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Detection and Classification of Single and Multiple Power
Quality Disturbances Based on Independent Component
Analysis

S. Nazari!, MSc Student; S. Esmaeili?, Associate Professor; F. Karimzadeh?, PhD in Electrical Engineering

1- Faculty of Electrical Engineering, Shahid Bahonar University of Kerman, Kerman, Iran, Email: Sinanazaril991@yahoo.com
2- Faculty of Electrical Engineering, Shahid Bahonar University of Kerman, Kerman, Iran, Email: S_Esmaeili@uk.ac.ir
3- Faculty of Electrical Engineering, Shahid Bahonar University of Kerman, Kerman, Iran, Email: karimzdeh@icst.ac.ir

Abstract: Detection of power quality disturbances requires some methods to decompose, identify and then classify waveforms. In this
paper, a statistical method called Single Channel Independent Component Analysis (SCICA) is used for this means. In this method,
source signals are separated from observed signals by using the characteristics of statistical independence as well as the non-Gaussian
distribution of disturbance sources. The proposed method for classification of PQ disturbances consists of three stages: a) data
generation, b) feature extraction and c) disturbances classification. The advantages of this method are its lower cost (due to the using
of only one sensor), high accuracy in extracting independent components of non-Gaussian, non-linear and non-static signals, excellence
of estimated signals, classification of multiple power quality disturbances that include more than two disturbances for any combination
(ternary and quaternary disturbances) and estimation the starting time, ending time and duration of voltage swell, voltage sag, flicker
and oscillatory transients with great accuracy. The results of the simulations on generated and real waveform show capability and high
performance of the proposed method.

Keywords: Independent component analysis, power quality disturbances, observed signal, estimated signals, detection, classification.

VWA AT+ allie Jlol g b

VWA 1A allie ol s

VAP VN0 sallie by ol

helonsl s s J g odinngi ol

Bt it e T 0lesS el aagd oSSy - e YV lsk - oS = lnl i gt oy Sl

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018 Serial no. 83


mailto:S_Esmaeili@uk.ac.ir
mailto:Sinanazari1991@yahoo.com
mailto:S_Esmaeili@uk.ac.ir

VWAY o o) oyl FA alo 3,5 oS4 51 swsiigee aloes /YAY

Rl iy Sleg 61,308 5 SIS wlilazel g98g (b (e
Sebd olalazel (Ll 5 g5 lej 5Ly Sgrinn 5 95005 nogdle allis
Slocs 315 45 09 ge 005 ez (VL CBo b 55 Slugi (1,35

il o dlie ol Koo

Jiso sloailzo Jolos ¥
JiSes (33l0 g)lel by, o (ICA) s gloadlie Lo
55 bl 5l e slaliSes ol 0 a5 il
3 Sdbl G¥zme a5 Iy wis S o gliul sadossliv
3 ibged Sl e aie Sl JUSw (08 oS 5 0gm L bLS|
b S Oysed sadedslie gl ICA - Jus
Ol n Sogen b3 Jue (nl Wb Ole e ol
1yt 25,5 o
[1= 11 V)
G X el (1=l ] ol Loy [ bl o
omple [I=Tal Lol L [ cadosalin glo JuSew
Il G ile 5 o slo S sy X
o & dMasl 5 09 g0 032 )54 anie sla JiSems oS 5 sl S
Sl Guile dCA Jao jo ansSioe TS5 b

Jﬁ'@:’.“’ 9 [ ]Méudmu‘“)’h’jfﬂ” [ 1oasosmlin

e w5 00 Taz L lo ez Bua ACA i,y 5o
aBboe 5 alaly sleolaiul b e sl JUSK s
[1=[1] ™

x omyple [1=1al ] 2ol Lo [ ol cpl yo
2l o 00iiS Tz e ple g oo mest guie (sla Ui (som
( = b Sgi g0 003 (et ICA Jow lawgy a5

Joe 538 sl )kl (slolne ool ilises (slaps ;55
" ond Cult alaii v oS i, 5l Alie 45 el oo slgriey ICA
ICA Jao o5 (sl (FaStICA) g Jitus (sloaidlie Juloo b
S LS w58 e s 5 bl Pzl 0] sgs oo ool
)“ oasodlive ‘_gLa:‘_JLl.i:.u Sloss 0% 65[.M~° L ).uf)).: P9 g
) g sl JUSes

5l ool > S (SCICA) "ablS S5 s sloaidlge Lulos
(oais ko) saionalice JLs G s o] 4o 45 Ceul ICA 42,65l

Bl oo ICA (g, )3 (owlul byd aw o 2

S LS slaw cuglbios ICA os, jo ailbios uypws o
S sskaieay abl s S JUKew (s5luws 5SS, cddosnlie
onilans JuSw jo 25U sl LSCICA iy, 15 obyd cnl o
D8] 50,5 oo ol stosalive sl JuKw plo o [ ]
(I=0[0)L [ -1... [ - +1] ™
oolgil 3 eamalas Tooles dladiges olaws « = 1, bxol o
wadosalice gl Lfw gom X

ol [] g iyl

doddo -

QB ol slp (oot E9090 (S S OlF S e 09 4!
Ol oS Slalllas a0 098 0 Cguine G QBWS S ran
Col 00,5 sl ol sl b jo 1) los S simgh slad SO
Jod 5 sl ablges Ysane (oSl ol e J3s ]
Slrlrgsl (Sige)ls s by Sgela b slly Sgrien 5 dgaS
g S8, Jod 5l (e Jdsay dal)35 g SIS SoSge e
RCIRPR P AU R WEE RN [N EX UV

5 aeteid Ul b ol alazdl po wlie 5 BV (s 610
Sz by, 5l laws sl amsls 1) olalicel gasaiws
1545 enial)] ol CerS ol Solegl 5 Soss olulis
ool wlilezdl aeas gl banyl el Ll ol sals oI55 [¥]
boisy onl 355les U5 calpliy wlond sleiiny 55 kS
yebas clilazel (08 sleaSiils 5l 6 b lp a1 > sl Dgare
g oo b e oS 5 Slilazil a4 Ygene 5 oud pall olojen
@iz Slilasdl gandiws gedge (ogas ;0 laculsd 5l )l
Sigele b 5ty s9uaS cnilsd 57 L5 50 (WIS g0 Lol lss CudS
5 Sogo s S5 5 [F] s [r-0] Sosela b 5l sgnin o
oy oolaiwl wolalacel ganaiws Coz Loias omac sloasll
Sl xS 2553 5 Sl oo i [V] 4 o
Glp Al 5o ailes 57 solinul clalazel 5l atws cuid (samatws
(Sluys 635 Jals) oy cois olalzsdl ) atws os glulis
Sigele SIS Gy sgeiay Ly 99eeS (alad ( Slugs 1,38
b ol (Sogeyle b 5Ly sgnian 9 Soigeyle b 5Ly g0 ¢ SIS
el slbaasie clilisdl zge U5 51 S a5l eslicul
oaeseid plasel goi dadasin pl polie ulul 5 e 095 o0
o olslazel sl aies cue ganaiws gl dal s Dgu g0 0010
(Slog )3T Sls @idy Gy sgien Gy oS Juli)
ool "y )lite (sloadlge Jlod by, 51 CSilowl 5 SIS «Siige )l
S eelCasiiyn s 5 duie sl ysliws o lad ol 4> )5 .l ous
olacel glaaws sgamme slass o 5l olacusgase Lol cilails
aansla 1) (S5 olalasel ) eg 90 i oS 5 wizeen

P s laailie ol S5 55 e b i ol 0
ololazel ganaiws 5 olell @iz cox Jox by, (ICA)
4 Zamd ] (5515 45 Sl 0 olgidin (g5 oS (oS5 5 S
99 3l Ghem b oSy olalazel gananns bly o L3 sla b,
ood d@blez 9 @baw Sliliidh) oS5 e 0 (S5l
Sy o5 its slaailye & o5 5 SlaLzi) £S5 a8
Sl (ee3S (pgas jd adl e it Bladl Lol il
ad S Sy VoY o Slaiagh oy cuas olalazel Sl
SgeS HLazel 53 93 LS L 5 £905 Oloj el (ol )3 o
Skl LTl plaSges Ll 955 o0 035 (s S5 S50as 5 5L

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018

Serial no. 83



VWAY o o) oyl FA alo 0,5 oS4 35y ssckigee aloes /YAY

oS Lo b a0 b lige s 0 oS (s a5 50 o
JSa DAl sl axsls 1) (oIS 58 50 ools abaii o 5 o035 5l alols

Class % n
Harmonic 33.3 10
Notch 333 10

Transient 333 10

F2<=63.542LF2>63.542

| |

n Class % n
Harmonic 100 10

Class %
Notch 50 10
Transient 50 10

rF3<=0—LF3>O—l

Class % n Class % n
Transient 100 10 Notch 100 10

Godlb (P9 )3 (5 S il ©S 50 i yeS1 0 ,Ses ) D
ool ] aws aw

Class B

K=3
—————————— o
- K:6 -
X2 -

KNN 1o 5550 Jamw g5 ooz diged (gl (WS cpuan 1Y IS

OWGE ~6 vibe Y2

by 10 9 (riilo Jawgd (WS 9 ddongy j oo oY S
ICA Juo sl 1 oolainy b9, -F

Oly oS Clblacél £ 989 (yloj (o g (o lwlils —)-F
olalazel g68s (o) (reedS 9 plolid iz oleiin by, b
S Jelds G Al o 0 S (g0 D50 Al pe an (b Gl clS
i bl adlge i gl [Y-] (ANF) ¥ iidas GBI 2Ls
[] @8 p 35Uy JUiSew 51 0 el 50)
G (LD Jgl by 51 ey oailo 3L JiSs e il

RETAP

sadoanlive JUKew 516 w3 b-ole) sloasens slaws oS g5k
s

S s oadoanlice JuKew gl 45 6,55 slass 4 ICA b,
Ol 51 plaS 5 a8 am g (i |y o] S (glizl o9 o i3S
oudisS 5 oo b a5 s (ol 5l plaS 50 b conlite Jins 12!
INYd A2 oo a1 oalodsliv JLKw 4

0SS (GO Awd -y

S prudl &S50 i e8I -V -Y
NETIWE PRPFRCEL PRGN S UE NN CRP SR PO IILIE SRR SN |
SG 005 My bl 55 (5995 saosls Jlod bl 2 a5 358 o0
05 2 5SS ly 01 316 WS e Joe (Shag) aaras
Gilises gla Shis 957 g Jloiml 0,5 0 40 aSayl cleay ayled onlical
LQUT O )‘ L;)"B uSq B ooud S LDUT ﬁl.o; n.\.c.“ A&b‘? S99y
2ol Lials cel Shy o] bkl aSemsa vg bl
Sl oo aalol 0,5 (a3l 4y sy B gy g 02l 095 (el )
i A (Gondinb pgas o 1) wi,sl ol o Shee V S VY]
Obas Slogs (61)35 5 B «Sdgela Jold (g i b Alazel

'M‘)LSA

(KNN) a3 lunod o3 37038 K ot 981 =YY

Lol b 5 as cosl bosls gasmaws gl (oos, KNN 13 565
a5 18 higel 8,50 0aisS gamaiws dap] Lug a5 sleesls
0ol ylod il oy plo 4 SGo 3 a4 Slaosls auS oo )5l
Dod oo Iy (Cud (g0018) waz 0j90 S AT K Laigd 0
Aol Jao j0 sadodss ijgel lassls 5l plaS e 5l slalols
&S Gleod 1 3 SG03 |y Cud ools oniS gandine (] el 0
295 JH1e 1 ol 5 oS e 13T oo Dty 55890 (p asline
ool e VAL ses o 18 il oo baslues op 5 Soo3 Julis a5
OmeS )0 D9l o0 aid S i 0 K el )l (gl a8 (5lade o651
o3 o s ) sliges ¥ UKD )l ol 55T sz aigas S
Blae oz jaie S olSST 09l a5 a5 o ¥ K lake [ST1aS
50 2oz pate oSl il £ L ol K 5T 0 salys B S &
A daly> gaatws A LIS

SVM) plidy 105 Glacrlo piz ;o301 -¥-Y
slp ol 5l a8 col o)l b (5 ,250k slagbs, 5l (5o SYM o 5]
s Sl el b1 oS 50 aST cenl 09990 0aiiS gaidiws
oS S ) eslial b gyl o S e e Sl S
Cowd dy 2idd oo ]Sl 1) S S jy0 a5 olodiges o5 jludigs
el 3l eslatil b s 5)ls b oyl lo dadiges ol ayT oo

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018

Serial no. 83



VWAY o o) o)l FA alo p,3 IS4 35y oskige aloes /YAF

ovph 7y
|

v
SCICA gBAFwir

}

FastICA gBA0:wiy

ICA 6°u

Time[ica(1,i)]=C e JBE Owg)

>l

@ A@lﬁ{E@EE %

ARy A ChAIE vl
i

}

{ (it OB O =C VERVOME | © U

uvanv

o) L yolyly pmedd Cger (solegtiny gy W ylrgld :F IS
o wlslias!

el apd car (Ui ap) Cesd alege o
i 53 L g SCICA g, 6554 b dCA o Lawss o JUSew
oAl ML slae [1lp € =7 Gl b S 088
b s S80S (L= [0 [ = 20D o asdly 56
o UK 5l plaS e Jites Waailge FastiCA i, 5l sl
Sgde 03y ez (1 1, 2l D
PSm 5l Sy gl e do s
Gt oS g DLl Al e (Jiae loadle) osdod)irmess
b o site Sl alaS 50 090 co Do (S W) )3 al> e
silgioe g omlly Gl Sl perine ey Sle (2 Sle
Pl oSy wisd gl Jisyse JuSew 5 Sy olyes;

slJisw

SCICA g, s al e s el (g CopeS wlislicl 51 sledlbl
JuSew 5o 550 sl b als ol 40 0,05 oo 8 ool )90
2 b ady L] Gloj aidl 5b mile 1) b llae []
Uit sloailge FaSICA o2y ,o8)l 5l Sore b SLY al> e
.QQ;‘SA C‘W‘ (1[ ], 2[ ],..., [ ]) oddsodnline JL..i..w
:J.{I‘_gn Cewd 4y 5 dJag‘) )'I u,.:Lw.cl PP NP
(1= [1 )
Sloy a8l ;36 pwle [ ] pl oodospmess Jlopy  xyl (o
ool saiiSTar egle sl S s [] Jifew 5l USa
35 Olise ozt Ui sloailpe 5 s o b «tule,
alolin b Sl pleael Lol mbe Julodsa ;o8 ogas
Sle pll wolilazel Hley @aw 5 (bl gloy 9,0 Gloj ez
onbdll Olargld 4 az g b lgs oo 1) SlaLiel g9y o) (eSS
125 oy pizpba ¥ JSE 0
(Slog 61,05 ,%T AoMwer dy T A{ ECzZ
ICA g, b oodod) ymess Jie ddlfe aials jo a5 ol Jloj
9y 93 & olalazdl (bl loy e Lol 09d alb SLSU S
5 5ty dgiion Ly 09meS (o) 2 j90 JUKm ST 0025 (o0 )50
Toaze oS cenl Sloy ks 8,90 lazel Ll olST wasl Sls b
ST 9098 SLSL Loy e o] sobes)pmeds Jituse adlie aisls
o Bzl bl oS 05y Slogi 135 s 990 il
FSsS (-1 0) bl Jake 3l (ica(l,i)]) amels o3l o e
D
kol mle 4 cadionjiprest mlie calils byl jelaied

oS o oolizil ()% b &gl s 5 CA s, o alecé]
Iysl

=Vla- 1l 2- 4l ®

=V[ - L[ - 1 *
5 5 oelandl ol sl slajloy oadidloy 5 9 1 il yo
Jjb I JS....« A o.\.«fm.))‘o.:..géd eL;.,o Lng)L)).g o..\.w).JLo).:
E889 Oloy oeedS 9 lalid ogad o oolering () pl S
ol oads oals lai |y Gl corS SO olalazel

oy cats wlhlice! gasoaiws -Y-¥

Gdiws (pgas )0 1y eoliiny (b, Ol PSS @ az g b
JUS s 5265 (A]) 10,5 el S'oly a4y )l coa S lilize]
Lg\).?l )'l J.J FRCELIPRCIELI )‘| oolazw! @ 5 L;)"ﬁ G‘)D‘Llw‘ (@)
a ot by ALazdl oo i o il Il i al 1o
L 45 w58 e otosnlin S s e sla U o150
§ oS )n gt ol dilpe (ANF) il G il 5l jee
5 Sl gol o5 [ ] owile 5l JiSans ums 055 0 iz L]
255 50 58 st Al e (69559 50 el (g ColS wlaliel

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018

Serial no. 83

| Awno



WWAY o o) oyl FA alo 3,3 A1 35y sskiges aloes /YAD

Lo 1, oolazel glaaiws gloil o pled o 5 i o5 wload Sl
Elgl (gamdine gz oS gundiws l colaiwl ( ol dl> e
G pad 0 )l e nl 4o ol Gl CoiS olalaz]
Bl o ool ouisS ganaiune laica
22705 (50 Dy al> g0 90 (b el 350 olon)
Copolnlgad, a1
SEp3 S g dlepe
3045 0418 029 muenal S y0 Sl (gl aliSee sl 6K
C5.0 .35 oo ooliiul jghaia ol sl [YY] C5.0 o265 51 aliae oy
oles lp 0 2 50 GpSaeeal 2P e Sl Cex
e linl o )] ol g 9,5 o0 Sl o alliwlus o (Sae oYL
o gl a8 labinl a1 g asus o |y SleMbl guios g
205 Ol lp GrSereal pasls (lyiea wil Sledbl gaiesges
ey Cooms 3l rosls (guiains b el o550 (nlple 055 oo Sl
olol )5 oy g0 Sy slre 5 4 Zuled o g AT go 0y Gy Ceasay
B bl cel o5 ) alee S s (05 e jshiied
230,58 oo Bl (Wigd ol (GAIwS

B oassl amsls 1) batws o pled (3 ke a5 dwd Sl
053 5l 1y o Shee oy wlgn Lol 5l eolaiwl b soiiS amaiws
3zl Glp sasolsl e Shy dlie cpl jo o lis

5 Sl (O e eSle () 5 Wl e snbay 325 gloailye
V] 7 s S s (@)

2 (1) "
sloadlze 5l plaS o oadillo s jlo (LDl
dbos Jitns

= (i )
slaailye | oS a oaefaia persle (I [11) benl o
dlbos Jins

_ (( —+ )2) @

o=bls 9 el 5 [ESHIS

9 5 O oz Shol adlge) plazel (ygoy JLS

SHbea b gilazel JuSow (il )lg 5 (5xSle o oy
Ll S5y opl diud odbod)yumess Jhiwe sboadlse | plaS,
(S sloadlse) oobos) ymess o JLSw zgo SO 4 axgs

Detection |

x[n]
v[n]| Adaptive e[n]| SCICA x[n —1]
—> Notch q : >
Filter X[n] x[n—M + 1!

b b
Y1 b
FastICA Y2  Oceurrence Time Estimation
Y[n] = WX[n] yM

Ol CotnS OLLLLSE] 489 o) (o g (2 lwbed o guas 0 (Golisiion gy pl SLo Sely b S

ICA Feature Selection Classification

—— x[n] W,| 1 . i 50
V2300xN| Adaptive eln] E | igz:z:_l;c;/llgrgrif F . SN Detection
— Notch SCICA | lxin—1] P2t T KNN Efficiency

Filter ICA W,| Y2 F2300x6 = [fa1, fo1. fer faz foz fez
4 SVM

Oy CodnS GLALLE guivdiws (pgas 50 Golesdiy (h9) ol SLo Seby 7 S5

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018 Serial no. 83



VWAY o o) o)l FA alo 3,5 ol 3y wkigee aloes [FAF

Cal T 2l 1ol I oadionsopess i aw jlans o Lt
Sl ailgo 50 My e My M) o 5 szl §f s o gl
o e Wl 5 S 5 L] satas LS5 S5 il
JiSes A S8 b jsboar Bl (oS5 JiKe I Sl
0308 yuesS Gl JLSw of jarray (M) gl (61,35 5 Sige,lo
cyu gl Iy 1l ] sleadlie a5 ams o lis 1) oS5 0ol )
Sl 5l 5 ol T anilioo Sigaylo 5 Slogs 1,35 Sk

w9 Gilwans -0

oold udgi V-0
5 VY] o onsasl) laJos & ax g5 L ol cuaS clilesdl oy

Loadoe ool 5o sszse (JiuS lagelly (Bolar oo lde L
Sl b Jos ol el 38,5 &0 MATLAB l33la s 5l oolic

£235 i 5 S3m90 SAoLizE glsil b aiil el 3, by,

sl Mp) Slogi (51,35 5 Sdgejla oS 5 JuSw Uev %t SEswWihAb Ey b k@admivia.CiOv
R P ACBé A« REOW#H L£¢E wiB0 A Yadiesymae U
HW\MM/W CAaoAa° E, Bw , CauAy ARy EEZA AT ¢ w
I AyAuy p%ny dwz Az OAA=uU

yi[n]

0 50 100 150 200 250 300 350 400 450 500
©
s ]
=
T o 1
>
alb /]
0 50 100 150 200 250 300 350 400 450 500
®)
s ]
=
= 0 M
>
ab i
0 50 100 150 200 250 300 350 400 450 500
Samples

o svaddgo of podrey =5y olasel A o
(&) &@Lwy &lyas b Soige )l JUKew () £0UD00 j yuod

Pow Jiiuo adldo (3) g pgo Jiivwmo 4dlgo () «Jgl Jiimmo 4dl50

@ cald Sl eaded;ipmess lie CobsS (owyn jslited
il Sglis ((8) 5 () 5l ool LV Jgum e plizél Lol mlis
olatezel jlatws ;2 (o[ 15 1l D ol JuKw 59 o ()
&.&‘ JL»io.w 50 )ilL».’ C\S Lg‘cd.::ob)'o.yo.‘;ﬁ JL&M&J sb 9 L.':""S)',
o flas e s oo lid 1) ( [1s [Docn alolaxel
SIS 5 55 090eS oS 5 Lacel 4 s 4 bgy o (g0l 9,
Lol Qo AYIY CEo L () Sy

b olicel sabod jemosi 9 (ol gubo b wglai 1) Jguo
ICA g, 3! eoliwl

PRPENOEY wlie il glis
i (5d) plazé] =P lala]
(Dkazé! | Lol | snsiosjomess
a5y ST “Nov Sy &)+ Sige o
% SO JVFY Slogs 51,35 +50l5 3508
a7/4 SAYY <I\YA log @)38+5ks guinn
a0/5 SINA- VY B+ Sige Lo
a8/A AN SOy BUSs+5y SguaS
40/) SINAD SN\YE S5y Speiny
ay Y SIVAS Gl Ly (1,05

Wged ¥ ol ol (A5 a5 95800 plowl (idu 4w (b ools g
s ¥ upgs Lide wolilizil GLls g oS5 Lblesd
Slost 1A s Sl Ly Sgeian Gy vgeS Jolt (S5 ilaze]
s YV ol pos e 5 clalesdl 58y (lo) (s S
Sz (YU Ve el ws 0) S5 s (S bl
Gy dgeS s LK VIS o ol o olilizel ganaiws
Orized 5 (owgtew ol adlie Lol en Sigele g 5Ly dgnien
OUS (omgim ol 4dle (900 (BISLE 5 Slugi (5,138 sla JuSw

Wloads ool

@9
T T T T T T T T T T
HIN ~ ~ \ ~ 1
AN ANYA _ . - . /N /N
of \ / O\ / \ ST - / N\ / \ A
Ak W \/ J v v \/
. . . L . . . 0 r .
0 50 100 150 200 250 300 350 400 450 500
x)
T T T T T T T T
1, Va\ o~ \ M\ 2 Ny
4 / N /N /\ /N ]
0
—~ / \ \ / \ \ / / \ 7
5 4 \ \ \/ \/ \/ V, \/ \ |
d | ¢ d { Y ¥ r
% 0 50 100 150 200 250 300 350 400 450 500
kel ©
S5 .F T T T T T T T T ]
= / A\ r/- \ M A (/ " // \ 4 // “ (/ \ (/v\
B oot N /Y /’ J( NSNS NSNS NSNS N g
€ 4 W S Wi W Vi Ly AV Wi Vs W
< i r 1 t | ¢ ¢ ¢
0 50 100 150 200 250 300 350 400 450 500
g )
S .F T T T T T T T T T ]
(%) [
‘"m\\’\‘\h
1F I L L L L I L L L L i
0 50 100 150 200 250 300 350 400 450 500
Ns T T T T s T T T T ]
TR | U T FOWnY e
P NS YL VN RN VS A Y TR/ NS VN VY L VN VT W N VA
N ﬁh 1 ﬁm 1 *hw b ﬁ i hﬂ 1 M il Khm (s jﬁh.n !
i I L L L L I L L L r
0 50 100 150 200 250 300 350 400 450 500
Samples

(0) 5Ly Sgmes () £ oylg oS ST OLELEREN Y S

SIS (o) 5 lsgi S35 (9) Sz )lo () 5y g
OlgF G S 7 LBLEGE g Ll —¥—0
3 agad Vo plolid g 4350 jshaieds ICA ST 31 o (] 5o
S5 gn 03liul g2 00d Ay V- Cead 50 45 S 5 lislad!
ey (o5 5 laJlSew l plaS o (solerdn 9, 55,54 L
AU =) 90 53355 5 5 by (1) bawgs oadsosaline JUkew
slagiSew 5l plas,a VF LA JSS Wgd oo o Ol 5l S
) oalsail)l (bgy Jawgs ool jod Jiiwe sloadlie ol jomay oS 5

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018

Serial no. 83



-~ Msln]
M;[n]
§

yaln]
yiln]

y2[n]
ya[n]

yaln]
yaln]

L L L L L r L L L
‘ ‘ r 0 50 100 150 200 250 300 350 400 450 500
0 50 100 150 200 250 300 350 400 450 500 Samples

Samples
Jiao sailgo ol yodrdy oS 5 GHLEREN VY S Jwo glradlgo ol popay (oS 5 olAsEl A S8
ailgo (0) (BICH b 5Ll dgues JUSeom (<) founiiod j ymods (@) ¢ Slwgi 1,35 b jWg dgmes JUSw () touos jimmos
o Jiiano 4i30 (3) g pgd Jituws 4ildo () Jgl Jisiamo P Jliuno 4dl30 (9) 9 P90 Jisuws 4dl50 () «J gl Jitimmo adlgo

T
1=
2

.

Ma[n]

b o e
%
) )

Mdln]

yin]

T

%
yiln]
Lo w

r c c c
0 50 100 150 200 250 300 350 400 450 500 ©
© T T T T T T T T T T
1
T

ye[n]
T
ya[n]
%

yaln]
-
f
. .
ys[n]
£ o
T
L

r r L r r r r r
‘ L ‘ [ 0 50 100 150 200 250 300 350 400 450 500
o 50 100 150 200 250 300 350 400 450 500 I

Samples

Samples

Jino sloadlgo ol jondy oS GHLLKENY S Jio soadlio ol yonds oS 5 GHLEENN S
Ao () «BIS b 5L g Sguciinny JUSw () touiios jymodi () (Flwg 51,35 L 5L dguaiiny JUSoomw () touibon s (s
pow Hikmmo ai30 (3) 9 9o Jiiumo 4lio () (J3l Jiiummo po Jiuunn 4ddgo (3) 9 p90 Jiuuns adlgo (g) J3l Jiimo 430

@9 @9
K . : : . . . : — . T
= =
= <o -
s° s
ab d
1k N . N N . 7 I I r r r r r r r r
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
x (x)

yi[n]
i[n]

yaln]
¥a[n]

yaln]
¥s[n]

L r r r r r r r
r L
0 50 100 150 200 250 300 350 200 250 500 0 50 100 150 200 250 300 350 400 450 500

Samples Samples
o BAG0 ol yodds oS 5 HLEREI NP S o LBl G0 ol yodrdy oS 5 HLAGEN VY S
ailgo (0) (lwgs (§1)d8 b BILS JUSms () fouuiod j ymnsks Ao (@) S b Sigoy b JUSw (A1) touuiiod jymast
P Jiweo 4850 (3) g pgd S adlio () «Jgl Jiwno Pow Jiwo addgo (3) 9 pgo o adlgw (g) Jg! Jiweo

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018 Serial no. 83



VWAY o o) o)l FA alo p,3 ol 35y sskiges aloes /YAA

@9
~1 T T T
3
=
e
oy
°
=1
£
o
€
<
©
c
.m h
%]
15 I i I
0 005 [N 055 02
Time (sec)
(x)
L T T T
fin 4
05|~ 4
—_
S o
B
25~ 4
4 |
15 I i I
0 005 [N 055 02
Time (sec)

(o RSV E ) Joio MJ;.Q o|)o.h4.3 ‘fi’ u'buu.:‘ Rl )
Jiiao 4t 3o () g 5Ldg S guitans JUSomw () ICA b9 5

. @d
—_ T T T
3
s i 7
Tl
oy i
3
£
g o u
£
<05k
3 I
= i i
‘D_lr I I I
0 0.05 01 015 02
Time (sec)
(x)
L T T T
15 [ i I
0 0.05 01 015 02
Time (sec)

w GMGQ)UM J.na.m.o M.‘;e c‘)MdJ é.) wLm.a.G' Y JS..»
Jiano 4ilfn () 5 Sl Ui () ICA b 32

~1L T T T
3
=
oy
°
2
-
3
<
®
c
)

15 I I L

0 005 01 055 02
Time (sec)
(x)
B T T T

y[n]

005 01 015 02

s 0003 5 pen S S Ao ol yobas (S5 GBLAREN VA S
oo adlgo (&) g (Slwgi (51)35 JUSamw (A ICA gy p

Ole oS S5 GLaLEE] £ g8y ol crmeds —Y'—0

Y obl 5 902 Oloy wsdleiiin gy 5l S b 5w ool 5o
el jee b jshate ool (sln 09doe 03)0medS Slugh 61,35
ol 4o (ANF) Lioks OIS il 5l lexd] sle e
U S 28,8 L o b SCICA g, 5l ool b sl izl
JL..iM.: 999 4.4.3; )‘)§ FastICA p.:_\”ill §°99)9 y° ( = Y) LSJLQ)
el oblg eors by [ D baddse cal 51 (S 05,5 o0
3o 0l (9l &l golpiny
5 &89 Oloj Lpga ;0 oddaruloe 5 (aBly Sl el Y Joor
ans o i ) 00| g, 5l eolil b S5 lblaidl o)l 5 dasls
oalawl Lv ‘L)T OMAJJDU JJL».»...O CULI§A 9 )UB 09.‘.05 JL&W VO Vt&w
oo odalin a5 jsboles was oo ol 1) ooleiny s
ol 6l el o ST sy plazd) alail 5 ga,8 slogle;
b a5 WS o IS8T 1) 4l -0 F o +/+5+5 glaple; golgiion
uuL..u.C‘ o)l) o..\.MJA.,.MJlDLA 9 ‘5‘5‘9 J},o | J}J JJ[S 6’5’ u..:‘).o.:
HLazel b dloes o 1, 7Y ¢+ o oS el 4l [+ ASA L il
Gy Sguiion JUKaw VA BVE S 50 ol 5 (et 43000 o0 LS
)l oolawl b AWERRT J.a.l....c :x\.o.l}o o‘)a.bm gsal.w}: ‘_gb..\f 9 )S...L‘B
“59‘:&5" odsliv aS )5.|aul.o..‘b el 0dl oold ULM.: C;‘)Le"““" oy k)i,j)
A 3550 Sloj sl yally e )d (crlie 3 Shos soleiiin by,

S,ls

=
@

-

I
o

=3
o

Signal Amplitude (p.u.)

i i i
0.05 0.1 0.15 0.2
Time (sec)

(0 00D ) prodd o 4 go o podray ST ilisel N0 S
Jino adl3o (©) 9 5Ly SgmeS JUSmw (AN HICA (g

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018

Serial no. 83



VWAV Sl o) ol oFA ol o 5 o823 50 _swoiigee aloes FAQ

Oly Cadns WlLice! (gusvdiunb v o) (pusuid Cdo ¥ Jaus

(1) 0auisS (audims E85

Ooly cuas slolazel

C5.0 | KNN | SVM

Voo Voo Voo s C1l
Yoo Yoo Yoo Sigasln c2
Voo Voo Voo Slas s 61,38 C3
Voo Voo oo 5y SguaS C4
a9 [ Voo oy gl)d8 C5
Voo aA ay Sl yo 51,35+ Sige o C6
a4 oo Voo Sedsr Sige,la c7
a4 N ay 5 SgeaS+ Sigo o C8
Voo Voo Voo Slsr IS C9
Voo A | .- gy ol 35H GBI c10
aA aA va 4ad g+ SIS Cl1
a4 10 A 5Ly SgaaSt Slus 1,05 C12
a4 AY aA 5Ly SgaSt sl o (51,05 + Sige o C13
A 1) ag 35 SgeaSt Slir Signln c15
A AF vy 5y SgmaSr St S Lo C16

af A | A 35 SpaSH Bt glay 5 6,35 |C17

a3 ay | a¥ 55 g+ HSraddy C18
a4 Y | A0 Slie Bl Siga o C19
A ay | oAy Slogit Bt glay i (51,38 c20

a4 YA | a8 | Sdsrsldy seneSt gl s (5,35 Siga s | C20

ay vy oo Gl aibyr Slug o, A5 Sise,ls | C21

a4 A\ oy Siga ot clay o o], a5+ BISs Sl [C22

aq AY 4 Sige ot aibgr Blin slay,o 5,05 |C23

ANFOY | UE+Q [ ANSPA S cés

o giwosly —0-0
bawgs (o8ly sloosls (g9, olerinn by, o Ses b)) Holaeds
S obyz g5y sleaises Mavowatt70 gy coanS Judow oSws
G AL Gl e 4SS (e g (Sine getome B slacend

Al (6 pS o3l VYA 6,10 pdiges

gl sablais sl LS I oo 5 clalacel aiws e
2,5 18 Jeloisan 25 9,50 ooleiday () Sl eolitul b g s S
Sloadlse ol jonay (oS 5 Sl U cnl 5l plaS ;0 VY B1A JSCo
a5l GLES ) goleking by, fawg oadiyied Jites
Satws o lp (3l ] g 2l 1 oal D ssdosjimess JuSw
oilazel 9o Sily adlie g0 (Mg s Mg My M) oS 5 olilacel
SN s5l> K0 adlse 5 (oS 5 Alazel oasms JSAS (SO
ool (5225 5 JUK

ooliiwl b (S5 wlblicel £o8g (yloj 4 by po (b wiol )by :Y Jou

ICA by, 3l

ool / L§é‘5

1) cd .
(e (&) clslasil
Gdo o
o Ol cutS
cledloley ezl gloj ol ol ol | e ol
~>9~o5
\eo RS VY RYRYSVN YAV-RS /Y AV RV Y 2% IRV R 2 ¢ )
5tds
.
\eo YV CYN BT BVTT N RV SRV | B
5tds

Voo R AT RYRY 22 VAN R A VAR an 1 RVRY 227 RYRY 2 7 IR E

NS | L NOY] <o ND+ |+ [+08) <[+ 20Y| /A8l <[ A-Y

Oly oS wlilicé! gosodiws —F-0
era> 5> @i Gy plShs Sobk b Blae cwed (a0
5 0 oolaael anwe YY olaw ol coa s olilizél ganaiws
5 Uigel 9y50 (6 S paendl 40 00kS GALALwd lawg S

258 s )18 o]

\Y/A Gl paigad uils )8 b wlilazel 5l plas o zge JSi
Veeololazel 5l plaS e shila) cul ool oy G Ve b
Fom logge JS& 5l plaS 52 (S 5o 50 4350 YOF £ 55 b JUSw
oolaiwl b e ipodny BIE i3 awgs cwsivw (shol adlio (g5lulax
S plas e Jaus sleadse dCA Jow .aisgd co 4335 ICA Jos
30 el (U UK 2 gl aalie 90) oulion pess sloadlie
25 Pt SSE S 5 rerSle (Sl (g 4w al> e
s JUSw (o slil 4 ol by 200 5 o0 gl menl do JUSKw 5l plas
Voo X8 (Shy omle ol 09 o0 St (sam £ (S jlop
ST A e 0 gbe anle clalazil jl plaS,e gl gom
oolail olgy coaS slilacel ganains Zyz (C5.0) proal o )0
58 ool 5,50 0aiiS gamaiws Lialesl sl ke 1YD 5 i)l
ACA Joo (e s3loiian b9, 0 8es (o) S 005 o

alolecel 5l aiws o (auarb aw o) jasis cdo Y Jgux
oolie ax g5 b aws so Lis SVM g KNN (C5.0 v 6351 aus Lo |
280 L G50 )80l 5 ICA Juw bawgs soleiinn (B9 Joo=
Gddiwd ogar 15150 Slee 1 s o ;0 WNFOY IS asxis
A3 o lis 0g> 3l mlilazél

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018

Serial no. 83



VWAY o o) o)l FA alo 5 oS80S 1 ssoiigee aloes /YA

) My[n]
%

0 500 1000 1500 2000 2500
(x)
T T T T T
1
S
>
-
I I L L L
0 0 w (g 0 0 B0

~van]
ﬁ

ya[n]
%

0 500 1000 1500 2000 2500

Samples

Jismo ad) g0 of oy Sy ol Yy o
Jino 430 (00) ¢Sl s Siga s JUEpmo (1) toubos sirmacis
b Sl 4l (3) 5 35 Jiiwe ailin (2) o]

E589 Oloy e ) oleriey by O 8ee b)) jskaiens

o ololslazel 5l eg ez o oaBly sleosls (g9, wlilazel
390 Sl 1,35 5 ;S8 5Ly dgrian S5 99aS Jolds sl lans
ryas ) odddnlne 5 (a8ly slo el ¥ Jgazr 285 18 )
oaddl)]l g, sleslatwl b1, wlalacel fplosl g aasls 5 £939 (yloj
ol yoray wlilacél pl 5l plaS 2 Y& U VY S5 o aes e olid
odls oaly ylid (golgain g, 5l eolatwl b oudiay joi et adlfe
eSS )0 o3ty Py Wede oelie a5 sbles ol
b 9, 8boe 5 (wBly laosls (59, L5 5550 Sl slayelly

RPN
SS9 oliblicel g8 loj 4 bgyyo b yiol )y :F Jgu
ICA by, 3 eolawl b (saSl, ‘5L¢JL;§._,...4)
(=35 00 Ao / «5'5‘5 sl
(a36)
slae] et o3
SO el ey sl bk oo &9y Ol o7

q4/vf N7 RV VAN 5 V RYAL SRV YR AN 7 Y R AN ¢

14/Y0 JoEe O f S [N AT DS AE AN

49/ NARARVERYARS A I RYAR 73 /ARVAR /N d RYES 4 4 VRYRR SEY R IE

&

|
ANY | 1o YOY] YA [ <1508 150N | [ F o5l ) fey| €2

Slog

ya[n]

ya[n]

) M[n]

ya[n]

0 500 1000 1500 2000 2500
x)
F T T T T ]
[ L L L L
0 500 1000 1500 2000 2500
T T T T T
1
0 i
1
[ [ [ [ [
0 500 1000 1500 2000 2500
®
s T T T T ]
L L L L L
0 500 1000 1500 2000 2500
Samples

Jismo add o of poday oSy ol N s

A.GJBA (u) ‘)LJS é,.ms Lt &up)u J&M (=) ‘omcé)u.mau

P Jiimo 4dlgo (3) 9 p90 S 4o () Jol Jiiuno

@9
_if T T T T ]
&
)
=
4 i
I L I I L
0 50 100 150 20 250
x)
F T T T T ]
4 . |
) ‘
Lo ]
I L I I L
0 50 100 150 210 250
©
F T T T T ]
, [V\/\/\/\/\/\/\/W
4 i
I [ I I [
0 50 100 . 150 2 20
*)
T T T T T
N ]
OW\W’WWWWW
4 i
I [ I I [
0 50 00 150 20 20
Samples

Jin soailzo olpadss (oS BLAREI Y S

Mjg.o (o) ;Ldg O g L &45.0)& JLAL-MJ () HEWIRSRTE 1)

M;[n]

g Jians ailo (9) 3 30 Hisans 450 () «Js! Jiiwo

@9
T T T T T
[ ]
! ]
&
[ [ [ [ [
0 500 1000 1500 2000 2500
)
WL T 1 T T T T ]
il ! ]
L [ [ [ L
0 500 1000 (©) 1500 2000 2500
1 T T T T T ]
O\N\W/\W
i ]
[ [ [ [ [
0 500 1000 1500 2000 2500
0
s T T T T ]
. ]
il ]
L [ [ [ L
0 500 1000 1500 2000 2500
Samples

ko SWARG0 ol yolds oSy GHLEGEN YY) S

(<) ‘G»Lwy GhHas L Sigoyld Jb..i.;..w () cousbod j oy
P Jiuno 4dl50 (9) 9 p9d Jiuwn 4dlgo () «J gl Jiimo adlgo

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018

Serial no. 83



VWAY o o) o)l FA alo 5 oS80S 1 ssoiigee aloes /YA

@y
T T T T
g
o 05 B
°
2
2 ,
£
<
= 5 i
=4
=
(20 I L L
0 0.05 01 0.15 02
Time (sec)
x)
E T T T
1= i
05~ 4
= | et Lhriey Wbl Abalal |
> M TFYY Liaai e Ll
osk 4
IR 4
1 I i i
0 0.05 01 0.5 02
Time (sec)

(o 0000 )y Mo 4l g0 of podddy ST oLl ¥ Sl
Jiuo adlgo () 9 Slwgi 51,35 JUSew (AN HICA (g

G ogas 3 ooleiin hg) 3,les okl jslaieds
SAELEZET I JUSs AD ¢ fly (sloosls (55, S5 S Slilizil
SIS SS (Soge e Jols SBVY (gaws i B o cadilas
0 Jsoz 8,5 )18 2l oyse S L Sige)le 5 Slogs 1,05
B3 oo olas l) b LS Q.ﬂ (S duwd )'l Jool> g_;LLQA @L..,

OleF S oably OLALIE gusdinws ol cds b Jous

(1) polace! 281q UL (59 0usS guudiwd sl <do
C5.0 KNN SVM

AFN VA - /OAN SYARNY

S S Azl —F
5 o olslacdl ganaies 5 glolbld @i coe dlae ol o
S sloailie Julos & poumge 55lel (o) 5l Ol CodS (oS 5
£989 3loj yeedt ¢ olwlids Sz (golgiuing bg, 0 ooliwl (ICA)
9 0ol slaosld (59, (oS F 9 (I lilasél Ganatws
rya 3 bgileand jl Jol> mls 8,5 18 b))l 550 (Bls
e85 oley oS 9 (LAY YL oS5 clolizel ajes cds
oyl hgy YL Cdd 5 (1081 (69 )5 iz e ST olslicel
A0 o las |
4 o 5 ok BT (saspins S (sl
60,10 (6 )5 1 99 Ay (pl yo caldslyl sl gy pluw
S hlaagl atws YY) ganains gl piie gbaiws slaws 1
(553
S mlasel g0 5l G b (oS 5 olilacé] ganatws oUls
Oy Oly cuaS olalazel ganaiws jl Jol> mlbi azg b

. @
35 T T T
e
Q
°
=
£
=3
£
<
o
c
=i
@ . I I I
0 0.05 01 015 02
Time (sec)
x)
L T T T
1l 4
051~ B
=
= 0]
051~ B
ab 4
15 i i i
0 005 01 015 02
Time (sec)

ka0 000§yt o dd) g0 of oy ST Ll YV Sl
Jismno 4230 () g 5Ldg SguoS JUKuww (AN) ICA gy p

~1
3 T T T
1=
Q
°
3
=
i
£
<
K]
c
_D’
D, I I I
0 0.05 0.1 0.15 02
Time (sec)
] ®)
L T T T
i 4
05~ -
=
> 0 8
05~ -
4 i
15 I I i
0 0.05 01 0.15 02
Time (sec)

(o XNV E ) Joco 4.9.!5.» a|).n.§4.g é.’ L,::L&.a.c‘ B8 g 1
Jiao adlgo (&) g 5Ldg O gudions JUSamw (AN <ICA b9, 5

@y
5t T T T
& |
oy
B 05 A
£
a B
€
< g5 |
g
S 7]
D I I I
0 005 01 015 02
Time (sec)
(x)
B T T T
15 L L L
0 005 01 015 02
Time (sec)

o 000 oS Jims 4l G0 of yobdy S5 HLEEN VO JSL
Jiians 3o (&) 9 ;S JUSKew () ICA (o9, »

Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018

Serial no. 83



VWAY o o) oyl FA alo 3,5 ol s swsoiigee aloes /YAY

(IJRREST), vol. 5, no. 2, pp. 30-34, 2016.

[12] G. R. S. Reddy and E. Chancellor, “Empirical Wavelet
Transform Based Approach for Extraction of Fundamental
Component and Estimation of Time Varying Power Quality
Indices in Power Quality Disturbances,” International Journal
of Signal Processing, vol. 9, no. 11, pp. 161-180, 2016.

[13] Singh, Sameer, Bhavna Jain and Shailendra Jain. “Wavelet
Based Real-Time Power Quality Monitoring,” Electrical and
Computer Engineering (CCECE), 2016 IEEE Canadian
Conference on. IEEE, 2016.

[14] H. Ojaand K. Nordhausen, “Independent component analysis,”
Encycl. Environmetrics, 2001.

[15] F. Karimzadeh, S. Esmaeili and S. H. Hosseinian, “A novel
method for noninvasive estimation of utility harmonic
impedance based on complex independent component
analysis,” IEEE Trans. Power Deliv., vol. 30, no. 4, pp. 1843~
1852, 2015.

[16] D.D. Ferreira, J. M. de Seixas and A. S. Cerqueira, “A method
based on independent component analysis for single and
multiple power quality disturbance classification,” Electr.
Power Syst. Res., vol. 119, pp. 425-431, 2015.

[17] F. A. S. Borges, R. A. S. Fernandes, I. N. Silva and C. B. S.
Silva, “Feature Extraction and Power Quality Disturbances
Classification Using Smart Meters Signals,” IEEE Trans. Ind.
Informatics, vol. 12, no. 2, pp. 824-833, 2016.

[18] N. Verbiest, C. Cornelis and R. Jensen, “Fuzzy rough positive
region based nearest neighbour classification,” IEEE
International Conference on Fuzzy Systems, pp. 1-7, 2012.

[19] S. Naderian and A. Salemnia, “Detection and classification of
power-quality events using discrete Gabor transform and
Support Vector Machine,” Power Electronics in Drives
Systems & Technologies Conference (PEDSTC), vol. 6, pp.
544-549, 2015.

s o Sl 0gg? (Gpuie e g odjols Lo jaesl [v-]

o K oS G JiXew (il 3 et jo 88y AISS

)LQ,g A= Slras ) o)l.o..i': Fo 0,99 n):)uo[fw;/adfwdﬁe,n
Ava¥

[21] D.D. Ferreira, A. S. Cerqueira, C. A. Duque and M. V Ribeiro,
“HOS-based method for classification of power quality
disturbances,” Electron. Lett., vol. 45, no. 3, p. 1, 2009.

[22] M. Abdar, M. Zomorodi-Moghadam, R. Das and I.-H. Ting,
“Performance analysis of classification algorithms on early
detection of liver disease,” Expert Syst. Appl., vol. 67, pp. 239—
251, 2017.

[23] J. Li, Z. Teng, Q. Tang and J. Song, “Detection and
Classification of Power Quality Disturbances Using Double
Resolution S-Transform and DAG-SVMs,” IEEE Trans.
Instrum. Meas., vol. 65, no. 10, pp. 2302-2312, 2016.

Gl TAENNVA 5 o sjluodnds slaosls sl ZAAFOY IS s

a2 o lis 0g5 5l egas cpl o1y o Sles gy ¢ o28lg laosls

&=l

[1] S. Mishra and T. Nagwani, “A Review on Detection and
Classification Methods for Power Quality Disturbances,”
International Journal of Engineering Science and Computing,
vol. 6, no. 3, 2016.

[2] M. K. Saini and R. Kapoor, “Classification of power quality
events—a review,” Int. J. Electr. Power Energy Syst., vol. 43,
no. 1, pp. 11-19, 2012.

[3] M. Zhang, K. Li and Y. Hu, “A real-time classification method
of power quality disturbances,” Electr. power Syst. Res., vol.
81, no. 2, pp. 660-666, 2011.

[4] J.G. M. S. Decanini, M. S. Tonelli-Neto, F. C. V Malange and
C. R. Minussi, “Detection and classification of voltage
disturbances using a fuzzy-ARTMAP-wavelet network,”
Electr. Power Syst. Res., vol. 81, no. 12, pp. 2057-2065, 2011.

[5] A. A. Abdelsalam, A. A. Eldesouky and A. A. Sallam,
“Classification of power system disturbances using linear
Kalman filter and fuzzy-expert system,” Int. J. Electr. Power
Energy Syst., vol. 43, no. 1, pp. 688-695, 2012.

[6] S.Khokhar, A. A. M. Zin, A. S. Mokhtar, M. A. Bhayo and A.
Naderipour, “Automatic classification of single and hybrid
power quality disturbances using Wavelet Transform and
Modular Probabilistic Neural Network,” in 2015 IEEE
Conference on Energy Conversion (CENCON), 2015, pp. 457—
462.

[71 R. Kumar, B. Singh, D. T. Shahani, A. Chandra and K. Al-
Haddad, “Recognition of power-quality disturbances using S-
transform-based ANN classifier and rule-based decision tree,”
IEEE Trans. Ind. Appl., vol. 51, no. 2, pp. 1249-1258, 2015.

elolid slp was iy, KoY wiedign dilces ) (oladl e [A]
G ooigea oo &S a5 5l eolial b olgs cuiS wlilae!
AYAF b YYD Slowio oF o les FO 090 o i olils

[9] R. Kumar, B. Singh and D. T. Shahani, “Symmetrical
Components Based Modified Technique for Power Quality
Disturbances  Detection and  Classification,”  |EEE
Transactions on Industry Applications, vol. 52, no. 4, pp.
3443-3450, 2016.

[10] Prathibha. E, A. Manjunatha and S. Basavaraj, “Dual tree
complex wavelet transform based approach for power quality
monitoring and data compression,” 2016 Biennial
International Conference on Power and Energy Systems:
Towards Sustainable Energy (PESTSE), pp. 1-5, 2016.

[11] E. L. S. Ignals, “Comparative Analysis of Signal Processing
Techniques for Electrical Signals,” International Journal of
Research Review in Engineering Science & Technology

B g
10 Mixing Matrix ! Sag
1 Fixed Point Algorithm 2 Swell
12 Single Channel Independent Component Analysis % Flicker
13 Time-Delay 4 Oscillatory Transient
14 Optimal Hyperplane 5 Stockwell’s Transform
15 Adaptive Notch Filter " Spike
16 Spectral Difference 8 Symmetrical Components Analysis
7 Fisher’s Discriminant Ratio ® Independent Component Analysis
Tabriz Journal of Electrical Engineering, vol. 48, no. 1, spring 2018 Serial no. 83



