~

0T 787"/ -089. 4.

T A0

g % 7,
bl V- pllf s F - PENEH3S

0T Npod. A-P HHK. ANCKCAHABD BexApcKH

OTHOCHO JHCepTarHoHeH Tpy/l 3a npuobusane Ha oOpa3oBaTe/Ha M HayuHa
cTerneH “J0KTOp” N0 HayyHa CNelHanHocT:

TeneBH3HOHHA H BH/JEOTEXHHKA

B Tpo)eCHOHANMHO Hanpas/ieHue:

5.3. KoMyHHKaIjHOHHA H KOMITIOThPHA TeXHHKA

ABTOp Ha JUCEPTALIMOHHHS TPY/L:

mar. uiK. Crosax Kymies

Tema Ha AUCEDPTALIMOHHIA TPY L

MeTo/iH H AITOPHTMH 3a BOAHO MAaPKHPaHe Ha H300paXeHHA

1. AKTya/1HOCT Ha pa3spaboTBanua B JUCEPTAIHOHHHSA TPYA npofieM B HAYUHO W
HAyUHO-NPH/IKHO 0THOLIEHHE

Temara Ha NpeACTaBeHHs JAHCepTaliHoHeR TpyA “ MeTojn H anTOPHTMHA 33 BOJHO
MmapKupaHe Ha w3o0paxeHnHs” ChSCeM eCTeCTBEHO Ppa3KphBa HAIHYHETO Ha
aKTyaJIHOCT, CBbP3aHa C MIMPOKOTO pasnpocTpaHeHHe Ha MEeTOjuTe H CPeACTBatd 3a
33 MapkupaHe u jobaesHe Ha HHpOpMALU, creragorpadus, wrGopMmalms
orpaHMdeH [IOCTBI, KPHITHpaHe/CKpHBaHe Ha wHopMaaTa ¢ Uen 3aljHTa Ha
AH(OpMALHATA.

2. Cremes Ha [03HaBaHe CBCTOAHHETO Ha mNpobdieMa W TBOpHECKa
MHTEpHpeTalisa Ha AHTEePaTypHHA MaTepHan

CrerenTa Ha TIo3HAaBaHe ChLCTORHHETO Ha Tpobniema W TBOpYECKa HHTEplpeTalHa Ha
JTATEpaTypPHUs MaTepHan ce 3abensssa B Lends ARCEPTaLHOHEH TPYA. Ho woxe jga
ce mogueprae, 4e ype3 ChUIHOCTTd Ha [/ldBd 1 “AHan¥3 Ha METOAHTE 33 BOLHO
MapkupaHe” Ha [AMCEPTAIMOHHMA TPYA, KBJETO Ca 3Ha/M3HPaHW rosMa Hacr oT
guTupanuTe 180 mayunum nyG/iMKaiuM, Ce aprymeHTHpa TeMmarikara Ha
AMCepTALMATA, TIABHO 10 OTHOUIEHHE Ha HeoOXOAMMOCTTa OT HOBH no-edeKTHBHH
MeTOH ¥ A/ITOPHTMH,

3. ChoTBeTCTBHE Ha H3bpaHaTa MeTO/MKA Ha M3C/Te/BaNe W MOCTABeHaTa NET H
3a/ja4yy Ha AHCEePTAIHOHHHS TPY/ C NOCTHIHATHTE IPHHOCH

CHOTBETCTBHETO Ha M3bpaHaTa METO/IHKA HA M3C/Ie/BaHe M OCTaBEHATa Led M 33/a4H
Ha JIMCepTAL{HOHHMS TPY [ C MOCTUIHATATE NPHHOCH € aofipe obocHoBaHO W CiefiBa Jia
ce noAYepTae, ue TMIOCTABEHATa Ue/i W 33Ja4d Ha JWCEPTAHOHHMA TRYA ca
fAehMHHDaHH W TACHO CBBP3aHM C NOCTHIHATHTE pesy/Tard H TIPHHOCH B
aucepTalonans TpyA. B ToBa TBBpAeHHe Ciie/isa Aa e BRIIOUH 00DOCHOBaHOCTTd Ha
enHTe W 3aa4dTe B JUCEPTALHOHHHMS TPY/, HabHO DCHOBATEIHO pedHUpaHaTa
JHAYMMOCT # He0OXOAMMOCT B HAYYHO-NPHIOKHO W TPHAMKHO OTHOMIEHWE OT
m3ceBanust 8 u36GpanaTa Haydka obnact. TpeayioKeH e NpaBHJIeH NOAX0A, 1O KOHTO
JOKTOPaHTET e (OPMy/IHpan TOYHO H B CHHTEIWpaH BWA KaKTO [jenTa, Taka |
Jaja4MTe B CBOSA JHCEPTALHOHEH TPYA, KaKTo creana:



Ien Ha gucepranuara
PaspafoTBane Ha HOBH MeTOJH H AIrOPATMH 3a BOJHO MapKHpaHe Ha
n3obpaxenns

Ot nocraseHaTa 1en Ha AUCEPTAL|HOHHWSA TPYH TIPOM3THYaT M CIEJHHTE OCHOBHH
3ajaun:

3agaua 1: Paspaborsane Ha MeTO/l, aNTOPHTMH H CHMYIALHOHHH MO/IE/H 38 BOAHO
MapkupaHe, H3110/138a1H KoMOHHMpaHo YectoTHO npeoGpa3ysate, Ha Da3a yeifener
npeoBpasyBaHe ¥ KOCHHYC npeoGpasysaxe.

3apaua 2: Paspaborsare Ha MeTOI, ANTOPUTMH H CHMYJIALMOHHYN MOJIEH 338 BOAHO
MEPKHPaHEe, W3TOM3BaliN KOMILIEKCHO npenbpa3ysade Ha Azjamap.

3apgaua 3: AHanM3 ¥ OLIEHKA Ha Ka4ecTBOTO Ha pa3paboTeHnTe METOAH W anTOPHTMH
3@ BOIHO MapKHpaHe,

4. Kparka aHaiuTH9YHa XapakTepHCTHKA Ha eCcTecTBOTO W OleHKa Ha
AIOCTOBEPHOCTTA HA MaTepHana, BBPXY KOWTO Ce TpajaT HNPHHOCHTE Ha
AHCEPTALHORHNA TPY/

JwnceprauponansT Tpyj e ¢ 00em 174 crpanuuy. Peanu3vpaneTo Ha NpaBiiiHoO
IOCTABEHaTa 1jel ¥ ChLOTBETHH 3aJ@9d Ha JAHCEpPTalWOHHHA TpyA e obekT Ha
Cre/iBailjiTe 188K Ha AUCepTalMaTa, MEeAKLY KOUTO e MOCTUTHATA MOC/ej0BaTenHocT
B HI/IO/KEHHETO, 10rMYeCcKa BPb3Ka M METOAMYHOCT B TIPEACTABAHE HA HOBHTE BEXKHH,
OTHOCHO TIPMHOCHTE® Ha JUCepTAlHATa, TEOPETHYHH H MPaKTHYeCKH pellieHus B
00/1acTTa Ha TEMATHKaTa Ha JUCepTalMATa.

OferT Ha H3cne/igaHe B rnasa 2 e pa3zpaboTBase Ha METO] 33 BOJHO
MapkMpase Ha #u300paxeH#s upe3 KOMOMHMpaHO 4YeCcTOTHO npeodpa3sysaHe.
[MpeacraseH e MeTOj 338 BOJHO MapKHpaHe ¥ OTKpHBaHe Ha BOAEH 3HaK, 4pe3
KOMOHHHMpaHO YecToTHO npeoBpa3syeade. V3pepiieHO & CHMY/IALIMOHHO MOJe/IUpaHe
Ha CHCTEMa 33 BOJHO MapKHpaHe W OTKpPHBaHe Ha BOJEH 3HaK, upes KOMOMHHMpPaHO
4eCTOTHO Npeodpazysane

B Tpeta ri@ea Ha gWcepTaljMOHHMA TpyAa “MeToj 33 BOAHO MapKHMpaHe Ha
u3o6pameHus, Ype3 KOMIUIEKCHO YeCTOTHO nipeobpa3sysane Ha Ajamap” e paspaboTeH
METOJ 33 BOAHO MapKHMpaHe ¥ OTKPMBaHE Ha BOJAEH 3HaK Ype3 KOMIUIEKCHO Ye€CTOTHO
npeobpa3yBaHe Ha Ajamap. Pea/li3HpaHo € ¥ CHMYJallHOHHO MO/elHpase Ha TO3H
MEeTOji 4pe3 KOMIUIEKCHO 4eCcToTHo npeoOpasypane Ha Agamap ¢ CHT
TpauchopMalii.

B rniasa 4eTBLPTa Ha AHCEPTalMOHHNS TPY/ « EKCriepHMEHTaTHH pesyITaTi oF
paspaboTeHWTe MeTOAM ¥ CHUMYIalHOHHH MOZENH 3a BOAHO MapKHpaHe Ha
w3oOpamenus» €a JafieHy KPUTEPHH 3a OlleRABaHe Ha KauecTsoTo ® w300p Ha
rectoBuTe H3o0pakenusa. [lpejcraseHH ca eKCNEPUMEHTATHW pPe3yATaTH 0T
MPaKkTHYECKOTO MpUNarade Ha pa3paboTeHHTe anropuTeM W CHMY/ALHOHER MOJen 3a
BOJHO MapKHpasre, uype3 KoMOMHMPaHO YeCcTOTHO NpeodpasysaHe.

Cnes rnaBa YeTBLPTa B MCEpTalMATa Ca BKAYEHW T[PHHOCHTE B
JucepTayuaTa, 06obuaBamH NOAYHEHHTE TEOPETHYHH W NPaKTHYeCKH PesyITaTH.
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5. Hayunu w/unm BayuHO-TIPH/I0/KHH NPHHOCH Ha JHCEPTAIHOHHEA TPYA
OcHOBHHTE pe3y/nTaTh, MOCTHIHaTH B HAaCTOSUIHS AWCepTALMOHeH TPy ca
oBobienn | MPe/ACTaseHN B CHHTEINPaH BHJL 1104 thopmaTa Ha CeIHATe NPHHOCH:

Hayunu npaHOCH:
HayunmuTe MPHHOCH, OTHACAIM Ce [0 MaTEMaTHYeCKOTO OfTHCaHHe Ha paspaboTennTe
B AHCEPTALIHOHHHSA TPYJ METOAH Ca CIe/JHHTE:
- METOJ 33 BOAHO MAapKHUpDaHe M OTKPHBAHE Ha BOJEH 3HaK, upe3 KomOHHHDaHO
4ecToTHO npeodpasysane (1.2.1, 1.2.2 o1 c1p.51 Ao cTp.58);
- METOJ 3a BOJHO MapKMPaHE ¥ OTKPWUBAHE Ha BOJEH 3HaK Ha W30DpaxeHwus, upes
KOMIUIEKCHO 4eCTOTHO npeobpasysane Ha Agamap (1.3.1, 1.3.2 ot c1p.72 go crp.78).

HaywHo-nmpHI0KHE NPHHOCH:
HayuHo-npriioKHUTe TIPHHOCH, BKAOYBALU(H pa3paloTBase Ha anroOpHTMM M MOAETH
Ha NpeiICTABEHHTE METO/IH 33 BOJIHO MapKUPaHe Ca C/IeIHHTe:
- aTOPHTHM 33 BOAHO MapKHpaHe W OTKPMBAHE Ha BOJAEH 3HAK Ha H300pameHus, ypes
KOMOMHAPaHO YecToTHO npeobpasysate (1.2.3, 1.2.4 ot c1p.58 j0 c1p.61);
- CHMY/alHOHHH MOAEAM Ha CHCTeMa 33 BOJHO MapKHpaHe W CHCTeMa 33 OTKpHBaHe
Ha BOJEH 3HaK Ha u300paxenns, ypes KOMOMHHPAHO Y4eCTOTHO npeobpasysase (1.2.5
or crp.62 o cTp.70);
- anropHTHM 33 BOJHO MapKHpaHe W OTKPHBaHe Ha BOZAEH 3HaK Ha usobpaxenus, dpe3
KOMIUIEKCHO YecToTHO npeobpasysane Ha Agamap (1.3.3, 1.3.4 ot c1p.78 go c1p.8l);
- CHMYJZIalHOHHA MOJEe/TH Ha CHCTeMa 3a BOJHO MapKHpaHe ¥ CHCTeMa 33 OTKpHBaHe
Ha BOJEH 3HAaK Ha w3o0paeHus, Ype3 KOMIUIBKCHO YeCTOTHO npeobpasyBaHe Ha
Apamap (1.3.5 ot c1p.B2 g0 c1p.91).

[Ipunoxun MpHAOCH:
IlpnoXHWTE NpPHHOCH, OTHACAIH CE [0 DE3YATaTHUTE OT EeKCTePHMEeHTHTE,
NpoBefieHd 33 OLEHABaHE Ha KauyecTBOTO Ha pa3paboTeHHTE METOAM 33 BOJAHD
MapKHpaHe Ca ClIeHHTe:
- EKCTIEPAMEHTATHO M3CieaBaie Ha e(eKTHBHOCTTa W MPO3PavyHOCTTa, NPH BOAHO
Mapkupane ¢ pa3spaboTeHuTe anTOPUTEM W CHMY/ZAI[HOHEH MOJen 33 BOAHO
MapKHupaHe, uYpe3 KoMOWHHpaHO 4YecToTHO NOpeoDpa3yBaHe, C Pa3lH4YHA BXOJHH
u300paxkenna ¥ paznnyHi BoAHW IHauM (T.4.2 ot crp.98 go crp.100, or crp.107 no
c1p.114);
- EKCTIePHMEHTA/IHO H3C/e[BaHe Ha YCTOHYMBOCTTa Ha MapKHPaHOTO ChAbpiKaHHE,
NpH BOJHO MapKMpane € pa3paboTeHHTe a/TOPMTEM ¥ CHMY/IAL[HOHEH MoJesl 33
BOJIHO MapKupaxe, ype3 KomMOHHHPaHO yecToTHO NpeoOpasysane (1.4.2 ot crp.101 g0
cTp.106, or c1p.114 o c1p.123);
- EKCTEPHMEHTANHO W3cneaBaHe Ha eeKTHBHOCTTa U [PO3PAYHOCTTa, NMPH BOAHO
MapKHpaHe ¢ pa3lpaboTeHHTe aNTOPHTEM #W CHUMYyJalMOHeH MOJea 3a BOAHO
MapKHpaHe, Upe3 KOMIUIEKCHO 4eCTOTHO npeobpasysaHe Ha AjjaMmap, € pasauudHd
BXOJHH H30DpaKeHHA W pa3/MuHM BOJHHM 3Haim (1.4.3 ot crp.123 go crp.125, or
crp.132 pno cTp.139);



- EKCTIePHMEHTA/IHO H3C/IefiBaHe Ha YCTOHYMBOCTTE Ha MApKMpaHoTO ChAbpKaHHe,
ApH BOAHO MapKMpase € paspaboTeHNTe ANrOPUTEM M CUMYJIALMOHEH Mojen 3a
BOJAHO MapKHpaHe, ype3 KOMILIEKCHO 4ectoTHo TipeoOpasysane Ha Ajgamap, npu
Pa3THYHH THTTOBE aTaku (7.4.3 ot c1p.126 go crp.131, or c1p.139 Ao c1p.148).

6. Ouenka Ha CTenedTa Ha THYHOTO YUYACTHE HA /JOKTOPAHTa B MPHHOCHTE

OnucaHuTe no-rope HayuyHW, HAYYHO-TIDHAODKHH M NPWIOKHH TPHHOCH
thurypupat B AocTarbuHata 1o ofeM M ChAbpKaHHe MyOAMKALMOHHA AeiHOCT Ha
AOKTOpaHTsT. Te ca monyaspu3vpadd B NOAXOAANIM M YTBLpAeHd B obaactra Ha
AHCEepPTaUHATa HayuHH QOPYMH, KOETO D3HAYARA, Ue Pesy/ITaTHTe 0T AUCepTalusTa ca
npuAoOHIY CHOTBETHATA MONYASPHOCT M OpM3HaHWe B HaydHuUTe cpeau. B Tasu
BPBL3Kd W JHYHOTO Y4YaCTHE Ha JOKTOPaHTHT B [IPHHOCHTE C@ TpoABfABAa H e
HEOCMOPHMO H TOTBLPAEHO OT Ha/JAH4YHETO Ha 5 Ny0/AMKalMH B CbhaBTOPCTBO C
PLROBOAWTENA Ha AoKTOpanTa, Egxa nybaukain e uHgekcupana 8 Scopus. CratuaTta
uMa 10 nrTHpasua s Scopus.

7. [Npenenka Ha Ny0IHKALMHTE N0 JHCEPTAHOHHUA TPYA

OCHOBHHTE NOCTHXKEHWS B JWCEDPTAL{HOHHMA TDYJ Ca TOMYyAspM3HpaHHd B 5
HayuHu nyGIHKalMy B HayYHH KoH(pepenan. Borary myGmuKalHe ca ¢ TeopeTHYHO
W TIDHIOXHO 3HaYeHWe, CBBP3aHM Ca € JHCEpTalpATa ¥ C [poecuoHaNHOTO
Harnpasnende 5.3. KoMyHHK3anHoHHA H KoMmwThpHa TexusKa. [Ipuemam
NyDIMKAIHOHHATA ASHHOCT KaTo Hallk/AHO J0CTaTbyHA MO 00eM, Ha BHCOKO Hay4HOo

HABO W NMONYJAAPH3HpdHa B JOCTATHYHE CTEIIeH B HAHOHATEH ¥ MeXAyHapOoAeH
Hay4eH nnaH.

8. M3no/3Bane Ha pe3y/TaTHTE OT AHCEPTALHOHHHA TPYJ B HayuyHarta H
COUHANIHATA ﬂpal('l'ﬂl{ﬂ

HeceMHEHO pesyaTaTuTe OT [JHCEPTAallHOHHMSA TPYj €3 CbC 3HauyMTe/Ha
MOTeHIHAMHA CTOHHOCT 33 Hay4yHaTa H COIManHa npakTuka. Hesasucumo, 4e He ca
MpeACTABEHH KOHKDETHW JaWHM 338 Y4YacTHe Ha OKTOpaHTa B Hay4HO-
W3CTIeIOBATEACKH TIPOEKTH CEBP3aHH C AMCEPTalMsaTa, e HAITBJIHO OCHOBATE/HO /3 Ce
npegnonara GbAeulaTa peasHa Bh3MOKHOCT 38 NPAKO TIPAKTHYECKO NPHIOKEHHE H
H3MO/M3Bale Ha Pe3yiTaTHTe OT JUCEePTalMOHHMS TPYJ B HayuHata 4 COUMAIHATA
MPakTHKa. B NOTBLPKAEHHE Ha TOBA MOLAT 43 Ce [0COYAT C/IeAHHTE aPryMeHTH:

-  EKCNOHEHIHANHOTO HAPACTBaHE HA WHTEpeca KBM TNpaKTHYeCKuTe
NPUIOKEHHS Ha METO/IHTe H CPeACTBATa 3a 3aujHTa HA BCAKAKBLB BUA HH(OPMALHA H
ocobeHo Ha ayAM0 BH3yaIHaTa HHpopMallHs OT HEOTOPHIUPAaH AOCTRIT;

- FOPHOTO TBBPJEHHE YTBBDXKaBa TIPHOPUTETHOTD 3Ha4YeHHe Ha
paspaboTeHHTe B AMCepTalUATa METO/IH H ATOPHTMH 33 BOJHO MapKHpaHe W Ch3flasa
peanH¥ TIPEANOCTaBKM 33 TAXHOTO TNPaKTHYECKO [PHIOXKEHHEe B CHCTeMHTe 3a
KPHIITHPaHe/CKpHBaHe ¢ e/ 3alnTa Ha uHdopmaluaTa.



9. OueHka Ha CHLOTBETCTBHETO Ha aBTopedepara ¢ WIMCKBaHWMATA 3a
HIrOTBAHETO MY, KaKTO M HAa ajeKBATHOCTTA Ha O0TpaifBaHe Ha OCHOBHHTE
N0I0KEHHA H NPHHOCHTE Ha IHCePTAIIHOHHHRA TPYA

[Tpet3nuaT npernes Ha asTopedepata KuM AMCEPTAlLMOHHUA TPY/ MOKa3sa
HA/THYME HA ITH/THO ChOTBETCTBHETO Ha aBTopediepara ¢ MIMCKBaHMATA 338 HITOTBAHETO
MYy, K3KTO M Ha a/IeKBaTHOCTTa Ha OTpa3fiBaHe HA OCHOBHWTE TMONOKEHMS M
MPHHOCHTE Ha JHCepPTaLHOHHNA TPY/A. ABTOpediepathT KbM JAUCEPTALHOHHUA TPYA
Hallb/IHO OCHOBATE/IHO MOKE [a Ce OLEHH M XapakKTepu3upa Karo CHHTEe3dpaH
BADHAHT Ha JMCEpTallkATa, OTPa3nBall, BAPHO HEHHOTO OCHOBHO CHALPXKaHHe,
TIOCTHIHATHTE TEOPETHYHH H TIPAKTHYECKM pe3yiaTaTH W JeMHHUDaHHTEe Hay4HO-
MPHAOKHH W TNPWIOKHH TPUHOCH, CLABDKAIM (e B [MBAHHA TeKCT Ha
JAUCEPTAIMOHEAS TPV,

10. MHeHHA, NpenopbKH | DestenKn

B cpaBHenue C npejcraBeHMs 33 BHIPEIIHA 3AlMTA MBLPBH BapHaHT Ha
AMCEPTALMOHHMA TPY/J MOXKE A3 Ce NMOTBLP/IH, Y€ B KPaliHHAT BapHaHT Ha odopMeHHA
AUCEPTALHOHEH TPYJA, Ca OTCTPaHeHH [OBEYETO OT MOCOYEHHTE B MOETO MHEeHHe
3abe/A3aHH NPOMYCKM M HETOUHOCTH. BeposTHO npM peAakTHpaHeTo Ha KpaiiHWs
BAPHAHT Ha AHCEPTalHATa Ca OCTaHa/IH CaMO ChBCEM HE3SHauYWTe/NHM pPejlaKliHOHHH
TPEIlKH, KaT0 HalpuMep pasnu4ue B 3arfiaBueTo Ha naparpad) 2.2 B ChABDMAHHETO W
B TEKCTa Ha riasa 2.

11. 3aknouenne

OOujata MONOXKWTE/NHA OLEHKA HA TEOPETHMMHWTE W NPakTMMECKH pe3y/TaTH,
[OCTHrHaTH NpH paspaboTkara Ha HACTOANHA JHCEPTAIHOHEH TPY/, jAe(MHMpaHu
K&TO HaY4HH, HAYYHO-NPUIOKHM W NMPHIOKHH NTPHHOCH, OTPa3eHH B JOCTATBYEH Ha
Opoi HayuHd NyO/NMKaMH W B TOAXOAAUIM HAyyHHW KoHbEpeHIHH, Ca HambaHo
AOCTaTh4HO  OCHOBaHHE 338 HACHO TIONOKHTENHO  3aKTIOYEHHE  OTHOCHO
KB/IH(DHKALMATA Ha JOKTOPaHTa M HETOBUTE MOTELDACHH B JUCEDTALMOHHHS TPY/
KauecTBa Ha y4eH 8 u3bpaHaTa OT Hero HayuHa oOnacT. 3aTOBa CUMTaM 3a HalTh/IHO
OCHOBATENHO NPHCHLAAaHETO Ha o0pa3oBate/Hara H Hay4dHa CTered ,JOKTop” Ha
mar, waK. Crosn Kyuies s npodecuoHanHo Hanpasnehue 5.3,
KoMyHHMKallHOEEE W KOMOTBPHA TexHHKa [0 HayuyHa CIelHaIHOCT
Tenesu3anoHHa H BHACOTEXHHKA,

Hara: 27.06.2025 r. PELIEH3CHT! wevsasens

,

(npog. A-p Anexcanasp Borjanos Bekapcks)
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regarding the dissertation for the acquisition of the educational and scientific
degree "Doctor” in the scientific specialty: Television and Video Engineering

in the professional field: 5.3. Communication and Computer Engineering
Author of the dissertation: M. Eng. Stoyan r Kushlev
Topic of the dissertation:

Methods and algorithms for watermarking images

1. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms

The topic of the presented dissertation "Methods and algorithms for watermarking
images" quite naturally reveals the presence of relevance, related to the widespread
use of methods and means for marking and adding information, steganography,
information with limited access, encryption/hiding of information in order to protect
information.

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

The degree of knowledge of the state of the problem and creative interpretation of the
literary material is noticeable throughout the dissertation work. But it can be
emphasized that through the essence of Chapter 1 *Analysis of Watermarking
Methods” of the dissertation work, where a large part of the cited 180 scientific
publications are analyzed, the topic of the dissertation is argued, mainly in terms of
the need for new more effective methods and algorithms.

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

The compliance of the selected research methodology and the set goal and tasks of the
dissertation work with the achieved 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 objectives of the
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dissertation, the fully justified definition of the significance and necessity in scientific-
applied and applied terms of research in the chosen scientific field. A correct approach
is proposed, in which the doctoral student has formulated precisely and in a
synthesized form both the goal and the objectives of his dissertation, as follows:

Purpose of the dissertation
Development of new methods and algorithms for watermarking images
The following main tasks arise from the set goal of the dissertation:

Task 1: Development of a method, algorithms and simulation models for

watermarking using combined frequency conversion, based on wavelet transform and
cosine transform.

Task 2: Development of a method, algorithms and simulation models for
watermarking using complex Hadamard transform.

Task 3: Analysis and assessment of the quality of the developed methods and
algorithms for watermarking.

4. Brief analytical characterization of the nature and assessment of the reliability
of the material on which the contributions of the dissertation are built

The dissertation is 174 pages long. The realization of the correctly set goal and
relevant tasks of the dissertation is the subject of the following chapters of the
dissertation, between which consistency in the exposition, logical connection and
methodicality in presenting the new important, regarding the contributions of the
dissertation, theoretical and practical solutions in the field of the dissertation's topic
have been achieved.

The object of research in chapter 2 is the development of a method for watermarking
images by combined frequency conversion. A method for watermarking and detecting
a watermark by combined frequency conversion is presented. Simulation modeling of
a system for watermarking and detecting a watermark by combined frequency
conversion has been performed

In the third chapter of the dissertation “Method for watermarking images by compiex
frequency conversion of Hadamard” a method for watermarking and detecting a
watermark by complex frequency conversion of Hadamard has been developed.
Simulation modeling of this method by complex frequency conversion of Hadamard
with CHT transformations has also been realized.



Chapter four of the dissertation «Experimental results of the developed methods and
simulation models for watermarking images» provides criteria for assessing the
quality and selecting test images. Experimental results from the practical application
of the developed algorithm and simulation model for watermarking, using combined
frequency conversion, are presented.

After chapter four, the dissertation includes contributions to the dissertation,
summarizing the obtained theoretical and practical results.

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

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

Scientific contributions:

The scientific contributions relating to the mathematical description of the methods
developed in the dissertation are the following:

- method for watermarking and watermark detection, by combined frequency
conversion (p.2.1, p.2.2 from p.51 to p.58);

- method for watermarking and watermark detection in images, by complex Hadamard
frequency conversion (p.3.1, p.3.2 from p.72 to p.78).

Scientific and applied contributions:

The scientific and applied contributions, including the development of algorithms and
models of the presented watermarking methods, are the following:

- algorithm for watermarking and image watermark detection, using combined
frequency conversion (p.2.3, p.2.4 from p.58 to p.61);

_ simulation models of a watermarking system and image watermark detection system,
using combined frequency conversion (p.2.5 from p.62 1o p.70);

- algorithm for watermarking and image watermark detection, using complex
Hadamard frequency conversion (p.3.3, p.3.4 from p.78 to p.81);

- simulation models of a watermarking system and image watermark detection system,
using complex Hadamard frequency conversion (p.3.5 from p.82 to p.91).

Applied contributions:

The applied contributions related to the results of the experiments conducted o assess
the quality of the developed watermarking methods are the following:
8



- experimental study of the efficiency and transparency of watermarking with the
developed algorithm and simulation model for watermarking, through combined
frequency conversion, with different input images and different watermarks (section
4.2 from p.98 to p.100, from p.107 to p.114);

- experimental study of the stability of the marked content, in watermarking with the
developed algorithm and simulation model for watermarking, through combined
frequency conversion (section 4.2 from p.101 to p.106, from p.114 to p.123);

- experimental study of the efficiency and transparency of watermarking with the
developed algorithm and simulation model for watermarking, through complex
Hadamard frequency transformation, with different input images and different
watermarks (section 4.3 from p. 123 to p. 125, from p. 132 to p. 139);

- experimental study of the stability of the marked content, when watermarking with
the developed algorithm and simulation model for watermarking, through complex
Hadamard frequency transformation, under different types of attacks (section 4.3 from
p. 126 1o p. 131, from p. 139 1o p. 148).

6. Assessment of the degree of personal participation of the doctoral student in
the contributions

The scientific, applied science and applied contributions described above appear in the
doctoral student's publication activity sufficient in volume and content. They have
been popularized in appropriate and established scientific forums in the field of the
dissertation, which means that the results of the dissertation have gained the
corresponding popularity and recognition in scientific circles. In this regard, the
personal participation of the doctoral student in the contributions is manifested and is
undeniable and confirmed by the presence of 5 publications in co-authorship with the
doctoral student's supervisor. One publication is indexed in Scopus. The article has 10
citations in Scopus.

7. Assessment of the publications en the dissertation work

The main achievements in the dissertation work have been popularized in 5 scientific
publications at scientific conferences. All publications are of theoretical and applied
importance, are related to the dissertation and the professional field 5.3.
Communication and computer technology. I accept the publication activity as
completely sufficient in volume, at a high scientific level and sufficiently popularized
in national and international scientific terms.

8. Use of the results of the dissertation work in scientific and social practice
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Undoubtedly, the results of the dissertation work are of significant potential value for
scientific and social practice. Despite the fact that no specific data have been
presented on the participation of the doctoral student in scientific and research projects
related to the dissertation, it is completely reasonable to assume the future real
possibility for direct practical application and use of the results of the dissertation

work in scientific and social practice. In confirmation of this, the following arguments
can be cited:

- the exponential growth of interest in the practical applications of methods and means
for protecting any type of information, and especially audio-visual information, from
unauthorized access;

- the above statement confirms the priority importance of the watermarking methods
and algorithms developed in the dissertation and creates real prerequisites for their
practical application in encryption/hiding systems for the purpose of information
protection.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and
contributions of the dissertation work

A precise review of the abstract to the dissertation work shows the presence of full
compliance of the abstract to the requirements for its preparation, as well as the
adequacy of reflecting the main points and contributions of the dissertation work. The
abstract to the dissertation work can be fully justified and characterized as a
synthesized version of the dissertation, accurately reflecting its main content, the
achieved theoretical and practical results and the defined scientific-applied and
applied contributions contained in the full text of the dissertation work.

10. Opinions, recommendations and notes

Compared to the first version of the dissertation work submitted for internal defense, it
can be confirmed that in the final version of the completed dissertation work, mest of
the omissions and inaccuracies noted in my opinion have been eliminated. Probably,
when editing the final version of the dissertation, only very minor editorial errors
remained, such as a difference in the title of paragraph 2.2 in the content and in the
text of chapter 2.

11. Conclusion
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The general positive assessment of the theoretical and practical results achieved in the
development of this dissertation work, defined as scientific, scientifically applied and
applied contributions, reflected in a sufficient number of scientific publications and in
appropriate scientific conferences, are quite sufficient grounds for a clear positive
conclusion regarding the qualification of the doctoral student and his confirmed in the
dissertation qualities of a scientist in his chosen scientific field. Therefore, I consider
it completely justified to award the educational and scientific degree "doctor” to mag.
eng. Stoyan Dimitrov Kushlev in professional field 5.3. Communication and computer
technology in the scientific specialty Television and video technology.

Date: 27.06.2025 Reviewer: .....

(Prof. Dr. Alexander . Bekyarski)
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