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1. AKTyanHocT Ha pa3paboTBaHMA B AUCepPTaLUOHHUA TPyA NpPoOGsieM B Hay4yHO MU
Hay4HOMPUIIOXHO OTHOLLUEHMe.

B MomMeHTa Ge3Xn4HUTE MPEXN U MHTEPHET Ha HelwlaTa ce paspacTBaT eKCNOHEeHUManHo u
3ae[Ho C TAX ce yBenu4yaBa M3nosi3BaHeTo Ha BCAKAKBU KOMYHUKALMOHHN YCTPOMCTBA, KOUTO ce
n3non3eaT B WHTENWreHTHW rpagoBe, [AOMallHA aBToMaTM3auus, 34paBeonasBaHe,
WHTENUIeHTHN TPaHCNOPTHU CUCTEMM, aBTOMOOMIHA MHAYCTPUS 1 Opw B 3eMeaenueTo. Beuyku
Te3N KOMYHUKALMOHHWN YCTPOWCTBA, KOUTO Ce M3MNOoN3BaT B U3OPOEHUTE CEKTOPU Ce HyXAasT OT
3axpaHBaHe. WanckBaHuATa KbM 3axpaHBaHETO ca: Aa € aBTOHOMHO, [a € KOMMAaKTHO, Aa
OCcUrypsiBa HenpeKbCHaTOTO 3axpaHBaHe Ha YCTPOWCTBaTa, Aa He Ce Hyaae OT CBbp3BaHe KbM
eneKkTpo npeHocHaTa Mpexa. [a ce npoekTMpa TakoBa 3axpaHBaHe € MHOro TpyaHO.
ColuecTByBaT BCAKAKBM TEXHOMOMMKU 3a ,CbbupaHe” Ha eHeprns OT BCSAKAKBM anTepHaTUBHM
M3TOYHMUM, KaTO CnbHUe, TemnepaTypa, Bubpauum wn gpyru.  M3non3saHeTo Ha
€NeKTPOMarHMTHOTO None, Cb3gafeHo OT BCAKAKBU M3NTbYBaLLM YCTPOMCTBA (6a30BM CTaHUMK Ha
MOOUITHN onepaTopu, AOMALIHUTE BE3KMYHN MapLupyTM3aTopu M Opyrn), 3a 3axpaHBaHe Ha
KOMYHMKaLMOHHM YCTPOWCTBA BCE OLLE HE € TONIKOBA Pa3BUTO, BLMPEKM Ye Tasn eHeprus e
HaBCSAKbOE OKOMI0 Hac — y [oMa, HaBbH, HABCSAKbAE W camoO Yaka ga 6bae ,ycBoeHa“, u
n3nona3eaHa 3a 3axpaHBaHe. [lopagn M3TBKHATOTO MO — rope, pas3rneaaHusaT ancepTauMoHEH
TPy4 u3cnedBa MHOrMO akTyanHa B MOMEHTa TemMaTuMka U CBbp3aHuTe C Hest npobnemun. B
AVNCEePTaUMOHHNS TPYA ca NPeACTaBEHN anropuTMM 3a NPOEKTMPaHE U pe3ynTaTh OT u3cnenBaHe
Ha aHTEHHW CTPYKTYpu 3a NpueMaHe u npeobpasyBaHe Ha E€NEeKTPOMarHUTHUTE noneta oT
N3KYCTBEHN N3TOYHULM (aHTEHM HA Ba30BM CTAHLMM HA KNETHbYHU MPEXU, BEKUYHM YCTPOMCTBA
N T.H.), " BbAMOXXHOCTUTE 3a U3MNOSMI3BAHETO UM 3a 3aXpaHBaHE Ha Bb3nu B 6E3XUYHN NePCOHANHM
MPEXMN.

MocTaBeHaTa Len 3a U3NbJHEHNE: ,Aa Ce Ppa3paboTAT HOBM MeTOA0NIOTUM 32 NPOEKTUpPaHe
M 3a XapaKkTepu3upaHe Ha peKTeHU 3a 3axpaHBaHe Ha KOMYHUKAUMOHHU Bb3N1 B 6€3XNYHU
nepcoHanHu Mpexu“ 1 npomsTuyawmtTe OT TOBa 3a4ayn 3a pellaBaHe, OOMbIHUTENHO
aKUeHTUpaT BbpPXy CbBPEMEHHATA aKTyallTHOCT Ha ANCEPTAUMNOHHUSAT Tpya.



2. CreneH Ha Nno3HaBaHe CbCTOSIHUETO Ha npo6nema U TBOpYeCKa nHTepnpetauunsa Ha
nnuTepaTypHusa martepuarn.

PeanHa npeacrtaBa 1 060CHOBKa 32 Hay4YHOTO HMBO WM CTEMNEH Ha MNO3HaBaHE CbCTOSHUETO
Ha npobnema 1 cboTBETHA TBOPYECKA MHTEpPNpPeTaUmst Ha NUTepaTypHUs MaTepman MoxXe Aa ce
dopmupa Ha Gasata Ha nanoxeHneTo B nNaea 1 n Maea 2 Ha ancepTaumoHHus Tpya. Ypes
lmaBa 1 [OOKTOpaHTLT NpaBW BbBeAEHWE B TemaTa KaTo MHOro noapobHO pasrnexaa
0e3Xn4yHMTe nepcoHanHu mpexn. O6bpHATO € BHMMAaHME U Ha U3UCKBaHMSATa KbM 3aXpaHBaHETO
Ha KOMYHUKAUNOHHMTE Bb3Nu B 6E3)KMYHUTE NepcoHanHn Mpexu. PasrnegaHn ca pasnuyHute
TEXHONormm 3a cbbmpaHe Ha eHeprnsa OT anTepHATUBHU U3TOYHMLN, KATO EHEprusi OT CrbHLUE,
BATbP, TOMMMHHATA eHeprnsa. AKUEHTUPAHO € Ha aHTEHHUM CTPYKTYypuM 3a 3axpaHBaHe Ha
YCTPOWCTBA C Marka KOHCyMaLuMs U pasnnyHMTe MeToaun 3a uacrnenBaHe Ha aHTEHHU CTPYKTYpU
3a npuemaHe Ha EMIT — Ta oT n3KyCTBEHWN N3TOYHULM.

Upes MaBa 2, N0 — TOYHO B 2.1 OOKTOPAHTLT pasrnexaa TEOPEeTUYHO U NpakTU4eckn ganm
NIbTHOCTTA Ha NOTOKA Ha MOLLHOCT U/UINN MHTEH3UTETA Ha eNEKTPUYECKOTO norse, Cb3aaBaHo OT
N3KYCTBEHM WUITOYHMLN, MOXE [a OCUrypsiBa 3axpaHBaHETO Ha KOMYHWKALMOHHM Bb3NN B
BEeBKNUYHU MPEXMN.

M3nonssaHuTe nuTepaTypHN N3TOYHULM B TE€3M ABE rMaBu ca U3USOo OT HayYHW Nybnvkaumm,
OOKMaguM n ctaTum OT PeHOMMPaHM CIUCaHWUA, U3gaHus OT MEXAyHapoOoHUM KOHGEpeHuun oT
yYeHM 1 cneumnanuctn B obnactra Ha TemaTa Ha guceprauuara.

3. CboTtBeTcTBMe Ha M3bpaHaTa MeToAMKa Ha MU3crnedBaHe C NocTaBeHaTa uen M
3aa4um Ha gUcCepTaLMOHHUA TPyA.

OcHoBHaTa uen Ha gucepTaumoHHUAT TPyA € Aa ce pa3paboTAT HOBM MeTOAOoNorMu 3a
npoeKTUpaHe M 3a XapakTepuM3upaHe Ha PeKTeHM 3a 3axpaHBaHe Ha KOMYHWUKaLMOHHU
Bb3/1 B 6€3XKNYHUN NepCOHANTHU MPEXMU.

3a M3NbNHEeHNEeTo Ha Tasu uen, ca (hopMynupaHu cnegHuTe 3agaqu:

1. [Oa ce pa3paboTu MeTOAONOrMA 3a NPOEeKTUPaHe Ha PeKTeHU 3a 3axpaHBaHe Ha
KOMYHUKaLMOHHU Bb3NU B OE3)XXUYHU NepCOoHarHU MpeXu — 3a pellaBaHeTo Ha
Tasun 3agada, JOKTOPAHTBLT € pa3paboTnn MeToaonorns 3a NPoeKTMpPaHe Ha PEKTEHN,
KOSITO NO3BOMSIBa Aa ce oTyeTaT cneundunyHnTe oCobeHOCTU NpU KOMYHUKAUMOHHUTE
Bb3nn, paboTelun B NepcoHanHu mpexu, uarpageHn no crangaptn IEEE 802.15.1,
IEEE 802.15.4 wnn |IEEE 802.15.6. lNpeacraBeHaTta mMeTogonorusi € paspaboTteHa
OGnarogapeHve Ha AeTauneHuaT nuTepaTypeH nperned, B KOWTO ca pasrnegaHu
0BCTOMHO BE3KNYHUTE MEepPCOHANHN MPEXW, U3NCKBAHUSTA KbM 3axpaHBaHETO Ha
KOMYHUKaLMOHHUTE BBb3NN B TE€3M MPEXM, KAKTO U Ha PasfMYHUTE aHTEHHU CTPYKTYpU
3a npuemMaHe Ha EMIT — Ta OoT n3kycTBeHn N3TOYHULM 3a 3axXpaHBaHe Ha YCTPONCTBa C
Marnka KOHCymauus;

2. [ace anpobupa npeanoxeHaTta MeTOAONONMA, KaTo ce NpoeKTMpaT u uscneasar
aHTEeHHU CTPYKTYpPU 3a PEKTeHM 3a 3axpaHBaHe Ha KOMYHMKaLMOHHM Bb3Nu B
0e3XXMYHU NepCOoHarIHU MpEeXW — 3a pellaBaHeTO Ha Ta3u 3adaya OOKTOPaHTbT €
npoeKkTupan ABe HOBU aHTEHHM CTPYKTYpPU BbPXY MbBKaBM MOAMOXKN 3a PEKTEHU 3a
3axpaHBaHe Ha KOMYHMKAUMOHHU Bb3NN B GE3XMYHM NEPCOHanHW MpPEeXu, KaTto e
n3nonsean paspaborteHata metogonorus. M3paboteHn n nscnenBaHu ca npoToTMNM



Ha ABe aHTEeHHWU CTPYKTypu. [bpBaTa npeanoxeHa aHTeHHa CTPyKTypa e 6asupaHa Ha
MoamnuumpaHa npaBobIrbiiHa MUKPONeHToBa (patch) aHTeHa ¢ kpbrosa nonapusaums,
npegHasHadYeHa 3a NnpnemMaHe Ha pagmodecToTHa MOLLHOCT OT n3tovHnum B 2,40 GHz
— 2,48 GHz yectoTeH o6xBat (ISM 2,45 GHz), c Bucoka ecpektmBHOCT, noBe4ye oT 70%
U e nogxogsilia 3a WHTEerpMpaHe B Mankui, NPEHOCMMU KOMYHWUKALMOHHU Bb3MW.
BTopaTta npegnoxeHa aHTeHHa CTpPyKTypa € npaBObrbfiHa MOHOMOSIHA aHTeHHa
CTPpyKTypa C BepTuMKanHa nonapusauun, npeaHasHavyeHa 3a npuemMaHe Ha
paaMoYecToTHA MOLWHOCT OT u3todHuum B 2,40 GHz — 2,48 GHz yectoteH obxBat
(ISM), kosITO CbLLO OCcUrypsiBa BUCOKa e(beKTUBHOCT, OT noBeYe oT 75% u e noaxogdiwla
3a peKkTeHa Ha KOMYHUKALMOHHN Bb3Nn B Be3XMYHN nepcoHanHn mpexn. OceeH ToBa
OOKTOPaHTBT € npoekTupan cbrracysallata U msnpaBuTenHata Bepura, KOUTo ce
XapakrepusupaT C Marku pasMmepu 1 ca CbC CbCpeaoToyeHn napameTpu. M3paboTtun
€ NPOTOTUM, 1 Ca NPOBEAEHN U3CNEeABaHUSA B LLIMPOK YeCTOTEH 06XBAaT, KOUTO AOKa3BaT,
Yye npoeKkTMpaHaTa 1u3npasuTenHa Bepura paboTu;

3. [a ce pa3paboTu meToaonorus, KOATO NO3BOJIABa Aa Ce OCBLLUECTBU OLleHKA Ha
oTAeNIHUTe efleMeHTU Ha peKTeHaTa, Bb3NpoM3BOAMMOCT U NMOBTOPAEMOCT Ha
pesyntaTtute oT namepBaHe. AnpobupaHe Ha npeanoxeHara MeToAoNornsa — 3a
pellaBaHeTO Ha Tasu 3ajada [LOKTOPaHTbT € MNpenniokun MeTogoriorusi, KOosito
Nno3BonsiBa Ja Ce OCbLLECTBM OUeHKa Ha OTAENHUTE EeneMEHTU Ha pekTeHaTa.
MpunoxmmocTTa Ha MeToOonorMsiTa € [[oka3aHa u4pe3 MHOXECTBO MpakTU4ecKu
namepBaHus. Ha 6Gasata Ha npegnoxeHata METOAONOMMS ca XapakTepusmpaHu
npeanoXeHnTe ABe HOBU aHTEHHN CTPYKTYPU BbPXY MBKABU NOASIOXKKM 3a PEKTEHU 3a
3axpaHBaHe Ha KOMYHMKAUMOHHM Bb3NN B BEIKMYHW MEPCOHANHU MpPEeXum MU efHa
OUNorHa aHTeHa Bbpxy TpucnonHa nognoxka. OcBeH ToBa NpeanoXeHuTe
cbrrnacyealia U TOKonsnpaBuTeNHA BEpUra ca xapakTepusnpaHu.

B o0606lWeHne: noctaBeHUTe 3agadn M MeToAuMKa Ha u3cnegBaHe CbOTBETCTBaT Ha
noctaBeHaTa Les 3a U3NbIIHeHue.

4. Hay4Hu u/vnu Hay4YHO-NPUNOXHU NPUHOCU Ha AUCEePTALMOHHUSA TPYA,.

B paspaboTBaHeTO Ha OMCEPTAUMOHHUS TPYA ca nNpeacTaBeHn 1 HayyeH npuHoc, 1 Hay4YHo-
NPUNOXeH 1 3 NPUNOXHN NPUHOCK, KaKTO cneaga:

HayueH npuHoc: PaspaboTteHa e MeTogonorns 3a npoekTupaHe Ha pekTeHn, 4eMOHCTpUpaHa
ype3 anroputbM, KOSATO MO3BONSBa fa Ce oOTyeTar cneuuduyHnte ocobeHocTn npu
KOMYHUKaLUMOHHMUTE Bb3nn, paboTelum B MepCoHaNHNU MpPEeXu, uarpageHu no cranHgaptv IEEE
802.15.1, IEEE 802.15.4 vnu IEEE 802.15.6.;

HayyHo — npunoxeH npuHoc: [lpeanoxeHa € MeTOAOMOrvs, KOSTO MNo3BonsiBa Aa ce
OCbLLECTBM OLEHKa Ha OCHOBHUTE NapameTpu U XapakTEPUCTUKN Ha OTAENHUTE eneMeHTn Ha
peKkTeHa, Bb3nNpon3BOAMMOCT 1 MOBTOPSIEMOCT Ha pe3ynTtatuTte OT NU3MepBaHe.

MpWUNoXHW NpUHOCHK:

1. lNpegnoxeHa e NoCTaHOBKA 3a OLEHKA Ha MHTEH3UTeTa Ha enekTPUYecKoTo fnorne oT
N3KYCTBEHN U3TOYHWULUM B rpaacka cpega, Nno3sonsisalia NoBTOPUMOCT U CPAaBHUMOCT Ha
pesyntatute oT namepsaHe. [locTaHoBKaTa e anpobvpaHa u pesyntatute oT uamMepBaHe
ca npencraBeHu;



2. I'IpoeKTleaHM n n3cnenBaHn ca Be HOBU aHTEHHU CTPYKTYPU BbPXY MBKaBU MOANOXKKU
3a PEKTEHN 3a 3aXpaHBaHeé Ha KOMYHUKaUNMOHHU Bb3J11 B OEe3KNYHN nepcoHanHm Mpexm,

3. Bb3ocHoBa Ha npeanoxeHa MeTogonorna ca XxapaktepusnpaHu npeanrnoxXeHnte ase HoBU
adHTEHHU CTPYKTYpU BbBPXY [IbBKaBU MOAJIOXKKMA 3a pPEKTeHM 3a 3axpaHBaHe Ha
KOMYHUKaUNOHHW BB3INn B 0e3KNYHK nepcoHanHm Mpexu, Kakto 1 eaHa gunosiHa aHTeHa
BbpPXY TpI/ICJ'IOIZHa noasioXxka.

5. MHeHue 3a nyGnukaumMmMTe No Temarta Ha AUcCepTaLUUOHHUA TPYA.

OCHOBHUTE MOCTMXEHMSI B AMCEPTAUMOHHWUS TPy ca nonynsapusnpaHn B 4 HaydHU
ny6nmkauum, kKaTo 3 OT TAX ca OT NPECTWKHN HAaY4YHU KOH(EPEHLIMMN, MHOEKCUPAHM B CBETOBHUTE
6asn JaHHN C MHOXECTBO LMTMPAHUS OT PasfnyHM MeXayHapoaHu ydeHn. Beuykm nybnmkaumm
ca C TEOPeTUYHO M MPUNOXHO 3HAYeHne, CBbP3aHu ca C AucepTaumsaTa U ¢ NPodecMoHanHoTo
HanpaeneHne 5.3. KOMyHMKaLMOHHA 1 KOMMIOTbPHa TexHuka. OCBEH ToBa aBTOPbT y4acTBa U B
Hay4yHO-u3cneaoBaTenckyn npoektu. [puemam nyGnukaumoHHaTa [OEeWHOCT KaTo HambIHO
JocTaTb4yHa no obem, KaTo 3a Obaelle e xenaTtenHo aBTopbT Aa NPoAbIHKM Aa paslumpsasa U
yBenu4yaBa cBosiTa NybrnmkauMoHHa OeiHOCT.

6. MHeHuMA, NnpenopBbKU N 6enexku.

MpenctaBeHUST 3a peLeH3vpaHe AWcepTauMoHeH Tpyd € OdOpMEH, U CTPYKTypupaH
npaBunHo. Hamam cepunosHu 3aGenexkn, OCBEH HAKOU HECBHLLIECTBEHM PeaaKLMOHHN 3a6enexKu
KaTo:

e Yact ot durypute ca, ¢ nowo kadecTBo Yact oT Te3m curypu ca: dur. 3.2-12, dur.
3.2-10, ®ur. 3.2-4, dur. 3.2-3 n gpyru;

e JluTepaTypHuTe M3TOYHMLM He ca noapeneHu no a3byyeH peg;

e B nbpBa rmaea e moxeno Aa ce otaeny noeevye 06ACHEHUSA Ha N3UCKBAHUSTA KbM
3axpaHBaHETO Ha KOMYHWKAUMOHHWUTE MOAYNW/BBL3NWU, U3rpaxaaly Mpexu no
ctaHgapTu ot rpynaTa IEEE 802.15, Tb1 kaTo TemaTa Ha AUCEPTALUNOHHUAT TpyL €
CBbp3aHa CbC 3axpaHBaHe Ha TakmBa mogynu. O6bpHATOTO BHUMAHME KbM TO3U
npobnem B AMCEPTaLUMOHHUAT TPy € TBbpAEe Manko — OKOS0 e4Ha CTpaHuLua camo.

B 6baewmTe cv nacnenBaHns aBTopbT MOXe Aa 0GbpHE BHMMaHWE KbM MPUMOXEHMETO Ha
pa3paboTeHNTe aHTEHHM CTPYKTYpY 3a 3axpaHBaHe, Aa 3apexaaT efleMeHTM 3a CbXpaHeHne Ha
eHeprust Unu aa pas3paboTy HOBM aHTEHHW CTPYKTYpMU, KOUTO Aa ca cneumanusvpaHum camo 3a
3apexgaHe Ha KINeTKu/eneMeHTU 3a CbXpaHeHUe Ha eHeprusi.

7. 3aknroyeHue M oueHKa Ha AucepTaLMOHHUSA TPyA.

B 3akniodyeHne cuuTam, 4Ye AUCEpPTAUMOHHUAT Tpya € OOopMeH B CbOTBETCTBME C
N3NCKBaHUATa, UMa onpefeneHn M NOTBbPOEHW NPaKTUYeCcKM U AeuHUpaHN KaTo HayyHW,
Hay4YHO-MPUMOXHM N MPUNOXHU MPUHOCK, OTPa3eHU 1 NONynspu3npaHy B AoCTaTbyeH Ha Gpon
Hay4HM Ny6nukaumm B NoaxXo4aLwmM MeXAYHapO4HN N HAUWOHaNHM KoHdepeHumn. Mpeanaram Ha
YBakaemMoTO Hay4HO Xypu Aa npucbau obpasoBaTenHaTa U Hay4Ha CTeneH ,0KTop” Ha Mmar.
MaHon CrtedaHoB ABpamMoB B npodecrnoHanHo Hanpaenenne 5.3. KomMyHuMKaumMoHHa W
KOMMIOTbPHA TeXHMKA MO Hay4yHa crneumanHocT ,KOMMITbPHU CUCTEMU KOMMIEKCU U MPEXN”.

Oara: YNEH HA HAYYHTO XYPMU: pou. o-p nHx. UBaH MBaHOB Hegsankos
28.03.2025 .



OPINION

on a dissertation work for the acquisition of an educational and scientific PHD degree
Professional direction 5.3 Communication and computer technology
Scientific specialty: Computer systems, complexes and networks

Author of the dissertation: Manol Stefanov Avramov

Dissertation topic: Study of antenna structures for power supplying nodes in wireless
personal area networks

Prepared opinion: Associate Professor Ivan lvanov Nedyalkov, Ph.D., Eng

This opinion was prepared in my capacity as a member of a scientific jury, appointed by Order Ne
498/04.03.2025 of the Rector of the South — West University “Neofit Rilski”.

1. Relevance of the problem developed in the dissertation work in scientific and
scientific applied terms.

Currently, wireless networks and the Internet of Things are growing exponentially, and along
with them is the increasing use of all sorts of communication devices being used in smart cities,
home automation, healthcare, intelligent transportation systems, automotive, and even
agriculture. All these communication devices that are used in the listed sectors need power
supply. The requirements for the power supply are: to be autonomous, to be compact, to ensure
the uninterrupted power supply of the devices, not to need to be connected to the power grid. To
design such a power supply is very difficult. There are all sorts of technologies to "harvest" energy
from all sorts of alternative sources, such as sun, temperature, vibration, etc. The use of the
electromagnetic field created by all sorts of emitting devices (base stations of mobile operators,
home wireless routers, etc.) to power communication devices is not yet that developed, even
though this energy is all around us - at home, outside, everywhere and just waiting to be
"absorbed", and used for power. Because of the above, the dissertation under review explores a
very topical subject and related issues that are currently of great interest. The dissertation
presents design algorithms and results from a study of antenna structures for receiving and
converting electromagnetic fields from artificial sources (cellular network base station antennas,
wireless devices, etc.), and the possibilities of using them to power supplying nodes in wireless
personal area networks.

The stated performance goal: "to develop new methodologies for the design and
characterization of rectennas for power supplying of communication nodes in wireless
personal area networks" and the resulting tasks to be solved further accentuate the
contemporary relevance of the dissertation work.

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

A real insight and justification of the scientific level or degree of knowledge of the state of the
problem and a corresponding creative interpretation of the literature can be formed on the basis



of the exposition in Chapter 1 and Chapter 2 of the dissertation. Through Chapter 1, the PhD
student provides an introduction to the topic by discussing wireless personal area networks in
great detail. Attention is also paid to the power requirements of communication nodes in wireless
personal area networks. Different technologies for harvesting energy from alternative sources
such as solar, wind, and thermal energy are discussed. Emphasis is placed on antenna structures
for powering low power devices and various methods for investigating antenna structures for
receiving EMF - ta from artificial sources.

Through Chapter 2, more specifically in 2.1, the PhD student examines theoretically and
practically whether the power flux density and/or the electric field strength created by artificial
sources can provide the power for communication nodes in wireless networks.

The references used in these two chapters are entirely from scientific publications, reports
and articles from reputed journals, publications from international conferences by scholars and
specialists in the field of the dissertation topic.

3. Compatibility of the chosen research methodology with the stated aim and
objectives of the dissertation.

The main objective of this dissertation is to develop new methodologies for the design and
characterization of rectennas for power supplying of communication nodes in wireless
personal area networks. In order to fulfil this objective, the following tasks have been formulated:

1. To develop a methodology for designing rectennas for power suppling of
communication nodes in wireless personal area networks - to solve this task, the
PhD student has developed a methodology for designing rectennas that allows to take
into account the specific features of communication nodes operating in personal area
networks built to IEEE 802.15.1, IEEE 802.15.4 or IEEE 802.15.6 standards. The
presented methodology has been developed thanks to the detailed literature review,
which thoroughly discusses wireless personal area networks, the power requirements
of communication nodes in these networks, and the different antenna structures for
receiving EMF from artificial sources to power low-power devices;

2. To approbate the proposed methodology by designing and investigating antenna
structures for rectennas for power supplying of communication nodes in
wireless personal area networks - to solve this task the PhD student has designed
two new antenna structures on flexible rectennas pads for power supplying
communication nodes in wireless personal area networks using the developed
methodology. Prototypes of two antenna structures have been fabricated and studied.
The first proposed antenna structure is based on a modified rectangular microstrip
(patch) antenna with circular polarization, designed to receive RF power from sources
in the 2.40 GHz - 2.48 GHz frequency range (ISM 2.45 GHz), with high efficiency, more
than 70%, and is suitable for integration in small, portable communication nodes. The
second proposed antenna structure is a rectangular monopole antenna structure with
vertical polarizations, designed for receiving RF power from sources in the 2.40 GHz -
2.48 GHz frequency range (ISM), which also provides high efficiency, of more than
75%, and is suitable for rectenna communication nodes in wireless personal area
networks. In addition, the PhD student has designed the matching and rectification



circuit, which are characterized by small size and focused parameters. A prototype has
been designed, and studies have been carried out over a wide frequency range to prove
that the designed rectifier circuit works;

3. To develop a methodology that allows the assessment of the individual elements
of the rectenna, reproducibility and repeatability of measurement results.
Validation of the proposed methodology - for the solution of this task the PhD
student has proposed a methodology that allows the assessment of the individual
elements of the rectenna. The applicability of the methodology has been demonstrated
through numerous practical measurements. Based on the proposed methodology, two
new antenna structures on flexible rectenna substrates for feeding communication
nodes in wireless personal area networks and one dipole antenna on a three-layer
substrate have been characterized. In addition, the proposed matching and rectifying
circuit are characterized.

In summary: the objectives and methodology of the study are in line with the stated purpose of
the study.

4. Scientific and /or scientific-applied contributions of the dissertation work.

In the development of the dissertation, 1 scientific contribution, 1 scientific-applied and 3
applied contributions are presented, as follows:

Scientific contribution: A design methodology for rectennas is developed, demonstrated by
an algorithm that allows to take into account the specific features of communication nodes
operating in personal area networks built according to IEEE 802.15.1, IEEE 802.15.4 or IEEE
802.15.6 standards;

Scientific-Applied Contribution: A methodology is proposed that allows to evaluate the main
parameters and characteristics of the individual elements of the rectenna, reproducibility and
repeatability of the measurement results.

Applied Contributions:

1. A setup for estimating the electric field intensity from artificial sources in urban
environments is proposed, allowing repeatability and comparability of measurement
results. The setup is approbated and the measurement results are presented;

2. Two novel antenna structures on flexible rectenna pads for power supplying of
communication nodes in wireless personal area networks are designed and investigated;

3. Based on a proposed methodology, the proposed two novel antenna structures on flexible
rectenna pads for power supplying of communication nodes in wireless personal area
networks, and one dipole antenna on a three-layer pad are characterized.

5. Opinion on the publications on the topic of the dissertation work.

The main achievements in the dissertation work are popularized in 4 scientific publications,
3 of them are from prestigious scientific conferences, indexed in world databases with numerous
citations from various international scientists. All publications are of theoretical and applied
importance, related to the dissertation and to the professional field 5.3. Communication and
Computer Engineering. In addition, the author is involved in research projects. | accept the
publication activity as fully sufficient in volume, and in the future, it is desirable for the author to
continue to expand and increase his publication activity.



6.0pinions, recommendations and comments.
The dissertation submitted for review is properly formatted and structured. | have no serious
remarks, except some minor editorial remarks such as:

e Some of the figures are of poor quality Some of these figures are: fig. 3.2-12, fig. 3.2-10,
fig. 3.2-4, fig. 3.2-3, etc;

e The references are not arranged in alphabetical order;

e The first chapter could have spent more explanation on the requirements of the power
supplying of communication modules/nodes building networks according to IEEE 802.15
group of standards, since the topic of the thesis is related to the power supply of such
modules. The attention paid to this problem in the dissertation is very small - about one
page only.

In future research, the author may address the application of the developed antenna
structures, charge energy storage cells or develop new antenna structures that are specialized
for charging only energy storage cells/cells.

7. 3aknyeHue n oueHKa Ha AucepTauMOHHUA TPYA.

In conclusion, | believe that the dissertation is formatted in accordance with the
requirements, has certain and confirmed practical and defined as scientific, scientific and applied
contributions, reflected and promoted in a sufficient number of scientific publications in relevant
international and national conferences. | propose the Honorable Scientific Jury to award the
educational and scientific PHD degree to M.Sc. Manol Stefanov Avramov in the professional field
5.3. Communication and Computer Engineering in the scientific specialty "Computer Systems
Complexes and Networks".
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