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Dynamic Fatigue Analysis of Radial Wrist Flexion Based on
MMG Signal during Griping Action
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(School o f Mechanical and Power Engineering , East China University of Science and
Technology, Shanghai 200237, China)

Abstract: The radial wrist flexor MMG signals of 10 subjects were acquired when they completed each
griping and holding action. The relationship between the degree of dynamic fatigue of muscles and the
characteristics of the MMG signals was analyzed by filtering, motion segmentation and feature extraction
of MMG signals. For signal filtering, two methods, the wavelet packet decomposition (WP) and empirical
mode decomposition (EMD) were adopted. In WP method, the original signal was decomposed into 7
layers with db4 wavelet base, and then 2—100 Hz frequency band signals were superimposed to
reconstruct a filtered signal. In EMD method. the original signal was decomposed into intrinsic mode
functions (IMFs), then, IMFs in layers 3—6 were superimposed to reconstruct a filtered signal. For
motion segmentation, an adaptive unequal segmentation algorithm was proposed based on the variance
threshold of the moving windowed signal. The starting point and ending point of each action were
determined by calculating the variance value in each moving window, and thus individual action signal was
segmented. For feature extraction, firstly, a moving window containing multiple motion signals was used
to reconstruct the segmented signal; then mean power frequency (MPF) and median frequency (MDF)

were selected as the characteristics of the windowed signal; finally, the characteristics were fitted by the
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exponential, the quadratic and the linear function, respectively. The results show that when selecting WP

for de-noising, MPF as characteristics and exponential function as fitting method, it can reflect the trend

of muscle fatigue better than that of the other combinations.

Key words: MMG signal; dynamic fatigue of muscles; wavelet packet decomposition; mean power

frequency; exponential fitting
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Fig. 15 Flow chart of analysis method 7 57 0.947  0.940 0. 959 0.947
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Table 3 R-square of polynomial fit to MPF and MDF
WP 22 0 EMD 2
7k MDF MPF MDF MPF
LG ZREAE LA ZREE LHE “RE By ZIREA
1 0.780 0.931 0.951 0.956 0. 646 0. 857 0.956 0.957
2 0.920 0.972 0.957 0.957 0. 862 0.955 0.963 0.962
3 0.946 0. 964 0.941 0.940 0.939 0. 950 0.911 0.917
4 0. 940 0.943 0. 950 0. 965 0. 950 0.957 0. 950 0.968
5 0. 861 0. 940 0.913 0.943 0.920 0.951 0. 853 0. 894
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8 0.819 0. 879 0.813 0. 906 0. 831 0.887 0. 891 0.964
9 0.746 0.819 0.818 0.930 0.786 0.827 0. 809 0.916
10 0. 603 0.914 0.967 0.985 0.529 0.891 0. 842 0.980
Average 0.845 0.925 0.914 0.948 0.828 0.916 0.891 0.939
SD 0.110 1 0.045 3 0.057 6 0.021 6 0.139 8 0.047 2 0.053 4 0.031 6
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Fig. 16  R-square of MDF and MPF filtered by two

denoising methods
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Table 4 R-square of W-P-E' & W-D-E'

ZikEH X(W-P-E» Y(W-D-E") D=X—-Y
1 0.928 0.946 —0.018
2 0.975 0.982 —0.007
3 0.941 0.964 —0.023
4 0.967 0. 949 0.018
5 0. 958 0.941 0.017
6 0.957 0.933 0.024
7 0. 940 0.947 —0.007
8 0.927 0.905 0.022
9 0.961 0.906 0.055
10 0.977 0. 986 —0.009

Average 0.946 0.953 0.007 2
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2.821 4,
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Table 5 Univariate ¢-test statistic of R-square with paired data

EL WIRES FEIEAE AT
XL 7 i AR XL Jr ¥ K i X L 5 ¥ (R S
W-P-E'/E-P-E’ 0. 325 W-P-E'/W-D-E’ 0.946 W-P-E'/W-P-Q 1. 041
W-P-Q/E-P-Q 0.799 W-P-Q/W-D-Q 1.765 W-D-E'/W-D-Q 2.114
W-D-E'/E-D-E’' 0.826 E-P-E'/E-D-E' 0.325 E-P-E'/E-P-Q 3.819
W-D-Q/E-D-Q 1. 009 E-P-Q/E-D-Q 0.898 E-D-E'/E-D-Q 2.262
Average 0.74 Average 0.984 Average 2.309
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