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Modeling Balance Maintenance with Whole-body Motion Based on
Observation of Human Motion

Shunsuke KUDOHT, Taku KOMURAT, and Katsushi IKEUCHI'

1 The University of Tokyo
1 City University of Hong Kong
E-mail: {{kudoh,ki}@cvl.iis.u-tokyo.ac.jp, ffitaku@cityu.edu.hk

Abstract Recently, interest in generating dynamically consistent motion of human-like characters has been in-
creasing in various areas. In particular, balance maintenance against perturbation caused by external force is an
indispensable problem when we consider motion under a practical situation. Humans maintain their balance against
sudden perturbation by large-scale whole-body motion, such as bending down, rotating their arms, squatting down,
taking a step, and so on. We have proposed a method to generate motion of maintaining balance with an appropriate
whole-body motion against various perturbation by observing the human motion and modeling it. In this paper, we
compare the generated motion by the method with human motion, and discuss the validity of our method. As the
result, we can see that our method represents not only apparent characteristics of human motion but also dynamics

characterisitics of it.
Key words Balance maintenance, motion generation, motion-capturing system, optimization
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Fig.1 Overview of the system
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ks
Subject
avg std
1 (-142) |  —
2 -11.8 | 1.42
3 (-21.9) | —
4 -11.2 | 047
total -11.6 | 1.16

01 000000000000000000 k00
Table 1 Coefficient ks which determines relation between posi-

tion and acceleration of the CM
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S, = ks(sz - Srefz) (1)
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. kq Oéc/ec ky
Subject
avg std avg std avg std
1 79.9 1844 | 1.29 0.215 | 25100 5400
2 101.8 273.6 | 1.07 0.221 | 17900 7000
3 -83.5 560.7 | 1.30 0.167 | 12700 4200
4 -96.6 264.9| 1.16 0.300 | 13500 4300
total 15.8 356.3 | 1.20 0.256

0 6 Parameters from captured data: The second, third, and
fourth columns show parameters kq, ac/0c, kp, respectively.
With regard to kp, the total is not calculated because indi-

vidual variation is observed.
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Fig.7 Generation of the posture by IK: IK for the CM is solved

first, and then IK for the foot is solved.
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set ¢ for initial 6

while (||rdest — 7l > 6) {
obtain J for 8
A9 = JT(JIT) " (Paess — T)
renew 8 as 6 + A@

renew 7 for new 6

08 IKOODOooooo
Fig.8 Flowchart of solving IK
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Trial Impulse (Ns)  Step Trial Impulse (Ns)  Step
1 29.4 no step 1 29.1 no step

2 35.9 no step 2 39.0 step
3 54.7 step 3 34.0 no step
4 43.5 step 4 44.5 no step

5 38.4 no step 5 47.8 step

6 36.7 step

02 0ooooo:.0oboob:oboobooboobooon
Table 2 Relationship between perturbations and stepping
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direction

Force from
forward
direction

| | | | | (I
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Fig.9 Comparison of the magnitude of impluse which can be

handled without stepping
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Fig.12 Balance maintenance by keeping feet on the ground (300N, 0.1sec)
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Fig. 13 Balance maintenance by stepping (300N, 0.4sec)
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Fig.14 Balance maintenance during walking (300N, 0.4sec)



