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3a JHCEPTAIHOHEH TPY 3a mpHA0OHBaHe Ha 00pa30BaTE/IHA W HAYYHA CTEelleH
WIOKTOp™ 110 mpodecHonanno Hamparnewue 5.3, | KomyHHKaumonHa |
KOMITIOTbP Ha TEXHHKA™ HAay4Ha CICIHATHOCT ,, ABTOMATH3AIHS HA HIKEHEPHHA
TPy H CHCTEMH 3@ ABTOMATH3MPaHO NpOeKTHpane™,

ABTOP HA IHCEPTANMONIHA TPYI: Mar.wHK. Mapcun: 1 Hopo

Tema ma aucepraumonnus Tpya: Development of Methods, Models, and
Multimedia Learning Tools for the Design of Communication Circuits on
Programmable Logic (FPGA) with Low Energy Consumption®
(PaszpaboTBane HA METOIH, MOACIH U MYITHMEIHITHH 0OYHHTEIHHE CPEICTRA 33
NpOEKTHPaHe Ha KOMYHHKAIIHOHHH CXEMH BBPXY NPOrPAMHPYEMA JOTHEA
(FPGA) ¢ aucka KoHCyMaIus )

Yaen ma mpayqHoTo kypu: npod. atH wmk. Tozop * Cromnos,
HictutyT nio undop ManuoHHK B KOMYHHKaIHOHHHN TexHonorn — BAH, Codms,
yia. Axkaan. I', borues 61.2

I. AKTyasHocT Ha pa3paboTBaHus B IHCEPTANHOHHES TPV

AUCEPTAUHOHHIAT TPY € MPEICTABCH HA HTAHHCKH e3nk. TeMaTHuHaTa Hacou9eHocT
HA IHCEPTANROHHNA TPYIL 3& IPOEKTHPANE HA KOMYHUKAIHOHHI CXCMH, KOUTO C& PEAHIHPAT
B YHMIOBE ¢ MporpaMHpyema JOTHEA . Ja cIydds Tosa ca nporpaMupyems Matpumn FPGA.
CrenngHuHo HINCKBAHE KbM [POSKTHPYEMNTE CXEMH ¢ 18 HMAT MAlka KOHCYMalnns Ha
cackTpocHeprus. Karto npuioxen H3IX0X 0T IHCEPTALMOHHITE WICHE[RAHHA ce paipadoTRaT H
MYITHMCIMHHE HHCTPYMEZHTH 33 00yueHHe B TEMATHTHATA HACOUCHOCT Ha TIPOSKTHpAHE HA
KOMYHHKSIHOHHH CXEMH B CPEa Ha NPOrPaMHPYEMH MaTPHIIN,

OtenaBaM  NOJORHTENHO CHOKHOCTTE H HaYSHO-TPHIOKHATA OPHEHTAHHA HA
IMCEPTALNOHHOTO H3CNSABAHE 33 PaspaloTBaHe HA NPOrPAMHM PEILEHMS 44 ITPOSKTHPAHE Ha
KOMYHHKSIHONHH CXEMI H Peni3HPaHeTo UM 4pe3 mporpaMupane Ha marpuim tHn FPGA.
lNonorarTesAa XapakTepHCTHKA Ha AHCCPTALMOHNNN TPYA © W Ch3AABAHETO HA UPAKTHYIECKH
POLUCHHN HA MYITHMEIHAHM HHCTPYMEHTH 33 OOyUcHHE HA CTVICHTH B NpeIMeTHarTa
WicneaoRaTencka 00NaCT Ha IHCEPTAHONHHS TPV,

2. Crenen Ha mnoO3HABaHEe C(LCTOHAHHETO Ha upodievMa H TBOpPHecKa
HHTEPNPETANNA HA JIHTEPATYPHHSA MaTepHall

Hanpasenusr amann3 B raasa | Ha METOON W CPencTBa 3@ TPOEKTHpaHE Ha
KOMYHWKAIHOHHH CXCMI ITPH HINCKBAHE 38 HHCKO EHEPTONOTPEOIeHHE MOTHBHPA H360PET Ha



(pmirieckus Hocnten FPGA karo yaaumo Texnonorinuso pemenne. ChoT8eTHO 00YueHNETO 38
NoI3BaHEe H NPHIATAHE HAE MPOTPAMHPYEMH MATPHIE ¢ o0OCHOBAHO KaTo HEODXOZMMOCT
NOpamH CAOKHOCTTA W TIEPCHEPKTHBHOCTTA HA M3nonasaneto Ha FPGA. Ipoexmipanero n
pa3paboTBARETO HA KOMYHHKAHMOHHHTE CXEMH CC MINLIHSRA UPe3 YASTHO TPOrPAMHO
peuienite 3a (hoPMHpAHE HA CHILPKAHHMETO HA Mporpamupyemara matpuua, OGyuennero na
TasH TEXHONOTHS ¢ MOAMOMATaHO 0T paspuboTBAHE HA CLOTHETHH MYITHMEIHIHI penennsy,
KOHTO HIOCTPHPAT paborara ¢ NporpaMHpycMy MATPHITH,

B rmasa 2 ce (okycHpa wicaeIBaHEeTO B METOMM 32 HaMalASBaHE HA CHEPruiiHOTO
norpednesie B KOMyHHKaIHOARHN cxeMH. KoMeHTHpaHN ca METOIH MO MWHWMH3HPAHE HA
CHEAroNoTPetIcHHETO Upes VaadeH H300p Ha TAKTORA HECTOTA, MPed VAGHHO PasmoNomeH e
Ha CNEKTPOHHHTE KOMIIOHEHTH B CXE€MaTa 3@ J8 ¢¢ MHHMMM3IHDA OBTHT HE CHTHATWTE,
HAMLTCHHE HAE KaNANTHBHO HaTOBapeane u ap. /lnceprannonnoTto wicneasane gedwunpa
HEOOXOAMMOCTTS OT OIICHKa Ha MONIHOCTTA 33 [Ia C& IIPOrHOIHpa KOHCYMAITHATA Ha CHEPTHA
Jucepraunara onpeens Fe TA3N MOIHOCT MOKE JIa C& MPOMCHY Upe: Npsiko aRsxue Ha 10
thakTOpa, Tpes VIATHO IPHIATaHe HA 7 METOAA HA ONITHMIAIIHS,

['naBa 3 WHOCTPHpA REICHCIBHETO Ha OpPHIarasi METOOW 33 ONTHMM3ALMA 33
NPOMAHA HA KOHCYMAIIHATA HA eHeprus. ExcnepiMenTHTE Ca IpABEeHH B IPOIPaMHEa cpena ¢
HIOMRBBaNe Ha mporpamer esnk VHDL. Cpasnssanu ca pesyataTtd np# TecTeaHe nHa 10
peeperiTio u30panu cxemH, CpasHeHHATA Ca MPARCHH 33 HINMOMIBAHA THHAMMN YHA MOHIHOCT,
CTATHYHA KOHCYMAIHS TPH 0OpHIArade Ha TaKTOBa CHHXPOHM3AUME EBM  W30paHuTe
CNICKTPOHHH CXeMI. AHATHIN Ca MPaBeHH H Ha padoTara Ha NPoiecopeH 60K, MPOSKTHPAH HA
FPGA, KpHNITHPaHE J0I'HYECKa cXeMa. 3a NpOrpaMHa cpena 3a CHMYMAIHH & H3Ne/I3BaHa
SIMULINK.

B rnasa 4 ¢ npesacrasena HATepakTHeHaTa nuatgopma Edublog, kosTo e nsnonssanasa
paspaboTeaHe HAa CHEHHATHIMPAHM MYTTHMESIHIHN WHCTPYMEHTH 3a toxssane Ha FPGA
mporpaMupyeMi  Matpuuu. MHawoctpupana e pafota sa pasmpaboteHn KAIKyaaTtop Ha
KOHCYMaIIHATa H3 SHEprud, HeoOXoaumvms Babop OT BXOIHH H M3XOAHM AaHHN, rpadmaHata
HHTEPNPETAIHS Ha NOAYYaBaHH PeIyATATH,

B ramasa 3 e npencraren paspaboTeHHs KYpPC 33 NPOSKTHpPaHe Ha KOMYHHKAITHOHAW
CXeMH # H3omBaneTo Ha FPGA nporpasupyemn Marpuny. Ouengsana e pe3yiITaTHOCTTA Ha
TECTORE, HIMBAHABAHHW OT CTYIACHTH.

JlokTopaRTeT moKaisa Muoro Aobpa npodecnoRanHa MOArOTOBKA 8 o6nacTTa Ha
ARTOMATHIMDAHCTD HA HHMeHepnna Tpya. ChnIbpkaTeTHATa 9acT Ha MHCEPTAIHOHHHS TPYX
HIHOCTPHPE MEOT0 J00PO NOIHABAHE HA CHCTONHMETO HA NPOOICMATHKATA 32 AHAININPEHE HA
CHEPronoTPeGICHHETO B eNeKTPOHHH CXeMH, CPARHSRAHE HA NapaMeTpH HA PasnudHH
ROMYHHEALHOHHH CXEMH, peanu3upann 8 cpeaa sa FPGA. JloxtopanTsT moxassa M
3agBpA0OYeHH  NO3HAHNE 33 HIBLPIIBAHETO HA eKCHEPHMEHTANHM WICAS/ABAHHS TIpH
npoextupaneto H&a FPGA nporpasmpyems Matpiun. JHcepralMoNNHTe HICHEABANNNE
MATEPHATHINPAT CBOW PeIyNTaTH upe3 padpaboTsade Ha Kype 32 oDyYeHNE HA CTYACHTH B
00AACTTa HA TIPOTPAMHPYEMH MBTPHIIH,



3. CroTBercTBHE HAa W30paAHATA METOHKA HA M3CIeIBANE B NOCTABEHATS
mesl M 3a4a4H HA THCEPTANHOHHMS TPY/L C TOCTHIHATHTE NPHHOCH

AncepraiioHHOTO HICHEIBAHE MOTHBMpE HCOGXOAMMOCTTAa OT paspaloTsaHe Ha
MYATHME/IHEH KYPC 33 Ha4MHM 34 NPOCKTHPAHC M MONIBAHE HA TIPOTPAMHPYEMH MATPHIM
FPGA. CrietniiHO u3ncknane, 3a10/KeH0 TPH Pa3paboTBAaleTo Ha Kypea e IPOCKTHpaHaTa
KOMYHHKAIIHOHHA CXEMA 18 HMA HHCKO cHepronorpefieHne. AHANHILT HA cpejcTBaTa 3a
HAMaTABAHC HA CHEPrONOTIPCONEHHETO B NPOTPaMHPYEMA MATPHUA NIPEICTARNSBA W
WICASIDBATENCKATA HaCT HA AWCEPTALMORHOTO H3cncasane. JIOKTOPaHTA PABH CBOS AHAIHS
o aureparypiu aaunu. Ciaed 1082 B CHMYJIAUMOHHES CPEIa AHATHINPA noTpelienHeTo Ha
JeceT pediepeHTHH CXeMH KakTo i Ha [IBE CTICHHATHIMPAHE TakiBa, CHMYIEHHTE H ananiia
Hi TOAYYCHHTE TAHHH MOKA3IBAT BHCOKA MpodiecHOHATHA NOITOTORKA HA JIOKTOPAHTA.

OuenssaM NPHADKESHATY WIKCHEPHA METOIMKA 33 AHANH3 HAa CHUIECTBYBAIIOTO
CHCTOSHHC, CHMYAAUMOHHH M3CHEABANNA HA TCCTOBHW CICKTPOHHH CXCMH, AHanW3 Ha
COCUHAIMINPAHN CXEMH KATO YAA9HO HHECHEPHO HICACHBaHE. FueH € W CTPEMEXLT Ha
AOKTOpaHTa 1a PCalMsnpa NPAKTHYECKH PE3YIATAT OF HANPABSHUTS HICTCABAHMN Upes
paspaboTBAHE HE CHCHMANMIADAH Kype 3a obyd4eHMe 3a CTIYACHTH MO TEMATHKATA Ha
NPOCKTHPaHe H HINOI3IBANE HA nporpaMupyeMy Marpuin FPGA.

. Kato pesynTar AMCEpPTAITHOMHOTO WICTEABAHC MM XADAKTED H& MHAHO HAYYHO H
CKCHEPHMEHTLTHO HHIKCHEPHO HICAEIBAHE HA IOB BHI IPOTPEMHEO CPEICTEO, MOMTOMATAIID
W ARTOMATH3HPAIUD CTANH HA NPOCKTHPAHE HA SNCKTPOHHH CXEMH,

4. HayuHu W/HIH HAYIHONPHIOAKHHE TPHHOCH HA AHCEPTAMOHHNS TPYA:

OuensBaM KATO HAYYHO-TIPHIOKEH IPHHOC Ch3IABAHATA IPOTPAMHA CPEA, KOATO HAMA
cricunpuyHa GYHKIHOHATHOCT 32 AHATHIIPAHE HA CHEProNOTPeGICHHETO Ha MPOCKTHPAHN
CASKTPOHHN CXEMH, HIMOM3BARY A KOMyEHKaLHHTe. HayHo-npiniokeH NpHHOC OLCHSBAM H B
NPHIAraHETO Ha ONPEAETICHH ANTOPHTMHYHH PEIICHHS 32 IIPOSKTHPAHETO HA HA SHCKTPOHHN
CXeMH B cpexa Ha mporpamupyemu matpuiy FPGA. Jluceprammonnara pabota wiocTprpa
Hpe3 MPHIMKCHHE SHAUHTEARNA obeM nmporpamen kon Ha esnk VHDL 32 npoexripane u
pa3paboTeaHe Ha pemcHus B cpena Ha FPGA matpuua,

5. [Ipeuenka na ny6,IMKANHMTE 10 IUCEPTANHOHHNS TPV

B amcepTallHOHHOTO W3CTEIBANE €A BKMIOYCHN [2 3ariasus Ba HaywHM NYDIHKAITN.
Te ca mpasenn na xondepenunn 8 Asctpus. Pymeans. Bocua u Xepuerosuna, Buirapna.
HokTopanTa npencrass ¥ riaBa or kHMraEa wigarencreo 10S. AsTopoBHTE MyOGNHEALMH
HAUIEHKHO Ca MpeCTaBenn cbe chod umppos wienTHukarop DOI. Enextpornoe nipeacrascn
CHHCEK Ha UHTHPAHHS HA WBTOPOBH NMyDIMKanwH. [oBa ¢ NPSK0 JOKAIATEICTEBO 33
MOIORHTCIHAS XEDAKTEP HA H3CIEABAHWATA ¥ DEIYIATATHTE Hi ANCEPTAINOHHOTO W3CTEIBAHE,

Kato ormimam Opos na nyGumkaumnte u  wancksannsra Ha TY-Codwms ToBa
VIOBAESTBOPARE WCKAHMA Npar oT TOYKH 33 3anmra Ha ofpajopalenno-HaydHATa CTENEH
LJIO0KTOp™ upes kateropuute A, I'7 u I'S.



6. Muenns, NPENopbERA W DEIeKKH

Karo wmHcHHe, caMTam, e IHCEpPTAllHOHHATa WiCMemBaHe € A00pe HIMRIHEHO.

[lpuzarann ca TOYHH HEKCHEPHN NMOIX0IN 34 NPOSKTHPAHE 1 SKCIEPHMEHTHPAHE,
Kato sabenexra we orbesiexa, 9e B IHcepraunorHara pabora He e feuAHpan 8 ssHa

(popma aBRTOPOE METOM 3a NpoOEKTHPaHe H paspaloTuane Ha pewenne 1 uporpamupane 8 FPGA
. CroTBeTHO HE € OpaBCcHO CPABHCHHC Ha aBTOPOBH pEMICHUA C OOI00H, TIONIRANIN HIH He
NPOTpaMHPYEMI MATPHITH.

3a npeaCTaBAHETO HA ABTOPOBHTE NPCTEHIINH CC MOA3BA ACKIAPALHATE ,,pa3paboTeErD
g..." HO ChBETBaM [a C€ BRMIOTRA H OLIEHRYHA MACT KbM Taid OCKTapaiis, 4€ ToBa ¢ NOIB0MHID
18 CE MOCTHIHE NO-A00sp pesyarar B choTEETHO Hanpasaenne, Heobxonmmo € 1a ce oTunTa
TAKOBE HIHCKBAHE, KOCTO SBHO NOKA3BA A8TOPOE NPHHOC,

Ouenasam nonowurenno paforara Ha JOKTOPAHTA W CHIBPAATCAHATA HacT Ha
AMcepTallHONHAS TPYIL

7. 3akawo4enHe ¢ fAcHA MOJOKHTETHA HIH OTPHIATETHR OUEHKa HA
AHCEPTALHONHHSA TPy

OuenssaM  NONOMKWTEIHO  HANpPaseHWIE  HAYYHO-TIPHIOKHW  TIPHHOCH  Ha
IUCEepPTAMOHHHA TPYA Ha mar.wrk. Mapeuna . Hopo. Cunram, 4e HIMCKBAHHATA HA
JakoHa 32 pa3BHTHE Ha akaneMH9HuA cheras B brnarapus w [IpasuiHuka 33 Heromomo
(IPMIAraHe ca HINRIHEHH B PEACTaBeHHS THCEPTALIHOHEH TPYIL

Topen3noxeHoT0 MH A8BE OCHOBAHME [8 [8M UOKHTENNA OHeHKa 3a
NPeACTABEHHA AHCEPTALMONEN TPYA # 1A npenophuam Ha HayuroTo KypH 48 NPHCHAH HA
marsk. Mapenaa . Hbope obpasoratennata M Hay4$Ha CTeNeH JoKTOop" 10
apodecHonanHo nHanpasaenue 5.3,  KOMyHHKSUMOHHA M KOMITIOTLDHA TEXHHKA™ HAYWHA
CrennansocT . ABTOMATHIALNWY HA WHKCHCDHHR TPYI ¥ CHCTEMM 38 aBTOMATHIHPAHD
npoekTHpaHe”,

2.12.2025 YJIEH HA XYPHUTO:
npod. xrr wisk. Togop Cronnos
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Professional field of study: 5.3 ,,Communication and computer equipment™

Scientific specialty: ,Automation of engineering work and automated design
systems”
Ph.D. student: Marsida Ibro

Title of the Ph.D. thesis: “Development of Methods, Models, and Multimedia
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1. Actuality of the problems in the PhD thesis

The Ph.D. thesis is presented in English. The dissertation’s thematic focus is the design of
communication circuits implemented in programmable logic chips. In this case, the matrices
are programmable FPGAs. A specific requirement for the designable circuits is to have low
power consumption. As an applied output of the dissertation research, multimedia tools for
training in the thematic focus of designing communication circuits in the environment of
programmable matrices are also developed.

I positively assess the complexity and scientific and applied orientation of the dissertation
rescarch for developing software solutions for designing communication circuits and their
implementation through programming of FPGA matrices. A positive chamactenistic of the
dissertation work is also the creation of practical solutions of multimedia tools for training
students in the subject research area of the dissertation work.

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

The analysis in Chapter 1 of methods and tools for designing communication circuits
with low power consumption requirements motivates the choice of the FPGA physical medium
as a suitable technological solution. Accordingly, fraining in the use and application of



programmable matrices is justified as a necessity dueto the complexity and perspective of using
FPGA. The design and development of communication circuits is performed through a suitable
software solution for forming the content of the programmable matrix. The training of this
technology is supported by the development of relevant multimedia solutions that illustrate the
work with programmable matrices.

In Chapter 2, the study focuses on methods for reducing emergy consumption in
communication circuits, Methods for minimizing encrgy consumption are commented on
through a suitable choice of clock frequency, through a suitable arrangement of electronic
components in the circuit to minimize the signal path, reduction of capacitive load, etc, The
dissertation research delnes the need for power assessment in order to predict energy
consumption, The dissertation determines that this power can be changed through the direct
influence of 10 factors, through the appropriate application of 7 optimization methods.

Chapter 3 illustrates the impact of applied optimization methods on changing energy
consumption. The experiments were performed in a programming environment using the
VHDL programming language. Results were compared when testing 10 reference-selected
circuits. Comparisons weére made for the dynamic power used, static consumption when
applying clock synchronization to the selected electronic circuits, Analyses were also made of
the operation of a processor unit designed on FPGA, an encrypted logic circuit. SIMULINK
was used as a simulation software environment.

Chapter 4 presents the interactive platform Edublog, which was used to develop
specialized multimedia tools for usmg FPGA programmable matrices. The work of the
developed energy consumption calculator, the required set of mput and output data, and the
graphical interpretation of the obtained results are illustrated.

Chapter 5 presents the developed course for designing communication circuits and using
FPGA programmable matrices. The effectiveness of tests performed by students is evaluated.

The doctoral student demonstrates very good professional training in the field of
automation of engineering work, The substantive part of the dissertation illustrates very good
knowledge of the state of the issues of analyzing energy consumption i electronic circuits,
comparing parameters of different communication circuits implemented in an FPGA
environment. The doctoral student also demonstrates in-depth knowledge of conducting
experimental research in the design of FPGA programmable matrices. The dissertation research
materializes its results through the development of a course for traming students in the field of

programmable matrices,

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

The dissertation research motivates the need to develop a multimedia course on ways o
design and use FPGA programmable matrices. A specific requirement set in the development
of the eourse i3 that the designed communication circuit should have low energy consumption.
The analysis of the means to reduce energy consumption in a programmable matrix also
represents the research part of the dissertation researches. The doctoral student makes his
analysis based on literature data. Then, in a simulation environment, he analyzes the



consumption of ten reference circuits as well as two specialized ones. The simulations and
analysis of the obtained data show the high professional training of the doctoral student,

| appreciate the applied engineering methodology for analyzing the existing state,
simulation studics of test electronic circuits, and analysis of specialized circuits as a successful
engeering study. The doctoral student's aspiration to realize a practical result from the
rescarch done by developing a specialized training course forstudents on the subject of design
and use of FPGA programmable matrices is also evident.

As a result, the dissertation research has the character of a complete scientific and
experimental engmeering study of a new type of software tool, supporting and aulomating
stages of electronic circuit design.

4. Scientific and practical achievements in the PhD thesis

I assess as a scientific and applied contribution the created programming environment,
which has specific functionality for analyzing the energy consumption of designed electronic
circuits used in communications, | also find as & scientific and applied contribution, the
application of certain algorithmic solutions for the design of electronic circuits in the
environment of programmable matrices FPGA, The dissertation work illustrates through
application the significant volume of program code in the VHDL language for the design and
development of solutions in the environment of an FPGA matrix.

5. Assessment of the Ph.D. publications and correspondence with the
minimal national legislative requirements

The dissertation research includes 12 titles of scientific publications, They were made
at conferences in Ausinia, Romania, Bosnia and Herzegovina, and Bulgaria. The doctoral
student also presents a chapter from a book published by T0S Publishing House. The author's
publications are duly presented with their digital identifier DOI. A list of citations of the author's
publications is electronically presented, This is direct evidence of the positive nature of the
research and the results of the dissertation research.

Taking mto account the number of publications and the requirements of TU-Sofia, this
satisfies the required threshold of points for the defense of the educational and scientific degree
"doctor” through categories A, G7 and G8.

6. Few assessments, recommendations, and remarks

In'my opinion, I assess that the dissertation research is well done. Accurate engineering
approaches to design and experimentation have been applied. '

As a remark, | would like to note that the dissertation work does not explicitly define
the author's method for designing and developing a solution and programming m FPGA.
Accordingly, no comparison of the author's solutions with similar ones, using or not
programmable matnces, has been made,



To present the author's claims, the declaration "has been developed..." is used, but I
advise including an evaluation part in this declaration that could have allowed for achieving a
better result in the relevant dircction. It is necessary to take into account such a requirement,
which clearly shows the author's contribution.

I positively evaluate the work of the doctoral student and the content part of the
dissertation work.

7. Conclusion

I positively assess the scientific and applied contributions made by the dissertation work
of Eng. Marsida Ibro. | find that the requirements of the Act on the Development of the
Academic Staff in Bulgaria and the Regulations for its Implementation are met in the presented
dissertation work.

The above gives me reason to give a positive assessment of the presented dissertation
work and to recommend to the Scientific Jury to award Eng. Marsida Ibro, the educational
and scientific degree of "doctor” in the professional field 5.3 ,.Communication and computer
equipment “, scientific specialty: , Automation of engineering work and automated design
systems”,

2.12.2025 Member of the jury:
Prof. D.Sc. Ph.D. Eng. Todor Stoilov



