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BBPXY AMCEpPTALMOHEH TPy 3a IpUI00MBaHe Ha
oOpazoBarenHa U Hay4YHa CTETeH ,,JJOKTOp”

ABTOp Ha JHcepTALMOHHHUSA TPYA: mae. uroc. Cogus Cmegharosa Y3ynosa.

Tema Ha paucepTanHOHHHS TpYA: ,,CépuvXuupokonenmosu mexHono2uu 3a
KOMYHUKayus Ha 6opoa Ha 1emamennume anapamu U 10KAIU3ayus Ha yeiu 8 YCioeus
Ha cMyweHus .

Ynaen Ha Hay4yHOTO KypH: [oy. 0-p unoc. Kueo Boowcudapoe Ilempos, Boernna
akaodemus ,,I'. C. Paxoscku“, ep. Cogus.

1. AKTya/IHOCT Ha pa3paO0TBAHHSA B JHCEPTALHOHHHS TPYA MPOOJIEM.

CpwxummpokonenroBata (CLLT) TexHoMOTHS Mpeaiara KIIFOYOBH MTpeIUMCTBa
KaTO HUCKA €EHEepPIruiHa IUTbTHOCT, BUCOKA CKOPOCT Ha MPEHOC Ha JaHHHU, YCTONYHBOCT
Ha CMYIIEHMs, CUTYPHOCT M HHCKa IeHa. [Ipu pasmpocTpaHeHne U OTpakeHHE OT
nenure CIIJI curHanu mNpoMeHAT MIbpBOHAYalHaTa CH (opMa, KOETO Hajara
U3IIOI3BAHETO HA CHELUAIW3UpaHd BPEeMEBHM M YECTOTHH METOIM 3a OLIEHKa Ha
rIapaMeTpUTe UM OCOOEHO B YCJIOBUS Ha MHTEH3WBHU CMYyIleHHs. braromapenue Ha
Te3d KayecTBa, ome oT cpenata Ha 2000-tre romuam IEEE cranmaptusupa
TexHosorusTa (aBa cranapra 3a CIIJI curnanu IEEE802.15.4a u IEEE802.15.4z) ¢
11eJ1 To00psiBaHe Ha MUKPONIO3UIIMOHUPAHETO U YCIyTHTE 3a JJOKAJTU3UPaHE B PEATHO
Bpeme (RTLS), kato ce u3mon3Ba U OPTOrOHATHO YECTOTHO MYJITHIUIEKCHPAHE.
IIporaosure couat, 4e ciell 3aBbpPIIBAHETO Ha cTaHAapTuTe, Mexmy 2022 u 2028 r.,
CILJT TexHONOrUsATa Ile HaBle3€ MAcOBO Ha Mas3apa W INEe Ce IpHjIara aKkTUBHO B
aBUallMATa, MEJMIMHATA W KOPIOPAaTUBHHUTE pEIIeHHUs UYpe3 HHTErpalusTa M B
0e3>)KUIHU MPEXH OT CEH30pU U M3ITBIITHUTEIIHU YCTPOKCTBA.

Pasrnexnanute B HayuHus TpyZ npobnemu ca cBbp3anu ¢ CILJI TexHomorMM 1
TOBa 0€3 CbMHEHHE OIpe/eNsl aKTYaTHOCTTa Ha JUCEepTaIUsTa.

2. Cremen Ha mHO3HABAHE CBHCTOSAHHETO HA IMpo0JdeMa H TBOpPYECKa
HHTepIpeTayHs Ha INTEPATYPHHS MATEPHA.L.

Mar. unx. Codus Y3yHoBa e pa3paboTuiia TucepTallMOHEH TPy 1 B 00eM oT 163
CTpaHMIIM, ChABPXKAIl YBOJ, TPH pa3liella 3aKIOueHHe W IUTHpaHa JUTepaTypa.
[Mutvpanure 146 H3TOYHMKA ca CBBP3aHU C pa3rIeKIAHUTE IIPOOIEMH, KOETO
II0OKa3Ba, Y€ Mar. MHX. Y3yHOBa NpPUTEKaBa HEOOXOOUMHUTE CHCTEMHH 3HAHUS U
yMeHus 3a paboTa ¢ Hay4YHH TPYIOBE.

3. CroTBercTBHE HA ”36p2H3T3 METOAHKAa Ha H3CJ/Ie/IBAHE H IIOCTABEHATA
neJr v 3a]a9H Ha JHCEPTALTHOHHHA TPY/ € IOCTHIHATHTE IIPDHHOCH.

ITocTraBenara omeja u (i)OpM}’J'II/IpaHI/ITe 3aadrd ca B sACHa IIOCICOOBATCIIHOCT.
33,[I21‘-II/ITC 06XBaH_IaT eI HaAyYHOHU3CJIENOBATEJICKH MUKBJI OT TCOPETHUYHA OCHOBA,
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Ipe3 IPOEKTUPAaHe U CUMYJIalus, 10 eKCIepUMEHTalIHA BAIMIALIMs B PEaTHU YCIIOBHS.
Huto enna 3ajmada He € M3MMINHA WIM OTKJIOHSBAIla ce OT Temara. 3aelHO Te
dopMHpaT KOMIUIEKCEH BT 3a IIOCTUIaHE Ha IeNTa, KaTo TrapaHTHpaT KakKTo
TEOpeTUYHa AbJIOOYNHA, TaKa U MpaKTUYecKa JOKA3aHOCT Ha pe3yJITaTUTE B pPeaslHU
YCIJIOBHUS C U3MOJI3BaHe Ha aBUAIMOHHA TEXHUKA.

B npencraBenuss aBTopedepaT ca OMHMCAaHW [Beé OCHOBHH METOIHUKH,
pa3paboTeH! U NPUIOKEHH B pAMKHUTE Ha M3CIIEIBAHETO:

- Metoauka 3a mpoBepka Ha IIyMOYCTOMYHMBOCTTA HA OCHOBHUTE aBHAIHOHHH
OopaoBu cucteMd. Meronukara € ¢ HAy4YHO-TIPUIOKEH MPUHOC W TPEACTaBisBa
OpUIMHAJIHA pa3paboTKa, KOSTO OIEHSIBa BIUSHUETO HAa CBPBXIIMPOKOIEHTOBH
(CIIJI) curHamu BBPXYy KPUTHYHUTE pPATUOHABUTAIMOHHH M KOMYHHKAIHOHHH
CHUCTEMH Ha O0p/a Ha rpaKJaHCKH CaMOJIETH.

- Meroauka 3a NpoBeXxJaHe Ha €KCIEpPUMEHT C pajap ¥ Majlopa3MepHa IIell.
Meronukata ommucBa MPaKTHUYECKOTO U3MHWTBAaHE HA TepeH Ha pa3paboTeHHs
CBPBXILIHMPOKOJIEHTOB pajap ¢ (a3upaHa aHTEeHHa pelieTka W HENPeKbCHATO
U3TbUBaHE 3a JIOKAJIU3UPaHe Ha MaJIOpa3MepHHU LIETTH.

IlenTa ¥ 3a7a4nTe CHOTBETCTBAT HA MPEICTABEHUTE B IUCEPTALIUATA TPHHOCH.

[Ipu mpoBepka 3a CbBOAACHHUS B AWCEPTALIMOHHUSA TPyA ¢ mporpama Strike
Plagiarism noka3aHuTe pe3yiTaTd MOKa3BaT, 4ye KOeQHIMEHTHTE HA ChBIAAcHHE ca
nox 4% Koero MM JaBa OCHOBaHWE Ja NMOTBBPISA, Y€ AUCEPTALUOHHUS TPYyHd €
opuruHaiHa paboTa Ha aBTopa. He My € U3BECTHO 3a 10Ka3aHO 0 3aKOHOYCTaHOBEHUS
pel TUIaruaTCcTBO B AUCEPTALIMOHHUS TPYJ WK B IPEJICTABEHUTE ITyOIUKAIUN.

4. Hayyuun n/WjiH HAyYHONPHJI0:KHH NPHHOCH HA THCEPTAHOHHHSA TPY.

JIOKTOpPaHTBT € MPEeJIONKUIT B TUCEPTALUOHHUS TPY L YETUPU HAYIHO IPHIIOKHU
U YeTHPH TIPHJIOKHU IpuHOca. [IpuHOCHTe Ha MOKTOpaHTa (OpMyIMpaT 3aBbplIEHa
METOMIOJIOTHYHA ¥ HAy4YHO-TIPUJIOKHA paMKa, KaTo OOeQUHSBAT IIPOCKTUPAHETO Ha
¢bu3nYecKd yCTpoicTBa (aHTEHH U pajapH), MaTeMaTHYEeCKOTO MOJEIHMpaHe Ha
CUTHAIIA ¥ €KCIIEPUMEHTAITHOTO cepTUUIpaHe B peaiHa 0OCTaHOBKA Ha eIMH 0011,
JIOTHYECKH OOOCHOBaH HaydeH IpoOJeM C OrpoOMHO IPaKTH4YECKO 3HA4YeHHE.
[TocTKeHUsATA B TUCEPTAMOHHUS TPy UMAT U3pa3eH NPUIOKEH XapaKTep U MOrar
na ObJaT BHEJAPEHH B CHOTBETHOTO IMPOM3BOACTBO. MeToaukara, TEXHOJOIMYHATa
KapTa U TECTOBHUSAT MPOTOKOJI 3a OIIEHKa — MOrar Aa ObAaT NpujaraHy 3a OLEHKa Ha
0€e30IacHOCTTa Ha MPEHOCHMH E€IeKTPOHHHU YCTpOWcTBa Ha OOpAa Ha JIETaTEIHUTE
amapatu. @uU3nyecKUTe MaKeTH Ha aHTEHUTE U XapyepHaTa apxXUTeKTypa Ha cxemara
Ha cucteMa 3a CJILl ca mpwioXuMu Tpu pa3pabOTBaHETO HA pPA3jIU4YHU paJapHU
CHCTEMH. B IpaKkTHYECKO OTHOIIEHHE pe3yJITaTUTe NONPHUHACAT 3a IOBUIIABaHE HA
0e30macHOCTTa Ha TOJIETUTE Ype3 HACHTU(GHUIMpPaHe HA yS3BUMOCTUTE Ha KPUTUYHU
napuranmronau cucteMu (ILS, TCAS, ATC). Pesynratute morar a ce U3I0JI3BaT U
npuiarat B yueOHUs IpoLec N0 aBUALIMOHHU JUCLIUILIMHY.

5. Ilpenenka Ha MyOIHKAOHHATE 110 JHCEPTALHOHHHS TPY/.

[TpencraBeHusT  aBTOpedepar  MpeacTaBs B HeoOXomumus — obeM
TUCEPTALIMOHHUS TPY U € B pa3Mep Ha 32 CTpaHULH.
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Pesynrarute OT AWCEPTAllMOHHMA TPyH ca IyOJMKYBaHW B UeTUPHU HAy4HH
ny6aukamuy. Tpu oT myGIUKalMUTe ca CaMOCTOSTENHU a e[lHa B ChaBTOpCcTBO. EnHa
OT CaMOCTOSITETHUTE 1Ty OIMKAIIUY € HHAeKCUpaHa B Scopus.

6. Muenws1, IpernopbsKH H OeJ1e:KKH.

JIMcepTalMOHHHUAT TPYA € B 00eM OT 163 cTpaHuiy, Chabpka 75 GUrypH 1 23
tabnuuu. OdopMeH e B akaJeMHUUeH CTUI U Ca CIIa3eHd OCHOBHUTE MU3MCKBaHMA 3a
CTPYKTypHpaHe Ha JUcepTaLysl.

Kato 3a0enexKku Mora Ha Iocodya HaJTUu4heTO Ha IIPAaBOIIMCHH IPEIIKH, HAKOJIKO
CKaHUpaHH TpyaHo dertumu ¢urypu (1.1, 2.5, 2.17, 2.23) u HeopopMeHH IO
u3nckBaHuaTa tadmuiu(3.5, 3.6, 3.7). B nucepranusaTa 4€CTO c€ U3MOJ3BaT Pa3InIHH
TepMHHHM C €IHaKBO 3HaueHue, Hampumep bILJIA, npoHoBe, BB3MOXKHO € 1a ce
yrnotpe0sBa efH TEPMUH UM [a Ce pasrpaHuyar 1o HIKaKbB IPU3HAK.

CrnuchKbT Ha CHKpAIIEHUATa He € TOApe/ieH 1o a30ydeH pell U ChOTBETHO C
OBbArapcky ¥ AHIVIMKWCKH ChKpALeHMs, KOETO 3aTpyAHsABAa TAXHOTO HaMHpaHe. B
CIIUCHKA CHIIECTBYBAT CHKpPAINEHUS KOUTO HE Ca M3IO0JI3BAHHM B JAUCEpTALMsTa (BC,
[TIEY, PCA, PJIHH, I1® u ap.) ¥ IUcBaT TaKKMBa KOUTO Ca U3II0J3BAHN MHOTOKPATHO
HO He ca B CIMChKa ¢be chKpammenus Hampumep (JYJIC, WSN u np.)

[TocoyeHUTE OT MEH KPUTHYHM OEJIeKKH He ca CHILECTBEHM 3a LAIOCTHATa
[OJIOJKUTETHA OLIEHKA Ha JUCEPTAlMOHHNS TPy ¥ He BIIMSAT Ha IOCTUTHATUTE B HETO
pe3yJTaTH.

MMaM ciieJHUTE MPENOPbKU KbM JOKTOpaHTa:

- a TpomBDKM da TMyOnMKyBa H3CIeBaHMATa CH BBB bopymu
MH/IEKCHPaHU B MEXTyHapOHHUTe 0a3u JaHHU C HAYIHO PELCH3UPAHE;

- Ja W3MOJ3Ba eAMHHA TEPMHUHONOTHA M Oa ObJle MO INpeuuseH B
o(opMsSHETO Ha HAYYHH TEKCTOBE.

7. Bakro4eHue.

JlaBam IOJIOKUTENHA OLleHKa Ha JUCEPTalMOHHUS TPY A ,,CBPBXIIMPOKOICHTOBH
TEXHOJIOTHH 3a KOMYHHMKalus Ha OopJa Ha JieTaTeJHUTe anapaTd d JOoKalu3alusi Ha
LleJH B ycloBus Ha cMylieHHs ”. OcHOBaHMe 32 TOBA MM [1aBaT, ChABPKAHMETO Ha
JEcepTalusTa, aBTopedepara, W3MBIHEHHETO Ha MPOLEAypPHUTE U3KMCKBAHUs 110
crazpaneto Ha 3PACPB, IIIIBPACPH u u IlpaBuiHuKka 3a ycClOBUATa M peld 3a
Npu100MBaHe Ha HAYYHM CTENEeHH B TeXHNYeCKH yHUBEPCUTET — Codwus.. llpennaram
Ha HAYYHOTO KypH [a NPHCBAM Ha aBTOpa Mar. WHIK. Codusn Credanona
Y3yHoBa oGpa3oBaTe/iHa H HayuHa cTemeH ,JlokTop® 1o J0KTOpCKa mporpama
_Hapuranus, ympaBleHHe U €KCIUIoaTalds Ha  BB3AYNIHHA TpaHCIopT ',
npodecroHaTHO Hanpasnenue 5.5 ,, TpaHCcIopT, KopaboriaBase U aBHalys -, 001act
Ha BHCLIETO 0OpasoBaHue 5. ,, TeXHUYECKH HAyKH .

Jlata: 31.08.2026 > o WIEH HA KYPUTO: /[« (7
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OPINION
on a on the PhD thesis submitted for the award of the

educational and scientific degree of “Doctor”

Author: M. Eng. Sofia Stefanova Uzunova.

Title: “Ultra-Wideband Communication Technologies for Onboard Aircraft
Communication and Target Localisation under Jamming Conditions”.

Jury member: Assoc. Prof. Ph.D. Eng. Zhivo Bozhidarov Petrov, Rakovski National
Defence Collge , Sofia.

1. Relevance of the Research Problem Addressed in the Dissertation

Ultra-wideband (UWB) technology offers key advantages such as low energy density,
high data throughput, jamming resistance, security, and low cost. During propagation
and reflection from targets, UWB signals undergo a change in their original waveform,
which necessitates the application of specialised time-domain and frequency-domain
methods for parameter estimation, particularly under conditions of intensive jamming.
Owing to these characteristics, beginning in the mid-2000s the IEEE standardised the
technology (two UWB signal standards, IEEE 802.15.4a and IEEE 802.15.4z) with the
aim of improving micro-positioning and real-time locating services (RTLS),
employing orthogonal frequency-division multiplexing. Projections indicate that,
following the finalisation of the standards, between 2022 and 2028 UWB technology
will enter the market on a large scale and will be actively deployed in aviation,
medicine, and corporate solutions through its integration into wireless sensor and
actuator networks.

The problems examined in the dissertation are directly related to UWB technologies,
and this unquestionably establishes the relevance of the present thesis.

2. Demonstrated Familiarity with the State of the Problem and Creative
Interpretation of the Literature

M.Eng. Sofia Uzunova has developed a dissertation comprising 163 pages, containing
an introduction, three chapters, a conclusion, and a list of cited references. The 146
cited sources are relevant to the problems examined, which demonstrates that Eng.
Uzunova possesses the requisite systematic knowledge and competences for engaging
with scholarly literature.

3. Correspondence between the Chosen Research Methodology, the Stated Aim
and Tasks, and the Achieved Contributions

The stated aim and the formulated tasks follow a clear logical sequence. The tasks span
the entire research cycle—from theoretical foundation, through design and simulation,
to experimental validation under real-world conditions. No task is superfluous or
tangential to the research topic. Collectively, they constitute a comprehensive pathway



for achieving the aim, ensuring both theoretical depth and practical verifiability of the
results under real conditions using aviation equipment.

The submitted abstract describes two principal methodologies developed and applied
within the framework of the research:

- A methodology for testing the jamming resistance of primary aviation onboard
systems. This methodology constitutes a scientifically applied contribution and
represents an original development that evaluates the impact of ultra-wideband (UWB)
signals on the critical radio-navigation and communication systems aboard civil
aircraft.

- A methodology for conducting field experiments with a radar and a small-sized

target. This methodology describes the practical field testing of the developed ultra-
wideband phased-array continuous-wave radar for the localisation of small-sized
targets.
The aim and the tasks are consistent with the contributions presented in the dissertation.
A plagiarism check of the dissertation using the Strike Plagiarism software yielded
similarity coefficients below 4%, which provides me with sufficient grounds to confirm
that the dissertation is an original work by the author. I am not aware of any plagiarism
in the dissertation or in the submitted publications established in accordance with the
legally prescribed procedure.

4. Scientific and/or Applied Contributions of the Dissertation

The doctoral candidate has proposed four scientific-applied contributions and four
applied contributions in the dissertation. The contributions of the doctoral candidate
articulate a complete methodological and applied framework, integrating the design of
physical devices (antennas and radars), the mathematical modelling of signals, and the
experimental certification under real-world conditions within a unified, logically
substantiated research problem of considerable practical significance. The
achievements in the dissertation are of a distinctly applied nature and are suitable for
implementation in the relevant industrial production. The methodology, the
technological map, and the test protocol for assessment can be applied to evaluate the
safety of portable electronic devices onboard aircraft. The physical antenna prototypes
and the hardware architecture of the CFAR (Constant False Alarm Rate) system circuit
are applicable in the development of various radar systems. From a practical
standpoint, the results contribute to enhancing flight safety by identifying the
vulnerabilities of critical navigation systems (ILS, TCAS, ATC). The results can also
be utilised and applied in the teaching process within aviation disciplines.

5. Assessment of the Publications Derived from the Dissertation

The submitted abstract presents the dissertation in the requisite scope and comprises
32 pages.

The results of the dissertation have been published in four scholarly publications. Three
of the publications are single-authored and one is co-authored. One of the single-
authored publications is indexed in Scopus.



6. Comments, Recommendations, and Remarks

The dissertation comprises 163 pages and contains 75 figures and 23 tables. It is
composed in an academic style and the principal requirements for the structuring of a
dissertation have been observed.
As remarks, I would note the presence of spelling errors, several scanned figures that
are difficult to read (Figures 1.1, 2.5, 2.17, 2.23), and tables that are not formatted in
accordance with the requirements (Tables 3.5, 3.6, 3.7). The dissertation frequently
employs different terms with identical meanings—for instance, UAV (unmanned aerial
vehicle) and drones; it would be advisable to use a single term or to distinguish them
on the basis of a specific criterion.
The list of abbreviations is not arranged in alphabetical order, nor is it organised by
Bulgarian and English abbreviations, which impedes their retrieval. The list contains
abbreviations that are not used in the dissertation (e.g., VS, PEU, RSA, RLNN, PF,
among others) and is missing abbreviations that are used repeatedly but are absent from
the list (e.g., DULS, WSN, among others).
The critical remarks noted above are not material to the overall positive evaluation of
the dissertation and do not affect the results achieved therein.
I offer the following recommendations to the doctoral candidate:

- to continue publishing the research findings in forums indexed in international
peer-reviewed databases;

- to employ uniform terminology and to exercise greater precision in the
formatting of scholarly texts.

7. Conclusion

I award a positive evaluation to the dissertation “Ultra-Wideband Communication
Technologies for Onboard Aircraft Communication and Target Localisation under
Jamming Conditions.” This assessment is grounded in the content of the dissertation,
the extended abstract, and the fulfilment of the procedural requirements under the Law
on the Development of the Academic Staff in the Republic of Bulgaria (ZRA SRB),
the Implementing Regulations thereto (PPZRA SRB), and the Regulations on the
Conditions and Procedure for the Award of Academic Degrees at the Technical
University of Sofia. I propose that the jury award the author, M.Eng. Sofia Stefanova
Uzunova, the educational and scientific degree of “Doctor” in the doctoral programme
“Navigation, Management, and Operation of Air Transport,” Professional Field 5.5
“Transport, Navigation, and Aviation,” Field of Higher Education 5. “Technical
Sciences.”
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