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Moment Compensation for Fast Dynamic Walking of Humanoids
based on Human Athletes Pelvis Rotation

Jun Ueda*!, Kenji Shirac*?, Shingo Oda*? and Tsukasa Ogasawara*!

This paper presents a method of momentum compensation around the perpendicular axis of the stance foot during
the fast dynamic walk of humanoid robots. In order to perform a task using the arms during a walk, it is desirable
that the upper body part, i.e., the arms and the trunk, should not be used for the momentum compensation and
should be dedicated to achieving a task. Moreover, a particular walk called a trunk-twistless walk is investigated by
experientially observing the pelvic rotation of contact sport athletes. From these observations, an antiphase rotation
of the pelvis against the swing leg is observed when compared to the normal walk of a human. This antiphase
characteristic of the pelvic rotation is implemented to a humanoid. A method of determining the rotation of the
humanoid’s waist is proposed in conjunction with the pitch angle of the swing legs. The proposed walk achieves a
whole walking motion including momentum compensation only by the lower body. The stance foot torque around
the perpendicular axis is reduced in the proposed walk compared to a standard humanoid walk without twisting
the trunk or swinging the arms. Improvements to the straightness of the walking trajectory and the stability of the
upper body during a fast dynamic walk are also confirmed.

Key Words: Humanoid Robot, Biped Walking, Moment Compensation, Trunk-twisting, Athlete, Friction, Motion
Capture
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Fig.1 3-D motion capture

Fig.2 Pelvis-thorax rotating angle and yaw moment of stance
foot

Fig.3 Pressure distribution measurement of stance foot
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Fig.4 Captured walking motion (from behind)

HAEOFy PERE23 %47

,7777

ZEbnhnh. T, BROEEINEC, BEOMMIEL 5
TWBIELThD.

HRHOEELAE Opervis D SMIBOBIEEARE Oihoraz & W
CTHHRLN Orwise TEH L7

Otwist = epelvis - ethoraz (1)

Table 1 (2, M3, FRONEMAE, KEORUINAKE, B
JUREIR Y ISBT 5 P iRE (FiRDE) B L OEEREERT
B0 ICBL T, FEICHDFIT =D x#IZiH-72%
LOwIEE RS, FHI LT XTORITEEIZBNT, WK, &
&, R LI, BIUKRY OB LHSTOHIEE
FITEDO/hE v, FThbh, UFRMTIIEHRALD LRIRD
WA, LEEFEMSELL) LEFTTHLILNDNA.

s e B ROMIMLMHAOLEZ Fig.5 IZ/RT. 2
E, BATERE 4.0 km/h] TEEE FITOMAALAE 2.09 [rad]
(100.1 [deg]) 12X LT, H74#47(3 0.94 [rad] (50.6 [deg]) &
B1210%oT05h. B, FTEENKE DL, iERD
METLRENTLL L IZAL Y AERAE 22257 (8),
VST OHFPRQL Y BES/NSVEENIIE DL S 2w,

PATHRE 4.0 (km/h) (2B 2B EHIT & YHBTOREN 2
SHEATRMIZOWVT, Opetvis, Othorar BLUR (1) ZHWVT
BHL7Z Orwise % Fig. 6 IR T, HFICIIERZENEFRDIL
B (LC, RC) 2#dbheURT. @ESITIINL, YK
TIHELHOMAINE L, RBRALA LISV L AHERTE
A, F7:, CHEEOBETIE, WERFOMMIZIES S D4k

Table 1 Mean (standard error) of pelvic, thoracic rotation,
twisting angle of trunk, and arm swing (in zero-peak)

Velocitykm/h] 1.5 3.0 4.0
Thorax[rad] Normal 0.116  0.114 0.091
(0.042) (0.058) (0.023)
Trunk-twistless 0.098  0.097  0.090
(0.037) (0.025) (0.034)
Pelvis[rad| Normal 0.066  0.068  0.093
(0.023) (0.037) (0.035)
Trunk-twistless 0.054 0.059 0.063
(0.027) (0.014) (0.004)
Twisting angle Normal 0.117 0.133 0.140
of trunk[rad] (0.061) (0.090) (0.085)
Trunk-twistless  0.061 0.072  0.083
(0.015) (0.017) (0.020)
Arm swing[m] Normal 0.214 0.266  0.275
(at wrist) (0.067) (0.084) (0.067)
Trunk-twistless 0.167 0.199 0.199
(0.023) (0.033) (0.023)
- V4
8§ — Trunk-twistless
-2 E ----- Normal {
g € P
g € I
= .2
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Fig.5 Relative phase of pelvic and thoracic rotation
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Table 2 Humanoid’s walk

[ [ Standard l Waist fixed | Propose |
Waist rotation . Antiphase
& leg swing In-phase 0 (Eq.2)
Arm swing 0 — —
Chest Rotation 0 — —
Step width Shoulder width — —
JRSJ Vol. 23 No. 4 — 80—
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Total foot rotational torque
------- Component generated by right swing leg
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Fig.12 Component of stance foot torque (Simulation, 0.83

(km/h])

Fig. 13 Rotation angle of waist and pitch angle of swing leg
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Fig.14 Rotation angle of waist (Simulation, 0.83 [km/h])
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Fig. 15 Experiments with humanoid (0.83 [km/h])
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Fig.16 Yaw-axis torque of stance foot (0.83 [km/h])
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Fig.17 Comparison of average torque (0.83 [km/h])
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Fig. 18 Walking velocity versus peak torque of stance foot
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Fig. 20 Straightness of fast dynamic walking (2.5 [km/h])
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