Yuupep3urer y beorpany

Enexrporexnunaku gpakynrer

HACTABHO-HAYYHOM BERY

IIpeamert: Pedepar o ypahenoj noxropckoj mucepranuju kaununata Haszupa Anrana

Omryxom HacraBHo-Hayunor Beha Enexktporexumdkor ¢axyiarera TOHETOj Ha
cemHUIM onpikaHoj 2.6.2026. romune (6poj ommyke 1005/15 ox 2.6.2026. roaune),
MMEHOBaHM cMO 3a uiaHoBe Kommucuje 3a Tpersie] U OLEHY JOKTOPCKE aucepTaiuje
kaaaunata Hazupa AnBana 1moji HaclloOBOM

“Ecrumanuja gasopa y pesiejHoj 3alITHTH Kopumhemem MoaupHKOBaHe
KOBapHjaHTHe MeToxe

Ilocne mpernena mocTaBjbeHE JHCEpTalje M APYrUX IpaTehux Marepujala u
pasroBopa ca kanaugaroM, Komucuja je caunnuna cieaehu

PEGEPAT

1. YBOJ

1.1. XpoHosoruja onobpasama 1 U3pajie JIcepTailiie

24.2.2026. ronuHe KaHIUAAT je IPUjaBUO TEMY 3a U3pajy HOKTOPCKE JAUCEPTalHje.

3.3.2026. rogune Kommucuja 3a crymuje tpeher creneHa pazMarpalia je Ipeuior TeMe 3a
U3paay JOKTOpCKe mucepranuje W jgana npemtor Kowmucuje o OLEHH HaydHE
3acHOBaHOCTU TeMe HacTaBHO- HayuyHOM Behy Ha ycBajame.

10.3.2026. ronune Hacrapno-Hayuno Behe umenoBano je Komucujy 3a oLeHy Hay4He
3aCHOBAHOCTH TEME JJOKTOPCKE JINCepTallyje.

21.4.2026. roguae HacraBuo-uayuHo Behe ycBojunmo je M3semraj Komucuje 3a omery
Hay4YHe 3aCHOBAHOCTH Te€Me JJOKTOPCKE AUCEepTalHje.

20.5.2026. romune Behe HayuHumx 00JIaCTH TEeXHHUYKUX HayKa Iajio je carjlacHOCT Ha
IpeJuIoT TeMe JTOKTOpcKe mucepranyje. Pememe Opoj 61206-1641/2-26.

21.5.2026. roguHe KaHIUAAT je MPeIao JOKTOPCKY JUCEpTalli]y Ha OLCHY.

26.5.2026. romuue Kommcuja 3a cryaumje Tpeher cTemeHa HOTBpAMIA j€ HCITyEHBEHOCT
oTpeOHUX YCIIoBa 3a Mpeiajy MucepTanuje u mpeanoxuna HacrapHo-HayunoM Behy
daxynrera popmupame Komucuje 3a olleHy JOKTOPCKE TUCEPTALM]E.

2.6.2026. romune HacrasHo-Hayuno pehe ®akynrera mveHoBaso je Komuchjy 3a oneny
nokropcke aucepranuje (Omryka op. 1005/15 on 2.6.2026. ronune).




1.2. Hayuna obnact aucepraimie

Jucepranuja xangunata Hasupa AjBana npuriaga HayuHoj obyacti TexHuduke HayKe
— Enextporexnuka, yxa HayuHa oOmact EnexTpoeHepreTcku cHCTeMH. 3a MEHTOpa
nucepranyje je onpehen np Bemko Ianuh, Banpenan npodecop Yuusepsutera y beorpany
— Enexrporexnuukor ¢gakynrera, n3abpan 300r CBOT H3Y3€THOT AOIPHHOCA ¥ Y)KO] HAYUHO]
obnactu EnexTpoeHepreTcKu CUCTEMH, TOCeOHO y 06IacTUMa JJUrHTAIHE 00paje CUuruaia u
3aIITUTE €JIEKTPOCHEPIeTCKUX CHCTEMA, Kao U IpoiieHe ¢a3opa U meHuX nephopMaHCH Y
pesejHoj 3alUTHTH, IITO Cy YjeJHO U TeMe OBE JOKTOPCKE JUCEpTallHje.

1.3. buorpadbcku nomany o KaHIUAaTy

Hasup Axmen Ansan pohen je 7. mapra 1981. rongune y Mocyity, Upak. OcHOBHY U
cpenmy wmkomy 3apmuo je 2001. roguae y Mocyny. HMcre rogune ymucao je ITpupomno-
MaTeMaTU4Ku (pakynreT Ha TexHomomkoM yHuBepsurtery y barmany, riue je 2005. roaune
mariomupao Ha Ojceky 3a TeXHUUYKO 0Opa3oBame M CTEKAo 3Balbe JUIIIOMHUPAHOT
UHXXEHEPA eJIEKTPOTEXHUKE.

Mactep cryguje ymucao je 2015. rommue Ha Ojicexy 3a eIEKTPOTEXHUKY U
eNeKTpOHNKY Ha @akyiTeTy 3a eNeKTPOTEeXHUKY VYHuBep3uTeTa Acolujaiuje TypCKe
aeponaytuke (University of Turkish Aeronautical Association). Jlurmiomupao je ca
npoceyHoM oneHoM 8,833, onbOpanmBmim 25. oktobpa 2017. rommHe Mactep Te3y IOJ
Ha3uBoM “VYTunaj ypehaja GprekcnOUIHAK anTepHATHBHUX CHCTEMa 33 MPEHOC EIEKTPUYHE
enepruje (FACTS) Ha nepdopMaHce TUCTAHIIMOHUX pefieja y MPEHOCHUM JajeKoBO uMa”
(“Effect of Flexible AC Transmission System (FACTS) Devices on Distance Relay
Performance in a Transmission line”), mox mentopctBoM mpod. ap Jlorana Yanmkoriya
(Dogan CALIKOGLU). '

Kanmumar je ynmcao pokropcke cTyamje Ha EnekrporexHudkoMm (pakyireTy
Vuausepsutera y beorpany, Ha cryaujckom mporpamy EmekrpoeHepreTcke Mpexe u
cuctemu, mkoincke 2021/2022. ropune. TOKOM JOKTOPCKHX CTYJHja IIOJIOKHO j& CBE
npenBuheHe UCIUTE ca MPOCEYHOM orieHoM 9,71.

Kannunar uma Bume ox 17 roawnHa mpodecHOHATHOT MCKYCTBA Y EHEPreTCKOM
CEKTOpY U 3amocieH je y MunucrapcTBy 3a enextpuuHy eHeprujy Pemy6nuke Upak, rae je
aHTaKOBaH Ha IIOCIOBUMA IJIaHUPAaa, IPOjeKTOBAIbA, U3TPATHEE M ONpXKaBaha CICKTpaHa
U TIPEHOCHUX €JIEKTPOEHEPTeTCKUX Mpexa. PYKOBOIMO je OpOjHUM KPUTHYHHM ITPOJEKTUMA,
Kao HITO Cy MOHTaXa, TECTUPakEe U MyIITame y paj TpaHcopmaTopckux cranuua 33/11
kV y rpagy Mocyny, a 6M0 je W HaI30pHH HHXEHEP Ha TPAIUIIHIITY TOKOM H3Tpalibe
racue enekrpane An-Kajapa (AL Qayyarah Gas power plant, 6x125 MW-E9). Takobe,
pazyo je Kao HaJ[30pHU HHXEHep Ha pexabunmurtanuju racHe ejekrpade An-Kajapa, kojy je
u3Besa amepruka xomranuja [lenepan enexkrpuk (General Electric Company - GE).

AyTop je Tpu Hay4Ha pajaa objaBibeHa y Mel)yHapogHUM dacomucuMa u 300pHAIIMA
ca koH(pepeHUmja, yKIByUyjyhu jeman pax y dacommcy wuHjaekcupanom Ha SCI mmetm




(kateropuja M22, wuacormc *Energies*) u HeKOIHMKO pajoBa KaTeropuje M30 Ha

peromupanum IEEE xordepennujama.

Teuno roBopH apanCKu M €HTJIECKH je3WK, a MMOceIyje U OCHOBHO 3HAH€ TYPCKOT
jesuka.

2. OTINC INCEPTAINJE

2.1. Caapexaj nucepratiuie

JlokTopcka aucepranyja kanmuaata Hasmpa AJIBaHA CTPYKTYpHUPAHA j y HEKOIHKO
JIOTMYKUX LEeNuHa Koje oOyxBarajy cemam IMornaBiea. llomasehn ox wMcTpakuBadykor
U3a30Ba, [[MJbE€BA U IIPETIIOCTaBKH, Ka0 W Mperyiefia Mmoctojeux crparerdja 3a mpoleHy
(azopa KoM 3aTUTHUX peleja, jaucepTaiuja ce GoKycHpa Ha Ipobiem npoiene daszopa y
peNejHO] 3aIUTUTH, pa3Boj OJIOKa 3a TNPOIEHYy YHyTap Mojelia pelicjHe 3alliTUTe U
YIIPaBJbaUKUX pPecypca, ONTHUMU3ANMOHE alTOPUTME, HMILIEMEHTAIN]Y U TeCTHPAbe
IPEMIOKEHUX MOCTYIaKa, Ka0 U Ha aHalIu3y JOOMjeHHX pe3yirara, 3ak/bydke u Moryhe
MpaBIe Ja/bUX UCTPAKUBAIbA.

2.2. Kparak opyKas HojeMHaYHUX HOLJIaB/ba

VY npBOM MOIJIaBJbYy pa3MaTpajy ce UCTPaXMBAUKW MU3a30B, ITUJBECBH W MPETIIOCTABKE,
Kao ¥ mperieq mocrojehmx crpareruja 3a mnporeHy Qasopa Koja 3alITUTHHX peneja. OBo
norjgaBjke 00yxBaTa Mpernief MeToja 3a MporeHy ¢as3opa, jacHO QopMmyImcaHe
UCTpa’kMBaYKe U3a30B€, INIABHE JHOMPUHOCE AUCEPTAIIM]jE, KAa0 U CTPYKTYPY CaMOT pajia.

Jpyro moOriaBjbe OINHCYJE ApPXUTEKTYpy IUTHTAIHUX CHCTEMa peliejHe 3allTHTe,
NOKpyBajyhu pUKyIbamke CUTHANA, Y30PKOBAKE U JUTUTANHY 00pay CHTHANA.

VYV TpeheM mnornaBpy pa3Marpajy ce TEOPHjCKH KOHIeNTH mpoiuieHe (asopa, ca
¢dokycom Ha nuckpetHy ®@ypujeoBy TpaHchopMaldjy U E-€Ha OrpaHHYeha y IMPea3HUM
PeXUMHMA U TIPH HEHOMUHAIHUM YCJIOBUMA.

Y HapenHUM IIOIJaB/bUMa KaHAWIAT Jaje NeTaJbHY aHalM3y NPUCTYIa 3a MPOUCHY
CIIEKTpaJHUX KapaKTepUCTHKa CHUTHala, ca (OKycOM Ha MapaMeTapcke METOJIE BUCOKE
pesoynuje U MOJU(pUKOBaHY KOBAPUJaHTHY METOJY.

Y 3aBpIIHOM [ely JucepTaliije MpeACTaBbeH je IPENIOKEHH MOMU(GUKOBAHK
KOBAapHJaHTHU JUTUTaNHA QuiTep o4MmheHuX KapakTepUCTUYHMX XapMmoHuKa (MC-
CCHDF — Modified Covariance Cleaned Characteristic Harmonic Digital Filter) n meroBa
Mmaremaruuka gopmynanuja. IIpeamoxena crpateruja BamuaupaHa je Kpo3 CUMYalldOHE
CTyZIHje W KOMIIAPaTUBHY aHaNu3y NnepdopMaHC MOMONY CTaHIapAHUX HHIEKCAa TAUHOCTH.




Y 3aKk/py9HHM IIOIVIABJBHUMA CYMHUpPAHH Cy TJIABHH PE3YJITaTH HCTPaXKUBamba, Ca
HaIJIaCKOM Ha YTULAj AeTaJbHOT MOACIHPakha U MPeJIOKEHIX METOONOIIKAX IPUCTYIIA HA
peNejHy 3aIliTUTy .

Ha xpajy nucepranuyje je mata Jmcra KopuinhieHe JHWTepaType NPUIKAKOM H3paje
JIOKTOPCKE TUCEpPTAIlHje.

3. OHEHA JUCEPTAIOUJE

3.1. CaBpeM€EHOCT ¥ OPUTHHAIHOCT

Tema poxropcke pucepranuje xanngwpara Hasupa AsnBana je akTyeiqHa © y
IOTIYHOCTH  ycKnahleHa ca  CaBpeMEeHHM  TpeHIOBHMa vy  o0lacTd  3alirTuTe
CIEKTpOCHepreTcKux cucrema. MoKyc je Ha yJio3u IporieHe (azopa y AUTHTAIHO] PENejHO]
3aMITUTH IITO OAroBapa TPEHYTHUM HCTPXMBAUKUM M WHAYCTPHUjCKUM MPUOPUTETHAMA Y
MOJECPHUM €JIEKTPOCHEPIeTCKUM MpeaMma, IIaMEeTHHUM Mpexama © Mpexama ca
UHTETPUCAaHUM OOHOBJBUBUM U3BOPHMA EHEPTH]E.

OpuruHamHOCT JMCepTaIdje Oriejia Ce Yy Pa3BOjy JAeTalbHOr MojeNa 3a MPOIEHY
(azopa HalOHa UK CTPYje, Kao U ¥ MPEeIOKEHOM OKBUPY 3aCHOBAHOM Ha MOJIU(PUKOBAHO]
KOBapHjaHTHO] METOJH, KOjH YKJby4yje KOHLENT aJalTHBHOI M PayyHAPCKU ePUKACHOT
dunTpupama, ca UbHEM JIa ce IpeBa3ul)y TPEHYTHH TEXHWYKK HEJOCTalld M OrpaHuYeibha
KOja UMajy KJIacH4YHe TeXHHKe IpoieHe (asopa. [Toceban gonprHOC MpeicTaB/ha aHAIH3a
yTHIIaja pella MoJena KopulIheHe ayTOperpecMBHE METOJE CIEKTpalHe eCTUMAIlMje Ha
pesynrare ecTuMaudje, Kao U IPe;or MeTpHKa 3a KapakTepusanujy mepdopMaHCcH
€CTUMAalLlHOHOT IIOCTYIIKA.

Ilpennoxenn MeToJ W HOCTyNIM TpYyXKajy HOBE YBUAE Y  3aIlTUTY
€JIEKTPOEHEPIeTCKUX CHCTEMA, a JOOUMJeHU Pe3ynTaTH MOKa3yjy lia JACTaJbHO MOJCITHpArhe
JOBOJH JI0 3HA4ajHO OOJBUX TEXHUYKUX M CKOHOMCKHX rokasaresba neppopmancu. Ha Taj
HaudH, OBa JUCEpTanyja JOHOCHM OpPUTHHAJAH JONPHHOC HAYYHO] OOJIACTH IIIaHMpama
3AIITHTE EJIEKTPOEHEPTETCKUX CUCTeMa y OynyhuM (IieKCUOMIIHUM eleKTpOSHEePreTCKIM
CHUCTEMUMA.

3.2. OcBpT Ha pedepeHTHY U KopuihieHY JIUTEpaATVDV

Jluteparypa xopumheHa y qucepranyjy je oOMMHa U caBpeMeHa, U 00yXBaTa 3HadajaH
Opoj paioBa U3 peHOMHpaHuX Meh)yHapoqHUX yaconuca u 300pHUKA ca KOH(EpeHIrja Koju
ce 0OaBe mpoueHoM ¢azopa M HEHOM MPUMEHOM Y 3alUTHTH U MOHUTOPUHTY
enexkTpoeHepreTckux cucrema. IloceOnHo je BpemHo umcrahm na mpernien JUTEpaType
obyxBaTa ¥ HEHAaBHE paJOBE KOJU OJIpaXKaBajy HajHOBHje TPEHIOBe y YyHarpelemy
MOY3aHOCTH IpoleHe (a3opa y HEMOBOJFHUM yCIIOBUMA.




Kanaupar mokasyje IyGOKO NMO3HABAame PENCBAHTHHUX H3BOpA, KOje CHCTEMATHYHO
KOPUCTH 32 (QOpMyNUcamke HCTPAKUBAYKOT MpobiieMa, Yyouapamhe HEeJoCTaTaka vy
nocrojehuM NpHCTynMMa W oOIpaBlaBame HOTpeGe 3a CIPOBEINEHHM HCTPAKUBAEM.
WsBopu cy nutupanu GOpMAaIIHO IPABUITHO, ajli CY W KPUTHYKH aHAIU3HPAHH Y KOHTEKCTY
TeMe, IIPU YEMY CYy JaCHO UCTAKHYTE CIMYHOCTH U PA3NIUKe y OJHOCY Ha MPETXO/HE PajIoBe,
mwTo noTeplyje ma je xopumhieHa JIHTepaTypa y NOTIYHOCTH afeKBaTHA, aXypHa U Ja
NpyXXa Hay4Hy OIPaBJaHOCT 3a MPENIOKEHe MOJIeIIe K METO/IE.

3.3. Onmc 1 aleKBaTHOCT IIPUMEHBEHUX HAVYHUX METOIA

Hay4nu MeTou IPUMEBEHN Y IUCEPTALMjH ¥ TIOTITYHOCTH CY Y CKJIay ca MPpUpOIOM
UCTPaXXMBAYKOr  mpoOineMa W CaBpPEeMEHOM  MpakcoM Y o0yiaCcTH  3aIlThTe
CIIEKTPOCHEPIeTCKUX CHUCTeMa U IpoleHe ¢asopa. Kanmmmar je Hajupe W3BPIIHO
cBeoOyXBaTaH Iperje]] JIUTepaType, a 3aTuM je GOpMyIIHcao MaTeMAaTHUKU MOJEN pelejHe
3allITUTE, YKIbY4yjyhr KOHIENT Mou(uKoBaHe KOBaApHjaHTHE METOJIE, YHjU Cy ITapaMeTpH
CYIITHHCKY UHIMKATOP 3a MPELU3aH MOHUTOPUHT (a3opa HANOHA M CTPYja y CaBPEMEHHIM
mpexxama. Ilonasue xunotese ymyhyjy Ha To Ja ce 3aMEHOM TPaJAUIMOHAIHUX OJI0OKOBa 3a
[IPO30POBAMbEe CUIHAJA U JETEKIM]OM BPIHIHMX BPEAHOCTH €CTHMATOPOM 3aCHOBAHUM Ha
MOAHM(HUKOBAaHO] KOBAapHjaHTHO] METOMH MOTY mpeBasulii HEIOCTAIlM  Y3POKOBAHH
UHTEPXapMOHHUJCKUM HHTEepPEPEHIHjaMa U [IIYMOM TOKOM Mpeia3HuX PeKuMa.

Kako 6Ou pemmo mnpoGieM CIOKEHHX IpEeNasHuX pEXHMa, ayTop IPeicTaBiba
yHanpeheHH KOHLeNT ¢uiuTpupama Koju omoryhasa mpeBaswiaxeme onpehenux
OTrpaHHYEHa TPaAUNHOHAIHE CHEKTpaIHe aHaln3e, Kao WITO Cy Iypemhe CIEKTPa W HUCKA
pesonyurja. HoBopa3eujenu MeTon, koju je 3acHOBaH Ha MOAU(HUKOBAHO] KOBAPH]aHTHO]
meromn (MCM) wHTerpucaHoj y JUTHTATHA XapMOHHjCKH duarap ounimhennx
kapaxtepuctuka (CCHDF), moxe ce KOPUCTHTH 3a IMOY3JaHo oJpeljuBame mapamerapa
CHI'HajJa Ha OCHOBHO] YYE€CTaHOCTH, Ka0 ¥ XapMOHUKA U MHTEPXAPMOHHKA Y EIEKTPUIHUM
curgamuma. OcuM Tora, IpeIokeH je poOYyCHUjU HPUCTYI 33 TPETHPAhE alepHuoIuuHe
(JemHOCMepHE omanajyhe) xoMmoHeHTe W HecTabwiHOCTH (pexsennuje. M300p meToqa u
I[lapameTapa ajJropuTMa je OIpaBJiaH, a TaYHOCT NMPHUCTYIa je Bepu(HKOoBaHa Kpo3 OpojHe
cuMynanuoHe creHapuje. Ha Taj HauWH je TOKa3aHO Ja Cy H3abpaHd HAYYIHU METOU
oaropapajyhu 3a nu/beBe aucepramuje W jga omoryhapajy - mo0ujame MOy3JaHUX U
MPUMEHJPUBUX PE3YNTATA.

3.4. IlpuMeH/EUBOCT OCTBAPEHUX PE3YIITATA

Pesynratu nobujenu y oBOj Te3U MPUMEHIBHBH CY Y €JIEKTPOCHEPIeTCKHM CHCTEMIMA,
KOHKPETHO y pa3BOJy HaIlPeAHUX AUIMTAIHUX 3AIITUTHUX peleja U ypehaja 3a MOHUTOPHHD
Mmpexxa. HoBopasBujeHH anropuraM ce MOXe JIaKO UMIUISMEHTHPATH YHyTap AUTHTATHOT
curHanHor mponecopa (DSP) wumm  MukpokoHTpoiiepa kako OM ce KOPHCTHO - Y
MHTEJIMTeHTHUM eslekTpoHckuM ypehajuma (IED) 3a nujarHocTHKy Mpexa y peajHoM
BpeMeHy. TakaB KOHLENT OU Ipe/CcTaB/bao 3Havajal HaIpeJaK y OBOj 00MacTH U JONPUHEO




ou HOBGhaH)y IIOY3AaHOCTH CHCTEMa 3alllTHUTEC Y IHNPUCYCTBY CaBPEMCHHUX CHEPIEeTCKUX

H3BOpa 3aCHOBAHUX Ha UHBCPTOpUMA.

3.5. OteHa AOCTUTHYTUX CIIOCOOHOCTH KaHAHUIATA 33 CAaMOCTAJIHHU HAay4YHH paJi

Ha ocHOBY IpHKa3aHOI UCTpaKUBawa, CTPYKType U cajipXaja Jucepraiuje, Kao H
00jaBJbe€HUX PaZioBa, MOXE CE 3aKIJPYUHTH Jia je Kauaunat Hasup AJBaH cTekao HEOIXOAHE
BENITMHE 32 caMocCTalaH HaydHu paja. Kauaujgar je camocTanHo  (PopMynucao
UCTpaxuBauky 1pobieM, wu3zabpao onromapajyhe HaydHe wMeTone, CIPOBEO OOMMHE
CHUMYJallMOHE CTYAM]E, W3BPIINO HYMEPUUKY aHalu3y W KPUTHYKN HHTEPIPETHPao
nobujene pesynrare.

Ob6jaBibrBame pe3yirara UCTpakuBama y MehyHaponuuM dacomucuma ca SCI nucre
U Ha peleBaHTHUM KOHQEpeHIMjaMa IIoKa3yje Ja je KaHaujar cmocobaH Ja CBoje
UCTPaXUBaKE MPEJICTaBU HAYYHO] JABHOCTH Yy CKJIAy ca MpodeCHOHATHUM CTaHIapIuMa.
CBe HaBeZieHO BOIM JO 3aKJbydKa Jia KaHJIUAAT MOCEAyje BHCOK HUBO TPOQECHOHATHE
3pEOCTH W WCTPAXKHWBAYKE CAMOCTAJIHOCTH HEOIXOJHE 3a JIaJbl HAyYHW M aKaJeMCKH
pasBoj.

4. OCTBAPEHU HAYYHU JOIMPUHOC

4.1. Tlpukas ocTBapeHux HAaYYHUX JTOHNPHUHOCA

Jloktopcka nmucepranmja Kapaumgata Hasupa AnBaHa cafpXu HEKOJIUKO JAacHO
NepUHICAHNX HAYIHHX JIOTIPUHOCA Y OOJIACTH 3allITUTE U TIPolieHe da3opa HalloHa U CTpyja
Y €JIEeKTPOEHEePreTCKAM CUCTEMHUMA.

IlpBu 3HauajaH IONMPUHOC je pa3BOj NEeTalbHOT MOJeNa 3a MpoleHy ¢a3opa Koju
YKJbyUyje JeTajbHe MOJIelie 3allTATE eIeKTPOSHEPTeTCKIX CUCTEMA.

Jpyru JOOpHHOC Orjiefa ce y HOBOPA3BHjEHOM aJilTOPUTMy 3aCHOBAHOM Ha
MOTUPHUKOBAHO] KoBapHjaHTHO] MeToau (MCM) mHTErprcano] y AUTUTAIHYA XapMOHH]CKH
¢unrap ounmhenux kapakrepucruka (CCHDF), xoju omoryhasa moy3gano onapehupame
IapaMeTapa CHIHajla Ha OCHOBHOj yYECTAaHOCTH, KA0 W XapMOHHMKAa ¥ MHTEPXapMOHHUKA Y
eNIEKTPIUYHUM CUTHAIMMa HaroHa W cTpyje. Ilopen Tora, oBaj meTon yBoau poOycHH]H
OPUCTYIl 3a TpeTupame anepuojuuHe (jexHocMmepHe omanajyhe) KOMIIOHEHTe H
HeCTaOUITHOCTH (PpEKBEHITH]E.

Tpehu mompuHOC ce cacToju y TOMe ITO Cy pe3yiaTaTd JucepTaluje IoTBpheHn Kpo3
nyOnukanuje y MeljyHapoJHuM dYacomnucuMa U 300pHUIMMa ca KoH(epeHLHja, THE Cy
NPEeCTaBIbEHH CTPYYHO] JaBHOCTH U OICHEHH Ka0 PEJIeBAaHTHU U OPUIMHAJIHU y OOJIAaCTH
MEeTO/Ia 3a MpolleHy (azopa HATIOHA U CTPYja KOJ AUTHTAIHUX 3aIITUTHUX pelleja.




OcTBapeHd Hay4HH JONPHHOCH Yy MOTIYHOCTH CY Y CKJIaAy ca OYEeKHBAHHM
JonpuHocHMa HaBeleHuM y OOpas3iioxemy TeMe JOKTOPCKe JucepTalllje, ¥ JOJATHO CY
KOHKPETH30BAHU KPO3 Pa3BUjEHE MOJENE, ATOPUTME U CTYIHjE CIIyYaja.

4.2. Kputndka agajasa pe3yiTara NCTDaKHBamkha

PesynTaTi HCTpaKUBamka Cy CHCTEMATCKH MPUKA3AHN ¥ KBAHTUTATUBHO aHaIM3UPaHH,
Ca JaCHHM HarjackoM Ha eeKTe IPEIIOKEeHUX METO/Ia Ha METO/IE TIpolieHe (a3opa HaoHa
U CTpyja KOJ JUTMTaTHHUX 3aIITUTHUX peteja. [Toce6HO je BaxkHO WITO je Kpo3 mopelieme
JENHOCTaBHMX H JeTaJbHUX MOJeNa MOKa3aHo Jia u3bop pelja YCBOJEHOI MOJENa MOXKE
JIOBECTH JI0 pa3iiMKa y eCTUMAaHOHUM INepdopMaHcaMa IITO je MPaBH MyT Ka ONTHMATHOM
CIIEKTPATHOM €CTHMATOPY.

Yuyrap npemroxkenor MC-CCHDF xonnenTa, kaHauaarT je KpUTHYKH HCIUATAO
KOMIIDOMHC H3Mel)y TauHOCTH M padyHapcke ehMKaCHOCTH, JeMOHCTpupajyhu TvMe na
NPEJIOKEHH IPUCTYI — Kao0 INTO U JOOUJEHH pe3ynTaTH MOTBPhyjy — NpykKa IpenusHo,
CTaOHMIIHO U padyHAPCKH M3BOJJBHBO PEIICH:E 3a HAIPEHE JUTUTAIHE CHCTEME 3ALITUTE U
MOHHUTOpHHIA, Hynehn jacHo yHampeheme y ofHOCY Ha moctojehe TeXHUKe ONMHUCAHE Yy
JTATEPATyPH.

4.3. Bepudukaliija HayYHUX JOIMPUHOCA KPO3 MyOIuKaIiie

Kanupar je ayrtop/koayTop BHIE HayyHux mybOnukanuja y MelyHapOaHUM
YacommcyuMa M 300pHHIMMA KOH(epeHIHja u3 o0JIaCTH eNeKTPOCHEePreTCKUX CHCTEeMa,
MHKpOMEpEXa U KBaJuTeTa eleKTpuuHe eHepruje. [loceGHo Tpeba nctahu jeman panm Koju je
objaBbeH y yacomucy ca SCI nucre, xateropuja M22, Koju je IUPEKTHO MOBE3aH ca TEMOM
JIOKTOpPCKE JHCepTalyje, Kao M BHUIIE pajoBa y OKBHPY MeljyHapoJHUX KoH(epeHIHUja
kareropuje M30.

JIucra pagosa:
M20 (aacomucm)

[M22] Natheer Alwan and Veljko Papic, (2026), “Phasor Estimation of Transient Electrical
Signals Using Modified Covariance Enhanced Cleaned Characteristic Harmonic Filtering in
Protection Relay”, Energies 19, no. 3: 711. https://doi.org/10.3390/en19030711.

M30 (xondepenuje)

[M30] Natheer Alwan and Veljko Papic, (2026), “Evaluation the Modified Covariance
Method Performance with Cleaning Characteristic Harmonic Digital Filter in Protection
Relay”, ETRAN Conference, Silver Lake, Serbia, June 2026.

[M30] Abed, Amir, Natheer Alwan, Munther H. Abed, and Goran Dobric, (2023),
“Efficiency of post-processing in PMU based state estimation of renewable energy
microgrids”, in Proceedings of 2023 IEEE Belgrade PowerTech conference, pp. 01-06.
IEEE, 2023. doi: 10.1109/PowerTech55446.2023.10202834.




5. 3AK/bYYAK U IPEJJIOT

Ha ocHoBy yBuIa y IOCTaBJbE€HY NOKYMEHTAIM]y, Nperiiea W aHajiu3e JOKTOPCKe
aucepranyje kangunara Hasupa AnBawa moj HaclnoBoM ,,Ectumanuja dasopa y peiejHoj
3aIITUTH KOpuIIhemeM MOIU(PHKOBaHE KOBAapHjaHTHE MeToZe , Kao W pa3roBopa ca
kanpunaroM, Komucuja koncraryje ia mucepranuja:

* CaAp)XU OPUTHHAJIHE HAy4YHE AOTNPHHOCE y OONACTH ENEKTPOCHEPreTCKUX CHUCTEMA,
noceOHO y JOMEHY JUTHTAJHE peliejHe 3allTHTe W ecThMaiuje (azopa HamoHa U
cTpyja,

° TOKaszyje Ja je KaHIuJaT OBJaJa0 CaBPEeMEHHM MeTolaMa MOJEIUpama,
moaudukoBaHoM KoBapujanTHOM MetomoM (MCM) uHTerpucaHoM y AWTHTATHU
xapMoHMjckan ¢unrap ouninhennx kapakrepuctuka (CCHDF), xao u ma wx je
IPUMEHHO Ha PeJIeBAaHTAH U METOOJIOIIKH UCIIPaBaH HAYUH,

° HUCIOyHaBa yCJIOBE IpomnucaHe 3aKOHOM O BHCOKOM 00pa3oBamy W OMIITHAM aKTHMa
Vuusepsurera y beorpany u EnexTporexauukor (akynTeTa 3a CTUIAbE aKaJeMCKOr
Ha3uBa JIOKTOpa HayKa.

ITonazehn ox naBenenor, Komwucuja jeanoriacuo npepiaxe HacraBao-nayanom Behy
Enexrporexuuukor ¢akynrera YHuBep3uTera y beorpany Ja NpuxBaTH JIOKTOPCKY
nucepranu]y kanauaara Hasupa AnBana u oo0pu BeHY jaBHY 070paHy.

beorpan, 25.6.2026. roquune
YIJAHOBY KOMUCHUJIE

1p XKessko Byporuh, penosnu npogdecop

Vuusepsutet y beorpany — Enekrporexauuxu paxynrer
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University of Belgrade
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TO THE TEACHING AND SCIENTIFIC COUNCIL

Subject: Report on the doctoral dissertation of the candidate Natheer Alwan.

By the Decision of the Teaching and Scientific Council of the School of Electrical
Engineering adopted at the meeting held on 2.6.2026. (Decision No. 1005/15 from
2.6.2026), we were appointed as members of the Committee for the review and evaluation
of the doctoral dissertation of the candidate Natheer Alwan, entitled

“PHASOR ESTIMATION IN RELAY PROTECTION USING MODIFIED
COVARIANCE METHOD”

After reviewing the submitted dissertation and accompanying material, and after an
interview with the candidate, the Committee has prepared the following

REPORT

1. INTRODUCTION

1.1. Timeline of approval and preparation of the dissertation

On 24.2.2026 the candidate submitted the topic of his doctoral dissertation.

On 3.3.2026 the Third Cycle Studies Committee considered the proposed doctoral
dissertation topic and forwarded to the Teaching and Scientific Council its proposal on the
scientific justification of the topic for adoption.

On 10.3.2026 the Teaching and Scientific Council appointed the Committee for the
evaluation of the scientific justification of the doctoral dissertation topic.

On 21.4.2026 the Teaching and Scientific Council adopted the Report of the
Committee for the evaluation of the scientific justification of the dissertation topic.

On 20.5.2026 the Council of Scientific Fields of Technical Sciences gave its consent
to the proposed doctoral dissertation topic (Decision No. 61206-1641/2-26).

On 21.5.2026 the candidate submitted the doctoral dissertation for evaluation.

On 26.5.2026 the Third Cycle Studies Committee confirmed that all necessary
conditions had been met for submitting to the Teaching and Scientific Council of the School
of Electrical Engineering the proposal to form a Committee for the evaluation of the
doctoral dissertation.

On 2.6.2026 the Teaching and Scientific Council of the School appointed the
Committee for the evaluation of the doctoral dissertation (Decision No. 1005/15 from
2.6.2026).




1.2. Scientific field of the dissertation

The dissertation of the candidate Natheer Alwan belongs to the scientific field of
Technical Sciences - Electrical Engineering, narrower scientific field Power Systems. The
supervisor of the dissertation is Dr. Veljko Papi¢, Associate Professor at the University of
Belgrade — School of Electrical Engineering, due to his significant contributions in the
narrower scientific field of Power Systems, especially in the areas of digital signal
processing and power system protection, phasor estimation and its performance in the relay
protection, which are also the subject of this doctoral dissertation.

1.3. Biographical data on the candidate

NATHEER AHMED ALWAN was born on March 07, 1981, in Mosul — Iraq. He
finished elementary and high school in 2001 in Mosul. And in 2001, he enrolled the Faculty
of Science at the University of Technology in Baghdad, where he received a Bachelor’s
degree in Electrical Engineering from Technical Education department in 2005.

Then he enrolled the Master studies in 2015, in the department of Electrical and Electronics
at the School of Electrical Engineering, University of Turkish Aeronautical Association, he
graduated with an overall average score of 8.833, where he defended his Master's thesis on
October 25, 2017, entitled “Effect of Flexible AC Transmission System (FACTS) Devices
on Distance Relay Performance in a Transmission line” under the mentorship of Prof. Dr.
Dogan CALIKOGLU.

The candidate enrolled in doctoral studies at the School of Electrical Engineering,
University of Belgrade, study program Power Networks and Systems, in the academic year
2021/2022. During his doctoral studies he passed all required exams with a grade point
average of 9.71.

The candidate has more than 17 years of professional experience in the power sector
and is employed at the Ministry of Electricity of the Republic of Iraq, where he is engaged
in planning, designing, construction and maintenance of power plants and transmission
power networks. He has led multiple critical projects, such as the installation, testing, and
operation of 33/11 KV electrical substations in Mosul City, and site supervisor of
installation AL Qayyarah Gas power plant (6x125 MW-E9). Also, he worked as a
Supervising the rehabilitation ALQAYYARAH Gas Power Plant which executed by USA
GE company (General Electric Company).

He is the author of three scientific papers published in international journals and
conference proceedings, including one paper in an SCI indexed journal (Energies, M22
category) and several papers in the M30 category at renowned IEEE conferences.

He is fluent in Arabic and English and has a basic knowledge of Turkish.




2. DESCRIPTION OF THE DISSERTATION

2.1. Content of the dissertation

The doctoral dissertation of the candidate Natheer Alwan is structured into several
logical units that include seven chapters. Starting from the study challenge, aims, and
assumptions, as well as a review of existing phasor estimating strategies for protective
relays, the dissertation focuses on the problem of phasor estimation in relay protection,
development of estimation block in the relay protection models and control resources,
optimization algorithms, implementation and testing of the proposed procedures, as well as
analysis of the obtained results, conclusions and possible directions for further research.

2.2. Brief overview of individual chapters

The first chapter discusses the study challenge, aims, and assumptions, as well as a
review of existing phasor estimating strategies for protective relays. The chapter includes a
review of the phasor estimation methods, clearly formulated research challenges, the main
contributions of the dissertation, and the structure of the work.

The second chapter describes the architecture of digitél protection systems, covering
signal acquisition, sampling, and digital signal processing. ’

In the third chapter the theoretical concepts of phasor estimation are discussed, with a
focus on the Discrete Fourier Transform and its limitations in transient and off-nominal
scenarios.

In the subsequent chapters, the candidate introduces a detailed examination of
spectrum estimation approaches, with a focus on high-resolution parametric techniques and
the Modified Covariance Method.

In the final part of the dissertation the proposed Modified Covariance Cleaned
Characteristic Harmonic Digital Filter (MC-CCHDF) and its mathematical formulation are
presented. The suggested strategy has been validated through simulated studies and a
comparative performance analysis with standard accuracy indices.

In the concluding chapters, the main research results are summarized, with emphasis
on the impact of detailed modeling and the proposed method approaches on the relay
protection.

At the end of the dissertation, a list of references used in the preparation of the
doctoral dissertation is provided.




3. EVALUATION OF THE DISSERTATION

3.1. Topicality and originality

The topic of the doctoral dissertation of the candidate Natheer Alwan is topical and
fully aligned with current developments in power systems protection. The focus is on the
role of phasor estimation in digital relay protection, which corresponds to current research
and industrial priorities in modern power grids, smart grids and grids with integrated
renewable energy sources.

The originality of the dissertation lies in the development of a detailed voltage or
current phasor estimation model suitable for power system protection and in the proposed
Modified Covariance Method framework that includes the concept filtering framework that
is adaptive and computationally efficient, aimed to address current technical deficiencies of
the classical phasor estimation techniques. A specific contribution represents the analysis of
the impact of model order of the modified covariance method on the estimation results and
the proposal of metrics for the estimation approaches performance characterization.

The proposed method and procedures provide new insights into the power system
protection and the obtained results demonstrate that detailed modeling leads to significantly
better technical and economic performance indicators. In this way, the dissertation brings an
original contribution to the scientific field of power system protection planning in future
flexible power systems.

3.2. Review of the reference and used literature

The literature used in the dissertation is extensive and up to date, and includes a
significant number of papers from renowned international journals and conference
proceedings dealing with phasor estimation and its application in the power system
protection and monitoring. It is particularly noteworthy that the literature review covers
recent papers that reflect the latest trends to improve the reliability of phasor estimation in
adverse conditions. '

The candidate shows a deep knowledge of the relevant sources, which he
systematically uses to formulate the research problem, identify gaps in existing approaches
and justify the need for the conducted research. The sources are cited formally correct, but
are also critically analyzed in the context of the topic, clearly highlighting similarities and
differences with previous work, which confirms that the literature used is fully adequate, up
to date and supports the scientific justification of the proposed models and methods.

3.3. Description and adequacy of the applied scientific methods

The scientific methods applied in the dissertation are fully consistent with the nature of
the research problem and with current practice in power systems protection and phasor




estimation. The candidate firstly performed a comprehensive literature review, then
formulated a mathematical model of the relay protection, including the concept Modified
Covariance Method, which parameters are essential indicator for the precise monitoring of
voltage and current phasors in modern grids. The initial hypotheses state that replacing
traditional signal windowing and peak-detection blocks with Modified Covariance estimator
can overcome the shortcomings caused by interharmonic interference and noise during
transient regimes.

To solve the harsh transient regimes problem, the author presents an enhanced filtering
framework that enables overcoming certain limitations of traditional spectral analysis, such
as spectral leakage and low resolution. The newly developed method based on Modified
Covariance Method (MCM) integrated into a Cleaned Characteristic Harmonic Digital Filter
(CCHDF), can be used to reliable determine the fundamental, harmonic, and interharmonic
parameters of electrical signals. Besides that, a more robust approach for handling decaying
DC components and frequency instability is proposed. The choice of methods and algorithm
parameters is justified, and the accuracy of the approach has been verified through
numerous simulation scenarios. In this way, it has been shown that the chosen scientific
methods are appropriate to the objectives of the dissertation and enable reliable and
applicable results to be obtained.

3.4. Applicability of the obtained results

The results obtained in this thesis are applicable in the power systems, specifically in
the development of advanced digital protection relays and monitoring devices. The newly
developed algorithm can be easily implemented within a digital signal processor (DSP) or
microcontroller to be used in intelligent electronic devices (IEDs) for real-time grid
diagnostics. Such a framework would represent a significant advancement in the field and
would contribute to the increased reliability of protection systems in the presence of
modern, inverter-based energy resources.

3.5. Assessment of the candidate's ability for independent scientific work

Based on the presented research, the structure and content of the dissertation, as well
as the published papers, it can be concluded that the candidate Natheer Alwan has acquired
the necessary skills for independent scientific work. The candidate has independently
formulated the research problem, has chosen appropriate scientific methods, has conducted
extensive simulation studies, has performed numerical analysis and critically interpreted the
obtained results.

The publication of research results in international journals with SCI list and in
relevant conferences shows that the candidate is capable of presenting his research to the
scientific community in accordance with professional standards. All of the above leads to




the conclusion that the candidate possesses a high level of professional maturity and
research independence necessary for further scientific and academic development.

4. SCIENTIFIC CONTRIBUTIONS

4.1. Overview of the achieved scientific contributions

The doctoral dissertation of the candidate Natheer Alwan contains several clearly
identified scientific contributions in the field of power system protection and voltage and
current phasor estimation.

The first significant contribution is the development of a detailed phasor estimation
model that includes detailed models of power system protection.

The second contribution is the newly developed method based on the Modified
Covariance Method (MCM) integrated into a Cleaned Characteristic Harmonic Digital Filter
(CCHDF) that enables the reliable determination of fundamental, harmonic, and
interharmonic parameters in voltage and current electrical signals. Additionally, this method
introduces a more robust approach for handling decaying DC components and frequency
instability.

The third contribution consists of the publications of the dissertation have been
confirmed through publications in international journals and conference proceedings, where
they have been presented to the professional community and evaluated as relevant and
original in the field of voltage and current phasor estimation methods for digital protection
relays.

The achieved scientific contributions are fully in line with the expected contributions
stated in the Dissertation Topic Justification and further specify them through the developed
models, algorithms and case studies.

4.2. Critical analysis of the research results

The research results are systematically presented and quantitatively analyzed, with a
clear emphasis on the effects of the proposed methods on the voltage and current phasor
estimation methods for digital protection relays. It is particularly important that, through the
comparison of the simple and detailed models, it is shown that the choice of the assumed
model order can lead to differences in estimation performances, which presents the right
path to the optimal spectral estimator.

Within the MC-CCHDF framework, the candidate critically examined the trade-off
between accuracy and computational efficiency, demonstrating that the proposed approach
and the obtained results confirm that the proposed MC-CCHDF method provides a precise,




stable, and computationally viable solution for advanced digital protection and monitoring
systems, offering a clear improvement over existing techniques reported in the literature.

4.3. Verification of scientific contributions

The candidate is the author/coauthor of several scientific publications in international
Jjournals and conference proceedings in the field of power systems, microgrids and power
quality. It is worth noting one paper published in an SCI indexed international journal,
category M22, directly related to the dissertation topic, as well as several papers in category
M30 conference proceedings.

List of papers:
M20 (journals)

[M22] Natheer Alwan and Veljko Papic, (2026), “Phasor Estimation of Transient
Electrical Signals Using Modified Covariance Enhanced Cleaned Characteristic Harmonic
Filtering in Protection Relay”, Energies 19, no. 3: 711. https://doi.org/10.3390/en19030711.

M30 (conferences)

[M30] Natheer Alwan and Veljko Papic, (2026), “Evaluation the Modified Covariance
Method Performance with Cleaning Characteristic Harmonic Digital Filter in Protection
Relay”, ETRAN Conference, Silver Lake, Serbia, June 2026.

[M30] Abed Amir, Natheer Alwan, Munther H. Abed, and Goran Dobric, (2023),
“Efficiency of post-processing in PMU based state estimation of renewable energy
microgrids”, in Proceedings of 2023 IEEE Belgrade PowerTech conference, pp. 01-06.
IEEE, 2023. doi: 10.1109/PowerTech55446.2023.10202834.

5. CONCLUSION AND RECOMMENDATION

Based on the submitted documentation, the review and analysis of the doctoral
dissertation of the candidate Natheer Alwan entitled “PHASOR ESTIMATION IN RELAY
PROTECTION USING MODIFIED COVARIANCE METHOD?”, as well as the interview
with the candidate, the Committee concludes that the dissertation:

° contains original scientific contributions in the field of power systems,
especially in the domain of voltage and current phasor estimation methods for
digital protection relays;

o shows that the candidate has mastered modern methods of modeling, Modified
Covariance Method (MCM) integrated into a Cleaned Characteristic Harmonic
Digital Filter (CCHDF), and has applied them in a relevant and
methodologically correct way; -




¢ meets the requirements prescribed by the Law on Higher Education and
general acts of the University of Belgrade and the School of FElectrical
Engineering for the awarding of the academic title of Doctor of Sciences.

On the basis of the above, the Committee unanimously recommends that the Teaching
and Scientific Council of the School of Flectrical Engineering, University of Belgrade,
accept the doctoral dissertation of the candidate Natheer Alwan and approve its public

defense.

Belgrade, 25.6.2026
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