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Tema Ha gucepTaunoHHus TpyA: CpeacTea v anroputMu 3a aBTOMaTUYHO
KauaHe Ha 6e3nunoTHu netatenHu anaparw, ype3 paguo4ecToTHa
oBpaboTka M nceBaO KOHMYHO CKaHupaHe

YneH Ha Hay4HOTO Xypu: npod. a-p uHxX. CtaHumup CagwHos

1. AxkryanHocr Ha pa3paboTeaHua B gucepTaunoHHus TPyA npobnem B
Hay4HO U HAYYHONPUNOXHO OTHOLWEHME,

Temata 32 uanonasaHeTo Ha BeanunoTHuTe netatenuu anapatu (BJ1A), npes
NOCNEeAHUTE roanHN e 0BexT Ha aKTUBEH U3CNenoBaTEencky UHTepec B nocneanuTe
rooniy,  CobluecTBysaT uHTEpecHM paspaboTky 33  TaxHaTa HaBurauusTa,
ynpasnexve U aBTOMATUYHOTO MM TMPU3EMABAHE, KATO NOBEYeTo OoT TAX ca
Gasupanu Ha audepeHumantiu GPS cuctemn. [lokTopaHTeT npeanara UHTEpeceH
NOAX0o4 3a u3crnenBaHe Ha BBL3IMOXKHOCTUTE W paspabotsaHe Ha cucrema 3a
dBTOMAaTW4HO KauaHe Ha BJIA, ypes ananus, paspaboTBaHe W u3cnenBaHe Ha
CPencTsa u anroputMu 3a NO3ULIMOHNPaHE C PaguoYecToOTHa obpaboTka u ncesao
KOHMYHO ckaHupake (MKC) c HamaneHa U3YUCnUTenHa CroXHOCT. MonobHa upes
Ce€ Npunara B aHTEHWTE C KOHW4HO CKaHWpaHe 3a aBTOMATUYHO CKa4yaHe Ha
KOCMWYeckn anapatu. WHTerpupaHeTo Ha Tasu TexHonorus B nnowanku 3a
BeanunoTHO npusemssaHe Ha BIIA, 64 nossonuno kauaHeto um & TPYAHO
AOCTLINHU NPOCTPAHCTBA Ha OTKPUTO U 3aKpuTo. MpobnemuTe, KOUTO ce pewasar
Ca CBBbP3aHu C aHanuaa u AedUHUPaHeTO Ha OCHOBHUTE U3UCKBAHWS U TEXHUYECKH
NapaMeTpu Ha paguo KOMYHWKAUMOHHATa CUCTeMa, KOSiTO Aa peanuaupa
nocraseHara uaes.

B HayuHO 1 HaYYHONPUNOXKHO OTHOLEHME B AUCepTaLMOHHUA TPYA ca pelleHu
MHOXECTBO 3agauyi, CBbp3aHM C npoekTUpaHe, cumynupaHe, wuapabotka u
W3MEDBaHe Ha pa3nNU4YHN eNemMeHTU W CPeaCcTBa Ha cuUcTema ¢ Nncesao KoOHWYHO
CkanupaHe. C orneg npunoXumocTTa Ha NpeanoXeHuTe uaen ca wvacneasaHu U
OUEHEHW OorpaHu4MTenHUTe ycnioBusi Ha paboTa, CUCTeMaTUYHaTa U cny4YavHara
MPeWKa Ha no3MUMOHWpaHe W Ha Tas3n Ga3za ca paspaboTeHu anroputmu 3a
aBTOMaTU4HO KauaHe u cnepeHe Ha BIIA, wanonasawm cneuunaneH onpocTeH
noaxon 3a onpefensiHe Ha LIMOBUTE KOOPAMHATY Ha 06ekTa,

Metogute 3a obpabotka Ha MHGOpMauMAaTa U HayyHUTE NOAXOAM, KOWTO ca
W3MNOiI3BaHK, Ca CBbP3aHN C TEOPETUYEH U CUMYNALUMOHEH aHanua B obnacrTa Ha
CpefcTeara v anropuTMu 3a aBTOMaTU4HO KauaHe Ha BJIA, 4Ypes3 paguo4yecToTHa
obpabotka u MKC. B nocneacTeue oT TsiX e U3sbplUeHa NpaKkTUYecKka peanusauuvs
Ha cucTemaTta 3a aBTOMaTUMHO KauaHe W cnegeHe Ha BJIA. MNMpoBegexu ca
MPaKTUHECKU EKCNepUMEHTH, C KOWTO Ca MOTBBLPAESHM TEOPEeTUYHUTE U
CMMyNauuoHHU AaHHW. MNpefcTaseHa e NPUNoXUMocT Ha paspaboTeHuTe cpeacrea
¥ anroputmMu 3a asToMaTU4HO kauaHe Ha BI1A, upes paguodecToTHa obpaboTka n
ncesao KOHUYHO CKaHupaHe.



2. CteneH Ha noaHaBaHe ChCTORAHMETO Ha npobnemMa M TBOpYecka
WHTepNpeTauusa Ha nuTepaTypHus matepuarn.

AucepTauvorHuaT Tpya  Bkmiousa yBO4, CMUCLK Ha W3nonssaHuTe
CbKpalleHusi, neT rnasu 3a pelsasaHe Ha hopMynupaHnTe OCHOBHM 3agaum,
OCHOBHKW Hacoku 3a Gbgella geitHocT B Hay4HaTa obnacrt, cnuchbK Ha ocHOBHUTE
NPUHOCK, cAnCeK Ha nyBnukauuuTe no AuCepTauusaTa n usnonasaHa nureparypa.
Wanon3eaxara nvrepaTtypa ceabpxa 177 HayyHu MaTounuka. B ANCEePTaUNOHHURA
TPYA Ca uutupannm u 9 nybnukaumm Ha AOKTOPAHTBLT, Ype3 KOUTO nonyyYeHuTe
PE3yNTaTh ca CTaHanu AOCTOsiHWE Ha HayyHaTa obwrHocT. Benyku niTepaTtypHu
W3TOYHMUM ca noabpaHn Taka, ve pa OTPa3nBaT CbBPEMEHHWTE HayyHu
AOCTWXKeHus B obnacTtTa Ha Temarukara Ha AncepTtauunoHHus Tpya. Lutupasu ca
CTaThn OT aBTOPUTETHN HAYYHW CrIUCAHUS, KOH(EPEeHUMN 1 KHUMY. UsBbpLIEHUAT
aHanuTuyeH ob30p noasonssa Ha AOCKTOPaHTLT Oa AedvHUPa KOPEeKTHO UenTa M
OCHOBHWTE 3334y 3a u3cneasaHe, KOUTO TS peliasa ycnewHo B OTASNHUTE rnasy.

3. CworBerctBMe Ha um3bpanarta wmeroauka Ha nacnensaHe wu
NocTaBeHaTa uen v 3agayv Ha OWUCEPTALNOHHMS TPYA € nocrurHaTuTe
NpUHOCHK.

MeToauTte 3a uacnensare ca 06oco6eHy OCHOBHO B OTAENHWTE Ffasu, Karo
CMMyNauuoHHn W ekcliepuMeHTanHW, kato obxsaiar anropuTM1, noaxoau,
Peanu3auus 1 u3cnegsaHe Ha cUCTeMa 33 ABTOMATUMHO KauaHe Ha BJIIA, ypea
paguodectoTHa 0DpaboTka M NcesBao KOHUYHO CkaHupaHe (MKC) c wamanexa
“sHUCIUTENHa CNOXHOCT. AHanU3upaHn ca PaanuyHu BapuWaHTK 3a peanusauus Ha
cucteMa 3a asTOMatuMyHO KauaHe Ha BJA ¢ paauodecToTHa o06paboTka,
nocpeacteom [MKC, kato ce pedwmHupat ocHoBHUTE U3UCKBAHUA W TEeXHUYECKU
NapaMeTpu Ha panuOKOMYHUKaUWOHHATa CUCTEMA. PeanuavpaH e sapuanT Ha
CMCTeMa 3a aBTOMaTUYHO KauaHe, Ypes KOWTO ce Aokassa NPUMOXUMOCTTa U ce
NPEACTaBA u3crensaHe Ha pasnuyHu MeToaM u CPeacTsa 3a TbPCEHE Ha PasnuuHm
BapnaHtTh 3a nofobpseaHe Ha AMHAMUYHUAT OBXBAT Ha XapakTepucTukuTe.
OcHosHata Uen e noaxoAbT Aa gasa Bb3MOXHOCT 33 onpocTeHa peanuaauus Ha
cucTtemata 1 ga uma Heobxogumata TOMHOCT 3a 6e3anunoTHO KauaHe Ha BJIA.
Mpeanoxenn ca noaxoau 3a uanonssaue MaTeMaTU4YecKkn 3aBUCUMOCTU, KOWUTO
MO3BONABAT ONPEAENsHeTO Ha AWPEeKTHATa 3aBUCMMOCT Ha broBUTE KoopauHaTtu
Ha obekra, uype3 uamepeHuTe MOLLUHOCTM OT MCEeBAO KOHWYHO CKaHupaHe.
Mpegnoxenuss noaxon Aasa  Bb3MOXHOCT Aa ce wuscnedsa W OUEHM
cucTematuyHata M cnyyanHarta rpelka 3a no3uUMoHUpaHe — rpelkuTe 3a
onpenensHe Ha bLIMOBUTE KOOPAUHATH, C Pa3NUYHM KOHDUrypauum U CTpyKTYpU Ha
thaaupara aHTeHHa pelueTka (®AP) c MKC.

Peaynratute ca pastbnkysaHu u ca AOCNPUHECNW 33 CLCTaBAHETO Ha Mogenw,
METoau u noaxoaw 3a peweHus npu obpaboTka Ha uHdopmauusTa, Kato ce
paspaboTaT, uscnegsar U onpeaensar OrpaHu4UTENHUTE YCNoBUA U Ce NPeacTassT
PYHKLMOHANMHUTE BB3MOXHOCTY Ha anroputMi 3a asToOMaTU4HO KauaHe U criegeHe
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Ha BJIA, wusnonssawm pazpabotenuss nogxon 3a onpegensHe Ha bBbroosuTe
koopauHaTtu Ha obekTa. MonyyeHute PE3ynTaTi ca aHanuanpaHu n UNCTPUpaHM ¢
MHOro Tabnuum 7 urypu, KaTo NoTBbPXAAaBaT uabpanusa
Hay4YHOM3CNeaoBaTenckua Moaxoa M TAXHATa npunoxumoct. B T1o3an cmucwn
opmynupaHata uen W 3agaun Ha AucepTauuaTa ca MW3NbMHEHW, KaTto B
CMHTE3WUpaH BUA Te Ca U3NOXKEHN B U3BOAUTE U 3aKMIONEHUSTA.

4. TpuHOCK Ha ANCepTaUMOHHUA TPyA.

Mpuemam hopmynupaHuTe u AGKNapupaHn OT AOKTOPaHTBLT NPUHOCU U
TEXHUSR Hay4eH, HayYHO-NPUNOXEH W NPUNOXEH xapakrep. MpuHOCHUTE MOMEHTU
WMaT 3HaYMMOCT Ha HOBOCT B pasrnexaaHara npobrematuka ¥ ce ssssaT
paslwvperune Ha CbuwecTByBaLmMTe 3HaHus. OT nonyuyexHuTe pesyntatv Moxe aa ce
yCTaHOBM, Ye HOBOCBLIJafeHUTE W MoauduumpanuTe Metoawm, anroputMu um
noAaxoau ca NoAXoAsM 33 NPpUNaraHe B ChbBPEMEHHUTE CUCTEeMU 3a aBTOMaTUYHO
KauaHe Ha 6e3nunoTHU netarenyu anapartu. HanpaseHuTe W3BOAU W U3NBAHEHUS
Ha UenuTe W 3agjauute cnepy BcsKka fnasa, CHMHTE3UpaHUTE anropuTMmM u
paspaboTtenuTe noaxoau, npoueaypm 1 EeKCNepuMeHTH, MoraT aa ce npuemar KaTo
MOMe3HN MNpenopbkn 3a BHEAPABAHE B CLBPEMEHHUTE KOMYHWKALMOHHA U
MHOPMaLMOHHN CUCTEMM,

5. MMpeuetxka Ha nyGnukaumuTe no AVCepTaunoHHNA TpyA.

Mo Temara Ha auceprauusaTa ca MPEACTaBeHU Ha aHrMWUICKN e3uK 9 HayuHu
nyGnukaumm, kato or Tax 2 ca B pedeprpasn MexayHapoaHu cnucasus, 7 ca B
MexayHapoaHu koHdepeHumn. Ocem oT nybnvkauuute ca B CbaBTOPCTBO C
HaY4HUS U DLKOBOAUTEN W eaHa e camocTosTenHa, B Tsx ca nyBnukysaHu u ca
CTaHanu [OCTOSHME Ha HayyHaTa OBLWHOCT ronsma 4YacT oT pesynrtatute Ha
NpoBeaeHUTe aHanUTUYHU W CUMYNALMOHHU eKCNepuMMeHTHU, npeacTaseHn s
AuceptaumsTa. OT HanpaseHa cnpaska KuM MOMEHTa 3a AOKTOpaHTBLT B
nonynsipHuTe cBeTOBHM Basu AaHHW yCTaHOBUX, ye nybnvkaummTe cebpaaHu ¢
AWUCEPTaUMOHHMA TPYA ca OTpaseHM B 6Gasu AaHHM Ha Scopus, kato e
KOHCTaTUpaHO KbM MOMEHTa 7 TeXHU LUMTUpaHus. PeanHo KbM MOMEHTa Tam ca
permcTtpupadn 15 nyGnukauuu weroswm nybnukaumm, kato Xupw* dakTopa 3a
uutupare e h=3 (6es camouutupate). Mpeacrasexa e uxdopmauns 3a yyactue
Ha NIOKTOPAHTLT B 84UH YHUBEPCUTETCKU Hay4HO-U3CNea0BaTencku NPOeKT, NPSKo
CBbp3aH ¢ TemaTta Ha AucepTauUuoHHKUS MY TPyA.

Beuuko ToBa Mu pasa ocHoBanve aa 3asiBA, Y€ Hay4YHUTEe NOCTWKEeHUs Ha
aBTOpa Ca OrnaceHn AOCTaTBYHO LWMPOKO U Ca U3BECTHU Y Hac u B YyxbBuHa.

6. MueHus, npenopbku 1 Benexky.

Cuutam, uye aucepTaUMOHHUST TPyA noctura 3as\sBeHaTta uen, a
AeUHUPaHUTE 330344 Ca M3NBAHEHW Ha BUCOKO Hay4YHO HUBO W AucepTauusTa
“iMa 3asbplieH xapaktep. MNpenopvysam B Gbaelue AOKTOPaHTLT Aa NpoabIKu
Hay4Houscnegosarterickata cu pabora cbBMeCTHO ¢ konerute ot TY Codus, kato
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nony4eHuTe pesyntatv aa 6baar npeacTaseHy U nyGnukysaHn B MeXayHapoaHu
KOHbepeHUMU 1 B pedbepupanu Cnncanns ¢ uMnakT” tbaktop (WoS) unu Scopus
paHr.

7. 3aknwyeHue ¢ sAcHa NONoOXWTenHa unM OTPUUATENHa OUeHKa Ha
AUCEepPTaUNOHHMA TpyA.

Cuuram, ye npeacraseHusT AVNCEepTaLnoHeH Tpya OTroBaps Ha U3UCKBAHUSTA
Ha 3akoHa 3a pasBuTHEe Ha aKaaemuyHua cwucras B Penybnuka Bwrrapus u
OueHkata MW 33 Hero e HambnHO monoXWTenHa. MocTUrHaTUTe pesynratm mu
AaBaT ocHoBaHve ma npegnoxa na 6bvae npugobura obpasosartenHarta u HayyHa
creneH ,40KTop” OT uux. UBanno Haves

B oGnacT Ha BucLie oBpasosanme - 5. TexHuuecku HayKu,

npodecnoHanHo Hanpaenevue - 5.3 ~KOMyHuKaumoHHa W KOMMIOTHLPHE

TexHuka",

AOKTOpCKa nporpama - ,PaguonpenasatenHa v paguonpuemMHa TEXHUKE”,

Lara: 14.11.2023 . YNEH HA XYPUTO: . .
(npod. A-p uHx. Crasumup CaauHos)



OPINION
on a dissertation work for the acquisition of an educational and scientific degree
«doctor”
Author of the dissertation: Master Eng. Ilvaylo Nachev

Dissertation topic: Means and algorithms for automatic landing of
unmanned aerial vehicles via radio frequency processing and pseudo
conical scanning
Member of the Scientific Jury: Prof. Stanimir r Sadinov, PhD

1. Relevance of the problem developed in the dissertation work in scientific

and scientific applied terms.

The topic of the use of unmanned aerial vehicles (UAVs) has been the subject of
active research interest in recent years. There are interesting developments for their
navigation, control and automatic landing, most of them based on differential GPS
systems. The PhD student offers an interesting approach to explore the possibilities and
develop a system for automatic landing of UAVSs, through the analysis, development and
research of means and algorithms for positioning with radio frequency processing and
pseuda-conical scanning (PCS) with reduced computational complexity. A similar idea
is applied in conical scanning antennas for automatic Jumping of spacecraft. Integrating
this technology into unmanned landing pads for UAVs would allow them to land in hard-
to-reach outdoor and indoor spaces. The problems to be solved are related to the
analysis and definition of the basic requirements and technical parameters of the radio
communication system, which will implement the proposed idea.

In a scientific and scientific-applied sense, numerous tasks related to the design,
simulation, fabrication and measurement of various elements and means of a pseudo-
conical scanning system have been solved in the dissertation work. In view of the
applicability of the proposed ideas, the limiting conditions of work, systematic and
random positioning error have been studied and evaluated, and on this basis, algorithms
have been developed for automatic landing and tracking of UAVs, using a special
simplified approach for determining the angular coordinates of the object.

The information processing methods and scientific approaches that have been
used are related to theoretical and simulation analysis in the field of means and
algorithms for automatic landing of UAVSs, through radio frequency processing and PCS.
Subsequently, they carried out a practical implementation of the system for automatic
landing and tracking of UAVs. Practical experiments were carried out, which confirmed



the theoretical and simulation data. The applicability of the developed means and
algorithms for automatic landing of UAVS, through radio frequency processing and
pseudo conical scanning, is presented.

2. Degree of knowledge of the state of the problem and creative

interpretation of the literary material.

The dissertation includes an introduction, a list of abbreviations used, five chapters
for solving the formulated main tasks, main directions for future activity in the scientific
field, a list of the main contributions, a list of publications on the dissertation and used
literature. The used literature contains 177 scientific sources. In the dissertation, 9
publications of the doctoral student are cited, through which the obtained results
became known to the scientific community. All literary sources have been selected in
such a way as to reflect modern scientific achievements in the field of the subject of the
dissertation work. Articles from authoritative scientific journals, conferences and books
are cited. The performed analytical overview allows the doctoral student to correctly
define the goal and the main research tasks, which she solves successfully in the
individual chapters.

3. Correspondence of the chosen research methodology and the set goal

and tasks of the dissertation with the contributions achieved.

The research methods are mainly separated in the individual chapters, such as
simulation and experimental, covering algorithms, approaches, implementation and
research of a system for automatic landing of UAVs, through radio frequency processing
and pseudo-conical scanning (PCS) with reduced computational complexity. Various
options for the implementation of a system for automatic landing of UAVs with radio
frequency processing, by means of the PCS, have been analyzed, defining the basic
requirements and technical parameters of the radio communication system. A variant of
an auto-landing system is implemented, through which the applicability is proven, and
an investigation of various methods and means of searching for various variants to
improve the dynamic range of characteristics is presented. The main goal is that the
approach enables a simplified implementation of the system and has the necessary
accuracy for unmanned UAVs landing. Approaches for using mathematical
dependencies are proposed, which allow the determination of the direct dependence of
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the angular coordinates of the object, through the measured powers of a pseudo-conical
scan. The proposed approach makes it possible to study and evaluate the systematic
and random positioning error - the errors for determining the angular coordinates, with
different configurations and structures of a phased array antenna (PAA) with a PCS.

The results have been interpreted and contributed to the formulation of models,
methods and decision approaches in information processing by developing,
investigating and defining the constraint conditions and presenting the functional
capabilities of UAVs automatic landing and tracking algorithms using the developed
determination approach of the object's angular coordinates. The obtained results are
analyzed and illustrated with many tables and figures, confirming the chosen research
approach and their applicability. In this sense, the formulated goal and tasks of the
dissertation have been fulfilled, and they are presented in a synthesized form in the
conclusions and conclusions.

4. Dissertation Contributions.

| accept the contributions formulated and declared by the doctoral student and
their scientific, scientific-applied and applied nature. Contributions have the significance
of novelty in the considered issue and are an extension of existing knowledge. From the
obtained results, it can be found that the newly created and modified methods,
algorithms and approaches are suitable for application in modern systems for automatic
landing of unmanned aerial vehicles. The conclusions drawn and the implementation of
the goals and tasks after each chapter, the synthesized algorithms and the developed
approaches, procedures and experiments can be taken as useful recommendations for
implementation in modern communication and information systems.

5. Assessment of dissertation publications.

On the subject of the dissertation, 9 scientific publications are presented in English,
of which 2 are in refereed international journals, 7 are in international conferences. Eight
of the publications are co-authored with the researcher and supervisor and one is
independent. In them, a large part of the results of the analytical and simulation
experiments presented in the dissertation were published and became available to the
scientific community. From a search made at the moment for the doctoral student in the
popular world databases, | found that the publications related to the dissertation work
are reflected in the Scopus databases, and 7 of their citations have been found at the
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moment. In fact, 15 publications of his publications are currently registered there, with
the "Hirsch" citation factor being h=3 (without self-citation). Information is presented on
the doctoral student's participation in a university research project directly related to the
topic of his dissertation work.

All this gives me reason to state that the scientific achievements of the author have
been announced widely enough and are known at home and abroad.

6. Reviews, recommendations and notes.

| believe that the dissertation achieves the stated goal, the defined tasks are fulfilled
at a high scientific level and the dissertation has a completed character. In the future, |
recommend that the doctoral student continue his research work together with his
colleagues from TU Sofia, and that the obtained results be presented and published in
international conferences and in refereed journals with an “impact" factor (WoS) or
Scopus rank.

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

| believe that the submitted dissertation meets the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria and my assessment of
it is completely positive. The achieved results give me the reason to propose that the
educational and scientific degree "Doctor" be acquired by Eng. Ivaylo
Nachev

in the field of higher education - 5. Technical sciences,

professional field - 5.3 "Communication and computer technology”,

doctoral program - "Radio transmission and radio reception technology".

Date: 14.11.2023 MEMBER OF THE JURY: .
/Prof. Stanimir Mihaylov Sadinov, PhD/



