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Detection of muscle fatigue based on surface electromyography signals segmented by subband

spectral entropy algorithm
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Abstract: Objective In view of the poor sensitivity of traditional methods for muscle fatigue detection, a new method is

proposed to segment surface electromyography (SEMG) signals according to muscle contraction regions. Considering that the

power and shape of muscle will affect the representation of the mean power frequency of the characteristic parameters when

the muscle is in dynamic contraction, the number of muscle contraction regions instead of time is taken as the unit in SEMG

signal segmentation. Methods The combining single-parameter and double-threshold is used to determine the starting and

ending points of muscle contraction regions. The sensitivity of muscle fatigue is characterized by the sensitivity to variability

ratio of the mean power frequency of the characteristic parameters of the dynamic contraction regions of muscle. The brand
of SEMG acquisition equipment is NORAXON, and the model is MR3.6. MATLAB is used for programming. Results and

Conclusion The simulation results show that compared with traditional fixed-length segmentation, the proposed method has

a higher sensitivity and a better characterization in muscle fatigue detection.

Keywords: subband spectral entropy; surface electromyography signal; muscle fatigue; double-threshold; contraction region;

mean power frequency; sensitivity to variability ratio

P2 F0 LA Y 2 BER A5 T3 o 3 1w LA S
(surface Electromyography, s-EMG) & 81" [A ity
s-EMG # ) iZ FI TS LN 57 o LA 955 72 LA
TER BB /E T IR PRI, Mt 3l
R BNAE LA FFSL I ] 3 52 0 s-EMG 1Y 43S A2 Ak

[ W75 B #312020-02-19

[E&TE |22 M4 X E 25 DAERHIFFE (CLZ14TA05)

(Ve A Ve oty , DB T AR, B8 07 1) « BRY7 R0 A 45 B0 R I
PRI , E-mail: 13909402983@163.com

[iB S & | £ %47, E-mail: 1473723812@qq.com

TENLA A2 1E 2 9% 95 10 1 B2 v e B 2 T i, b 25 44
TN s-EMG A5 33 /55 4 B 53 , e 24 3 BOMI R E S 50028
bR B BT SF 3 T R i R (Mean Power
Frequency, MPF) 855X LA 1 sl AR S F ) e bR fk
JEE 5 T {E AT 2R (Median Frequency, MF)™®', [H{%
Gt K1 5] s-EMG Ji FE53 AT BUSUREAE (B I, A5 88
TEAEAR LA B R WA R, FTRE S M BILN 2 4
R I 57 T AR L S5 A L ™ I 2 3 UL
W7o AT R RS E0EE A AUSIE T 32 20 B L
PRI DX A | 1k i, L LR Bl 28 e X R AE S50
R W Bl LG RAE LRI 57 19 R, Ry Bk
FHMATLAB 4 #¢ .



10 A, T SR 2 LA A S LA R

- 1303 -

| ESRE

s-EMG 2R 1% £ 5 NORAXON /A ] A= 7= i 2 il
WUHLAE 5 R ARAU MR3.6, R A7 SO — Sk UL
e Fr 22 6] 5 ok 20 mm, PE ik 7 44 fd B 2 ik 3 AT
RIGEERRI . 7 44 RS2 0E FHE 1.5 kg MEAS k)5
W1 07 0 J AR ORE W4E Bh 4R L e A b BORE = Sk
WL s-EMG %l

2 AE

2.1 R E&

LR Bl AW i i F R/ NVE A B RS AL, |
AR S5 | R A B AR . AN, ShAE R A A
AR X FRAE WL I 55 9 R E S 40 AL R 5
M), 2 T LE TEAG L IR 55 AT 0P Bl SR AN
2.2 fRIRE)R

K H & W F S5 4 (Subband Spectral
Entropy, SSE) K illl— > 58 8 4 XGRS 1k s, 107 A
535 s-EMG 48 - DL 3h AW DX~ B R ) o4
I, AR Bh AR X MPF 3-8 H H:Bifi %5328 3h L
PRI 5 IR AR AR AR A
2.3 HiglkiE

SSE iy 14 731 s-EMG B8 AR IR T KRG h Sk
T v SR PR3 o LR R R ST T
S3E) R ST ERE AT S WU T4 s-EMG 43
FHE AR FTRA A 22 7 0B DX o

s-EMG it i A 0 1 HIRFAE A& SSE 3l a4 &
I, s-EMG 3% 22 A sl A WeHs X 2 a5 % B AE SSE
Ik b SR i B R — Vv R R a]
i s-EMG H % 1Y SSE 5 4 40 {8 T E b4, i
WENFAE 22 S 0 0 7 B, fe ] 1 5 s-EMG gl 24
WA IX 3 B A
2.4 BIESE

s-EMG 1 3l Bz 4y FI R i 2 F- 243k DLkl
53Ry — B, B K w=128 5, sFFT 728 # 25 B N=128
R B wy =128 51, T s-EMG BRI £ 3l % N SSE,
HRAE 2 BB E T Trigno

#r SSE>T,,, WITA Ry e AL X 5 1 A MU X
2+ SSE>T,,,, WA Ay Wi g IX 45

B s-EMG 55 i 1 1Y 56 j A~ 1 i D R e 15
E(j, i), ¥4 55 m % s-EMG 73 WU N, B (74 N, %0, B
N, = N2 NREK b TR & TR
AETE A

k=14 (= 1)x b2+ (b2 - 1)

E(j,i)= S, (k, ) (1)

E=1+(j-1)xb2

TE ST DI RIEMEAR N -

p(j,i=EG DL (2)
ZE(M)

TE ARG R
H(i)=—2P(j,i)X 1gP(j, i) (3)

XS, HE GRS DT RIEEE., 1<
J S NGHCO2 R TS, B AR, A N=
128, b=64, | N=2""*,
2.5 g AT

WIS 53 A 2 AT R A1 B 53 B s-EMG FR TR, 7 i
J& K H sFFT ¥4 s-EMG 15 %5 % 4 5 153 3] s-EMG T %
o WA MPF

34 B

Rogers & i SVR 45 %4 (Sensitivity to Variability
Ratio, SVR)""', SVR 5 £ PP FFIE 2 8 MPF KA
LRI 55 7R U 5 8 Pk i — AR i

SVR 84U 431 A FEAE 250 MPF 75 sh 25 004
s-EMG IE B 254k, , 73 B R E 250 MPF 3l 28 0504
s-EMG A2k, XF 7 4 Z i s-EMG R ik 241
MPF 43 51 28 47 3 — 4k J5 i1 5 SVR 5 $ . & X
SVR M :

SVR:max()E)-min (x) (4)
1
///22@-m2

3.1 BIER

K 1N SSE® MK, K2 h—MRlsZik A7 I
JIl: =3k WL s-EMG #9 SSE &% & X3 {5 175 2 B AS Il st 3,
K. WEH T,,=0.50.T,,=1.50,

—— TS

3.0fy
2.5

=20

s

1.0

0.5 l 1 1 1 1
0 500 1000 1500 2000 2500
A5/ Hz,
E1 FHigsEOE

Fig.1 Subband spectral entropy window
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