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Chaos Analysis of Major Joint Motions for Young Males
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Abstract

Quantifying dynamic stability is important to assessment of falling risk or functional recovery for leg
injured people. Human locomotion is complex and known to exhibit nonlinear dynamical behaviors. The
purpose of this study is to quantify major joints of the body using chaos analysis during walking.
Time series of the chaotic signals show how gait patterns change over time. The gait experiments were
carried out for ten young males walking on a motorized 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 correlation dimension and the
largest Lyapunov exponent were calculated from the time series to quantify stabilities of the joints.
This study presents a data set of nonlinear dynamic characteristics for eleven joints engaged in normal

level walking.
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Table -1 Personal information

. . Walking
. Age Height Weight

Subject " speed
(years) {cm) (kg) (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
Mé 20 169 61 0.83
M7 - 19 173 65 0.97
M8 20 175 68 1.25
M9 29 171 70 0.97
Mi0 23 184 68 1.11
Avg. 24 175.3 73.7 1.04

(a) Stance (b) Walking

Fig. 1 Stance measurement and gait experiment
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Fig. 2 Stick figure for a subject
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Fig. 3 Time series of angles at six joints for

subject M1
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Table 2 Mean correlation dimensions and largest
Lyapunov exponents of eleven joints for
ten young male subjects. The values in
parentheses are standard deviations

Upper body joints
Parameters Neck Shoulder Elbow
e« Left | Right | Left | Right
Correlation 2.182 2.055 | 2.100 | 2.073 | 2.086
dimension (0.197) (0.060) | (0.124) {(0.105)(0.115)
Largest
0.132 0.083 | 0.081 | 0.110 ] 0.112
Lyapunov
(0.036) (0.018)|(0.011) {(0.020)| (0.016)
exponent
Lower extremity joints
Parameters Hip Knee Ankle
Left | Right | Left | Right | Left | Right
Correlation| 1.997 | 1.987 | 2.155 | 2.194 | 2.308 | 2.261
dimension | (0.174) [(0.114){(0.172)| (0.195) |(0.137)| (0.143)
Largest
0.099 | 0.097 | 0.105 | 0.117 | 0.179 | 0.158
Lyapunov
0.020) {(0.013)|(0.017) | (0.017) |(0.045)|(0.040)
exponent
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