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Correlation between the Displacement of Center of Gravity and Lyapunov Exponent

during Treadmill Walking
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The purpose of study is to investigate the correlation between the Lyapunov exponent (LE) and
the displacement of the center of gravity (DCG) for clarifying walking stability on the treadmill.
From fifteen young healthy subjects volunteered, lower extremity joint angles were recorded
using a three-dimensional motion capture system with reflective markers. The anteroposterior
DCG and the LE were calculated by a commercial software. A linear correlation between LE and
DCG (p<0.05) showed that LEs compensated for walking distance on the treadmill walking.
However, LEs were found to be independent of self-selected walking speeds by a negligible
correlation between LE and the Froude number (p>0.05).
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Fig. 1 A graphical representation of treadmill walking
conditions

Fig. 2 Gait experiment and corresponding human link
model
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Fig. 3 Trajectories of CG on the treadmill for 90 seconds
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Fig. 4 Displacements of CG during treadmill walking
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Table 1 Results of motion data

Subject DCG in x(m) FN
St 401 0.141
S2 4.44 0.090
S3 4.13 0.113
S4 2.88 0.121
S5 2.82 0.133
S6 3.96 0.088
S7 3.25 0.114
S8 3.04 0.118
S9 2.57 0.084
S10 2.80 0.139
S11 2.89 0.116
S12 3.38 0.087
S13 3.12 0.181
S14 4.11 0.189
S15 3.32 0.085
Mean+SD 3.38+0.59 0.120+0.03
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Table 2 Results of chaotic data

Joints
Hip Knee Ankle
Left Right Left Right Left Right
LE
0.095 0.094 0.099 0.114 0.174 0.158
Mean

LESD 0.018 0.015 0018 0.019 0.046 0.047

Table 3 Results of correlation and regression tests

Pearson .
. Linear
. . correlation .

Correlation pairs . regression

coefficient L
coefficient(r")

(p-value)

DCGand LEofthehip ~ 0.277(0.318)  0.075

DCG and LE of theknee  0.734(0.002*%)  0.536

DCG and LE of the ankle  0.398(0.142)  0.157

DCG and LE of all three
lower extremity joints
FN and LE of all three

lower extremity joints

0.644(0.010%) 0.413

-0.195(0.486) 0.038

(*significance level <0.05)
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Fig. 7 DCG per cycle during treadmill walking for each
subject
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