VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

KNO-1301-5101

G Q)9 S 33 Al gRiy 510N g Gl 39 yigo BBy (8 g0 i gd
sadaf_zarifi@yahoo.com' & ,bb dao

si.khazraei@iau.ac.ir ¥ 5 Vg e regp
L.)‘)"‘ ‘C; ‘GA)'{.M:‘ .)|)] oli.m‘.) ‘C; “\9‘3‘;3)" LS“"")""‘Q’A 03; v

RS

5 B Wlsioo 5 99,00 oty 05l ool aris Gl Sl 31 G G @ e (PAM) ailisS ey (6l
Gl s st 5l il sS iy (ol yles ] aSs ol 4 Ty a3Y gl lotie wiin Gl aSied jo elS L gels 4y
GRIPB 5 B 0 A e (3 )95 SBASED e (A otz 9 (B Fi e blnj 0)le 55 3 @8 a5t slaan e
e alS A Cilie (il g loplEan a5 bgy e S ie cilisS iy (o,leS plosil by .cons] azily

Condg B asled &) 1) (gloads Judow (sloosls cae pu ay Gilgis sl a0l (30 @595 loaSids sl absS in (5,165 g o
meSbon 50 cus jop Jle g (S ple 5 (S loosls Wb pins (izren 80 (LS e ;3 (25 589 5l i |, 40
o9y sl ookl g le aaie Al Al gty (6l eend sl g, ads Allas ol o led &l e 4 1) AL o
e G510 w0ads lo slo ogy 5l eolil b .cawl 00,05 . SE 4l rmle Mex b o ol (0055 i 6l 0y5l8 o
Rged Bl (5wl aSee (e Blas a4 ply ool @i A 4 gl Dlex L aSl o (Sl

(sEriae [sh liadigd Gy 4N ilsS Sy 5/l g eess 1 0flg wlS

CPRV-FIR|

9 Sl 5 8 Wilgi oo 5 99,00 ety 09l sla ol S (et sl (Sl eSS B s A ilisS iy 6N
G awd g5 oo odes 09,5 g0 |y o ol 3 [0-1] wles @l 4 oyl aly a1y o3 sla loie a5l Al o JalS
S s > (S @b g Sy o b atle e o (T wlad 4igS e [V] obsS Jlasl 3 5 [F] 5L e 08
3bolae 3 4 T 5l aS 0gbsa e 5 by jgae o aidg sbml el widl 00 ks ST b 4 ol lade a5 (teglia b
Gl il b abais 50 (e mly puilagel S (gole it S5 bl Gl e |y olisS Jlasl 5l (iU slaols [F] 05 oo s
V] cesdls calises

(B &P SaSd 4o e 4 wielign SladSid S9y5 5 3r @) Slapierw ,d dlaieder g Al S lag b céin b
Sl (e (650K 50 9500 e 4 canT aiabsn SladSd (5K sl ormilie HSRI T Il yh e (5 IS
ooliiwl b a8 cl (gladwg (356 (6 w505l olKwsIPMU Lo gla Al Dgu 50 (s gadtive b (S Sl Dl
ool g5 Sledhl b PMU oyl o 6503l 1) 08 a5 Sy (a5, Sl gyl o jloplEan (ol aly sloj s 5|
Lngzs)93'|).§')" )'l oolaw! a5 m.;Lxg Sl > [Y’] S )i;\gol.i.cl 61;)_\_9 )5143 LaQ—I Q‘”)S &> P Qa)j—l S &S ..\,.,Lo.,é_,e d:l)l 6¢l:‘.}

! Predictive Maintenance
2 synchronization
"condition-based

*Phasor Measurement Unit

*synchronization



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

2 0lg Gl a5l wlgs e baygsl 5 cnl 1) sl bl (508 53 sla b (b )5S e ©)08 slapis )0 oad &8
sheme Cany SIS Wl g0 3,18 e Larid gl a5 lrcuge pegdle [ 0e by, cinlpli aiiS Bib 1) 93 o3game
L] ses 2als oo | (led Glacagw 5 (e 52 s Sloby) Lo ouds ol

Moamin A Mahmoud law s oas alosl Guise 1o ol atslg slael 5 e glo oo 4 a5 o0 oo ol 3 ausis 5,504, S
2 e sole BL3 TG b 5l T by e Gialesl JSew o2 5 (sbicas Jow oo el 48,5 18 solatul 050 2] SKe 4
loosile Bl 50 ] (slo JUSw o g0l o sl jlidy (mesets b oauzd ) 18 Lo g 5 950 lalojl 0,90 1o 50 (goae ul3dl
il b 5 sag8 bl eaige ol 4l Wisd ho syl bosile Bl « wbl 4231 Syzg oly> e 45 olEim V-] wol cey
9 ploxil lagy] (59) 2 (ol (wy 0 a5 000 &g 50 dmonile Bl il o 51 g «Jdd et @ i Jl0 )95 0 (BT 2B 5l Joe
Cgwe b ol 3 el 0590 0 SIS LB SeS wiles cad ol BU ol pln ol aseis s 4l b ol len U
V-] g

£639 335 oo 9 09 o 23585 pimmw 4 Qilgly a5 00l aSLlu (6,55 kie dxkad G U ol plowil Slllas aidS sl Lo jo
Sguzo b wlgige 9 9Bl o (L sln (Brae Sl (595 a5 el Wigh oo ol Jore (atis el et | 2l
5'GSM 5 o J ;85 ,Se aree) p3 a5 (placd i bosled eedi | B2 0235 Sz 9 Doz CobeS (S35e5 (loj o5
b o 5o IV el ons o bl oo (38l Cans &y i3, oy ot ol ATdUINO a3 ;08 5 irlss sl sl
e LS b ol o o solaiwl S50 cele o5l wiaile, pll 4 2l)Kes g Moamin A Mahmoud a5 &l 4145
U el b (s 35,5 o )3 555 &0 b e slafllag b e lej slaosgases 53 eish o s ool (ol Loy o
2525 SOk 5 (o2 90 alal Slaslily (resS @ (2P oo parsias Al ol walss pd Gl Sl)S e (s calol>
JolSS 5 o lizl alge o 00 g cel alo o @y alo e slagiiy sl ailsls b Cal 9)ls (K @i s 5l oaiS
DN Sl ids clams > 5 ailod oo 45,11 a5¥ ey iSon (loy JBlas 1o a5 05 o olomy) (glazily

& 2 G sy T
25 gy 5 et gl s goma ((VF 5 1¥] o 0 36 6 ol Jo plsio) 50 55 ol 5 sloal 9
S8 o g 40355 9590 935 b a5 sas slgiy Stockwell Transform ale> i og, cpaiz YA g VY] ool Jolge Jolis
15 il axSas Jaie Bl &y 1) bl ol oo Lol aiies il bzl 508 lagiaas o b ol andl [¥8] ool a5

00,5 o0 oy i il o] IS sl 1) diedgn (sleaSiis (5 linebl ailgy oo aF el g, Sz casll

(MLP)' s 09y 33 oS Ay (IRT)Y}o)S 090k 5,0 Wl (P ST LY
LQLQU"’S) )‘ “_i...S.a U"‘ )o .XSGO o] sJ)..»S oli».w;‘ g_il ).) ‘) Lmu—‘ )‘ ;:.ﬁf 6[&0‘)9 Lﬁ@‘)} ‘u)m),..c u)ﬁ..aa g.i..&.l U"‘
3 Gyl Pl Dl ol esd adle ()l pglai jleolatul b B ogd co (5 5u50 e (Loae (o92 $590555 g (5 5 9arelS

'Global System for Mobile
real time

"InfraRed Thermography
"MultilLayer Perceptron



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

Slr e ps Shg) Eaias (heo ) esliinl g siglaie (nl a ainl bagycnl Sl et ools parsials (S 90 ads) Sl
Cardy U ayles co 0olaiwsl MLP 5l Coe aseis gl cgislaie cpl 0ad co sl (oSl Slgol o sbcws slacas sl
adg S pSIl glizl o as Sl oo 18 Kogme 8P g kg sloog S 0 IVANY Cdo L) 5 oKl lizl il
g_il )‘ oolaw! Ls ‘) é.’).SJ‘ alisee Siladad Wﬁ U”)’—‘ JRT b}.o.i lel-MJLH.H ).A)3 usOLo 6)& ;_;)‘),‘> lJ u‘}.&go ‘) oﬁ"""gj"
Sy g Oyl 0500 4325 1) polal (pl' g Ol b le s (Dbl pl SaS 4y 0S8 0 8L 0 30,8 ygole (g0
M‘ygo w\.)‘d.db ua».«a?u ).o‘ L)"‘ aQ as d‘)‘é‘ O @‘}/5.]0 5o [\&] ..\.:Loau;a e 4.‘099).4 6&05; IS ‘) [ ) 6L&buw7u
uu45‘5>wu)|)> GULO))BJAQMLOJMO)sAw‘) Sgaro LSLQ)‘)S‘wﬁonJﬁbuﬂm)m |)45V.w8‘.> LSL""L}“;U
s bojls Joine 5 oo cladloe (LSl |y sl ool (SG iSIl Oladad IS s 51 Cnilos 5 (Samion Sl (sots SIS
(555 lai o obmal JUasl bk Jsbo 15 1, (65 oS 5 il ol ysee sl 5 o slin o2 50 xS,
L,S onl Gy V8] T 5l 00isS jgue by goye g axkad ] Cuaglin b ol conliie « S i8Il dabad G 5l ol slo )5
m\u)? )|J§ w0590 AT J.c|93 ‘[\9] O g o0 MY6JBJ ‘éj)|)> ‘:b))| ;_)9>)L>
S o Zlaol 3l eolisiwl b cae ausis YLY
Al Lo €V JSor (o 058 oo oolaiwl oz Jlow 5 g o5 oo o S i glgel QUL g Jl 1S e zge 5l eslanul wie yo
ol 00 o0ls QL.M; S e T X )| oolarw!
S o gl 0o Byo yloj Dae t1 0gd G b aS s e lid | Fa) Sige;l 055 51 oly5 Joee alols (V) doleo»
ailse Sgesl o5 4 gl Jore 3l D5k mae S8 > sl ead Bro g Sas a5 S e 4 ,Sise3T 058 Sl sl e
Fo=v (tz-tl)/2 o)
o 5 By oo sla,Slis o g 4 Ll sl gy «ledl 8l ,s e Vgl a5 ol 5l Slesl 4 S e zae e
53l D] 0 [VF] ais cdl o 1) 0iS o jeee ()5 eogame 5l AT mge IS wilgn oyl LTGPS Ll o sl
L ) GPS | solazwl b oS =e T b oo )15..»1 LSL“"_#‘)} e )lS.w" oley g ol plosl gy lai & LQLQu;")-'.’ &ly
Cod )b g o il gusl ausle Jll las glacgsgase gl aid, IS0 oy 85 cdo 4y ol 8L (gl SaST ol cds age )8

Syl Sy b

'Thermograph

‘subjective-based temperature assessment framework
"false distance

*Global Positioning System



Vb 5l —0Y o)lod LS — Fguoll 9 G (it (paarxd aolidad E

Record Node <:I
I

) t
/ Fault

[V] & o zgo 3 oolisw! wio - S

855 w8 S35 S S 5 b VL Cuoglin 8l o 4 el ) (iS5 ol 5l osliad e

ol o ol GaSzeng Bis Sl oolinul s (5,508 @se & bgrye DMLl Gl o o8 el ond slortiy [W] o (6,500 S
LS o SaS e 28l 4 a5l oo (] (s So3ll BE gl e g 5 0590 50 SN (5ol (5550 Eae 0gdi o 'Ly
pas Jdo @ ol laan e ax ST o)ls o i slalas GPS e Sbcae SuS L daslie 1o SESS ol g5 onl b
Lol 1S GPS Sledbl (5551 anx sla,l5l 51 oolazl

S e el e SKaST ol o il e Eaile o5 e zlel gy ties slhias LSS ways 5 st [18] )0 45 5K S
L a2 g pllen Sledbl b oo aS sl (] oSS 0l oo oS o el g )y JUasl oz G adali 90 (o 45 99 o o0lizul
ol 5o el oo slpin VY] 0 55 500 Al g0 sbowe SaSS G 0,5 13 ooliiwl 0,590 Wil co plKenl Sledol
Toe oS Sloy Do et b (izmed 09h oo 03l (Slhine lp Sz g0 9 S 2e mge 4 g aelsd ) (oS 5SS
@ adgl S e

Bl ol | (iS5 ol 45 atvo oo HLis gl 5 o Lo 3 alai b zgo LAl e dlols wiS| o & > alaks g0
WS oo i |y (2>

spax oo giile x5e8 bglas 0 B ogd ge a8 )5 IS JUl bglas 1o iy S e g e a5 w0 o0 LS g
Sl g @l S5 0 eSSl JBes o8 cel Gl wie () Cae ol g5 Glapte )0 (558 b 5 (il
Gl (hro (s ol 05 280 1, (g 3me ool Wil b aily (0 GPS 5 g s Slgol 4y L3 ()T e 5 sl ] 50 05250
bl 438 5 s ) 8 ) s ]

owlasel g (P e YLY

oolaiwl 8,50 slaain oy 5 gl 51 (S oS oo zlgel 5 (i wie b dslie yo ilgolazdl 690,500 5 (Sole o 4y e oyl
ol Sbous slp Sigejl Glaog 5l oo ssalive  cuilonsl (glag 85 5l eolatnl (ST ol (sl .ol 5508 slogims ;o
el 0als ools ylid el p, 5L &Y ST o

Wlg oo g Conl plate g 48,0 SFl S Gl 0gd oo ooliitul (ol F ilagel RS gl By g sy e e cal o
95 &5yl [VA] 05 o ool Sbicus (sl olfwsl by g 50y 51 e olenl SO (o5l sl ansls Ll g0 b Ll O

lesi oo oslitl (obwe slp @i 42,0 90 Ol 9 3 5l ole]

oo Jata FouSs 1) e aiz a5 Cesbil; 318 Jlg5 o b b !



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

S

[ vy Id,;omuaa;
| Z )‘_) fd*zs

\ I¢

@ vf

D] itongol 52 (icin wiio =Y JSs

receptive . ai alise sl iy, .ailaid 3 )18 oolanwl 5,90 calizie slo o153 0 ol 3 alols 0 S oy (gl il slos S,
Y RWIPLER gl M Girgis lacSuss s Takagi Sl ((amas sloaslis Jdow 5 >lb 0 s0ulS pagire SO) segment
el o (1l 0 geasly ) s 45 iy o] 4l apass )5 lasz b 1 S eogiime ool dadie (pyl s
et e Bl Bua L) 5558 ST (T ) e g sleien o3l (o5 e 4 SigesT 058 5l 1) b s ST i),
Dilod S pai 1y o bS] a4 e ST Luslael receptive segment o ¢ sbows jskaie 4 [VF] (L3 liss ams
sy 2l sl 4 hnd Al gz ol b ool 5 4z g 390 1y ol 03993me (53, » b3 Cudylo 3 (izmen Sliios ol
B e o W86 oS Slacarsy gl STl (ol pln el 03geis ax gl > (goll a4 aS il b wls v
L) (o3 51 3 ¢ 3y 5 ol sasme jgee ) Takagi clasloe 1o il (g B slallas s Yaiml 5 cons (6,515
7] 0,08 95 0, Slas aS ol sdwlive 5 39 oo ooliinl (ol > 0

cblas oy o Y, F

(S S e Slp oges w5 (S8 ) e 9 oS @B e o551 sladuns o) @ Gl | Sbilis A et
sogdle V] el plyz 5 515« S (sl ooliil 3,50 @Ble oy ond ALl B Az g By e Lulpd 4 L

g oo bl (SO Sl cblis g S Oliges aas J3ls 0 aS SO S gl £ 5l ol SO (i sl Wlgi co 55 icp)
o3lail b egy ol 5laus S8

b Vgane 1)) 50 sl il il g3 bt ) ol S bagi ool adgs jLad Zleel Gl e e S g0 HLaS 6
5 (b sloysandlh) CTT ((og5 00 aiiS go (PT) Jowily jsiloysinily ol @y o8 5ty jsileysanils) VT slis
sl dd S g 45 alied g eee 90 Jolds Lolul 13 sl g3le gl 5 il o ((oimd, b 5Ly sl yg5le ,ginsl SYCVTT
3523 b,y Slp (Lol e S ] 50 a5 840 oo eoliiuw] (oS 5 0 CT a8 cewl () ;o VT L CT gles ailoois sduzen

‘Instrument Transformer
"Voltage Transformer
"Current Transformer

"Capacitive Voltage Transformer

10



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

oo B 4 5 (slajldy S Lajle o b (Al aseiie o) 42 5 slajldy 5D o) 40 ctd Sl G plgie 4 VT 5 00
Cds 1 alons Al 5 sbaSed 5l s pilolin] gloisu & jpa b o LVT § LCT 5,5 oo 15 oolittal 5,90 (a5l
5l (S gl Jloe 5y w3Y 3 L ol LSS e YL

18 y g 9 S yguilo Loy § 51 ooliciao! ¥, 0

ol anled oo Wl 3 JUET 5 @059 Slapiumsn ol J3S 50 (ool (G285 5 Wigh oo 1aSd b Juialdon Sl o jguinn
Slacusgaze JyuS 5 ueds 4 aSed S8 Vo] wiis Glo pate S aSid @08 5 55lwb 5l cudlie oy e gain
I (S @95 9 JUl slaases (S Sl

b byl oad 0,50 (6,0 lade alex 5l aiiS oo 6 pSojlail L 550 ()5 oz lr o |y (Bly ailinl Jlade iz b gt
Sl jguin Gleo )3 i Bran Glie 5 Gl 3r SBpae asbialid JUL bolas cod )b daolfiins] cod b Slu)Ep Do v je
Slass wlosls olansl 0g3 a1 (3 wiedisn Slaptucs 51 (S (35w bz baygilejsiudl s 5 5y sl ygile 5ol 5 o5 e
ool Gl o 0 LPMU §'(SM) wialisn slo iS5 5 sloaSed aisS cnl 5o 00l ez sl g g
@ ole o oy ol alaz 515l 1) aSls lil 0 515 0z 50 ClblB a5 witis sl g (SS) diaiign slo g
[V a5 o)l sl g 515 dga g T el bz olid (sl guins
Ol ol 85 Sl oetle 650k ooyl Y
40 Caje ez We ALl ) 50 g Al 65 lr Getle 6Tk SiPESS 2 (e sle S5l ool
Caodl 5 sl )l (S50 &g lallas (g5l ST aSis o s 9 (065 (e <80 Gl 4 i oo o] alex
SIS e Jlizl 5500 pae GaalS () leK g en sloaize halS ()] (sl 5 4D whe pes Sl g 50 4
Wb gSdn (IS5 g e (51 gzl €T JS» [FY] 0g0i 0)lbl 0t g Dl puass JyuS aSed 50 50 g il 3Bl o ol
88 e o5, 45, S 3 Gtle (5 5ol s
SVM wis .Y,
Glise Glacundy oyl Oypar ols> 4 (05S5ly 6l a5 Cosl o slatig (rdle 6ok e By S VY]
I8y lagile ool gom sz (SVM)T ety oy miile o (e csolpiiin Jow ol S so (i | poians
Vgons SVM (o2 ;6801 [FY] sl G5 Gy Ty ekt mizpory (saliabon 35,5 sloosls® ganangs 53 S jsb & ooty
@lolid 1Sl (0 5S35 oS (Sloj G 035 (o0 (095 00 1S Lty lajlo p lapyl 4 4) b Siles (0 5 Si0 5 JLss @
e 6l be, 5 5o SVM bs, ol 6Vl ds s 4y gl so oumsys o] Jlasl (gl 1, s SVM oy, i
o a8 )5 IS (gumy wiz SVM 05 o0 a3 )5 )5 &y gatnaiicl Jilas ;0 o8 5 (Ggem )T ) Sl 10 o0 &5 ol (5ilo (00
DS 0 S5 50 1) s Caaglie 4y bgyye (@l oSS o )
Gol> ol o aulg co aSl lil 5l plaS o aS Sloj Dok @Sl Clo ) codS mho 4 ol o doasls ) dles
Joe nl o Ses ases sged o Lol caiidl o sl o | 50 &S Jolgm Dl g Aol Gl e i e S Caegline
ool € Sllas? g €onds had> s 90 @ &5 Censl s lio latimdy Sl oud (aaiil sloosls I 65y (soleiin

'Smart Meters

"Smart Sensor
"Microgrids

*Support Vector Machine
“clustering

11



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

5 v slagiluand &b 5l (Jae al 0)Shee 5,5 13 eolitul 9)00 i @lie (Sy2elp Sln ailEoe 9 Ngd oo
el 00 ilej] g 0,Shas (sl oo oo

PAM) a5l 5" aSldin, ;0 5L 6551 3lwo S piamw duio okila Bb yoe (i ;0 SVM 3,65
[PV Tl 550 55 aSd s s Sy 63L larnysi 5 s yos losy

A3y s Sl 4 ax g5 bl ooz g (e slapiac o pae jo ol LUl SVM 5l eslatwl sblye 5o 5
S S0y il i (6500455 59 SVM jloslitul caiies Bon joaie 5 (595,5 glrosls o (o é 5 oouzm Lally) sl
Ll e lie

Random Forest o ;51 .¥,Y
Copde by a5 1 il cwlio a8 Wlg oo RF Jlaist 4 b)Y solas JKis Sass Vb aw b Sledlbl g5ko Jow sl
S S e E3 55 50l j ol Jolis RF St o lo 1) (adl slvools cpuiman oF 09990 cdimg Voot (ot aibs glaosls

ASl 3y "
Ly aals cyal mas Lo sals |l

= 7
= q
o lzel g La eals g5l aslal @

W

L eals 2 g5 @

el s

eoals Aoy o ®

(R BIP PYOEL St

| 8 .
I B
| o

iy gylagfi g rend

e e

[PY] oot yn s S 5o rmible 55 0L 2 (S il 9l (5)ISS 3 ot ()1 a2yl Y S0

‘microgrids
"Random Forest
“categorical
"binary
12



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

o3l 350 (ARl 5 (y50m)S ) L oo cigllog ol (sl Wl oo SISl 9 o aiS Bolas JSiz ol 4 s (e &
Sy RF anlg o aile o o, Slas il b ysio olasd 5l S badigad slows a5 JSloj o> RF o Sass 0,5 )3
Al 03,8 2l o a0 5l (6l oy 45 el (oMS o 15501 2,5 coles 50 s s plomil WIS (6l i SO
2 g pl 5l glailogu 4 [FY] conl oo (gilwosly bgs (cm i iS5 odgs 6l RF Jaw 5 (i iy SO
b slp Carsg slaosls g Sldes slacols 5l diwly (nl jo [FY] canl onis (1) (o0l slacrs s Liab sl 6,500 Gubs
5 Jd oot b Condg sboosls g gl oo g e 0l Glocrn g8 o, Slas 4 Sllas glaosls tcl ouls oolawl RE g,
i s o JUad e

(ANN)' € gucno s a5 g ) )l ooliscusl ¥, ¥

Slaghy; 4 Sund (Bolai g (ot il (55l e DIl (ormy glgl hilon QUly s (esmas (ras a0l slaghs,
@laptar Slr oh g Wad oo Cgmie 3 )15 oSS STANN (las lase il 0ol (55lwosly yitun (mile 6 T3k (s
LEY] Qi) )5 5 o S5 wlidio 0 g 0wz slo LSl (g slrosls b S

elize sy (590l ools ol ojlail0ls 5l Jilws 51 sadly slaaigas Jolis (c3590T 03ls Sy &y 55Tk ol (sl (e a5
Cohll col (e g0 cnl o s sl S oo 5l Gty il (Gagsel ol Wl Gl b il alies JLisle s Sz L
e 9 93l 6550 G enbin JobS (03,57 518 conlply S 28l o )50 S 0 S 5 il (200 Joe (8 0pes
ooliial 08 (glagians alins s (5,455 0555 50 ANN (glas loxs 51 liizee 3l (golass sl 10,55 5 YL Copanl 51 Joo
S sy onl e Snlias g Jlong aeme luylyd )0 (PQ) ply codeS SN gunabil 5 plulid Cqz @iged sl ailes S
Sl oo S5 gl [V ]wilons ailyl 55 ANN (g lare arly s Wit T Lol colli b s Jos ool azils (los ynS
A8 gamaib KoM & jsods 1y S 5 g S5 PQ oYl

PAM (o (3ol S 50 sl i85 )18 oolitsl 550 525 o0l (slogm; s 5 (g0t yo5 slo by (55l anseis s ANN
0l g S o3Il o2ly polie b ool cn i AC g5 0dsi anslin b .l oals (g3lwosly PV glopinw g1 ANN e
[FY]eat ons i)l38 74 ) O Ol i &5 480 gk ol ot Jae )y (s lxial paneis o 65!

b3t Joo b ablis ln a5 [FY] 5o ool ook oolanal ANN I 5 (o0l slagmsh aliniin @S 5 sl e 50
e S50 Oyne olisS Jlail slolis g ANN (g laxs 5l conds ploil (DFIG) 43355 gusgs @l cla g5 5o b s
el 00 oolazwl

2o ol b S i |y 4K, sl onlagily pae Jsb 5 s Sl (i o5 Jlaiol wlgiiso ANN
5 s kol Jolie «F IS0 5o 05h a8 ) 15 50 5T slaosls 4 ol 5 Y Slsloe anze il o (g3luooly
sl 00 o0l Lis ANN Jut yy e ilsSiiy (5,00

(FESY 536 0 505 6bb piammmns 31 03liiwl ¥,

'Artificial Neural Network
"Doubly Fed Induction Generator
Youtliers
‘Fuzzy Expert Systems
13



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

ol Sglia 9393 3late b o ol VLo 3ot e )10 |y Sl (558 5 (55 e (3ot U5 457 (5516 3haie
s ol S i S B yho e Wi oo b itte e 36 late 5o Lol s 5 L yio 5 pyolie (5090 Glate 5o
ol 035" Jood SYlg & 255Ewl 5 J 7S gt Slaoje> )3 ounzmy Blue U Gl cnlie Sl S @) 556 Ghie
IV ] - X PN IO T L shlaly;

35 ool ogdle [FY] Conl a3, IS4 & 08 pitep slallas 5595 Slulid 5 samaids lp ilise Slllas o 536 sl
b Wgd oo 435 54 egian orac b b SLi) pkye8 Al p S0k lacubl L ks 65l shie slaglexe
2 S5ee 1) Glg oS P o el D) 55 e 5 Shas oS o 5 008 eulail | )5S sla el

Golone So [FY] 50 il laaSitiyy 50 (BSSY (55l 0 050 (slapituncas S e 5 (5530 I3l 0l oo (558 015 (lopianns
S5 3o 53 Slapis o Jolo Rl Crizron 5 45ud Sl (18IS WUl S ot s3lunsly FES e Jis
Sl a0l

(ol Gl emlie L) el sladame b (6 )55l 5 (Sl (6 S preal (Lot Sl 4SS L 656 03 slapin
Al oo 55 GA L ANN asle (5 ,50b slacSiss b lag | oS 5 e el ) g & ja3 laptus o las jaseis 5 J s

ol 0o 00ld ioled €0 ISP 10 (6318 0 S s SO papie 000 Liuli8l 6 Kaii jsbas | o] cds g LIS

(DL Gwos (5 p50L sbracio 3l ooliiw! .¥,0

(CNN) o9JgilS crac sloaSiis (DNNS) oo mae sloaSiis? geos Hob sloalos aile ola,bisle Jols Gees 5,500
s 680l o S Sblg (Baes 6,50k lasloxe 10 i S Shg 5l (S ol RNN) iS5l coae sloasSlis o
el (6995 JuSms ) ainte slo S

Pl sooiion 5 ammid (mess 50 oYL Jewsly do S zlmeinl 5 gl olulis o Vb saaily Jds 4 g less )]
Sl L S (PQ) Gl cuaS SYMET zalS gl s3] Sladllae 51 6 laws 10 (JdS aed 450,00 &5508 lo i Calire
alio i 6,00 sl CNN 2 e (S lere S piren .[?Y];'M.J oo oolazw! DL 5l eVv) Gy sla o (5,10
wlaos o by o Slas (ulul 2 gaeb 95 o ailis) Ol (Govie (o9, Gl )o el ol (b aaSilin ) 5o gl yo> sla
Jo yo IS 0925 Jiz! 5l slaslis oaBly g ouds cimiom (S jo YU Blyoul 0980 co duglae 28ly Jlade b g oo oo jion
oW )Ja.) Sy94

SloaisS lgael ol 5 aSiid sy (65,00 0,33 i ;0 g3k RUL) cwile 8L auito joe cwyius ;0 DL slaSuSS
[PY] ailesls Las

Slhles SIS 4 e Bilgs oo o] L3 5 Wgye Hleds 4 508 slapiunw 1o Sl sl 51 @08 slagilegaul 3
(S92 9 ($95° GG Sl (sles S il (om0 0 Sl (l 0gh ax g LB Jb Dl s g g el Sl e 00 S

'Fuzzy Logic
"Adaptive Fuzzy Logic
"Energy Storage Systems
"Deep Learning
*Deep Belief Networks
14



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

ol 51 S il ST (S (S 5 oS Jlal 5l o5 sl i L hile cnSS Lol 5l ey (Sl b S alexr
39,5 55le yshunil 5 ol B el Culpd 50 9 Wsd mie ile i o 55 4 Ll o0 aloe
Sl 2alidl s wyo95 23 5l sl lp gl phudl 5 Camdg il 10 e oyl )l olulid 5 ol S Glapsilse Sy
M Sy aelss gy oilail 5 Les homiw Jale Lol LT asile naly and i (sl Sy el (5390 G 4D (lipabe]
S oo gl OMSte plSaR 095 el § (S 50 o0
Comdy galr (o)) )0 (oot MBS E5ite parild GSLISS § Cundy Gialy K00 ol (ol el lapilSe LS 5o
09 oo 0Ll cais slaylpl g b i, 5l (S 4 W oS e Ll eyl il 5 Coodlos
PDY S5 adss Lasis )
Ygars PD (slacdlas ool YU 5Ly g 5o ohsts siile w55 alfnng) mlulid sl ol sloylil 5 S S5 anlss
gl ge § S oMl 5 Oliagad l eslaal b

0«5"'9*" et gle S @

(UHFY YL ooll 398 wilS 3 slo S @

'S slaylss e
TA] Sgi oo adgs L3l ool b ule sl i 5l 48 wiied s cosblineg 2SI sla by ololis 4y o8 all ol
T E bl 5 (v 8, sles (b Y
BT czrgo ol gloo it b Joot 5 (G565 T E 5 sl yshndl Sl o Shae Sl gy 5 0895 YL glos
29 (oo hale el g (Sl plotul palS g Lo yerly o5 50 @ pulas
olals) Jelos ¥
9 s 00liiul g olbul> 5 aes Gai L aile M slulis gl il | Julos
SCADA" slaginsw ¥
e 31 5250 41 Lapiaas (ol g o S e g y5laaz (SCADA) ool (¢ pslanz 5 (a5 J S 3ok 5l 398 sl sl by
Fo Bt ol rizmen LS (o0 SeS e DL (sl Jezes lad, b (S LS g ajlade adg 90 o, 5l parsas
4578 s ploj 5 4nbdS sloosls bap)] yo a5 WS o oalE egian Sigr p (e il 6, Gladas sl (omlis
Wgd lobid 3 e9dg 5 B3 lagSIl b wigd o ol
o 95Lo gl i 5o tad (Sl 9 Pl gl (S ghan g0 Loy 5651 F)
slados 1) Sull (il (e (o3 slaty; g 03,5 Ll AlbsSiny (65l sladde Jooi 50 S B (egran Shge
&l Oeile 650l o 5Nl (2 0 ) s el 00,5 oo oz 5 (RS et lresls (uilo (Ul b jemme ools 5 ks
WOl oo ) 20w gl jsanil S ol (eSS
oaid 0 M ) G 2B S ain sanaib 1y caslie chgie b S slaosls acgeze ;3 5o Jlws : SVM )
(S a5 (Sl st slallaS 4 bge sl el

'Thermal Overloading
"Dielectric Breakdown
"Mechanical Fatigue
Partial Discharge
*Acoustic Emission
*Ultra High Frequency
"Capacitive Couplers
*Supervisory Control And Data Acquisition
15



Vb 5l —0Y o)lod LS — Fguoll 9 G (it (paarxd aolidad E

5 dige 0,8las g Vb ol b sloosls (gl Solay S 5 ol pgd BB 5 00les cpmenal s j0 1 Bolal Kz g poenal &> 30 .Y
b = cewlio ol LgLébLgd.b.A.ﬁ.f.b
oduzey ballaz o o 50 oYU Jhews o Slas 5l g0 o 1) es pl 0 Caglie 5 das e SO Ul i )68l ol ANN LY

| )L))Px

[ ANN (5,655 Jae slo 5395 ]
SN S sl (59959 sla o3l sl in

v

S50k g gowd alizes ba dcgazms jo b ooly (g3l o

SIS sl 9yd (g% 9 ANN Jua (52500

v

(5?9)5 GL“ ool uu)L)).a

v

[ Wﬁ.oth@TwijudLbUa&Mbu ]

N M NNV
AVARRVERVE Y

[$Y] ANN Jo 1 (sisieo 498y (550055 9 o (ool Jorlyo —F JSi

do ol 3 5380 m i (Gl egian (598 g udle (6 S0l slaps 8l g Cumsg ol A i Gl oS 5l b
Shal ool slagae iloon w8 1) Sliaad (sl 5 el )3 G peed Silutit 5 Lysileysandl s jee Jsbo (il
RIE% 6&"‘5%:’ Lgl.zb)'l.z.i ngf.x.ub [ Qg 00y );.\_vual...v.o Lch:g,)}'?)l.? 9 ¢ Gmos 6)-.:5°l-.’. LngaJ.\.o P TSURIE 6Lmo|o u‘_S);

KV RN

16



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

Cogac @lo 69959 . )
____________ slo 3B
J

S oKL, W

———————————— »[ e s e ]
Cagas @l (>s,5 l

[FY] (630 0 s o SO porio —0 S

! Internet of Things

17



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

9 00d Gl (e slagls; o oz S 5 Sl o ygilegindl 5 (6 IS ST 5o sl 26 2ol slags lexe pledl
ool 2225 ol jon 4y Slbos 6y wliie g s (255Gl 00ld 85 sladie) 3 ) (g5 S slacd iy
Ol Aoz 51 gl slo yal )y S5,03 (55l aez 42 ;00 g g0 i 53l 5l sloaly 0 @il Bjg0a; &S TOT (slo S
s Gle )3 Cagb Oliae 5 Sl zola (oo lajlS clale ae Cush) (xhw €9 9 e sl
0315 Jolox 5 (53l ;033 (sl sl slop il 5 4o b By g0 pléol Sl g 0S oo Jaie YL 505 L) Waosls o K ()]
Jolee g5 5 IUT (slaosls 5l oolinul b (osran (iso (s ol pardd wozlr ¢ US> 0 wile e pald ) Lo
Lol 0als ooy yioled
JUems seldgd (§3lwaz )LSa 9 (oS ¥ 0l (S iy o] FLY
Sopde )3 (6 pSetir Joru Joe (ol oS (oo pleol ma L] Lot 6 il (59l 5 (eshan Agp (oS F oS (i sladae
o 2l |y bgy 6y el g (el 65050k S Gres i OISl (ol o213 L g [FY] el 0050i ol Loyl 5l 5
Solors Sy Bakan eb 0aiiS i 9 Selo ©ja3 g Lol il Bk 5 S50k sleesls (5 yslaea b yeShe Joe o3le
g blys L lp ) dlaeldsn S eeal 5 b))l il Slibes pglae &jpot 5 0iS o0 Sbnl aliin )l 1 ohs
w23 oo plnil jgilejghusl 5 5 Sloe
@ a8 Sl (S5 by gilejsindl 5l (gilome Slaadens sml Jold g 315 13 g9d90 (ul pade L3 3 Jluzms soles (5,58
Slrasus ol Wel o (silupllon Ll Cipiol sadarss lo Sl oadicdl o Sllas ool Glapl > b SS90k &)50
& Sl (500500 Bl g ¢ Jae Jolge (i alize Lylyl jo 1) b ygileysandl 5 Slles [l Ly & jeod Jluzmo
il oo @l 3 1) 0 Shos Sesily (i 5 s lrial plliasg) panteas (Bl s 5 e g 9
o8 4552 53 (SIS g e ai3a JoS (sl 0aisS (i Sladelod LS 0 s Dliad Sundg (e a8 iy a0
b S (oS 5 slas lene anled oo dil] Sy Slabkd 609250 o e 5 (55055 6l (6l At ooy <D as
a2l Jolas i e )50 (6 1S e sty sl g SCADA (EAMS) slojles o1l ke (sloailolis b 45 wloas
sl
9 (Sles (Sila paduas (Vb C8s b Jlumms s5l8g0 g Ll Cu il ogian (hsp p (e (o5 5 Sl S 50
Sredign Sl s b Cu e Ceons ay salgan ey b (25 Ty (IS5 5B s o |y (el 0l 5 glonS 0 4 (oS (Saales
oads ooy lad «V Sy )0 aiadige loaSiids aibef w5l slaos] 3 gun adds 0SS > o0 Slee lai sl oadiaig g
el
A slacedgz g0 (o lwlbd wlul p G2 @598 i 4l g8 Gl (6510455 0
G555 A Sl (ISt 5l (S iyl il glacsain Sy gl 51 o e a8 (5,08 GleaSd 050 Olies 503l
L oS plaptlly 555l (1,05 4 aSd (555000 Ol )] Sl oo ailge axlge (T L (5] D508 slaaSiss
bl wlgy o8 st (ol (23] plsl (sl celio )5 Caz e Sy a3 15 ek il oo 9z s laaSid (g3lul
A bl g Az 3)50 1, 4l )0 3250 alide Slagy w5 wled (iluand wwaled e 2SS L) (o8l a0l SG 6,8
5 055 pduillasl Lo a5 Widged Byre &ya8 slaaSlis byl sl sedenw 2ilSea 3 Moamin A Mahmoud .aas
@il ) d g oad oo g Cude laSed 0 5 it gl b Wil oo 5 allior aSd Slizl Cudgzge plulid (S
IFe] wls

Ayl i b aily, (S sbedcs sled jo cile wiedign la,ll ssas glas )5 5 0aisS o i Jlos g 450

! Enterprise Asset Management System

18



VP8 5l —0Y o)l LRS — 5 gaolS 9 G (owidiien (o aoliliad E

a4 )

ouaS gulyainb
9 Oeile (50k oy ys5Ul @
S5 e sloZS )
6.5&[.43 Ji.p o
3 ol (sloosls \ j
Jolme a5 Jdo

;( o S5 gl el

A

Hosliiwl b (egiuan sigh p (Ghmo (5 (oadlid Qo —F S
[F¥] Jolomo slo3l8 5 IUT 51 Jeols slaosls

b o8 ol sotns Sl (sl 015 i 5 0 oo Sloml a0 Shae 251 sl JIRI0Le Ko dacgogzse Sl eslinul
C}Ja.m )a di‘.w LS’L))l ‘51)4 f’)y Ls).)».\)u_‘)Ua.u‘ 9 &)‘Q L_S"yl) uﬁd \)5> 6Lﬁsab))‘ ).) 9 °‘59-,’ Lu.j u)».\S 6&45“.» 6_:[&4 9 MLG.A
ol G315 S ads e 5 2l D08 (50500 (55 e et (nl 5o a0l 9 Shee 03l o9 Bl e Lo 1) gete
)1 M)L».C FURGIN W T W GLA 4.6.]9.0 dw )| PIWOW u.v‘ ] aliSre GLQ’L;“\';-.’)&.&& L 6“‘&““’. W L;)L.\Qf.’s 6‘)’.’

S0 Sy 32505 ) e 4, GCT'V

(5%t (53l At S Lu ) (xe 4 HSPTY

'Configuration Generator Tool
"Failure Prediction Model

"Hybrid Simulation Platform

19



| -

V6ol —0) 6l Ut — 5 9ol 3 82 owidied uasis dolidiad gy

el lagan S Wil B aes e 18 5 Gemsiges Sl 5o 1) (gaied ;08 il a8 el (2l (e it S GCT
cwslazd § 18 0l 0 jee el rmaasie hawgs oS wes o JoSis STl GCT LS o 550 slaosls anles adgr aSls gl |,
Bigd o G e cenl gy cwlid iwd b S a5 OWL' _ulis s o)L 5l eolawl b eosls (!
apache gmy sql «asp.net <unity 3d <Blender 3D Modeling Ll _wlis s g 5,008 Jaw lnl V5l eolazl L HSP
el 00 g5 Jena fuseki

a5 (53l 5 aSid polie b @by cnl bl 5 2538 go ©,08 a5t polic 05 pamie mlBy o5 (530 ool » 55 FDM

] 00 \.b.]}a é)‘éfksnm‘_guw%fufu‘)? 4.0.]9.@«.{:

Likelyhood s Joe g (yamles e 35,5 oo (6,105 Jow e 50 (ulul 5 (098t Lules

3550 (69,15 6o, l38le b o aSl slauogzge pueplis § Slre (2l San s Moamin A Mahmoud (goleiay el ,o
OISCie isS oolatw] dlie 5 LSS 5l 51 1ol colos 45T 8y .aigds co ailaS ST il 4 aSid (gliz! g pits )0 oolazl
s ye Wighio srmiiar o1 95 (slol 4t leicgn s 45 b s 5,05 3310 lie 8 Slas P59 45 sl
o lliwl B3lg 5l eslital b wilgs oo Lo 4 5 a3 on il | s 3015 JlBle 5 Sloogad 5 005 o) (ol
3 1) s 0 Slos iadgn laSiSS ol 5l duzme ooliiul b il go aSly WS Lo gl 1) 450t (49,0 (Slapiun (loaz ) LSH

S —
S
> e Corenl ] Sk e o>
obys” Jlasl >

3 oot S38lSS
alpRiny o lne%

J521 sla 3lysSs
o i 55

D] sniign gl At 39 ) 43l gy (6,13 gy aludo -V S

'Web Ontology Language

20



2

1P+ 5lee —0) o leuis UptS — yguolS 9 330 (oo (oamass dolilad

b @ole> Jlie )0 Gy 22598 45 g5lwpglie 7

b CBlae 4y Cad Jige jehay aillen B aitis axlas 995 b yidio oy slolys g SISl L 55 598 oS b ol s 0
)] Conlice gl S ool aidy o] el o 5 amsliS Sh Slo,dp cuisS 0 Wl e a5 lisb Jie Jbaxsls Sols
@ 2l g Sean; Supde 50w e S B @Y e Seaglie SRl g Ssete porie (Sulpd i 5o anlel
aslge 2l o

Wyls dgzg () slaSed bl glgil sl > B o San b a5l 1o pins Colil i Cooglie 5l jelate
OS¢l oo el «olg> pul o Clge 05w oLl b b g ogllasls Sler g g.j 3 b ol 4y u‘y‘sa Lmu] alom jlas
Sls iz 09za b (S G s Ah 45 05 Jol liebl (B oS Gl ol b ablie gz 1 plaglil b
b5 8 SOl i 58U S 2 BB sk B 4ol ST (S aS s sk 035 A e 05 Glyiie ) B WS oo
2 @olsb G SIS B8 coa e e crl 5o 00,5k (Best L o Shes Ll (7S 4 5l condg il
B A 53 i Congliia obml (SoSz 4 (oleiws ln (St 2l 3 Olgon 1 sl 1093 2 o0k Sl e 4t
9,5 eolazwl

s Cwglie Holling b 51 .o iy yas [YF] Holling Lwgs )b sl cosummn slapins slp o3 plp 50 Caglie popio
Ol gl asdllas 5l Bun adol> S 595 5l wm ey lalpd 4 Jlopred Ll l et (GRS S g 9 25 (S e
B 55 55508 Slapia (b 5o lacusgaze al pslan 135 5 3p @595 Slapiems Slocedgizme 4 azs L &S Cunl
Caoglio ;56 VO] 10 0uiS (cimision |y piiams 10 o3 €589 5 (iU Ol et wsles by T 4 0aigis 8,1y ()15 slacS g o
Ie31 Sl S wl.u).a) A_MBLM dlro 6‘)‘ ‘5..05) ‘[Y?])o Oy el 0 =y LS")} 39y JLW‘ uﬂ.ﬁls 99 (o
(o yBe Bol> S 5l am G aese 4d bk Bua LProactive wle jawass (bg, [YV] 0 sl oo &l T sl g 5,
isl> )‘ Lg“"L’ L$"‘)’> 39y )l JJ (ombmstrnsd IV ‘_g|).>‘ .))il.o.c L_sJLi)L\ ‘_glja 6)15 u9>)l> kS.) n[\“\] 9 [Y/\] B RGP QW
Lol oy (B xe il jg 5 5l am Aol milie Gy o g (28 SL5L sl Joe S ol JLis 4 g ooy LY

B oS oo G | a8, Cows 51 L 55l macroeconomic sspis 5l soliiwl b a8 cowl sus slgiin g5lejl Joo S5 Y4 ] 0
S el Jao G [TV ] 50 o pp 4o i JBlo s ¢ ol y3 5l e dl o 50 o ol slaaady 5l ab solaidl sl o
Sk slacalad Cus b i 00 ol 5 4 (3lajl al> e 50 5 lisk Sl aa b ead sleting s 0050 ol
led s |

6l ,5iS 10 5 Bras g oyl wdgs ol Jdow g 4o S o ad o Canglie a4 eas slpiig [YY] Lo
52255 0,0 « pdlaass Gl gw odgi oy (Kinwly aiile caliee Jule diz cwsid (1 Sleo [YY] [0 050 aseie calise
Jolis oSl s cpaiz b s SO sl 0ald sty ol ols ) 5l am el g 2Lk cur 3 J! s
L.t m\i».w ‘;w ).:‘).) 5o WBLM 9 ;MCL»S GLQ)LJ.Q E) 4.»3; )l)j G Oy90 590 o‘) )l uUaLu)‘ 9 8y JLO.U‘ dwawa)
A 2l oye LB sk 5l fols slaosls Lawgs cgolering (s aiload oS 5 lacdbu s ol (25,5 699)5 S
L5 ot Cuglie Co sl sl ) wsz ol S YT 058 bl b B0lim (o aSd Cunslin U sl a8 5
‘—i.’. )L>Q as 69)“ é..\)j; AS.M.: L5’9§z“)b 9 O)S.LA.C wLwl > ‘L)L") L Mb )Ua.g| Sy90 ijﬁA )L..x.e RO R OLQ,&.»...: ‘(5)‘?(“"
ado g o] bS5l 6 S gl cdaxld 9, 5l (6,05 i alex | Al o i 40 ] ol el sal Lo codds g Aol
€995 sy Hamle Jow o Jleiz! Jaw SO 3l oolainl b e sloaSils jo flgh uly 1o Cunglin .ol oas T2l SL3L s oL
[Y0] cosl oas s 1 6321 (63lunsl Coglgl b aSits (g3lusl Jow g 4 (glia! (SoisSs Jow dalish

22



2

1P+ 5lee —0) o leuis UptS — yguolS 9 330 (oo (oamass dolilad

orble 5255l 5335555 S5 4 Ll g B 5, & o (5t S e b o ol 58l Bl 5o 2
o 5501 ol 1o ) B (slmonts 31 aslitil b 6,5l il o5 5,5 o )3 oy 350 sl sl el ol il ol
S5 e b ganades lp ) oo 4 and GlagSIl (Sl LB (65 0k) wuST unaius | eud saalin slaosls wiilys oe
IPV] (oS 65 Jao) aislad (sias sy ool i 5 5 58, 31 eoliiol L1, s 25,5 5 (D115 (90 (650l 0
S el (b5l [YA] wiloas 485 IS 4 ja8 5 5 059 Slinion g2y BB law o dle (550l slas Sog,
rlgicen o o 1 Lo )8 cnl 5l g0l madlysy ST45 wll oo 3 40 50 (edile 6250k goite Sloo )5 51 (S0 30
0 it oS oyl [Fr] wlien 1 5005 ganail 5 (S el 550 obul Y] S e slas )5 4
b e osS st slys (ANNS) diadion e loaSicss 5l golans ool (yoile (6,50l Jshoe (glas IS 5 (S0 o
4325 4 le¥ oo By 4 )0 yuile (6, 50L sleo IS Koo sla ke I asloas sols slgrias [FY] ol a8 o s 5 [FY]
o IS b s it S IXY] SVM) sty (55 omtle s ANNS g, Jitn 5 aolisd b S, Jlos 5
ol byl [PV ] 50 [F0] sges o)Ll yaw )5, laJoe 5 eolatul b Gy oxkad loy S w5 [FF] SVM 3 ANNSs
eosls 5l ke 1,631 )l oo &Sl aialign aSil gladibolus jo Uas oo oo sl (yam,S ) 9 (gmaiws slapiy sl 5l
Al o618 aiges ]85l aST aisS e ool

ot |y lish lawg 5y 4l calisee glyal o adad Jloisl 4 ol o slgiion sam 4w SVM Jaw G ([F5] 1o
et 51855, s S5 0l 325 3 555l S T b Lnosls a5 5l aslicl b SVM (solgiing oo 5 e
I8 Sy Sligh o 41 o il 5 5 (b 350 B s sl ol s e sl gl

woso? slalends sly S pradd Sy 5 e Bl (lizl Condy b ot w3 S I a4 SVM og, S5 ([FV] 0

g Cypead Cplod b Couy

Ao g ASl b ol Judxd (ol oolaiwl b gbrace .Y
‘_J.a.l?u 6‘)} 6‘0))3 g_ia....i; ‘M}B d.ia.m) g_i..\ Ju..o...:yb u|90| Ja.w}: 03 A.Jy 6[A)u5 9 UL’P 6l£bJL..i-.: ‘hs‘dvo ub; g_:>
2 A b asis oo cdl e Sledbl oy pasas l eolatwl b aSis cans blas Jdow [FA] 09, o0 jleds 4 a0 la ol 5>
Sl o2l I S oS [0) 500 5 FA] wil (o (aslae By, 53 eSzge 33l b B55le Juo (s slogom,
a8lgn o Jsb 53 JiKim Bl 525 4 osls Jelos 5 4323

Sodigr Al 59 ey s V)
0,8 S8 azxgi 0550 Wb A Cewl Lidle e el o co lis | iadigr sledSlil g9, i ol & S
Jaie g 0500 5 d5T ;0 ete LI Siebgn ladaSil 09h Jos (g mle Al pl 4y wilgT ge e Sosgh a5 azs| o |y
p3y0 9 Jile (B Oz sl slaol> a ) jlas a5 0,00 1) Jlas] cpl aaSils ol 50 gauags ,o 1 [Pl glaSas o
AT haud S (9,0
wiloads anslu aSlls S xS S gl i 5l as bshas 1y 5 il bglas g3lusl 0,5 |18 d>g5 5 50 Wb a5 (6,0 2>
QS S abg e pdiasaon molie g 48 inn edgn A L ogy wisless o8

Svavelet

23



2

o iy g SlaSh s 15 g 4 g5 o sla JS5g 8 e 1ttt La il s 45 o ool slo il
D9 se wgmme a5 ol sloosls JUsl gl saii 55 de 2l 13

Ol 6 wszlr Gl Mo claw )3 538l Comgas oo (il 3T 5 ol (T sl (oS laaise Ul (oesler
il e

1P+ 5lee —0) o leuis UptS — yguolS 9 330 (oo (oamass dolilad

Sy bw !l VLY
3 oslainl g Slaags ololiss doJulos plxil (sl (glasis Dlbls )l o S5,00 sla S obml (3 @595 3 Wy (Slapinmms 5o
OIB Al (S Glapiuns 0 6 mbe O izl orwy jsb 4 aSl Jud=i g J S jelie 4 (LS| DU
I0YT wp0 )5 (S psU 0 aope 05 it o555y 3lais senals sl 3 lo ) (S (slaaSods Gl L oo oo
ool sl (slapliy 5 s luis jgim 5 4, Sl olowl cacl edSias ol penly 45 o yols A sl b 6yl Dla
@S G bl 5 Dl gaals 15,k 5l ales 5l ot le aiadige aSl g S @ o (6l Jgere sloate i8S o0
Comdg &y S8y £yl )0 @l a5 Sl (5550 ¢ Moz iz plowl Ojg0 50 Zaws j90 Jlow i So L oSl po Sl 5 S
sl a5 S5z 4y Suied Slodo (b 8ls b a8 YN 1) b aSly o pmales Edlam g pie b a5 Lol 03,55 4yl

loads

AL-IOT (bl 2 15950 y gl 5 (6,15 LG Wrodld (K2 )L 9 gyl Col (551,82 VY
Sz lad ()08 sl ygile jginl 5 sl AlisSing (6,leSS slaailels ;o Lesl Cipiul y (egran (hga 5l eolitul (]33]
GaSed 4l 2 wiedsr Glapiue (nl ol odgei sl bosls (S LS 5 s rmle Coial [l Sl ohga | Sy 5 (Soezm
ol o3l mraz (glb i 5 Sl o0 To s o SR Sl0aS wiile 08 K adiate glaolSiws 5l (los
Wigd gmms &yl e gl (logily Blunl Gl (S Kan 45 wload >,k
bty ) slalal wiz by GGl Glojes &jgoa a5 ates S (SuSTH b Ses slao S ol pr o K slaasd
A oo ol 8 1) A ool o5 3blie b 5

*Wireless sensor networks

24



N

Vo0 5l —0Y oyl bt — 5 galS g 3 okt oy dolidiad

b cols pj bl Sl (8L Covges

D] wolsogn glaasiuds (53) i sl Gl -4 S

L Sledbl x> jlore e cw pwd (220 ;0 Cowl (San SI Cladls pae Syso ;0 oS ol 5o,k 5l laosls 5,00 Jl)
S i) a8 s g mle Slags plp 0 PAM glacslu ) as wlesls olis aalllas cpaiz 0,5 15 laosls a4

Wil S 4 ], s gla g s o 5 (60 ,Skae lisabl bl o 4l e Sl ol [50)]
Ol a5 cenl Gl sles b 355 G5 sl wiile Cumdy (il leesls (s b 6,005 (ol sla SIS I (S
$PlreS 4 e Wlgi oo mosls (55lupgonne b (J12 SYMST (2> 1055 oo )18 o0liinl 850 (gian (B9a (slap )58l (5349
5leyghadl i glrabgzms g 5 SolSin] )5 990 (55550508 (5SS Dleladll laz HLulids 1o 530 w0t s slo o
6oL Gl 1y ailels 6 pdocam! Bgi Sluls slaalle 5 698 g >l slapjilSe « [FO] (5l yu 5,50, 990

4t bglas g5lwib.V.F
S35 e g A iy wiedse laaSid LIS 4 0B wload sbml Gp e A S 3 M a5 (Sl S bglas
S b drng lisS 4 @ aSh (Sl oAl 4 gy e Jealljgiss B aly oY i g ycnl jlandlioed abgye pdisgans
Sl 5 (S sla el oy sspe a rizman [OY] wims iiis 1) gl Sy S8 el g 2S5l 6 VL sl
39 Sele g (S lajlad ploy (o y0 a5 55 aSed (slizt o Shes il oo st 8 JU bolas g aSd lacslo
@3kl [OF] 05,00 Jelow ilonds (ol B 5 (F05555 )z g wiloads Jomie ]y 008 5 S 50,5 w0l wiile (oanb (sla L
SlLI V0 cdls 3 @555 4K sl ol (5 pliga |y 4 gl
phel s ame Wl 1) asis o Sl U ojlu oo Salon [0S L 1) G @)y piowew S0 Gzl soled caiedion aSis
2 Jlezms Sl ol @ riyoerims S9doe b e IT )5 slacgz )l 5 (bl slapines 4 a8 gluSalon
D3 (laSid oS 305 (g K00 (95T 09 o0 Dgmne D9 pd Sy (Si9pel A i B2 @595 St Slp 485l 93 Sy
S35 5l oolial (g &t Gl 45 (iluSinlen 5 Jlite o Slas gyl pedly jgaie 095 (sl (LS| slacsigleiSS

25



2

1P+ 5lee —0) o leuis UptS — yguolS 9 330 (oo (oamass dolilad

w,..wo Ll u.cj,u L) @)9.’ dio-m) B &y g_ga b Jal.u)‘ ),Jaa 6‘4&».“4 g_)UoLuJ b ol ‘n)y 0)9,4‘ [&&] Sl o0 QLJ.».& @)9.’

ile aalgz Sl 1 5 b 0l ads 039 el Lol Cllils et 0929 (30 e b sl ax STl O jan S il 4

Oln) 30 B &g wheibgh BASLL (6agSS diged 09y ST A
B0 bad o sloars) Glgemiils 5l (295 olyem 4 m555 SloaSd Bize g qwsbymal xS olisls sliul (lLign 8 Lo yle
Joallygins g ool egian (hge il g s5lSesls by, sleslital b 5 aSed )l (a3 lo (coiin lr )Rl S b &
0F] cenl 00,8 @l S o ol dr g s 55, &5 sS4y g5lSesls
SeS b pae Bl 51 (S 0g Al j0 0ul Brae (SO S L dio il pldl 3y Cate (o aS Sla cio i sl
Lol 5 b glaosls plo 5 Jelani 8 5 Joasd (slags, dsmg] Slodlbl slie 5 a5 col ol (sladhaie G2 5 @395
[07] wisS oo 1) 5958 5L b G
©9y 5l 909505 Smion 1) b ol > & kel Xl 015 50 By aSd s ol )3 5 Dolgx 4y gy e oaiiind gosls leslatl
S8 5 lelliss b G s s S G308 scta ) Gl el s ol Sl bl ala o pslia o
S bk P @) Sinl G (G Sue Jsb L) (o3 sl 5 Wed e Sl Sl alold ax L G p @iy 5 W8
WIS (o Job iz Gle,i
5 2> Sleld i 9 @ilwsSl (bl b lacins Uas oS daosls oSl jo jWags cud 0925 b (> 950 slaosls anl
2338 oo Jolo o5 utS g CBo b o558 slrools 4 A ST L ol 5 pslas
2SI algs o (3 diagd aSis el Bl slaosls b aS axiea golSsols 4o g, g0 uble 650l g 5kl 5,50k
a5 05 o0 il Jlgms ol S JL8) (i e @98 @ Gy 5 Al e (nl Sl o i @l Al L) chogs (ol
g a3 )5 15 4wl oo gladins; 4z 50 2l pols g (25 (Slsl aSd syl slagatly (ot 5 5LesSl
o iy s 3 (50485 el o3, 0355 gt SloeSas 5 3 b g8 1S (st el e
Sl 5o Wilg oo oads @i aSd sla ol )5 5 ols Sledbl oL jo solSosls L aS 5, mujer dialign 4 (g,lu3,
&8 45l &l S oy Sl e 5 (6 1S slacadlad 5 loaussl 65,40l )0 5 5 4l (glwdinge 5 Lol GlacJled 5 ge
b Rl 5 B @dad Sl 2 elo il g s plonl (093 4 Dl (IS By gh 485 1S &
ools 7 slo chgels Wb wgole pt laolaz ) RiS 5 Gy gsF a5l Caxd LI gy 16,50 5 yeet (5,800 2 jskaie @
b3l JBlam b (sl oS Sl 3 ol 5 Srelae sl 3 38 S 15 aibg (o See [OV] 555 (655, 1, a5 s
W Y JUN SRR vl B b P
al Sl o] S L Gl oo a5 Cusl ENOX wolgo e I3l 5 30 q598 sloaScd (65l 039 (sl lidle i 51 (S0
Sles a2 asls ¢ (slallas 5 gnale Dl (s 55 5 3md o !5 50 lpn o 5 0 on &5 45 3ol
Sged gl il i 0,38 i ol A gy e 00lo oL 0 AT (g B 55 (> &8, ey D dlas £43,
G 8Sed Sl B (ot SRS 3l el S0 5 (e A iz 5 (Sl slags e 5T 5 el S
iy e e Gy i A5t P 5y bl e (ol K & 45 s slgiiay el Jelow o (O] S it
S B sl i 50 5l a8 el o Sletiay G s 4SS Qliebl Cobl i ln gl Joe Su g [08]0
S el 5 Y e e 45 5| IS ol e o) el LS5 o (s cslasisals 5 5 i

il e

26



2

1P+ 5lee —0) o leuis UptS — yguolS 9 330 (oo (oamass dolilad

o &or g i A

WS 53 dgrge Sl Slb Sy 5 (S Sie S i Brae LW Gl B @i sle 4D (A sy 4 axgi L
5ok @is @ plis el ool hauS ofug axgi j55 )0 5 eles (spel A Sl 10 G me RIS ok 55 e sla
3809y Bk (o0 Br @9 S A ol @ig b NS 5 seen ln slr Tk S be ool el cadBy g0
O anlsn B ol me sl 4ot albsS i 65155 5 seend sl Fse 5 duner slaate sl oslitul e bs o810 cnl 5l 6 ke
w0ad S sl il (quyp e clie Gl o ailes pladl g (3y asli T b ablie (gl g 0050 (e Gt |y 9y Gl S0
Ll ol 255 i sl alhsld slo (g, sl ool 5 Olo qjer 4ot alisSiny 6,00y o sl ilee slo s,
ol 15 5hde (65150 o Lo la g,y 5l eolatwl b aS ol ooy lis pzmen sl 0030 )8 A ST 4l (6 ol O
walizee CYlde 4 gl )l b oges Bdo i g Sl AiSan Glie JBlos 0 (e o 1) moje8 4l 45 (6l O L aSs gl
s )5 g Sledlbl (55l (550955 » (e slaaiosl ooliitnl (655l @ jo5 e 5o Dlinion odee (])F 45 W3 5 asuie
Ay oo 5953 slaaie 31 Sy je aS cwl ools lis Sliass mls el 0dl 35 et (531 Blaie ¢ Ldl o ol egian (he
D b Capl w55 4l sleile i osd msl le Al allsS iy 6N g et Gl e @l 4 e
w08 a5 55 geld L andl sl anils | alsS ey 6,0eS5 5 peend 55l ool il ccbom aSd a4y sy i,lis L
Dly ;0 il oo oly cnl o ange Bro g 65105 wlopw wioils b 5 (el @i aSed S bl 2 sl Y SUBGL 3ges
Lol 358 (o0 wgmme @398 Slo 4l 6lisS iy 6505 5 eond 4 GRS sl s slo el Sl anpe ol S (o 2
Ol 5 IS g e sl Aie 50 (s Ape Cuz o)) 055 BT Sse (GYsb ol ee anie ST e S ol
S salyd ol s dSd (1S s (cdiaisls

27



2

1P+ Hlew —0) o lous UptS — yguolS 9 330 (oo (oamass dolilad

&zl

[1] Mahmoud, M.A.; Md Nasir, N.R.; Gurunathan, M.; Raj, P.; Mostafa, S.A. The Current State of the Art in Research
on Predictive Maintenance in Smart Grid Distribution Network: Fault’s Types, Causes, and Prediction Methods, A
Systematic Review. Energies 2021, 14,5078. https://doi.org/10.3390/en14165078

[2] Thomas, P. et al, Stand Alone Distribution Feeder Inter Area Fault Location Identification System for Indian Utility.
In Proceedings of the 2020 IEEE 5th International Conference on Computing Communication and Automation
(ICCCA), Greater Noida, UP, India, 30-31 October 2020, pp. 258-262.

[3] Bhattacharya, B, Sinha, A., Intelligent Fault Analysis in Electrical Power Grids. In Proceedings of the 2017 IEEE
29th International Conference on Tools with Artificial Intelligence (ICTAI), Boston, MA, USA, 6-8 November 2017,
pp- 985-990.

[4] Korada, p., Devidas, A.R., Studying the impact of AC-microgrid on the main grid and its fault analysis, 2016-Bienn,
In Proceedings of the 2016 Biennial International Conference on Power and Energy (PESTSE), Bengaluru, India,
21-23 January 2016.

[5] Skydt, M.R. et al, A probabilistic sequence classification approach for early fault prediction in distribution grids
using long short-term memory neural networks, Meas. J. Int. Meas. Confed. 2020, 170, 108691.

[6] Sabir, R. et al, Open and Short Circuit Fault detection in Alternators using the rectified DC output voltage, In
Proceedings of the 2018 IEEE 4" Southern Power Electronics Conference (SPEC), Singapore, 10-13 December 2018.

pp. 1-7.

[7] Lau, S.K.,Ho, S.K., Open-circuit fault detection in distribution overhead power supply network, J. Int. Counc. Electr.
Eng. 2017, 7, 269-275.

[8] Wang, H. et al, Prediction of electrical equipment failure rate based on improved drosophila optimization algorithm,
In Proceedings of the 2017 13" International Conference on Natural Computation, Fuzzy Systems and Knowledge
Discovery (ICNC-FSKD), Guilin, China, 29-31 July 2017, pp. 1915-1921.

[9] Chaitanya, B.K., Yadav, A., An intelligent fault detection and classification scheme for distribution lines integrate
with distributed generators, Comput. Electr. Eng. 2018, 69, 28-40.

[10]Marquez, J.J. et al, Diagnosis and Fault Mitigation in a Microgrid Using Model Predictive Control, In Proceedings
of the 2018 International Conference on Smart Energy Systems and Technologies (SEST), Sevilla, Spain, 10-12
September 2018, pp. 1-6.

[11]Feng, D. et al, Optimization Method With Prediction-Based Maintenance Strategy for Traction Power Supply
Equipment Based on Risk Quantification, IEEE Trans. Transp. Electrif. 2018, 4, 961-970.

[12]Wang, B. et al, High-Impedance Fault Detection ased on Nonlinear Voltage-Current Characteristic Profile
Identification, IEEE Trans. Smart Grid 2016, 9, 3783-3791.

[13]Yu, J.J.Q. et al, Intelligent Fault Detection Scheme for Microgrids with Wavelet-Based Deep Neural Networks, IEEE
Trans. Smart Grid 2017, 10, 1694-1703.

[14]Robson, S. et al, Fault Location on Branched Networks Using a Multiended Approach, IEEE Trans. Power Deliv.
2014, 29, 1955-1963.

[15]Ullah, I. et al, Predictive Maintenance of Power Substation Equipment by Infrared Thermography Using a Machine-
Learning Approach, Energies 2017, 10, 1987.

[16] Gururajapathy, S.S. et al, Fault location and detection techniques in power distribution systems with distributed
generation: A review. Renew. Sustain. Energy Rev. 2017, 74, 949-958.

[17]Barik, M.A. et al, A decentralized fault detection technique for detecting single phase to ground faults in power
distribution systems with resonant grounding, IEEE Trans. Power Deliv. 2018, 33, 2462-2473.

[18]Roostaee, S. et al, Experimental studies on impedance based fault location for long transmission lines, Prot. Control.
Mod. Power Syst. 2017, 2, 16.

[19]Zhang, Z. et al, strazivanje sustava zastite releja mikro-resetke, Teh, Vjesn. 2015, 22, 51-59.

[20]Hidayatullah, N.A. et al, Power Transmission and Distribution Monitoring Using Internet of Things (IoT) for Smart
Grid, IOP Conf, Ser. Mater. Sci. Eng 2018, 384, 012039.

[21] Awalin, L.J., Rahmat, M.K., A Recent Development of Monitoring Devices on Smart Grid, E3S Web Conf. 2020,
186, 02004.

[22] Shafiullah, M. et al, Distribution Grids Fault Location employing ST based Optimized Machine Learning Approach,
Energies, 11(9), 2328, 2018.

[23]1L.M. Branscomb, Sustainable cities: Safety and security, Technol., Soc., Vol 28, no. 1, pp. 225-234, 2006.

[24]C.S. Holling, Reselience and stability of ecological systems, Annu. Rev. Ecol. Syst., pp. 1-23, 1973.

28



2

[25]N.O. Attoh-Okine et al, Formulation of resilience index of urban infrastructure using belief functions, Syst. J. IEEE,
vol. 3, no. 2, pp. 147-153, 20009.

[26]0.0. Aderinlewo, N.O. Attoh-Okine, Assesment of a Transportation Infrastructure System using Graph Theory,
2013.

[27] A. Arab et al, Stochastic Pre-Hurricane Restoration Planning for Electric Power Systems Infrastructure, Smart Grid
IEEE Trans. on. vol. 6, no. 2, pp. 1046-1054, 2015.

[28] A. arab et al, Proactive Recovery of Electric Power Assest for Resiliency Enhancement, Access IEEE, vol. 3, pp. 99-
109, 2015.

[29]A. Arab et al, Post-hurricane transmission network outage management, in Proc. IEEE Great Lakes Symp, Smart
Grid New Energy Econ., pp. 1-6, 2013.

[30] A. Arab et al, Transmission network restoration considering AC power flow constrains, in 2015 IEEE International
Conference on Smart Grid Communications (SmartGridComm), pp. 816-821, 2015.

[31]A. Arab et al, Electric Power Grid Restoration Considering Disaster Economics, 2016.

[32]L. Molyneaux et al, Resilience and electricity systems: A comparative Analysis, Energy Policy, vol. 47, pp. 188-201,
2012.

[33]D.A. Reed et al, Methodology for assessing the resilience of networked infrastructure, Syst. J. IEEE, vol. 3, no. 2,
pp. 174-184, 2009

[34]M. Ouyang et al, A three- stage resilience analysis framework for urban infrastructure systems, Struct. Saf., vol. 36,
pp. 23-31,2012.

[35]M. Ouyang, L. Duenas-Osorio, Multi-dimensional hurricane resilience assessment of electric power systems, Struct.
Saf., vol. 48, pp. 15-24, 2014.

[36] Sharma. R. et al, Detection of Power System Faults in Distribution System Using Stockwell Transform, In Proceeding
of the 2018 IEEE International Students’ Conference on Electrical, Electronics and Computer Science (SCEECS),
Bhopal, India, 24-25 February 2018, pp. 1-5.

[37]C.M. Bishop, Pattern Recognition, Mach. Learn. vol. 128, pp. 1-58, 2006.

[38] Executive Office of the President, Economic Benefits of Increasing Electric Grid Resilience to Weather Outages-
August 2013.

[39]C.K. Pang et al, Security Evaluation in Power Systems Using Pattern Recognition, IEEE Trans. Power Appar. Syst.,
vol. PAS-93, no. 3, pp. 969-976, May 1974.

[40]D.J. Sobajic, Y.-H. Pao, Artificial neural-net based dynamic security assessment for electric power systems, IEEE
Trans. Power Syst., vol. 4, no. 1, pp. 220-228, 1989.

[41] A.D. Papalexopoulos et al, An implementation of a neural network based load forecasting model for the EMS, IEEE
Trans. Power Syst., vol. 9, no. 4, pp. 1956-1962, 1994.

[42] G.N. Kariniotakis et al, Wind power forecasting using advanced neural network models, IEEE Trans. Energy
Convers., vol. 11, no. 4, pp. 762-768, 1996.

[43]S.D. Guikema, Natural disaster risk analysis for critical infrastructure systems: An approach based on statistical
learning theory, Reliab. Eng. Syst. Saf., vol. 94, no. 4, pp. 855-860, 2009.

[44]D. Thukaram et al, Artificial neural network and support vector machine approach for locating faults in radial
distribution systems, IEEE Trans. Power Deliv., vol. 20, no. 2, pp. 710-721, 2005.

[45]R. Nateghi et al, Comparison and validation of statistical methods for predicting power outage durations in the event
of hurricanes, Risk Anal., vol. 31, no. 12, pp. 1897-1906, 2011.

[46] C. Cortes, V. Vapnik, Support-vector networks, Mach. Learn., vol. 20, no. 3, pp. 273-297, 1995.

[47]1Rozhin Eskandarpour et al, I mproving Power Grid Resilience Through Predictive Outage Estimation.

[48]Rajaei, N. et al, Fault current management using inverter-based distributed generators in smart grids, IEEE Trans.
Smart Grid 2014, 5, 2183-2193.

[49] Samanta, S. et al, An approach for power system fault diagnosis using current samples towards smart grid operation,
In Proceedings of the 2014 International Conference on Control, Instrumentation, Energy and Communication
(CIES), Calcutta, India, 31 January-2 February 2014, pp. 743-746.

[50]Dhend, M.H., Chile, R.H., Efficient fault diagnosis in smart grid using non conventional mother wavelet function, In
Proceedings of the 2016 IEEE PES Asia-Pacific Power and Energy Engineering Conference (APPEEC), Xi’an,
China, 25-28 October 2016, pp. 342-347.

[51]Ntalampiras, S., Fault Diagnosis for Smart Grids in Pragmatic Conditions, IEEE Trans. Smart Grid 2016, 9, 1964-
1971.

1P+ Hlew —0) o lous UptS — yguolS 9 330 (oo (oamass dolilad

29



2

1P+ lew —0) o lous UptS — ygmolS 9 330 (oo (oamass dolilad

[52]Rajendran, G. et al, Cyber Security in Smart Grid: Challenges and Solutions, In Proceedings of the 2019 2"
International Conference on Power and Embedded Drive Control (ICPEDC), Chennai, India, 21-23 August 2019, pp.
546-551.

[53]Bayindir, R. et al, The path of the smart grid —the new and improved power grid, In Proceedings of the 2016
International Smart Grid Workshop and Certificate Program (ISGWCP), Istanbul, Turkey, 21-25 March 2016, pp. 1-
8.

[54]Hossain, E. et al, Utility Grid: Present Challenges and Their Potential Solutions, IEEE Access 2018, 6, 60294-60317.

[55]Baimel, D. et al, Smart Grid Communication Technologies, J. Powe Energy Eng. 2016, 4, 1-8.

[56] IRNA News Agency, https://www.google.com /amp/s/www.irna.ir/amp/85498647/, August 2024.

[57] Shervin Asadzadeh, Modeling and Optimal Prediction of Eqipment Failure Rate in Power Distribution Networks,
Journal of Quality and Productivity in IRAN"s Power Industry- No. 15, 2019.

[58] Quiroga, O. et al, Fault Causes analysis in Feeders of Power Distribution Networks, Renewable Enegries and Power
Quality Journal, vol. 1, no. 5, pp. 1269-1272, 2011.

[59]Kaigui, X. et al, Reliability Forecasting Models for Electrical Distribution Systems Considering Component Failures
and Planned Outages, International Journal of Electrical Power and Energy Systems, vol. 79, pp. 228-234, 2016.
[60]Moamin A Mahmoud et al, An Ontology-Based Predictive Maintenance Tool for Power Substation Faults in
Distribution Grid, International Journal of Advanced Computer Science and Applications, vol. 11, no. 11, 2020.
[61]]. Olalekan Awujoola et al, Machine Learning and Predictive Maintenance in Smart Grids, Al and Blockchain in

Smart Grids, 2025.

[62]M. Y. Arafat, Machine Learning Scopes on Microgrid Predictive Maintenance: Potential frameworks, challenges,
and prospects, School of Electrical and Data Engineering, University of Technology, Sydney, Renewable and
Sustainable Energy Review (190), 2024.

[63]Md. Nuruzzaman et al, Predictive Maintenance in Power Transformers: A Syatematic Review of Al and IoT
Applications, 1st Global Research and Innovation Conference, 2025.

[64] Alireza Joshan, Analyzing and optimization of smart grid operation using of machine learning algorithms: challenges
and new solutions, Quarterly journal of Electrical and Computer Engineering-Kahroba, NO. 47, 2025.

[65]Mehdi Aref Khiabani, Smart grid: Technologies, pros. and cons., Quarterly journal of Electrical and Computer
Engineering-Kahroba, NO. 46, 2024.

30



