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Ynen Ha HayunoTo Kypr: npod. a-p nam. Beck: ‘eoprucea

1. Axryammoer Ha pazpaborBaHus B AHCEPTRNMOHHNS TPyA npodaeM B HAYYHO W
HAVYHO-TPILIOKHED 0THOIIEHHEe

PaspaboTpaneTo na edeKTHBHN MSTOMH H ANTOPHTMH 33 BOJHO MapkHpaHe e ocobeno
aKTVANIHO B IIOCHEHWTE TOMTHH ¥ HAMHPA NPHAOKEHHE NPH NPEelaBaHCTO HA PAIINTHA
HEQOPMAIIHA KaTo ayIHo, MYIHEA, BHICO, H300pawenHs H OpyrH. Boanoro mapkupane ce
NEPAKTEpH3IApA C TOBA, Ye HE Hapyllapa BLINPHATHCTO Ha ChHAbpIKaHWETO, AoGaBenara
HHQOPMAIIHE ¢ HepA3AeIinMa 9acT OT ChALPKAHHETO, B KoaTO € aodasena # HEQOpPMaNHATa H
nmpemMitHaBa npes cemire obpaloTkm Karo chabpkanuero. [Ipw ToRa KoMOHHHpaHeTO Ha
pasIHYHH METOIH, K4T0 BOAHOTO MAPKHPAHE H KPHOTHPAHETO, JIaBa NPEANOCTABKH 33
Gnet0 pazRATHE H NofoSpABaHe Ha METOIHTE B MHOTO cepH CBLP3IAHH ChC 3AHINTATA HA
npenasaneTo Ha HHGopmanig. B Tasu epr3ka Tpsbea sa ce ordenexH ocobenuaTa aKTyYAIHOCT
HA [eTA H 3aJ3UiTe, I0CTAReHH M pa3padoTeHi B ANCEpPTannaTA. JIOKTOPAHTET CE € HACOYHI
KbM paspaboTBaHETO HA HOBH H ¢)EKTHBHM METOIM M ANTOPHTMH 33 BOJHO MapkupaHe Ha
H300paKeHHs, OTTOBAPANIY HA W3UCKBAHHATAR 3a BHCOKAa OpO3PAYHOCT M 3aIMHTEHOCT HA
npesasanata MHdpora HHGOPMAIHS.

2. Crenen na N03HABAHE ChCTOAHHETD HA Opod/eMa H TBOPYLCKa WHTEPNPETAUNS Ha
JAUTEPATYPHITA MaTepLl

PaspaBoTeHara JUCEpTaIis C& OCHOBaBa Ha NMOAPodHO H 3WILA00YCHO H3CHE/BAHE HA
CLCTOSHHETO Ha npodnema, 3a Koero ca W3nomssand 180 n@TepaTypHM WITOYMHHKA OT
ARTOPHTETHH POPYMH H KHHIH H3 AHTIHICKH €3pK. HanpaBeHHAT aHAIHI Ha METOOHIC 31
BOTHO Mapkupame e ofofIIeH 9pe3 aHatn3 HA NOAXOAWTE 33 AodaBAHE W MapKHpaHe Ha
JOMBIHATENHE HHpOpPMAUKS KBM [pelasaHy choDIIEHNE, ONHCAHHE, DEANH3IANNA H
pCODEHOCTH HAa BOAHOTO MApKHpAHe, OCHOBHHTE MY XapakTepHCTHKHM, o0jactT Ha
IPHICKSHIE H KPHTepHE 33 onenka. M3souTe o1 aHaauTHIHHA 0030p ca N3NOM3BaHN YMEIo
OT JOKTOPAHTA 32 Npasunno GopMynHpaHe Ha HOCTARCHHTE NEN H 338" H Ha JHCepTalHdTa.

3, CroTBeTcTBHE Ha WIHPAHATA METOONKA HA WICALABANE H MOCTABEHATA e 1 3ala4n
Ha TUCCPTANMOHNNS TPYA ¢ NOCTHIHATHTE HPHHOCH

TTocTHTHATHTE peIVATATHIE, [ONYIEHH MNpH NOpPHIAraHeTo Ha  (peIOKEHHTE
KOMOHHIDAEHH METOAW M ANTOPHTMH 3& BOJHO MapKHpake HA H30DpaweHus 4pel



npeofpasysale B HCCTOTHaTa OONACT HATKJHO CHOTBETCTRAT Ha thopmyimpanara wpen u
OCHOBHHTE 3/Ia90 HA JHCEPTAUHATA. 3a ONeHKa Ha eeKTHBHOCTTA HA TeIW MOMXOMH M
YCTOIYHBOCTTA HA BONHHMA 3HAK €3 MINOIIBAHN OGEKTHBHH KPHTEPHH 33 OlIEHKA upes
HymMcaABAHe Ha nokasatennte SNR, PSNR, MSE, NMSE, sopmmpana kpockopenamms,

KaKTO B TeCTOBA 0asa OaHHW OT PasiH4YHE BHIOBE HONYTOHOBH M UMETHH H3o0pameHRA,
KOWTO Ca NOTOKEHH HA pas/in'THE TeCTORE.

4. Haywmm w/uin HayuHo-npuiaosnn npunocH ma JRCEPTANHOHHNS TPy

HexnapipasuTe NpHHEOCH B IHCCPTAUMATE HA Mar, HEE. C. Kyiznes npuemam
w3ugno. [lpaemam n rtaxnara KNacHpHKANNE, BXTOYBAINA HAYIHH, HAYSHO-OPHIOKHEH H
NPHIOKER npuHocH. Hayumwre npumocw ca scmo ® wopexto (opmymmpasu. Te ca
HOIKPENCHH OT TCOPETHYHOTO NPENCTABNHE CHOTBETHO B IMaBH 2 W 3, KAKTO . OT
HONY4eHHTe SKCHECPHMEHTATHH Pe3y/ITaTh b Iiasa 4.,

[IpeveTso Ha ApeUIOKEeHNTE METO[M H ATTOPHTMH 33 BOJTHO MapKHpaHe e, 4e
MOTar aa ce H3NOI3BaT B TEICKOMYHHKAITHNTE, TeleMeIHIHHATA, JAHCTAHIHOHAATE
HICACABAHHA HA 3EMATd H B CHCTCMHTC 334 3aIINTa Ha Bugeo uH(OpMAmHITa OT
HenpasoMepeH JOCTEIL. 33T0BA OLEHKBAM NOCTHIHATHTE IPHHOCK KATO TIOTE3HI M 3HATHMI,

5. Hpenenica na nySaukanmmnre no AncepTauuonmms TPy

lyGnukamumre 1o JUICCPTANMONHMS TpyA ca oGO 5, [NPeACTABCHM Ha
MERIYHAPONHH HAYIHI KOHGEPEHINH, B CBABTOPCTEO € PLKOBOANTEAN Ha AoKTopanTa. Eana
OT myO/MKamNHTe € Huiexcupana B Scopus m Web of Science m uma saGemmann 10
unTHpanua 8 Scopus. Toa e GescnmopHo JOKa3aTencTHO 33 TEXHOTO BHCOKO KSUECTBO H
TIPHIHAHUCTO MM, MOAYISHO [0 CETd 0T MEKIVHAPOIHATA HAYHHA 0BIIHOCT.

6. Muenns, npenopssn i Geaexkn

3abenekKHTE MH KacasT HIKOW CTHIOBH M TEXHIVCCKH IPCUIKH, KOHTO HE HAMANABAT
AOCTOHHCTBOTO Ha mucepranmaTa. [lpencTaBeHHMST Tpya NpWTe:XaBa MOTCHUMAN 3a
IONBIHHTENHC Pa3BHTHE H 3aT0Ba NPCOOPLYBAM Ha JOKTOPAHTA [Ja MNPOIBIMAT
H3COCABAHMATA MO OTHOUICHHE 3allHTA HA ChIBDKANNETO HA WH{OPMAINSTA, HANp, OpH
MEIHITHACKUTE HI00PamEHHA.

7. 3akmoyeane

Ha ocHoBanme ma W3I0MEHOTO JABAM MOMOWHTEIHA ONCHKA HA [PEeJCTABCHHA
Aucepramiones Tpya. Cuartam, we Toit € pa3paboTeH B CHOTBETCTBHE CLC 3aKOMNA 34 PasBHTHE
Ha AKANCMHYHHA Chetad B PenyGmnka Bearapus, TMpusunanxa 3a Herosoto npunarake #
CHOTRETHHE MPaBHNHHK Ha Texunueckns Yausepeurer — Codns.

3arosa npeiaraM Ha YBAOKAEMOTO HAYWHO EYPH A NPHCHIH Ha mar, mnk. Cross

Kymuies ofpazoparensara  Hayyma crenen ,J0KTOp™ B TpodiecHOHATHO

Hanpannmc 5.3 KomyanRalHoHHA # KOMOIOTBPHA TeXHWKA, HAYYHA CHCHHATHOCT
» [ COPETHIHE OCHOBN HA KOMYHHKANHOHHATA TEXHHEA,
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L. Actuality of the problem developed in the dissertation work in scientific and scientific-
applied terms

The development of effective methods and algorithms for watermarking has been
particularly relevant in recent years and is used in the transmission of various information
such as audio, music, video, images, and others. Watermarking is characterized by the fact
that it does not distort the perception of the content, the added information is an inseparable
part of the content, in which the information is added, and undergoes the same processing as
the content. Moreover, the combination of different methods, such as watermarking and
encryption, provides prerequisites for future development and improvement of methods in
many areas related to the protection of information transmission.

In this regard, it should be noted the particular relevance of the goal and tasks set and
developed in the dissertation. The PhD student focused on the development of new and
effective methods and algorithms for image watermarking, meeting the requirements for high
transparency and security of transmitted digital information.

2. Degree of knowledge of the state of the problem and creative interpretation of the
literary material

The developed thesis is based on a detailed and in-depth study of the state of the
problem, for which 180 literary sources from authoritative forums and books in English were
used. The analysis of watermarking methods is summarized through an analysis of the
approaches for adding and marking additional information to transmitted messages,
description, implementation and features of watermarking, its main characteristics, area of
application and evaluation criteria. The conclusions from the analytical review were skillfully
used by the doctoral student to correctly formulate the goals and objectives of the dissertation.

3. Correspondence of the chosen research methodology and the set goal and tasks of the
dissertation with the contributions achieved

The results obtained from the application of the proposed combined methods and
algorithms for watermarking images by frequency domain transformation fully correspond to
the formulated goal and main tasks of the dissertation. To evaluate the effectiveness of these
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approaches and the robustness of the wa*tErma:L objective evaluation criteria were used by
calculating the SNR, PSNR, MSE, NMSE, normalized cross-correlation, as well as a test
database of various types of grayscale and color images that were subjected to various tests,

4. Scientific and/or scientific-applied contributions of the dissertation work

I fully accept the declared contributions in the dissertation of M.Sc. S. Kushlev. T also
accept their classification, which includes scientific, scientific-applied and applied
contributions, The scientific contributions are clearly and correctly formulated. They are
supported by the theoretical presentation in Chapters 2 and 3, respectively, as well as bv the
experimental results obtained in Chapter 4.

The advantage of the proposed watermarking methods and algorithms is that they can
be used in telecommunications, telemedicine, remote earth surveys, and in systems for
protecting video information from unauthorized access, Therefore, 1 assess the achieved
contributions as useful and significant,

5. Evaluation of the publications on the dissertation

The dissertation has a total of § publications, presented at intemational scientific
conferences, co-authored with the doctoral supervisor, One of the publications is indexed in
Scopus and Web of Science and has 10 citations in Scopus,

This is indisputable evidence of their high quality and the recognition they have
received so far from the international scientific community.

6. Opinions, recommendations and notes

My remarks concern some stylistic and technical errors, which do not diminish the
dignity of the dissertation. The presented work has potential for further development, and
therefore | recommend that the doctoral student continue his research on the protection of
information content, ¢.g. in medical images.

7. Conclusion

Based on the above, I give a positive assessment of the presented dissertation work, [
believe that it was developed in accordance with the Law on the Development of the
Academic Staff in the Republic of Bulgaria. the Regulations for its Implementation and the
relevant regulations of the Technical University - Sofia.

Therefore, 1 propose to the Honorable Scientific Jury to award M.Sc. Stoyan

7 Kushlev the educational and scientific degree "PhD" in the professional field 5.3
Communication and Computer Engineering, scicntific specialty ,,Theoretical foundations
of communication technique”,

A
08.08.2025 Jury Member:

(Prof. Veska Georgieva, PhD)



