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1. AKTyanHocr Ha paspaboTsanus p ANCEPTAUMOHHUA TRYA NPobnem B HayyHo
W HaYHHONPUNOKHO OTHOWEHMe,

FassnTieto Ha TexHonoruuTe W roneMuT Bpoii Ha BRIMOKHN NPUNOKEHWUS KEKTO
FPERAAHCKN TaKE W BOBHHW BOAST A0 HAPACTBAIY UHTEPEC KuM BEINUNOTHITE nevaTenHu
anapat (Unmanned Aerial Vehicles (LUAVs)) AHec Te HamupaT Wwupoka npuriokenue &
PasnuyHM oBnactu - reogesuR, aeMensnme, EbWO 38 OTAANBNEHO w3cneasaHe Ha
FONBMN W TRYAHOAOCTEIHU UHAPACTPYKTYRH (MocToB®, A30BMPHI CTeHw, saxpaHsaim
kabenu U 1.H.), W3cnepBaKe Ha onacHil cpedn 1 He Ha NACABAHO MACTO CE Uanon3IeaT aa
BO8HHW W oTOpaHuTenHW uenu. BaikHa cniotafiHocT 3a Pa3WKUPABEHE HE MHOXECTBOTO OT
NOTEHUMANHN NpUnomeHUs, ocoBieHo TE3W, CBBP3aHM © Aocrasku, e cnocabHocTTa 3a
A8TOHOMHO KalaHe Ha UAVs.

PaaniiHu Wacnegosatencky  ekunu MPOBSKAST M3CeABEHMA CELPIGHM C©
ocurypABate Besonacka y ebexTueHa pabora Ha UAVS, kakTo U Ha ABTOHOMHO KauaHe
Ha LAVs, Tui kaTo nporHoaute nokasaar, 4e B Ghuaka Gbaee rpaackoTo BEIAYILHO
NROCTPAHCETBO We Ghje NPeTOBapeHE € PasnuyHu BUACBE ABTOHOMHW netarenHu
cpepctaa. OT npeacTaseruTe Ao MoMeHTa WSCNeaBaHuR MOXKe 4a ce YCTEHOBM, Ye fio
BPeMe Ha KauaHe eblecTayaa na-fonsma BePOATHACT OT MHUWABHTH, ocobeHo, KoraTo
KayaneTo TpAGBA 4a c8 QCBLUWEETBY BTOHOMHA, Mpeanoxedn ca pasnuyhM foaxoau
Hanp. Gasupanu Ha AudepeHuManii GPS CUCTEMM, HE pasnc3Hasane Ha
W3COPaEHMETO HA NNDIWaAKATA 3a KauaHe 1 ap., NPUACKUMOCTTE HE KOUTO BGE owe &
OrpaHWieHa. Tosa Hanara paspafioTeaHeTo Ha HOBW NOAXOAW M A&NTOPUTMM 3a
QCUrYPABAEHE Ha 8BTOHOMHG KauaHe Ha LJAVs.

HacToRWUAT AueepTaLUaHEH TpyA & fpaxycupaH spxy paspafioTeane Ha cpeacTsa v
aMrepHUTMI Ha CuCTeMa 38 BBTOMETMYHO kauaHne Ha GesnunoTHW neTaTerii anaparm,



4pe3 papwovectotHa oBpabotka M NcesgoKoHUWHO cKanupaHe ¢ Hamarnena
NIHUCIUTENHA CNOXHOCT, KO8TO MU AaBa OCHOBaHWe Aa 3aKnoNa, Ye pasrnexaaHuTe 8
ANCEPTALMOHHUR TRYA NPOBIIeMU Ca BKTYANHW OT HayuHa U Hay4Ho-NpakTUYecKa rnegHa
TOMKE,

2, CreneH Ha no3HaBsaHe CcuLCTORHMETO Ha npobnema W TBOpyecka
WHTEPNPeTaUMA Ha NUTepaTypPHUA MaTepuan,

HokTopaxTaT MHOro o6cToilHo @ NPoYSMn aHauyumuTe Hayurmn nyGnukaymm 8 obnacrTa
Ha GesnunoTHUTE netaTtenHu anapati, no creuwanHo MeToauTe W cpeacteata 3a
a8TOMaTUHHO KauaHe Ha GesnunaTHW neTarenu anapat, JlurepaTypHuaT obsop e
oBwinpen (wanonasany ca oBule 177 nevaThu v ENeKTPOHHKU UITOYHWKE, noBeYye ot 65 %
OT TAX ca nyGnukysauu npea nocneaHUTe aecet rOAMHW), KOBTO & cnepcTsue of
akTyanHoeTTa Ha TeMara. Bb3 OCHORE Ha OTAWYHOTO NOSHEBAEKE Ha ChOTORHUETO Ha
NpaBnema v apryMeHTUPaHO HanpaseHUTs H3BOAW, NpeyUsHa e hopmynupaHa wenTa Ha
AvcepTaunoHHua TpyA. MocTasenu ca v ca PSLUeHN 3anaqu, caBp3any C© gethunHupane
H8 TEXHWUHBCKMTE WIUCKBSHUR KbM BHTEHHATAE CUCTEMa & NCeBA0-KOHUMHO CKaHWPSHE aa
PEANU3ALNR Ha CUCTeMa 28 aBTOMAaTHSHO Kauate Ha BfIA ¢ paguoMdecToTHa obpaboTa
Ha8 BMNAWTYAATE Ha NPUeTUs cUrHan, noaxog 2a ONPEAENAHEe HA BIICBUTE KOOPAUHATK
Ha Bl1A ypes ®AP ¢ nceago-KoHUHO Ckanupake, upes obpaboria Ha MOWHOCTTE Ha
MPMETHA CUTHAEN, W3BEXAAHE MaTaMarTu4ecKuTe 33BMOMMOCTH, KOMTO no3sonAeaT
ONPEASNAHETO Ha QUPEKTHATE 3ABUCHMOCT Ha LiToaUTE KOopAWHaTH HE oBekTa, ypes
NIMEPEHUTE MALYHOCTH OT NCEBARC-KOHUYHO CKANMPEHS.

3, Cworsercraue Ha uaGpanara MeToauKa Ha uacneasawe ¢ nacraseHara uen
¥ 3a8a4u Ha AMCePTAUMOHHMA TRYA.

Wabpanata ot gokTopanta MBTOAMKE (BKNIOYBALLE BHANUTMNEH W CUMYyNaUnaHeH
MoAxon) W nocTadoska Ha W3CNSABEHWA CBLOTBETCTBE HE nOCTEBEHWTE B8
AUCEPTaUNOHHUA TRYA 3a8ay, KaTO OTHUTA CRoKHOCTTA Ha pasrnexnanus npobnem.

4, Hayunu wunu HaysHonpunowHm NPUHOCKH HAa AWCEPTALNOHHUA TPYA.
1. MNpeanoxex e noaxoy 3a onpeasnaHe Ha vrnosuTe KeOpAWHATH Ha BeanunoreH
fIeTATENSH AnapaT Ypes DAP ¢ nceBao-KOHU4HO ckaHWpaKs.
2. MpeanoxeH e anmopuTeM 3a asToMaTi4Ho Kayaxe Ha BIIA, wsnonssaw
paspabaTeritg noaxea 3a onpeasriaHe Ha BIACBHTE KoapauHaTM Ha obekta wa
BEHORATA HE NWHEANHA ANPOKCUMauWs Ha paanuKoBuMTe AHAR B nerapuTmnver
mawat.
3. MNpeanoxen e anfopuTeM Ha cUCTeMaTa 2a cnegeHe ng BI1A c ncesao kaHu4HG
CkaHWpare Ha ocHOBaTa Ha NPERnaWeHus NOAXCA 3a OUEHKA HE BrHOBUTE
KQOPAUHETH € Wanonsaate Ha pasnukasute AHI Ha QAP W TaxHaTa nuHenHa
SNPOKCUMAaLMA.



4. MNpeanoxsHn ca U ca SHANW3VNPaHW NeT BB3IMOXHY BapuaHTa 3a peanuaauus Ha
cucTemata 3a asTOMaTUYHO KauaHe Ha BIA ¢ paguovecToTHa obpaborka,
MNOCPBACTBOM NCEBAC-KOHUYHO CKAHMPEHE B 38BMCMMOCT OT Pa3NCNOKEHUETO Ha
NPEenaBsallaTa u NPUEMHETE 4acT Ha cUCTeMaTa.

5. MNpoektvpana e e peanuavpanda Gaaosa npueMHa 4acT Ha cucTeMarta 3a
ABTOMATVMHO kaljane Ha BITA no nabpaH sapuanr.

6, Ha ocHosata Ha MPOBEAEHW uscnegsaHust e oleHeHa npakruyeckara
MPUNOKHUMOCT Ha MPEANOKEHUA NOAXOA Ha anpokcumupane W onpegenAHe Ha

BITI0BUTE KOOPAVHATH YPes pasnuKkasuTe Avarpami Ha ®AP s npoueca Ha kauave
Ha BIA.

Cuuram, ye Teau NPWHOCKH NpasunHo oTpasssar ROCTWrHaTOTO QT a8Topa B npouecs
Ha NposeaeHUTE wacneasaHus u HECBMHEHD We HamepsT cesofTa NPUNoXUMoCT.

5. TMpeyexka Ha NySnuKkaunnTe no aucepTaumoHHus TRYA.

Mo MaTepuanite Ha AMCapTaUMOHHUR TPYA ca npeacTaseni geset nyBnukauyum:
BT kOWTO Age ca nyBAukysaHu B HaYYHW CIUCaHWUA B Hay4HaTa obnact Ha AucepTaUMRATa,
BAHOTO OT KoWTO @ Sensors c keaptin Q1 ¢ UMnNakT taxTop 3,9 (3a 2022 r.). ee ot
nyGnukauunTe ca & cBopHuUM Ha MEXAYHEPOAHN HayWHM KOHEepeHUMM W net 8
cOopHuyM Ha HauMoHanHu KOHGIEPEHUMN © MeXayHapomHo ydaoTHe. Eana ot
nyGnukayunre CaMOCTORTENHAE, @ B OcTasanuTe nyBnukayuure wHx. Weaino Hades e
Boaew astop. OT HanpaseraTa cnpaska 3a YaTHpaHuaTa ce Bikaa, ye 8 Basarta AaHHKM
SCOPUS ca HanuyHW aecsT uuTaTa Ha TRW OF nySnnkauwuTa no aucepTauusTa,

Bouyko ToBa riokaasa, we paborata e nonyyuna Heobxogumara nyBnuysocT,
CewHoeTta v obema Ha HanpaseHuTe NyGnukaywm w aoknaaw Hamsnko oTpasssat
paspaboTeHuTa NpoBnemn 6T AUCPTALIMOHHUA TPRYA.

B. MueHus, npenopuku 1 Benexky.

MpeancoKeHusT M1 3a peueHsupane AWCERTaUMOHEH TpyA Moxe aa ca onpeseny
K8TO UAnOCTeH W 3aBwpweH, paspabored Ha MHoro AoBpo HayyHo HuBo, pobpe
CTRYKTYRMPEH U OdhapmeH.

HAMam criuscTeenm 3abenexkn kuM paboTara.

HayuHata oBnact Ha AUCERTAUNATA & NEPCNEKTUEHE M MOATE NPENOPLKE KbM WHK,
WHx. Wsaiina Hales e 4a npoanmkm HaysHaTa M npunoxHata pabata no Tasu remaruka,

7. 3akmioueHne ¢ fHcHA nonoMWTeNHa WnW  oTpHUATEnHa oueHka Ha
AncepTauuoHHna Tpya.

B pesyntat Ha npegcragepmte nyBnukauuu u MPHHOCH 8 AWCEPTaUMAHHUS TRYS
EMATaM, HE TOH CLOTBECTBA HA MIMCKBANMATA Ha ,38K0HE 35 PA3BNTHE HA BKEAEMUYHUR
cvcras 8 Penybnuka Genrapus’, Mpasuniuka 3a HBroBaTo npunokeHue 1 MNpasunHuka
38 YCROBMATE W PEAE 2a NPUADEMBAHE HE HaYYHM CTeneH: B TexHu4ecku yHuBapeuTet



— Cogua. [lasam nonoxurenua OUeHKa Ha QUCepTauMOHHUA TPYA W MpeanaraMm Ha
yeaxasmoto Hayuwo wypu paa NPUCEAW Ha mar. wux, wHx, MWBaidno Haves
obpasocearenHara u Hay4Ha crenen ,40KTOP" no npodecuoHanHo Hanpasnesue 53

KomyHukaumorHa u KOMNIOTLPHA TexHUKa, HayuHa crieuuanHocT .Pagwonpepaearenta
W paguonpuemHa TexHuka",
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1. Relevance of the problem and the specific tasks developed in the doctoral
thesis

The development of tachnology and the large number of possible applications both civil
and military led to a grewing interest in Unmanned Aerial Vehicles (UAVs). Today, they
are widely used in various fields - geodesy, agriculturs, also for remote study of large and
hard-to-reach infrestructures (bridges, dam walls, power cables, etc.), a study of
dangerous enviranments, and ast but not least, they are used for military purposes and
defansive purpasss. An Important capability to expand the range of potential applications,
especially those related to deliveries, is the autoriomaus landing capability of UAVs.

Various research teams are conducting research related to ensuring the safe and
efficient operation of UAVs, as well as the autanemous landing of UAVs, as pradictions
shaw that in the near fulure, urban airspace will be overloaded with various types of
autenamous drenes. From the presented research, it can be established that there is a
higher probability of sccidents during landing, especially when the landing must be carried
out autonomously. Various approaches have been proposed e.9. based on differential
GPS systems, on landing site image recognition, ete., the applicability of which is still
limited, This necessitates the development of new approaches and algerithms to ensure
autenomeus landing of UAVs.

The current dissertation is focused on the davelopment of means and algerithms of a
system for the automatic landing of unmanned aerial venhicles, through radio trequeng_y
processing and pseudo-conic seanning with reduced computational camplexity, which
gives me reason ta cenclude that the problems eonsidered in the dissertation are relevant
fram a scientific and scientific and practical point af view.



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

The PhD candidate has very extensively studied the significant scientific publications
in the field of unmanned aerial vehicles, in particular the methods and means of automatic
landing of unmanned aerial vehicles. The literature review is extensive (a total of 177
printed and electronic sources were used, more than 65% of them were published in the
last ten years), which is a consequence of the topicality of the topic. Based on the
excellent knowledge of the state of the problem and the reasoned conclusions drawn, the
purpose of the dissertation was precisely formulated, tasks related to defining the
technical requirements for the antenna system with pseudo-conical scanning for the
implementation of an automatic landing system were set and solved of UAVs with radio
frequency processing of the amplitude of the received signal, an approach to determine
the angular coordinates of the UAV by means of a FAR with pseudo-conical scanning, by
processing the power of the received signal, deriving mathematical dependencies that
allow the determination of the direct dependence of the angular coordinates of the object,
by the measured powers from a pseudo-conical scan.

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

The methodology chosen by the PhD candidate (including an analytical and simulation
approach) and research setup corresponds to the tasks in the dissertation, taking into
account the complexity of the problem under consideration.

4. Scientific and/or applied research contributions of the dissertation
1. An approach for determining the angular coordinates of an unmanned aerial
vehicle using a pseudo-conical scanning phased array antenna is proposed.
2. An algorithm for automatic landing of UAVs is proposed, using the developed
approach to determine the angular coordinates of the object based on a linear
approximation of the differencea radiation pattern action on a logarithmic scale.
3. An algorithm for a pseudo conical scan UAV tracking system based on the
proposed angular coordinate estimation approach using the difference radiation
pattern of phased array antenna and their linear approximation.
4. Five possible options for the implementation of a system for the automatic landing
of UAVs with radio frequency processing, by means of pseudo-conical scanning,
depending on the arrangement of the transmitting and receiving part of the system,
have been proposed and analyzed.
5. A basic receiving part of a system for automatic landing of UAVs according to a
selected option has been designed and implemented.



8. On the basis of conducted reseéarch, the practical applicability of the proposed
approach of approximating and determining the angular coordinates through the
difference radiation patterns of the phased array antenna in the process of UAV
landing has been evaluated.

These contributions correctly refiect what the author has achieved.

5. Assessment of dissertation publications

Nine publications are presented on the materials of the dissertation: of which two
were published in scientific journals in the scientific field of the dissertation, one of which
Is Sensors, a8 Q1 journal with an impact factor of 3.9 (for 2022). Two of the publications
are in proceedings of international scientific conferences and five are in proceedings of
national conferences with interational participation. In one of the publications, Nachev is
the sole author, and in the other publications, Ivaylo Nachev is the lead author. Also, ten
citations are available in the SCOPUS database of three of the publications on the
dissertation.

All this shows that the work has received the necessary publicity. The nature and
volume of the publications fully reflect the developed problems of the dissertation.

6. Comments, recommendations, and remarks,
The submitted for review dissertation Is developed at a very good scientific level,
well structured, and well formatted.
I have no significant comments on the work.
The scientific field of the dissertation is promising and my recommendation to Ivaylo
Nachev is to continue his scientific research on this topic.

7. Conclusion with a positive or negative dissertation assessment

As a result of the presented publications and contributions in the dissertation work,
| believe that it meets the requirements of the "Law on the Development of the Academic
Staff in the Republic of Bulgaria", the Regulations for its Application, and the Regulations
for the Conditions and Procedures for Obtaining Scientific Degrees at the Technical
University - Sofia. | give a positive assessment of the dissertation and propose to the
Honourable Scientific Jury to award the M.Sc. Eng. Ivaylo Nachev educational and
scientific degree "Doctor” in professional direction 5.3 Communication and Computer
Engineering, scientific specialty Radio transmission, and radio reception engineering.
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