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Design reference guidelines for humanoid robot based on human motion

ZHANG Xiao, WU Weiguo

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To solve the problems that humanoid robot design is mainly based on empirical design or motion
simulation verification and the initial design method under the requirement of various motion behaviors such as
walking, running and jumping with reference to human itself does not exist yet, in this paper, motion capture and
plantar force measurements are performed on a variety of human motion behaviors, and joint torque and joint power
during human motion are selected as indicators to characterize the ultimate drive capability that a humanoid robot
should achieve. The PhaseSpace three-dimensional motion capture system and self-developed integrated force
measuring system with range of at least 5 times the body weight were used to conduct the measurement experiment of
human motion trajectory and plantar force on 6 adult males under different behaviors. Based on the 149 sets of
experimental data obtained, the characteristics of human walking, running and jumping behaviors were obtained
and analyzed. The inverse dynamics of each joint of human lower limb was calculated by Newton-Euler method, and
the multivariate nonlinear fitting was carried out to obtain the fitting equations of maximum drive torque and power.
The design reference guidelines for humanoid robots are summarized to provide a reference for the design of
humanoid robots with multiple movements such as walking, running and jumping.

Keywords: humanoid robot; motion capture; force-measuring shoes; mechanical design; design reference

guideline ; motion control
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Fig.2  Screenshots of motion capture experiments for different behaviors
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Fig.3 Principle and picture of force-measuring shoes
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Tab.2  Action number and range of results
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Tab.4 Summary of fitting equations for maximum joint torque

. . TR FEE
;ME KT 1%/ (N - m) S,/ (N +m) ’
(N - m)
HEoRTT T, = 1.517 x 1078 x?y 2> - 21.222 78.65 119~493
PSSt T, = 7.227 x 10 "xy 2° 58.43 93~396
JLE ST T, = 2.340 x 107* x%yz 33.57 57~253
Wy T, = 1.636 x 1076 x? 22 106.19 149 ~476
B LT T, = 1.755 x 10 2wyz 77.93 142 ~489
B T, = 1.097 y*°2 57.28 122~336
EoRTT T, = 0.148 x> - 8.559 x 107 7x 2 76.33 165~624
) BRER Y T, = 0.1494% - 1.172 x 1078 42 7 65.39 233~577
PRKHS T, = 4.643 x 1073 x> = 2,187 x 107% %z 52.93 109~556
ey T, = 4.586 x 107% 2%y - 7.066 x 107° %y 2> + 92.203 88.71 115~768
h Y Y
)R BERR T, = 0.012xy + 3.35 x 107* &° 94.96 166~ 828
. T, = 1.597 x 107 &’y — 6.676 x 1078 &yz + 1.770 x 107*x 2> -
BRICHY 40.37 110~542
4.096 x 1075 2% y%32

WY T, = 8.36 x 1077 &% y*3; = 3.469 x 1075 x2 43 73.37 128 ~706
JEHBEER MY T, = 3.152 x 107° 'y + 155.881 66.81 228~722
PR T, = 2173 x 1077 2* y*92 = 6.678 x 107° 2* + 424.744 46.32 112~447

e ox IIRE kg; y MEIEIERE, (m - s7') B mm; 2z HEE em; T RN - m; S, AARAERZE N - m
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Tab.5 Summary of fitting equations for maximum joint power
e kW /W S/ W IR LW
Wy P, = 0.011yz* - 82.677 86.75 32~509
AT BN P, = 0.026% y° + 11.953 41.38 4~275
B P, = 4110 x 1073y 7 58.01 35~276
Tl P, =5.152%x107% 7 81.22 57~359
Bk T P, = 65.412x%° 211.36 206~1 172
B P, = 89.161 y* + 4.971 92.51 28~525
XY P, = 9.676 x 107° x%yz = 6.703 x 10 "xy 2> + 1.918 x 107%x »* + 308.203 53.19 62~17
a] [ 1] = L x 107 x7y — 2. x 107 xy” + . ¥y = . 5. 1 ~ 1
M) BkBR T P, = 1.759 x 1075 %y - 2.388 x 107 "x y* + 190.279 y*° - 2 061.436 465.25 235~4 30
BRI P, = 3.716 x 1073 7* 54.67 28~280
Wy P, = 3.132 x 107 4% y? + 157.942 98.52 103~751
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Fig.13  Ankle joint torque fitting results when total height of humanoid robot is 180 ¢m and indexes of jumping up/down are equal
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Fig.1 Fitting surface diagram of joint torque and joint power for walking
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Fig.4 Fitting surface diagram of joint torque and joint power for jumping down
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