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Technique for Discrimination between Seven Motions

Including Wrist Pronation and Wrist Supination Using Real-Time EMG Signals
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Abstract: The objective of this study is to develop a method of discriminating real-time motion from electromyogram (EMG) signals.
We previously proposed a real-time motion discrimination method. This method could discriminate between five motions at a rate of
above 90 percent from EMG signals in the forearm. Moreover, the discrimination processing time made was less than 300 ms by using
the hyper-sphere models. However, forearm amputees cannot go about their daily life comfortably by using only five motions. We think
that wrist pronation and wrist supination are important in daily life. Here, we propose a real-time motion discrimination method for
seven motions: hand opening, hand closing, hand chucking, wrist extension, wrist flexion, wrist pronation, and wrist supination.
Furthermore, we also created new hyper-sphere models to maintain real-time motion discrimination. We experimentally verified that the
discrimination accuracies were 90 percent and the discrimination processing time was less than 300 ms.
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Fig.1 Motion Discrimination System
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Fig.2 Filtering Delay
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Fig.3 Example of Decision Regions using Hyper-Sphere Models
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Fig.5 Experimental System
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Fig.7 Example of Feature Trajectory

Fig.8 Example of four types of Hyper-Sphere Models. (a) 2:3
hyper-sphere models, (b) 1:2 hyper-sphere models, (c) 1:3
hyper-sphere models, and (d) 1:4 hyper-sphere models
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Table 1 Simulation Result of Hyper-Sphere Model

fseriminati Hyper-sphere Model
Dlscrlm‘matlon yper-sp Average
Motions 1:1 | 2:3 | 1:2 | 1:3 | 1:4
Open 2399 183.1 204.8 179.3 189.5 199.3
Close 266.5 226.7 241.1 246.6 224.7 241.1
Chuck 330.7 2773 281.6 289.6 293.6 294.6
Wrist Ext. 351.8 3439 342.8 3499 351.8 348.0
Wrist Fle. 228.0 198.6 204.1 202.4 2249 211.6
Wrist Pro. 338.5 297.0 3163 3024 361.3 323.1
Wrist Sup. 239.5 237.9 235.4 236.2 238.1 237.4
Average 285.0 252.1 260.8 258.0 269.1 265.0
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Fig.9 Discrimination Processing Time of Hyper-Sphere Model
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Table 2 Discrimination Accuracy of 2:3 Hyper-Sphere Model

Discrim.ination SUbjeCt Average
Motions A B C D E
Open 100 100 100 95 100 99.0
Close 100 95 100 100 95 98.0
Chuck 100 100 100 100 90 98.0
Wrist Ext. 90 90 100 100 95 95.0
Wrist Fle. 100 100 100 90 90 96.0
Wrist Pro. 95 90 100 100 90 95.0
Wrist Sup. 100 100 100 95 100 99.0
Average 97.9 96.4 100 97.1 94.3 97.1

Table 3 Discrimination Processing Time of 2:3 Hyper-Sphere

Model
Discrt ,' i SUbjeCt Average

Motions A B C D E
Open 190.1 90.5 286.4 168.5 94.2 165.9
Close 192.7 131.8 | 263.1 131.9 131.8 170.3
Chuck 206.8 106.1 203.0 264.2 138.1 183.6
Wrist Ext. 250.9 117.5 121.8 97.7 176.2 152.8
Wrist Fle. 2274 88.9 122.1 161.2 1354 147.0
Wrist Pro. 270.9 185.6 128.1 105.7 186.0 1753
Wrist Sup. 179.1 77.4 204.9 106.1 219.1 157.3
Average 216.8 114.0 189.9 147.9 154.4 164.6
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