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Abstract: A force estimation method based on the surface electromyograph(sEMG) and generalized regression neural network ( GRNN)
is proposed for the demand of the force control of the intelligent EMG prosthetic hand. First, the experimental platform is introduced.
The acquisition of the sEMG, the feature extraction of sEMG and the construction of GRNN are described. Then, the sEMG in the hand
motions are detected by the EMG sensors with which eight different positions of arm skin surface are attached on. A three dimension force
sensor is adopt to measure the force output by the human ‘s hand. The multi channels of the skMG and the force are measured
synchronously. Characteristic matrix of the sEMG and the force signal are used to construct the GRNN. The mean square error is
employed to assess the accuracy of the estimated force. Experiments are implemented to verify the effectiveness of the proposed

estimation method. The experimental results show that the force output by the humans hand can be estimated by the used of sEMG and

GRNN.
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Fig.1 Force estimation block diagram
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Fig.2 Experimental platform and test scene
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Fig.3 The signals of the three dimension force sensor
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Table 1 Measurement sites of the SEMG sensors
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Fig.6 Typical sSEMG and its’ time domain features
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Fig.8 EMG signals and three dimension force

signals output by hand
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Fig.9 Experimentsl results of the force estimation
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Table 2 Experimentsl results of the force estimation

F, F, F,
ZIE N RS

MAVE/N RMS/N MAVE/N RMS/N MAVE/N RMS/N

MAV 0.42 0.70 0.44 0.78 0.22 0.32

VAR 0.53 0.98 0.49 0.89 0.24 0.36

: zC 1.78 3.15 1.98 3.19 0.45 0.71
WA 0.48 0.76 0.50 1.02 0.18 0.26

MAV 0.38 0.68 0.46 0.78 0.34 0.50

VAR 0.45 0.83 0.52 0.87 0.37 0.58

2 ZC 1.18 2.03 1.66 2.75 0.61 1.07
WA 0.43 0.74 0.51 1.02 0.28 0.44

MAV 0.28 0.48 0.47 0.83 0.60 1.04

VAR 0.39 0.79 0.56 0.88 1.11 1.85

: 7C 0.42 1.08 1.02 1.86 0.69 1.11
WA 0.30 0.54 0.45 0.82 0.64 1.22

MAV 0.22 0.29 0.33 0.64 0.64 1.11

VAR 0.31 0.42 0.43 0.77 1.12 1.92

) 7C 0.51 0.93 1.09 2.07 0.77 1.18
WA 0.26 0.41 0.34 0.71 0.66 1.31

MAV 0.28 0.44 0.21 0.48 0.54 0.98

VAR 0.42 0.76 0.27 0.52 1.04 1.82

: 7C 0.69 1.16 0.54 1.32 0.80 1.32
WA 0.36 0.64 0.24 0.65 0.56 1.12

MAV 0.41 0.79 0.26 0.48 0.50 0.89

VAR 0.57 1.17 0.36 0.74 0.91 1.65

° ZC 1.29 2.21 1.35 2.44 0.82 1.35
WA 0.53 0.95 0.35 0.76 0.50 0.98
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Fig. 10  The statistical results of the three dimension

force estimation experiment
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