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BiLSTM-SA model for muscle strength estimation from sEMG

ZHANG Sihe, CAO Le, WANG Jinwei, XU Haoyang, ZHANG Feng

School of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China

Abstract: A muscle strength estimation model incorporating bidirectional long short-term memory network (BiLSTM) and

self-attention mechanism (SA) is presented for addressing the problem of low estimation accuracy caused by the continuous

change of arms. After collecting the muscle strength and surface electromyography signal during isometric muscle

contraction of arms with a self-developed platform, independent component analysis and wavelet threshold denoising are

used to preprocess the collected signals. With the root-mean-square value of the extracted signals as the characteristic value,
the muscle strength is estimated using BILSTM-SA model. The experimental results show that BILSTM-SA model has a high

accuracy for muscle strength estimation, with an average value of R* above 0.97 for the muscle strength estimation during

isometric contraction.

Keywords: bidirectional long short-term memory network; self-attention mechanism; surface electromyography signal;

independent component analysis
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Figure 1 Arm muscles
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Figure 2 Test platform for muscle strength estimation
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Figure 3 Tensioning with isometric contraction

MU MY O PR B 108 S ARAREE AR 3 em
[, R e k3, R NLHLAR 5 5 52 3 48 d i 1
R FE R o XTI — R R, AN 5 3 T ST i A3
/7 M7 (Independent Component Analysis, ICA) J5 15 X}
SR 1 223 1 2 T JILHL AR 5 R A7 00 ST o0 i, BG4S
WA [ RGP DA B s

ICA & —Fh IR G ﬁ(ﬁi*?ﬂfﬁ%’ﬂi ERCdivE g
Tkt e A LUMIR G55 40 R 24 BRI ST
MY BLY o Fo— A0 R 1 S X B AT o AR
FIACARBE o FE O AR 2 4 — 2 B R R i UL
HAL A5 5 AT ol 25 12 4 3 10 A0, 14 o e e s 1] 1Y
B E A — T 2 BR A 4 v T A L PR AR DG 1
I RTA 4E B 0 — 0 7 2B . 2R IRCR R
Z M x SIHRAE SR u LR G R

x=Au (1)
Horp, A T IR A REGERE, v 2R
a, ap -t 4y
a, dy - dy
A= (2)
a, a4, - 4y

Forp, n ARRAF S U Bi . 8 SR AP A I A 00 390 1
W, M IR SRR 5 e, A0 (3) 7R



11

BiLSTM-SA - 1385 -

u= Wx (3)
H TR FE I A FUE S I8 u AFAER A, 2 ICA
WA A5, Fodan AR 9 P 2 B A — s I8 AL
R AT REfd RS~ 5 I AR T IR —— X G
BT ICA S 5 A 57 B3 B 2 %8P X fE %00 HEAHE
Fe s HE R IS R 5 145 2 R HES B9t S 8 ay , i

3.5
x10*

3.5
x10*

3.5
x10*

3.5
x10*

3.5
x10*

3.5
x10*

3.5
x10*

52 . ) 35
PRI x10*

a:ICA S RHT

Ja 5 AR AR S 09 4 3 1 3 {8 B A S DL AR S
LTS

Pl 4 0y 8 18 1 3% 1 L AR 155 ICA 3 fift iy Je X EE
Ko 28 ICA 73 it B LR A= i F DX 1) AR 7
e AE i i 9455 O SR — B, il g 1CA 73
JE AR BT 16 T LS -

x10*
3.5
x10*
-5 i 1 1 acdes | . 1 1 =
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Fekf x10*
sy ki ) Al L e, I o] 4
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
FRE R x10*
= L I
= 10 h Fultil ull ! bl itk L ! L
0 0.5 1.0 L5 2.0 2.5 3.0 35
SRR x10*
35
x10*
0 0.5 1.0 L5 2.0 2.5 3.0 3.5
PRI x10*

b:ICA 7 fRfE

4 8MIBRMEAEIES ICA HERIFEIILL
Figure 4 Eight—channel sEMG signals before and after ICA decomposition
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Figure 5 Wavelet threshold denoising results
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Figure 7 BILSTM-SA muscle strength estimation flowchart
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