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Tema ma Jucepraumonmus Tpya: +METO/IH W AJIFTOPHTMH 3A BOJAHO
MAPKHPAHE HA H3ORPAKEHH S

L. Axryaanocr na paspadorsanns B AHCEP TAUHOHHNS TPYZ Tpodiaem

Bomuoro mapxkupase una umdporn H300pakeHUS HAMHPZ MIKIMIOUHTENHO {IHPOKO
npunomenne. CHINECTBYBAT TPH OCHOBHM HANPABJICHMA HA HETOBOTO H3MONSBAHE — 3allIMTa Ba
@BTOPCKM NPABA, JAIMATA Ha CHALKAHEE H ckpuBane Ha HHbopvammg. [pa samurara ua
ABTOPCKH MNpasa C& HINON3BAT, KAKTO BHAMMM, TAKE H HEBHAMMH BOIHN IHAUM ¢ eKCIUTHIHTHATA
e Te A8 ObAAT H3BINYAHN OT MapKHpPaHHTe PECYPCH, KOHTO Ca ChC CIIOPHO @BTOPCTEO H TO 14
OBie HeaByCMHCAEHO poBepero. [py saummrars 5a CHABPHAHHE BOAHMTE 3HAIM 110 IPHHIMII ca
HCBHIHMH B LEITA HA TAXHOTO (pHJAraHe € A8 CE YCTAHOBH B TPHCMHATE CTpaHa, JanW
CHABPAAHKETO 110 BPEME Ha KOMYHHKaLs e 6uio npomensno. OcHOBHO IPH ToBa NPHIOKEHHE
¢ H3NOA3BAT 9GYIUIMBH IHamyd. Hesuuumn ca ¥ 3HamuTe, M3mOmBauy npH CKpHBaHCTO Ha
anopmaria. [IpH To3n BUA NpEIOKeHHe MONEIHATE AHHN Ce IIPEHACAT OT CaM#f BOJEH 3HAK
K&TO TaEH OCTaBa AITOPHTEMA 33 HErOBOTO M3WAUane. CHIICCTBYBA OTPOMHO pasHooOpasne or
AITOPHTMH 33 BMBRBAHE Ha BOIHH 3HAIM, HE3aBHCHMO OT HEATA HA TIXHOTO H3Noi3BaHe. B
MOT70 13 C¢ HAlpPABM YC/IOBHO PasfciisHe HA TPYNHTE alrOPHTMHE B 38BHCHMOCT OT 0B/IacTTa Ha
MAHHNYJauAas Ha OPHCMHAKA — B NPOCTPAHCTBEHA, B 9eCTOTHA M BBB daiopa oG7acT.
Manunympane Ha ChOLPKAHWE CC MIBBPINBA, KakTO BBPXY ayIHO CHIHaIM, Taka W BLPXY
m3o0pamenus ¥ BHAco. MHOIO 9ecTo MACORO Ipe/Uiaraly UMpPOBH PCCYPCH 33 Kpaiinms
noTpefuTen, samucsann Ha Audio CD, DVD, Blue Ray wim noTouHO Npe/iaBaHN B PO KaRAIH,
TV. WebTV wm IPTV Guear mapxupasn ¢ pomus ssams, C BCE MO-MACOBOTO HARIHIAMNE Hi
HH(POBOTC HOJAHO MEPKHDAHC Ce NOSBABAT ONATH 3a IMOHAMEPEHO [IPEMAXBaHE HWIH
MAHHIYIHPAHS Ba CLABPAIHNETO HA CHOTBCTHHTE BOMHK 3uann. Tesn Manunynamim ce napuaar
ATaKH W TC HAIArar aIropHTMHTE 32 BAraHe Ha BOIMM 3uail 43 OLUAT Bee no-c)eKTHBHM KaTo
CaMHAT BOJIEH 3HAK OBhme 3amMTeH HCce no-HANewmHO, ToBa BomH 0 H3O0MIBAHETO Ha
KOMOWHWpaHN TEXHHKH 3a Barase, OpH KOMTO MOIST fa Ce WINOM3BAT IBe WIH MOBEYR
npeobpasysanis HA CPHIHAEATHOTO ChOLPKAHNE, HAID. ABA BH/IA YECTOTHH TpaHCchopMaliu,

B npeacrasenus jucepTalHoNen TP Ce NPCIUIATAT JBA MET01a 33 BOJHO MapKHpaHe Ha
IH(QpoBH H306PANEHAS KATO TRPRUAT OT THX € HMEHHO KOMOMHHPAHO Y€CTOTHO fpeobpasysane,
@ TIPH BTOpHA CC HINO/I3B4 KOMIUIGKCHO 9eCTOTHO NpeofipasyBaHe — HOBH TEXHMKH 33 110-
HAISHIIND BMBRBAHC HA BOAHMA 3HAK, KOHTO 18 OB/¢ M0-yCTOHYMB HA BREHIINY 33 MADKHPEHOTO
H300paxenue NPOMEHH | TAKA Ja Ce OCHIIECTRH OCHOBHATA e 32 HEIOBOTO HANON3RAHC —3anuTa
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Ha aBTopckn npasa. [Ipeacrasennte 18a MeTo/a Morar ga OBAST MANOMIBAHN M NPH 3AIIATATA HA
4yAHO ¥ BHASO CHIH&IH — HEllO, Ha KOCTO JOKTOPAHTHT ¢ ODLPHAN BHUMAHHE KATO HACOKA 34
Orzema paboTa, KOETO IPaBH NPHIGKUMOCTTA Ha paspaboTKaTa MO-IIAPOKa B Talu ChBpEMEHHR
obnacT ot oOpaboTkara Ha MynTHMeIHina nudopManna.

2. Crenen na no3HaBale Ha CHCTORHMCTO HA HPOfiaeMa H TROPYCCKa HHTEpHpPETALNT
Ht JTHTEPATYPHES MATEPHAT

JOKTOPauTET € M3BLPIUAA WIMPOK AHATHI HA METOAMTE 33 BOJHO MapKHpane B CBOA
AucepTalHoHeH TPy, [InpBonaganio ca npejicTapeHn MOIXOHTE 3a A00aRgHE U MapKHpaHe Ha
AOUEIHHTEIHE HHPOPMALHA KBM [Opelasand chobmenus. OmEcan ¢ NpoONeCsT HA BOXHO
MApKHpaHe ¢ THIHYHATE 33 HEr0 peaAlH3aiud B ocobeHocTn. PrarneaHn cA XapakTepHCTHKHTE
Ha BOJHHTE 3HANM — SEKTHBHOCT, NPO3PAYHOCT, FONEMHHA HA MAPKMPAHATE HHOOPMAIHA,
HHQOPMHPAHO H HEHHOOPMHPAHO OTKPHBAHE, YCTONUMBOCT M 3AUINTA CPEIy MOTHMHKAIMH,
KAKTO H KPHIITHPaHEe HA BOIHHE 3HAK, 4 ChINO TAKA B MogR(mupaneTo H HANOIIBAHETO Ha IOBEYE
BOJHH 3HALH, 3a¢0HO CbC CHIBTCTBAINATA BCHYKH TE3H NPOHECH HMKOHOMHYECKA OlEHKA.
OGspHaro e BHMMAHWE HA METOJQHTE 33 BOJAHO MADKHPaHe - KOMTPO! HA WITHYBAHOTO

JBpAaHHe, HHQOPMHpane M [OKA3BAHC HA ABTOPCKM NpaBa, CjiefeHe HA NpeJasaNara
AHOPMATIHA, [CKA3BAHE HA JOCTOBEPHOCTTA HA CHABDHKAHHETO, KOHTPOA NpH KONHDEHe H
KOHTpON 1TpH palboTa BBpXy Kpal#n yersin yerpoicrsa. Cle/ HANPaBeHus 10 TO3M HAYHH aHATHS
Cd JaacHH [NPENOPHEKH 34 noxobpaBaHe Ha CHINECTBYBamMTe cHcTemH. He ca momvumars s
EPHTEPHHTE 33 OIIEHKA HA Ka9CCTBOTO M YCTOHYHBOCTTa Ha MaPKHPaHHTE Hio0pakenus, KOHTO ca
MPENCTABCHHA APE3 CLOTBETHHTE MM MATEMaTHYECKH AehMHHMIIMM, & N0-KBCHO €2 W3OASBaNH Ha
eTana Ha eKCICPHMEHTAIHO TeCThaHe Ha paipaboTennTe aIrOPHTMH B JIHCEPTAMOHENA TPy B
Kpis HA AHAIHTHYHAR 0030p ¢4 HalpaReHH BaHHW H3BOIH 33 HACOKATE, B KOHTO MOT4T ia ce
NpeAnpHeMaT HOBR HICHCABAHNA M pa3paloTKa HA METOMM H ATTCPHIMH 33 BOAHO MapKHpaHe,
Bewukd Te ce DasEpar Ha Beuye CHINECTBYBAINA NOAXOMH, KOHTO €3 HAMEPH/IHM LIHPOKO
OpHAOKEHHE B HPAKTHKATA H ¢a JeTalTHO OMHCARY B CBLPIAHUTE C TAX JIHTEPATYPHH HITOYHHITH,

3. CuoreercrBHe Ha m3lpamarta METOIHKA WA WICAEIBANE ¢ TMOCTABENATA uea W
3A2a%H HA AMCEPTRIHOHHNNT TPYA

Habpanata Merojmka Ha HICAEOBAlE HAIKIHO CHOTBSICTHA HU [OCTABCHETA HET B
DHCEPTAIHOHANRA TPY/I A CBLP3aHHTE C HEd 3a7a4H 3a HabaHenne. JIoKTOpaHTET YMEeNo H3iorIsa
TEXHHKH OT 4YeCTOTHHMS AHAIH3 Ha JABYMCPHH CHIHaIM Karo CBODOJMHO NpHIara JABYMEPHO
OHCKPETHO YeHBIETHO Npeolpasysale H IHCKPETHO KOCHEYC npeodpazysane. Mamunynauus na
OTJCHE HeCTOTHH ChCTaBAly Ha Dasa wH(OPMAUHOHHA KPHTEPDHHW 3alAral B OCHOBATA Ha
BRECAIAHETO Ha NHPPOE BONSH 3HAK CACH HETOBOTO NPEABAPHTENHO MOArCTRANS. AHANOIHYHH
YeCTOTHH NpeodpasyBalus C¢ MINOI3BAT H NPH HIBIWYAHE HA BOJEH 3HAK — NOKTOPEHTET
caoboo OOPaBH € J@KOMIOIMpAHE HA ABYMEDHHM MacueM oT crofimoctn. [lpeasapurennn
oOpaboTkH Ha H300pakKeHNETO-IPHEMHHEK C& CBHINO JCTAITHO ONMHCAHN B W3ICACHBAHHATA, KOETO
FOBOPH 3a cniocoBHOCT 33 MpHNarane Ha THHEHAR B Hejngeiny TpaschopMaliil BupXY BHIYAIHE
nanAH. B oT/ienHa $acT HA TpaKTHYCCKara pa3paboTKa ce NpHIAra ABYMEPHO KOMILIEKCHO
npeofpasysane HA AJiamMap KaTo BHHMEHHE ¢ ODLPHATO BLDXY KPHTCPHHTE 38 BhBEW/aHe Ha
BOJICH 3HaX BELB (azona o0nact. OTyeTeH# ca NPEAHMCTBATE, 10 KOHTO TOBA Mpeobpasysane BOJM



Ha ()OHA HA APYIM MOIXOAW, KOMTO M3MOMIBAT KOMOHHHpPAHO NMPHNATAHE HA MOBEYe OT eIHA
Tpascopmanni. Ha eTana Ha eXCTICPHMECHTANNO TecTeawe Ha paspabOTEHHTE AITOPHTMH ca
IPHIOKEHE PCA CTATHCTHISCKH [IAPAMSTPH 33 OLEHK4 Ha ¢EKTHBHOCTTRZ OT BHEODABAHE HA
BOJHNA 3HAK B H300paxenuaTa npaemunny. Topa mosBO/INEA NONYNESHHTE PE3VIITATH A4 GBAAT
CPasHeHH ¢ pa3palOTKH HA APYI'M 4BTOPH M JIa C€ HANpEBH MHPOPMHpPaH H300pP 3a KOHKPETHO
OPHIDXEHNE Ha NPEACTABSHUTS AITOPHTMH,

4. XapaKTepwcTHRH Ht AHCEPTAIHONNMS TPY/I

HMucepranuoEHuAT TpyA € ¢ o0em 175 crpannmu. Tol chimpxa 56 Tabmmmm, 123 duryps 1
55 matematHueCKH W3paza. Msnonssanata mureparypa ¢ odopMena B cnucs ¢b¢ 181 3arnasus ua
HAYYHH Ny0IHKAIHHE KaTO BCUNKM TE 04 Aa aHTTHHCKH C30K,

CranpmanueTo sa IHCCPTANHOHHHSA TPYI BKIOYBa YBoa, 4 TIaBH, HACOKM 3a Ghaema
AeHHOCT, CHHCHK ¢ NPHHOCHTE HA JOKTOPAHTA, CMHCHE ¢ NYONHKAUMH, CIHCHK ¢ H3NOA3BaHH
cEpamenns ¥ Oubamorpadus. B [Tupea rnana e nanpasen ofumpen aHANMH3 HA HOAXOIMTE 38
AoGapsne Ha JOMLIHMTENHE HHGOPMAIHS B NPEIABAHN CHOOINCHRE ¢ [EN BOIHO MapKHpaHe.
Parnegans ca 0coGCHOCTHTE M PEANM3AIMATE HA PeMIA ITHPOKO MINOMSBAHU B NpaKTHEATa
ANropuTMH 33 Mapkupade Ha OHQposn u30Dpaxkenms. OOupuato € BHEMaHMME Ha
XAPAKTCPHCTHKHTE HA BOAHMIC IHAIM — COEKTHBHOCT, NPO3paYHOCT, oM, mHpOpMEHpaHO B
HCHH(OPMHPAHO OTKpHBaHe, TPCIIKH IpH OTKPHBaHe, yCToiumBocT, cnocolu 3a sammra,
KPHIITHPAHE, BLIMOMHM 8TAKH H HKOHOMMYECKA OIEHKA OT NPHIOKEHHETO HM. AHATHINDAHK ca
KOHTPOIA HA MITLYBAHC HA MAPKHPAHOTO CRABDKAHHE, I0KA3BAHE Ha aBTOPCKH Npaea, cieneHe
Hi CHABPHRAHHETO, JAOKABAHE HE OOCTOBEPHOCT HAa XOCTR, KOHTpOZ NPH KONHpaHe o
(hyHKUHORATHOCTHTE HA BLANPOMIBEAKAUM YCrpolicrsa. Ha 0a3a Ha HanpapeHHs amanms ca
OTHETSHH HACOEH 3a nojiobpABaHe Ha CHIECTBYBAMTE cHCTeMM. M3roTeen e cmucsk ¢
KOIMYECTRBEHHTE MCPKH 3& OUEHKa Ha KadecTBOTO M YCTOHMMBOCTTE HE MApKHpaHuTe
n3obpawenns. [Ipeacrasens ca W3BOH, KOHTO ClIykaT 3a nedUHNpaEe HA UET2 H jajaynTe Ha
JwmcepTanmonEns TpyA. Bue Bropa rnasa e npemnowed MeTON 38 BOAHO MBPKHpAHe Ha
H3oDpakeHNs 9pe3 KomOHENPaHO HYecTOTHO mpeobpasyeane. [lpunokeno e AeKoMIIOsupale Ha
XOCT 4pe3 AUCKPCTHO YEeHBICTHO Npenfpaiysane KATO ca OIHMCAHH CTLIIKHTE 33 NpeisapHTeIHa
NOArOTOBKE Ha BOMHNA 3nak. M3noaspaHo € M IMeKperHO KocmHyC npeo0pasyBaHe Karo
ANTOPHTMHYHO C& ONMCAHH BMBKBAHCTO H OTAC/NHECTO Ha BOOHHA IHEK OT XOCT4, KAKTO H
VCHOBHSTA, NPH KOMTO Te3w oOpabOTKH MOTAT [’ Ce NPHIOKAT, CHLPIAHM C NPEIBAPHTENHA
obpaborka Ha mocdeanus. B Tpera rmama ¢ paspaGoTen MeTox 3a BOAHO MapkMpane Ha
H30DpameHus Ype3 KOMIIEKCHO 4eCToTHO npeolpasysane Ha Agamap. U TyR npeagsapurtensara
o0paboTka Ha XOCTa H BOIHHA 3HAK C4 ONMCAHH LIPEIN CHIIHHCKOTO BMBKBAHE HA 3HAKA, KOSTO ©
TOPEACTABEHO OT OTACAeH AnropuTeM, OTICIRHCTO HE 3HAKA H BHICTAHOBABAHETO HA MAPKHPAHOTO
W3oOpakeHHe ca ONHCARN B OT/Ie/IHH YaCTH Ha rmasara. Crensa onucanne Ha o6palorka 3a onenxa
Ha KAYCCTROTO HA MIBICYCHAY BoJleH 3Hak, OnHCanm ca CXeMH 33 CHMYIAIHOHHO MOJe/IHpaHe Ha
CHCTOMa 38 BOOHO MapkupadHe W HiRIHYaHe Ha 3Haka. B Yeranpra rnasa ca npencTaseHi
PE3YATATHTE OT IDNAM Opolfi eKCHepHMEHTH [0 BMBKBAHE M HIBINYAHE HA BOJCH 3HAK B
n300paxenss 110 ABATA NPEATOKEHE METO/IA OT IPEJIXOHHTE /I8¢ rnasH, Masmiianero ce npasp,
KaKTO OT OPHTHEATHNS XOCT, TRKA M CJIe] IPHIArane Ha pejinlia ataky —3amymssane ¢ Gsa [aycos
HI¥M, CBC IIYM OT THO COA-NMUEp”, MeanaHHa d¢gunrpauus ® Ap. [lonyueHmTe peayirarn
CBHIETENCTBAT 32 NPHIOAIMOCTTA Ha NPEUIOKEHNTE (B [0X0Ia.



5. llpunocy B IMcepTALHORHAR TPy

JlokTopanTsT € 3asBHn 2 HayuHM NpHHOCA, CBbp3aH# ¢ paspaboTkara Ha jsa MeToga 3a
BOINO MapkHpane Ha URGpPOBH miobpamenus, 4 HAYYHO-NPHIOKHE OPHHOCA — CBLP3EHH C
pa3paboTeHH ANTOPHTMH B CHMYTAIHOHEN MOIETH 38 MPAKTHYECKD NPHIOKEHHE HA JIBATA METOTR
H 4 NPHIOKHE NPHHOCE — CREPIAHE ¢ CKCTICPHMEHTATHOTO W3CTensane paspaboTennre
AIrOPHTMH. BCHYKH NOCOYCHH NPHEOCH ¢4 KOPEKTHO IedMHHpPaHH i ce HOJKPENST OT OTAETHATE
TPYTH TCOPCTHYHM NPEACTABANNA W CKCICPUMEHTATHE pesyarary or Fnasn 2, 3 u 4.

6. THpenenxa na nydankaunsre mo ANcepranuoRuns TPYA

PaspaboTesnTe airopHTMH 1 TIONYYEHNTE 0T TECTBAHETO HM CKCIIEPHMEHTAIHN Pe3YITaTH
ca joxmampann B 5 mHaywmm nyOmuxawmu. M merre ca goxmamm or MEAIYHAPOIHY HAYYHH
koHQepenniy Kato | e unzexcupasn B Gaswre zamms SCOPUS 1 Web of Science. Ocuonuure
pesymTaTit 0T paboTata Ha ACKTOPAHTA 110 TEMATa C& HAMCPHITH H3YEPIATEIHO PaspoCTPaHeHHE,
33 KOSTO CBHACTENICTRES B HATWIHETO Ha 10 NTHPAHKA Ha e/IMH OT HETOBHTE TPY/IoBe.

7. Onenxa na asropedepara Ha ANCEPTALMHTA

ABTOpe(hepaTsT ChLALPKA OCHORHHTE TCOPETHYHH W SKCTICPHMEHTAIHH PE3y/ITATH, KOWTO ca
HPSACTABCHH B ICEPTAuMONEUS TPYA. HerosnsaT obem # chanpxkanie oTrosapsat va GopMaTHuTE
H3HCKBaHHA 38 0QOpMIICHHEE,

8. Ilpenopsxu U KpATHYHE 3adeaeKKH

B npeapapuTeiies pairoBOp ¢ JOKTOPAHTR M3NOKHX OCHOBHHTC CH 3AGENCHKKH KbM
CLABPHKAHHCTO H CTHIOBOTO OQOPMICHHE HA JHCEPTANMOHHMA TpyA. JloKTopanTst HaIpasy
HEODXOHMHTE KOPEKUMH H KbM HACTORIIHA MOMEHT HAMAM 3a6eNekKH [0 CHIIECTBO TIO
JIHCEPTALMATA.

[Ipenoprusam Ha JOKTOPAHTE 44 IPO/THIDKE CBOHTE H3CIE/IBAHNS B 0OIACTTA KATO pasinupH
BEHE Pa3pabOTEHNTE ANTOPUTMH, KAKTO M HOBH TAKHEA, C e/ He CaMO 3AITHTA HA ABTOPCKH 11pasa,
HO W 3aMIHTa H3 ChOLPKAHNE H CKpHRAHE Ha unHpopmaums. Hamwme e Bucox moremmian 3a
paipabDoTKH 8 Ta3H Hacoka.

9. Zarmwuenue

JlncepraumonuusT TpYl Ha Mar. wink, CTosn “yuuies Ha Tema ,,METOJIA K
AJITOPUTMH 3A BOJTHO MAPKUPAHE HA M30BPAKEHHWS™ CLALPHA MOCTATRYHH MO
00CM ODHIHHATHH EKCICPHMEHTATHH De3V/ITTH M TEOPCTHYHH MOJIENH, KOMTO HOAKPEHAT
344BCHATA Te3a 4Pel NOCTaBCHATA [T B CLOTBETCTBAT Ha PEIICHHETO HA NOCTABEHHTE SaIaTH 3a
HsIbHeHRe. M3nbiHenn ca ocHoBHHTe mM3mcksanus ma 3PACPBE, OpaEHIHHKA 33 HETOBOTO
apunoxerne u [IYPIIHC ma TY-Codns 3a npuiobusane Ha obpazopatenHara ¥ Hay4Ha CTencH
~d0KTOp", KOeT0 MH /laBa OCHOBAHEE J1a NOIKPENR IPHIOOHBAHETO HA NOCCTHATA OT Mar. HHE.
Crosn Jlumurpos Kyuiies.

02.07.2025 r. Heromeun:........
rp. Codms (mom. a-p Mmo Jlparasos)
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of Sofia

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

I. Relevance of the problem developed in the dissertation

Watermarking of digital images is extremely widely used. There are three main areas of its
use - capyright protection, content protection and information hiding. In copyright protection, both
visible and invisible watermarks are used with the explicit purpose of extracting them from marked
resources that are of disputed authorship and having it unambiguously verified. In content
protection, watermarks are generally invisible and the purpose of their application is to establish at
the receiving end whether the content has been modified during communication. Fragile characters
are mainly used in this application. The characters used to hide information are also invisible, In
this type of application, the useful data is carried by the watermark itself, while the algorithm for
its extraction remains secret. There is a huge variety of algorithms for inserting watermarks,
regardless of the purpose of their use. A conditional division of the groups of algorithms could be
madz depending on the area of manipulation of the receiver - in the spatial, frequency and phase
domains, Content manipulation is performed on both audio signals and images and video. Very
often, digital resources offered to the end user on a mass scale, whether recorded on Audio CD,
DVD, Blue Ray or streamed on radio channels, TV, WebTV ar [PTV, are watermarked. With the
increasing penetration of digital watermarking, attempts to maliciously remove or manipulate the
content of the respective watermarks appear. These manipulations are called attacks and they
require the algorithms for embedding watermarks to be increasingly efficient, while the watermark
itself is protected increasingly reliably. This leads to the use of combined embedding techniques,
in which two or more transformations of the original content can be used, e.g. two types of
frequency transformations.

The presented dissertation proposes two methods for watermarking digital images, the first
of which is combined frequency conversion, and the second uses complex frequency conversion -
new techniques for more reliable insertion of the watermark, which will be more resistant to
external changes to the marked image and thus achieve the main goal of its use - copyright
protection. The two presented methods ean also be used in the protection of audio and video signals
- something that the doctoral student has drawn attention to as a direction for future work, which
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makes the applicability of the development broader in this modern area of multimedia information
processing.

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

The doctoral student has carried out an extensive analysis of watermarking methods in his
dissertation. Initially, the approaches for adding and marking additional information to transmitted
messages are presented. The watermarking process is described with its typical implementations
and features. The characteristics of watermarks are considered - efficiency, transparency, size of
the marked information, informed and uninformed detection, resistance and protection against
modifications, as well as encryption of the watermark, as well as the modification and use of more
watermarks, together with the economic assessment accompanying all these processes. Attention
is paid to the methods of watermarking - control of the broadcast content, information and proof
of copyright, monitoring of the transmitted information, proof of the suthenticity of the content,
control during copying and control when working on end-user reading devices. After the analysis
made in this way, recommendations are given for improving the existing systems. The criteria for
assessing the quality and resistance of the marked images, which are presented through their
respective mathematical definitions, and later used at the stage of experimental testing of the
developed algorithms in the dissertation work, are not overlooked. At the end of the analytical
review, important conclusions sre made about the directions in which new research and
development of methods and algorithms for watermarking can be undertaken. All of them are based
on already existing approaches that have found wide application in practice and are described in
detail in the related hiterature sources.

3. Compliance of the selected research methodology with the set goal and tasks of the
dissertation work

The selected research methodology fully corresponds to the set goal in the dissertation work
and the tasks related to it. The doctoral student skillfully uses techniques from the frequency
analysis of two-dimensional signals by freely applying two-dimensional discrete wavelet transform
and discrete cosine transform. Manipulation of individual frequency components based on
mformation criteria underlie the introduction of a digital watermark after its preliminary
preparation. Analogous frequency transformations are also used in watermark extraction - the
doctoral student freely handles the decomposition of two-dimensional arrays of values. Pre-
processing of the host image is also described in detail in the research, which speaks of the ability
to apply linear and nonlinear transformations to visual data. In & separate part of the practical work,
a two-dimensional complex Hadamard transform is applied, as attention is paid to the criteria for
introducing a watermark in the phase domain. The advantages that this transformation leads to
compared to other approaches that use combined application of more than one transformation are
considered. At the stage of experimental testing of the developed algorithms, a number of statistical
parameters were applied to assess the effectiveness of implementing the watermark in the host
images. This allows the obtained results to be compared with developments by other authors and
to make an informed choice for a specific application of the presented algorithms.



4. Characteristics of the dissertation work

The dissertation work has a volume of 175 pages. It contains 56 tables, 123 figures and 55
mathematical expressions. The literature used is presented in a list of 181 titles of scientific
publications, all of which are in English.

The content of the dissertation work includes an introduction, 4 chapters, directions for future
work, a list of the doctoral student’s contributions, a list of publications, a list of abbreviations used
and a bibliography, In the First Chapter. an extensive analysis of the approaches for adding
additional information to transmitted messages for the purpose of watermarking is made. The
features and implementations of a number of widely used algorithms for marking digital images in
practice arc examined. Attention is paid to the characteristics of watermarks - efficiency,
transparency, volume, informed and uninformed detection, detection errors, stability, protection
methods, encryption, possible attacks and economic assessment of their application. Control of
broadeasting of marked content, proof of copyright, content monitoring, proof of host authenticity,
copy control and the functionalities of playback devices are analyzed. Based on the analysis,
guidelines for improving existing systems are reported. A list of quantitative measures for assessing
the quality and stability of marked images is prepared. Conclusions are presented that serve to
define the purpose and tasks of the dissertation work. In the Second Chapter, a method for
watermarking images using combined frequency conversion is proposed. Host decomposition by
discrete wavelet transform is applied, and the steps for preliminary preparation of the watermark
are described. Discrete cosine transform is also used, and the insertion and separation of the
watermark from the host are algorithmically described, as well as the conditions under which these
treatments can be applied, related to pre-processing of the latter. In the third chapter, a method for
watermarking images by complex frequency Hadamard transformation is developed. Here, too, the
pre-processing of the host and the watermark are described before the actual insertion of the sign,
which is represented by a separate algorithm. The separation of the sign and the restoration of the
marked image are described in separate parts of the chapter. Next, a description of processing for
assessing the quality of the extracted watermark is given. Schemes for simulation modeling of a
watermarking and sign extraction system are described. Chapter Four presents the results of a large
number of experiments on inserting and extracting watermarks in images using the two proposed
methods from the previous two chapters. The extraction is done both from the original host and
after applying a number of attacks — white Gaussian noise, salt-and-pepper noise, median Gltration,
ctc. The results obtained demonstrate the applicability of the two proposed approaches.

5, Contributions to the dissertation

The doctoral student has declared 2 scientific contributions related to the development of two
methods for watermarking digital images, 4 scientific and applied contributions - related to
developed algorithms and simulation medels for practical application of the two methods and 4
applied contributions - related to the experimental study of the developed algorithms. All of the
indicated contributions are correctly defined and are supported by the separate groups of theoretical
presentations and experimental results from Chapters 2, 3 and 4.



6. Assessment of publications on the dissertation

The developed algorithms and the experimental results obtained from their testing have been
reported in 5 scientific publications. All five are reports from international scientific conferences.
with 1 indexed in the SCOPUS and Web of Science databases. The main results of the doctoral
student’s work on the topic have found extensive distribution, as evidenced by the presence of 10
citations to one of his works.

7. Evaluation of the dissertation abstract

The dissertation abstract contains the main theoretical and experimental results presented in
the dissertation. Its volume and content meet the formal requirements for layout.

8. Recommendations and critical remarks

In a preliminary conversation with the doctoral student, | presented my main remarks on the
content and style of the dissertation, The doctoral student made the necessary corrections and at
the moment | have no remarks on the substance of the dissertation.

I recommend that the doctoral student continue his research in the field by expanding the
aiready developed algorithms, as well as new ones, with the aim not only of copyright protection,
but also of content protection and information hiding. There is a high potential for developments
in this direction.

9. Conclusion

The dissertation of MEng. Stoyan Dimitrov Kushlev on the topic "METHODS AND
ALGORITHMS FOR WATERMARKING IMAGES" contains sufficient original experimental
results and theoretical models in volume that support the stated thesis through the set goal and
correspond to the solution of the tasks set for implementation. The main requirements of the
ZRASRB, the regulations for its application and the PURPNS of TU-Sofia for the acquisition of
the educational and scientific degree "Doctor” have been met, which gives me reason 1o suppori

the acquisition of the latter by MEng, Stoyan s Kushlev.
02.07.2025 PO O s va s oo s ss s smmpwsiess
Saofia, Bulgaria (Assoc. Prof. Dr. Ivo Draganov)



