Vuugepaurer y beorpany

Enextporexnuukyu dakynrer
HACTABHO-HAYYHOM BERY

Ipeamet: OuieHa HayqHe 3aCHOBAHOCTHU TeMe JIOKTOpCcKe aucepTaije kanauaara Natheer Alwan-a

Onmykom 6poj 480/23 on 10.3.2026. ronuHe, iMeHOBaHM CMO 3a 4iaHoBe Komucuje 3a oLeHy Hay4YHe
3aCHOBAaHOCTH TeMe JIOKTOpCKe AucepTanuje kKaHaumata Natheer Alwan-a 3a u3pagy HOKTOpCKe
JUcepTaluje ¥ HayyHe 3acHoBaHocTH TeMme “Harpenna mponena ¢azopa eneKTpUYHUX CUTHAjga y
penejHoj 3amTHTH  KopuiiheweM MOIU(UKOBaHE KOBapWjaHTHE METONE Ca XapMOHH]CKHUM
dunrpupamem ouninhienux kapakrepuctuka' (“Advanced Phasor Estimation of Transient Electrical
Signals Using Modified Covariance Method with Cleaned Characteristic Harmonic Filtering in
Protection Relays™). »

Komucuja je nmpemioxuia MpoMeHy HacjloBa MpeisiokeHe TeMe Tako Aa [Iacu:
wEcTHManuja gaszopa y pejiejHoj 3amTuTH Kopuihemem MoaudnkoBane KoBapHjanTHe
metone* (“Phasor Estimation in Relay Protection Using Modified Covariance Method”).

Ha ocHoBy Matepujania npuiokeHor y3 3axreB Kanauaata, Komucuja nogHocu cienehu
N3BEHITAJ
1. Tlomaum o KaHAUIATY

1.1. buorpadcky moxanu

Kangunar Natheer Ahmed Alwan, npxapibanun Mpaka, pohen 7. mapta 1981. ronune, iMa aumiomy
OCHOBHHX CTymdja W3 eiekrtpoTexHuke ox 2005. rogmue. Kangupmar pagu y MunHHCTapcTBY
efekTpuuHe enepruje Mpaka u uma Bume of 17 roamHa UCKycTBa y cBojoj crpyuu. Kanaunar je
noMONHUK TINABHOT HHXKewepa, Thoe ce (oKycupa Ha YNpaBbakbe BAKHUM IPOjEKTHMA Yy
IUCTPUOYILIMjH M MPEHOCY eNeKTpuuHe eHepruje. Kanaumar nocenyje IUILUIOMY U3 €EKTPOTEXHUKE
U enexTpoHuke ca TexHonmoukor dakynrera y barnany, kao u Mactep AUIUIOMY K3 UCTE 0ONIacTu ca
VHHUBEp3UTETa TYpPCKE Ba3IyXOIUIOBHE acolyjalidje kojy je crekao 2017. rogune. Kanaupar teuno
rOBOPH aparcky ¥ €HINIECKU Je3UK Y3 OCHOBHO IO3HABAKE TYPCKOI j€3HKa.

Kanauaar je pasBuo cBoje MCKYCTBO y Pa3HOBPCHUM TeXHUYKHM ajatuMa, Ykpyuyjyhu AutoCAD,
Matlab, Multisim, Visio, CYME DIST, kao u y nporpamuma Majkpocodt opuc naxera Kao 1To Cy
BOpJI, aKkcec, eKcell U nayep nouHT. [lopen Tora, KaHUIAT MOCEIYje COMHJIHY OCHOBY y OAp KaBarby
xapzBepa u codTeepa padyHapa. TOKOM CBOje Kapujepe KaHau/IaT je BOIUO BULIE KIbYYHHX TpojeKara
Kao IITO Cy MHCTaNal|ja, TECTUPae U MYIITake Y pajl eTeKTpHUHNX TpadocTaHua y rpagy Mocyin,
Hazazop u uHcrananuja AL Qayyarh Gas enexkrpane (6x125 MW-E9).




Kannupar je paano kao HMHXEHEp 3a OIpXKaBaie W IporpaMupambe padyHapa u ypehaja 3a
ynpasJbame y nepuony on 2005. no 2009. rogune, a ox 2009. roguHe [0 [aHac, KaHIUJAT paju y
MuUHHCTapCTBY elNeKTpuuHe eHepruje Mpaka.

1.2,  CreyeHO HAYYHOUCTPAKUBAYKO HMCKYCTBO

Kanpupaar je TokoM JOKTOPCKUX CTy/Wja MoJoxkuo 7 ucnuta v 0o0aBuo cBe Apyre o0asese npeasuhene
MJIaHOM M TIPOTpaMoM JOKTOPCKUX cTymdja. Kanaumar je ca BeMMKMM YCIeXoM Monoxuo ciexnehe
UCTIUTE:

HIudpa npeamera | Ha3up npeamera OreHa
1 19/1021BUE Benirauka uHTENUreHMja y eNEKTPOCHEePreTULIU 10
2 191021MO MeToze onTuMu3aluje y elIeKTPOCHEPreTCKUM CUCTEMUMA 9
3 191021TTEM ITpopadyH enekTpoeHEepPreTCKUX Mpexa 10
4 1971021 1C JAuctpuOyTHBHN CHCTeMHW — ONTHMAJHO TIaHupawe u | 10
eKCIUIoaTallja
5 1971021011 OnTUMaJIHO IUIAHUPALE eJIEKTPOEHEPreTCKUX CUcTeMa 10
6 19J71021 110U HuTerpanuja oGHOBIBMBUX U3BOPA Y AMCTPUOYTUBHM cUcTEM | 9
7 19/10510IIOC | Onabpane npumeHe JUIHTaJIHE O0paje CIUKe 10

Taxkolje, KaHIUIAT je MONOXHUO O/IeJbeHa 3 10/iaTHA UCTIUTA:

udpa npeamera | Hasus npenmera Ouena
1 13E024PI1OT PasBoana noctpojema 6
13E013EIT1 EHxeprercku nperBapayu | 7
3 13E023TBH1 TexHuka BUCOKOT HaroHa | 10

Tokom cBOr Aocajalimker HayYHOHUCTPAXKMBAYKOr Paja, KaHIUAT je 00jaBuo JBa pajga Ha Hay4HO-
CTPYYHHM CKynoBHMa MeljyHapomHor 3Hauaja, kao 1 'y MehyHapoaHum yaconucuma ca CIIU nucre.
Jlucra oGjaBibeHUX paloBa KaHIuaaTa ykpyuyjyhu u paa objasmen y yaconucy ca CLIH nucre, koju
CY Y IMPEKTHOj BE3U Ca TEMOM JIOKTOPCKE JIUcepTaLuje: '

Kareropuja M20 (wacomocn ca CIH nncre)

1. N. Alwan and V. Papic, Phasor Estimation of Transient Electrical Signals Using Modified
Covariance Enhanced Cleaned Characteristic Harmonic Filtering in Protection Relay, Energies 2026,
19(3), 711; doi: https://doi.org/10.3390/en19030711 (2026). — M22

Kareropuja M30 (mehynaponne xonpepenuuje)

2. A. Abed, N. Alwan, M. Abed and G. Dobric, Efficiency of Post-Processing in PMU Based State
Estimation of Renewable Energy Microgrids, in Proc of 2023 IEEE Belgrade Power Tech
Conference, Belgrade, Serbia, doi: 10.1109/PowerTech55446.2023.10202834 (2023). — M33

1.3. QOueHa nomoOHOCTH KAHIUIATA 34 DAJL Ha NPEIOKEHO] TEMH

Ha ocHOBY npujaBe Teme JOKTOPCKE qucepTanyje, YBUAOM Y KOMIIETHY IMOAHETY AOKYMEHTAUM]y U
Ha OCHOBY OlICHE HAayYHe 3aCHOBAHOCTH TeMe JIOKTOPCKE JHcepTallije KaHAu1aTa, KOMUCH]a cMaTpa




na je xanpuaar Natheer Alwan crioco6aH na caMOCTaltHO pajyl Ha M3pal TOKTOPCKE AucepTauuje
Ha MpeUIoXkKeHy TeMy U a oceyje cBe NoTpedHe HaydHO-UCTPaXKMBAYKe KBAIUTETE 1a €(PUKacHO U
YTeMEJbEHO JIoHece OfroBapajyhe 3akibyuke Ha OCHOBY NOCTUIHYTHUX pe3yntara. [lpeanoxena rema
j€ aKkTyenHa y o06acTi eJIEKTPOCHEPTETCKIX CHCTeMa 1 PeJiejHE 3aLUTUTE U MpecTaB/ba Beoma OuTaH
aCIIEKT 3aIUTHTE EJIEKTPOECHEPTeTCKUX CHUCTEMA.

2. Tipenmer M HHJb HCTPAKHBAHA

1Ipeomem ucmpascusarsa

Hctpaxupame ce Gokycupa Ha AUTUTANHY 00pady CUTHala y Wby pa3Boja aNlrOpUTamMa 3a CUCTEME
peniejHe 3alITHTE eJeKTPOeHepreTckux cucrema. [locebaH akLEHAT je CTaBJbeH Ha pasBoj U
yHanpeljere JUrHTATHOr (QUITpUpaa W ajlroputama 3a IMpoleHy (aszopa CTpyje M HaIloHa
JAUTUTATHUX 3aIUTUTHUX perteja. [Iusb je passoj anropurama koju he omoryhuTh mITO TauHKje obpane
EJIEKTPUYHUX CUTHAJIa TOKOM MpeJia3HUX Ipolleca y cliyuajy nopemeheHnx pexuma paja U KBaposa

y €NEeKTPOEHEPreTCKUM CHCTEMUMA.
Lum ucmpascusarsa

TIprMapHH [1Jb OBOT HCTPaXKMBAha je Pa3Boj U BajuAallija HOBUX alropurama ectumanuje dasopa
MEPHUX CHMTHANa CTpyja M HanOHa KOjU OCTajy Ta4HW U POOYCHH y CIydajy jaKo M3pakKeHMX
nopemehaja y enekTpoeHepreTckum cucremuma. CriequpuyHo, OBaj paJ UCTpaXKyje HauKMH Kako Ja
Ce 3aMeHH GIIOK 3a TPOLEHY YYECTAHOCTH M aMILIMTYIE OCHOBHOT XAapMOHMKA MEPHOI CHIHasa
kopuiheweM nuckperHe @Dypujeose Tpanchopmauyje (JIDPT) HOBUM HauMHOM b(anTpnpaH)a,
XapMOHHUjCKMM (QUITpUpaeM odulifieHuK KapaKTepucTUka ca MOOU(GHUKOBAHOM KOBAPUjaHTHOM

METOAOM.
3Hauaj ucmpasicuearea

Mopepsn 3alITUTHE peJieju pajie Y BeoMa KOMIUIEKCHUM YCIOBUMA TE Cy MEPHH CHTHAIM jako
HOPOMELEHH YCJIel] HArIMX TPOMEHA aMIUTUTYAe, Y3pOKOBaHE KBapOBHMa, Ollanajyliux BPEeNHOCTH
JeHOCMEPHUX KOMIIOHEHATa, Kad 1 PHUCYCTBA XaPMOHHU|CKUX U MHTEPXapPMOHU]CKUX KOMIIOHEHATA.
TpaguupoHaiHe TEXHUKE eCTUMaLlHje, Kao HITo je iuckpeTtHa Pypujeosa TpaHchopmanuja, ce 4ecTo
JIOLIE MOHAINAjy y OBUM YCIOBHMMA IIITO JIOBOJM 10 Pelliaka U Criopor oA3uBa Ha npoMene. OCHOBHU
JIOTIPHHOC OBE JIMCEPTaLH]je je Mpe/yior HOBOT NpucTyra koju je Hasean MC-CCHDF. MaTerpanujom
MOIM(UKOBAHE KOBapUjaHTHE MeToje y Tpouec duiTpupama OBaj aiaropuTam aobuja Gosby
pesonyLujy u Gp3KHy OJ31Ba HITO OCUIYpaBa TayHHKjy IPOoLeHy (a3opa HalloHa U CTpYyja y YCIOBUMa

MpeNasHuX Mpoleca y3pOKOBaHUM KBapOBHUMA y €JIEKTPOCHEPTeTCKUM MpesKama.




|

Trip Signal

Cornxka 1. Biok aujarpam IMTHTANIHOT AU EPEeHINjalHOT A THTHOT pereja.

Kako enexTpoeHepreTcku CHCTeMM TOIEXY panuaHoj TpaHcOpMaUMji YClel HHTerpauuje
0OHOBJBMBUX M3BOpA, reHeparopa Koju ce 6a3upajy Ha MHBEPTOpPUMA, AUCTPUOYUMpaHUM H3BOpHMa
eHepruje, CIEeKTpaliHe KapakTepUCTHKe CHrHajla rpellaka MocTajy KBaJUTaTHBHO CBE CIOXKEHH]E.
TpaauipoHaaHu aNrOpUTMH TpoleHe (asopa Au3ajHUpPaHU 32 KOHBEHLMOHAJHE CHCTEME ca

JOMHWHaHTHHUM CHHXPOHHM IeHeparopuma Cy C€ MnmokKasajau HEaJCKBaTHHM 3a OBE HOBC YCJIOBC pala
[1].

OBo HCTPpAXKHUBAKLE JONPHUHOCH TEOPETCKOM M MPAKTUYHOM HaNpeTKy Yy MAOMEHY 3allTHTC

CIICKTPOCHEPTETCKUX CUCTEMA:

e [locrojelin anroputMu ecrumanuje ¢azopa 3aHeMapyjy NoCTOjamhe MHTEPXapMOHUKA YIIPKOC
bBUXOBOM YeCTOM [OjaBJbMBatby 300r uHTErpauyje OOHOBJBMBHX H3BOpa 0OasupaHux Ha
MHBEPTOpHMA, MOCTOjarhba MOTOpa PazIMYMTHX Op3uHa M eHepreTcke enekrponuke. MC-
CCHDF ekcIuMIUMTHO MOJENyje W u3/iBaja OBe KOMIOHEHTe 6e3 nerpajauuje mnocrojehinx
xapMoHHKa [2- 4].

e TlocTwke ce crabuiHa ectumalmja dasopa y oksupy 1-1.5 nuknyca (nacynpor 10+ nukiyca
NoTpeOHMX YKOJIMKO ce Kopucte ajantusHe ureparupie JI@T meTone ca nmposzopoparem [5—
7]), unMe ce oAroBapa Ha OrpaHUYCHba IIeMa Yy TPAaHCMUCHOHO] 3aLUTUTH TI€ CE 3alUTUTa MOpa

NIOjaBUTHU Y POKY OJ] HEKOJIMKO MUTUCEKYHIH.




e JlemoHcTpupa ce pobycHOCT y Cliyyajy MHOIITBA OnaJajyiux eKCIOHEHUMjaIHUX (QYHKIIM]ja

(pa3NMUUUTUX BPEMEHCKMX KOHCTaHTH), LIyMa, NeBHjalidje Y4eCTAaHOCTH, W CHEKTPaTHHX
3aryiema yciel IMocTojaba MHTePXapMOHHKA Ha OJIMCKUM YYECTaHOCTHMa — YCJIOBH TIE
JDT ue naje 3agorosbaBajyhe pesynrare [8, 9].

e Oworyhena je pauyHapcka umIivieMeHTanuja kommnarubunHa ca JICIT nnardopmama (6400
onbupaka y cekynau, 128 onbupaka y jeqHOj NEpHOAHN) Tlle METO/Ie KOje KOPUCTE BEjBIIETE
Jofajy 3HavajHo Kaimewe [10-13], a npucTynu koju ce 6asupajy Ha HEypaJHUM Mpexama

NoKasyjy reHepajiHe HeJOCTaTKe 3a passIunTe MpexHe Tormonoruje [14],[15].

Huterpanuja moqudukoBane kopapujantae metone (MCM) je kipydHO yHampelewe y ofHocy Ha
nperxonHy CCHDF umruiemeHTanujy. 3a pa3jiuKy OJi KOHBEHIMOHAIHE CHEKTPaJHE ecTHMaLje
6azupane Ha auckperHoj DypujeoBoj TpaHchopmanuju, MCM: omoryhaea Behy pesoiyuujy mno
ydecTaHocTd ca KpahuM nposopuMa Trofaraka, TadHO JeTeKTyje (pPEeKBeHIMjCKU OnmucKe
MHTEpXapMOHUKE, HE 3aXTeBa J01aTHO Kopulhiemhe Mpo30pcKuX GyHKIIMja UK JONYHbaBalbe Hyllama,

omoryhasa pobGycHe nepdopMance y OKpYKewy ca jako uzpakeHuM urymom [16,17].

PeneBantHa nuTeparypa KopuulheHa TOKOM UCTpaXMBarba KaHJUAaTa, Ha KOJy Ce Ha/loBesyje paj

KaHAuaara:
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IET Generation, Transmission & Distribution 16(18) (2022) 3617-3635.
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3. IMoaazue xumorese

OBa nncepTaqua ce 633Hpa Ha HCKOJIMKO ITOJIa3HUX XUITOTE3a:

e [lloehame cnexrpanHe pe3onyuuje NPUWIMKOM AETEKLMje HHTEPXapMOHUKA — 3aMeHa Orloka
auckpetHe @ypujeose Tpancopmamuje (ADPT) y opurunansom CCHDF Gnokom ca
mogudukosanom koBapujantHoM Metogom (MCM) 6um Tpebano 3HauajHo pAa mnoseha
(pexBeHLMjCKY pe3onyLujy ectumanuje. 3a pesnuky ox JIOT-a koju je orpaHdeH pa3sMakoM
(dpekBeHIMjCKUX oaldMpaka M Matu Of CIEKTPaJIHOr Lypewa, ayToperpecuBHa MpUpona
MCM-a je npepoapeljena 3a TauHuje n3aBajare GIMCKUX UHTEPXAPMOHUKA U CYIIXapMOHHKA
YaK 1 ca MaJIUM BPEMEHCKUM cepvjama.

e [loBehame TauHOCTM TpolEHe y mpenazHuMm npouecuma — npeyiokenn MC-CCHDF
anroputam 6u Tpebaio qa IonpuHece CMamemy ToTanHe rpetuke Bektopa (Total Vector Error
- TVE) u kymynatuBue rpemike ectmmaije y nopehewy ca cranpapanum JPT-om u
opurnnanaum CCHDF rie npouecHpaHu curHaiu caipyke ekcrioHeHumjanHo omazajyhe

jennocmepne odcere u anutusHu Genu mym. Criennduyan IU3ajH aaropuTMa Koju KOpUCTU




TexHUKy knuzajyher ¢untpupama (Sliding Technique Filter - STF) na 6u ce oTkioHusie

eKCMOHeHIUjaiHO omnafajyhe xomnoneHTe M MCM 3a nerekuujy MHTepxapMOHHMKa Ou
Tpebano TeopeTcku naa u3Boje ¢yHAAMEHTATHY YYeCTaHOCT HHUCTHje O] METO/e KOje
NMoApa3yMeBajy NepUOAUYHOCT CUTHAIA.

e [loeehawe Op3uHa koHBepreuiyje mpolieHa napamerapa — MC-CCHDF 6u tpebarno na
MOCTHKE CTAOUITHY KOHBEPTreHIU]y NMPOleHa aMIUTUTYAA U (aza y OKBUPY MAKCHMAJIHO jeHe
OCHOBHe mepuoje (anpokcumaruBHo 20ms 3a ocHoBHy ydectaHocT oA 50 Hz), wak v y
MPUCYCTBY BUIIE MHTEPXapMOHU]CKUX KoMIIOHeHaTa. OBo TBplewe 6u Tpebasio na nokaxe 1a
BUCOKa pesonyndja MIIM-a omoryhaBa TauHy ecThMalMjy HapaMeTrapa ca peayKOBaHUM
CeTOM TMojaTaka MpeTHocTaBsbajyhn na ce 3axTeBH 3a Op3WHOM 3alTUTe (TUOMYHO [-2
MEPHUOJIE) MOTY cauyBaTu 0€3 CMameHha TAYHOCTH MPOIIEHE.

e Po6ycHOCT Ha MojaBy JieBHjalija y4eCTaHOCTH — anroputam 6u Tpebaino a omoryhu tayHoct
TIpoIieHe W Y YCJIOBMMA JeBHjaldje Y4ecTaHOCTH Ofi HomuHaiiHe BpenHoctH. Kako MIIM
MpoLIekbYje YIeCTaHOCT Ha OCHOBY yrpaljeHHX 0cOOMHA CUTHAJIa a HE HA OCHOBY (DMKCHpaHUX
onbupaKa y4ecTaHOCTH, NPETIOCTaB/ba CE 1a je anropuram poOyCHHjU HA MPOMEHE y
y4ecTaHoCTH y nopeljery ca TpaIuIMOHATHUM MeTolama Koje ca 6azupajy Ha JIOT-y u koje
Cy oceTJbHBE Ha eeKTe Lyperba YCIel aCMHXPOHOT ofabupanba.

e Bosse mepdopmance y merexiuju cynxapmonuka — MC-CCHDF 6u tpeano pa eduxacHo
ectumupa ¢yHnamenrtaiHe ¢a3ope Yak My IPUCYCTBY CYNXapMOHMKA Ha HHUCKHUM
ydyectaHocTiMa rae Mimic GuiTpu U MeToJia HajMawuX KBaJpara He 1ajy 3a0BoJbaBajyhe
pesynrare. OBa MeTola SKCIUIMIUTHO Kpeupa uuct Tanac (Removed All Harmonics - RAH)
Ja O Cce M30JI0BaJie OBE KOMIIOHEHTE, Y3 TIPETNOCTaBKy Ja HHXOBO pas3jBajambe o[

XapMOHHJCKOT CIEKTpa CIpedaBa HapyllaBame eCTUMallije OCHOBHOT (azopa.

4. Hay4dne MeTole HCTPAXKUBAA

Hcrpakuparba cy 6asupana Ha cumynaiujama koje epaiyupajy MC-CCHDF anropuram ectiumManuje
dazopa y penejHO] 3aIUTUTH MO YCJAOBUMA TMpENasHUX Ipoleca M JaKke HapyIEHOCTH
eNIEKTPOEHEPTETCKUX CUCTeMa, a npatehu ycTaHOBJ/bEHE MpaKce HCTpa KuBama U3 oONacTH peliejHe
sawrrute. CUTHANH HATIOHA CTpYj€ Cy CUHTETHYKH reHephcaHH TAKO 112 CazipIKe OCHOBQM XapMOHUK,
XapMOHHKe, HHTepXapMOHKKe, omnajajyie jeQHOCMEpHE KOMIOHEHTe, WIyM H KOMIOHEHTE
MPOMEHJbMBE YYECTAHOCTH KOjU OCHIypaBajy peajlHy NPeACTaBy TajlaCHUX OONMKa CHUrHajia

MPUJIMKOM OTKa3sa CJICKTPOCHEPICTCKOr CUCTEMA. CeT HEeKOJMKO yCJIoBa paja CICKTPOCHEPIreTCKOT




CHCTEMa — YKJbydyjyhnm OTKa3He TpaH3ujeHTe, Beiuku X/R opHoc, curHaje Gorare BUILMM

XapMOHHULMMA, TIOCTOjae UHTEPXAPMOHUKA, Pl Y YCIOBHMA HEHOMUHAIHE OCHOBHE YHECTaHOCTH
— je mpuMmemeH Oa Ou ce MCIHUTao paj ecTuMaTopa y peneBaHTﬁnM cueHapujuma 3awrture. MC-
CCHDF anropuram he 6UTH UMIUIEMEHTUPAH KPO3 KOHCTPYKIH]Y CUTHAJA KOPHILNCHEM TEXHHUKA
xnuzajyher QunrpHupama HaKOH Yera cie i OTKJIambahe XapMOHHUKA H eKCTPaKL#ja MHTEPXapMOHHUKA.
MozaudukoBaHa KoBapHjaHTHa METOJA Ce KOPUCTH 32 MPOLEHY BHCOKE PEe30JIYIMje YYeCTaHOCTH,
aMIUIUTYAe W (a3e HHTepXapMOHHMKa, a 300r CBOjUX KJbyYHHX oOcoOMHa kopulinherma KpaTKux
BPEMEHCKHUX cepHja U poOyCHOCTH Y YCIIOBUMA IMPENa3HUX Hpoﬁeca. [lepdpopmance MC-CCHDF cy
MCTuTaHe y ropeliery ca KOHBHLMOHAIHUM TeXHHMKaMa ecTUMauije pasopa koje ykbyuyjy HOT-
Oasupane merone u opurnHanie CCHDF metoze 1a 6u ce 00jekTHBHO KBaHTU(DUKOBANA TAYHOCT U
KOHBEpreHuyoHa nodospiama. TauHOCT MpoleHe je ucnuTaHa kopuihemheM CTaHIapAHNX METPHKa
Kkao wro cy TVE, arcosyTse v penaTvBHe rpellke y MpOIeHH YYeCTAHOCTH, aMIUIuTy/e U dase, u
ROCOF rpemike y cknagy ca IEEE C37.118.1 saxtepuma. PadyHapcka KOMIUIEKCHOCT U Bpeme
U3BpLIABaba Cy aHaMM3upaHu na 6u ce morBpawia moryhnoct umiuremenraiuje MC-CCHDF na

DSP-6asupanum 3al0TUTHEM peJiejuma.

5. OyexnBaHHW HAYYHH JONPUHOCH

QOuekuBaHu Hay4YHH JOHNPUHOCH C€ MOT'Y pa3BpCTaTy y HCKOJIMKO Kilaca:

o Pa3goj HoBor anropurma QUITpHpara BUCOKE PE30OAYLIHJE, -

o HarnpengHa ectumalija MHTEPXapMOHHKA U CYNIXapMOHMKA,

o Onrtumusanmja KoMrpoMuca Op3uHa-Taq4HOCT,

o [loehame penejHe poOYyCHOCTH Y OKPYXKEEbY MOIEPHUX EJCKTPOCHEPTETCKUX MpeKa,

o Bammpaumja aytoperpecuBHUX METOJA Y alUTUKALMjaMa 3alITHTE.

s ore aucepranmje je na ce npeacrasu MC-CCHDF (Modified Covariance Cleaned Characteristic
Harmonic Digital Filter) metona 3a ynanpehewe ectumanuje ¢azopa y OUTHTAJHO] pPENejHO]
3alITUTH. AJJpecrpabeM OrpaHuyerba ‘CTaH,HapIIHI/IX JDT meTona Koje nare o CHEKTPAIHOT Lypema
u cnabe pesonyluje y YCIOBHMA MpeNiasHUX [poLeca, ayTop MHTErpullie MOAU(UKOBAHY
KOBapMjaHTHY MeToxy Yy npouec ¢uiatpupamba. [Ipemnokenu anroputaM eQHUKacHO OTKJama
onanajyhe odcere jemHOCMEpHUX KOMITOHEHAaTa a TaqyHO M30Jlyjeé MHTEPXAPMOHUjCKE KOMIIOHEHTE
kopumhiemheM KpaTKHX CeToBa IojaTaka. Pesynraru cumynanuja norephyjy aa ce kopumhewem MC-

CCHDF noctmxe 6p3a xoHBepreHnuja (YHyTap jefHe MEepHOjAe CUTHaNa) U BUCOKA TAuHOCT, IUTO




npeacTaBba poOYCHO peliehe 3a MOJIEPHE ENEeKTPOCHEPreTCKe CHCTeME Y YCIIOBUMA jaKuX

JMCTOp3Uja.

6. Ilnam mcrpaskuBamka U CTPYKTYpa paja

OCHOBHH KOpallyl HCTPAKUBAMA Y MPEIJIOKEHO] TOKTOPCKO] IUCEPTALUjH CY:

o llpernen HajHOBUJUX HCTPAKUBAA,

o Teopetcko u3Bohere anropurma,

o JluzajH Tect ciieHapuja,

o WwmrmiemeHTanuja anroput™a U cuMyrnauuje,
o KowmmnaparusHa aHanmuisa neppopmMaHcH,

o AHanuza AMHaMHUYKHX rpellaka,

o AHanuza pesynTara v 3aKJbyqLu.

Kpos oBe Kopake, UCTpakuBame he MNPYKMTU MpakTU4YHA peliera 3a yHanpeljewe 3alurute
ENIEKTPOEHEPreTCKUX CUCTEMa Kao jeTHOT Of HajBXKHMjUX (PaKkTOpa y UCIPABHOM Pajy UCTHUX.

7. 3akbydak # NpeLior

Kanmupar je ycremHO Mpe3eHTOBaO METONOJIOTWjy H3paje JucepTaldje M [VaBHE Hay4He
JornpuHoce. Ha jaBHOj ycMeHOj onabpaHu Teme NOKTOpcke nucepraije mpod. paran [lenuh je
NOXBAJIMO M3Jlarambe KaHuaaTa, peKao je a je TeMa BpJIo MHTepECaHTHA U aKTyeNlHa U 12 UMa BEJIUKU
noTeHMjan aa Oyme mokropcka naucepranuja. IlocTaBuo je mnurame O oOlce3uma MPOMEHe
YYECTaHOCTU Y PEaTHUM eneKTpoeHepreTcng crcTeMIMa I/lkojé Cy JI03BOJBCHE FPAHMIE MPOLEHE
YUECTAHOCTH 32 UCIpaBHO (yHKUHOHMcame cuctema. Ilpod. XKessko DBypummh je noxeanno
u3narambe KaHau1aTa | NoCcTaBuo MUTaka KaHIUAaTy [a JI 3Ha LT je ,,Haaup Tauka, u napaMeTap
ROCOF, kao u nutame y Be3u 3a Op3MHOM KOHBEpreHIUje mpeyioxKeHor anroputMa. Takohe je nao
CYrecTHjy Jia Kaaauaat oOpaTy Naxmky Ha aHaJIu3y KOHTaMUHalMje CUIHaJla MHTEPXapMOHHULMMA Kao
BPJIO Ba)KaH ¥ aKTyeNlaH npolnieM y enektpoenepretckum cuctemuma. Ipencennuk Komucuje, npod.
XKemxo Byporuh, je Takohe moxpanuo U3narame KaHAWAATA U MOCTABUO MUTAaba 3aIUTO CE KaH1/1aTr
omTyuno 3a kopumherme MoaudHKoBaHe KOBAPUjaHTHE METO/E, Kako je usabpan pen moxena MCOV
METOJIE ¥ KOJIMK je Iy’KMHA CEKBEHLE M0/jaTaKa Koja Ce KOPHCTH MPUITMKOM eCcTUMALMje MapaMeTapa

CHMYJTHPAHOT CHUTHala Mpexe enektpoeneprerckor cucrema. Kanaunar Natheer Alwan je ycnemno




OJIrOBOPHO Ha CBa IMKTakbad 4JiaHOBa KOMI/ICI/Ijﬁ U 3a,u0130J1>aBajyhe rOBOPHO O pa3/indnuTHM TEMaMa U3

cBoje aucepranuje. YnanoBu Komucuje cy NpeafiOKWIM MPOMEHY HacloBa TeMe ITOKTOPCKE
JucepTalyje KauauaaTa, umajyhu y Buay JGyKUHY OpPUTHHAIHO MPEAJIOKEHOT HACIIOBA, U MPEAJIOr
HOBOr HacyioBa je: ,EcruMainmja ¢aszopa y penejHoj 3amTuTu KopuiihewmeM Moau(HKOBaHE
KoBapujaHTHe wmetone™ (“Phasor Estimation in Relay Protection Using Modified Covariance

Method”).
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Ha ocHOBY KOMIUIETHe TpUNIOXKEHe TOKyMeHTalllje Yy CBpXY MpHjaBe TeMe JOKTOPCKe JucepTraluje 1
Ha OCHOBY OIICHE Hay4YHE 3aCHOBAaHOCTH TEME JIOKTOpcKe auceprauuje kanauaara Natheer Alwan-a,
Komucuja mpezjiae Ja ce NpUxBaTé TeMa JOKTopcke qucepranuje : . Ectumaija dasopa y penejHoj
3alTUTH  KopuihemweM MoaudukoBaHe KomapujantHe wmertoae (“Phasor Estimation in Relay
Protection Using Modified Covariance Method”), a 3a meHTopa ce npemiaxe ap Bessko [lanuh,

BaHpeaHU npodecop EnekrporexHuuxor dakynrera YHuBep3uTeTa y beorpany.

V¥ Beorpany, 8.4.2026. Unanosu Komucuje
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preparation of his doctoral dissertation and the scientific evaluation of the topic: “Advanced Phasor
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REPORT

1. Candidate Information
1.1.  Biographical Details .

The candidate, Natheer Ahmed Alwan, an Iraqi citizen, was born on March 7, 1981. He holds a
bachelor's degree in Electrical Engineering since 2005. The candidate works at the Iraqi Ministry of
electricity and has more than 17 years of experience in the field of Power Systems. The candidate is
an assistant chief engineer, where the candidate focuses on managing important projects in power
distribution and production. The candidate holds a Bachelor's degree in Electrical and Electronic
Engineering from the University of Technology —Baghdad, and a Master's degree in the same field
from the University of Turkish Aeronautical Association, which is completed in 2017. The candidate
is fluent in Arabic and English, with some knowledge of Turkish.

The candidate has developed his experience in a variety of technical tools, including AutoCAD,
MATLAB, Multisim, Visio, and CYME DIST, as well as proficiency in Microsoft Office applications
such as Word, Access, Excel, and PowerPoint. Additionally, the candidate has a solid foundation in
computer hardware and software maintenance. Throughout his career, the candidate 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).

The candidate worked as a maintenance and programming engineer for computers and control devices
from 2005 to 2009, and since 2009 he has been employed at the Iraqi Ministry of Electricity.




1.2

Research Experience Acquired

During the doctoral studies, the candidate successfully passed 7 exams and completed all other
obligations as outlined in the doctoral study program. He passed following exams with great success:

Course Code Course Title Grade
1 19D021VIE Artificial Intelligence in Power Engineering 10
2 19D021MO Power Systems Optimization 9
3 19D021PEM Power Networks Calculation 10
4 19D021DS Distribution Systems — Optimal Planning and Operation 10
5 19D0210P Optimal Power Systems Planning 10
6 19D021101 Integration of Renewable Sources in the Distribution Systems | 9
7 19D05S10OP1DOS | Selected Applications of Digital Image Processing 10
Takohe, KaHAUJAT je MOMOKUO NOAE/HEHA 3 JONaTHA UCTIUTA!
Course Code Course Title Grade
1 13E024RPOG Distribution Switchgears 6
13E013EPI Power Converters 1 7
3 13E023TVNI High Voltage Technique 1 10

During his research work, the candidate published two papers at internationally significant scientific
and professional conferences, as well as international journals indexed in the SCI list. The list of the
candidate’s published works including paper published in the SCI list and related directly to the topic
of the doctoral dissertation is:

Category M20 (SCI list journals)

1. N. Alwan and V. Papic, Phasor Estimation of Transient Electrical Signals Using Modified
Covariance Enhanced Cleaned Characteristic Harmonic Filtering in Protection Relay, Energies 2026,
19(3), 711; doi: https://doi.org/10.3390/en19030711 (2026). — M22

Category M30 (internatibnal conferences)

2. A. Abed, N. Alwan, M. Abed and G. Dobric, Efficiency of Post-Processing in PMU Based State
Estimation of Renewable Energy Microgrids, in Proc of 2023 IEEE Belgrade Power Tech
Conference, Belgrade, Serbia, doi: 10.1109/PowerTech55446.2023.10202834 (2023). — M33

1.3.  Assessment of the Candidate’s Suitability for Research on the Proposed Topic

Based on the doctoral dissertation topic application, a review of the complete submitted
documentation, and the evaluation of the scientific basis of the candidate’s dissertation topic, the
Commision considers Natheer Alwan is capable of independently conducting research for the doctoral
dissertation on the proposed topic and possesses all the necessary research qualities to efficiently and
thoroughly derive appropriate conclusions based on the achieved results. The proposed topic is highly
relevant in the field of power systems and relay protection and represents very important aspect of
the power systems protection.




2. Subject, Aim and Significance of the Research

Subject of the Research

The research focuses on the Digital Signal Processing (DSP) aimed for the algorithm development
for Power System Protection. It focuses especially on the development and enhancement of digital
filtering and current and voltage phasor estimation algorithms used within protection relays. The goal
is the algorithm development, which should enable more accurate processing of electrical signals

during transient fault conditions and failures in power systems.
Aim of the Research

The primary aim of this research is to develop and validate a novel measured signal phasor estimation
algorithm that remains accurate and robust under harsh, transient power system conditions.
Specifically, this work seeks to replace the DFT-based fundamental harmonic frequency and
magnitude estimation block in the existing Cleaned Characteristic Harmonic Digital Filter (CCHDF)
with a Modified Covariance Method (MCM) estimator.

Significance of the Research

Modern protection relays operate in increasingly complex environments where measured signals are
heavily distorted by rapid magnitude changes, as the fault consequence, decaying DC components
and the presence of harmonics and interharmonics. Traditional estimation methods, particularly the
Discrete Fourier Transform, often struggle with these conditions, leading to errors and slow response
times. This contribution introduces a novel approach known as the MC-CCHDF. By integrating the
Modified Covariance Method into the filtering process, this algorithm offers superior resolution and
speed, ensuring more accurate current and voltage phasor estimation even under the harshest transient

scenarios due to failures in the power systems.

Figure 1. Block diagram of the digital differential protection relay.




As power systems undergo rapid transformation driven by renewable energy integration, inverter-

based generation, and distributed energy resources, the spectral characteristics of fault signals have
become substantially more complex. Traditional phasor estimation algorithms, designed for
conventional synchronous-generator-dominated systems, are proving inadequate for these new

operating conditions [1].

The research contributes significant theoretical and practical advancements to power system

protection:

e Most existing phasor estimation algorithms neglect interharmonics despite their increasing
prevalence due to inverter-based renewable integration, variable-speed drives, and power
electronics. The MC-CCHDF explicitly models and extracts these components without
degrading harmonic fidelity [2- 4].

e Achieves stable phasor estimation within 1-1.5 cycles (vs. 10+ cycles required by adaptive
windowing/iterative DFT methods [5-7]), meeting the stringent time constraints of
transmission protection schemes where fault clearing must occur within milliseconds.

e Demonstrates robustness against multiple decaying exponentials (different time constants),
noise, frequency deviations, and spectral congestion from closely spaced interharmonics—
conditions where DFT fail [8, 9].

e Maintains moderate computational burden compatible with industrial DSP platforms (6400
Hz sampling, 128 samples/cycle) while outperforming wavelet-based methods that require
excessive latency [10-13] and ANN approaches lacking generalizability across grid

topologies [14],[15].

The integration of the Modified Covariance Method (MCM) is the key enhancement that
differentiates MC-CCHDF from earlier CCHDF implementations.” Unlike DFT-based spectral
estimation, MCM: provides high frequency resolution with short data windows, accurately resolves
closely spaced interharmonics, does not require windowing or zero-padding, maintains robust

performance in noisy environments [16,17].
Relevant literature used during candidate’s research, forming the basis of the candidate’s work:

[1] A.G. Phadke, J.S. Thorp, Computer relaying for power systems, John Wiley & Sons2009.
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on ICEEMDAN-MSA-ConvGRU model, IET Generation, Transmission & Distribution 18(16)
(2024) 2650-2668.
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IET Generation, Transmission & Distribution 16(18) (2022) 3617-3635.
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distribution systems, Electric Power Systems Research 79(7) (2009) 1121-1126.

[5] C. Altintasi, O. Aydin, M.C. Taplamacioglu, O. Salor, Power system harmonic and
interharmonic estimation using Vortex Search Algorithm, Electric Power Systems Research 182
(2020) 106187.

[6] C. Ghafari, Innovative numerical protection relay design on the basis of Sampled Measured
Values for Smart Grids, Université Grenoble Alpes, 2016.

[7] M.M. Rana, Least mean square fourth based microgrid state estimation algorithm using the
internet of things technology, PloS one 12(5) (2017) e0176099.

[8] S. Riahinia, A. Ameli, M. Ghafouri, A. Yassine, Recursive Least-Square-Based Parameter
Estimation for Dynamic State Estimation in Power Grids, 2023 IEEE 2nd Industrial Electronics
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[9]1 K.M. Silva, B.F. Kiisel, Phasor estimation using a modified sine filter combined with an adaptive
mimic filter, International Conference on Power Systems Transients, 2011, pp. 14-17.

[10] V.N. Ogar, Modelling of a protective scheme for AC 330 kV transmission line in Nigeria,

University of Glasgow, 2023.

[11] R.-A. Tirnovan, M. Cristea, Advanced techniques for fault detection and classification in
electrical power transmission systems: An overview, 2019 8th International Conference on Modern
Power Systems (MPS), IEEE, 2019, pp. 1-10.
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for Transmission Lines: A Literature Review, (2024).

[13] A. Vannesjo, Using DFT-Based Filter Topologies for High Power Transformer Analysis:
Theoretical and Experimental Assessment of Windowing Techniques in DFT-Based Filters, 2025.
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system using wavelet transform and independent component analysis, Computer, Communication
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2004 IEEE 35th Annual Power Electronics Specialists Conference (IEEE Cat. No. 04CH37551),
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discrete wavelet transform in overhead power transmission lines, Energy Science & Engineering
11(11) (2023) 4181-4197.

[17] A.A.A. Mohd Amiruddin, H. Zabiri, S.A.A. Taqvi, L.D. Tufa, Neural network applications in
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[18] S. Heo, J.H. Lee, Fault detection and classification using artificial neural networks IFAC-
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hybrid renewable energy sources connected power transmission system, International Journal of
Renewable Energy Research (IJRER) 14(3) (2024) 551-562.

[20] S.C. Shekar, S.R. Salkuti, Wavelet-ANN Based Detection of Fault Location of Renewable
Energy Sources Integrated Power Transmission System, Energy and Environmental Aspects of
Emerging Technologies for Smart Grid, Springer2024, pp. 599-627.

[21] I.M. Karmacharya, R. Gokaraju, Fault location in ungrounded photovoltaic system using
wavelets and ANN, IEEE Transactions on Power Delivery 33(2) (2017) 549-559.




[22] S.V.P. Singh, T. Prasad, S. Kamila, P. Agnihotri, Fault detection and classification using
wavelet and ANN in DFIG and TCSC connected transmission line, arXiv preprint
arXiv:2308.09046 (2023).

[23] S. Ankar, A. Yadav, Wavelet-ANN based fault location scheme for bipolar CSC-based HVDC
transmission system, 2020 First International Conference on Power, Control and Computing
Technologies (ICPC2T), IEEE, 2020, pp. 85-90.

[24] A. Morais, G. Cardoso Jr, L. Mariotto, G. Ferreira, Numerical distance relaying algorithm based
on Mathematical Morphology and Least-Squares Curve Fitting method, Electric power systems
research 81(5) (2011) 1144-1150.

[25] J.K. Narang, B. Bag, Detection of cyber-attacks in smart power transmission system using
mathematical morphology and autoencoder, 2022 2nd Asian Conference on Innovation in
Technology (ASIANCON), IEEE, 2022, pp. 1-6.

[26] Q.-H. Wu, Z. Lu, T. Ji, Protective relaying of power systems using mathematical morphology,
Springer2009.

[27] M.B. Marz, Interharmonics: What they are, Where they come from and What they do,
Minnesota Power Syst. Conf. Pap, 2016, pp. 1-8.

[28] L. Chen, W. Zhao, F. Wang, Q. Wang, S. Huang, An interharmonic phasor and frequency
estimator for subsynchronous oscillation identification and monitoring, IEEE Transactions on
Instrumentation and Measurement 68(6) (2018) 1714-1723.

[29] P. Xiang, D. Duan, X. Zhao, X. Zhang, X. Zheng, H. Zou, J. Wu, X. Liu, A Phasor Estimation
Algorithm Based on Iterative Filtering to Remove the Decaying Direct Current Component, IEEE
Access (2024).

[30] H.H. Dam, S. Nordholm, A. Cantoni, J.M. de Haan, Iterative method for the design of DFT
filter bank, IEEE Transactions on Circuits and Systems II: Express Briefs 51(11) (2004) 581-586.
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Electrical Signals Composed of Harmonics and Interharmonics, Energies 14(16) (2021) 5166.Kay,
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[33] Vaseghi, S.V. Advanced Digital Signal Processing and Noise Reduction; John Wiley & Sons:
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[38] Martin, K.; Hamai, D.; Adamiak, M.G.; Anderson, S.; Begovic, M.; Benmouyal, G.; Brunello,
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3. Initial Hypotheses

This thesis is based on several initial hypothesis, as follows:




Increase in Spectral Resolution on Interharmonic Detection — replacing the Discrete Fourier

Transform (DFT) block in the original CCHDF with the Modified Covariance Method (MCM)

should significantly improve the resolution of frequency estimation. Unlike DFT, which is
limited by the bin width and suffers from spectral leakage, the autoregressive nature of MCM
is predicted to accurately resolve closely spaced interharmonic and subharmonic frequencies,
even with short data windows.

Improved Estimation Accuracy Under Transient Conditions — the proposed MC-CCHDF
algorithm should yield lower Total Vector Error (TVE) and cumulative estimation error
compared to standard DFT and the original CCHDF when processing signals containing
exponentially decaying DC offsets and additive white noise. The algorithm’s specific design,
using a Sliding Technique Filter (STF) to remove exponential decay and MCM to isolate
interharmonics—should theoretically isolate the fundamental component more purely than
methods that assume signal periodicity.

Increase in Convergence Speed of Parameter Estimation — the MC-CCHDF should achieve
stable convergence of magnitude and phase estimates within a maximum of one fundamental
cycles (approximately 20ms at 50 Hz), even in the presence of multiple interharmonic
components. The document should show that the high resolution of MCM allows accurate
parameter estimation with reduced data sets, hypothesizing that protection speed requirements
(typically 1-2 cycles) can be met without sacrificing accuracy.

Robustness Against Frequency Deviation — the algorithm should maintain high estimation
accuracy even when the power system frequency deviates from the nominal value (off-
nominal frequency conditions). Because the MCM estimates frequencies based on the signal's
actual characteristics rather than fixed bins, it is hypothesized to be more robust to frequency
drift than traditional DFT-based. methods that suffer from leakage effects under asynchronous
sampling. :

Improved Performance in Subharmonic Detection — the MC,CCHDF should effectively
estimate fundamental phasors even in the presence of low-frequency subharmonics, a
condition where standard Mimic filters and Least-Squares methods typically fail. The
methodology explicitly creates a "Removed All Harmonics" (RAH) wave to isolate these
components, hypothesizing that separating them from the harmonic spectrum will prevent

them from distorting the fundamental phasor calculation.




4, Research Methods

The research is simulation-based research designed to develop and evaluate the MC-CCHDF
algorithm for relay-grade phasor estimation under transient and distorted power system conditions,
following established protection research practices. Voltage and current signals are synthetically
generated to include fundamental, harmonic, interharmonic, decaying DC, noise, and frequency
deviation components, ensuring realistic representation of faulted power system waveforms. A set of
severe operating conditions—including fault inception transients, high X/R ratios, harmonic-rich
signals, interharmonic injection, and off-nominal frequency operation—is applied to stress the
estimator in protection-relevant scenarios. The MC-CCHDF algorithm shall be implemented through
auxiliary signal construction using sliding filtering techniques, followed by harmonic cancellation
and interharmonic extraction. The Modified Covariance Method is used for high-resolution
estimation of interharmonic frequency, magnitude, and phase due to its short-window capability and
robustness under noise and transient conditions. MC-CCHDF performance is benchmarked against
conventional phasor estimation techniques, including DFT-based and original CCHDF methods, to
objectively quantify accuracy and convergence improvements. Estimation accuracy is assessed using
standardized metrics such as TVE, maghitude error, phase error, frequency error, and ROCOF error,
in accordance with IEEE C37.118.1 requirements. Computational complexity and executiqn time are
analyzed to confirm the feasibility of implementing MC-CCHDF on DSP-based numerical protection

relays.

5. Expected Scientific Contributions

The expected scientific contributions can be divided in several classes:

o Development of a Novel High-Resolution Filtering Algorithm, »
o Advancement in Interharmonic and Subharmonic Estimation,

o Optimization of the Speed-Accuracy Tradé-off,

o Enhancement of Relay Robustness in Modern Grid Environments,

o Validation of Autoregressive Methods for Protection Applications.

This dissertation aims to introduces the MC-CCHDF (Modified Covariance Cleaned Characteristic
Harmonic Digital Filter) to improve phasor estimation in digital protection relays. Addressing the
limitations of standard DFT methods which suffer from spectral leakage and poor resolution under

transient conditions the authorsintegrate the Modified Covariance Method (MCM) into the filtering




process. The proposed algorithm effectively removes decaying DC offsets and accurately isolates

interharmonic components using short data windows. Simulation results demonstrate that the MC-
CCHDF achieves fast convergence (within one cycle) and high accuracy, making it a robust solution

for modern power systems with high levels of distortion.

6. Research Plan

The main steps of research within the proposed doctoral dissertation are:

Review of the Latest Research,

S

Theoretical Derivation of the Algorithm,

Design of Test Scenarios,

& o

Algorithm Implementation and Simulation,
e. Comparative Performance Analysis,

f. Dynamic Error Assessment,

g. Analysis of Results and Conclusions.

Through these steps, the research will provide practical solutions for improving the protection of
power systems as one of the most important factors in their proper operation.

7. Conclusion and Suggestion

The candidate successfully presented the methodology for developing the dissertation and the main
scientific contributions. During the public oral defense of the doctoral dissertation Prof. Dragan Denic
praised the candidate's presentatidn, saying that the topic is very interesting and current and had great
potential to be a doctoral dissertation. He asked about the ranges of frequency changes in real power
systems and what are the permissible limits of frequency estimation for the proper functioning of the
system. Prof. Zeljko Djurisic praised the candidate's presentation and asked the candidate whether he
knew what a "nadir" point is, and the ROCOF parameter, as well as a question regarding the
convergence speed of the proposed algorithm. He also suggested that the candidate pay attention to
the analysis of signal contamination by interharmonics as a very important and current problem in
power systems. The Chairman of the Committee, Prof. Zeljko Djurovic, also praised the candidate's
presentation and asked questions about why the candidate decided to use the modified covariance

method, how the order of the MCOV method model was chosen, and what is the length of the used




data sequence when estimaﬁng the signal parameters of the simulated power system. The candidate,

Natheer Alwan, successfully answered all the questions posed by the Commision members and
satisfactory discussed various topics from his dissertation. The members of the Committee proposed
a change to the title of the candidate's doctoral dissertation, taking into account the length of the
originally proposed title, and the proposed new title is: “Phasor Estimation in Relay Protection Using
Modified Covariance Method”.

Based on the complete documentation submitted for the purpose of applying for the doctoral
dissertation topic and the assessment of the scientific basis of the topic by the candidate Natheer
Alwan, the Commission proposes that the doctoral dissertation topic titled “Phasor Estimation in
Relay Protection Using Modified Covariance Method” be accepted, and PhD Veljko Papic, Associate

Professor at the School of Electrical Engineering, University of Belgrade, is proposed as the mentor.

In Belgrade, April 8", 2026. Committee Members
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