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Automated classification of gait patterns based on time-frequency analysis
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ABSTRACT A general scheme for the automated classification of gait patterns based on time<requency analysis was proposed to dis—
criminate acceleration signals characterized by high dimension nondinearity strong coupling and high time—varying acquired under dif-
ferent terrains and motion patterns of lower limbs. A three-axis acceleration sensor was mounted on a crus to acquire acceleration sig—
nals in the sagittal coronal and cross—sectional planes separately. By using a S-order Daubechies wavelet base the features were ex—
tracted from time-series acceleration signals and further dimensionally reduced by employing linear discrimination analysis ( LDA) . The
reduced features were classified by the decision tree and the support vector machine ( SVM) . From experimental results both classifi—
ers can achieve the high classification accuracy ratio over 90% and for the specified gait the ratio can be up to 100% indicating the
rationality and effectiveness of the proposed methods for feature extraction and dimension reduction.

KEY WORDS gait analysis; pattern classification; acceleration measurement; wavelet analysis; decision trees; support vector ma—

chines ( SVM)
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Fig.1 Experimental configuration for acceleration signal acquisition
of lower limbs
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Fig.2 Acceleration signals under different gait patterns: ( a) acceleration signal in the horizontal plane when walking; ( b) acceleration signal in the

sagittal plane when walking; ( c¢) acceleration signal in the coronal plane when walking; ( d) acceleration signal in the horizontal plane when going up-

stairs; ( b) acceleration signal of sagittal plane when going upstair; ( c¢) acceleration signal of coronal plane when going upstairs
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Table 1 Extracted features of acceleration in every direction
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Table 2 Classification results by using the decision tree

1% /% /% 1% /% 1%
94.12 0 5.88 0 0 0
0 100 0 0 0 0
19. 05 0 80. 95 0 0 0
0 0 0 86. 67 0 13.33
0 0 0 25 75 0
5.56 0 0 0 0 100
90%
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Fig.5 Relation of training error with kernel parameter and penalty
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Table 3  Classification results by using SVM
/% /% 1% 1% /% 1%
94.12 0 5.88 0 0 0
0 100 0 0 0 0
0 0 100 0 0 0
0 0 0 100 0 0
8.33 0 0 0 91.67 0
0 0 0 5.56 0 94.44
97 %
15
5
45
LDA
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