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ABSTRACT

Recently, With the increase in the use of prosthetic arms to help
handicapped people and with the development of artificial
intelligence, research interest in the production of smart prosthetics
has increased. In our research, we designed a model to control a smart
alternative upper limb prosthesis to perform the tasks of a lost human
hand using EMG electrical signals. We have studied the movements
that the human hand can do and the designs of alternative arms that
exist globally and their ability to keep pace with the human hand, and
we have focused in research on grasping movements, which our
proposed model classifies it into four classes based on the number of
fingers involved in the grasping process in addition to the resting state.
After we conducted a reference study on data processing methods, we
proposed converting the sensors signals into a scaled matrix with
dimensions that depend on the number of sensors and the rate of data
acquisition during the movement time window, and then converting
it to a grayscale image, and then relying on deep learning algorithms
to classity it. We considered the NINA PRO database and after
studying the difterent versions, we chose the fifth version of it and
applied the proposed algorithm on the raw signals, our model was able
to classify these signals within the five classes with an accuracy of

classification 95.89% using Convolutional Neural Networks (CNN).
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. . Acceptable
Metric Measurement Equation
Level
Motion artifact P,
SMR _stgnal > 12 dB

(0-20Hz, Po_20m2

Power line interference and Psignai
SPR | | N/A
its harmonics (50,100....Hz, Pso.100...x Hz

L d High fi 0.5
OLM O.W an | igh frequency (M, /My) <14
noise particularly 20-50Hz M, /M,
High frequency noise (upper Pg;
SHR | o0 JHeReyORe (bP _Tsignal_ | 5 q54p
20% frequency) Pupper20%
Sufticient ling fi -
DPR ufficien -samp mg requ.ency MPDp;gnest =~ 30 Db
and white Gaussian noise MPD,;,pest
P..
SNR | Baseline noise when resting signal 6-2 JKad)
Prest
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Unacceptable Little influence Negligible Ideal, simulated,
level of noise amount of noise condition

< i : i : >
1.8 dB 10dB 18 dB 50dB
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i Ll UL deled) eyl 8ogm umlie (4-2) Joud) oy

Sl SV 2+ il bosgin 5L Y] 5303 gl pltritwly UL 6ueld] dilend] o)) il A =2 Jatds

(min,median, max)
Dataset SMR SPR OHM SHR DPR SNR

U438 56107 [KESTIA B3t 30 N2131 86135

! (95,21.1,45.2) | (126,155,199) | (12, 13,55) | (235,355,453) | (410,534, 065.6) | (-89,8.7,21.2)
1882 £ 373 145106 [Jtm 06 2347 LVES 04 £33

3 (L8, 183,479) | (124, 144,262) | (12, 1.3, 15.1) | (226,328,433) | (315,49.7,6L7) | (-109, 56, 20.5)
U856 D4tl1d 14104 179 £35 H6L38 108 £40

! (112,203, 55.8) | (136, 153,417) | (1.2, 14,189) | (85,178, 410) | (233,347, 41.7) | (-26,109, 25.1)
LB 01+ 11 L1001 13104 4TE1] B1+38

5 (104,149,359) | (163,200, 242) | (LL LI, 12) | (-27,-14, 1.0) | (94,147 246) | (-38, 13.1,254)
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