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Chaos Analysis of Major Joint Motions for Young Males
During Walking
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Abstract

To quantify irregular body motions the time series analysis was applied to the gait study. The
motions obtained from gait experiment are complex to exhibit nonlinear behaviors. The purpose of this
study is to measure quantitatively the characteristics of the major six joints of the body during walking.
The gait experiments were carried out for eighteen young males walking on a motor driven treadmill.
Joint motions were captured using eight video cameras, and then three dimensional kinematics of the
neck and the upper and lower extremities were computed by KWON 3D motion analysis software. The
largest Lyapunov exponent was calculated from the time series to quantify stabilities of each joint. The
results provides a data set of nonlinear dynamic characteristics for six joints engaged in normal
walking.
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Table 1 Personal information

. . Walking
. Age Height Weight
Subject speed
(years) (cm) (kg)

(m/s)

M1 20 176 62 1.25
M2 25 177 100 0.97
M3 32 185 85 1.25
M4 27 173 83 0.97
M5 25 170 75 0.83
M6 20 169 61 0.83
M7 19 173 65 0.97
M8 20 175 68 1.25
M9 29 171 70 0.97
M10 23 184 68 1.11
M11 24 176 73 1.11
M12 24 185 70 1.25
M13 20 176 74 1.25
M14 24 175 63 111
M15 21 182 80 1.25
M16 24 165 73 1.25
M17 24 178 71 0.97
M18 24 176 73 1.25

Avg+SD | 23.6+3.4 | 175.9+55 | 73.0£9.5 | 1.10+0.16
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Fig. 1 Results of FNN analysis to determine
appropriate embedding dimensions for eleven joints.

Table 2 The mean largest Lyapunov exponents of
eleven joints for eighteen young male subjects.

Mean largest Lyapunov exponent

Body  Joint
Total Left Right

Neck  0.137+0.039 - -

Upper
d Shoulder 0.081+0.014 0.082+0.016 0.080+0.013
ody

Elbow 0.113+0.020 0.115+0.022 0.111+0.018

Hip 0.090+£0.023 0.090+0.028 0.090+0.017
Lower

body

Knee 0.104+0.020 0.099+0.020 0.110+0.018
Ankle 0.172+0.038 0.182+0.039 0.163+0.035

0.240 - 5
0.200 - %
0.160 -

0.120 -

0.080 -

0.040 -

Largest Lyapunov exponent

0.000 -+
Meck Shoulder Elbow Hip Knee  Ankle

Fig. 2 Statistical results of the largest Lyapunov
exponent for six joints. Asterisk represents no
statistical difference (p<0.05).
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