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Classification of 17 Voluntary Movements Based on Spectral Features for Myoelectric Prosthetic Hand
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Abstract: This paper presents a signal processing technique that uses spectral features and artificial neural network (ANN)
to classify 17 voluntary movements from electromyographic (EMG) signals. In this study, EMG signals are recorded using
six EMG sensors. To evaluate the validity of the proposed method, online classification experiments have been conducted
on one male and one female participants. The results show that despite the large quantity of discriminating classes, an
overall correct classification rate of 41-64 % can be achieved using the proposed method. Furthermore, classification
where ANN is trained using training data acquired on a different day has achieved an overall correct rate of 21-46 %.
Based on the above results and considering the fact that users can promptly modify any erroneous actions by looking at the
actual output of the prosthesis, the proposed algorithm has demonstrated the potential to classify 17 voluntary movements
from 6 EMG sensors.
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Table 1 Classification Conditions
Condition | Training | Classifying .. Figure
Number Data Data Participant Number
1 Day 1 Day 1 A .
2 Day 2 Day 2 A Fig. 5
3 Day 1 Day 2 A .
4 Day 2 Day 1 A Fig. 6
5 Day 1 Day 1 B .
6 Day 2 Day 2 B Fig. 7
7 Day 1 Day 2 B .
8 Day 2 Day 1 B Fig. 8
:] ..Rest l:l ..Task
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Fig. 3 Execution sequence of 17 motions (including rest state).
Each motion is executed for five seconds with a five second
resting interval in between each motion. The total duration of
each run is 180 seconds. The feature point for rest state is
selected between 170 to 175 seconds.
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Fig. 4 Definition of correct and incorrect rates. The blue line
indicates the identification signal. The red dashed dotted line
indicates teaching signals. The green hatched area represents

correct classification. The red hatched area represents incorrect

classification.
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Table 2 Overall Classification Results [%] (Mean + Standard Deviation)

Condition Training Data Classifying Participant Average Average Highest Lowest
Number Data Correct Rate | Incorrect Rate | Correct Rate Correct Rate
1 Day 1 Day 1 A 54 +25 2+5 64 +20 41 £ 30
2 Day 2 Day 2 A 55+ 28 1+1 61 +28 44 1 25
3 Day 1 Day 2 A 26 + 28 242 31 £33 21 +£22
4 Day 2 Day 1 A 36 +31 242 42 +31 26 + 34
5 Day 1 Day 1 B 52 +33 1+1 59 +31 46 + 35
6 Day 2 Day 2 B 59 + 30 1+2 64 +28 54 + 33
7 Day 1 Day 2 B 40 + 35 1+1 46 + 37 32 +37
8 Day 2 Day 1 B 42 +32 242 46 + 32 31 +35
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(b) Incorrect classification rate

Fig. 5 Classification results of participant A. Training data sets and testing data sets of the same day are used.
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Fig. 6 Classification results of participant A. Training data sets and testing data sets of different day are used.

Classification
T

Result of Participant B
100 .I — T T T T T T T T
z i I
o 80 T T b
8
5]
4
s
S 60 J
®
3
&=
@
% a0l .
o
-
H
2 20} g
o
o
0
BRI N N S R R R SR S R S S S S S -
IR A \®+\o & \01_\0 & \?}_\o & \fo & \o+\° &8 o
S & @@ R @ Y@ Y@ Y S
© R PR 0 F a0 R @t F e F & F
¢ o C L KL F 0 &8
W RO & W QT
N 3

(a) Correct classification rate

0
BN S S O s SN S S e SIS S S S SR S
& & o8 ('DQQ\OQDQ\ @ o e Lo o
QC ¥ F (\bo 2 ~o(<’+ & *q)» AR @@ %Q»_ ) K
& SR I & & @
E /\‘\/\‘\f S \(\b @é\bb Sl
(b) Incorrect classification rate
Classification Result of Participant B
100 T T T T T T T T T T T T T T
E ay ay1
2 gl [ pay2—Day2
g
[:4
<
B
& 60 B
o
]
@
@
S 40 4
(&}
-
o
e
5 2 B
o
=
0 — o o e om e  me ome mme o T me
»‘o"o y;\°° 4’»‘00 ;,\°° (,2\(& <& ~i>°<\ é\o‘\ +\°o é\oo ~i—‘°¢ ,%\oo ;\oo é\oo ;p°° é\o° &
R A OQG Q8 o8 T o8 o <«
< %\)Q < obo 06 \)@o c@+ 6°+ +(J.” 6&0 OU‘QL‘(& %@7’_(@ S 4
£ A oS & 3 & & QY
F ST FTE NS QT

(b) Incorrect classification rate

Fig. 7 Classification results of participant B. Training data sets and testing data sets of the same day are used.
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Fig. 8 Classification results of participant B. Training data sets and testing data sets of different day are used.
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