OT AoL. 1-p ik, Pocen Teopries Muznernes
33 JMCCPTAUMONHUA TPYN Ha Mar i, Maatino Haiinenos Haues na tema
wCpeacTsa u anropumm 3a ABTOMATHYHO Katjadge ga BJIA 4pes pammouecroTHa obpabotka |
NCEBAOKOHIYMHO CKantpane”

38 MpUCh#aane Ha 00pasoparTenHaTa i HayHa cTenes , Joktop”

Hactosmero cramosmme e smsrorsemo CbMIacHo pemenne ma Hayuwo xypu o
fipoueaypa ®TK78-HC1-080, pasnaseno cne 3amosex No OXK — 5.3 - 59 ot 16.10.2023 I. Ha
Pextopa na TY — Codws, 3a upunoGuBane Ha oGpaiosatenna u HayuHa CremeM ,JokTop” ¢
RaHIHOAT mar. sk, Heaiao Hadizenos Haven.

Obmo onucanme ua OPEACTARCHNTE MATEPHITH

[lpeacrarenusr My AHCepTallNOHEN TPyA € ¢ ofiem or 157 MANIMHOTTHCHN CTPaH I,
KATO BEMIOYBA YBOA, CAHCEK HA H3MOT3BAHHTE CREPAILEHHA. TET [NaBH, CHHCEK HA OCHOBHHTE
MPHHOCH, CTIHCER HA MyGIMKAHHTE ¥ WINON3BaHa Anteparypa.. lpuioxenara ubnnorpadus
Ceanpxa |77 agTyamuu j CEEPEMCHIN 3Ar1aBH%, KOHTO 06XBaIAT paznnumn HHPOPMALHOHTLH
HITOUHIIH, OT KOATO 176 Op.Ha naruanua i | ssTounmk Ha KHPHIIMIIE,

Tosa norassa 3amuaBouenns AHICPaTYPeH 0030p HA NOCTaBCHHTE npobieMu
AEMOUCTPHPA YMCHHETO Ha aBTOpa aa AHANM3NPA IHAYHTEnHA no obeM AuTepaTypa u a cIrenn
MOCACONNTE JOCTHACHHA B OOACTTA Ha CHCTEMH 34 ABTOMATHYHO RallaHe Ha Oe3nmmoTHN
AcTareann anapath (BJIA), koero mux e A0 BBIMONKHOCT HA AOKTOpaHTa Aa ApeaToKH
@ICKBATHH DPEIUCHMS H3 CBIIECTBYBANINTE NpobACMi UPH HpHeMaHeTo W obpaboTkara wa
CHIHAIH B Tesn cuctemi. CrmespeMenno ABTOPBT € NeMOHCIPHpAN H OTIHYHO Gopasele ¢
MATeMaTHYeCkHs M CHMYNAUHOHHAR anapar, KoeTo MY € N03IROMHTD HIBCHIAHETO Ha PEAHNDA
QHAIMTHYHI H3PA3H 38 ONPEASASHETO HA BINORHTE KOOpIMHATH HA ODEKTHTE H MOCAEARAIIO
CHMYNaUHOHHO MOTBBPAACHHE HA HIBCASHHTE 33BHCHMOCTIL.

Kbm mpeacranennte MATEPHATH Ca NPUNOKEHH W asTopedepar u 9 (Zemetr) Hayunn

nyOaHKALHY.



Obma xapaxrepucruka na HAYSHO — u3cTe0BaTeACKaTa paboTa na KaminaaTa

llpencrasenust AHCCPTANNOHEN  TPYA  AHANM3WPA  MeToAH o ATFOPHTMH 13
ARTOMATHINDAHS Kanade #a BJIA ¢ MPHAATaHE HA PATHOYECTOTHH METOMH C $azupany anterun
pewmetkn (PAP) ¢ neesnokoununo cxitnpane (ITKC).

B omucannero ua ofmara XApAKTCPHCTHEA HA [IHCEPTAUHOHNNS TPYA ca AeduHHpann
AKTYIHOCTTA Ha npoGneMatnkara, obekra ua H3CaeiBane, npeaMera Ha paspadoTkaTa, KakTo
CIPYRTYpaTa HA MNCEPTALHOHKHS TPV, KAKTO N OCHOBHATA 1ieN H HAVYHO — H3CTeI0BATENCKY
3a1a9u, PEINCHM B OTASHNTE rIABH Ha AHCEpTALHATA.

B I'nasa | ca pasraenansn ocuosmnte npobiems Ha ChUICCTBYBamTE MCTOIH H Cpeacraa
3 aBTOMATHYHO Kauame Ha BJIA, metomure 3a AOKAMIEHPAHE HA MM YPes palHoYecTOTHa
ofipabotka, cpencTsa 3a mojoGpsBane KAYeCcTBennTe nokasaremi #a QAP ¢ [KC qpes
OCPHONMYHM CTPYETYPH. ARAMITHT Ha Tasy HACT HOKA3Ba, Ye Mar. nHK. Wsaitno Haves AeTaiinHo
€ JAM0IHAT C OCHOBHHTE OPOBACMH OTHOCHO PAVIMTHHTE METONM 38 AOKATAIALNN §
HOSHUMORMpaHE Ha NOABHAKHM 06CKTH ¢ npHiarane qa AP 3a MPHEMAHE Ha CHTHLTHTE,

B nasa 2 ca anammsnpany PA3TINHI RADHAHTH 34 PEAfIBaNNg HA CHCTEMa 34 ABTOMaTH4YHO
Kanatie Aa BJIA ¢ pammouecrorsa oBpaborka nocpeacteom NMKC, kato ce OSPHUEPAT OCHOBHKTE
HIHCKBAI i TCXHHYCCKH NBPAMETDH HE PAHO KOMYHHKALHONHATS CHCTeMA, KaTo Ha Gaszara ma
KPHTITIEH aHAAMY HR CBUIECTBYBAlIHTE peliens (5 sapuasTa) e mabpan BapHAHT ¢ HHCKa
RITHCIHTRAHA CAOKHOCT W 3a0BOAMTENNR Tounocr. B 3ABHCHMOCT OT UYBCTBHTEIHOCTTE Ha
OPHCMHAKA € ONPEIenH MaKCHMAITHIN O0XBAT HA aXBAmENE | CenpososwBane Ha BJA a3a
ABTOMATHYHO KaHaHe,

B I'nasa 3 no wsbpaunsr BApHAKT B I'nasa 2 ¢ npoexTupana u u3crensana OpHEeMHAaTa
Crpana Ha cHereMmarta 3a [MKC, karo e TNPEANOACHA CTHPHENEMENTHE CTPYKTYPa 3a MDAP 33
noctirane ua MKC. 3a nogobpssane #a anmasuamist 00XBAT Ha XAPAKTCPUCTHKHTE Ha AHTCHHATA
CHCTeMa 3a aBTOMATHYHO Kauase wa BJIA ¢ IIKC Ci W3CIAEfBAHN HAKONKO BAPHAHTA Ha
MHKPOBLIHOBH TICPHOIHYHH CTPYKTYPH. Camynaumonsio w excriepusentanso ca H3ICAEIBAHN W
CPABHCHA IHArPaMUTE Ha H3THUBAHE HA [IeCT BApHABTH HA anTern ¢ PBG n EGB crpyxrypa.

B I'nana 4 ¢ npeanoxken e mamy 3a OIIpeIe/inHe Ha BITIOBHTE KOOPIHHATH Ha BJIA qpes
DAP ¢ ncesrokomnvHO CRaHnpane upe3 o0paboTia ua MommHoCTTa Ma IPHETHE CHIHAl H ca

HIBCACHI 3ABHCHMOCTH 32 BIHOBHTE KOOPAHHATH Ha OBEKTE OT H3IMCPEHATA TPHETA MOIIHOCT OT



IIKC. 3a onenxa ua TOUHOCTTA OT MOSHUHOHKPAHETO € OlLeHeHa CHCTEMAaTHIHATA M CAVYaliEATa
TPelika OpH onpefendne HA BLIIOEHTE KoopanHaTH 33 QAP 2x2 ¢ paaTHHN HyTBYBATETH H
NONSPH3AIHA,

B I'nasa 5 ca onpegenaun OFPAHUYHTCIHNTE VCI0BHA # GYHKUHOHATHNTE BE3MOKHOCTH
Ha AMTOPHTEM 33 ABTOMATHYIO KALAHE W CeleHe Ha BJIA npu uznonssane ma NPeLIOKEHUAT B
I'nasa 4 meron 3a OHPEICIANC HA BIZIOBHTC KOOPTHMATH Ha 0bekTa, Karo ¢ ompexcnena
ONTHMATHATA BHCOYHMA Ha paboTa Ha cHCTeMata ¢ # Ges GPS cucrema. Teopetiuno
MOAYMCHHTE PE3YNTaTi ca CPaBHeHit Che CHMYNANHOHHO MONYYSHH DE3YNTATH 33 HAKOIKO
HA%ATHH BUCOYTHHH (15m u 45m) MaKCHMAIHO TEOpETHYHD onpefeneHata. 3a HOMANAEAHE la
CPpCAHATA KBAUPATHYHA IPClIka oT MOAUHOHAPARE ¢ NPIIOKEHE TIPONOPLHOHATHO HHTErpansa
KOpekuna Ha noaunusTa ua BJIA. 3a ypemmasane ma CKOPOCTTA Ha KataHe ¥ OpO¥ HA TOUKHTE
H3 KOPeKUMH € Npeniomeno na ce WINOM3BA JIOTApHTMHYCH Maimab Ha WiMeHemme ma

EHCOYHHATA,

Ocuosun mayumn HAYYHO — NPHIOAHA NpHHOCH
B aucepraunonanst Tpya ca pedmunpany 2 wayuum, 3 HAYYHO — NPHAGKMH H 4

TIPHICHKHN NPHHOCH RAKTO cricana:

Hayunu npunocn
I, Tipeanowen e Metoxn 3a OFPCACIANE HA LITOBATE xoopuHaTh Ha BIIA apes AP ¢ [IKC
Ha Dazara Ha cHCrema THHEAHN YpasHecaus (4.7), wsnomeama laycoea ANPOKCHMANHS Ha
AHATPIMATA HA HacoweHO Aciicteme (JIHI) n MOCACABAING JIMHEHHA AAPOKCHMALMS Ha
PA3IHROBHTC [IHATPAMMH B JIGTApHTMHYeH Mamad (43 a), (4.3 6). (4.4 a), (44 0) (4.5) 2a
PA3IHYRITE CHCTOSHUA Ha CEBI0 KOHHYHO CKAHMpaKe,
2. [lpeanowenss ca MOAHDHUNPAHH  nepHOLHumIY CIPYRTYPH, KOHTO moaodpssar
AUHAMHYARA. OOXBAT Ha CeH3OPA 33 MCEBAOKONMUNOD ckanipane — @AP. Hacnnsann n
STATHSHPAHN €3 CHCAHATE CIPYKTYPH: DOToHHM HEPHOANTHY CTPYETYPH THIT OrTENano Ha
Bpeiix, Z-o6pasan EBG UEPHOUTMIHK CTPYKTYPH H MOZE(HIApan reboobpaan EBG. 3a
MozobpsBane Ha NHHAMHIHUAT OGXBAT Ha XOPAKTCPHCTHEMTE HA aHTEHHATA CHCTeMa 3a
HBTOMATHYHO Kauane Ha BJIA ¢ TIKC ca HICICABAHN HAKOIKO KOHOHrypauwn wua
PAICTORHMATA MEXKIY AHTEHATA H NIEPHOLHYHATA CTpyKTYpa.



1. Tpeanowena & sapucioct 3 OHpeNlelfiic HA BHCOYMMATA, OT KORTO Moke A2 3anoYHe
HPOUCSCHT 32 Oe3nuI0THO KauaHe Ha BJIA, cnpamo srina na JH/1 na censopa

!\.‘l

Ipeanoxken e anropuram 3a ABTOMATHYHO KalliHe Ha BJIA, HIN0I3BAIL paspaboTeHus MeToq
33 ONpPENCIAHe 1A BIIOBHTE KOOPIHAATH Ha 0DekTa Ha ocHOBaTA Ha MHHCHR ATPOKCHMALHS
HA pasmukosuTe JHII & AoTapaT™MIYen Mamal 38 HamanwBame Ha CpeanOKBANpaTHYHATA
TPelIRa. AMTOPHTEMBLT € i3ciensan CHMYJIMMOHHO CbC CHHTE3Mpan nporpaMen kox 3a
HAKOOKO BHCOUMHH Cpel KOWTO i MAKCHMANHO OUPEAENeHATa CBITACHD ropram
33BHCHMOCT.

3. Mpemnoxesn e AIrOpUTHM HA CHCTeMa 33 cllenene Ha BJIIA o HCERI0 KOHMYHO CRHNpAHE Ha
OCHOBATA Ma HPeUiOREHNY METON 33 ONCHKS Ha BINOBMTC ECOPOHHATH © H3IMOM3IRaHe H#
pasmikouure JHI wa ®AP ¥ maxpara immeiina AOpPOKCHMAITMA KATO anropureMa e
HICTCABAH CHMYIMUHOHHO H eRCTIEPHMEHTANIHO,

Hpuiomim npusocn
l. Mpemnoweny u ca AHAHIHPAHH 11ET BB3MOKHN BAPHAHTA 33 PeATH3alNg H3 CHCTEMA 3a
ABTOMATHIHO Kanaswe Ha BJIA ¢ pannoiectotna obpaborka, MOCPEACTBOM MICEeB0-
KOHHYHO CKanupawe (§2.1) & 3ABHCHMOCT OT pasnonoseHne na MpCAaBAmAaTa H
NPHEMHATA Y4CT HA CHCTEMATA, KATO ¢ H30PaH BAPHAHT C HHCKA HITHCAHTCHE CRORHOCT
H 3810BOJTHTENHA TOYHOCT.
2. Tlpoexrapanm, PCATHIHDANH, HIMEPEHH H ca anamuaupasi AP ¢ 2x2 Y ejieMeHTapHi
HsaeBarean sa [IKC (¢ur. 3.6,3.7, 3.8, 3.9 1 3.10).
3. Or npeanomennte MonupIIpaEY  mepHo M CTPYETYPH CHMYJAUHOHHO ®
CECOPHMERTANHO CH H3CAeqBaHn AHArpaMHTe HA WITLYRAHE HA HAKOMKO BAPHAHTH Ha
DAP auTenn ¢ HMMaeMenTHpann B Tax PBG 1 EGB CTPYKTYpH.
4. Macaensaua u ouenena e CHCTEMATHIHATA TPEKa NPH MOIMIHOHHPAHE HA OCHOBATA Ha
MPEUIOAMEHATE 3aBHCHMOCTH 3a ONpeieNaHe Ha BITIIOBHTE KOOpAHHATH #a BJIA.
Ha rasu Gasa CHUHTaM, 9e MOCTaBeHMTE WERN § 3ajauy R AMCEPTAHOMHNA TPYZ ca
HITLAHEHA B ITHIHA CTCHEH.
Mo amcepraunonnus TP¥A ¢a wHanpascHn 9 nyGnmkaumm  ma MERAYHAPOINA
KOH(epeHumE W coMcanms, HHACKCHPaHH B Scopus waan Web of Science, kouto peatHy
OTPasaBal TMOCTHIHATHTE HAy4HO — HicmeaoBaTenckM peiynratn. B eama ot HPHIOKEHHTE



NYOIHKAIMHY TOKTOPAHTET e CAMOCTOATENCH ABTOP, KOCTO MM A3B3 OCHOBAHNSA Aa caHTaM, qe
NyOIHKALHATe ca ABTOPCKM M Aed0 Ha JoKTopanTa. 3aGenssamy ca obmo 7 muTHpanna Ha
nydaHkanuuTe, Koero BRIPEKH KPaTKHA CPOK cCfell THKHOTO nyOnuKyBase, nokassa
TCOPCTHYHATA M NPAKTHYSCKATA ICHHOCT Ha HAYTHHTE IPHHOCH,

ABTopedieparsT oTpaisea PE3YATATHTE, OTIHCANH B IHCEPTAITHATS.

Kpurnunn Gesresmen u ApenopLKN
Ksm macepraunonmms TPYA UMaM CeHHTE OCHOBHM Jaberekki:

. B npeanowenns WITOPHTEM 38 aBTOMATHYHO kauawe Ha BJIA ® 1.5.1 ® CTBITKA 5 ¢
OIMCaHO H3NOMIBAHCTO HA KAIMAHOBA (untpauns u auckperes Pl EOHTPOIEp, HO
CHMYJIAUHOUHOTO WicTeHBsane e peaTHidpano Gey Takasa duurTpanHs W ocrasa
HEHISCHOH eexTa OT HefinoTo NIpyaarane;

2. ®urypa 5.4 a) e HedeTiMa:

3, Mpn cpasuesme na TOHHOCTTA HA AITOPHTBME M MPELTOKEHHAT NOAX07 ¢ Apyra
H3BCCTHH 210 MOMEHTA MOAXOAM W MCTONH 33 ARTOMATHYIO npH3emABane wa BJIA
(c1p.127) aBropa mekopextHO @ CpasHMn ToynHOCTTa mMa L1 GNSS cucremsre o
NPEUIOASHHES METO, Thil KaTO 3a ABTOMATHINpano kalaHe Ha BJIA ce msmomisar RTK
unin DGPS cucremn ¢ tounoct s CAHTHUMETPOBHA HANAZON;

3akaouenne

Karo pesysratr or manpasemmre or mewm 3a0CHeKKN M LPENOPEKH CHHTAM, 4e Te He
HaMaIABaT HAYYHATA CTOMHOCT Ha NPeACTABCHHS Ancepruanmoden 1pya. [pencraenure sayunn
PaIPadOTRY Ca ABTOPCKH W OPHIHHATHI, NOPAIH KOeTO npenopeasaM Ha YsamaeMmoro Hayauo
HYPH TIDUCBAIAHETO HA o0pasoBarenna ¥ mayuma crenen wIOKTOP™ na mar. mux. Hsaiino
Haftzerion Haues 8 mnpodecnonanno Hanpasnenne 3.3  KomyHukammouma w KOMINOTLPHA

TeXHUEA".

Codmus
14.11.2023

Dakyrrer no Tenexomymikammm




by Assoc. Prof. Rosen Georgiev Miletiev, PhD
for the dissertation work of M.Eng. Ivaylo Naydenov Nachev on topic
"Means and algorithms for automatic landing of UAVs using radio frequency processing and
pseudoconical scanning” for awarding of PhD degree

This review is prepared according to the decision of the Scientific Jury under procedure FTK78-
HC1-080, appointed by Order No. OX - 5.3-59/ 16.10.2023 of the Rector of TU - Sofia. for the
acquisition of PhD degree with Candidate M.Sc. Eng. Ivaylo Naydenov Nachev,

General description of the presented materials

The submitted dissertation is 157 typewritten pages long snd includes an introduction, a list of
abbreviations used, five chapters, a list of main contributions, a list of publications and references.
The attached bibliography contains 177 actual and contemporary titles that cover a variety of
information sources, of which 176 in Latin and 1 source in Cyrillic.

This shows the in-depth literature review of the problems posed and demonstrates the author's
ability to analyze a significant volume of literature and follow the latest developments in the field
of automatic landing systems for unmanned serial vehicles (UAVs), which in turn enabled the
candidate to propose adequate solutions of the existing problems in receiving and processing
signals in these systems. At the same time, the author demonstrated excellent handling of the
mathematical and simulation apparatus, which allowed him to derive a number of analytical
expressions for the determination of the angular coordinates of the objects and subsequent
simulation confirmation of the obtained dependencies.

An abstract and 9 (nine) scientific publications are attached to the presented materials.

General characteristics of the scientific research

The presented dissertation analyzes methods and algorithms for automating the landing of
UAVs using radio frequency methods with phased antenna arrays (PAA) with pseudoconical
scanning (PCS),



In the description of the general characteristics of the dissertation, the problem actuality, the
object of research, the subject of the development, as well as the structure of the dissertation and
the main goal and research tasks solved in the individual chapters of the dissertation are defined.

In Chapter 1, the main problems of the existing methods and means of automatic landing of
UAVs, the methods of locating targets by radio frequency processing. means of improving the
qualitative indicators of the PAA with the PCS through periodic structures are discussed. The
analysis of this part shows that M.Se. Eng. Ivaylo Nachev is thoroughly familiar with the main
problems regarding the various methods of localization and positioning of meoving objects with
the application of PAA for signal reception and processing.

In Chapter 2, different options for the implementation of a system for automatic landing of
UAVs with radio frequency processing by means of the PCS are analyzed, defining the main
requirements and technical parameters of the radio communication system, and on the basis of a
critical analysis of the existing solutions (5 options) one of variants is selected due to the low
computational complexity and satisfactory accuracy. Depending on the sensitivity of the receiver,
the maximum range of detection and tracking for automatic landing of the UAV is determined.

In Chapter 3, following the selected variant in Chapter 2, the receiver side of the PCS system 1s
designed and investigated, and a PAA four-clement structure is proposed to achieve PCS. Several
variants of microwave periodic structures are investigated to improve the dynamic range
characteristics of the antenna system for automatic landing of UAVs with PCS. The radiation
patterns of six variants of antennas with PBG and EGB structures were invesfigated and compared
by simulation and experimens.

In Chapter 4, a way to determine the angular coordinates of the UAV by means of a pseudo-
conical scan PAA on the basis of processing of the received signal power is proposed, and
dependences for the angular coordinates of the object on the measured received power from the
PCS are derived. To assess the positioning accuracy, the systematic and random error in
determining the angular coordinates for the 2x2 array with different topologies and polarization
are evaluated.

In Chapter 5, the limiting conditions and functional capabilities of an algorithm for automatic
landing and tracking of UAVs are determined using the method proposed in Chapter 4 for
determining the angular coordinates of the object, and the optimal operating height of the system
with and without a GPS system is determined. The theoretically obtained results are compared



with simulation obtained results for several initial heights (15m and 45m) and the maximum
theoretically determined,

To reduce the positioning root mean Square error, a proportional integral correction of the UAV
position is applied. To increase the landing speed and the number of correction points, it is
proposed to use a logarithmic scale of height too.

Basic scientific and scientific - applied contributions

In the PhD study are defined 2 scientific, 3 scientific-applied and 4 applied contributions as
follows:

Scientific contributions

L. A method is proposed for determining the angular coordinates of UAVs by means of
PAA with PCS based on a system of linear equations (4.7), using Gaussian approximation of the
antenna radiation pattern (ARP) and subsequent linear approximation of the difference diagrams
on a logarithmic scale (4.3 a), (4.3 b), (4.4 a), (4.4 b) and (4.5) for the different states of pseudo-
conical scanning,

2, Modified periodic structures are proposed that improve the dynamic range of the
pseudoconical scanning sensor — the phased antenna array. The following structures have been
tested and analyzed: photonic periodic Braeck mirror structures, Z-shaped EBG periodic
structures, and modified mushroom-like EBGs. In order to improve the dynamic range
performance of the antenna system for the automatic landing of UAVs with PCS, several
configurations of the distances between fhie antenna and the periodic structure have been
imvestigated.

Scientific and applied contributions

I. A dependence is proposed for determining the height from which the process of
unmanned landing of a UAV can be initiahzed, in relation to the sensor radiation pattern.

2. Analgorithm for automatic landing of UAVs is proposed, using the developed method
for determining the angular coordinates of the object based on a linear approximation of the
difference ARPs m a logarithmic scale to reduce the root mean square error. The algorithm is
nvestigated by simulation using an MATLAB program code for several heights, including the
maximum determined according to the above mentioned dependence.



3. An algorithm of a UAV tracking system with a pseudo-conical scan is proposed based
on the proposed method for estimating the angular coordinates using the differential ARPs of the
PAA and their linear approximation. The algorithm is studied by simulation and experiments.

Applied Contributions

L. Five possible options for the implementation of a system for automatic landing of UA Vs
with radio frequency processing, by means of pseudo-conical scanning (§2.1) are proposed and
analyzed, depending on the arrangement of the transmitting and receiving part of the system. One
variant is selected due to the low computational complexity and satisfactory accuracy,

2. Phased antenna array with 2x2 paich clements is designed, realized, measured and
analyzed for the pseudo conical scanning purposes (Figure 3.6, 3.7, 3.8. 3.9 and 3, 10),

3. The radiation patterns of several variants of PAA with PBG and EGB structures are
studied by simulations and experiments according to the proposed modified periodic structures.

4.  The systematic positioning error based on the proposed dependencies for determining
the angular coordinates of the UAV was investigated and estimated.

On this basis, I consider that the goals and tasks which are defined in the PhD study are fully
fulfilled.

The dissertation has been published in 9 international conferences and journals, indexed in
Scopus and/or Web of Science, which actually show the achieved scientific and research results.
In one of the attached publications, the PhD student is a single author, which gives me reasons to
believe that the publications are written by the candidate, A total of 7 citations of the publications
are noticed, which, despite the short period after their publication, proves the theoretical and
practical value of the scientific contributions.

The abstract shows completely the results described in the PhD study.

Critical notes and recommendations

I have the following main remarks about the dissertation work:

1. In the proposed algorithm for automatic landing of UAVs in item 5.1 in step 5, the use
of Kalman filtration and a discrete PI controller is described, but the simulation study is
implemented without such filtration and the effect of its application remains unclear;

2. Figure 5.4 a) is illegible:




3. When comparing the accuracy of the algorithm and the proposed approach with other
currently known approaches and methods for automatic landing of UAVs (p.127), the author
incorrectly compared the accuracy of L1 GNSS systems with the proposed method, since for
automated landing of UAVs use RTK or DGPS systems with accuracy in the centimeter range;

Conclusion

As a result of the remarks and recommendations made by me, I believe that they do not reduce
the scientific value of the presented PhD study. The presented scientific works are author's and
original, which is why I recommend to the Henorable Scientific Jury the awarding of the PhD
degree to M.Se. Eng. Ivaylo Naydenov Nachev in professional direction 5.3 "Communication and

computer technology”,
Sotia Prepared by:. ....... ... /&
15.11.2023 /Assoc. ProfRosen Miletiev, PhD/

Technical University of Sofia
Faculty of Telecommunications




