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Abstract

One method for determining motor commands to control hand prostheses is to use surface electromy-
ogram (SEMG) signal patterns. Due to the random and non-stationary nature of the signal, the idea of
using signal information in small time intervals was investigated. In this study, with the aim of more
accurate and faster detection of hand movements, two signal decomposition methods, namely discrete
wavelet transform (DWT) and empirical mode decomposition (EMD) were evaluated. The SEMG sign-
als of the Ninapro-DB1 dataset, which were extracted from 27 healthy subjects while performing hand
and finger movements, were used to design the system. Simple time domain features with fast
calculation capability were extracted for each subband of the decomposed signals. Also, support vector
machine (SVM) using different kernel functions was applied as a classifier. The results show that the
use of DWT and EMD methods with the ability to access the information of time and frequency sub-
intervals of the signals, provides better results in identifying hand movements compared to previous
studies. With the EMD method and eight intrinsic mode functions (IMF), the highest recognition
accuracy of 83.3% was obtained for six movements. Also, the DWT with the Bior5.5 mother wavelet
and five levels of decomposition, achieved 80% recognition accuracy for ten movements and with the
Coif2 mother wavelet and six levels of decomposition, the accuracy was 83.33% for eight movements.
The results show the better performance of the DWT decomposition method compared to EMD for the
design of the hand movement recognition system using SEMG signal patterns.

Keywords: discrete wavelet decomposition, empirical mode decomposition, hand prosthesis, support
vector machine, surface electromyogram signals

Received: 4 August 2022

Revised: 24 November 2022

Accepted: 1 December 2022

Corresponding Author: Dr. Mahdi Khezri

Citation: M. Karimi, M. Khezri, "Evaluation of surface electromyogram signal decomposition methods in the
design of hand movement recognition system", Journal of Intelligent Procedures in Electrical Technology,
vol. 15, no. 59, pp. 81-94, December 2024 (in Persian).



http://jipet.iaun.ac.ir/

A=A N 50b a5 ol o,leds fo03l Jlo /5 Caiio 10 elign sl g, 4 pid

https://dorl.net/dor/20.1001.1.23223871.1403.15.59.8.1
R s

it (2> gl 30 (el ol 45 g0 g SN JUSCow & 3225 s gy (2L 3]
Cawd LS o auxis

Sdbiasl M g pds (Gen it )l sl IS a3 9ol (i1 M (00 )5 02 o

Ol oblcams ¢ oSl 5T olKiils woblcams axlg - 3 (g 0aSils -
Oyl ‘al.gL&;.d ‘GABL.)I el)'T olZisls wblcass axlg - puisle bw s Jlozus ooy Slidss 1S 6 -Y
m.karami4141@gmail.com, mahdi.khezri@pel.iaun.ac.ir

1,5 oo 51 i (slog S 51 aolita s (slofisn JAS sl 55> slolesp mend sl by s oSy
Sloy slaoil jo Jiww Sledlbl 5l solawl onyl ( JUSw slowslye 5 (Bolai Codle 4 ax 55 L .ol SEMG)  xdan
JUS 0325 () 99 eCews SCS > S e 9§38 (areds Baa b adllas (ol 50 .28 18 (o) 2 9550 S S
aS DBL 5 5Ls ools acgomme slo JUKw Wloals b3, (EMD) (0,56 ow 43350 5 (DWT) aienS Sog0 o Jols
Sl Sig sl a8y T piaew 2k gl wiloads zl5enl (LSSl g cavs seS ;> plol > j0 @l 3,8 YV
Ol oy eile (izra al 28 5 )5y 00l &y o sla Ui 5wl 12 sl @ s mlone B L ool Lo
W2 o lid sael Cuvody mls (8 T 18 soliul 090 cuiiS gamasde lgieay Galise S wilsi 3l eslaiul L (SVM)
058 g Gloy sleosly; Dbl 4 (g yiwd CLlB b (05285 o 4555 9 WS Sge oS slaghy) Sl eolia
5 (27 S 4550 gy baiS e il alndS Oldllas b anlie jo cans oS o olulil jo 6 ol de Sl
oS g,y omizmed el Cawods &S > i gl o, AYIY lade b Gansedd C8s op 5L 13 ae b cte slaws
Soge bg oS> 00 Gl lydo,0 A o C8s @y jo0 mhaw ;0 B0 JUsS 99 sl jole Soge b S S> g0
o Shes ool oy 2l 0,5 S &S > ctr olulild Gl |y ao 0 AYIVY Cdo o0 e il 0 ¥ cday oS jobe
(SlosS 3 eolisial b s oS o ol s b (sl 1y (025 e 20525 b i, Srgo 325 g, e

a3 o0 i (ehans gl Sgleg SN JUS

VE VBN callio Jlol g6

VEV AU rallio (6,550 gu,b
VEVAN - callie b iy g U

Gra> M FS3 1] (Gokiun g o
By (emdige 0aSisls —oblazs axly oDl ol T olKisls —ol&Kisls gl ~oblcams @ J ghumd (GOt o3 (3Li

AY)



Srad §Me — (25 o220 e p1)5 gu0g Sl JUK s 4525 sl g, (b3

dodilo )

Sinl g azg b wiias pae gl s a5 o8 ln egian sl 5 cows wiile siadgn | ogian slaplal Sl ool
b 5o el 4B S 1B a5 5550 e 13 slalo y0 wils Sk lagla | i 5 Sas; slaces b 5l (sl Wl o0
S wed oo ok lagyyT 5 EMG) ol S gslog iSUl JUSw lgicas a5 OMlae clad slagSl wieigh coias slaplul
yamis sl Shg alac lawgi oal 0dei EMG (sla JUSow caliis slocS > 0 aS pl ay am gy b @dly jo . 2igd oo a8
E9 olot oKl Laseid s SO 5o JUKw 5l oad S Sledbl 5l solatul b a4 wiS o S Lo a4y w5ls (608 4
$9) 2 s oy iU 3lo)] 3 B sk D) (cerled e Ojgot EMG LS 0505 J S 5 (plulid |) Jlaiae &5 >
4 iz 0955 59,5 0 )ls sk 3D ezl Sygod b s (3550 425 (SEMG) T (xbaws gl Sgulog iUl ] 4y oS alae
ol obul pac w3 Sl 4 olg e e slaog xSl slac jo 5 VY] sl (6 S5l g cus BB (Gl 590 alae
Sl cpl i Gloog iSIl e Lol 0,8 o)Ll ¢ S > slos )5 (gl (109 el g il iy (IS Colil8 calae o
&l s oog xSUI cpl cogdleds .aiiS o b s (6,LS Ol 5 sla Jusly 1) § 009 gumwg o] (g5l ST b a5
I¥of] 5 )ls 0 )5 oo &dliae

Godids 5 jaseld jghaieds g dolet gllas Cl L ews llS > e Srid w2l Bus @sdlas ol o
9 &5 Uil Bas (Oldlhae (pl des o el 48,5 & a0 souxie Slalllae SEMG JUSKow 3l oolawl b cews slacs >
Lol 0395 BoFuly (o) 5 (Souzms (malS LS o caws golil Gl iuliEl /Bls jo g ead plulis slacS > olass
I b GoS > (asis gy o EMG JiSew 5 (IMU) Tl (5 S ojlil (sla S 5l olial L (0] e e 50
g sl 4l olie Lol EMG IS o (sl S5 5 epionms 5o (sl el o olgity dinel sloc >
&S obadle 83 b o b aies oo lid mls 5 oad solu] JUSew (il )ly 5 asls polie J3g mex caals polie
EMGHMU) ;S 53 S 5 b Cpizman 3T oo Costs IMU S Lasgs Uas 3 a8 e 53b sloeS > ol s
el Casods S > oluls jo o Slae s i

S o e i sols )13 dele 0atiSib g 0atiS v oLae (53, p 45 EMG LS JUIS g0 5l eolial L[] g2 50 50
Sloads (gomaib 5 oluls SVM) @ jlaciay o opedile 51 oolawl b Cawsd

$2 )00+ 6 o pdiges 5Ly 0 550 4 b ye TeleMyob2400 G2 osls oL SEMG (sla i 51 V] x> 1o o
g ool 4 |y s alire S > il S ol alwlgs iolesl jo oSS b ol 315l dslllas ool o Ll onls el
" S mas a5 5l SEMG (gla Shg 50 (2 )a8 Olyais b Glbail jslatedy aims plonil el 50 51 i (62 pglae
smae 4l o WNN o solaiwl o1 (3g0] sl (NCL) Y e Siecad 5,50k b, g aail olsicas (WNN)
55 bedled 2l e e g Sarge @ Sl FLasl Gy e 4SS 5 Sage 4 S Jole o8 Col o
IS B sy 390 ol Srsa gl b e ilien gl oSy il o i oolatnl WNN a5
> ol g, 3 oSl b el sty 00y 88 Ll ke 85 Y N i ol e b oy el
ey 20 )3 VNV (lie 4y Gialojl o )0 Cuaso &8 > i (gt 080 (5 Silka 55 o FYsb Sloj 090 S 5l
ol oaiizn Sgne |) S S > gunainb oo (i (k2P BB Heba oleiin (B, 45 Bl (LS (028 @l
bt cpl 4y Gl o0l oy Cewd S 08 slulid g EMG JLSw sowaib ,0 SVM o Slee (Al a0 )0
Sl JLS e aias Gbxil gy (9,0 il 5 05 99) el 08 e (25 > Oledlbl Jolls aS ools oKL G 5l by JUSKes
Az (MAV) Vgllas 108 :Sle ames 0oy 055> Sl Thg 5 WS sauGiR ceslis 5 03l slao iy 4 EMG
ez 5m (AR) 7 185 g Jas 5 (WD) Ogsn Jsb (IAV) a1, Lausie Jae (RMS) ool o (il
Lugs (PCA) VY Lol sloaige Judoi (ig, b oolal 2alS 5l o ool zl 5l glo S5 ol s (idu 10 sy
o sz liel Lol sy o 10 AV/Fe o3l S 0 eSSl eS o gandad s wal gunaid SVM audil

(AY)



A=A N 50b a5 ol o,leds fo03l Jlo /5 Caiio 10 elign sl g, 4 pid

Eymae S (b 6l YL ganaib 25 L ey 41 EMG Gla LS il oo SVM anails oS ols lis
S ganadl

Stz (g S 1cilittee 0aisS sanaib ez (5,0 s )ll Julow g 4 Gl eolinal b5 %00 aslllas
G S > Slulis gl (LDA) T s S 50UT 5 SVM (MLP) MY wis g5y «NLR) Y bas &
0 abxl o wasls 3 bl cews (59, 45 e Kus b gacalid Jl>s 3,8 Yo 5ISEMG slaosls [a] wass aslic
10 S P glel Comnl g bl Sl Sy geil elsly )bl Jelo g 4 a5l ez sl 4 25 >
NLR 29, (oo s MLP o1 51 s 5 ool o 5YL 6lils SVM lawsgi ol cwody aseid glacds ol aid 8 las jo
al)l BOF) T Lele (giluargy ol ¢ Slaslne (S 5 alolid <o Jlaisl0 Shos (2 gy 2 sl - oiisls I3
W 35,0 058 iy 5l s (699,90 LEMG sl LS (sl)ls g aiziun gacalad (l>s a5 ool ,8l 6l ols las gl .ol
el 9 4525 b Geizen axl (ol 08 MLP L (S50 35 gl &5 Cewsl (BOF jas L 0 YL (1)) NLR aiadilo 0 5200
5 4555 a3 cos oLis NLR b (6,18 cine glis (6 Lol ,as I MLP a8 o5 sl oyboj 055> slo S5 L LDA (glanslie
S b @y Fop JS sl ookl @l 5 il (p jomlie CBEI (Ssar 50 waslllas (nl o soleiinn sladelos
b g oo soliiu] cows slbeS > slolis gl wllo 5,5V 4 by e DB4 5 5lis sloosls 51 [V ] am e ,5 S o
135 EMG (sl JiSioms 4SS50, 5 alie g5 paeieis 1y aloghyy (Sl 02ty Jsbo il (w2 S0
s MAV' (555 51 (g gl 2ol iz 5 EMD) T g2 s a5 (g, 5l JESew 2325 jslateas cal ouds oslil
A s oyge (KNN) Taglass 0 250035 5 LDA SVM anadels aws @l «ods 0Vl oS pslatody (rizean
EMG JUSXew a5 ols )lis ol pizmen 0 S @l cds 0 5YL 0o )0 AV/PY e LSVM saa s (0 ol jo i8S
Al o hjgel Aegazme 0yzmty Job Sial3¥l g sl Saslio 4,35 EMG JUiSw (oliS 50 (sl YU glaaigei JB L
AiSn Sgue ) (oliS e, Cds

(CNN) ™™ 1 55JgilS e a8 bl Cewss sloeS 1> oxbaws EMG (sla UK gaiainls sl o9, [WV] a0 4o
55 33 ke 5l Ty i 5l 65l g ol (b e el e olgeing T g S (5 S0l (KB s, 5
SEMG (slo LS slo S5ug il 5l 61 ONN Ly s Jsl (gl g, el 0y ooliiul anails 5 5l e by, ol
Ayl Al as plesl ] p38 Saisaieb by oeien S o 6 Tslr i Sl Ty AL Bl 145 ab b
S5 1 eyl iz kb b s SCS o sl S5 it Spate sl SEEL (6Tl g, ool
G55 3 Jiam 4325 pslaiasy Ghngiy ol 5 b plal (soleiiny slo o il (sl DBS 53l slecsloasgao
e il 4l e Yoo ooy Jsb (6,1380 2y als 1o 50 By o suslive ploxil jw i osliin] S Sgo o
ek Yoo oz Job 5o ylice sty ao 0 YYI0A 5 a0 0 VAT ity 4yl andinl 5 adsl wailo o
b Joe i plrilpes T oo Csddy 00 )3 VEI Y 5 00,0 YOI+ ¥ i s appil aipailo g adgl assailo oo oy g
SVM 5 (LCNN) ™ 56)sils cras 450d Do il g olisS alidls LDA (yzmad alive laoainl cds gl b oad
3 YL as 0 Ve /Y 5 0o 0VY/F s )0V VD ol S olpiios andids Jue 0 Siloe LSS Loyl o0l aslis
&lp (HD-EMG) "L J&> LEMG slaJtSew 3l [VY] &2 50 53 0wl cewsas LCNN 3 SVM LDA slasiail
48,5 e Cews alae Vo sl JuKw oS gl 095Ul e ol slal,T el ool oolainl caws sloeS > olulis
el wnai o Gajgel (sl 5 wiad dnslns b LS (sl S Gloj SleaSig eizmon 5 Oloj 039> sl Shas v
S > il S ES 00 plal s j0 0,8 7 5l b LK al a8 )5 54 (CSVM)) ™ aSle olciis oy
syba B ES 1L dnn gl eadicanS 85 (5l Wad ganalib olpidny Ghs; bawsd sl sl Sl s g0
JESs JU g oo 5l osliiul b .oy Lo yo EMG UKo ous ool sla JLIS slass siny Sl g b aseios
&0 50 .28l il AYEY L S > jaseds <8 JUIS T a o JUIS slaas 2ol581 b aS ol casods auoyo FEVE s
aslie ool 00l b)) Cews e 45 0ad Eud EMG gla JLSKins 5l osliiul b Cews b > aeis o5l [VY]

(AY)



Srad Mo~ 25 o2 y0 e 1,5 g Sl JUK s 4525 sl g, (23

JUSs 90 ;o 0gd 0 plsl ol cud ylejen jebas a5 aelu g Cawd e 5l ool Casods Sledbl § o JUSs eubitue
LS S5 il slaS > ol a5 8,5 VY 5l slacgarme laey] a5 > 10 wiod (6 5lanz 0,8 Y1 5l lagan j5bes
Ui oS (sl lne o j5bds s e EMG (sla i iols aloxil 1) 031 e slacsS o o 2853l iz
JB coteS a5 o o i )S e ail)] )b slacS > 6l vele Gl JlSe & Cod (4100 1 S P) 1) 65V
ials Bllao j03 (1 Sle) Sloj Sla Sy £95 95 2 O See (izmen W35 oo Lk g S > ln ) lalic
5 p90 oJsl sl los « Sy uilS 53 e (il 3 ¢Sl (uilS B) (udlS 3 5 (o g g (9,51 ko 51 j5ee < il
S sy S siz S S5 S o (e sl S ool oS8 EMG U G5 JS o
9SSz lahy) s SolS 1> oLl pis (ALb )0 09 dslie BB e oS > Gl g e 25
5 LDA (sl by, peizmen diad a8 )5 50y o Sy cllSs 5 bl (6l i iay PCA 5 (SFFS) Mol 4y 5, (o 5
“JLSKn L oS (gloasS suandiads bawgi ool S zuls op i i8S 118 soliiul 8,90 00isS gaiail lgica; SVM
Gy doys MY (iS5 oS > gl doys AT/ o (:Sileo Sl w0gr oad adls Lbjsel ze EMG (gl
B9 o LS > (gl s AFIY 5 S wis slacs >

Condy b e Jy Cesl oad plail (ssian slacess IS sge sln Sl S 3l slagiess 5o 4z )]
o o3 Sy CeaS d5ue politeas el )ty (SVob (8] sl dty )5 5 w1 5 G oliss o5 ogllas
e S o ol il g gy arlolidh g et cBo ial3él Slal b SEMG i (65501 it cqune e
Az g5 8 50 ilS 8- ley sl ol eslatil ool )53 Blaal 4y L jshaiedy yol> aslllas )8 0,5 s Ojg0 0als ols
10 Wy e 25 > s o lalS SleMbl ag b SEMG i adlS 3 5 olog ledlol d s ol 428,513
T Srge a3 glaby, sskiie (nay il 5 LS > 5l (g ey Slani 6 p A S 5 S > (ansis CBs il
@ Fere aelgd ululp ) b JUSow &Bly 50 Wby, cpl Wlaxd )5 )18 4z g 3550 anlllae (nl )5 2y S 41325 5 (WT)
Glradlse plaS walimd 2 )0 aS 050 o0 el Gl A LS (e a0 et oS8 lanil ) 5 Sy bl
(5,8 9 ey 0590 H0 by JUSew 443005 g o 53 sl g, 3l eolaiwl b oiiws S92 g0 JUSow jo Jod az bg oilS )3
55 il woly S @ Jlosl b s 0 gl Gla Shng wigdise e LT sl (o5 8 5 Sloj sla S
e s O, SLoe g0 0 EMD g WT 43208 g, 90 o, Slos gl o0 00y )4 cews alizre slocS > asis
DS oo )18 byl 0jse (glolis LB slocsS > slaxs 5 aseid Cds il

Gulind (9, =Y

ool soliiw! glaesls —Y-)

w03ls acgere opl (sla JliKw <ol 48 .l oo sslitwl (DBL) g,lis ools acgerme SEMG (sla UK 5l aslllas ol ;o
L1y oS, OF oo atwlgs o8l 51 iolesl jo .ales,S &85 ¥V b YO s el L (53 Y 90,0 Vo) pllu 0 3YY
Gl pigad ilS B L g o g xSUNY ¢ sloolainl b ools acgazea (I SEMG (sl JLX i .as2s ploxil 855 s il
S5 b es wd e ool las QUG Ao (g9, p aS g pglar b Bllae ) <5 > QY b ol 8l L wiloals <ol 35,005 Y
e 09,5 A 4y Glolojl ol €5 > OY g o liwl 4B Y ol 51 e 9 4l O S oy (1SS ley Do L0 )S e
S, oddd —o (LIS (9,5 5h g 0,5 103) ewlel S > 4 by e &S > 0ojlge —ll 1l ws e a5 wlows
A g S~ 5 S @0 (005 5L 9 59,5 03 (eulel GlalS > g LSSl Sl § Su sl (oS > 4 by ye
bl oS o (ol (nyed 5l ol slaosls sl addllas nl ) pla] Gued 4y s QLSS S35 4 b o &5 >
0aiiS S 5 5l aS eolitul 8,90 sla LK 3 Slaiges cpizmen [VE] casl ous soliial (V) JSC5 b gollae cews oa Kl

el 0als ools yzoled (V) JSCo 50 conud cud o Lal XSl 0 S50 g 0 S5 &S 1> 90 sl Jsl

(A%)



A-AF N 50l 145 g ol o)l 003l Jlu /5 Canio )0 iaiign gl jbg, 45 pid

Jsl s e > ()

£3o Oy SES > ()

Lemin "\ 7 4

po Cryed S > (@)

[VF] 95505 001s acgosmo (gl yo aiges (V) S
Figure (1): Example of Ninapro-DB1 data set movements [14], a) Exercise A, b) Exercise B, c) Exercise C
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Figure (2): An example of the recorded signals from the first subject for index finger, a) Extension movements, b) Flexion movements
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Figure (3): DWT decomposition method [15]
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Table (1): The best results obtained in recognizing different hand movements using the EMD decomposition method
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Table (2): The best results obtained in recognizing different hand movements using the DWT decomposition method
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Table (3): Comparison of the results obtained in the present study with the results of previous works using the NinaPro dataset
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5. Support vector machine

6. Wavelet neural network

7. Negative correlation learning
8. Back propagation

9. Morlet mother wavelet

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.

Mother wavelet

Coiflet mother wavelet

Mean absolute value

Root mean squared

Integrated average value
Wavelength

Autoregressive model
Principal component analysis
Non-linear logistic regression
Multi-layer perceptron

Linear discriminant analysis
Embedding optimization factor
Empirical mode decomposition
K-nearest neighbors
Convolution neural network
Stacking ensemble learning
Long short-term memory-CNN
High density EMG

Cubic support vector machine
Sequential floating forward search
Wavelet transforms
Butterworth filter

Chebyshev filter

Discrete wavelet transform
Continuous wavelet transforms
Frequency resolution
Amplitude modulation-frequency modulation
Intrinsic mode function

Upper envelope

Lower envelope

Cubic spline

Time Domain

Mean absolute value slope
Variance

Zero crossing

Slope sign changes

One against all

Leave one out

Precision

Accuracy

Sensitivity

Specificity

True positive

True negative

False positive

False negative

Gaussian kernel function
Polynomial kernel function
Daubechies wavelet
Biorthogonal wavelet

Marginal discrete wavelets transform
Histogram

Kernel regularized least squares
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