) —€x
Yzmp(n) = Yzmp(n"' 1)-— €y

[ linealized differential equations |
v
FFT,inverse FFT
(modify Fourier coefficients)

periodic solutions of trunk trajectory /

v

[ calculate moment around yaw axis (Mz) |

— Mz(n+1)=Mz(n)—emz [<

FFT,inverse FFT
(modify Fourier coefficients)

| periodic solution of fy |

error of ZMP:ex,ey

error of Mz:eM:

ex<l&x
ey<€ v

eMz<E Mz

/'strict_periodic solutions of trunk motion”

END

Fig. 3.5 Flowchart of the conventional algorithm
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START

[ calculate moment of lower—limbs motion |

Emy(n)=EMy(n—1)+ eMy/2
Emz(n)=EmM«(n—1)+emz/2

(modify Fourier coefficients)

v

/ periodic_solutions of trunk trajectory /

FFT,inverse FFT ‘

[ calculate moment around yaw axis (Mz) |

FFT,inverse FFT
(modify Fourier coefficients)

v

[ periodic_solution of BVJ

calculate errors of moments
on planned ZMP (emz,eMy,eMz)

eMx <€ Mx
eMy <& My
eMz<E Mz

strict periodic solutions of trunk motiog/

END

ﬁig. 3.6 Flowchart of the algorithm proposed
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a) step time 1.92{s],step length 0.300m]
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b) step time 1.60[s], step length 0.30[m]

Fig. 4. 1 ¥alking simulation(l)
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