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Discrimination of Forearm Motions from EMG Signals
by Error Back Propagation Typed Neural Network Using Entropy

Toshio Tsun*, Hiroyuki Icamose®, Koji ITo** and Mitsuo NaAGAMACHT*

The present paper proposes a method to estimate the motion intended by a subject from his EMG signals
using error back propagation typed neural networks. Estimation of the motion from the EMG signals is
useful for means of human interface in such fields as control of multi-functional powered prosthesis,

teleoperation of robot manipulators, virtual reality.

The neural network used in the method can learn a mapping from the EMG patterns measured from
four pairs of electrodes to six motions of forearm and hand intended by the subject. The experimental
results for several subjects including an amputee show the following ! 1)the method can discriminate six
motions with the accuracy about 90 percent for several electrode locations, 2)ill-discrimination can be
decreased by suspending discrimination using entropy of network output, 3)the neural network can adapt
to some dynamic variations of the EMG patterns using on-line learning, and 4)utilizing frequency
characteristics as well as amplitude characteristics of the EMG signals reduces the number of iterations

required for learning convergence,

Key Words : neural networks, EMG signal, motion discrimination, entropy, on-line learning
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Fig.1 Motion discrimination method using error back propagation typed neural network
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Table 1 Results of motion discrimination experiments for three subjects

Experiments No.1 No.2 No.3 No. 4 No.5
Subjects Normal A Normal A Normal B Normal B Amputee
Electrode locations
Number of iterations 159.03.31 | 122.8+3.50 90.7+2.85 | 321.5+10.44 | 264.5+4.03
Discrimination rate =~ 99.86+0.34 | 99.98+40.05 | 98.65+0.53 | 98.60+0.39 | 88.89+1.26
excluding suspended motions{(%)
Discrimination rate
2T ELL 2331 A732. 3741, B2+2.
including suspended motions(%) 93.27+1.01 | 94.23%1.26 | 69.17%2.73 | 77.37+1.88 | 77.62:2.70
Suspended 6.60+£1.12 | 5.75+1.28 | 20.88+2.90 | 21.53+1.99 | 12.67+3.24
discrimination rate (%) :

Average value and standard deviation for 10 kinds of initial values of the synaptic weights
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Table 2 Band-pass filters used in motion discrimination

experiments
passband, Hz
Type 1 0~500
Type 2 0~500, 220~250
Type 3 0~500, 100~130, 345~375
Type 4 0~500, 55~85, 145~175, 345~375
Type 5 | 0~500, 55~85, 145~175, 300~330, 390~420
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Fig.9 Effects of number of band-pass filters on discrimi-
nation ability of the network
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Fig.8 Motion discrimination method utilizing frequency characteristics of EMG signals

Table 3 Number of iterations required for convergence during off-line learning utilizing frequency characteristics

of EMG signals

Experiments No.1 No.2 No.3 No. 4 No.5
Subjects Normal A Normal A Normal B Normal B Amputee

Electrode locations
Type 1 159.0+3.31 122.8+3.50 90.712.85 - 321.5+10.44 264.54+4.03

Type 2 103.0+1.61 85.0+2.08 51.8+1.15 241.9+5.08 137.5+4.84

Biﬁizms Type 3 97.842.82 88.5+1.78 40.1+1,23 232.4+4.13 111.8+4.41
Type 4 80.8+1.37 71.7+£0.83 36.8+0.99 213.0+4.09 85.8+2.41

Type 5 74.0+£1.39 61.9t1.19 32.9+0.55 198.245.26 72.44:2.10

Average value and standard deviation for 10 kinds of initial values of the synaptic weights
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