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PazpaGoTBaHe Ha meToau, MOOENU U MyNTUMEAUNHK obyuynuTenHu
cpeAcTBa 3a MpPOeKTUpaHe Ha KOMYHMKAUWMOHHWM CXeMM BbpXy
nporpamupyema normka (FPGA) ¢ HuCKa KOHCyMauuna Ha eHeprus

YneH Ha HayuyHOTO Xypu (PeueH3eHT):

aou. o-p nHXK. Agpuana N . BopopgxueBa

Pycexckn yHusepcuter ,Axren Kuhues", gakynter ,Enextporex-
HUKa, eNeKTPOHUKa ¥ aBToMaTUKa", kateapa ,, TeneKkoMyHuKauum™
rp. Pyce = 7017, yn. ,,CrynenTtcka®™ Ne 8

1. AKTyanHocT Ha pazpaboTBaHMA B OUCEpPTALMOHHMA TpyA
npoBnemM B Hay4yHO W HayYHO-MPUMOXHO oOTHoWweHue. CreneH W
HMBa Ha aKkTyanHocTTa Ha npobnema WM KOHKPETHWTE 3agauwm,

pazpaboTeHu B AoMcepTayunaTa

EupaoTo pa3suTve Ha UMdpOBUTE KOMYHWKALMOHHW TEXHOMNOMMA AoBens A0
HeoDXOAMMOCTTa OT CXEMW, KOMTD ca eEeKTWBHW, M:BKEBM W eHEeprocnecTABallwW.
Mporpamupyemute norvdeckn pewsTtin (FPGA) ca oT knio4oBO sHa4eHwe nopagu
THXHaTa aAanTUBHOCT, BL3MOKHOCT 33 NpeKoHMUrypupase W BUCOKa npowssoguTen-
HOCT B MHOro oBnacTk Ha mpunoxeHwe. TAxHara npenporpamupyema npupoga e
ocofeHo nonesHa B TenekoMyHuKauwvTe, KeAeTo peweHwRTa Tpsbea ga Owpar
cuobpaseHn C MPOMEHALMTE Ce W3WCKBauua., EdepruiHata edyekTWBHOCT cera e
OCHOBHO Npeau3BMKaTencTso 3a npoekTupaHeto Ha FPGA cxemu, ocobeHo 3a
YCTPOWCTEA, 3axpaHsaHu c BaTepumn, W NpeHoCUMK yCTpoicTBa. B ChoTBETCTEME C
EBponefckus 3eneH NakT u yenute sa rnobanHa ycToR4YMBOCT, HWCKOEHeprUuHaTa
ENEeKTPOHWKA CE NPEBLPHA B TEXHONOMMYeH MNEPaTHB.

Bunpeki Ye MHOTO TexXHUKM 3a onTuMMsauma Ha FPGA ca yCbBbpLUEHCTEAHN,
MOCTWraHeTO KakTO Ha HWCKa KOHCYyMauWs H3 eHeprus, Taka WM Ha BWCOKa
NPOM3BOAMTENHOCT B KOMYHWKSLMOHHWTE cxeMu ocTasa TpyaHo. lpoekTanTuTe
Tpabsa pga DBanaHcwpaT KOMMPOMWCWTE MENJY MOLHOCT, MPOM3IBOAWTENHOCT W



CNOXHOCT Ha BHEAPABAHETO, KOETO W3WCKBE CHCTEMATUYHW MOAXOAW, KOUTO
CBUETABAT TEOPETUYHMN NO3HAHWA C NPaKTUYECKW TAKTUKW Ha NpoexTWpaHe.

ManonssaHeTo Ha MyrTuMeamniHi oBpasosaTent pecypen B y4ebrute cpeaw
Ha FPGA e HefocTaTe4yHO npoydeHo. [loxaTo Texwudeckara nureparypa obxsalla
ONTUMM3ALMATA Ha MoLHOCTTa Ha FPGA, cpasHUTENHO Manko TpyAoBe npeanarat
TEXHWKY, MPUNONKUMW KaKTO B BKageMWHEH, Taka W B UHAYCTPUaneH KOHTEKCT. Taan
npasHWHa MOTMBMPA HaCTOAWOTO W3CNeABaHe, KOeTo Cb4eTasa TEXHWYECKO
npoyYeaHe C Nefarormyeckv MHoBaLWK.

Taaw pawceprauws paspabotea meTogu, wmogend W MyNTUMEUAHK
WHCTpyMeHTH 3a oDyuenue, 33 ga nonoBpu npoekTupaHeTo W pasdvpaHeTo Ha
HUCKoBHEPTWItHKM FPGA KOMYHUKALMOHHM CXeMW. TexHU4eckn, T+ uaesTUhuUMpa U
oleHRAEa OCHOBHWTE (axkTopu, ACNpUHacsLM 3a noTpeGrieHMeTo Ha eHeprus oT
FPGA, w mnpenopbyBa CTpaTerv 3a@ OnTiMW3auvs 3a obnacTi Karto AWpPEKTeH
uadpos curTes (DDS), npouecopHu ycTpoWcTsa (PUs), noru4ecky mogynu 3a
XapayepHo KkpwnTupase W ycTpoicTea oT MWHTepHeT Ha Helarta (leT). B
obpasosaTeneH nnaH, TR BKIKOYBE WHTEpaKTUBHA MynTUMegWA — 0DpasosaTentn
Bnoroee, yeb-Basuparu NOMOLLHKW Nporpamu v aobaseHa peanHocT —B oby4eHWeTo
no FPGA. Ypes komGuHWpaHe Ha TEOPETUHHI PaMKW C MPaKTUHECKM ENCNEpUMEHTH
no npoektupane, paboraTta ce CTpeMu Aa YChEBDLISHCTEA KaKTo eHSprumHo-
OCBL3HATOTO MPOEKTUPAHE Ha CXemW, Taka W A0CTBLNHOTO, uHTepakTueHo FPGA
oby4enue.

MPUHOCET Ha W3CNEABaHETO € ABOSH: MbPBO, TO MPEAccTasA HoBu npo3apeHna
33 OnTUMM3AUMATE Ha MolwHocTTa Ha FPGA upes aHanus W CpasHWTENHO
BHEpPABAHE Ha PasnuuHy METCAM B peanHv CxXemw, BTOpO, TO Ch3nasa W sanugupa
MYNTUMEAVAHIN MHCTDYMEHTI, KOUTO NMPEecAonABaT pasnukara MEXZY TEXHWYECKUTE
W3CNenBaHnA W NpenogasaTenciara NpaKTuka, nopoBpsaBanku Ha4YMHa, Mo KOWTO ce
uayyasat v npunarat FPGA koHuenuuuTe. 3aeqH0 Te3n NPUHOCK NCJKPenAT no-
YCTOAYMBM UMMDPOBN KOMYHMKALWMOHHI TEXHONoTMK ¢ yKpensaT neparoruyeckuTe
ocHOoBW Ha FPGA oby4yeHWeTo.

NucepTauvaTa e OpraHnsnpana KaKTo cnejsa:

MnaBa |: WauepnateneHd npernej Ha nutepaTypata 3a ChBPEMEHHW METOAM,
MOgEenW W MyNTUMEAUAHW ODpasoBaTenHu WHCTPYMEHTW 3a MPOSKTMPaHE Ha
HUCKOSHEPIVIAHIM KOMYHWUKSLMOHHIN Cxemu Bupxy F PGA.

FnaBall: OnucaHWe Ha KOMWMECTBEHWTE W KAYeCTBEHWTE  METOLW,
W3NON3saHW 3a wacneaBaHe Ha (haKTopuTe, BAMAELM BBDXY KOHCyMauusaTa Ha
£HEPrA B TEeNeKOMYHWKAUMOHHWTE CXEMWU Ha FPGA, npeacTaeAHe Ha METOOW,
MOZENW U MYTTTUMEAUAHW PECYPCH, HACOYEHNA KbM nofobpseade Ha pasbupaneTo u
excnepumeHTupaneto 3a usbpaxu FPGA cictemu, skmoumuTtento loT, DDS,
MPOUECOPHY YCTPONCTEA, XapAyepHO KpunTupaHe 1 oBpasosarenHu bnorose.

nasa lli: EkcnepumeHTanHy® pesynTark OT BHeApeHuTE FPGA NpUnaxeHus,
€ aKUEHT BbPXY W3MEPEHaTA KOHCYMaUMA Ha EHeprna.

MnaBa IV: Axanvs 1 oBCbKOaHe Ha OCHOBHWTE KOHCTATaUWW, NPOEKTMPaHE W
nogroToBka Ha obpa3osaTeneH Onor W CBbLP3AHW C HEMO y4eGHW MaTepuani 3a
npegocTasAHe Ha AOCTBMHW, MHTEPAKTUBHMA y4ebHu pecypcu.



Inaea V: Onvcanve Ha Kypca, npenogasad uype3 edublog, ananua Ha
obpaTHaTa Bpb3Ka OT CTYAEHTUTE, oGobLeHWe Ha W3CNENOBaTENCKATE NPUHOCH W
UaITLIHEHWUTE 33844, KAKTO W NpeanoxeHns 3a Obgela paboTa.

Mpunoxenus: JOMeNHUTENHA MaTEpUany, BKMIOYUTENHO eKcnepuMeHTanex
KOfl, NOOKPEnALLa SOKYMEHTALWA ¢ noapoGHU Habopw OT faHHN.

MocodeHuTe 3agauv (naesTudnuMpane Ha PakTopK, CPaBHABaHE Ha METCaW
W MOAEnW, NpunaraHe Ha Kasycu, wsrpaigaHe Ha obpasoBaTentu apredakti W
cubupaHe Ha oBpatHa Bpb3ka OT CTYAeHTWTE) ca nocrnegoBaTentdt U NOAX0ARWIOo
oBxsaTHu 3a goktopcka pabora. Kato usno cbopmynvpoBEkaTa Ha npobnema M
3afiayuTe NOK33BaT BUCOKE Hay4YHO-NPUNOXHE aKTyanHoCT.

BoW4Ko TOBZ ONMpeaens akTyanHocTTa W 3HaYMMOCTTa Ha pasTnexaaHis B
AUCEPTALMOHHUA TPYA NPoBnem B Hay4eH U Hay4HO-TIPUNOXEH nnaH.

2. CteneH Ha nO3HaBaHe CLCTOAHWETO Ha npobnema W

TBOpYECKa MHTEepnpeTauusa Ha NuTepaTypHuA martepuan

[lucepTaumorHuMAT Tpya € B obem oT 157 cTpaHWuK, K3TO BKMO4YBa
snBeneHve, 5 rasn 3a pellasaqe Ha QOopMynupaHnTe OCHOBHW 3aRatyn, CTIACHK Ha
OCHOBHWTE NpPWHOCHM, orpaHuyernsa W Obgewa paboTa, CUCHLLM Ha hwrypure,
TaBAULMTE W CHKPALLEHUATA, CIMCEK Ha NyBnukalnTe No AucepTaLmATa, CMUCLK Ha
WABECTHWTE LMTVMPaHWS W CNACEK Ha U3non3saxara nwrepatypa. B ponunHeHn ca
npunoxeHn 8 aHexca ¢ ofem oT 126 cTpaHuum. B AWCEpPTaUMOHHNA TPYA uma obwio
52 churypw 1 24 Tabnuum.

PeanwWaupaHoTo NMTERaTypHO NpoyYBaHe & Bb3 OCHOBA Ha 290 nuTepaTypHA
WITOMHWLIA, KATO BCWMKM Ca Ha NaTtuHuua (B TOBa YnCno U yeGcaiToBE) U NOBEYETO
ca ot nocnegHuTe 10 roguHn,

[vceprauuaTa NPEACTABR LWPOK, aKTyaneH adanua ha nuTepartypara,
o6xBalluall TEXHWKW 3a saxpansaHe Ha FPGA, WHCTpYMEHTM OT AOCTaB4MUA.
pucTaHuvorsHM  nabopatopum W MyNTUMEAWAHM NNaTopMW 338  ENEKTPOHHO
obyuyeHue. TiperneasT CUHTE3UpPA NUTEPaTYpa Ha HWBO YCTPOWCTBO, 2pXUTEKTYPa W
negaronvka ¥ noguyepTasa MPONYCKMTE (nMNCa Ha MHCTRYMEHTH 33 EenexKTPoHHO
obyueHue, (OKYCUPaHW BbpXY 3axpaHBaHETO, orpaHw{eHa CUMynauuMs B peanHo
speme 33 cTyaeHTV). KanawaaTeT nokassa AoBpo BnageeHe Ha MHCTPYMEHTH OT
QOCTaBYALM W CbBPEMEHHW HACOKW Ha WU3CneasaHe 1 WHTEepnpeTUpa nuTepatypata
KpEaTUBHO, KaTo KOMEGMHMPA TEXHUYECKa ONTUMM3AUMRA C nefarorM4ecki MHoOBaUMK
(Hanp, Brpaxaate Ha AR » OHNaH KanKkynaTop 33 3axpaHeaHe B y4ebHuA Npouec).
OBxXBaTLT € W3depnartensH 3a LenuTe Ha ANCepTaumonHua TpYA, NpenparkiTe KbM
KOHKPETHW WHCTPYMEHTW W NakeT 33 OleHKka Ha saxpaHBaHeTo nogcunear
npernega.

3. CLoTBeTCTBME Ha w3bpaHaTta meToAMKa Ha WacnensaHe C
flocTaBeHaTa LUern W 3a4ayu Ha AUCcepTaLuMoHHWA TPYA

[IWCEpTaLMOHHUAT TPYA MMa 33 Len Aa Ch3faje HoBa METOAOMNOTAS, KOATO
[eMOHCTPUpa MEeToAWTE, MOfEenuTe W TexHukuTe 33 ONTUMM3ALMA C HWCKE
KOHCyMaUmMs Ha eHeprus 3a FPGA peanwsaunin Ha n3bparu TEeNeKoOMyHUKaLMOHHM



cxemu 1 cucTemi, Teaun paspaboTiv we Gbaar npefcTaBeH B oBpasogareneH Onor,
KOWTO BKNOYBE HOBW OHMAaNH  KanKynaTopw, MYTTTUMEAVIAHK  MHCTRYMEHTW 1
WHCTpYMEHTH 38 nobaseHa peanHocT, Bpb3KM KM PECYPCH 38 NpoSKTUPaHE C HUCKA
KOHCYMBLMSA Ha BHEDIUR, KaKTO W yyeGHW/oLeHRABaLLM MaTepUany U ypOLM, KOWTO LLiE
[OMOFHET Ha CTYAEHTWUTE Aa HaydaTr NpoeKTUpaHeTo Ha FPGA ¢ HACKa KOHCyMauWs
Ha EHEprvA 33 TENeKoMyHUKaLWn.

OceM WacnefoBaTencky 3afa4m ca dopMynHpaHy, KakTo cnensa:

3anaqa 1 — AHanua Ha qaxTopuTe Ha moiyHocTTa: Mpoyysane W ouerka Ha
pasnuuHuTe PaKTOPY, KOUTO BRIUARAT BbpXY KOHCYMAaLMATA HE EHEPrWA Ha FPGA.

Japava 2 —Npernea  Ha culecTeyBaWMTE  NOAXOAW WMssuplsadHe Ha
safqunbodeH nperneg Ha HaCTORWMTE METDAW, mMogeny W WHCTPYMEHTA 33
npoexkTupare Ha FPGA ¢ nucka KOHCYMAaLWA Ha EHEPTWA.

3apaua 3 — KonuuecteeHo OnpenensHe Ha edekTTe OT ONTUMK3ALIMATA:
flemoHCTpUpaHe ¥ KONWHECTBEHO onpeAensHe Ha ToBa Kak pasnUHHATE TEXHAKA 33
OMTUMWSELMA BNWAST BBPXY KOHCYMaLMATa Ha exeprus 8 FPGA npunoxenvaTa.

3ansua 4 — W3Gop Ha TENeKoMyHWKaLWOHHN SeHumaprose: Wsbop Ha
npegcraswrened Habop OT TenexkoMyHWUKaLMoHHK CxXemn U cvcTeMW, KowTo Aa
CNYXaT KaTo Ka3ycy 33 OLgHKa Ha MOZENW, METOAW Y MHCTRYMEHTH.

3apaya 5— Cv3nasaHe Ha KankynaTop W Bw3yanwu3aTop 33 MOLUHOCT.
PaspaboreaHe Ha WHTYWTWBEEH Kankynartop 3a KoHCymauus Ha EHepruA C TPaguuHN
BM3yanusauvMM B NOAKpena Ha aHanusa v oby4eHneTo.

3apaua 6 — Cv3fasaHe Ha obpasosatened Bnor Paspaboteare Ha ©nor,
OpUEHTMPEH KBM noTpeSwTens, NOCBETEH Ha oby4enneTo no FPGA, KOWTO
obenuHABa MHCTPYMEHTH, oBRCcHEeHWA WU PECYPCH.

3apnaua 7 — PaspaboTeane Ha WHTEPaKTWBHA MHCTPYMEHTU 34 oby4eHue:
CwagaBaHe Ha WHTepaKTUBHM MyNTUMEGUIAHA pecypcu — noapobnn - ypoum,
supTyans nabopatopuu W cumMynaumn — POoKyCUpaHA BLpXYy TEXHMKW 3&
oNTAMM3aLMS Ha MOLLHOCTTA.

3apa4a B — Cubupane Ha obpatHa Bpb3ka ot cryneHTuTe: Cubupane W
aHanua Ha oBpartHaTa Bpb3Ka OT CTYABHTUTE OTHOCHO TEXHWS ONWT C WANON3BaHeTo
a oBpasoBaTenHun Bnor u HerosuTe pecypew.

Taa pabBora uma 32 uen A3 yCbBBpLIEHCTEA eHEPrUAHO E]eKTUBHUTE
NpaKTUKK 38 NPOEKTUPaHE Ha FPGA ¥ 43 Hanpasu BUCOKOKa4YECTBBHWTE, NPaKTU4HA
yueGHW pecypcu No-AoCTbIHA 38 cTyaeHTWTE B obnacTTa Ha TenexoMyHUKauuiTe.

[ucepTaumaTa o4epTasa W3CNef0BaTENCKNA NMPOLET W TEOpETUHHUTE OCHOBH,
neobxogumu 3a paboTaTta. VCTaHOBSBAHETO Ha METOAOnoTMA 38 MHKEHEPHO
npoy4BaHe W3IUCKEa CTpyKTYypupaH NOAXoA4, kouto edexTMBHO pasrmexia
W3CNenoBaTenckUTe BLNPOCH, XUNOTE3 Wil nocTaHosky Ha npobnemure. [epsara
rnaga pa3smexna anTepHaTMBHA nogxogw, adanvanpa fokasatencreata W
WHTEpNpeTMpa pesynTatuie. KomBuHupaHeTo Ha pa3nuubn METOLONOTUHHA
nepcrnexTMBn aasa no-nenHa KkapTuHa Ha NOBEAEHWETO wa mowsocTTa 8 FPGA
NpoeKTUTE.

KonWuecTBEeHW METOAW Ce npunarat 3a CUCTEMATUMHO WamepBaHe W aHanva
Ha KOHCYMauWATa Ha eHeprus Ha FPGA. Ypes KoHTpOnupaHi eKCrepyUMeHTH W



TecToBE Ha HWBO YCTPOACTBO B MHOXECTSO CueHapum CE uwaMmepeat W
xapaKTepuaupaT KakTo CTaTuqHuTe, Taka W OMHEMWAYHWTE  KOMMOHEHTW Ha
MOLYHOCTTa. EMNMPUYHWTE M3MepBaHWA Ce koMBUHMpaT C TEOPETU4HW MOAENW, 38
Aa Ce ONpEeAeny KOMMYECTBEHO KaK PasnuiH1Te hakTopy BIUSAT BBPXY
W3NON3BEHETO Ha Pecypcu W KOHCymauwsTa Ha eHeprvs, KOETO nognomara
noaobpeHuATa B ONTUMKU3ALMATE Ha OnsaiHa.

KayecTBeHUTEe METOAM WM3CNeABaT Av3aiHepckuTe npakTvikNA, noTpetuTen-
CKOTO WDKMBSBAHE M KOHTEKCTyanHuTe (PaxTopw, KOUTO BIMART 8bpXy NoOBEAEHWETO
Ha MolHocTTa Ha FPGA. TexHuku Kato 3afunboyeHn uHTepsioTa, Habnioaenne ©
y4acTWeTO W aHanua Ha ChAbPHEHWETO npefocTassAT BOTaTh, KOHTeKCTYanusupaHi
NpOSpeHUst 3@ EHEepruiHo edexTMBHVM NPUHUMNKM Ha NpoeKTMpane W TRAXHOTO
MPaKTUHECKD NMPUNOKEHNE.

Mpuera e cTpaTers CbC CMECEHW METOAW, 3a fa Ce W3Non3ear CunHuTe
CTPaHM KakTO Ha Ka4ecTBeHUTE, Taka W Ha KonwdecTseHWTEe NOLAXOAW.
KonWJecTeeHUTE  TEXHWKM NPeaocTaBAT  M3MEeprMK, obobuasmn  AaHHW,
KaUECTBEHUTE TEXHWKM OCWrypsBaT 3agbnboueHo W KoHTeKcTyanwo pasbupane.
WHTErpupaHeTo Ha  eMN1pUdHA M3MepBaHuA, MPOTHO3HWM  cuMynalmm W
foKkasaTencTsa OT Kasyck BOAW RO NO-MBNEH aHanW3 Ha crTpareruiTe 3a
onTUMK3aLMA Ha molyHocTTa Ha FPGA.

[axxuTe ce cbOKUpaT Cc nomoLTa Ha TpW AONBBALLM C8 NOAXCAA.

1) ExcnepumenTaneH: [UPeKTHA USMEPBaHUA Ha MOLLHOCTTa C WHCTPYMEHTH,
cebp3aHu KbM FPGA nnatkd npy pasnusbul KoHUrypaLum n paboTHU YCnoBUS.
CubupaHe Ha nokasaTeny 3a NPoM3Bo4NTENHOCT, Hapef C AaHHW 38 MOLLHOCTTa, 33
03 Ce OUEeHW Bb3QSNCTBUETO Ha TEXHWAKWTE 38 ONTAMU3aLWA

2) baavpad Ha cumynauus. 3nonasaHe Ha WHCTPYMEHTW 32 MOAenupaHe Ha
FPGA (Hanpumep CUMynaTopw Ha [IOCTABYMLIM) 38 OUeHKa Ha MOLHOCTTa 38 JafgHn
AW3aAHEPCKN PELLUEHUA, HecTOTH W Hanpexexns. KpbcTocaxa Banvaaums MeXay
CUMYNMPaHN OUEHKN W eKCnepUMEHTanHW WaMepeaHua 3a MoTebPWA3eaHE Ha
TouHOCTTa Ha Mogena W edukacHocTTa Ha cTpaTerwiTe 3a ynpasneHue Ha
MOLLHOCTTA.

3) Mperneg Ha Kasyc: PasrnexgaHe Ha TexHW4ecka JOKyMeHTaLMA, NPOEKTHA
crneuvduKkaLIan ¥ OTYETY 33 oNTUMKIaLMA OT cruiwectaysauwm FPGA npunoxeHns 3a
WAEHTUDMUMPEHE Ha peankn Moaeni Ha MOLLIHOCT ¥ NO-PaHo Bb3NPUETI TEXHUKN.

33 ofpaTtHa Bpbaka OT CTYASHTM W aHanus Ha oGpasoBaTenHu AaHHW Ce
Wanonasa CTaTMCTUYecku coTyep B noakpena Ha pSLIEHWATA, OCHOBAHW Ha [AaHH1.
OnucaTenHara cratMcTuka (cpepwa CTOMHOCT, Meawaxa, Moga, CTaHAapTHO
oTknoHeHue, yectoTu) obobuiaea OTTOBOPUTE. AHaNWIbLT HE HapgewaHoCTTa (anda
Ha KpouBax) nposepsBa ChbinacyBaHocTTa Ha aHKkeTaTa. PaKTOPHWAT aHanwa
pa3KpUBa NATEHTHW USMEPEHWA B JaHHWTE OT oBpaTHata spbaka. KopenauwoHHv,
ttectose, ANOVA W perpecvoHer aHanus ce W3rionaeaT 3a wWacnenpase Ha
B3aMMOBpB3KM, CpaBHsABaHe Ha rpynm W nporHo3paHe Ha PesynTam, KaTo
HanpuMep YAOBNETBOPEHOCT Ha CTYASHTWTE, ab3 CCHOB2 Ha NPOMEHNWBW KaTO
METOAW Ha npenocgaeaHe W pecypout. Tesu KOMWHMECTBEHW aHanuWsw nasar
uucpopMaLms 3a nogobperna B obpasoBaTenHun Bror ¥ yyeGHUTe Marepuani.



MeTogonorusaTta Ha aucepraumsTa cneasa ACHa norudecka
NOCNegoBaTENHOCT, a eKCNepUMEeHTanHWTe WacneaBaHWs Cce O0CHOBaBaT Ha
npegsapuTenHo paspaboTerHa MeTooonNoMvA.

Lenta w 3agaywte, GOpMynNUpaHK OT LOKTOpaWTa, ~bLOTBETCTBET Ha
W3IKCKBaHWRTa 33 gucepTauws 3a npuaobueave Ha obpasosarenHata v HaydHa
crenex JlokTop”.

4. Kpatka aHanWTM4YHa XapakTepUCTWKa Ha EeCcTecTBoTO M
OUeHKa Ha OOCTOBepHOCTTa Ha MaTtepuana, BBpPXY KOWTO ce rpagarT

NPUHOCKUTE Ha AUCEePTaLUMOHHKA Tpya

MpeacraeexHuTe B QMCEPTaUWATS Marepwanu ca ACKNagW OT cuHTE3a oT
Vivado, peanuanpadu npoexktu Ha ZedBoard, renepupan/onTumuanpad VHDL, gaqsm
OT BLNPOCHUUM (54 CTYABHTCKM OTTOBOPM) M Manek nuncTeH Tect (3 crypeHTw).
EMNUpWYHUTE M3MEpBaHWA Ca3 TIONYYEHW OT CTaHQapTHU MHCTPYMEHTW W xapayep
(oT4eTH 332 MOLWHOCT Ha Vivado, uMnnemMeHTUPaH HeTnWCT), kowTo ca obwonprety B
wicneasaHvATa Ha MoliHocTTa Ha FPGA. PaamephT Ha u3sagkaTta oT BblpoCHUKa
(54) e agexeaTeH 3a NLPECHaYaneH aHanus Ha uanonasaemMocTTa, anda Ha Kpoxbax
(.843) npepnonara BbTpellHa CLINAcYBaHOCT, aKTOPHWAT aHanus uamexaa
NpasnnHO NPWNOXEH 32 uicnegosartenckw uenu. EmnupuyHara 6a3a e conugHa 3a
CPaBHUTENHW W 0Bpa30BaTENHO-OLEHWUTENHK LUenu,

5. Hayuuun uinnmn Hay4YHO-NPUINOXHMN NPUHOCHK Ha

AUCepTauuoHHUA Tpya

B npeacraseHaTa gvcepTauMA QOKTOPaHTET € (DOpMYNWMpan npuHocKW oT
HayuyeH, Hay4HO-NpUNOXeH U NpUNoXeH xapaxTep. [pueMaM NDUHOCUTE, HO cniopen
MEH Te MoraTt fa 6baar oboblieHn M KNacuuuMpaHi KaTo Hay4HO-NPUNOXHN WKIKA
MPUNONHMA,

1. Bba ocHoOBa Ha URMOCTEH Npernes Ha ChILeCTEYBaLMTE METOAM, MCAENN 1
MHCTpYyMEHTW 33 oOpaszosatened Awsand, Oaaupad Ha FPGA, wssmplueH B
OWCepTaLMATa, & Cb3fajeHa HOBA MESTOAONONWA 33 EeneKTpoHHO obyueHwe B
oGnacTTa Ha Av3ainHa Ha FPGA C HUCK3 KOHCYMEUWA Ha EHEPrWA: TA @ CEbp3aHa C
34 Teproeckn W GesnnatHW WMHCTPYMeEHTa, waoeHTWdwWumpa 10 hakTopa, KoWTo
BMAWRAT BBPXY KOHCYMauwsTa Ha eHeprus Ha FPGA, wabupa 7 TexHuku 3a
ONTUMU3ELUMA C HWCKa KOHCYMauusa Ha SHeprus W 7 noaxoga 3a uanyecka
ONTUMK3aUMA, M30BUpa enemMeHTapHW W HanpegHanu TENeKoMYHWKaUWOHHM cxemu/
CMCTEMM 33 macnegsaHe w gedwHupa Habopw 33 ouexka (metop/dakTop/mogen),
cwobpasesn cuC cneyndnsHM TENEeKOMYyHWKaUMOHHM cxemu. Metoponorweata e
BanMaupaHda u4pe3 BHEApPRBAHe B CneuwanHo cb3gageHd obpa3sosatened Gnor
(FPGAedulLab).

2, NposepneHn ca emnypudHKW  w3cneasadws  Sbpxy 10 Denumapk
9 YCHBEPLUIEHCTBEHN TEMNSKOMYHMKALUWOHHW cXxemw/cucTemMy (MpuMepu. npouecopeH
Gnok, DDS cuHycoupanes reHepaTop, CxXeMW 33 XapdyepHo KpwnTupaxe,
nanonssawm XORNXOR, MUX v TpurepHy cxemu ¢ n-BUTOBKM KNOYOBE, KpUnTHpaHe



3a GeanwnoTHu cuctemu wn loT). 32 Bcexu crny4yail ca NpUNOMEHW W CpaBHEHW
TEXHUKW 33 HamanABaHe Ha MOLUHOCTTa (CHMHXPOHW3WNpaHEe Ha TaKTOBa YecToTa,
usnyecku onTumuaaumm, DVSF, pvyHo cnpamo astomatwyHo reHepupad VHDL,
MHOMECTED OLISHKW Ha AWM33NHEpPCKW PELLEHWR, CTPETerMn 3a yNTpaHucKa MOoLHOCT).
Cr3nagenm ca ocem pasnuusn VHDL peanuaaudu, 3sa fa ce gemMoHCTpMpa Kak
u3bpann akTopu BNWSAT BLPXY KOHCYMaUMATA HE EHEprvA, W Ca AOKNaaBsaHW
EKCTIePUMEHTaNHW Pe3ynTaT C NPenopbW.

3. Mpoektpad W cTtapTvpaH e obpaaceareneH Gnor FPGAedulab, rkoiTo
npefocTaEs METOAONOMMATa M NOANOMara CTygeHTuTe ga W3y4asaT akTopw,
METOOM, MOGENW W MHCTDYMEHTHW 38 KOHCYMauus Ha eHepra oT FPGA, nanonssanku
MyNTUMEAWAHO W WHTEPaKTMBHO Cchabpxadwe. PaspaboteH e xankynaTtop 3a
KOHCYMaLMs Ha eHeprus C rpadw<eH W3XOA, OpUeHTUpaH KbM noTpeburens.
Ce3paneH e waTepaktueeH obydywtened codTyep, BKMOYBaW CThMKa NO CTbNKa
ypouw, BUpTyanHu nabopatopun v cuMynauwi, hokycupaHu BbpXy eHepriurHo-
0CL3HaTOTO npoekTupaHe Ha FPGA. Bewe sHeapeHo AR mpunoxeHwe, koeTo aa
BAIYanA3NPa KaK AW33AHEPCKWTE PELISHWA BRVAST BbpXy NOTpedneHueTo Ha
eHepria. CuOpanu Onxa OT3WBM W OUEHKW OT CTYQBHTWTE, 332 A3 Ce OUeH
oByuwTenHuaT onut ¢ FPGAedulab.

3HavyeHue Ha NPUHOCHTE!

Hay4Ho-npunoxHo: Pabotata KoHCONWOWPE  WM3BECTHW  TeXHWKM, HO
NpefocTaBs nNOME3HW, emMnupuuHo oOOCHOBaHW CpasHeHWs Ha efHa W Cblla
nnardopMa W M CBLP3B3a C neparorwyeckaTta npaktuka. MNpwmepsT 3a DDS VHDL
ONTUMM3aUMS W W3MEPEHWTE PEe3yNTaTh OT KOMNpOMMC2 MEXZY KpunTupade W
MOLHOCT NPEeAOCTaBAT NpakTWYecKW [OKasaTencisa, KOUTO MOraT ga HacouaT
wabopa Ha au3aiH C HWCKa MOLLHOCT.

Mpunoxuo: FPGAedulab, kankynatopsT ¥ AR mogyneT ca HesabasHo
noneaHn obpasoBaTenHu NPOAYKTW —UeHHW 3a GavanasbpCcKW/MarMcTbpCKu
kypcoee, npenogasawn FPGA npoexktvpare, Cb0oDpa3eHo ¢ MOLLHOCTTA.

XapakTep Ha npWMHOCWTE: NPEIUMHO eMnupuyYeH W OpUeHTUpaH KbMm
NPUNOXEHWETO C NEQArOTMNECKW WHOBaUWM, HE € HOBa TEOpWA, a8 CblecTeeH
NpaKTUHecKn nNpuHoC (cpaBHeHWR Ha MeToaM, Habopw OT OaHHW 33 Wamepsane,
o6paaoBaTent UHCTPYMEHTH).

6. OueHKa 3a cTeneHTa Ha NMYHOTO yYyacTHe Ha AMcCepTaHTa B
npuHocuTe

TekcTeT Ha [OUCEepTauMATa W AOKYMEHTWpDaHWMTE peanusauun nokasear
3HAYUTENHO NUYHD yYacTue:

1) MNpoekTupare W BHeapABaHe Ha ekcnepumeHTansu cxemn, VHDL koaupane
(BKMIOYMTENHO ONTUMU3UPaHO pBYHO BHeapnsare), Vivado-Oasupana peanusauvs v
aHanus Ha MOWHOCTTA.

2) Paspabotsase Ha oSpazcsatenyn matepuany, yeb kankynatop, AR moayn
1 NposexaHe Ha CTYAEHTCKN M3CNenBaHns.

3) OBxXBaThT W CTENEHTa Ha AEeTalNHOCT Ha Ppe3ynraTtuTe (MHOXeCTEO
BHEOpEHW NPOEKTW, MSMEPBEaHWA, CTaTUCTMHECKW CTYABHTCKM aHanus) npegnonarar,



He KaHAMGATLT € WIBLPLWWMN NOo-fONAMaTa 4acT OT eKCNepuMeHTanHaTa W
negarorndeckara pabora.

B aucepraumsTa ca maBpoeHn MHOKECTBO NybnuKkaumn B KOHdEpeHLMW W
CNWCAHMA, B KOWTO KaHAMAATLT € MbLPEM aBTOP WAM CbasTop, a AOKYMeHTUpaHuTe
peanusaumm (VHDL kogose, ye® WHCTpymeHTW, AR mMoaynu, eKcrepuMeHTanHu
HEcTPOWKM) NOKa3saT npakTuLecko passutwe. OOXB8aTLT W CLIMAcyBaHOCTTa Ha
paboTaTta (TEXHUHECKW EKCNIEDUMEHTW + NpoeKTUpaHe Ha obpa3oBaTenHa cucTema +
CTYABHTCKW  aHKETW) TNPEeanonarar 3HAYMTENHO nNWYHO YvacTHe Kakto B
TEXHW4EeCKaTa, Taka U B negarorv4eckara Yact. CnucbKeT ¢ nyGnukauwiTe, cBbp3aH
C TEMWTE Ha AWCepTauwATa, NOOKPENA BMCOKA CTENeH Ha IWYeH NpMHOC OT
AOKTOpaHTa.

OueHKa: BUCOK NMYeH NPUHOC.

7.Mpeuyenka Ha nyGnukauuMutTe nNO OWCEPTALWOHHMA TPYA:
Opo#, xapakTep Ha u3gaHWATa, B KOMTO ca oTnevartaHu. OTpakeHue
B HaykKaTa — U3non3BeaHe U UuMWTUpaHe OT APYrK asTopu

KaHgmaaTeT e nyGnukyBan MHOMESCTEC peueHavwpaHn  Joknagy  oT
KoHpepeHumMn (goknagw ot IEEE, wHaekcupanu B8 Scopus/WoS) v egHa cratus 8
cmucanve. MabpaHute matepuany ca wHaekcwpanm 8 IEEEXplore, Scopus u Web of
Science W oDxBalwaT KaKTO TEXHUYECKW, Taka W negarornuecku acnextm (DVFS,
DDS, AR yueGen mopyn, yeb kankynatop). BposT w MACTOTO Ha nybnukauuuTe ca
NOAXOAALUM 338 NOKTOPCKa AUCEPTALMA NO WHXEHEPCTEO.

UuTaTi: gokyMeHTLT M3DpOREa UMTUpaWMTE TPYAOBE M MOKa3Ba, 4Ye HEKOMW
Aoknagw UUTUPaHW B Nocrnegsaly W3CcCnensaHua U AoKNaau oT KoHbepeHuuu,
KOBTO NOKa3sa HapacTeawa suawmoct. [yBnukauwuTe  OeMOoHCTpUpaT
pa3npoCTpaHeHUe KaKTO cpej TexHu4eckara, Taka W cpepn obSpasoBarendata
ayauTopu1a,

NucepTauMoHHUAT TPy4 nNpeanara uvHoBaTWBHA MmeTogonorMs u yyebHa
nnargopma 3a enexTpoHHo obyyeHue, UeNALWW 4a NOLNOMOTHAT NPOSKTUPEHETO Ha
eHepruiHo edexktueHM FPGA pewedus. ETo 3awo cuvtam, Y& metogute W
cpegcreata, paspabDoTedM OT QOKTOpawWTa, WMar noTteduMan ga Ounpar
KomepcuanuanpaHu,

OcHOBHMTE NOCTVKEHWA W PE3YNTaTW OT AucepraumsTa ca nyBnukysavu 8
12 ray4Hn nyGnukaumu, pasnpenensHy no s1a, KakTo cnegsa:

» [naea oT kHwra, wHaekcupaHa s Scopus — 1 Spoi (Ne 5, B Monitoring
and Protection of Critical Infrastructure by Unmanned Systems);

» [Mybnukauuw B cnucaHus — 1 Bpoid (N2 10 B cnucaHwe International
Joumnal of Business and Technology);

7 [llybnukaumw B MewayHapogsw kKoHpepeHumm W cOopHMUM Ha
konthepeHumn, wHaexcupas B IEEEXPLORE, Scopus n Web of Science — 8 Bpos,
KakTo cnepea: Nz 1 v Ne 12 8 cGopuvum CoBCom Ha International Conference on
Broadband Communications for Next Generation Networks and Multimedia
Applications (Graz, Austria, 2024 v 20207r.), N2 2 n Ne 3 8 cBopHuk SIELMEN Ha
2023 International Conference on Electromechanical and Energy Systems (Craiova,



Romania, 2023 r), Ne8 Ne7 u NeB e cOopuuk IWSSIP na 25th International
Conference on Systems, Signals and Image Processing (Sofia, Bulgaria, 2022 r.),
Ne 9 8 cBbopHuk ConTEL Ha 16th International Conference on Telecommunications
(Zagreb, Croatia, 2021 r.);

# TyGnukaumy B MexayHapooHW koHdepeHuMM W cOOpHMUM  Ha
roHdbepeHumm — 2 Bpoa, kakto cnegsa Ned 8 chopruka Ha 14ih International
Conference Development and Modernization of Manufacturing (Bosnia and
Herzegovina, 2023 1.). u Ne 11 B cDopHuk IWSSIP Ha 28th International Conference
on Systems, Signals and Image Processing, IWSSIP 2021 (Bratisiava, Slovakia,
2021 ).

Ot Teau 12nybnukaumm egHa e camocTomTenHa (Ned), ocem ca B
CbLasTOPCTBO C HayyHWA purosoguTen (Nz 1, N22 Nz 3 Ne6, Ne8 Ned Ne11,
Ne 12), kaTo QOKTOpPaHTLT € Ha MbPBO MSCTO W TPWU €2 B CLaBTOPCTEO C TPETKM Y4YEH
(Ne5, Ne7, Ne210) kato OT TRX QOKTOPaHTHET € Ha MbpPE0 MACTO B €4Ha OT TpuTe
(Ne 10), Bcowuko ToBa nokasea, Ye NONYYEHWTE B AWCEPTaAUMOHHWA TPYA pesynTaTtu
€a NW4eH NPUHOC Ha QOKTOpaHTA.

[OKTOpPaHTLT € NPEeACTaBui CNUCHK C 27 U3IBECTHW LUMTUPaHWA, KaTto 8 Scopus
ca BUAUMK 23 UMTHpaHKuS,

8. U3nonssaHe Ha pe3ynTaTuTe OT AMCEpPTAUMOHHWA Tpya B
Hay4HaTa M couuanHara npakTtMKka. Hanu4ue Ha NOoCTUrHaT npsk
WKOHOMMYEcKH edhekT n np. JOKyMeHTH, Ha KOMTO Ce OCHoBaBa
TBbLpOgHUeTo

MpakTU4ecKo NpUNoXeHne:

» FPGAedulab, xankynaTopbT 3a MOWHOCT MW NPUNCXEHWETO 3a
pobasena peanHoct (AR) ca npaktudecki ofpasoBaTenHu NPOAYKTW, KOWTO morar
ga Gugart swanpueTM OT yHueepcuTeTM W naGopatopwu 3a nopobpssBane Ha
obyuenneTo no FPGA no Temn, CELP3aHA C HACKE KOHCYMALMA Ha eHeprua.

» WamepenuTe KoMnpoMucy B gwusaiHa (onTwmmaauws Ha VHDL, wabop
Ha KpWNTMpaHe) WMaT nparMaTW<Ha CTOWHOCT 33 NPOeKTaHTUTEe, KOUTo W3bupar
KOMNPOMMCH MEXOY HWCKa KOHCYMAaUMR Ha eHeprus W curypHocT B8 peanHu FPGA
NPoeKTH.

WMrkoHomwuueckn edexT:

OWcepTauMoHHUAT TPyA HE TpPEACTaBA  KONWYECTBEHO  ONpEefeneHo
MKOHOMMWYECKO BL3AENCTBME (MKOHOMWW Ha pa3sxogM, BHegpABaHe B ronAmM mawat),
HO MHCTPYMEHTWUTE W HACOKWTE MOTaT Aa HaMansaT wTepauwuTe Ha paspaboTka v
GiogmeTwTe 33 eHeprus B uenesu npunoweHua (loT, Be3mnMnoTHU cucTemu).
MoTeHuWanHaTa WKOHOMMYEecKa nonsa & npasgonogodHa, HO HE e WU3pWYHD
M3IMEpEHa.

Kato usno: sicHa obOpasosBatenHa W TEXHWYecKa nNpUNOMWMOCT, nNPAKD
WMKDHOMWYECKO Bb3AefcCTEME HE © [OEMOHCTpMpaHo, HO € BEepOATHO Ha HMBO
NpoexT/NPoAYKT.



9.0ueHka Ha CBbLOTBETCTBMETO Ha asTopedepata ¢
HINCKBAHUATA 338 M3IrOTBAHETO MY, KaKTO U Ha afeKBaTHOCTTa Ha
OoTpa3ABaHe Ha OCHOBHWMTE TIONOXKEHMA W NPHHOCHUTE Ha

AucepTauuoHHUA TpyA

MNpepncraeseHuaT asTopedepat @ ¢ obem or 32 ctpanuumn. Kato crpykTypa e
ohopMEH CBITIACHO MW3WCKBAHWATA Ha HOPMATUBHUTE [OKYMEHTW W NpeacTass
OCHOBHWTE [M2BW Ha AWCEpTaUMOHHWA Tpya, kakte W oboblieHWTe npuHOCK,
Otpasenn ca anpobauvuTe Ha nonyyYesuTe pesyntaty. HomepauwsaTa Ha durypurte
1 TabnuuwTe B asTopediepaTta CLOTBETCTEA Ha Te3W B AWMCEpTaLMATA.

10. MHeHuA, npenopbku v Genexku.

CuvnHute cTpadW Ha awcepraumsTa morat ga Gvaat opMmynupaHd, Kakto
criegea:

7 [loBpe ob6xsaHata WHTErpauWs Ha TEXHUYECKWM EKCNEpUMEHTH W
neaarorM4ecky MHOBaLIMK.

» ConvigeH nyGnukauMoHeH ONMWT ¥ ASMOHCTRAUMOHHW Matepuanu
(ranxkynatop, EduBlog, AR).

» [Mopxogsww metogonoruu (wamepeanna ¢ Vivado/VCD, SPSS axanua)
1 Ao6sp M3bop OT NpeacTaBuTenHU CXEMU.

HAMam CBLUECTBEHW KOMEHTapW no AucepTauusTa. [lpenopbiute W
sabenexkiTe, HanpaseHW OT MEH, B NPEOBapUTENHOTO MHEHWE, KaKTo W Ha
npeasapuTenHoTo oDCEXaane Ha ANCEPTaLMOHHUA TPYA, Ca U3NbIHEHW.

MpenoptyBam Ha QoKTOpaHTa, B Obgeliara cy HaydHa v npenofasaTencka
AedHocT, Aa 3acunu nyBnukauuute cv B cuctemute Scopus u Web of Science, kakTo
W B CNUCaHWRA C UMNAKT aKTop.

11. 3aknyeHne ¢ FACHa MNONOXWTENHa WKW OTpMUaTenHa

OLEeHKa Ha gucepTauuoHHKUA Tpya

MpeacTaBEHMAT QUCEPTALMOHEH TPYA OTTOBaps Ha WIWCKBaHWATa Ha 3axkoHa
32 pazsuTHE Ha aKagemMudHWA cecTas B PenyBnwka Bunrapua v TpasunHuka 3a
HEeroBOTO MpunaraHe, a cbio Taka v Ha lNMpoueaypHute npasuna 3a npuaobusaxHe
Ha HayYHW CTENeHW W 3aeMaHe Ha aKageMW4HWM AMBKHOCTY Ha TexHWdecku
yuusepcuteT, Cogmna. [Jasam noNoKWTENHE OUEHKaE Ha AWCEPTALMOHHMA TPy4 W
npegnaram Ha mar. Mapcuga W6po gz Guae npucepena obpasosarenwara
W Hay4Ha cTeneH JOKTOP® N0 HayyHaTa crneudanHocT ,ABTOMaTtnaaums Ha
WHXEHEPHUR TPYA W CUCTEMM 33 2BTOMETW3MPEHO NpoeKTUpaHe”, npodecuoHanHo
HanpasneHne 5.3. KoMyHWKaUMOHHE W KOMMIOTbPHE TEXHUKA.

[ara: 17.12.2025 . UneH Ha XypuTO, PeUEH3eHT....
/nou. a-p Appuana Bopompxunesa/
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1. Relevance of the problem developed in the dissertation
work in scientific and scientific-applied terms. Degree and levels of
relevance of the problem and specific tasks developed in the
dissertation

The fast-paced development of digital communication technologies has driven
the need for circuits that are efficient, flexible, and power-conscious. Field-
Programmable Gate Arrays (FPGAs) are pivotal because of their adaptability,
reconfigurability, and strong performance across many application areas. Their
reprogrammable nature is especially beneficial In telecommunications, where
solutions must be tailored to changing requirements. Energy efficiency is now a
primary challenge for FPGA circuit design, particularly for battery-powered and
portable devices. In line with the European Green Deal and global sustainability
targets, low-energy electronics have become a technological imperative.

Although many FPGA optimization techniques have been advanced, achieving
both low power consumption and high performance in communication circuits
remains difficult. Designers must balance trade-offs among power, performance, and
implementation complexity, which calls for systematic approaches that pair
theoretical insight with practical design tactics.



The use of multimedia educational resources within FPGA leaming
environments has been insufficiently explored. While the technical literature covers
FPGA power optimization, relatively few works propose techniques applicable in both
academic and industrial contexts. This gap motivated the current study, which blends
technical investigation with pedagogical innovation.

This thesis develops methods, models, and multimedia teaching tools to
improve the design and comprehension of low-power FPGA communication circuits,
Technically, it identifies and assesses the main contributors to FPGA power use and
recommends optimization strategies for areas such as Direct Digital Synthesis
(DDS), processing units (Pus), hardware encryption logic modules, and Intemnet of
Things (loT) devices. Educationally, it incorporates interactive multimedia —
educational blogs, web-based utilities, and augmented reality —into FPGA
instruction. By combining theoretical frameworks with hands-on design experiments,
the work seeks to advance both energy-aware circuit design and accessible,
interactive FPGA education.

The study's contributions are twofold: first, it provides new insights into FPGA
power optimization through analysis and comparative implementation of various
methods in real circuits; second, it creates and validates multimedia tools that bridge
the gap between technical research and teaching practice, improving how FPGA
concepts are learned and applled. Together, these contributions support more
sustainable digital communication technologies and reinforce the pedagogical
foundations of FPGA education.

The thesis is organized as follows:

Chapter I: A comprehensive literature review of current methods, models, and
multimedia educational tools for designing low-power communication circuits on
FPGAs.

Chapter Il: Description of the guantitative and gualitative methods used to
investigate factors affecting power consumption in FPGA telecommunication circuits,
presentation of methods, models, and multimedia resources aimed at improving
understanding and experimentation for selected FPGA systems, including loT, DDS,
processing units, hardware encryption, and educational blogs.

Chapter lll; Experimental results from the implemented FPGA applications,
with emphasis on measured power consumption.

Chapter IV: Analysis and discussion of the main findings, design and
preparation of an educational blog and associated teaching materials to provide
accessible, interactive learning resources.

Chapter V: Description of the course delivered via the edublog, analysis of
student feedback, summary of research contributions and tasks completed, and
proposals for future work.

Annexes: Supplementary material including experiment code, supporting
documentation, and detailed datasets.

The stated tasks (identifying factors, comparing methods and models,
implementing case studies, building educational artefacts and collecting student



feedback) are coherent and suitably scoped for a doctoral work. Overall the problem
formulation and tasks show high scientific-applied relevance.

All this determines the relevance and significance of the problem considered in
the dissertation work in scientific and scientific-applied terms.

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

The dissertation is in a volume of 157 pages, including an introduction,
5 chapters to address the formulated main tasks, a list of main contributions,
limitations and future work, lists of figures, tables and abbreviations, a list of
publications on the dissertation, a list of known citations, a list of used [iterature
sources (references). 8 annexes with a volume of 126 pages are attached as
supplements. The dissertation contains a total of 52 figures and 24 tables.

The literature review is based on 290 literature sources (including websites),
all of which are in Latin and most of which are from the last 10 years.

The thesis presents a broad, up-to-date literature analysis across FPGA power
techniques, vendor tools, remote laboratory and multimedia e-learning platforms. The
review synthesizes device-level, architecture-level and pedagogical fiteratures and
highlights gaps (lack of power-focused e-learning tools, limited real-time simuiation
for students). The candidate shows good command of vendor tools and
contemporary research directions and interprets the literature creatively by combining
technical optimization with pedagogical innovations (e.g., embedding AR and an
online power calculator in the learning pipeline). Coverage is comprehensive for the
thesis goals, references to concrete tools and power estimation suites strengthen the
review.

3. Correspondence of the chosen research methodology with

the goal and tasks of the dissertation work

The thesis aims to create a novel methodology that demonsirates the
methods, models, and low-power optimization techniques for FPGA implementations
of selected telecommunication circuits and systems. These developments will be
packaged in an educational blog that includes new online calculators, multimedia and
augmented-reality tools, links to low-power design resources, and
teaching/evaluation materials and tutoriais to help students learn low-power FPGA
design for telecommunications.

Eight research tasks are formulated as follows:

Task 1 — Analyze power factors; Investigate and assess the various factors
that influence FPGA power consumption.

Task 2 — Review existing approaches: Perform a thorough review of current
methods, models, and tools for low-power FPGA design.

Task 3 — Quantify optimization effects: Demonstrate and quantify how different
optimization techniques impact power consumption across FPGA applications.



Task 4 — Select telecom benchmarks: Choose a representative set of
telecommunication circuits and systems to serve as case studies for evaluating
models, methods, and tools.

Task 5—Build a power calculator and visualiser. Develop an intuitive
power-consumption calculator with graphical visualizations to support analysis and
learning.

Task 6 — Create an educational blog. Develop a user-centred blog dedicated
to FPGA learning that aggregates tools, explanations, and resources.

Task 7 — Develop interactive leamning tools: Produce interactive multimedia
resources — step-by-step tutorials, virtual labs, and simulations - focused on power
optimization technigues.

Task 8 — Gather student feedback: Collect and analyze students’ feedback on
their experience using the educational blog and its resources.

This work intends to advance energy-efficient FPGA design practices and
make high-quality, practical learning resources more accessible fo students in
telecommunications,

This thesis outiines the research process and the theoretical foundations
required for the work. Establishing a methodology for an engineering study demands
a structured approach that effectively addresses the research questions, hypotheses,
or problem statements, The first chapter reviewed alternative approaches, analyzed
the evidence, and Interpreted the findings. Combining different methodological
perspectives yields a fuller picture of the power behavior in FPGA designs.

Quantitative methods are applied to measure and analyze FPGA power
consumption systematically. Through controlled experiments and device-level testing
across multiple scenarios, both static and dynamic power components are measured
and characterized. Empirical measurements are combined with theoretical models 1o
quantify how different factors influence resource use and power draw, supporting
improvements in design optimization.

Qualitative methods investigate design practices, user experience, and
contextual factors that affect FPGA power behavior. Techniques such as in-depth
interviews, participant observation, and content analysis provide rich, contextualized
insights into power-efficient design principles and their practical application.

A mixed-methods strategy is adopted to leverage the strengths of both
qualitative and quantitative approaches. Quantitative techniques provide measurable,
generalizable data, qualitative techniques supply depth and contextual
understanding. Integrating empirical measurements, predictive simulations, and
case-study evidence produces a more complete analysis of FPGA
power-optimization strategies.

Data are gathered using three complementary approaches:

1) Experimental: Direct power measurements with instrumentation connected
to EPGA boards under varied configurations and operating conditions. Collection of
performance metrics alongside power data to assess the impact of optimizations
technigues.



2) Simulation-based: Use of FPGA modelling tools (for example vendor
simulators) to estimate power for given design choices, frequencies, and voltages.
Cross-validation between simulated estimates and experimental measurements to
confirm model accuracy and the efficacy of power-management strategies.

3) Case-study review; Examination of technical documentation, design
specifications, and optimizations reports from existing FPGA applications to identify
real-world power patterns and previously adopted techniques.

For student-feedback and educational-data analysis, statistical software is
employed to support data-driven decisions. Descriptive statistics (mean, median,
mode, standard deviation, frequencies) summarize responses. Reliability analysis
(Cronbach's alpha) checks survey consistency. Factor analysis uncovers latent
dimensions in feedback data. Correlation, t-tests, ANOVA, and regression analyses
are used to explore relationships, compare groups, and predict outcomes such as
student satisfaction based on variables like teaching methods and resources. These
quantitative analyses inform improvements to the educational blog and instructional
materials.

The methodology of the dissertation follows a clear Iogical sequence, and the
experimental studies are based on the previously developed methodology.

The goal and tasks formulated by the doctoral student correspond to the
requirements for a dissertation for the acquisition of the educational and scientific
degree "Doctor”.

4. A brief analytical characterization of the nature and
assessment of the credibility of the material on which the

contributions of the dissertation are built

The materials presented in the thesis are synthesis reporis from Vivado,
implemented designs on ZedBoard, generated/optimized VHDL, questionnaire data
(54 student responses), and small pilot quiz (3 students). The empirical
measurements are produced from standard tools and hardware (Vivado power
reports, implemented netlist), which are commoniy accepted in FPGA power studies.
The questionnaire sample size (54) is adequate for initial usability analysis; Cronbach
alpha (.843) suggests internal consistency, factor analysis appears correctly applied
for exploratory purposes. The empirical base is solid for comparative and
educational-evaluation aims.

5. Scientific and/or scientific-applied contributions of the

dissertation work

In the presented dissertation, the doctoral student has formulated contributions
of a scientific, scientific-applied and applied nature. | accept the contributions, but in
my opinion, they can be summarized and classified as scientific-applied and/or
applied.

1. Based on a comprehensive review of existing methods, models, and tools
for FPGA-based educational design performed in the thesis, a novel methodology for



e-learning in low-power FPGA design was created: it links to 34 commercial and free
tools. identifies 10 factors that affect FPGA power consumption, selects 7 low-power
optimization techniques and 7 physical optimization approaches, chooses elementary
and advanced telecom circuits/systems for study, and defines evaluation sets
(method/factor/model) tailored to specific telecom circuits. The methodology was
validated through implementation in a purpose-built Educational Blog (FFGAedulab).

2. Empirical studies on 10 benchmark and 9 advanced telecommunication
circuits/systems were carried out (examples: processing unit, DDS sinusoidal
generator, hardware encryption circuits using XOR/NXOR, MUX and fiip-fiop designs
with n-bit keys, encryption for unmanned systems and loT). For each case, power-
reduction techniqgues were applied and compared (clock gating, physical
optimizations, DVSF, manual versus auto-generated VHDL, multiple design-solution
evaluations, ultra-low-power strategies). Eight different VHDL implementations were
produced fo demonstrate how selected factors influence power gonsumption, and
experimental results with recommendations were reported.

3. An educational blog FPGAedulLab was designed and launched to deliver
the methodology and support student learning about factors, methods, moedels, and
tools for FPGA power consumption, using multimedia and interactive content. A user-
facing power-consumption calculator with graphical output was developed. Interactive
instructional software was created, including step-by-step tutorials, virtual labs, and
simulations focused on power-aware FPGA design. An AR application was
implemented to help visualize how design choices affect power usage. Student
feedback and assessments were collected to evaluate the learning experience with
FPGAedulLab

Significance of the contributions:

Scientific-applied: The work consolidates known techniques but provides
useful, empirically grounded comparisons on the same platform and links them to
pedagogical practice. The DDS VHDL optimization example and the measured
encryption-power trade-off findings provide practical evidence that can guide low-
power design choices,

Applied: FPGAedulab, the calculator, and AR module are immediately useful
educational products — valuable for undergraduate/graduate courses teaching power-
aware FPGA design.

Nature of contributions: mainly empirical and application-oriented with
pedagogical innovation; not a new theory but substantive practical contributions
(methods comparisons, measurement datasets, educational tools).

6. Assessment of the degree of the dissertation candidate’s

personal participation in the contributions

The thesis text and documented implementations indicate substantial personal
invalvement:

1) Design and implementation of experimental circuits, VHDL coding (including
optimized manual implementation), Vivado-based implementation and power
analysis.



2) Development of educational materials, web calculator, AR module and
conduction of student studies.

3) The scope and granularity of resuits (multiple implemented designs,
measurements, statistical student analysis) imply that the candidate carried out the
bulk of experimental and pedagogical work.

The thesis lists multiple conference and journal publications with the candidate
as first author or co-author, and the documented implementations (VHDL codes, web
tools. AR modules, experimental setups) indicate hands-on development. The scope
and coherence of the wark (technical experiments + educational system design +
student surveys) imply substantial personal involvement in both technical and
pedagogical parts. The publication record linked to the thesis topics supports a high
degree of personal contribution by the doctoral candidate.

Assessment: high personal contribution.

7. Evaluation of the publications on the dissertation work:
number, nature of the editions in which they were printed.
Reflection in science — use and citation by other authors

The candidate has published multiple peer-reviewed conference papers (IEEE
proceedings indexed in Scopus/WoS) and a journal article. Selected items are
indexed in IEEEXplore, Scopus and Web of Science, and cover both technical and
pedagogical aspects (DVFS, DDS, AR teaching module, web calculator). The
number and venue of publications are appropriate for a doctoral thesis in
engineering.

Citations: the document lists citing works and shows that some papers are
being referenced in subsequent research and conference proceedings — indicating
growing visibility. The pubiications demonstrate dissemination to both technical and
educational audiences.

The dissertation proposes an innovative methodology and e-learning platform
aimed at supporting the design of energy-efiicient FPGA solutions. Therefore, |
believe that the methods and tools developed by the doctoral student have the
potential to be commercialized.

The main achievements and results of the dissertation have been published in
12 scientific publications, distributed by type, as follows:

> Book chapter indexed in Scopus—1issue (Ne35, in Menitoring and
Protection of Critical Infrastructure by Unmanned Systems),

> Publications in journals — 1issue (Ne 10 in the International Journal of
Business and Technology);

» Publications in international conferences and conference proceedings
indexad in IEEEXPLORE, Scopus and Web of Science — 8 issuges, as follows: Ne 1
and Na 12 in the proceedings of CoBCom of the International Conference on
Broadband Communications for Next Generation Networks and Multimedia
Applications (Graz, Austria, 2024 and 2020), N2 2 and Ne 3 in the proceedings of
SIELMEN of the 2023 International Conference on Electromechanical and Energy



Systems (Craiova, Romania, 2023), Ne6, Ne7 and Ne8 in the proceedings of
IWSSIP of the 25th International Conference on Systems, Signals and Image
Processing (Sofia, Bulgaria, 2022), Ne @ in the proceedings of ConTEL of the 16th
International Conference on Telecommunications (Zagreb, Croatia, 2021),
» Publications in international conferences and conference proceedings —

2 issues, as follows: Ne 4 in the proceedings of the 14th International Conference
Development and Modernization of Manufacturing (Bosnia and Herzegovina, 2023).
and Ne 11 in the IWSSIP proceedings of the 2Bth International Conference on
Systems, Signals and Image Processing, IWSSIP 2021 (Bratislava, Slovakia, 2021).

Of these 12 publications, one is independent (Ne 4), eight are co-authored with
the supervisor (Ne1, Ne2, Ne3 Ne®, Ne8 N2 Ne11, Na12), with the doctoral
student in first place, and three are co-authored with a third scientist (Ne 5, Ne 7,
Ne 10), with the doctoral student in first place in one of them (N 10). All this shows
that the results obtained in the dissertation are a personal contribution of the docloral
student.

The doctoral student has presented a list of 27 known citations, with
23 citations visible in Scopus.

8. Use of the results of the dissertation work in scientific and
social practice. Presence of achieved direct economic effect, etc.

Documents on which the statement is based

Practical use:

» FPGAedulab, power calculator, and AR app are practical educational
outputs that can be adopted by universities and labs to improve FPGA teaching on
low-power topics.

» Measured design trade-offs (VHDL optimization, encryption choices)
have pragmatic value for designers choosing low-power/security tradeoffs in real
FPGA projects.

Economic effect:

The thesis does not present quantified economic impact (cost savings,
deployment at scale) but the tools and guidelines can reduce development iterations
and power budgets in targeted applications (loT, unmanned systems). Potential
aconomic benefit is plausible but not explicitly measured.

Overall: clear educational and technical applicability; direct economic impact
not demonstrated but likely at project/product level.

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

work

The presented abstract is in a volume of 32 pages. Its structure is designed in
accordance with the requirements of the regulatory documents and presents the
main chapters of the dissertation work, as well as the summarized contributions. The



approbations of the obtained results are reflected. The numbering of the figures and
tables in the abstract corresponds to those in the dissertation

10. Opinions, recommendations and notes
Strengths of the thesis can be formulated as follows:
» Well-scoped integration of technical experiments and pedagogical
innovation.
» Solid publication record and demonstrators (calculator, EduBlog, AR).
» Appropriate methodologies (Vivado/VCD measurements, SPSS
analysis) and a good selection of representative circuits.
| have no significant comments on the dissertation. The recommendations and
remarks made by me in the preliminary opinicn, as well as in the preliminary
discussion of the dissertation, have been implemented.
| recommend that the doctoral student, in her future scientific and teaching
activities, strengthen her publication activities in relation to both Scopus and Web of
Science systems, as well as in journals with an impact factor.

11. Conclusion with a clear positive or negative assessment of

the dissertation work

The presented dissertation meets the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria and the Rules for its
Implementation, as well as the Procedural Rules for the Acquisition of Scientific
Degrees and the Occupancy of Academic Positions of the Technical University,
Sofia. | give a positive assessment of the dissertation work and offer M.Sc. Marsida
Ibro be awarded the educational and scientific degree “Doctor” (PhD) in the Doctoral
program: “Computer-Aided Engineering and Systems for Design Automation’,
Scientific area 5.3. "Communication and Computer Engineering”.

Date: 17.12.2025 Jury Member, Reviewer, ......
[Assoc. Prof. Adriana Borodzhieva, F’hﬂf



