o 1;11;?;:/ETAHGBHIHE
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ABTOp Ha AHCEpTAIHORHER TPYIL: Mar. ik, Croan Kymmnes

Tewma ua mceprausonmmy Tpyx: “METOIH H AJITOPHTMH 3A BOJHO
MAPKHPAHE HA H30OBPAXKEHHA"

YneH Ha HAYSHOTO KypH: Z0iL I-p nhxk. CTpaxua. Cokonos

. AKTyaamHocT Ha paspaboTBalis B ANCEPTANHONNNA TPYA npobJem B HAYYHO
1 HAYSHO-IPHICKRO OTHOLIEHHE

[IpeACTaRcHHNT ANCCPTALHOHEN [PY HA JOKTOPAHTS Mar. HIK. Croan JumuTpos Kyumes
pAsMeAdd PALTTEHN TOOXGAM 3 DUWTATHO BOIHO MapkHpaRe Ha meolpasenns.
TpeacTapeti €A CRCMCPUMEHTATIN PEIYNTATH OT CHMYIALHOHIMN MOneaH, Ko o
WAMOMIEAT MOKAIATENN KATO OTHOHISHMC CHIHAn-KLM wym (signal-to-noise ratio SNRJ),
KOO OTHOMEHHE CHTHAN-KEM-myM (peak signal-to-noise ratio PSNR) m Hopummpauata
wpocsopenamss  (NC), CpeIHOKBApaTIOiA TPEIIRA (mean squared cmor MSE) n
HOpMEpaNl CPEIHOKBANPATHYHA IPEIRa {normalized mean square error NMSE) 3a ouensa
HA KAYCCTROTO # YCTOHSHBOCTTA Ha BOMAHATO IHAWN CPSuLy PATHHHE ATAKH. Oceen ToBa,
aBTOpLT MPEIOCTARS HMIYEPOATENeH CIHCHE HA CHBPEMCHHM, CEBPIANHN € TEMAETHEATA
ANTCPATYPHY M3TOUHHIN, cobcTRenk NYONHKAINH H TeXHHTE IHTHPAHAS, KAT0 NoIiepTasa
acHTIeNUE HHTEpEC HA BICNENOBATENHTE B TaIH obnact.

2. Crene HA NO3HABAHE CLCTOMHUETO HA NPOGaEMa U TROPYECKA
HITEPIPETIIHS HA ANTEPATYPHIH MATEPHAL

B3 ocHOBA Ha Hanpaseiiy muTeparypen 0030p. [IOKTOPAHTST MAL HIDK, Crosit, 7
Kymmica € ACMOHCTPHPAN BHCOKA CTCICH Ha NOSHABANC Ha TeMaTa 38 ROAUOTO MIpEHpaHe
ma uudpos wsobpamenws. Tosa e IZEMOHCTPRpAHO Wpes HIUCPnATENeH BHAAHF HA
CLEPEMEHHI METOIit 33 BOIHO MapKHpaie, BEMICFIHTENHO TeXHITE XapaKTepHCTHEN,
NPHACKCHHA ¥ KPMTCPI! 33 OucHKa. JOKTOPAHTET & NPEAnOHl METRIH H T PHIICAHT
CLOTESTHITE ANTOMITMAE B CHMYIMIHOHHE MOICIR B MATLAB u Simulink. Ha 6asa sa
NOJXOINTE, TPEICTABCHN B JWTCPATYPATA, € DPHIOKCHI CKCIEPUMCHTATHG BAMIALIR Ha
Te3H METOTH Cpelly PATTH4HN STAKH # SbPXY PANTITHH THIORE u3obpaseHHS, CUEHEHH ¢
[OMOLITA Ba CTAHASPTHH ODCKTHEHIL NOKA3ITCIN.

3. CpoTBETCTBHE HA H3OPAHATA METOAMKA HA MICAENBAHE W HOCTABEUATA NE1 H
3A184K HA JHCEPTAUMOIHIR TPY] € NOCTHIHATHTE NPHHOCH

HM3fpanata MCTONOAOIHE HA HICACABANMNTZ © B CROTBETCTBAC ¢ NOCTARSHATAE UCT H
AMCCPTAIMATA H 3a@auuTe 332 HeflHOTO WITLAHCHHE, JlokTopastsT mar ok CToau
- ~ Kyiuneg ¢ NpeIcTasH B JIBE ITARM 33 paspabOTBAHETO HA HOBH METOIH 33 BOILHO
MEPKHpAHE: HaTa H3MOMIna KOMORHAPAHE JUCKPeTHE yeitnnersa Tpanchopmaiig (DWT)
H JMCKpSTHA KocWHycosa Tpancdopuatuiz (DCT), a Agpyrara HINONIE4 KOMITICKCHE
tpasicopmanns ga Azamap (CHT).

PaspaGoTBAHETO ia BCSKM MCTON € B TACHZ BPE3EA ¢ MRPBHIE ABC JamaT, BENOYRANIE
1 o TPOCKTHPEHE Ma METOZA, (OPMYIHDIHC HA AATOPATLMA H chifaBane Ha
CHMYTALHOIHE MOIEM KaKTO 38 HPOLIECHTE HE BOJIHO MRPKMPANE, TRKA it 33 MPOUCCHTE H
OTKpHBAHE HA BOIHMS 3Hak. TpeTara Jaiata, GHLILMS oneika Ha paspaboTeHNTe METOMH, €
noapobHO pasriesans B CICHHATIA [TEBA, KOATO © fampaHa Ha KPHTEPHH 33 K3MSCTEO M
yeroitunsoct. JIOKTopasTsT H30Hpa pasHoobpaIal TecTORM HIOOPAACHHA H BOCH 3HaK H
MpefcTass CKCHEPHMERTH 33 OUSHKA HA PAIMINHM CHMYTHPIH aTREH C© mMyMm H
qunrprpamms. CulTaM, 4e MCTOAONOTHATA © crOGpaseHa ¢ W CHCTCMATHYHO PasiicAs
IOCOYCHHTE B AHCEPTALFINTA UCTH H 335,



4. Haysmu /s BayIHo-NPHICKET TPHUOCH HA IHCEPTAUHOHHNS TPYA

B anceprallioNHus Cif TPy, Mar wHa. Crosy ) Kyaes nperesanpa 1 HayHi
npiHOCH B paspafoTealicTo HA HOBH MCTONH 3@ BOJRO MApkHpaHe M OTKpHBASC,
WML KOMOHIMpaRo YecToTHo npeobpatysanc 2DDWT-2DDCT CHT. a6poenn
ca it HEyMHO-IIPIIOMKHI NIPHIHOCH OT paipaboTRANCTO Ha 4ATOPUTMH 1 MATLAB Simulink
CHMYTAIHOHA MOTSIH 36 Teut Metomt, Tesl NPHHOCH €A JOMRIHHTCAHO OBOCHOBIHN OT
IEpHI0EEH NPHEOCH Spe3 ODUIHPHS eRCISPHMCHTATHA BATHIAMA. TpHesaM HanpascHEITE
DPHHOCH OF THCEFTMIHORHINE TPYL

5. Mpenenxa Ha nyDANKAUMNTE O AHCEPTALHOHHNA TPYA

ArtopsT. Man i Crofm . Kymnen, B CHABTOPCTRO € HCFOBHE Hayuen
pHKOBONHTE, NPEACTSNA NET CTATHH, CEEPIAHW C TCMATA M3 JIHCCpTAIASTA. Tem
pyGankaomt ¢a oT mepsioga 2017-2020 1, KATO JACIABHSTA HM OTPLMBAT JHPERTHD
obcnkaannTe MeTomt. Konkpersa nyGuikamis 0T ancepramsta, Hyva 10 namupanus 8
Gazara maEnn Scopus. Tosd Moka3sa, Ye NyOAHKYBIHHTE SCTICKTH M TaN paipaborka cc
UMTHPAT OT APYTH HICACAOBATENN W B WARUDI JHHM, KOSTD ¢ B NOIKpoNa Ha HeroBata
NpOXLIENBLIIE AKTYLTHOCT B HEYIHATH OBIHECT B € JOKaIATeICTEO 3 THXROTO KICCTED |
NPHIHAHNCTO MM,

6. Muenusn, npenopekn # feaemKn

HuMaM ChUlCCTBCHN betekil KuM auceprammonan Tpyl, [lpenopsisaM GsIOpLT Mar
waw, Crodn Kyumes In DPOILDER WICHCIBAHMATE. BLPXY CBCHTYLIHO
FHCNPABAHE R PAIPACOTCHITTE METOM H ATTOPITTMIL 13 BOJHD MapKHPAHS BLPXY XapUlyepiit
nanTdopyi, Chilto Taks, paipabOTCHITE OT AKTOPA. METOLH MOFIT 13 MMAT NPIIOKEHNE il B
mvANO W BIACO, KAKTO W 34 GRAAT H MHTCTPHPAHA EpuITTOrpadekn OJoDpeHi 33
noBMIIEBAKE MO YcroiFmBocTTa HA BosEMTe 3HAuN. OCBCH TORL, MPOIWIEABINCTO Hi
HICTCIBAHMATA 8 OOMACTIA HE YCTONYHBEOCTIR Cpeuly NO-MIHPOK COCKTEP OT STaki, ¥aio
reoMcTputEE TpaHcopMamd W poTanue. 0N DOIOMOTHANG  APHICKHMOCTIA HA
paIpadOTRATS,

7. Jakdi0NEHEE

Bi3 OcHOBA Ha TOPENIIOWKCHOTO [MBAM (OJOAHICIHZ ONCHKS HA DPCICTURCHHR
ancepraiioRed TpyZ Cumtas, 4e OpejicTaRCHATA paspafoTka ¢ B CHOTBRTCIBHE ChC Jaxoiia
14 pATENTHE HA AKAACMIMENS chetad B Penydmmka buwirapus, [Mpasmmka 3a HErOBOTO
npumaraie i [TYPITHC na Texamuecsi Vausepenrer-Codus. Mipeazaray Hn YeasacMoTo
HEyYHo #ypi B8 Mar mik. Cross | 3 Kymmes na 6L NpHCRACHS ODpa30BITCIHATA
T HAyyHa crened JokTop” B TNpodECHOHAIHD HANPARICHHE 5.3 KoMyHHRAIHOHHR H
KOMITIOTHPHE TEXHHER, AayYHs COSIMATHOCT , TeOpCTHEHY OCHOBH Hil KOALY I HEAITIOHHETE
TexHnga".

Jlara: 110820251, WIEH HAAYPHTO: 7
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on a dissertation for the acquisition of an educational and scientific degree "PhD"
Under Order No: O%-5.3-25 of 29.05.2025
Author of the dissertation: Stoyan ~ Kushlev, Eng, MSc.

Topic of the dissertation: "METHODS AND ALGORITHMS FOR
WATERMARKING OF IMAGES"

Member of the scientific jury: Assoc. Prof. Strahi’ " - Sokolov, Eng, PhD

I. Actuality of the problem developed in the dissertation in scientific and
scientific-applied terms

The presented dissertation of the PhD student Stoyan v Kushiev, Eng, MSc. presents
research on different approaches to digital watermarking of images. Experimental results
from simulation models are presented using indicators such as signal-to-noise ratio (SNR),
peak signal-to-noise ratio (PSNR) and normalized cross-correlation (NC), mean squared
error (MSE) and normalized mean square error (NMSE) to assess the quality and
sustainability of watermarks against various attacks. In addition, the author provides an
exhaustive list of contemporary, topic-related literary sources, his own publications and their
citations, emphasize the increased interest of researchers in this field.

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

Based on the literature review. The PhD student Stoyan . Kushlev, Eng, MSc. has
demonstrated a high degree of knowledge of the topic of water marking of digital images.
This is demonstrated through a comprehensive analysis of modern watermarking methods,
including their characteristics, applications, and evaluation criteria. The PhD student has
proposed methods and applied the relevant algorithms and simulation models in MATLAB
and Simulink. Based on the approaches presented in the literature, experimental validation
of these methods against different attacks and on different types of images evaluated using
standard objective indicators was applied.

3. Compliance of the chosen research methodology and the set goals and
objectives of the dissertation with the achicved contributions

The chosen research methodology is in accordance with the goal of the dissertation and the
tasks for its implementation. The PhD student Stoyan : Kushlev, Eng, MSc. has
presented in two chapters the development of new methods for water marking: one uses a
combined discrete wavewave transformation (DWT) and a discrete cosine transform (DCT),
and the other uses a complex Hadamard transform (CHT).

The development of each method is closely related to the first two tasks, invelving detailed
method design, algorithm formulstion, and creation of simulation models for both
watermarking and watermark detection processes. The third task, analysis and evaluation of
the developed methods, is discussed in detail in a special chapter, which is based on criteria
for quality and sustainability. The PhD student selects a variety of test images and
watermark and presents experiments 1o evaluate various simutated noise and filtering
attacks. T believe that the methodology is consistent with and systematically addresses the
goals and objectives specified in the dissertation.

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

In his dissertation, Stovan Kushlev, Eng, MSe. claims sctentific contributions to
the development of new methods for water marking and detection using combined
frequency conversion 2DDWT-2DDCT and CHT. Scientific and applied contributions from
the development of algorithms and MATLAB Simulink simulation models for these
methods are also listed. These contributions are further justified by applied contributions
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through extensive experimental validation. I accept the contributions claimed m the
dissertation.

5. Evaluation of the publications on the dissertation

The author, Stoyan Kushlev, Eng, MSc., in co-authorship with his supervisor,
presents five articles related to the topic of the dissertation. These publications are from the
period 2017-2020 and their titles directly reflect the methods  discussed. A specific
publication from the dissertation, has 10 citations in the Scopus database, This shows that
the published aspects of this work are still cited by other rescarchers today, which supports
its continued relevance in the scientific community and is & testament to their quality and
recognition.

6. Opinions, recommendations and notes

I have no significant remarks on dissertations. [ recommend the author Stoyan

Kushlev, Eng. MSc. to continue research on the possible implementation of the developed
methods and algorithms for watermarking on hardware platforms. Also, the methods
developed by the author can also be used in audio and video, as well as eryptographic
enhancements to increase the stability of watermarks. In addition, continuing research in the
field of resilience against a wider range of attacks, such as geometric transformations such
as rotation, would significantly sirengthen the applicability of the developmeni.

7. Conclusion

Based on the above, | give & positive assessment of the presented dissertation, | believe that
the presented development is in accoerdance with the Law on the Development of the
Academic Staff in the Republic of Bulgaria, the Regulations for ifs Implementation and the
Regutations of the ‘Technical University of Sofia. | propose to members of the Honorable
Scientific Jury that Stoyan =~ Kushlev, Enz, MSc. be awarded the ‘educational and
scientific degree "Doctor of Philosophy” in the professional field 5.3 Communication and
Computer Technology, scientific specialty "Theoretical Foundations of Communication
Technology™.

Date: 11.08.2025 MEMBER OF THE SCIENTIFIC JURY:
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