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A composite evaluation indicator of wavelet denoising in surface electromyography of rhesus
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Abstract: The denoising of the surface electromyography (SEMG) of rhesus monkey has great significance for the kinematics
research, and its effect directly affects the accuracy of motor function evaluation. Aiming at the problem of the lack of method
for comprehensively evaluating SEMG denoising effect, a composite evaluation indicator determined by the coefficient of
variation is proposed. The original indicators such as signal-to-noise ratio, root-mean-square error, smoothness and cross
correlation coefficient were firstly calculated, and then were processed with positive management and averaging.
Subsequently, the coefficient of variation was used to calculate the weights, and the preprocessed original indicators were
combined into a composite indicator. Further simulation experiments and actual experimental data calculations show that the
composite indicator proposed in this study achieves a sensitivity of 1.72%+0.02% and an accuracy of 83.64%, which are
significantly higher than the sensitivity (1.04%+0.01%) and the accuracy (75.76%) of existing indicator. The proposed
composite indicator which can be used to better represent the wavelet denoising effect has certain application value in the
study of the behavior of rhesus monkeys.

Keywords: rhesus monkey; surface electromyography; denoising; coefficient of variation; evaluation indicator

[ 4z #5 B #7)2020-03-19

[BE&TH | EE [ RR2A34:(31970970,31900980,31730030,31650001,31670988,31320103903,31771053) ; [ A5 A 411K (2017YFC 1104001,
2017YFC1104002) ; 1 [ 8 1 J5 B 2% L 4: (2018M640046) 5 36 5 T [ S8 B 2% Jk 4> (KZ201810025030, 7194286) ; b 5% i B 4% 11 %
(Z181100001818007) ; 1 st AL SEASRBHIFAll 55 2 & 1 5% 42 (Y WF-19-BJ-J-282)

[1EE A DN Wi+, EEPF5E 1 A4 TR S A TR, E-mail: liuruoxi@buaa.edu.cn

[BEMEE R Wb, PR, EEHFIETT 0 AW B 2 (5 B A 2% 155 24 B Ab Hi R A 45 | E-mail: raojschina@126.com; %3] /H , 1+, ¥z, 3
BEREGE 0] ST R AR E-mail: wack_lily@163.com; 22856, W4, #0482, FEW 5T 5 0] : AU TR 5 #4E B2 4% 4%, E-mail: Ixgchi-

na@sina.com



- 1170 - [ R 2 s AR H374
IR R, X $5 b (RMSE Hl ) #E47 1E (a1 £ 7 (B 1R

RT3 o T A ) 5 2 S ) S 56 3
Y. XHEmpER LS 5 (Surface Electromyography,
SEMG) 5T, ARG HM 2% 5 LRG3 iz S
SR EZIAT . [HE SEMG & —FhELe AR Ra i)
S HLE S R AN 28 HA AR 10% o474
L0 20~500 Hz, 1 b 52 B A= B BRE 45 4% S
PRSI o 2 BRI 1 [+ s o A PR 8 il £ B I A5 1Y)
AN e SEMG a3 H 0 O , o 2 fR 225 Hr i)
HidE . 7EX—id b, 75 2 A PPN 5 bm SRR D
Bt , ety e i (o 250 vE B R4, , sont— 2R 401 e
YRrSuz N

£ SEMG WFFE Y fift R 12 B PE A 4 A £
I (SNR) R 77 #i i 22 (RMSE) ' s A B S INAL T
SE W BF (Smoothness, ) 7' . H A & £ % (Cross
Correlation Coefficient, R)"* 45 Ho B 3845 5 8 A —LLfff
8K A HOR A IR IE L TR 2 A8 bR
FE X 25 W 28 SR 3R A 7 AN [] 5 oD 1) 26 WA PEAf L (B 25 AN (]
& bn e A 4R 100 AN [R] 25 W D v i, AT RE 23 77 A= AH P
JER AR . I, A 2 2 R e R Ao —
DRGNS, LUE I T 200 8 7 I

TEH e s, A TR 4 FhEE bnbrifE AL 5 2 AR
TS AR 5T A AR 25 A i ARk 2 5 B AR
I 1) 2 55 & AE AR L 40 (98,99, 100) F1(2, 51, 100) A
AL G20 (0,0.5, 1), 7T BE T BT 45 2R AT o
WA AL CV BN T kX SRR AT 25 6
VR LR R < Bl /NI o 2 B B n L A5
r 5 RMSE £ ARG, X A8 bR 0 2 50 S e it
I RIZ UG B — M/ IME . X — 7 I AE AR AL R R
FEAE LR ), R 205 k& 5 T eI 8 s,
FIrAS 2 45 A 2T . AN, LR P AN T R A
XA (<10 Hz) PR 5 54 i, 2 iE T sEMG 1R
5 A R IE

% %5 sEMG 5 5 2 2 M s T3 AR PRy 4y
PR A SCHE X 4 B LAl 8 AR E 1T 8 A T 2R AT
Hro K H SNR HI RMSE PN M5 5% B O, R r A1
RVFH W 5 55 4 B R Ji e 7 . e brlnl
Al Ko To 1 A T TR B S B R W 25 G VT 2
R R SCRE A SE R R LA S FHOR R 2
b, e e dE bR AT I [ AL RS AL , 78 Pl Ak B
B SRR 8 bR Z (8] A A B 25 5, PRl CV
B A, TR A 48w o

1 et E

TN A J7 15 25 W 5 15 5 19 SNR \RMSE . 1

J& , f#i ] CV (Coefficient of Variation, CV) i3 AL H ,
P RANH 22 57 R AYFEARIY b7 o DA 5 52 A 36 s UK
Mo B BHRR K 55 1 LA R AT

1.1 R3S tRIE R

TELEA VEM IS, A0SR e A R R 3k, IRl 4k
P e AL BT A 25 SO — B AT
HAT n AN T, m RS, g BN AR,
X 2R i Ak B ES j A ) SRR bR (A (=1, 2, -+,
nsj=1, 2, -, k) X RN IR ARG BB R AR (e, 00 35
FraE b A 0h -

X', =a-bX, (1)
Horr,b>0,a MEEHEL, X, e[a-b- max { X}, a-
b min { X} ]o A FAHTE BRI L T 5, AR
PR G B R IZAE Ak B A R o p filg
R0, n A ERM SR I, H X, < X,

Xq/ B Xpi X'pj 3 X,q/
max { X;}- min { X} ) max { X'} - min { X';}
(2)
M min { X,}=a-b-max { X,}, H max { X}=

a-b-min {Xﬁﬁiﬂﬁ’ﬁ%a=p&i§ { X} +max { X},
b= 1o BCAR ST AR AR IE AL 775 R -

X =min { X} + max { X,}-X, (3)
1.2 245 iE4Rt9E K

R T T BRAS [R] 12 4R 3 B AN AT 8 FE M, 75 X6 IE )
ALJE TR FRVETC AL AL B YR e B 4548
PRAR SRR R A5 L, HOR &3 ids b iE AR e
Y, R TN AR ARME G2 AR 8 A5 N 4
ERFER;i=1, 2, -+, n3j=1, 2, =+, m) Y, TR 5H MG
PRMIBIE , Z Fos A S AR R An e, TR0

Z, =— (4)

J

AL AR 1, CV RS,
13 EAERGRE

CV Bk, 915 — 5 B A0 B R T, 151
VAR BRI A B R A BRI, CV B AR A
HR T, HEHR Z 1 OV i (S) TR, el c,
BRI OV, o RS E | Z, RS bR
Py

CV, = 2 x 100% (5)
Zj
TEARTE S B IE 805 h AL S iZ 48 hR CV 5

P 45458 CV M FEfEL. v, WS j N 4R AR AU AL
H, OV, 25 NIk B SR 8 AR 9 CV, n A FE A



- 1171 -

A
W= (6)
v,
PAYR SZIS A AR AR M RZ IR S5 BT A FE AR AL
5 CV XN Lz il

M=) WxCV, (7)
j=1

JIT AR AR M RIS AT 5T R i A 15 T 4 SEMG
SN LR E AN R R

2 LT SHETALE

R R AR SC T WA R S U T — &R
SEEH A BT 4 B L e bR AR SRR I R A e
b M, I 5 3CHR 13 JRSCHRL 14 10907 57 HU 3

F R —IRAE R 1 AR L RRUE IR 5% 055, RpE
B 1000 Hz, SRAE2 000 5, fEARIEIE 3% (5 5
JNA 50 Hz T A5 T4, Ad inie f5 5 5 (5 te 4 10 db,
3 VRGN TR T8 ) A [ 08 e 2 R A 7 e (3R 1), IF:
ARG MR UE (1 7

#1 ATIEBRIMTHROTRIER R

Tab.1 Different filters for filtering power line noise

DB ¥ FCl  FC2
CURRIR I (B 9E) 10 49 51
YIS R THL(C 98) 10 49 51
BRI (B %) 10 495 505
YIS R I (C%) 10 495 505
IR (1)

2.2 ELERESH

fdi Fl MyoSystem 1400A 2 i WL, 4R ( 5
Noraxon 2y & ) R4 3 H {8 5 A A7 4 8 Y] A 75 i A0
HL DL 0.5 km/h (938 B2 47 28 BHBUT B = ZEHLIA CRE
WL EFETAL BB L 9 SEMG 1R 5, SRFESI
1 000 Hz, S50 280 i s il K R 2= A ) 5 R 2= 48
PHZE 5y 23 W i 38 i (AL HES : BM20180046) o i
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HLTG B0 — MRS FEAS K 20— AL 2 048 A,
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1~8 )2 . ik 5 v ¥4 K FH "sqtwolog" 5 1 Bt B {E , AR
s 55— )22 1 /NI R B A W A T O AT 1 (R
e S FH A (R 20
23 HitEFRE
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78032808, 38 1T Levene ¥ 56 B4 1) 1F 7514 F1 [5]
J7 221, i ] Kruskal-Wallis 46 56 43 87 [5] — PEA F5 b
TEAN A S 2T i 22 5, 1o DRk I Blebr i 22
P A PR REAS K695 73 B AS [R] PEAN 46 b BUR
(6] B9 22 % , i i Bonferroni /7 £ B LR 1IE ., BF
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ST 3~52, Hr i dbN /N #EF T LM g
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Tab.2 Indicators for evaluating the denosing effects of different filters for filtering power line noise

BREiE FEAR AL
Bt C% B% C7% I

SNR 32.8335 33.088 7 29.866 7 30.1880  268.039 1* 0.4376
RMSE 0.016 1 0.015 7 0.022 7 0.0219 0.000 0* 0.400 4
r 22773 2.1850 3.554 4 33676 1.000 0* 0.1619
R 0.999 7 0.999 8 0.999 5 0.999 5 1.000 0* 0.000 1
AR IFEbR M 0.714 1 0.747 8 0.243 8 0.304 6 2.989 6*

SCHR[ 1314645 1.203 2 1.458 0 0.000 0 0.109 7 4.000 0%

SCHER[ 14148 b5 0.596 5 0.568 9 1.000 0 0.944 3 0.000 0*

*FRR AL FEAR AL AR A SO i A

R3 EASNEENRIASENERNE SEMRE

Tab.3 Composite indicator value when decomposing level 3, 4, and 5 using different wavelets during denosing

AR SCHR R M SCHR[ 13 136 SCHik[ 14 1484

UNES

3= 42 5% 32 42 52 3z 42 5%
db2 0.986 0 0.991 0 0.984 4 1.634 5 17415 1.617 8 0.443 0 0.4359 0.432 6
db4 0.985 4 0.989 0 0.989 9 1.754 0 1.8212 1.863 4 0.426 6%  0.4202%  0.417 2%
db6 0.990 4 0.989 5 0.988 7 17925 1.8354 1.801 7 0.4233*  0.4174%  0.4142%
dbs 0.999 1 0.996 5 0.999 1 1.899 0%  1.9169 1.957 8%  0.4187%  0.4134*  0.4104*
sym2 0.986 0 0.991 0 0.984 4 1.6345 17415 1.6178 0.443 0 0.4359 0.432 6
symé 1.0099%  1.0119%  1.0172%  2.1356*  22013% 22445% 04422 0.437 1 0.434 4
sym6 1.0514%  1.0551*  1.0576%*  2.6812*% 27514% 27335% 04465 0.4414 0.4379
sym8 1.0165%  1.0215%  1.028 1%  22905* 23785% 24717 04353 0.430 1 0.4273
bior2.2  0.9711 0.956 6 0.949 1 1.366 3 1.226 6 11255 0.4228%  0.4176% 0413 9%
bior2.4  1.007 8%  1.0013*  1.000 5% 1.949 6* 19159 1.893 8 0.435 0 0.429 6 0.426 5
bior2.6  0.9830 0.9839 0.9850 1.629 9 17125 1.695 3 0.436 2 0.4315 0.4279
bior2.8  1.0135%  1.0126*  1.0159%  2.0086%  2.0174*% 2.0478% 04464 0.441 0 0.4377

RN TRV ZH A 5 A5 SCHE bR MAYEE (SNR \RMSE . R) :3)2,0.347 6.,0.241 0,0.329 4.,0.082 0;4 )2 ,0.405 9.0.265 2.,0.232 4,

0.096 5;5)2,0.423 6.0.276 2.,0.196 1.,0.104 2

[, A SCHHEE T sym8 /N AE AR 40 it 2 B0 R
(AR HE AR (e 4) , LhtE—25 % AR SCHg b M 5 HoAth
Jrik o Mo BU IR 55 H A A M ik
B o 2 EGE R AR 2R G5 A ik
w2 BT B MR L (&1 1) o AR SCHE b A SR
13 AR BRI AE 4 J2 53 fff o35 B e AR AEL, DAk BE i) 25 e
ORI AE , 5 ARER CHkIF s 2518 — 2. (H2, Sk
(13 J4BPRTE 4~6 J2RT L E 22 5 . SCHR[ 14 11948
FRIAE 5 2 A B A

Shy R H A AR SO 3 STk Hh 4 A 1 SRR

WM, 43 T 55 A —F8 b die UL (B B R A 22 (8] 17
FHX 22 5 (81 2) , 1% 22 Sl ok, vl 48 bR il il e A 7
B RE R, B AR AR UER . AR SCHE BR M AR E Y
BT R S AR 2k Z [ B 22 5 8 1.72%+0.02% ,
2w T SC #k [13] (1.04%+0.01%) F1 SC #ik [14]
(0.07%+0.01% ) fFa PR FIr A% 19 22 5 K/ (P<0.001) o
G EE, AR5 LA T B — Uk S 56 v T AR AR 1 e A 4
il A0S S B s L o T2 8 (4)2) B — B0k, 21wy
HAHRF A WA R IZ R S5 i o 3R U o i )2
B 5 SR S5 P J2 O — B0 UOBR, 7 S8 B B
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Tab.4 Indicator value corresponding to different decomposition levels of Sym8 wavelet
o= E
QR gAY PR
1 2 3 5 6 7 8

SNR 72285 114469 16.0986 18.5832* 18.2946 17.912 4 17.6653  17.509 7 0.404 1
RMSE 0.0469  0.0290 0.0168 0.012 6* 0.013 0 0.013 6 0.014 0 0.014 2 0.466 2
r 1.226 8 1.0411 1.0017 09980 0.997 3 0.9970 0.996 8 0.996 5% 0.090 7
R 0.916 5 09631 09861 0991 8* 0.991 2 0.990 5 0.990 0 0.989 6 0.039 0
ARIHEFEM  04381¢ 0.7821°  1.0539¢  1.1715%  1.1589°  1.1418"  1.1305"  1.1233f

SCHR13 4848 0.000 00 2.3380°  3.5576°  3.992 7*  3.951 19 3.891 2% 3851 5  3.826 6

SCHR[ 14 14848 0.7332¢ 0.6176> 0.5896° 0.5857¢ 0.585 5%  0.585 6¢ 0.5856¢  0.585 6¢

FFIR AL X ) — PR R AR SR REA T LA, A ) 5 B R A )T 3 28 5, Nl BRIl 35 285 (P<0.05)

TRBMN R TR A S5 R A R
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Fig.1 Comparison of denoising effects using Sym8 wavelet

(4 LU B A i HR AR B ME 1 . 25 R R A SO
()8 Br HE B 10 83.64%, i1 T SCHR[13](75.76% ) il
SCHR[141(38.46% ) HYHERfATE

25 LRTR IR B 5 SR A g R T, AR SR
(I FR bR MITEEE  FETE I SEMG /N 25 R
RVEA b B — o i s A, B TSk [13 171
SCHR[ 14 10 T

*%%
+

1.5
§ *%%
# ]
a1
&
..)8
iu_:[‘

0.5

E

ASCHERR M SCHR[13 13805 SCEk[ 1413645
El2 3TN ISR BUR M LR (BB frifE 2 | #++ 3R R P<0.001)

Fig.2 Sensitivity comparison of 3 evaluation indicators
(Mean+SD; *** indicated that P < 0.001)

4 i i

ARSCE SR 13 1 ¥ T 4 TR ARt T E A, 15
Hk[ 14 ] HEEHCT RMSE fl 7o ZEEFXHEIH SEMG 21
PEM R, AR S0 ek 13 ] 4518 A 1, H-5 R4
WFFEEEF 20 Sk [ 14 ]8R NI #0252 , 3X T RE
SR BE R R A . e e SORE , &
M5 T P A5 2 B 22 (RN, MU A5 5 T 1, 25t
R, SCHRL 14 ] RIFEXT G IRAR GPS 5% 2515 %
(<1 Hz) BT A7 S 5 M I T 75 48, Xof
TR RA55T  r R WS SRR R S bR 2 —, Ho]
Al O 28 R 08 S 24 SR 4015 8. o (FUAERT 5 43 (20~500
Hz) AR FA 0 sSEMG {5 5 80 A2 R 65T 1A
S or X —FEPR T BB L, R, PR
PEM I AIE T sEMG 15 58158
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B0 B AR AR, E VRO R AR R e . EAR
25T AR LR B AR AR A TR (H Y T
i FF D o W 7 ) 30 B BE 7 AR B, LAl A SNR B
RMSE 1] G823 X LA F T RCRE , 1 r F1 R AR R XHE 58
ARIEJFRE ST BHE bR, HAUE A3 3] — e .

FEAHFGE AR SE 56 T 4 FH Y sSEMG 1R 5 A8
6], 25 W8 5 (14 45 T 8 A 2L A 22 5%, DRI L A U S 56 (R A
IR OEESUN I NN 2 SR ¥ R/ T S
{H o BRI TP AUER A AR fb 2 15 23 R i KPP A 45
RO TR — U, T — 0 B LR I, B
(AR Ry 181 52 AR AT e S i A HR b e P o

H T 25 14 J5E 3 i s 1 A X 5 2 R I 11
A, PR AR B 53 7 4 4 1) 5245 6 A dE L 4 S50 S
WA 5 B — A A AT I Ol o X T B 20 AR Ak Al 26
PE RS S, WS B AT S AL AT A
2 JENHE S I A B, 4> BO SR LG B R AR RS, A
AR AT o 8 B AN A PPN A5 B o

JRURFE AR T B RO R
FpeAE Lt i2 B, RN RS 5 B SN shmT gE 5 1k
FEPR A VAR o K AR S BR AT — 2 A BRUS HEA T
RN AREUR A bR, SR S i LR 48 AR 1 ) B
T SCRNA R T B — . X — AR, B
BB BT A B HA — R SR B o ] 5 52 A
b W SR FR bR A AR AL F2 IR AR S AL TR 25 B,
S FORELIE— AT I N EE
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