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Control of an Externally Powered Prosthetic Forearm Using Raw-EMG Signals

Osamu FUKUDA*, Nan Bu** and Toshio TsuJr**

This paper proposes a new motion discrimination method using raw EMG signals to improve control perfor-
mance of a prosthetic forearm. This method uses a novel recurrent neural network based on a well developed
hidden Markov model. The proposed network can model a time sequence of EMG signals using recurrent connec-
tions, and different two processes such as filtering and a pattern discrimination are unified together and realized
in a single network. Weight coefficients of the network are regulated by the back-propagation through time

algorithm.

In the experiments, five subjects which include two amputees performed control of the prosthetic forearm.
We confirmed that the proposed method could cope with time-varying characteristics of EMG signals and could
achieve considerably high discrimination accuracy compared with the previous methods. Response of the dis-
crimination result to the input EMG pattern was also improved using the proposed method.

Key Words: Raw EMG signals, prosthetic forearm, recurrent neural network, Hidden Markov model
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Table 1 Discrimination results for five subjects

1
BPNN Elman R-LLGMN Proposi
Type of the methods | e d EMG) (Filltél;gdhllf:rxaG) (Filtered EMG), (Filtered EMG) me‘ihoid
Subject A | DR 66.1 898 | 894 | 961 938
__(Amputee) SD_. 140 1 .00 63 .00 1 00
SubjectB | DR 70.1 89.3 88.8 ) _‘_N_9~2.5 912
_ (Amputee) | SD 108 0.0 20 |00 1.3
Subject C | DR 80.5 829 838 Toax 941
(Normal) |~ SD 8.1 00 L o0 0.4
SubjectD | DR | 789 | 883 370 914 | 904
(Normal) | sp 4 00 038 00 0.9
SubjectE | DR 758 89 79 1 %07 | 910
(Normal) | sD 45 00 56 0.0 18
S N I - S A A N R N7
) 8.3 00 29 00 6.9

DR : Discrimination rate [%], SD : Standard deviation [%]
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Fig.5 Changes of the discrimination results by three types
of neural networks
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Table 2 Discrimination results for five subjects

Type of the methods BPNN LLGMN R-LLGMN
Subject A DR 303 57.6 89.4
(Amputee) | SD 273 459 216
Subject B DR 67.6 682 77.1

_ (Amputee} | SD | 295 | 369 | 353
Subject C | DR 52.8 583 | 913
(Normal) SD 51.5 515 17.5
Subject D DR 487 500 807
(Normal) SD 41.5 522 34.1
Subject E | DR 556 | 383 867
(Normal) SD 49.4 51.5 253

Total DR 510 58.5 85.0
SD 39.9 47.6 26.8

DR : Discrimination rate [%]. SD : Standard deviation [%]
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