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A Study on Feature Projection Methods for a Real-Time
EMG Pattern Recognition
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(Jun-Uk Chu, Inhyuk Moon, Shin-Ki Kim, and Mu-Seong Mun)

Abstract : EMG pattern recognition is essential for the control of a multifunction myoelectric hand. The main goal of this study is to
develop an efficient feature projection method for EMG pattern recognition. To this end, we propose a linear supervised feature
projection that utilizes linear discriminant analysis (LDA). We first perform wavelet packet transform (WPT) to extract the feature
vector from four channel EMG signals. For dimensionality reduction and clustering of the WPT features, the LDA incorporates class
information into the learning procedure, and finds a linear matrix to maximize the class separability for the projected features. Finally,
the multilayer perceptron classifies the LDA-reduced features into nine hand motions. To evaluate the performance of LDA for the
WPT features, we compare LDA with three other feature projection methods. From a visualization and quantitative comparison, we
show that LDA has better performance for the class separability, and the LDA-projected features improve the classification accuracy
with a short processing time. We implemented a real-time pattern recognition system for a multifunction myoelectric hand. In
experiment, we show that the proposed method achieves 97.2% recognition accuracy, and that all processes, including the generation
of control commands for myoelectric hand, are completed within 97 msec. These results confirm that our method is applicable to

real-time EMG pattern recognition for myoelectric hand control.

Keywords : EMG, pattern recognition, wavelet packet transform, linear discriminant analysis, myoelectric hand control
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Fig. 2. Dimensionally-reduced feature spaces using (a) LDA, (b) PCA, (c) NLDA, and (d) SOFM.
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stress2} Fisher’s index2] a4t
Table 1. The average values of Sammon’s stress and Fisher’s index

for LDA, PCA, NLDA, and SOFM.

DA PCA | NLDA | SOFM
Sammon’s | oei00 | 02503 | 08475 | 08875
stress, £
Fisher’s
. 179284 | 00032 | 29976 | 280875
index, J

¥ 2.LDA, PCA, NLDA, 183 SOFMoll gk MLP &5
QA& ALY Bk

Table 2. The average values of the MLP classification error rate and
processing time for LDA, PCA, NLDA, and SOFM.

LDA PCA NLDA | SOFM
lassificati
CSSTCAtON | 2gasg | 51384 | 27458 | 65229
error rate [%o]
processing 2 2 150 300
time [msec]
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Table 3. Recognition results for test patterns.

subjects average

motions A B C D E %]

relaxation 994 | 995 | 996 | 988 | 973 98.2

extension 99.1 | 1000 | 100.0 | 98.0 | 983 99.0

flexion 973 | 994 | 100.0 | 996 | 986 98.9

radial flexion | 98.5 [ 100.0 | 984 { 97.8 | 962 98.1

ulnar flexion | 97.6 | 100.0 | 99.7 | 1000 | 97.5 989

pronation 96.7 | 995 | 976 | 97.7 | 964 97.5
supination 975 | 986 | 987 | 99.7 | 96.1 98.1
grasp 923 | 948 | 952 | 927 | 892 92.8
open 934 | 912 | 948 | 93.1 | 904 92.5

average (%]} | 968 | 98.1 | 982 | 974 | 955
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Fig. 3. Example of test patterns and recognition results.
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Table 4. The average values of processing time in real-time pattern

recognition.
processes processing time [msec]

wavelet packer transform 30
linear discriminant Analysis
multilayer perceptron 5
myoelectric hand control 40
others 20

total processes 97
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