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Ha gucepTauunoHeH Tpya
3a npuaobusaHe Ha oBpasoBaTenHa w HayyHa creneH ,Jokrop”
no npodhecuoxanto Hanpasnexnne 5.3 KOMyHMKaUWOHHE ¢
KOMMIOTHPHAa TeXHMKA,
HayyHa cneuwanHocT ,,ABTOMaTU3auna Ha WHXeHepHusA Tpya w1
CUCTEMM 33 aBTOMATU3aLMUA Ha NPoeKTUpaHeTo”
ABTOp Ha AUCEpPTaLVOHHWUA TPYA:
Mapcuga U6po
Tema Ha aucepTaunoHHNs Tpya: PaspaboTeaHe Ha METOAM,
MOZENN U MynTUMEAuAHN oByuYnTENnHU CpeacTBa 3a NPOeKTUpaHe Ha
KOMYHWKALIMOHHM CXeMW BbDXY NpOrpamupyema noruka (FPGA) c Hucka
KOHCYMaLWUa Ha eHeprua’
aou, A-p uHx. Tnxomup . Bpyces,
Texnuyecku YuuBepcutet - Codms

1. AKTyanHocT Ha paspaboTBaHus B AMCepTaUMOHHWUA TPYA npobnem
B Hay4HO WM Hay4HONPUNOXHO OTHOWweHue. CyenedH W HWBA Ha
aKTyanHoCTTa Ha npo6riema 1 KOHKPETHUTE 3aaauu, pa3padortenu 8
aucepTauuATa.

B chBpeMEeHHUs XKUBOT TENEKOMYyHVWKaUWOHHUTE CXEeMWU Ca LUMPOKO
Warion3BaHM B HaleTo eXeaHeBwe, 3auwoTo MMat  BUCOKa
tyHkuuoranHocT. OT apyra cTpaHa, ToBa & NPAKO CBBP3aHo C nosulleHa
UM KOHCYMauus Ha eHeprun. EgHO OT Han-ronemuTe NpeansBukaTencrea
npes NPOEKTaHTUTE oOcTaBa Kak fAa Hamanat W onTumMnshpar
KOHCYMaLMATa Ha MOLLHOCT OT enexTpoHHuTEe OmnoKose, bea pna ce
Briollasa TAxHaTa npoussoauTenHocT, ETo 3aulo @ MHOro BaxXHo Aa ce
pa3paboTAT MHOBATUBHN NeaarorMyeckn pecypcu, KouMTo Aa NoMOrHar 3a
pa3bupaHeTo Ha Temarta v Aa BbaaT BpbakaTa Meway obpa3oBaHueTo,
Hay4HWTE  w3cnegsawus W paspaboreaHeTo  Ha eeKTNBHN
TENeKoMyHUKaUWOHHN CUCTEMU.

FPGA e aTtpakTuBHa TEXHOMOrMs MoOpaju CBOATa afanTuBHOCT,
BBLIMOXHOCT 3a fpeKoHdWUrypupaHe W BWCOKa NPOW3BOAWTENHOCT B
LIMPOK CREKTLP OT MPUNOXEHNA. Te3n CBOWCTBA MM NPaBAT NOAXOARLLN 38
W3NOM3BaHE B TEMEKOMYHUKAUMOHHW cuCTeMMu, KbAeTo ajanTueHocTTa
KM CNeuudWuYHM  W3UCKBAHWA € OT CBbUIecTBeHO 3Ha4eHue.
MpoeKkTMpaHeTo Ha BUCOKOEMEKTUBHIA CXEMU Basupanu Ha FPGA, moxe
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[a yeenuuMm kueoTa Ha OaTepuute B NPEHOCUMUTE  ENEKTPOHHW
yCTpOMWCTEa.

OcHoBHaTa Uen Ha AUCEepPTaUWOHHW TPpya € ga ce u3cnedsar W
pa3paboTAT MeToaW, MoZenn W MySTUMEAUNHW WHCTPYMEeHTW 3a
obyyeHue, 3a fAa ce noaobpu npoekTUpaHeTo W pasbupaHeTo Ha
KOMYHUKaLUUOHHU cxemn, Basupanu Ha FPGA C Hucka KOHCymauus Ha
MOLLHOCT.

3a nocTurade Ha Tasuv Len OoKTopadTkaTa e dopmynupana 3agauquu,
CELP3aHN C U3yyaBaHe M OLEHKa Ha pasnvyHn OakTopu, KOMTO BAMAAT
BbpXy KOHCymauusTa Ha eHeprus Ha FPGA, u e nasspunna nogpobex
aHanu3 Ha CblecTByBalWMTe METoaAu, MoAenu W WHCTPYMEHTH,
u3nonasaxu 3a npoekTupaHe Ha FPGA ¢ HuCKa KOHCyMaLnsa Ha MOLLHOCT.
AHanuaupad » uwmocTpupaH e edekTbT OT MeToaguTe 3a onTUMKU3auns
BLPXY KOHCyMauwaTa Ha EeHeprus 3a PpasnnyHu FPGA-BaanpaHun
npunoxeHus. TpoexTMpaH e KanKynatop 3@ KOHCymauusd Ha eHeprus.
PaapaboteH e oBpasosatenes Bnor, okycupaH Bbpxy 00yueHueto,
cebp3aHo ¢ FPGA. lpoekTupaHn ca WHTEpPaKTUBHM MYNTUMEAWAHK
MHCTPYMEHTH 3a 0BydYeHue, BIUIOUUTENHO NOAPODHK YPOLM, BAPTYaNHNA
nabopatopuu WU cumynauwum C PoOKyc BbpXy ONTUMU3auusTa Ha
KOHCYMaUMATa Ha MOWHOCT. Hanpasen e axanus Ha obpaTHaTa Bpb3ka
OT CTYAEHTWTE OTHOCHO ONUTa WM OT W3NOM3BaHETO Ha paspaboTeHuR
obpasosateneH Gnor.

B tasu guceprtauus e paspaboTeHa wHOBaTUBHa MEeTOAONOIWA 3a
noanoMaraHe Ha enekTPOHHOTO OBy4eHue Ha cTyaeHTuTe B obnacTra Ha
npoekTuparneTo Ha FPGA ¢ HUCKa KOHCYMauWa Ha eHepris. Wacnegsanu
ca pasNUyHy  TENeKOMYHWKaLMOHHW Cxemm W cucTemn C uen
ONTUMMW3MPAHE Ha KOHCYMAuMsT8 WM Ha MOLUHOCT. M3cnegsaHu W
BHEApEHW Ca MEeTOOW 33 HamansBaHe Ha KOHCymauwaTa Ha eHeprus.
MpoexTuparn ca 8 pasnuudn VHDL kopa 3a aHanusvpaxe cbaxTopuTe
BNUAELLW BbPXY KOHCyMaUWATa Ha MOWHOCT.

Wacneasadn W aHanwaupadu ca WMHOBaTUBHW  METOAW 38
ONTUMM3BLNA Ha KOHCYMaLMWATA Ha eHeprvs. Tasu ucepTauna Moxe 4a
Ce W3NoN3aBa B Pas3NUYHK  WHAYCTPUIaHW MpoexkTH, CBbp3aHn C
HaMansBaHe Ha KOHCYMaUWsTa Ha MOLYHOCT, KakTo U 3a obyueHue Ha
CTyAEHTH B npuaobusaHe Ha ymeHus, HeobxoguMK 3a nasapa Ha Tpyaa.
Paspabotes € obpasoBatened Onor, KOWTO WHTErphpa CmeceHa
METOAOMOMMA, BKMIOYBAaLLA NpoeKTHO-BasnpaHo oby4eHne, WHTEpakTUBHY
ynpaxHeHns n obpatHa Bpb3ka B peanHo Bpeme, 3a Aa Ce noaotpv
YCBOSIBAHETO Ha CrOXHW Temu, CBbp3anu ¢ FPGA.



Bcuuko ToBa onpedens akTyanHocTTa Ha uacnefsaHna npobnem,
KaKTO OT Hay4YHOMNPWUINOKHE, Taka ¥ OT NPUNOXKHE rMeaHn TOHKN.

2. CTeneH Ha no3HaBaHe ChCTOAHMETO Ha npobnema U TBOpuecka
MHTEpPNpeTauuA Ha NUTepaTypHUA MaTepuan.

B Taau guceprauna ca wanonssaHu 290 nuTepaTypHU MITOYHWKE.
MoeeueTo oT TAX ca oT nocneauuTe 10 roannun. B nutepatypHus o630p v
aHanw3a Ha wacnefosaTenckaTa MeTo4onorMs U MeToauTe, nnaHnpaxn
33 W3CNedBaHETO, KOMTO Ca NPeACTaBeHu CbOTBETHO B rnasa 1 v masa 2,
ca uuTupanu noseve ot 270 nybnukayui.

Tosa MU Aasa OCHOBaHWe Oa CMsTam, ye foktopawTkata Mapcuaa
WBpo nosHaBa CbHBPEMEHHOTO CBCTOAHWE Ha peliasaHvWTe OT Hero
npobrniemMun, KOETO e OCHOBa 3a YCMEelHO peliasaHe Ha rnocTaseHuTe
3agavu.

3. CwoTBercTBMe Ha wu3bpaHarta MeToguKa Ha wu3cnegsaHe ¢
nocTaBeHaTa uen v 3aga4yv Ha AWcepTauuoHHKA TRYA.

[oxTopaxTkata Mapcuaa WMbpo e dopmynupana uen v 3anaqu,
KOWTO Ca afeKksaTHW W CbOTBETCTBAT Ha WU3NCKBaHWATa 3a
aucepTauvoHeH Tpya 3a npuaobusaHe Ha obpasoeaTtenHata v HaydHa
ctened JokTop".

NuTepaTypHOTO NpoyysaHe nokassa orpaHu4eH AO0CTLT A0
CUMYNaUMOHHN  WHCTPYMEHTH W funcata Ha  UHTEepaKTheHA
06pa30BaTeNiHk MHCTPYMEHTH, KOWTO Aa Ce U3MNON3BaT 3a ONTUMK3aUns
Ha KOHCYMauusiTa Ha MOLHOCT Ha TeneKoMyHUKauwoHHA CXemu
Hasupanu Ha FPGA. WNabpanata MeToA0NOMUA BKIOYEA: U3NON3BaHE Ha
33 komepcuanyu unn BeannaTH NPUNOXKEHWS 38 eneKTPoHHO obyyexue,
Gaaupanu Ha FPGA, 3a onTuMu3auMa Ha KOHCyMauwaTa Ha MOLLHOCT,
peduHupane Ha 10 drakTopa, BMUseLLM BPXY KOHCYMaLmATa Ha EHEpPTIA
Ha FPGA; wafop Ha 7 METOAE 32 HWUCKOSHEPruiiHO NPOeKTUpaHe,
6asupaHo Ha FPGA nnioc 7 meTofa 3a puanyecka ontuMusaunsg, usbop
Ha HAKOMKKO TENEKOMYHWUKALMOHHM CXEMI N CUCTEMW, C Lien aeduHipaqe
Ha MmeToaM, (aKkTopu M MOAEenu 3a OueHKka Ha KOHCymauusTa Ha
MOLLHOCT, npoekTupade Ha ofpasosareneH Omor, yeb-6asupaHnn
KankynaTtopyu Ha MOLHOCT, WMHCTPYMEHTW 38 pnobaBeHa peanHocT,
obpaTHa Bpb3Kka OT CTyAeHTHTe Ha Oasarta Ha KypcoBeTe Ch3fajeHns B
obpasosateneH Gnor, 3a oueHka Ha NpUACOUTUTE 3HaHWA 1 YMEHNA.



4. KpaTKka aHanMTU4YHa XapakTepuCcTUKa Ha eCcTeCTBOTO M OLeHKa Ha
[OCTOBEPHOCTTAa Ha Martepuana, BbpXy KOMTO ce rpagar NnpuHocuTe
Ha OWCEepTaUWOHHMA TPYA.

MpepcTaBeHaTa gucepTauus ce cbeTon OT 155 CTpaHuumM TeKCT !
126 cTpaHuMuu npunoxeHusi, MHoro aobpe CTPyKTypupaHsn B NeT rnasu,
cnUcbK Ha nybnukauuuTe, CNUCBbK Ha UMTUPaHWTE CTaTWW, CrUCHK Ha
churypu u Tabnuuw, CNUCHK Ha CLKpPalUeHWATa, yBOA, MPUHOCK W
uManoasaHa nuTtepartypa.

B rnaBa | e HanpaseH nuTtepatypeH ob3op. AHanuaupaHn ca
CbBPEMEHHUTE METO4M, MOAENW U MYNTUMEOWAHW WHCTPYMEHTW 33
NPOEKTUPaHE Ha KOMYHUKaUMOHHW CXemu C nporpamupyema noruka c
HWCKa KOHCYMauus Ha eHeprua. Pasrnepann ca pasnuyHu NpunoxeHus
Ha FPGA, kato Hanpumep uudposa obpabotka Ha curHanu (DSP),
TEeNeKOMyHWKaLWKM,  aepoKocMWYecka  WHAycTpuA,  asTomobunHa
WHAYCTPMS, WHAYCTPUanHa asToMaTusauws, uskycTeeH uHTenekt (Al),
malnHHO oByyerue (ML), Mpexm, MeQULIMHCKW YCTPONCTBA U ENeKTPOHHO
obyyeHne, OT rnegHa TouKa Ha KOHCyMauusaTa Ha MolHocT. Pasrneaaqi
ca Bb3IMOXHOCTUTE, NpeanaraHin oT MyNTUMEeOAUNHUTE WHCTPYMEHTW 3a
enexTpoHHo obyuyeHue, Baavpanu Ha FPGA, 3a ofyyeHue Ha CTyAeHTH,
MpeactaeeHu ca pasnuuHW  collectsysauy  yeb-Gazupaxi FPGA
WHCTPYMEHTH, KOUTO Ce (hOoKycupaT BbpxXy U3y4YaBaHeTO Ha KOHCyMmauws
Ha eHeprus OT PaanuyHW ENEeKTPOHHU CxeMW. AHaNUMTUYHWAT aHanua Ha
nuTepaTypHUA Nperneg nokaiasa nuncara Ha UHCTPYMEHTH 3@ Cumynauus
B peanHo Bpeme, KOETO Bb3NPENATCTBa CNocobHOCTTa Ha CTyAeHTUTE Aa
TecTeaT eHepruiHo edekTuaHn FPGA npoektu.

B rnasa |l e npeacTasex USNOCTEH aHanua Ha dakTopuTe, BMAeLLn
BbpXy KOHCyMauuaTa Ha eHeprus, MeToguTe, Moaenute W
MYNTUMEAWAHWUTE WHCTPYMEHTW Ha oDy4YeHue 33 npOoeKTMpaHe Ha
KOMyHUKaUMOHHW  cxemu, wuanonssawm FPGA. Onucawn ca
KONWYECTBEHUTE, KauyecTBeHWTE MeToau W xubpugHuTe MmeToan 3a
OLEHKa Ha KOMCYMaUvsTa Ha MOLHOCT. AHannaupaHu ce QakTopure,
KOUTO BIMAAT BBPXY KOHCyMauusTa Ha eHeprus na FPGA. lNpeacrasequ
ca pasnuyHM MeToaM 3a ONTUMM3auma Ha MOLLHOCTTa B NPOEKTUTE Ha
FPGA, kaTo mMeToau, CBbpP3aHM C TakToBa YecroTa, pasnonarade Ha
KOMMOHEHTH, CbobBpaseHo C KOHCYMauuaTa Ha MOLLHOCT, ONTUMU3auus Ha
pasnonaraHeTo, ONTUMM3auus Ha pasceliBaHe Ha TonnuHaTa,
ONTUMK3ALMA HA MapLUPYTU3MPaHEeTO Ha MOLUHOCTTa, ONTUMU3aUUA Ha
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YacTU4yHa pekoHdurypauvs, AUHaMuU4HO malyabupane Ha dectorara M
nanpexerueto (DFVS). MNpeacraseqn ca moAenn Ha KOHCYMauua Ha
eneprus 3a FPGA. Obcrxaar ce u cpasHasar HanUYHUTE MHCTPYMEHTH,
Gasnmpann Ha FPGA, Pasrnexpaa ce BHEAPABAHETO Ha NpUNoXeHue C
nobasena peanHocT (AR) 3a oueHKa Ha KOHCymauusTa Ha eHeprus Ha
FPGA 3a y4yebHu uenu.

B rnasa |l e npeanoxeHa MeTOAOMOrMA 3a u3y4asaHe Ha
NPOEKTUPaHE Ha CXEMU B TENEKOMYHWKALMUTE, Paswpanun Ha FPGA, ¢
HUCKa KOHCYMauus Ha MoWHOCT. ViscneaasHu ca MeToainTe 3a puanyecka
ONTUMK3ALIAA BBPXY AMHAMUYHATA U CTATUYHATA KOHCYMaLWR Ha eHeprus
Ha cxemu, ¢ nomouiTa Ha Vivado. OueHeHo e BNUAHWETO Ha AWHaMUYHO
mauabupaHe Ha 4ectoTata W HanpeXeHueTo (DFVS) Bbpxy
HAManABaHETO Ha KOHCYMAUMsiTa Ha MOLHOCT 3a NpoLEecopeH Bnok,
npoextupas Ha FPGA. MNony4exuTe pesyntati nokassar, Ye TexHukaTa
DVFS e no-edekTBHa O OTHOWEHUE Ha AMHaMu4HaTa KOHCYyMaLUA Ha
EHEeprus B CpaBHEHWEe CbC CTaTudHaTa. MposeaeH € 3agbnboyeH aHanus
Ha KOHCYMauusTa Ha eHeprua W U3non3paHeTo Ha pecypcuTe npw
pasnuuHu  TEXHWKK 33 JIOTUHECKO kpunTupane. OueHkata Ha
KOHCYMaLMATa Ha EHEprvsA B XapAyepHu pelueHns 3a kubepcurypHocCT Ha
BeanunoTHU CUCTEMU Noka3sa, Y& Npu KpUnTUpaHh W HEKPUMTUPaHK
FPGA npoeKTyi QuHaMu4HaTa KOHCYMaUUs Ha MOLWHOCT e AOMUHUpaLLWAT
cdakTop.

B rnasa |V e npeacraseH paspaboTeH W BHEAPEH obpazoBartene
&nor nocsetex Ha obyyeHue no umdpoBo NPOEKTUPAHE, BaszupaHo Ha
FPGA, C ydapeHue Bbpxy aHanua Ha thakTopuTe, BrUAELLN BBPXY
KoHCymauuaTa Ha eweprus. lpoekTupaH € yeb GaaupaH kankynavop.
[uHamu4HaTa, ctatuyHaTa v obliaTa KOHCyMauus Ha eHeprua Ha FPGA
MOWe Oa Dbae uayucneHa npu pasnuyHn CTOMHOCTW Ha BXOOHWTE
napamMeTpu, KaTo 3axpaHsawo Hanpexexue, pabGoTHa u4ecToTa W
kanauwteT. CTyaeHTUTE MOrart Aa uanonssar rpachuyHaTa Buayanusayuns
Ha Kankynatopa, 3a fa »Mmar no-AcHa npeacrasa 3a KOHCyMaumaTa Ha
eHeprusi kato yHKUMA Ha BXOAHUTE napameTpu. PaspaboteHo e
WHTEPaKTMBHO y4ebHO NpUnoXxeHue, thoKycHpaHO BbpXy KOHCyMaluuaTa
Ha eHeprus Ha FPGA, nanonssaitku AR, KaTo ce Habnara Ha Cb34aBaHeTo
ua 3D mogenu. CTyaeHTWTe MoraT Aa uvsnonssar supTyanin FPGA
AU33AHN U A3 Y4acTBaT B UHTEPaKTUBHN y4ebru moaynu.

B rnasa V ca nNpeacraBeHn MyNTAMEAUAHN  UHCTPYMEHTH,
paspaboTeHn B NOMOLY Ha CTYAEHTUTE 33 obyueHue, Ha NPUHUANUTE Ha
eHepriiHo edeKTUBHOTO MpoekTMpaxe Ha FPGA. B npoeKkTupaHus
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obpasosateneH Gnor ca npeacTaseHu PasnutHi BB3IMOXHOCTK 33
cuMynaLms Ha cxemu B obnactTa Ha TenekoMyHUKaunuuTe, UHTEPHET Ha
Hellarta, NpouecopHuUTe yCTponcTea W kubepcurypHocTTa. ObyuenueTo
Ha CTyAEeHTUTE Ce aHanuaupar C nomoluTa Ha CTPYKTypupaH BbNPOCHUK,
npeaHasHayeH 3a notpedbutenu Ha Bnora. BLNpoCHUKBT € Haco4eH KbM
CTYAEHTM C paaniyeH NPoU3aXoA U pasnutHi nuea Ha excneptusa B FPGA
TexHonorMaTa. CuBpann ca 54 oTroBopa OT CTYASHTH, 3anucaHu B
3anagHobankaHckwa YHUBEpCWTET B Bakanasbpckata crened no
KOMMIOTBPHN HAyKu W M3KYCTBEH WHTENEKT, cothTyepHO WHXEHepCTBO U
kubepcurypHocT. [MonyyenuTe pesynratu ca rpachu4HO NpeacTaseln W
aHanuaupaHu.

5. Hayu4Hu, Hay4HONPWNOXHW W NPUNOXHK MPUHOCKH  Ha
AUcepTauMoHHMA TPYA.

B goKTopcKkara AucepTauuws asTopsT € nocouun 13 npudoca. [eceT

OT TAX Ca Hay4HW, ABa Ca Hay4HO-NPUNOXKHA W enuH € NpUoKeH.

Mpuemam npuHocuTe, popmynupani ot poktopaHTkata Mapcnaa Wbpo,

KOWTO MoraT Aa 6uaaT 06006LEeHN MO CNEAHUS Ha' AR
» PaspaboTeHa € WHOBaTMBHa METOAONOTHA 3a EneKTPOHHO

obyyeHwe Ha CTyaeHTw 8 obnacTra Ha nNpoeKTUpaHeTo Ha

Huckoeneprunan FPGA.

Hanpasexu ca U3CNeABaHNR U & aHanu3npan edeKTbT Ha pasnuyHn

XapayepHu W COdTyepHU petleHus BbpXy HamanasaHeTo Ha

KOHCYMALMATa Ha MOLLHOCT Ha eneKTpUHecki CXeMu C NPUNoXeHWA

B TENEKOMYHUKaLWNTE.

» Paspaboren e obDpasosatened 6nor FPGAedulLab, cBbp3ad C
obyueHue Ha CTYASHTU 33 NPOEKTUPaHe va FPGA GaaupaHu
CUCTEMW, KOWTO & QOCTBNEH ornaitH. DoKyckT € wui3cneasaHe Ha
haKTopuTe, KOUTO BNUAAT BBPXY HaManABaHeTa Ha KoOHCymauuaTa
Ha eHeprug.

3» PaspaGoteH © OpueHTUpaH KbM noTpebuTens kankynatop 33

WaYNCNABaHE Ha KOHCYMaUMATa Ha MOWHOCT U HEWHOTO rpau4Ho

npeacTaBaHe.

PaspaBoTenn ca WHTepaKTUBHU MyNTUMEANAHU WHCTPYMEHTU 33

obyyexue,  BKIOUYATENHO noapobHM  ypouu,  BUpTyanhiu

nabopaTtopuu W cumynauyuu, 3a aa ce nogobpu pa3dbupaHeTo Ha

NpUHUUNWTE Ha npoekTupaHe Ha FPGA, Cc aKkueHT BbpXy

onTUMU3aUMSATa Mo MOLLHOCT.

» CwnapageHo e AR npunoxeHue 3a no-gobpa Bu3yanusauvs Ha
BNUSHUETO Ha An3aiiHa BbpXy KoHCymaunsaTa Ha @HEeprusa,

"I_r'
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» Hanpasewo e wacneasaHe Ha MHEHWETO Ha CTYAEHTWUTE OTHOCHO
onuTa UM G W3nonasaHeTo Ha obpasosarenHus Gnor FPGAedulab
U e aHanuanpada TAxHaTa oUeHKa.
CMsTam, 4Ye MONy4YeHWTe pe3ynTati ca OpuruHanHu W U3LAN0
CHOTBETCTBAT Ha M3UCKBaHUATA 3@ AUCEpTauuoHeH Tpya 38 npuaobueare
Ha obpasosarenHara u HayyHa cTeneH Jokrop".

6. OueHKa 3a CTeneHTa Ha NUYHOTO yvacThe Ha gucepTaHTa B
npuHocKUTe,

33 NUYHWTE NPWHOCK Ha aokTopaHTkata Mapcuaa WBpo cbas oT
hakta, ye TR MMa E4NH CamoCTOATEneH HayueH Tpya, @ B AeBeT OT
oCTaHanMTe TR @ MbPBY CHAsTop. TOBa MM AaBa OCHOBAHWE Aa Npuema,
ye IMCEePTALMOHHUAT TPYA W NPUHOCUTE Ca NUYHO A8N0 Ha KaHauaaTa.

7. MNpeuexka Ha nybnukauuuTe nNo OucepTauMoHHUsA TpyAa.
OTpaxeHue B HaykaTa.

Mo AucepTauuaTa ca HanpaseHu AsBaHafeceT nyGnukauuu. Tpu oT
noknaguTe ca AOKNagsaHu Ha koHthepeHuus B Burrapus. Ocem oT
craTuuTe ca pedepupani B Scopus. [lokTopaHTkara e cbLaBTop Ha rnaea
OT KHWra, uuTupasa B SCopus.

HanpaseHuTe Nybnukauuu HaaXBLPNAT MUHUMANHWTE M3UCKBaHWA
3a npuckkpaHe Ha obpasosarenHara W nayusa crened JlokTop”
Mpuemam, 4e OCHOBHMTE pe3ynTati Ha aucepTauvoHHUA Tpya ca
L[OCTORHWE Ha MexXayHapoaHata v fwnrapckara Hay4Ha oDLLIECTBEHOCT.

8. ianon3saHe Ha pe3ynTaTuTe OT AMCepTauMOHHUA TPYA B HayuHaTa
U cOUManHara npaxkTuka.

MHore nonoxuteneH e akTsT, Y€ peanu3upaHuTe W3cnenBaHna
Ha QOKTOpaHWTKaTa ca NpoBejeHn B paMKUTE Ha CbBMECTHaTa [JOKTOPCKa
nporpama ,These en Cotutelle’ B mpexxara CEEPUS Homep! CllI-BG-
1103-06-2122.

9. OueHKa Ha ChOTBETCTBMETO Ha aBTOpechepaTa C M3UCKBAHWATA 33
W3rOTBSIHETO My, KaKToO M Ha afeKsaTHOCTTa Ha oTpasABaHe Ha
OCHOBHWUTE NOMOXKEHUA U NPUHOCUTE HA AUCEPTaLMOHHURA TPYA.
ApTopedepaTsT Hanb/HO OTpa3nsa ChOLPHKAHWETO W nony4eHnTe
pesyntati B OMCepTauuoHHns Tpya, Kato ca nog4epTaHn OCHOBHWUTE
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npurocy. CbLLO Taka UaUano ca cnaseHn U3NCKBaHWATa 38 UIrOTBAHE Ha
asTopedepatuTe B TexHuyeckus yHusepcuteT — Codoms, nopaau koeto
Aa00X WU NONOXWTENEH OT3UB 32 HeroBOTO OTNEYaTsaHe.

10. MHeHus, NPenopBLKU U Denexku.

Bcwukn npenopbkn W 3abenexkw, HanpaseHuw OT MeH B
npeABapUTENHOTO MHEHWE, KaKTo U Ha NpeaBsapuTenHoTo obchxkaaxe Ha
AUCepTaLUuOHHUA TPy Ca M3MbIHEHN.

11. 3aknO4YeHKe ¢ AcHa NONOXUTENHa WKW OTPpMUaTenHa oueHka Ha
OAVCepTaunoOHHMA TPYA.

CuuTam, Yye aucepTauMoHHWUAT Tpya ,PaspaborteaHe Ha MeTOAM,
mogenu v MyntumeguitHu obyuuTenHu cpeacTea 3a MpoekTupaHe Ha
KOMYHWKALMOHHN CXemun BbpXy nporpamupyema noruka (FPGA) ¢ Hucka
KOHCYyMaLsi Ha eHeprua’ Ha AokTopaHTkata Mapcuwaa WBpo nokpusa
W3NCKBaHMATA Ha 3akoHa 33 pa3suTue Ha akagemudHus CbCTae B
Penybnuka bBunrapws u [pasBunHuka 3a HErosoTO MNpUNOXKEHWUE.
Mpuemam 4e, HanpaBeHWTE W3BOAW W 3AKMIOYEHWR Ca JIOTMHECKM W
KOMMNETEHTHO NOCTPOSHM.

B3 OCHOBa Ha NONYYEHWTE HAY4HW, HAYYHONPUAOKHN U NPUTOKHN
NPUHOCW B AUCEPTaUWATa, ASMOHCTpUpaHuTe 0Bpa3oBaTesiHo HUBO W
HATPYNaHUA TEOPETUUEH W MPaKTUYECKU ONUT, 3Ha4YUMUTE nydnukauum no
AUCepTaunaTa, Npeanaram Ha Hay4HoTO Xypu Aa npuckan Ha Mapcupa
W6po Hay4HaTa creneH ,JokTop" no NnpodecMoHanHo Hanpasnexue 5.9
KomyHukauMoHHa W KOMMIOTBPHE TexHuka, Hay4yHa cneynanHocTt
JABTOMaTU3aLUA Ha MHKEHEPHUA TPY4 W CUCTEMW 33 aBTOMaTU3aUns Ha
NnpoeKTupaHeTo”.

3.12.2025r. WaroTeun:
(oou. a-p Tuxomup bpyces)
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1. Relevance of the problem developed in the doctoral thesis in
scientific and applied science. Degree and levels of relevance of the
problem and the specific tasks developed in the doctoral thesis.

Nowadays, telecommunication circuits are widespread used in our life
because they perform high functionalities. On the other hand, this is
directly refated to increased power consumption of the operated devices.
One of the biggest challenges of the designers remains how to decrease
and optimize the energy consumption of the building electronic blocks,
without degradations of their performance. Therefore, it is very important
to be developed innovative pedagogical resources that will help
understand the topic and be the link between education, scientific research
and the development of low-power telecommunications systems.

Field Programmable Gate Arrays (FPGAs) become attractive technology
because of their adaptability, reconfigurability, and high performance
across a broad range of applications. These properties make them suitable
for use in telecommunication systems, where adaptability to specific
requirements is essential. The high efficient FPGA-based circuit design
can increase the battery lifetime in portable electronic devices.



The main goal of this thesis is to investigate and develops methods,
models. and multimedia leamning tools to enhance the design and
understanding of low-power FPGA-based communication circuits.

To achieve this goal, the doctoral student has formulated tasks connected
with study and evaluation of different factors that affect FPGA power
consumption and conduct a comprehensive analysis of existing methods,
models. and tools used for low-power FPGA designs. The effect of
optimization methods in power consumption for different FPGA-based
applications is analyzed and llustrated. A set of telecommunication circuits
and systems to illustrate and evaluate models, methods, and tools is
selected. The power consumption calculator is designed. An educational
blog focused on FPGA-related learning is developed. The interactive
multimedia learning tools, including step-by-step tutorials, virtual
laboratories, and simulations with a focus on power optimization are
designed. The student's feedback regarding the experience of using the
educational blog are collected and analyzed.

An innovative methodology to support students’ e-learning in the area of
low power FPGA-based design is presented in this thesis. 10 benchmark
and 9 advanced telecommunication schemes and systems, like
Processing unit, DDS sinusoidal generator, Hardware encryption circuits
XOR/NXOR, MUX and Flip-flop based wit n-bit keys, hardware encryption
for unmanned system, and loT, for reducing energy consumption have
been studied. For this purpose, methods such as: clock gating, physical
optimization, Dynamic Voltage and Frequency Scaling (DVSF), manual
jversus generated VHDL code, multiple design solutions evaluation, ultra-
low power consumption methods, are implemented. 8 different VHDL
codes to illustrate and experiment the factors and how do they affect the
power consumption are designed.

Innovative methods of power consumption optimization are studied and
analyzed. This thesis can be used for industry-oriented problems and
challenges and supports students in acquiring the skills needed for the
labor market. The edublog, which integrates a blended methodology,
including project-based learning (PBL), interactive exercises, and real-
time feedback, to improve the understanding of complex FPGA topics, is
designed.



All this determines the relevance and significance of the researched
problem and the tasks set in the dissertation, both from a scientific-applied
and applied point of view.

2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material.

In this doctoral thesis are used 290 literature sources. Most of them are
from the last 10 years. In the literature review and the analysis of research
methodology and methods planned for the study, which are presented
respectively in chapter 1 and chapter 2, are cited more than 270
references.

This gives me reason to believe that PhD student Marsida Ibro is familiar
with the current state of the problems posed by her, which is the basis for
successful solution of the defined tasks.

3. Correspondence of the chosen research methodology with the set
goal and tasks of the dissertation.

PhD student Marsida lbro has formulated a goal and tasks that are
adequate and meet the requirements for dissertation work for obtaining
the educational and scientific degree "Doctor”.

The literature review identified different gaps, which are related to
inadequate power reduction resources, restricted access to simulation
tools, and the lack of real-time interactive educational tools. The chosen
methodology to support learning low power FPGA-based design in
telecommunications includes: 33 FPGA-based commercial or free e-
learning applications estimated for low power design features; Definition
of an exhaustive set of 10 factors affecting FPGA power consumption,
Selection of 7 most used methods for low power FPGA-based design + 7
physical optimization methods not specifically focused on low power
design; Selection of illustrative telecommunication circuits and systems,
definition of sets with method/factor/model evaluation/estimation for a
selected telecommunication circuit or
systemIStudyfEvaiuationf{‘.‘,onciusiuns; Design of Educational Blog, web-
based calculators/Multimedia and Augmented reality tools; Courses/
Modules/ Probation/Students feedback.



4. Brief analytical description of the doctoral thesis and assessment
of the reliability of the material on which the contributions of the
dissertation are built.

The presented dissertation consists of 155 pages of text and 126 pages
of annexes, very well structured in five chapters, list of publications, list of
cited papers, lists of figures and tables, lists of abbreviations, introduction,
contributions, limitations, future work and references.

In Chapter | is performed literature review. The state-of-the art methods,
models, and multimedia tools for the design of communication circuits on
programmable logic with low power consumption are analyzed. Different
FPGAs application, such as Digital Signal Processing (DSP),
telecommunication, aerospace, automotive, industrial automation,
Artificial Intelligence (Al), Machine Learning (ML), networking, medical
devices, and electronic learning (e-learning), are considered from the
power consumption’s point of view. The opportunities offered by FPGA-
based e-learning multimedia tools for student's educations to learn and
experiment with FPGA programming. logic design and simulations are
discussed. There are presented different existing web-based FPGA tools,
which focus on offering features related to study low power consumption.
Analytical analysis of the literature review shows the absence of real-time
simulation tools, which hinder students' ability to test power-efficient FPGA
designs.

A comprehensive analysis of the factors affecting power consumption,
methods, models, and multimedia learning tools for designing
communication circuits using FPGAs, is presented in Chapter Il. The
quantitative methods, qualitative methods and mixed-methods research
approach are described. The factors that influence the power consumption
of FPGAs, like design activity, device selection, environmental conditions,
resource utilization, signal switching, development (behavioral versus
structural), reconfigurability, and integration with other tools, are analyzed.
Different power optimization methods in FPGAs designs, such as clock-
related methods, power-aware placement, critical path aware placement
optimization, heat dissipation optimization, power-routing optimization,
partial reconfiguration optimization, Dynamic Frequency Voltage Scaiing
(DFVS), are presented. Power consumption models for FPGAs are
presented. The available FPGA-based tools implemented for power
estimation models are discussed and compared. The study and analysis
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of Direct Digital Synthesizer (DDS), Internet of Things (loT). Hardware
Encryption Logic Techniques and Processing Unit in terms of power
consumption is integrated into an online edublog. The implementation of
an Augmented Reality (AR) application for estimation of power
consumption of FPGAs for teaching purposes is considered,

In Chapter Il is proposed methodology to support learning low power
FPGA-based design in telecommunications. Power consumption
optimization methods based on clock gating is evaluated using 10
benchmark circuits. The focus is effect over the dynamic power
consumption of the chosen circuits. The effect of physical optimization
methods over the dynamic and static power consumption of the 10-
benchmark circuits is investigating with Vivado. The impact of Dynamic
Frequency Voltage Scaling (DFVS) low power consumption for
Processing Unit designed on FPGA is estimated. The received results
show that DVFS technique is more effective on dynamic power
consumption compared to static power. The impact of the optimized VHDL
code to Direct Digital Synthesis (DDS) sine generator over the power
consumption is evaluated. An in-depth analysis was conducted on the
power consumption and resource utilization of various logic encryption
techniques, including XOR/XNOR-based, MUX-based, and path
sensitization, in the FPGA logic design. The investigations show that MUX-
based encryption is the most suitable option for low-power FPGA designs.
The estimation of power consumption in hardware solution for
cybersecurity of unmanned systems show that in encrypted and non-
encrypted FPGA designs revealed that dynamic power consumption is the
dominant factor.

The implementation of Edublog (educational blog) dedicated to FPGA-
based digital design education, with a special focus on different factors
affecting power consumption and application of different low-power FPGA-
based design techniques in telecommunication, is presented Chapter IV.
The web based calculator is designed. The dynamic, static and total power
consumption of FPGA can be calculated at different values of input
parameters, such as power supply voltage, operating frequency and
capacitance. The students can use the graphical visualization of the
calculator in order to have more clear view of the power consumption as a
function of input parameters. An interactive learning application focusing
on FPGA power consumption is developed using AR, emphasizing the
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creation of 3D models. Students can manipulate virtual FPGA designs and
participate in interactive learning modules in various scenarios.

In Chapter V are presented multimedia learning tools developed to support
students to learn through different applications of the principles of energy-
efficient FPGA design. Different tools such as power estimators, analyzers
and comparators are studied and evaluated for the purpose of power
consumption. A set of experiments are published in the edublog as step-
by-step simulations of a set of circuits in the fields of communication, loT,
signal generation, processing unit and hardware security. The student's
feedback and progress is analyzed using a structured questionnaire
designed targeting blog users. The questionnaire targets students with
diverse backgrounds and varying levels of expertise in FPGA technology.
54 responses were gathered from students enrolled in Western Balkans
University in the first cycle of studies of Bachelor's degrees in Computer
Science and Artificial Intelligence, Software Engineering, and
Cybersecurity. The received results are graphically presented and
analyzed.

5. Scientific, scientific-application and application contribution of the
dissertation.

In the doctoral thesis the author has indicated 13 contributions. Ten of
them are scientific, two of the indicated contributions are scientific-
application and one is application contributions. | accept the contributions
formulated by the PhD student Marsida lbro, which can be summarized as
follows:

» An innovative methodology is developed to support students’ e-

learning in the area of low power FPGA-based design.

» 10 benchmark and 9 advanced telecommunication circuits and
systems were studied for reducing the design power consumption. 8
different VHDL codes are designed to illustrate and experiment the
factors and how do they affect the power consumption.

The FPGAedulLab educational blog is designed and impiemented

specifically to improve student understanding of the factors,

methods, models and tools for power consumption in various FPGA-

based designs.

> A user-oriented power consumption calculator and graphical
representation of power consumption were developed.
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» Interactive muitimedia learning tools, including step-by-step
tutorials, virtual laboratories, and simulations, have been developed
to enhance the comprehension of FPGA design principles, with an
emphasis on power optimization.

» An AR application to better visualize the impact of design in power
consumption is created

» Student's feedback and assessment regarding the experience of
using the FPGAedulLab educational blog is conducted.

| believe that the results obtained are original and fully comply with the
requirements for dissertation work for obtaining the educational and
scientific degree "Doctor”.

6. Assessment of the degree of personal participation of the
dissertation in the contributions.

For the personal contributions of the PhD student judges from the fact that
she has one independent scientific paper, and in nine of the others she is
the first co-author. This gives me reason to accept that the dissertation
and contributions are the personal work of the candidate.

7. Evaluation of dissertation publications. Reflection in science.

Twelve publications have been made on the dissertation. Three of the
papers are reported at conferences in Bulgaria. Eight of the articles are
referenced in Scopus. She is co-author of a book chapter referenced in
Scopus.

The publications made exceed the minimum requirements for the award
of the educational and scientific degree "Doctor”. | accept that the main
results of the dissertation are available to the international and Bulgarian
scientific community.

8. Application of the results of the dissertation in scientific and social
practice.

It is very positive that the realized researches of the PhD student
developed in the framework of the Joint Doctoral Program “These en
Cotutelle” in the CEEPUS NETWORK number: CllI-BG-1103-06-2122



Modelling, Simulation, and Computer-Aided Design in Engineering and
Management.

9. Assessment of the compliance of the abstract with the
requirements for its preparation, as well as the adequacy of reflecting
the main points and contributions of the dissertation.

The abstract fully reflects the content and results obtained in the
dissertation, emphasizing the main contributions. Also, the requirements
for the preparation of abstracts at the Technical University - Sofia are fully
met. Therefore | gave a positive feedback on its printing.

10. Critical remarks and recommendation

All recommendations and remarks made by me in the preliminary
statement, as well as in the preliminary discussion of the dissertation are
fulfilled.

11. Conclusion

| believe that the doctoral thesis "Development of methods, models, and
muitimedia leaming tools for the design of communication circuits on
prcgrammable logic (FPGA) with low energy consumption” by PhD
student Marsida Ibro meets the requirements of the Law on the
Development of Academic Staff in the Republic of Bulgaria and the
Regulations for its implementation. | accept that the conclusions and
conclusions made are logically and competently constructed.

Based on the scientific, scientific-application and applied contributions
received in the dissertation, the demonstrated educational level and
accumulated theoretical and practical experience. the presented scientific
papers, | propose to the Scientific Jury to award the scientific degree
"Doctor” in professional field 5.3 Communication and computer
engineering, scientific specialty" Computer-aided engineering and
computer-aided design systems " to Marsida Ibro.

3.12.2025 . Reviewer: _
(Assoc, prof. Tihomir Brusev)



