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BbpPXy AMCEPTALMOHEH TPy 3a NpuaobnBaHe Ha obpa3oBaTenHa n Hay4yHa cTeneH ,,Jlokrop”
MpodpecuonanHo HanpaeneHue 5.3. KomyHUKaLMOHHa U KOMMIOTbPHA TEXHUKA
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ABTOp Ha aucepTaumoHHusa Tpya: mar. MaHon CtecpaHoB ABpamoB

Tema Ha gncepTaunoHHus Tpya: ,U3cneaBaHe Ha aHTEHHM CTPYKTYpM 3a 3axpaHBaHe Ha
Bb3NU B 6€3)XXKMYHM NepCOoHaNHN Mpexu“

PeueHseHT: aou. A-p nHx. Kamenus CumeoHoBa HukonoBa, kategpa ,,KoMyHMKaLUUOHHMU
Mpexun“, PakynTeT no TefieKoMyHukKaumm, TexHu4yecku yHusepcutet - Cocpus

HacTosiweTo cTaHoBuULLE € U3FOTBEHO B KAYECTBOTO MM Ha YNEH Ha Hay4HO XXYpW, HAa3HAYeHO
cbe 3anoeeq Ne498/04.03.2025 Ha Pektopa Ha KO3Y ,Heodut Punckun®.

1. AKTyanHoCT Ha pa3paboTBaHus B AUCEpPTaUUOHHUA TpyAa NpobnemM B Hay4yHO U
Hay4YHO-NPUITOXXHO OTHOLLUEHME.

[OncepTaumMoHHMAT Tpyd € USKIMIYUTENHO aKTyalneH KakTo B Hay4yHO, Taka M B Hay4HO-
NPUNOXHO oTHoWweHMe. C pa3BUTUETO Ha BEKMYHUTE KOMYHMKaLMK, OCOBEHO B KOHTEKCTA Ha
5G, 6bpewmnte 6G TexHonormm n NHTepHeT Ha Hewata (loT), edekTMBHOTO GE3IKUYHO
3axpaHBaHe Ha MpPEXOBUTE Bb3NW CTaBa Bce Mno-BaxHO. OvakBa ce o 2030 r. 6poaTt Ha
cBbp3aHuTe loT ycTponicTBa B rrnodaneH mawab ga gocturHat Hag 100 munmnapaa, KoeTo e
aoBede A0 3HAYUTENHO HapacTBaHe Ha noTpebrneHneTo Ha eHeprusi. To3n pbCT Hanara
TbPCEHETO Ha anTepHaATUBHN M3TOYHULIM HA 3axXpaHBaHe 3a 6e3KUYHNTE MPEXN, KOETO NpaBu
TemaTa Ha JguceprtauusiTa ocobeHO akTyanHa. B HayyHO OTHOWEHWe w3crneaBaHETo
AornpuHacsa 3a pasBUTMETO Ha aHTeHHUTe TexHororum n pekteHute (rectifying antennas),
KOUTO npeanaraT MHOBATMBEH METO[ 3a npuemaHe u npeobpasyBaHe Ha efneKkTpoMarHuTHa
eHeprusi. ToBa € OT CbLLECTBEHO 3Ha4YeHMe 3a nogobpsiBaHe Ha eHeprunHaTa eqPEeKTUBHOCT
Ha 6e3Xn4HnTe ycTponcrtea. B Hay4YHO-NPUNOXHO OTHOLLEHWE N3cneaBaHeTo Hammpa LWUPOK
CMEeKTbp OT MOTEHUMAIHN MPUITOKEHNA — OT MHAYCTpUanHu loT pelweHna n NHTENUreHTHU
CEH30PHN MPEXM 40 ONTMMM3aUUsA Ha eHepronoTpebneHneTo B 6€3XMYHNTE KOMYHUKALMOHHN
cuctemn. Beuukm Tesm daktopu OokasBaT akTyanHocTTa Ha u3cnenBaHeTo U HeroBus
noTeHuman 3a NPMHOC KakTo B HAy4YeH, Taka 1 B Hay4YHO-NPUIOXEH acnexT.

2. CrteneH Ha No3HaBaHe CbCTOSIHUETO Ha Npobnema u TBopYecka UHTepnpeTauus
Ha NuTepaTypHUA MaTepuarn.

B avcepTtauuoHHus Tpya ca uanonasaHu 127 nutepaTypHM M3TOYHMKA, HA Ba3a KouTo e
HanpaBeHO BbBeAeHWe B TemaTrKaTa 1 € NOCTaBeH akLEHT BbpXy OCHOBHUTE NpobrnemMu npu
NPOEKTUPAHETO N U3CreaBaHETO Ha aHTEHHU CTPYKTYpU 3a npuemaHe v npeobpasyBaHe Ha
€NeKTPOMarHUTHUTE MoneTa OT U3KYCTBEHU U3TOYHULM U Bb3MOXHOCTUTE 3a M3MON3BaHETO
MM 3a 3axpaHBaHe Ha Bb3Nnu B GEIKMYHU MEepCOoHanHW Mpexu. HanpaBeH e aHanus Ha
CbLUECTBYBalLLMTE NOAXOAN 3a NPOEKTUPaHe Ha aHTEeHHa CTPYKTypa M Bb3MOXHOCTTa UM Aa
ObaaT M3MNon3BaHM B NPUINOXEHUS 3a GE3KMYHWN NepCcoHanHn Mpexu. Bb3 ocHoBa Ha To3u
aHanu3 e geduHUpaHa OCHOoBaTa LeNl Ha AUCEPTAUMOHHWUA Tpyad, KOSTO ce cBexaa Ao
pa3paboTBaHe Ha HOBM METOAOJIOMMM 3a NPOEKTMPaHE U 3a XapaKTepuanpaHe Ha PEKTEHN 3a
3axpaHBaHe Ha KOMYHMKaLMOHHN Bb3nu B 6E3XNYHM NepCcoHanHn Mpexu. 3a peanvanpaHeTo
 ca AedUHMPaHN 1 BNOCINEACTBME PELLEHM YeTUPWU KOHKPETHM 3afayln.



3. CwboTtBeTcTBMe Ha M3bpaHaTa MeToAMKa Ha uscrneadBaHe C NocTaBeHaTa uen u
3a4a4u Ha AUCepTaLMOHHUA TPYA.

Cuutam, Ye nsbpaHata MeToaMKka Ha U3crneaBaHe Hamb/HO CbOTBETCTBA Ha NOCTaBeHaTa
Luen u 3agayn Ha gucepTaunoHHus Tpyd. PaspaboteHaTta meTtogonorvsi 3a uU3M4ecko
NpoeKkTupaHe, NpeacTaBeHa kaTto anropuTbM OCUrypsiBa cucteMaTuyeH u 060CcHOBaH Noaxos
3a u3cnegBaHe, MPOEKTUPaHE M ONTUMMU3ALMS Ha aHTEHHUTE CTPYKTypu. To3u noaxon
ocurypsisa BUMCOKa TOYHOCT MpV CUMYyraumMuTe U MOOENUPaHETO, KOETO € OT CbLUECTBEHO
3Ha4yeHVe 3a BanvMaupaHeTo Ha pa3paboTeHWTe aHTEHHU CTPYKTypwu. M3non3BaHu ca olle
CMMYIaUMOHHO MoAEeNNPaHe, YACIIEHN METOAM U METO Ha LUMPOKOIIEHTOBO M3MepPBaHe KaTo
€ oTYyeTeHa cneundukaTa Ha n3bpaHaTta Hay4yHo-u3cnegoBaTencka obnact. MNpeanoxeHarta
meTogornorns € anpobupaHa 4Ypes3 nscrnegBaHe Ha OCHOBHWUTE NapaMeTpu Ha TPU aHTEHHU
cTpykTypu. [peactaBeHuTe rpadmyHM pesyntaTy MNOTBbpXKAaBaT afdekBaTHOCTTa Ha
n3bpaHaTa METOAMKA.

4. Hay4Hu u/unun Hay4YHO-NPUIOXHU NPUHOCU Ha AUCEePTaLMOHHUA TPYA.

MpeaocTaBeHUSAT MU 3a CTaAHOBULLE AMCEPTaLMOHEH Tpya 6e3CnopHO CbAbpXKa Hay4HW,
Hay4YHO-NMPUIOXHN U NPUMOXHM NPUHOCK. Bb3 ocHoBa Ha npoBefeHUTe B AMCEPTALMOHHUS
TPyO EeKCNepUMEHTU M aHanu3bT Ha MosflyyeHuTe pesynTatv moraT ga ce dopmynupat
crneaHUTE OCHOBHM NPUHOCHU:

1. PaspaboTeHa e MeTogonornsa 3a NpoekTUpaHe Ha PeKTeHW, AeMOHCTpUpaHa
4ypes3 anropuTbM, KOSTO MO3BOMsIBa fa Ce oTyeTat cneunduyHute ocobeHocTn npu
KOMYHWKaLMOHHUTE Bb3NK, paboTeLlm B NepCcoHanHn Mpexu, n3rpageHu no ctaHaapTy
IEEE 802.15.1, IEEE 802.15.4 unu IEEE 802.15.6. (Hay4eH npuHoc)

2. [lpeonoxeHa e METOAOMNOIUS, KOSITO NO3BOSSIBA [1a CE OCBLUECTBU OLeHKa Ha
OCHOBHMTE MNapamMeTpu W XapakTePUCTUKM Ha OTAENHWTE €erleMEHTU Ha PeKTeHa,
Bb3MNPOM3BOAMMOCT U NMOBTOPSIEMOCT Ha pe3ynTaTtuTe oT u3mMepBaHe. (Hay4yeH NpuHocC)

3. lMpeanoxeHa e NOCTaHOBKa 3a OLEHKA HA WHTEH3WTETa Ha EenNeKTPUYEecKoTo
norne OT M3KYCTBEHM W3TOMHMLUM B rpajcka cpeda, no3BosfsBalia NoBTOPUMOCT U
CPaBHMMOCT Ha pesynTaTuTe OT u3MepBaHe. [locTaHoBkaTa e anpobupaHa u
pesynTtatute OT U3mMepBaHe ca NpeacTaBeHu. (HayYHO-NMPUNOXKEH NPUHOC)

4. TlpoekTupaHu 1 n3crnenBaHy ca ABe HOBU aHTEHHU CTPYKTYPWU BbPXY MbBKaBU
NOAJIOXKKM 3a PEKTEHW 3a 3axpaHBaHe Ha KOMYHUKAUMOHHM Bb3NM B 6E3KMYHU
nepcoHarnHu Mpexu. (Hay4HO-NMPUIOXKEH NPUHOC)

5. Bb3 oOcCHOBa Ha npeanoxeHa METOAOMNOMMA Ca  XapakTepusmpaHu
npeanoXeHnTe ABe HOBU aHTEHHWN CTPYKTYPU BbPXY MbBKaBM MOANOXKKM 32 PEKTEHU 3a
3axpaHBaHe Ha KOMYHUKaLUMOHHU Bb3NKn B 6E3XXMYHN NEPCOHANTHN MPEXK, KakTo 1 eaHa
OUNOSIHA aHTeHa BbpXy TPUCMNONHA NOASOXKA. (NPUNOXEH NMPUHOC)

5. MHeHue 3a ny6nukaumMmTe No Temarta Ha AMcCepTaUUOHHUA TpyA.

BposT Ha aBTOpCKMTE Nybnukaumm, oTpassaBalLm NOCTUXKEHMATA B QUCEPTALMOHHMA TPYA,
ca 4yeTmpu kKato B efHa oT Tax [Al] mar. MaHon ABpamoB e camocTosTeneH aBTop, a B
ocTaHanuTe € B CbaBTOPCTBO C HAYYHUSA CU PBKOBOAUTEN M €Kun OT uacregosarenu. EgHa ot
nybnukaummte [Al] e Ha 6bnrapcku es3vk U e npeacTtaBeHa Ha MexayHapodHa HayyHa
KOHbepeHUMs 3a Mnaan yy4eHu. Tpu oT nybnukauuute ca Ha aHrnunckun esuk [A2][A3][A4] n
ca npeAcTaBeHU Ha HaUMOHaNHW KoHdepeHuun ¢ mexayHapoaHo ydactue TELECOM’ 2019,
ELECTRONICA2022 n ELECTRONICA2023. [Oe ot nybnukauunte J[A3][A4] ca
WHOEKCMpaHu B Hay4Ha 6a3a gaHHu Scopus. KaTo ce uskniovat caMmoumTupaHmsTa Ha aBTopa
N HEroOBUTE CbABTOPM KbM HACTOALLMA MOMEHT Ca Hanu4yHn 3 umtupanns 3a nybnukauus [A3]
1 egHo 3a nybnukauus [A4], kaTo BCUYKUTE UMTMpaHUA ca B 6asa gaHHM Scopus.



6. MHeHus, NnpenopbLKU U Genexku.

[vcepTaumMoHHMAT Tpya e f[obpe odopMeH M CTpyKTypupaH. HsMam cbliecTBeHM
3a0enexku.

7. 3aknrueHue M OLeHKa Ha gucepTauuoHHUA Tpya.

B anceptaumoHHUa Tpya ca npenctaBeHu uacnenBaHusi, KOMTO MMmaTt 6e3CnopeH HaydeH,
Hay4HO-MPUIOXEH N NPUIOXeH NpuHoc. CMATaM Ye KakTo gucepTauusaTta, Taka u aBTOPCKUTe
Hay4HM nNyGnvkauum nmaTt BCUYKM AOCTOMHCTBA M HambIHO OTrOBApsT Ha M3WCKBaHWUSATa Ha
3PACPB wu MpaBunHuka 3a npunaraHeto my. ObLata My oLeHKa 3a ANCEPTALMOHHNS TPYA €
nonoxurtenHa. Toea My gaBa OCHOBaHMe [a npenoxa Ha yBaxaemoTo HayyHo Xypu ga
npucbam Ha mar. MaHon CrtedaHoB ABpamMoB obpasoBaTenHata M HayyHa CTeneH
»dOKTOp” B npodecnoHanHo HanpaeneHne 5.3. KoMnoTbpHa M KOMYHMKaLMOHHA
TeXHUKa, Hay4yHa cneumanHocT ,,KoMnITbPHU CUCTEMU, KOMISIEKCU U MpPEXN”.

Harta: 03.04.2025 . YJ1IEH HA HAYYHOTO XYPU:

/pou. a-p nHx. Kamenna Hukonoea/
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1. Relevance of the problem developed in the dissertation in scientific and scientific-
applied terms

The dissertation is extremely relevant both scientifically and in terms of practical applications.
With the development of wireless communications—especially in the context of 5G, upcoming
6G technologies, and the Internet of Things (IoT)—the effective wireless powering of network
nodes becomes increasingly important. It is expected that by 2030, the number of connected
loT devices worldwide will exceed 100 billion, which will significantly increase energy
consumption. This growth necessitates the search for alternative power sources for wireless
networks, making the topic of the dissertation particularly timely. Scientifically, the research
contributes to the development of antenna technologies and rectennas (rectifying antennas),
which offer an innovative method for receiving and converting electromagnetic energy. This is
essential for improving the energy efficiency of wireless devices. From a scientific and practical
standpoint, the study has a wide range of potential applications—from industrial 10T solutions
and smart sensor networks to optimizing energy consumption in wireless communication
systems. All these factors confirm the relevance of the study and its potential contribution to
both scientific research and practical implementation.

2. Degree of topic knowledge and creative interpretation of the literary material.

The dissertation uses 127 literature sources, based on which an introduction to the topic is
made, emphasizing key problems in the design and study of antenna structures for receiving
and converting electromagnetic fields from artificial sources and their possible application in
powering nodes in wireless personal area networks. An analysis of existing approaches to
antenna structure design and their applicability in wireless personal networks is provided.
Based on this analysis, the main goal of the dissertation is defined—developing new
methodologies for the design and characterization of rectennas to power communication
nodes in wireless personal networks. To achieve this, four specific tasks are defined and
subsequently addressed.

3. Consistency of the selected research methodology with the dissertation goal and
tasks.

| believe that the selected research methodology fully corresponds to the stated aim and tasks
of the dissertation. The developed physical design methodology, presented as an algorithm,
ensures a systematic and well-grounded approach to the investigation, design, and
optimization of antenna structures. This approach provides high accuracy in simulations and
modeling, which is crucial for validating the developed antenna structures. Additionally,
simulation modeling, numerical methods, and the wideband measurement method are applied,
taking into account the specifics of the chosen research area. The proposed methodology is
validated by investigating the main parameters of three antenna structures. The presented
graphical results confirm the adequacy of the chosen methodology.



4. Scientific and/or applied research contributions of the dissertation.

The submitted dissertation undoubtedly contains scientific, scientific-applied research, and
applied contributions. Based on the conducted experiments and the analysis of the obtained
results, the following main contributions can be formulated:

1. Arectenna design methodology is developed, demonstrated through an algorithm
that takes into account the specific characteristics of communication nodes operating
in personal area networks built on IEEE 802.15.1, IEEE 802.15.4, or IEEE 802.15.6
standards. (scientific contribution)

2. A methodology is proposed for evaluating the main parameters and characteristics of
individual rectenna elements, including reproducibility and repeatability of
measurement results. (scientific contribution)

3. A setup is proposed for evaluating the electric field intensity from artificial sources in
an urban environment, ensuring repeatability and comparability of measurement
results. The setup is validated and measurement results are presented. (scientific-
applied contribution)

4. Two new antenna structures on flexible substrates are designed and studied for
rectennas used in powering communication nodes in wireless personal area
networks. (scientific-applied contribution)

5. Based on the proposed methodology, the two new antenna structures on flexible
substrates and one dipole antenna on a three-layer substrate are characterized.
(applied contribution)

5. Assessment of dissertation publications.

The number of author publications reflecting the achievements of the dissertation is four. In
one of them [A1], Manol Avramov, MSc. is the sole author, while in the others, he is co-author
with his scientific advisor and a research team. One of the publications [Al] is in Bulgarian and
was presented at an International scientific conference for young researchers. Three of the
publications are in English [A2][A3][A4] and were presented at national conferences with
international participation: TELECOM'2019, ELECTRONICA’2022, and ELECTRONICA’2023.
Two of the publications [A3][A4] are indexed in the Scopus scientific database. Excluding self-
citations, there are currently 3 citations for publication [A3] and one for [A4], all of which are
found in the Scopus database.

6. Comments, recommendations, and remarks.
The dissertation is well-formatted and well-structured. | have no significant comments.

7. Conclusion and dissertation assessment

The dissertation presents research that has an indisputable scientific, scientific-applied, and
applied contribution. | believe that both the dissertation and the author's scientific publications
have all the merits and fully meet the requirements of the Law on the Development of the
Academic Staff in the Republic of Bulgaria and the Regulations for its Application. My overall
assessment of the dissertation work is positive. This gives me reason to propose to the
respected Scientific Jury to award M.Sc. Manol Stefanov Avramov with the educational and
scientific degree "Doctor" in professional field 5.3. Computer and communication
engineering, scientific specialty "Computer systems, complexes and networks"

Date: 03.04.2025
MEMBER OF THE SCIENTIFIC COMMITTEE:
/Assoc. Prof. Eng. Kamelia Nikolova, PhD/



