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CTAHOBHUIIE

BBPXY JMCEPTALMOHEH TPy 3a NpuaobuBaHe Ha 06pa3oBaTesiHa U Hay4Ha CTENEH ,,JIOKTOp”

ABTOp Ha IUCEPTALMOHHUA TPYA: Maz. udxc. Coghun Cmepanoea Y3ynoea

Tema Ha nucepTalMOHHUS TPYH: CepBXUIUPOKOIEHMOBU MEXHONO02UU 3a KOMYHUKAUUA Ha Oopoa Ha
Jlemamennume anapamu U NOKANUIAUUA HA YeU 8 YCII0GUA HA CMYUJCHUA

H3roteun craHoBUILETO: npodgh. 0-p undxc. Muxaun /lamanoe Tooopoe

1. AkrtyanHoct Ha paspaboTBaHHs B /[HCEPTAllHOHHHA TpyAd mNpo0jieM B Hay4YHO H
HAYYHOIIPHJIOKHO oTHOmeHHe. CTeneH H HHBA HA aKTYaJIHOCTTA Ha NpobJieMa H KOHKPETHHTE
3a/1a4H, pa3paboTeHH B AHCEPTALHATA.

Cepbxummpokonentopure cuctemu (CLIIJI) npeacraBnsBar MHOBaTHBHAa — Oe3kMYHa
TEXHOJIOrMA, KOATO INpeajiara pasziM4yeH IOAXOH B CpPaBHEHHE C TPAAMLIHOHHHUTE TECHOJIEHTOBH
cucTeMH. Ta3u TEXHONOrHs € MHOBaTHBHO PELIEHHE 32 BUCOKOCKOPOCTHA Ge3KMYHa KOMYHHMKALMA Ha
KBbCH pPa3CTOSHHsA, OTrOBapsllla Ha HapacTBAaLOTO ThPCEHE 3a MO-BUCOKH CKOPOCTH Ha MpeJaBaHe Ha
uHpopmanus. CLIJI TexHonorusaTa e pa3paGoTeHa 3a MPEHOC HA IAHHM C BUCOKH CKOPOCTH Ha KBCH
Pa3CTOAHHUA U MpPU HUCKH 4eCTOTH. [Ipe3 nocneqHUTE roAMHU UMa rOISIMO KOJIMYECTBO MyOIMKALIMH C
TaKaBa Te€MaTHKa - MHOXXECTBO HAyYHM LIEHTPOBE B pelOHlia CTPaHH, KOMTO pabOTAT aKTHBHO B
obnactra Ha Teopuara Ha CIIJI cucTeMM W Cb3IaBaHETO Ha pa3HOOOPasHU MPHIOKEHHS.
CuHTesnpaHeTo Ha Bce Mo-eeKTHBHM MeTonH 3a ob6pa6oTka Ha CIIJI curHanu cu octaBa OCHOBEH
npobiieM, 3a pellaBaHETO Ha KOWTO IMpPOABIKABAT Ja CE€ THPCAT BCe MO-e(eKTHBHH METOMH,
TEOPETHYHH M aJITOPUTMHYHH NPEAIOKEHHUS U WHOBAaTHBHU TEXHHUYECKH pelleHHs. BbBexnaHeTo Ha
CHUT TexHONOrMs e OTBOPH HOBH BB3MOKHOCTH M MHCTDYMEHTH, KOMTO € MPHAAZAT HOBO
M3MEPEHHE Ha JIOKAaLMATa Ha TOYKOBM M MalOpa3MEpPHM BB3JYLIHH LENH (HalpuMep APOHOBE) B
OTKPHMTH W 3aKPUTH MPOCTPAHCTBA, BHTPELIHOO0PI0Ba Ge3KHYHA KOMYHHKALMA, PErIAMEHTHPAHETO
M YNpaBleHMETO Ha BB3AYIIHOTO [BHWXKEHHME, C TNPHCBCTBHETO HAa HOBM M OT pa3jIM4eH THII
PaZIMOIOKAIMOHHH  LIEIK - MAaJlOpa3sMEPHH JUCTAHLMOHHO YIPABJIAEMH JIETATE€IHH CHCTEMH C
rpaykIaHCKO IpeAHa3HaYEeHHE.

AHaNM3BT HAaNpaBeH B JMCEPTALMOHHHMS TPy[ [OKa3Ba, Ye BBIPOCHTE CBbP3aHH ChC
CBPBXUIMPOKOJICHTOBUTE CHCTEMH NMPOIBIDKABA Jja € aKTyasleH.

2. Crenen Ha mo3HaBaHe CLCTOSHHETO HAa npobieMa H TBOPYECKAa HHTEpNpeTalus Ha
JINTEPATYyPHHS MaTepHAaJL

JIutepatypuuar o63op obxsawa 146 nurepaTypHH W3TOYHMUM — 81 Ha JlaTUHHMLA, 55 Ha
Knpunvua v 11 untepHer anpeca. Hanpapena e kiacuukaiys Ha CBPBXIIMPOKOIEHTOBUTE CHIHAM
(CILJI), u3pbpiieHa e oueHka obnacTuTe Ha nprioxenue Ha CLILT CHUTHAJIM, aHAJTU3UPAHHU Ca MOJEJIU
Ha palHONIOKalIMOHHH LeNH, NpH u3nonsBade Ha CLLI connupaiiy curHany v e HanpaBeHa OLiEHKa Ha
METOZIMTE 3a OTKpUBaHe ¥ 06paboTka Ha CLILJI oTpaseHu cUrHaiu.

AHalM3MpaHM ca TOMyJAPHM MAaTeMaTHYECKH MOJENH Ha couaupam CLIJI curHanu u
M3HCKBAHUATA KbM TAX. 3a obpaborkata wa CIIJI curHanu c HemssecTHa (opma B o630pa ce
NIpENopbYiBa 1a Cc€ mpuiaaraT ,,KBa3MONTUMAIHM METOAM. 3a MaTeMaTHYeCKO ONHUCaHHe Ha
PafHoIOKaLIHOHHHTE OGEKTH M PaJMONOKALIMOHHUTE CHCTEMHM TpH u3nonssade Ha CIIJT curhanu
HaH—YeCTO Ca W3MON3BAHH MApPaMETPUYHH M HEeNapaMeTPHYHHM MOAENH. Pasriemanu ca pa3Ii4H{
METOJH 32 MapaMeTpH4Ha UAECHTU(HUKALMA Ha CUTHAJTH.

IIpuemam, ye aBTOPBT ce € 3amMoO3HaN CBC CBHCTOSHHETO Ha npobiema, ¥ Ha Ta3u 6Gasza
TPABUITHO € hOPMyIMpaJ LIeNITA ¥ 331a9MTe Ha TUCEPTALHOHHHUS TPYA.

3. CboTBeTCcTBHE Ha n36paHaTa METOAHKA HA H3CJIeIBaHEe H MOCTAaBeHATa LeJ H 3aJa4YH Ha
AHCEPTANHOHHHA TPYA ¢ HOCTHTHATHTE IIPHHOCH.

HGJITa Ha IOUCEepTaLlMOHHUA TpyA € Oa C€ H3CleaBaT BB3MOKHOCTHUTE 3a IMPHUTIOKEHHUE Ha
CBPBXIIMPOKOJICHTOBH a4 aHTEHH 3a 0€3:KUYHHU 60p}.IOBH KOMYHHKAIIMM B IpaKJaHCKaTa aBHallds U
3a OTKpHBaHE U CBIIPOBOXKJAaHE Ha MajioOpasMEpHH LIETIH B YCIIOBHA Ha CMYLICHHA.

3a Aa H3IBJIHKU NOCTAaBEHHUTE LIEJIH, ABTOPBT € M3IOJI3BAJI CIICAHHUA ITOIXOM: HpOCKTHpaJ'I €
CBPBXLIMPOKOJICHTOBH I1a4y aHTEHU 3a Oe3:kMYHa 6opaoaa KOMYHHKaLUs B JIA. HanpaBun €




CHMYJIaLIMOHHK M3CJI€/IBaHMA Ha CBPBXIIMPOKOJIEHTOBH Iay aHTeHH B cpena Matlab u Bepudukaums B
Ansys HFSS npu pa3snuuny 4ecTOTHM AMana3oHH. AHAIM3UpPa € TOyYEeHUTE PE3yJITATH U € OLIEHHI
BB3MOKHOCTHTE 3a NpHIOKeHUe Ha [lau aHTeHuTe 3a Gemkuuna 6opaoBa KOMyHHMKaLMs B JI€TaTENEH
anapaTr 4pe3 €KCIEPUMEHTAJHO HcieBaHe. [IpoBen € eKCIepUMEHTANIHO M3C/ieBaHEe Ha peasieH
JieTaTeNied anapar (caMolieT) 3a M3Cle[BaHe IIYMOYCTOMYMBOCTTA HA OCHOBHHTE GOPIOBM CHCTEMM
NpH BB3JCHCTBHE ChC CBPBXIUMPOKOIEHTOBHM CHIHAlIH. Ha OcHOBaTa Ha MOJIyYEHWTE pe3ysiTaTv €
CHHTe3Mpas 6J0KOBa CXeMa Ha pajapHa cucTeMa 3a 24 Ghz u e npe/uIokKu BapHaHT Ha yCTPOMCTBO 3a-
nopobpsasane Qopmara Ha COHAMpAIIMS HMITYJIC, MPUEMO-NIpe/laBaTe/Ha Nay aHTeHa 3a 24 Ghz u
NpEBapHUTE/IeH HHUCKOYECTOTEH (UITBD 3a ONTHMH3MpaHe paboTaTa Ha aHAJIOro-UM(pPOB
npeobpasysarel.

CwmsiTaM, Ye U3OPaHMAT MOIXOM HA M3C/IE[BAHE W M3MON3BAHMTE METONM 3a MOJENMpaHe U
CHHTE3 ca U30paHM MPaBUITHO.

4. Hay4Hu u/ui1u HAYYHONPHJIOKHH NPHHOCH HA AHCEPTANHOHHHS TPY/:

JIMCepTaLMOHHMAT TPyl MMa Hay4YHO-TIPWIOXKEH XapakTep, KOETO Ce Ompeaens OT
nocTaBeHaTa Lel M pemieHuTe 3axavd. [IpuHocHTe ca opMynHMpaHH NPaBWIHO M MMaT Hay4HO-
MPHUJIOKEH M MPHUIIOXKEH Xapakrep. Te morar Ja ce mpHeMaT Karo: JOKa3BaHE C HOBH CPEICTBa Ha
CBLICCTBEHO HOBM CTPaHM Ha IMO3HATH HAyYHHM TEOPHH, Ch3JaBaHE HA HOBH METO[H, KOHCTPYKLHH,
CXEMH H TEXHOJIOTHHM, H MOJTyyaBaHe Ha MOTBbPAMTENHH (BaKTH.

5. Ilpeuenka Ha myGIHKANHMHTE 1O AHCEPTANHOHHHS TPY: Opoii, xapakTep Ha M3JaHMSAT2, B
KOHTO €A OTHeYaTaHH.

Ilybnukysanu ca 4 paGotd no mwuceprauvoHHus Tpyd. EnHa craTus e oTneyarana B
International Journal of Artificial Intelligence, 6poit 24 ot 2026 rox. Crimcanuero e HUH/IEKCHPAHO B
Scopus, uma kBaptun Q4 1 SIR 0.173. OcTananuTe ca JOK/Taa{ B HAyYHH KoH(epeHUUH B bbarapus,
cboTBeTHO nBe B XIII Mexxaynaponna Hayuna koHdepeHuus ,, TexHHKa, TEXHONOIMH, obpa3oBaHue,
CMropHocT - 2025” u ejHa B TOJMIIHATA MEXIYHapOAHa HayyHa KoHdepenums Ha BBBY I
benkoBcku“ — 2025 r.

B 15X ca oTpasenH pesynTaTHTE OT OCHOBHHMTE M3C/IEBAHMA B AUCEPTALMOHHHMS TPY H MOKE
Aa ce cuuTa, Y€ INOCTHKEHMATA Ca IOJNYYWIM HeobXomumaTa MyGIMYHOCT mpen Obarapckara H
MEXKIyHapOJaHaTa UH)KeHEPHA OOIIHOCT.

ABTODBT He € MPEICTaBM/ JaHHHM 33 LMTHPAHWA OT APYrH aBTopH. OT HampaBeHa OT MeH
ClpaBKa ChLIO HAMA [J0 TO3H MOMEHT UMTHPAHHS Ha TPe/ICTABEHUTE Iy OIMKALMH.

6. MHeHHs, IPenOPbKH H Ge1eKKH.
Hsmam chuiecTBenn 3abenexkd KbM JAMCepTAaLMOHHMA TpyAa. Beuuku 3abenesku  u
TIPENOPBKH, KOUTO OsIX HANPaBUJI DY TPEIBAPUTEIIHATA 3aLUTa CA OTCTPAHEHH M KOPUTMPaHH.
JInunure My Brevatenus ot mar. urk. Codus V3yHopa ca 3a paGOTIMB M CKPOMEH HayyeH
paboTHHMK. bux ¥ npenophyan Ja ©Ma MaJIKO TOBEYe CaMOYYCTBHE.

7. 3aK/II04eHH e C SiCHA TOJIO/KHTEIHA HJIH OTPHLATE/THA OLEHKA HA THCEPTAUHOHHMS TPYA.

JlMcepTauMOHHUAT TPYA CHOTBETCTBA HA M3MCKBAHMSATA 3a MOJMydyaBaHe Ha OGpa3oBaTeNHA K
Hay4Ha CTereH ,,J0kTop*. OTYHTalKH 3HAYUMOCTTa Ha MpUHOCUTE Ha mar. ukxk. Copus Credanona
Y3yHoBa, ybeneHo npennaram a u 6b1e NpuchaeHa o6pazoBaTe/iHaTa M Hay4yHa CTeneH ,10KTop' B
IIH ,,Tpancniopr, xopaGornnaaHe ¥ aBHauus“, HaydHa crieuuanHoct “HaBuranms, ynpaeieHde
€KCIJI0aTallks Ha Bb3IYIIHHS TPAHCTIOPT .

Hara: 24.08.2026 r. M3roTBuiI CTaHOBHILETO: ( i/ / -




7/, OPINION

,bi{'_féfi?fssertation submitted for the award of the educational and scientific degree “Doctor”
'Kuthor of the dissertation: Mag. Eng. Sofia Stefanova Uzunova

Title of the dissertation: Ultra-Wideband Technologies for On-Board Aircraft Communication and
Target Localization under Interference Conditions

Reviewer: Prof. Dr. Eng. Michael Damyanov Todorov

1. Relevance of the problem developed in the PhD thesis in research and research-applied terms.
Degree and levels of relevance of the problem and the specific tasks developed in the PhD thesis.
Ultra-Wideband (UWB) systems represent an innovative wireless technology that offers a different
approach compared with traditional narrowband systems. This technology is an innovative solution
for high-speed wireless communication over short distances, responding to the growing demand for
higher information transmission rates. UWB technology has been developed for high-speed data
transmission over short distances and at low frequencies.

In recent years, a large number of publications have appeared on this topic, with numerous research
centers in various countries actively working in the field of UWB systems theory and the development
of diverse applications. The synthesis of increasingly efficient methods for UWB signal processing
remains a major challenge, for which increasingly effective methods, theoretical and algorithmic
approaches, and innovative technical solutions continue to be sought. The introduction of UWB
technology will open up new opportunities and tools that will provide a new dimension to the
localization of point and small-sized airborne targets (e.g., drones) in open and enclosed spaces,
onboard wireless communication, the regulation and management of air traffic, with the emergence
of new and different types of radar targets—small remotely piloted aircraft systems for civilian
applications.

The analysis carried out in the dissertation demonstrates that issues related to ultra-wideband
systems remain relevant.

2. Degree of knowledge of the state of the problem and creative interpretation of the literature.
The literature review covers 146 sources—81 in Latin, 55 in Cyrillic, and 11 Internet sources. A
classification of ultra-wideband (UWB) signals has been made; the areas of application of UWB signals
have been assessed; models of radar targets using UWB probing signals have been analyzed; and the
methods for detection and processing of reflected UWB signals have been evaluated.

Popular mathematical models of UWB probing signals and the requirements applicable to them have
been analyzed. For the processing of UWB signals with an unknown waveform, the review
recommends the application of “quasi-optimal methods.” Parametric and non-parametric models are
most commonly used for the mathematical description of radar objects and radar systems employing
UWSB signals. Various methods for parametric signal identification have also been considered.

| consider that the author is familiar with the state of the problem and, on this basis, has correctly
formulated the objective and tasks of the dissertation.

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

The objective of the dissertation is to investigate the possibilities for applying ultra-wideband patch
antennas to wireless onboard communications in civil aviation, as well as to the detection and tracking
of small-sized targets under interference conditions.

In order to achieve the stated objectives, the author has used the following approach: she designed
ultra-wideband patch antennas for wireless onboard communication in aircraft. She conducted
simulation studies of ultra-wideband patch antennas using MATLAB and verification in Ansys HFSS
across different frequency ranges. She analyzed the results obtained and evaluated the possibilities




for applying patch antennas to wireless onboard communication in an aircraft through experimental
research.

She conducted an experimental study on a real aircraft to investigate the noise immunity of the main
onboard systems when exposed to ultra-wideband signals. Based on the results obtained, she
synthesized a block diagram of a 24 GHz radar system and proposed a device for improving the shape
of the probing pulse, a 24 GHz transceiver patch antenna, and a preliminary low-pass filter to optimize
the operation of an analog-to-digital converter.

I consider that the selected research approach and the methods used for modeling and synthesis have
been appropriately chosen.

4. Research and/or research-applied contributions of the PhD thesis.

The dissertation has a scientific-applied character, as determined by its objective and the tasks
addressed. The contributions have been formulated correctly and are of a scientific-applied and
applied nature.

They may be regarded as: demonstrating, by means of new approaches, substantially new aspects of
established scientific theories; developing new methods, designs, circuits, and technologies; and
obtaining corroborative evidence.

5. Assessment of PhD thesis publications.

Four publications related to the dissertation have been published. One article was published in the
International Journal of Artificial Intelligence, Issue 24, 2026. The journal is indexed in Scopus, has a
Q4 quartile ranking and an SIR of 0.173.

The remaining publications are conference papers presented at scientific conferences in Bulgaria,
specifically two papers at the 13th International Scientific Conference “Engineering, Technologies,
Education, Security —2025” and one paper at the Annual International Scientific Conference of the “G.
Benkovski” Bulgarian Air Force Academy — 2025.

These publications present the results of the principal research conducted within the dissertation, and
it may be considered that the findings have received the necessary publicity within the Bulgarian and
international engineering community.

The author has not provided data on citations by other authors. According to a search | conducted,
there have likewise been no citations of the submitted publications to date.

6. Opinions, recommendations, and remarks.

I have no substantial remarks concerning the dissertation. All comments and recommendations that |
made during the preliminary defense have been addressed and corrected.

My personal impressions of Mag. Eng. Sofia Uzunova are that she is a hardworking and modest
researcher. | would recommend that she have somewhat more self-confidence.

7. Conclusion with a clear positive or negative assessment of the dissertation

The dissertation meets the requirements for obtaining the educational and scientific degree “Doctor.”
Taking into account the significance of the contributions of Mag. Eng. Sofia Stefanova Uzunova, |
confidently recommend that she be awarded the educational and scientific degree “Doctor” in the
professional field “Transport, Shipping and Aviation,” scientific specialty “Navigation, Control and
Operation of Air Transport.”

Date: 24 August 2026 Reviewer: [/7/
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