CTAHOBHHLE

OT npod. -p s, dusucesp dusinrpos
WRPAY IHEEPTAIMONTNG TPYA 18 upaofuuune i ofpasonareanara i gayany crenen
AOKTOP no maysmura coeumnmoct:
TeopeTHuty OCHORN HI KOMYHIKADSONHATI TEXHIKn
Hpodecnonsano nanpanaenne:
3.3 KoMy irauoing i KOMImoTspIa TeXHitka
ABTOP ua ARCEPTANNONEAR Tpym:
marsas Croun Kymaen
Tema na qucepranwonnos rpya;
wMETazmI i WITOPITAM 10 BOAHO MAFKUpIIE 1t isoBpumezm™

LARTYMmoer wa pmapadorsanns s mceprauMonnss  1pya npofiaem B
HAYVIHO 0 HIYMIHO-IPHACKHO OTHOICHNE

B nocacammre roamun ee wabmoana cezen irepee KeM paspaforsaneTo
HPAYNBRKETO Ha METOZHTE 30 nojHN Mapkipane, Paspaborsar e BCE N0-HOBN METOH,
HEMMPAN HIMPOKD [IPHACKIMOCT 11DH APEASBUNETD HE PENIIIN CHLABPKIHNY KUTO
4YAHO, My3Iuka, Bugeo, u3oOpwxemms u apyrwllers ua JMCEPTIUNOHENS Tpya ¢
PRIPAbOTEANCTO HA HOBK MCTORH N ATFOPHTMY 33 BORHO MEpKIpate us naobpaxenus B
TOM CMACHA OKTYROHOCTTA WA paspaborsanits B fmcepTaunorius Tpya npolies e
Gesctopn s,

2.CTenen  nn  NOIHABAME  CHCTONRNETO  Wu npoluaema u  TBOpYecKa
HHTEPIPETAIMS 13 AHTEPATY PHISE MATEPHAN

B mcepranusra ¢ nanpanen oferoen 1 Sasa00Men Aperien #a pasriexaaHNTe
upobaemit, Hocovenn ca 180 coepemensii mureparypun  wsrosmnn. Hanpasens ¢
TROPUECKD HUTEPIPETALIA HR AMTEPATYPHILS MaTepuaz. JIHUN KPHTHHOTO OTHOmENNHE
I SUCEPTRHTE KhM MIBECTHMTE METOMN It LTTOPHTMI 33 BOANO MUPKHPIHE 1A HIOTPUAKCHI,
Taka cuscem sonmmo » oBocHonsH mo-NATATRK  Cy QopMyTHPARE LCATE W JagaGKTe Ha
ARCEPTRMONIES TPYL

3.Crornercrane na wsbpanara meroamica na I3CACABANE W NOCTABCHATA 1Hen
1 TR AWCEPTAIOHIIS TPYA ¢ NOCTHINATHTE (ApHIoCH

Cromserctamero no u3lpanaTs METOMIKE Wit HICTeaBANE 1 MOCTABEHATA (el
JAATEN HA ANCCPTUUHOHHIN TPYA € NOCTHINATHIC lipiiocy e aoGpe obocnosano »
CHCABE [In ce mO/MepTae, ¥e NOCTANCHNTS Wen K AAMH MO IMCEPTALNOHEES TPYA o4
JePUEMPAHI H  TACHO CBEP3SHH ©  DOCTHIHAaTMYE Pe3yIIATH M OPHHOCH B
AHCEPTRINOHKNS TPV B Tona taupaenme chems ma ce BEUKOMH OBOCHOBAHOCTTa Ha
[ETITe # 30009HTC 8 IAMCEPTEUMORHEE TPYIL, BATLIHO OCHOBETEAHO nedrunpanrn
SHATHMOCT M HEODXOAMMOCT B HEYINO-HPHIOKIO i APHAMEHO OTHOICHHE  OT
HicersatEN B n30panaTa wayuna obaact. FIpenaowesn ¢ npasiien DOANOL oo xoliTo



AOKTOPAHTET ¢ (OPMYIHPLI TOYHO M B CHHTEIHPAH BHJl KaKTO MeNTa, TAKd H 30Ia9HTe 8
CBON IHCEPTAHHOHEH TPYL
4.1lpunocH pa ANCEPTALMOHHMS TPYA
OcHOBRHTE pe3yaTars, MOCTHIHATH B HACTOANIMA [HCEPTANHOHEH TpyA ca
oGobmens # NPEACTABEHM B CHHETEIHPAH BRI N0/ (PopMATa HA CACAHATE NPUHOCH!
Hayunn npuaocH:
1.PaapaGoTeH € METOA 34 BOAHO MAPKHPAHE H OTKpPHBAHE HA BOJICH IHAK 4PC3
koMGHHEpaRo dectoTro npeobpasysasie (1.2.1, 1.2.2 or c1p.5! Ao cTp.58).
2 Pazpaboten € METOA 34 BOJHO MAPKHPAHE N OTKPUBAHE HA BOJCH JHAK HA
HI0OpAKEHI YPET KOMITIEKCHO YeCTOTHO npeobpasysane na Anamap (1.3.1, 1.3.2 o1
cp.72 a0 ¢1p.78).29
0- ORHH (IPHHOCH:
| .PaspaboTenn ca anropHTsM 32 BOAHO MapkMpaHe H OTKPHBAHE HA BOJCH IHAK HA
HIoGpaxeHns upes xomGannpaio YecToTHo npeobpasysase (1.2.3, T.2.4 or c1p.38
ao cTp.62).
2 Peanu3upany ca CHMYJIAIHOREN MOJIE/H HA CHCTEMa 38 BOJHO MAPEMPEHE 1
CHCTEMA 38 OTKPHBEME HA BOACH 3HAK HA WI00DAWCHHA 4YPe3 KOMOHHHPIHO
uecTOTHO npeodpasysane (1.2.5 ot c1p.62 a0 crp.70).
3. PaspaGorenn ca anropHTEM 33 BOJHO MapKHpaHC H OTKPHBAHE HA BOJSH 3HAK
Ha HI00pAAEHHA TPe3 KOMILIEKCHO HeCTOTHO npeoGpasysane ua Axamap (1.3.3, 1.3.4 or
crp.78 ao eTp.82).
4. Peanssipani ca CHMYIQIHONENE MOJCTH HY CHCTEMA 38 BOAHO MAPKHPARE H
CHCTEMAE 33 OTKpHBAHE HA BOIEH 3BaK Ha niobpaKeHns 9Pe3 KOMIIEKCHO
yectoTHO npeobpasysane Ha Ajamap (1.3.5 or crp.82 o crp.91).
[1punoEHK IPHACCH
1, U3gnpilieHo ¢ eKCNEPHMEHTATHO HICIEIBANC HA SPERTHRHOCTTA H
NPO3IPAHOCTTA TIPH BOARO MapkHpate ¢ IPOrpamMEo paspaboTCHITE ANTOPHTEM H
CUMYIBIHOHER MO/ 38 BOJAHO MapKHpase upe3 KOMORHMPARO YECTOTHO
npeolpasyBane ¢ PA3IHYHT 3XO0/HH H30GPKEHHER | PasmHyHK BOHK 3RAIH (1.4.2 0T
c1p.98 so c1p. 100, ot c1p.107 1o crp.114).
2. M38LpUICHO € eKCICPUMEHTAIHO HICAE/BAHE HA YCTORYHBOCTTSE HA
MEPKHPAHOTO ChIL{KAHHE [IPH BOJHO MEPKHpPaHEe ¢ NPOrpaMuo paspaboTesnTe
ANTOPHTEM ¥ CHMYTAIMOHEH MOJICT 3 BOJIHO MapKKpaue ypes KoMbuHIpayo
yectoTHO npeoGpasysane (1.4.2 ot crp.101 1o erp.106, ot crp.114 no c1p.123).
3. M3gnpiieHo ¢ eKCIePHMEHTANHO H3CASARaIE HA edeKTHBHOCTTE #
APO3Pa4HOCTTA [PH BOHO MAPKHPAHE ¢ NPOIPaMHO paspaboTeHHTE ANTOPHTEM |
CUMYIAIHOHEH MOJE] 38 BOAHO MADKHPIHE YPe3 KOMIICKCHO HeCTOTHO
npeofpasyBaye Ha AJGMAp ¢ PA3THURYE BXOJHH HI00paKCHNA H PAITH'HI BOIHH
agaun (1.4.3 ot erp.123 go crp. 125, or ep. 132 10 c1p.139).
4, HasupiiieHo e eKcnepiMenTanio H3CHe/iBate Ha yCTORYHBOCTTA Ha
MEPEHPAHOTO ChIbpiKAHKE IPH BOAHO MAPRHPAHE ¢ MPOrpaMEO paspaboTeHnTe
AATOPHTEM W CHMYITRIMOHCH MOJIEN 38 BOANO MAPKHpaHe Ype3 KOMIIEKCHO HeCTOTHE




npeobpasyBade Ha Ajamap 0pu pasnMuEM THnose ataxu (1.4.3 ot cmp.l26 g0
crp. 131, or e1p.139 go c1p. 148).

5.0uenKa Ha CTENeHTAa HAa JAHMHOTO YMACTHE HA JOKTODAHTA B NpPHHOCHTE
OmicanuTe No-rope HAy9HM, HaYHHO-IPHIOAHA H IPHIOKIN NIPHHOCH (PUIypupaT 8
aocTaTLaHaTa N0 06eM M ChALpHaHNe NYDIMKanHOHNA AeiliHOCT Ha AOKTOpaHTsT, Te
Ca NOMYNAPHIAPEHHK B NOAXOAN M YTBEpAeH B obnacTra HA DACEPTALMATA HayweH
bopym-mexaynapoinata kondepenuma “Information, Communication and Energy
Systems and Technologies (ICEST)". Tosa osmauass, we pesyimataTe OT
THCCPTALNNATA CA OPHAOOHIN CLOTBETHATA [ONVMPHOCT M NPH3HEHHE B HAYYHHTE
cpenn. B Tasd BpL3Ka M MWUHOTO YYACTHE HA JOKTOPAHTLT B NPHHOCHTE Ce NPossssa
H € HEOCNOPHMO H DOTBBPJICHO OT HAAHYHETD Ha 5 NyOAHKALUNA B CLABTOPCIBO ¢
PBEOBOAHTE AN HA JOKTOPAHTA

6.[Mpeuetika pa nySAMKAULNATE IO AMCEPTAUHORHUR TPYA

Bewury myGankanun ca ¢ TCOPETHYHO H NPRIOAHO IHAYEHHE, CBLP3AHM Ca ¢
AucepTanMATE H ¢ npodecnonasdore Hanpasnewne 5.3, Komyuuxkaumonua wn
ROMIIOTEpHA  Texuuka., llpuemam nydanxaumonnaTa AeHHOCT KaTo  HAITBAHO
AOCTATEYNS 10 00eM, Ha BHCOKO HAYYHO HHBO H NONY/PH3HPEHA B AOCTATHYUHE CTeneH
B HAMOHANEH M MEEKAYHAPOACH HayveH njad Baxuo e na ce orbenewn.de 33 nyGankaimn
Ne no aucepraumsTa ca sabeansany 10 HTHPaHHS,

7. Muenus, npenopsrn it GeaemKn

I.TTossanuTe IHTEpPaTypPHH H3ITOYHHUM He ca moapejenn mo asbyden pex Ha
ARTOPHTE HIIN 3Ar7IABHATA,

2.JIpH HAKOH OT NOA3BAHHTE JIMTEPATYPHH HITOUNHIM HE ¢ OTOENA3AHA TONHMATE
HAa TAXHOTO w3gasane, ganp. Nell, 12, 13,14 a ap.

[Tocowennre mo-rope  salencksn  uwe  naMangsar  gocToRHCTBATZ  HAa
JHCEPTAUHOHHAR TPYIL,

S8.3ukmovenne

Bw3 ocHOBA HR M3NOKEHOTO T0-TOPE MOke A2 Ce jade oblIa NOAOKHTEAHA
CUEHKA HA TEOPETHUHHTE H NPAKTHHECKH PE3YITaTH, NOCTHTHATH NpH pa3paboTkara Ha
HACTOSUINS JHCepTaunoned TpyaA, JledHHHPaHMTE HAYYHO-TIPHIOKHH M TIPHIOKHH
NPHHOCH, OTPE3eHH B A0CTaThu9eH Ha OpoRl Hayudd nyGAMKAUMH H B [OIXOZSLIN
KOH(pepeHIHY, Ca HAITBAHO JOCTATHYHO OCHOBIHHE 32 SCHO IMONOKHTERHO 3aKMOYeHHe
OTHOCHO KAWIH(HKANHATA HA JOKTOPAHTA H HETORHTE MOTBBLPASHH B THCCPTALHOHHUN
IPYI Ka4ecTBA Ha yueH B m30panara ot Hero Hayqsa obaacr,

Ero 3amo mpeanaram Ha moudTaeMoro HaywHo KypH A8 NpHCHIN
oDpajoBaTeAHAT] W HAYYHA CTened . Joktop” pa mar, WK, Cromm Kvmaes
B lpodecuonanio Hanpasienne 5.3, KoMyHuRauHonHa  KOMIOTLPHA TEXHHKA 110
HAEYYHA CHeHANTHOCT TMFETH‘IIIII OCHOBH HA KOMYHHEAUNONBATE TCXHHKD

Mara: 04.07.2025 r, Peuensent: . Al
(mpods. -p mw. Qusurep dumurpos)



OPINION

by Prof. Dr. Eng. Dimitar Dimitrov
on the dissertation work for the acquisition of the educational and scientific degree DOCTOR
in the scientific specialty: Theoretical foundations of communication technology
Professional field: 5.3 Communication and computer technology
Author of the dissertation work: M.Eng, Stoyan Kushlev
Topic of the dissertation work: "Methods and algorithms for watermarking images"

I.Relevance of the problem developed in the dissertation work in a scientific and
scientific-applied sense

In recent years, there has been a strong interest in the development and study of watermarking
methods. More and more new methods are being developed, finding wide applicability in the
transmission of various contents such as audio, music, video, images and others. The goal of the
dissertation work is the development of new methods and algorithms for watermarking images.
In this sense, the relevance of the problem developed in the dissertation work is undeniable.

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

The dissertation provides a comprehensive and in-depth review of the problems under
consideration. 180 contemporary literary sources are cited. A creative interpretation of the
literary material is made. The critical attitude of the dissertationist towards the known methods
and algorithms for watermarking images is evident. Thus, the goal and objectives of the
dissertation work arc formulated quite logically and justified further.

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

The correspondence of the selected research methodology and the set goal and tasks of the
dissertation work with the achicved contributions is well Justified and it should be emphasized
that the set goal and tasks of the dissertation work are defined and closely related to the achieved
results and contributions in the dissertation work. This statement should include the justification
of the goals and tasks in the dissertation work, the fully justified defined significance and
necessity in a scientific-applied and applied sense of research in the chosen scientific field. A
correct approach is proposed, according to which the doctoral student has formulated precisely
and in & synthesized form both the goal and the tasks in his dissertation work.

4.Contributions of the dissertation

The main results achieved in this dissertation are summarized and presented in a synthesized
form in the form of the following contributions:




Scientific contributions:

I. A method for watermarking and watermark detection by combined frequency conversion has
been developed (section 2.1, section 2.2 from page 5| to page 58).

2. A method for watermarking and watermark detection of images by complex Hadamard
[requency conversion has been developed (section 3.1, section 3.2 from page 72 to page 78)

Scientific and applied contribu tions:

l. An algorithm for watermarking and watermark detection of images by combined [frequency
conversion has been developed (section 2.3, section 2.4 from page 58 to page 62).

2. Simulation models of a watermarking system and a system for detecting watermarks on
images using combined frequency conversion have been implemented (section 2.5 from page 62

to page 70).

3. An algorithm for watermarking and detecting watermarks on images using complex Hadamard
frequency conversion has been developed (section 3.3, section 3.4 from page 78 to page 82).

4. Simulation models of a watermarking system and a system for detecting watermarks on
images using complex Hadamard frequency conversion have been implemented (section 3.5
from page 82 to page 91),

Applied contributions

L. An experimental study of the effectiveness and transparency of watermarking with the
software-developed algorithm and simulation model for watermarking by combined frequency
conversion with different input imuges and different watermarks has been carried out (section 4.2
from pages 98 to 100, from pages 107 1o | 14).

2 An experimental study of the stability of the marked content when watermarking with the
software-developed algorithm and simulation model for watermarking by combined frequency
conversion has been carried out (section 4.2 from pages 101 to 106, from pages | 1410 123).

3. An experimental study of the effectiveness and transparency of walermarking with the
software-developed algorithm and simulation model for watermarking using complex Hadamard
frequency transform with different input images and different watermarks {section 4.3 from page
123 to page 125, from page 132 10 page 139).

4. An experimental study of the stability of the watermarked content with watermarking using
the software-developed algorithm and simulation model for watermarking using complex
Hadumard frequency transform under different types of attacks (section 4.3 from page 126 to
page 131, from page 139 to page 148).




S.Assessment of the degree of the doctoral student’s personal participation in the
contributions
The scientific, applied scientific and applied contributions described above appear in the doctoral
student’s publication activity, which is sufficient in volume and content. They have been
popularized in an appropriate and well-established scientific forum in the field of the dissertation
- the international conference "Information, Communication and Energy Systems and
Technologies (ICEST)". This means that the results of the dissertation have gained the
corresponding popularity and recognition in scientific circles. In this regard, the doctoral
student’s personal participation in the contributions js manifested and is undeniable and
confirmed by the presence of 5 publications in co-authorship with the doctoral student's

supervisor,
6.Evaluation of publications on the dissertation work

All publications are of theoretical and applied importance, are related to the dissertation
and the professional field 5.3. Communication and computer technology. | accept the publication
activity as completely sufficient in volume. at a high scientific level and sufficiently popularized
in national and international scientific terme. It is important to note that 10 citations were noted
for publication No. 5 on the dissertation.

7. Recommendations and notes
I. The literary sources used are not arranged in alphabetical order of authors or titles.
2. For some of the literary sources used, the vyear of their publication is not indicated, e.g. No. 11,
12, 13,14, etc.
The sbove remarks do not diminish the merits of the dissertation work,

8. Conclusion

Based on the above, a general positive assessment can be given of the theoretical and practical
results achieved in the development of this dissertation work. The defined scientific-applied and
applied contributions, reflected in u sufficient number of scientific publications and in
appropriate conferences, are quite sufficient grounds for a clear positive conclusion regarding the
qualification of the doctoral student and his qualities of a scientist in his chosen scientific field,
confirmed in the disseriation work.

That is why T propose to the esteemed Scientific Jury to award the educational and scientific
degree of "Doctor” to M.Eng. Stoyan Kushlev in the professional field 5.3. Communication
and Computer Engineering in the scientific specialty Theoretical Foundations of
Communication Engineering

Member of the Scientifc Jury:
Prof. Dr. Eng. Dimiter Dimitrov




