CTAHOBHUILE

oT aoueHT A-p Banentnn ToneB AtaHacos,

kKarenpa ,,KOMyHUKalMOHHAa W KOMIIOTbPHA TEXHMKAa M TEXHOJOTUHU 3a
curypHoct®, @akynTeT Mo TEXHUYECKH HAayku npu lllymeHckum yHUBEpCHTET
,errckon Koncrantun IIpecnaBcku®,

Ha JUCEPTALMOHHUA TPy Ha MarucTop Jlrobomup EBrennes MaHoB,

Ha Tema ,,OTKpUBaHE W pa3lo3HABaHE HA YACTHUYHO BUIUMH OOEKTH C BOCHHO
MpeJHa3HAaYeHUE B ONTHYHH H300paXEHUs C U3MO0J3BaHE Ha H3KYCTBEH
WHTEJCKT ,

IpeCTaBEH 3a MPUA00MBaHe HAa 00pa3oBaTeIHaTa U Hay4Ha CTEMEH ,,JOKTOp 10
JOKTOpPCKa Mporpama ,,ABTOMaTU3UpaHu CUCTEMHU 32 00paboTKa Ha HHGOopMaus
U ympamieHue®, mo npodecuoHanHo HampasieHue 5.3 KomyHHMKalMoOHHA U
KOMITFOTBPHA TEXHUKA.

1. AKTYaJIHOCT M 3HAYMMOCT Ha pa3padOoTBaHUs HAY4YeH NPodJIeM

JlucepTallMOHHUST TPY/ € U3JI0’KEH B YETUPH TJ1aBH, pa3npe/ieiieH! B 00eM
ot 141 crpanunu (6€3 MpUIIOKEHUATA), C U3MOI3BaHu 29 Tabmuiy, 48 Gurypu u
o00ocobenu 2 mpunoxkenus. O0eMbT Ha BBHIIHUTE JUTEPATYpHU H3TOUHHIIH
HaOposiBa 136, 00ycrnaBsl MOCTUTAHETO HA CEPUO3CH AHAIUTUYEH 0030p.
Jebunupanu ca menra u 3agaynTe Ha qucepTaruonnus Tpya. ChopMmupanu ca
KaKTO M3BOJM KbM BCSIKa IJIaBa, Taka U 0000I[aBally TaKUBa.

Bonpeku HanuuueTo Ha MpOoy4YBaHUS B 00JIACTH, CBbP3aHU C OTKPUBAHE U
paslo3HaBaHe Ha YaCTUYHO BHJIUMH OOCKTH B ONTHYHU H300pPaKECHHS C
npeaHa3HaueHue B orOpaHuTesnHaTa cdepa, OM MOTIJIO Ja c€ OMpeAeian Karo
aKTyaJlHO TBPCEHETO Ha TMO-¢UKACHW pEIICHUS, MOJACIN W aJITOPUTMH,
OTIPEACIISIIN KITFOUOBH XapaKTEPUCTUKH B Ta3u 00J1acT, YMSITO pobiieMaTHKa ce
BaJlMIMpa KaTo akTyaiHa. Kato 000CcHOBaBalo akTyaaHOCTTa O0CTOSATENCTBO OU
MOTJIO I C€ TpreMe TMpeIaraHeTo Ha HOB MOJIEN 32 CEMaHTUYHO (QUITPUpPAHE U
pasmo3HaBaHe Ha YACTUYHO BUJUMHU BOCHHU OOEKTH, C U3TPAJICH MATEMaTHIECKU
amapar, WHTErpupai] HWHTEpBAJICH KiIacu(pukanmoHeH moaxoa. Pas3But e
AITOPUTHM Ha KacKaJieH mporiec. M3rpaxkianeTo Ha aaroOpUThM, B yCIOBUATA HA
YaCTUYHA OKJTy3Ws TMPHU TPOIECH 32 OTKPUBAHE HA YaCTHMYHO BUIUMHU BOCHHU
00eKTH 4Ype3 MMIUIEMEHTHUPAHEe Ha MOAXOMa ,,IUTh3Talll Mpo3open’ u o0ydyeHa
ecTOIOKOBa ~ KOHBOJIIOIIMOHHA  HEBPOHHA  MpeXa 3a  Kiacudukams,
IIPEANOCTaBs MOBUINIEHA €()UKACHOCT TP MOCTUTAHETO Ha IMTOCTaBeHATA IIeJI.

Teopernyno o0OyCIOBEeHHSAT B TemaTa OOXBaT, CBHOTBETCTBA Ha
PasrbpPHATOTO CHIBPKAHUE B TUCEPTAITUOHHHMS TPY/I.



2. OueHka HA HAYYHHUTE Pe3yJTATH M IPUHOCHUTE HA JUCEPTALNMOHHUS
TPYA.

Pe3ynraTute oT Hay4yHaTa pa3padoTKa ce CBEXIAT JO CUHTE3 HA HEBPOHHA
apXUTEKTypa C IIeCT KOHBOJIIOLMOHHH 0JI0Ka, XapaKTepu3upalla ce ¢ mojaoopeHa
TOYHOCT TMPH pa3lO3HAaBaHE HA YaCTUYHO BUIUMHU BOCHHU 00eKTHU. OTYETEHO €
M0-100p0O CHOTHOIICHNE MEXAY TOUHOCT M U3UUCITUTEINIHA CII0KHOCT B CPAaBHEHHE
C U3CIEABAHUTE UTEPATUBHO TPEHUPAHU CHIIECTBYBAL HEBPOHHHU MPEKHU.

B o0xBaTa Ha HayYHUTE PE3yJITaTH € BKIIOUEH U pa3pabOTEHUAT KaCKaJIeH
MOJied 32 CEMaHTHYHO (WITpUpAHE, NMPU KOWTO TPEHHpaHa C MOCJEABAIlU
UTEpALMU HEBPOHHA MpPE’kKa C€ MU3I0JI3BA KaTO IbPBUYEH QMITHDP IO KaTETOpuUH,
0e3 na ObAe M3BBPLIBAHA MOBTOPHA UTEpalysl B OOy4YEHHETO, HACOUEHO KbM
pasupeH Habop oT kiacoBe. To3u Moaxoa OM OCUTYpHIT OIPE/IEIeHa CTENEH Ha
pasrpaHnyaBaHe NP Pa3InYHUTE KATETOPUU OOCKTH - LIMBUIIHU UM BOCHHHU.

Morat Ja 6’I>I[aT 0606H_[€HI/I CICAHUTC IBC KaTCTOPHUHU IIPUHOCH:

Karo ce u3kiioun aHAIUTUYHUAT 0030p KAaTO HENPUCHIA 32 MPUHOCUTE
XapaKTEPUCTHKA, & CHIIO U CPABHUTEIHUAT aHAIU3, YASITO HAYUYHA TEXKECT HE CE
MPEACTaBs B OTYETIMBA ABJIOOYMHA C M3BEKIAHETO HA JIOTUYECKH BPB3KH,
CBHXKJICHHUS U CTATUCTUYECKH 3aKIIOYEHUS 3a JAJCHUTE B aHAIM3a MOJEIH, Ouxa
MOIJIM J1a CE MPUEMAT CJIEAHUTE HAYYHO-TIPUIIOKHU TPUHOCH:

o [lpoexTupana, peaju3upaHa ¥ ONTUMHU3HPAHA € KOHBOJIOIIMOHHA
HEBpPOHHA MpeXa, XapaKTepusupaila ce ¢ mo-go0pa yCTOWYMBOCT
IIPU YaCTUYHO 3aKPUBAHE U MO-A00PO CHOTHOILIEHUE MEXK/1Y TOUHOCT
U M3YUCIUTENHA €(PEKTUBHOCT B CpPAaBHEHUE C U3CICABAHUTE
UTEPATUBHO TPEHUPAHU HEBPOHHU aPXUTEKTYPH;

e (CuHTE3upaH € KacKaJleH MOJEJ 3a CEMAaHTUYHO (UITpUpaAHE, MPU
KONTO TpeIBapUTEIHO TPEHHpPaHAa HEBPOHHA Mpeka H3IbIHSIBA
poJisiTa Ha MHPBUYEH KaTeropueH QUITHP, a CHEIUaM3HpaHaTa
HEBpPOHHA MpeXa OCBHINECTBABA JeTailyiHaTa KiacupuKamus Ha
BoeHHUTEe 00ekTH. [IpeanoxxkeHuar wmoxaen cmnocoOcTBa 3a
pasrpaHM4YaBaHETO HAa BOEHHW M IMBWJIHM OOEKTH, 0e3 HoBa
uTEepaIys Ha MbJIHO O0YUYEHHE Upe3 Pa3IIUpeH Ha0op OT KJIaCOBE;

e Ilpemmoxken e moaxod 3a OOy4YeHHE TIpH CIEUaTH3UpaHa
apXUTEKTypa Ha MHOTOCJIOHA KOHBOJIIOIIMOHHA HEBPOHHA MPEXKa,
npeaHa3HaYeHa 3a OTKPUBaHE M Pa3No3HaBaHe HA YACTUYHO BHIUMHU
00EKTH C BOCHHO MpeAHa3HAUYCHNE B ONTHUYHU H300PaKCHUS;

e Pa3paboTeH € aiaropuTbM 3a paslO3HABAaHE HA JOMBIHUTEITHU
KJIACOBE Ype3 HAJIWYHU TMPHU3HAIM, W3BJICYCHU OT TMPEIBAPUTEITHO
TpEeHUpAHA HEBPOHHA Mpeka, 0e3 Jla ce M3MEHs IMbpBOHAYAIHATA
apxXuTeKTypa U 0e3 MpoMeHH B Oposi Ha WM3XOJHUTE KJIACOBE Ha
MpexKara,



e CuHTE3UpaH € aJrOPUTHM 3a JIOKATU3UpaHE HAa BOCHHH OOCKTH B
U300paKeHHsl Upe3 UMIUIEMEHTUPAHE Ha ,,[UTh3Talll* MPO30peL, Ipu
KOETO pa3paboTeHaTa HEBPOHHA MpeXa Cc€ U3IM0J3Ba KaTo
CHelHaTu3upad KIacu(PUKATOp 32 OTKPUBAHE M KIacH(pHUKAIUs Ha
YaCTUYHO 3aKPUTH OOEKTH.

Yact oT mpuHOCHTE, OTIPEACIISIHN KaTO HAyYHO-TIPHIIOKHA UMAT TI0-CKOPO
NPUJIOKHA XapaKTepUCTHKA, KOETO OW TW OOBBp3ajio B 0OmMsS HAOOp OT
TIPUIIOKHU TIPUHOCH KaKTO CJIe/IBa:

o CrpyKkTypupaHa € crnenuaiu3dpaHa 0a3a OT JaHHU C ONTHYHU
n300pakeHHsl Ha BOCHHA TEXHMKA, BKJIIOYBAILA CIICHH OT pPEaHU
OOMHU M TPEHUPOBBYHM YCJIOBUS, YACTHUYHO 3aKPUTH OOCKTH H
M300pakeHHsl ¢ MHOXKECTBO 1€ B Kaabpa. bazara oT nmaHHu e
npucnocodeHa 3a o0yyeHue, TeCTBaHE M OLIEHKa IMpu padoTaTa Ha
HEBPOHHM MpEXH B 3aJa4yd, CBBP3aHM C pas3lo3HAaBaHE Ha
MU300pakeHHsI ¢ MPUIIOKEHNE BbB BOCHHATA 00J1acT;

e lI3BBpIIEHA € cicTeMaTHYHA EKCIIEPUMEHTAIHA OLIEHKA Ha paboTaTta
B IIPE/IBAPUTEIIHO OOYYEHH HM3BECTHU KOHBOJIOLMOHHU HEBPOHHU
MpPEXU CbC CTPYKTypHUpaHaTa coeluajiv3upaHa 0aza OT JaHHH,
KOUTO OMxa MOCIY>KUJIM 32 OLIEHKa Ha 0a3oBaTa KjiacHu(pUKaIMOHHA
CHOCOOHOCT M 3a WACHTU(ULMpAHE HA TEXHUTE OTPaHUYEHUs IO
OTHOIIIEHWE HA TOYHOCTTA M YCTOMYUBOCTTA MIPH YACTUIHO 3aKPUTHU
00eKTH;

e PaszpaboteHn e mporpameH npotoTun B pa3BoiiHa cpena MATLAB,
peanu3upan npeaioKeHUTe HEBPOHHA apXUTEKTypa U aJlTOPUTMH,
KONTO MPOTOTUN OM MOTrBJ Ja ObJ€ BHEAPEH B MPUIOKEHHUS OT
TEMaTUYHUTE 00JIACTH Ha IUCEPTALUATA.

[TpuHIMTIBT HA MOAYTHOCT TIPH Pa3pabOTBAHETO HA J1aJIeHa CUCTeMa He Ou
MOT'BJI J1a ObJIe pas3riekaaH KaTo MPUI0KHA HOBOCT, TIOPAU OOCTOSITEIICTBOTO,
Ye € OTJaBHA yTBbP/IeHA J0oOpa MpaKTHUKa B UHKEHEPHUTE CPE/IH.

3. Kpurtuunm Oejie:xKu
[Tpu mperyena Ha MpeaCTaBEHUS TUCEPTAIIMOHEH TPY/I HIMa OCHOBAHHMS 3a
CBIIIECTBCHU KPUTHYHH OCJICKKH C M3KIIOYCHHE Ha TPU CHIBTCTBAIIH
U3JI0)KCHUETO KaTeTOPHUH OCIICIKKH:
e Meronuuecka Oenexka — bu 6uno 1oope Meronnkarta Ha o0OydeHue
U OILICHKa Ha pe3ylTature Aa ObAe MpeACTaBeHAa M B JIuarpama,
MO3BOJIABAIA XOJIUCTHYCH TOrjea W Imo-go0po pasompane. He e
npencTaBeH 000COOCH CMHCHK Ha W3MOJI3BAHUTE CHKPAIICHUS U
TEPMUHHU.
o CrumuctuyHa Oenekka — V3KIIOYBAWKM CHBCEM HECHIIICCTBEHUS
Opoii €3WKOBM HETOYHOCTH, HE C€ YCTAaHOBSBAT KPUTUYHHU
CTWJIMCTHYHU CIa00CTH WIIH CTUJIOBH JICBUAITUH.



e (OO6em Ha aBTOpedepaTa — Brnpekn HaaBHUIICHUS OOIIONPUET 00eM
ot 40 crpanunu mnpu aBTopedepara, He C€ OTUYMTA OTPHUIATECITHO
BIIUSTHUE BBPXY OOIIHUS JUCEPTAMMOHEH TPY/I.

Ilpenopvku

Kato mnpenoppuuTenHO HAIBTCTBHE KbM JUCEPTAHTA CE€ M3BEXKAA
no00OpbT HAa MecTaTa B MyOJMKallMOHHATA HACOYEHOCT, BKJIIOYBAIA HAYYHH
(dbopyMU U U3JIaHUA C BUCOK [T M IPUHOC B HAy4yHATa 00JIacT.

CrnenBamara mpenopbka, H3BEIEHA B CEMAHTUYHO €3MKOBAa HACOKa,
IpeArnoiara M3Ccaeq0oBaTeNAT MO-MPABUIIHO J1a M3MOJ3Ba M3LSIO WHKEHEPHH
TEPMUHH, JACTEPMUHUPALIM KOHKPETHO HANpaBJIEHUE WIM TOAXOJ KaTo
KOHBOJIOLIMOHHM HEBPOHHH MpPEXH, BMECTO MJAMOMH KaTro ,U3KYCTBEH
MHTENIEKT®, YUUTO KOPEHHU, KaKTO Bedye € OTOENSA3aHO B JAPYTU pELEH3UpaHU
TPYZIOBE, UMAT ITO-CKOPO HEMH)KEHEPEH XapakTep W Lend. B aucepranmoHHuA
TPy UIUOMBT ,,M3KyCTBEH MHTEJIEKT " Cc€ U3I0a3Ba 17 mbTH, OT KOUTO camo 12
IIBTA B CBABPKATEIHU Pa3leM JOKATO HIUOMBT ,HEBPOHHU MpPEXKHU™“ ce
n3non3Ba 161 netu, a CNN ce ynomeHaBa 44 mbTH B ChABPKATEITHU Pa3ACIU.
HacouBaneTo Ha MHCIOBHUS MPOLEC MPU YETEHE HA MHXKEHEpHa crenuguka
croco0cTBa 3a Mo-g00poTO pazdupaHe Ha MpeIaraHuTe MOJCIH, aJTOPUTMH U
IIOAXOU.

JIpyra npenopbeka KbM JIMCEPTAaHTA € B KOHTEKCTA Ha JaJCH CBOM Hay4eH
TpyA J1a 00siBsiBa 1e()MHUIIMOHHA 00JIACT HA U3IOJI3BAHUTE B HETO TEPMUHHU.

4. 3akiIr04eHHe

CuuraM, 4Ye MNPENCTAaBEHUAT 3a OLEHKAa JUCEPTAllMOHEH Tpy[ HMa
XapaKTepUCTUKUTE Ha Hay4yeH TpPyHd, M3rpagusl cOOCTBEH HAOOp OT aBTOPCKHU
Hay4HO-IIPUJIOKHH U MPUJIOKHU IPUHOCH B MpoOsIeMHaTa 00J1acT.

JlucepTaHThT OTroBapsi Ha W3UCKBAaHUATA OT 3aKOHA 3a pa3BUTHE Ha
aKaJleMUYHUsl CbCTaB, CMAa3BAKM MHUHHMMAJIHUTE HAIMOHAHU W3UCKBAHMUS.
Jloknanure 3a IJIaruapu3bM HEABYCMHCIEHO OOYCIaBSAT aBTOPCTBOTO Ha
Hay4yHaTa pa3padoTka.

.5. OneHka HA 1MCEPTANMOHHUS TPYH

Ha ocHoBaTta Ha ropHOTO, 00sIBSIBaM CBOsITa OOIIa BUCOKA IMOJIOKHUTEITHA
OIICHKA U TpeJyiaraM Ha JIOKTopaHTa, Maructsp Jlrobomup EBrennes Manos, na
ObJe mpucBoeHa oOpa3oBaTelHaTa M HaydHa CTEMeH ,,JOKTOp'" MO JOKTOpCcKa
nporpama ,,ABTOMAaTH3UMpaHU CHCTEeMH 3a o00paboTka Ha wuHbOpMaIUs WU
ynpasieHue", mo mnpodecuoHanHo HampapieHue 5.3 KoMmyHHUKallMOHHA W
KOMITIOThPHA TEXHUKA.

23.03.2026 rog. YieH HA KYPHUTO:
rp. lllymen /Hou. n-p B. Aranacos/



REVIEW

by Associate Professor Valentin Tonev Atanasov, PhD,

Department of Communication and Computer Engineering and Security
Technologies, Faculty of Technical Sciences at Konstantin Preslavsky University
of Shumen,

of the doctoral dissertation of Master Lyubomir Evgeniev Manov,

entitled “Detection and Recognition of Partially Visible Military Objects in
Optical Images Using Artificial Intelligence”,

submitted for the award of the educational and scientific degree of “doctor” in the
doctoral program ‘“Automated Information Processing and Control Systems,”
within the professional field 5.3 Communication and Computer Engineering.

1. Relevance and significance of the scientific research problem

The dissertation is structured into four chapters, comprising a total of 141
pages (excluding appendices), and includes 29 tables, 48 figures, and 2
appendices. The number of referenced external sources amounts to 136,
contributing to a comprehensive analytical review.

The objectives and tasks of the dissertation are clearly defined. Conclusions
are formulated both at the end of each chapter and as general summarizing
conclusions.

Despite the existence of studies in areas related to the detection and
recognition of partially visible objects in optical images for defense purposes, the
search for more efficient solutions, models, and algorithms that identify key
characteristics in this field can still be considered relevant, thereby validating the
significance and timeliness of the research problem.

The proposal of a new model for semantic filtering and recognition of
partially visible military objects, supported by a developed mathematical
framework integrating an interval-based classification approach, can be
considered as a factor substantiating the relevance of the research. A cascading
process algorithm has been developed.

The development of an algorithm under conditions of partial occlusion, for
the detection of partially visible military objects through the implementation of a
sliding window approach and a trained six-block convolutional neural network
for classification, implies increased efficiency in achieving the stated objective.

The theoretically defined scope of the research topic corresponds to the
composed content presented in the dissertation.



2. Assessment of the scientific results and contributions of the
dissertation

The results of the research are reflected in the synthesis of a neural
architecture with six convolutional blocks, characterized by improved accuracy in
the recognition of partially visible military objects. A more favorable trade-off
between accuracy and computational complexity has been achieved in
comparison with the examined pre-trained existing neural networks.

The scope of the scientific results also includes the developed cascading
model for semantic filtering, in which a neural network trained through successive
iterations is used as a primary category-level filter, without performing additional
retraining for an expanded set of classes. This approach provides a certain degree
of differentiation between object categories, such as civilian and military.

The following two categories of contributions can be identified.

Excluding the analytical review as a characteristic not inherent to
contributions, as well as the comparative analysis, whose scientific significance
is not presented with sufficient depth through the derivation of logical
relationships, reasoning, and statistical conclusions regarding the analyzed
models, the following scientific-applied contributions can be considered:

e A convolutional neural network has been designed, implemented,
and optimized, demonstrating improved robustness under partial
occlusion, as well as a better trade-off between accuracy and
computational efficiency compared to the examined pre-trained
neural architecture;

e A cascaded model for semantic filtering has been synthesized, in
which a pre-trained neural network serves as a primary category-
level filter, while a specialized neural network performs detailed
classification of military objects. The proposed model facilitates the
differentiation between military and civilian objects without
requiring an additional full training iteration on an expanded set of
classes;

e An approach for training a specialized architecture of a multilayer
convolutional neural network has been proposed, intended for the
detection and recognition of partially visible military objects in
optical images;

e An algorithm has been developed for recognizing additional classes
using features extracted from a pre-trained neural network, without
modifying the original architecture or changing the number of output
classes of the network;

e An algorithm has been synthesized for localizing military objects in
images using a “sliding window” approach, in which the developed
neural network is employed as a specialized classifier for detecting
and classifying partially occluded objects.
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Some of the contributions, classified as scientific-applied, have a
predominantly applied characteristics, which would associate them with the
overall set of applied contributions as follows:

e A specialized database of optical images of military equipment has
been structured, including scenes from real combat and training
conditions, partially occluded objects, and images containing
multiple targets in a single frame. The database is adapted for
training, testing, and evaluation of neural networks in tasks related to
image recognition with applications in the military domain;

e A systematic experimental evaluation has been conducted on the
performance of well-known pre-trained convolutional neural
networks using the structured specialized database, aimed at
assessing their baseline classification capabilities and identifying
their limitations in terms of accuracy and robustness when handling
partially occluded objects;

e A software prototype has been developed in the MATLAB
development environment, implementing the proposed neural
architecture and algorithms, which could potentially be deployed in
applications within the thematic areas of the dissertation.

The principle of modularity in the development of a system cannot be
regarded as an applied novelty, due to the fact that it has long been established as
a best practice in engineering environments.

3. Critical notes

Upon reviewing the presented dissertation, there are no grounds for
significant critical remarks, except for three accompanying categories of notes
related to the exposition:

e Methodological note — It would be beneficial for the training
methodology and the evaluation of results to be presented in a
diagram, allowing a holistic view and better understanding. A
separate list of abbreviations and terms used is not provided.

e Stylistic note — Apart from a very minor number of linguistic
Inaccuracies, no critical stylistic weaknesses or deviations in writing
style have been identified.

o Abstract length — Although the abstract exceeds the commonly
accepted length of 40 pages, this does not have a negative impact on
the overall dissertation.

Recommendations

As a recommended guidance for the doctoral candidate, it is advised to
select venues for publication, including scientific forums and journals with a high
impact and contribution in the relevant scientific field.



The following recommendation, formulated in a semantic-linguistic
context, suggests that the researcher should consistently use strictly engineering
terms that specify a particular direction or approach, such as convolutional neural
networks, instead of idioms like “artificial intelligence,” which, as noted in other
reviewed works, have a more non-engineering connotation and purpose. In the
dissertation, the idiom “artificial intelligence” 1s used 17 times, of which only 12
occur in substantive sections, whereas the term “neural networks™ is used 161
times, and CNN is mentioned 44 times in substantive sections. Guiding the
reader’s thought process toward the engineering specifics facilitates a better
understanding of the proposed models, algorithms, and approaches.

Another recommendation for the doctoral candidate is to explicitly define
the scope of the terms used in their own scientific work.

4. Conclusion

Relying on the examined criteria, I consider that the dissertation submitted
for evaluation possesses the characteristics of a scientific work, having established
its own set of original scientific-applied and applied contributions in the problem
domain. The doctoral candidate meets the requirements of the Law on the
Development of the Academic Staff, complying with the minimum national
standards. Plagiarism reports unambiguously confirm the authorship of the
scientific work.

5. Assessment of the dissertation work

On the basis of the above, I hereby give my overall highly positive
assessment and recommend that the PhD candidate, Master Lyubomir Evgeniev
Manov, be awarded the educational and scientific degree of “doctor” in the
doctoral program “Automated information processing and control systems,”
within the professional field 5.3 Communication and computer engineering.

23.03.2026 rog. Signature:
rp. llymen /Homn. n-p B. Atanacos/



