PEHEH3MSI

BLPXY ,ilHL't‘p'l'ﬂIl_llﬂl €H Py 3a IIPH.-IIGGHHHHE et ﬂﬁ['}ii:ﬂlﬂﬁ'[t.‘.l”ﬂl H Hayvda
CTRICH ,AO0KTOP™ B npodecHonune nanpanienue 5.3, Komynukaumonna u
ROMIIOTLpHA TEXHHKA 110 JOKTOPCKa nporpama ., TeaeBHIH0HHA 1
BH/leoTexHRKa"™

ABTOD Ha JIMCePTALHON s TPy mar. nik. Heaiiao | bowxuaon

Tema ua smceprannonsus rpyi: KOJAMPAHE | BH'.B"AJI.P-I]AHHH HA 3D
OBEKTH, YPE3 APXHUTEKTYPH 3A ABJBOKO OBYYEHHE

Peuesent: aom. a-p mx. Hukon Xpuerosa

. Axryaanocr na paspaborsanun s AMCEPTANBOIIHS TPYA NPOHACT B 1Y 10 8
HAYMHO-NPRAOKRNHO o THomenne. Crenen u nuea na AKTYRIHOCT 1A Hi upodiaema n
RONKPCTHITE 320094, paspadorenn B aHceprans ia

ARTYRIHOCTT 13 paspaborenny B AMCCPTALHONITHAT TPYA 1IPODACM ¢ chpsana
C PESBHTHCIO A CHCTCMHTC 38 TPHMEPIO ChabpiaIme. DupTVaann, aoGasenn n
CMCCCHA PEATHOCT, XOJTOTPabCRIN Ty KOMYIHICHLINN 1 1HTTCIHECHT I Ay HO-BH3YIIINH
CHCTEMIL 1IpH KOHTO CC IEHCKBE BHCOKS KOMITpECHs, HPC/AABNHE 1 BHSYVILTH ALY Ha
IPHMEPHN ODCKTH,

Joktopania nparmino ¢ HCHTHPMIIMPAL OF PANHSCHINTE 1Y IPUTLHONIT e
METOLH 38 ROAMPANC 1 sroyasanms tua 31 oberin w e pacomm e sans CH
KB H3NOBBANC. i MOjeanTe sa. koamparie, Gusupany ta APXMICKTYPH € TLABOKO
ODYHEHHE M HOJANOIE 31 CHEMCCTIO ROAMPANE  HATOYHNE-—KANAA, KOnro MM
CHIICCTRENO HAYHHO 1 HaY THO-HPIWIOKHO 3HAYCHHE 3 PUABH THETO By ChBPCMENITTe
KOMYHHEIUHOUHH W My iasMeaniing rexuonornn. | locrasenime JWIATH C JCHo
HOPMYAUPARH B CLOTHETCTRAT HA LHEAT 1A AUCEPTRIMOHNMN IPVL,

2. Crenes ua HOINARAHE CHCTORMUETO 13 HPOTIAEM # TBOPHCCKA HI I CPHPETANINS
HA JANTCpaTY pHiin Martepua

Crenienra ta nosmasane ua  cueronmiero i npobaema 0o TeopucckaTa
HHTCRIPCTALIHA R AW ICPATYPHUS METEPHILL Cit IPE/CTIREIH Upes S inAG0UeH anans
i CHEPCMCHENTE MCTOAN 38 KOANPANC W KOMIUPECHS 1 IPHMUPHO CLTLPKRIIE,
HEHOMHAH. KIMCHICCRT W 0DYHaeMi HoXO/IH, CRAUVIMPTH 30 ROMUPCCHA, KakTo H
UPXHICKIYDPH 43 AbaDoko  obyvense. Hanpasen e CIPYKEYPHPAI 1t 10JApOateH
awreparyped  od3op.  odxmamauy 100 AHICPUTYPHH  HITOMIMIM, 4P YNMCHTHPANL
FEMETHRUTA HI AHCCPTAUMATA W HOKA3BA VMeHHe 33 KPUTHYCH DU I THOPYCCKR
HITEEPUPCTALIA 1 PAsEACKANIMIC MCTOAN. KOS ¢ HOCIVIKHAO. KIT0 0CHOBd 33
HPARLING POPMYIUPUIC B HEATE 1 OCHOBHITE 30,00H 1 JIHCEP TN,
3. Cuorserersue ma mibpamnma MeTOANKS N3 H3CACABAIE € HOCTABCHATA e o
T HA ACEPTAHONNMNS TPy 1

CLOTBCTCIBHETO MewLY HIOPAIATE MCTOANKN 1 M3CICHIING, HOCTRBCHITTE
HCAH HOSLWEH HA JMCCPIanioiius 1Py 1 HOCTHIFTe HAYSIMN PCIYITmm o
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HPHHOCH € NEHO aprymMentupano i qobpe odoenosano. Ciaeitsa da ce nojikeprae. e
GopmyHpaHITE  nean N 3agaum ca ACQUEHPAIN M JOrHYCCKH  CBLPIANN C
PCAITHIHPUHHTC ICACABAIHS M (OAYUCHHTC PEIVITATH 1 JMCCPTaunonims Tpyi.
OGocnonant ¢ KUKIO HCOONOANMOCTTI. TUKE H SHANHMOCTTE HE WICICHANNNTL 1
HAYHHO W HAYHHO-HPHAIOR O OTHOMCHRE 5 00nacTra na abpaborkata 1y widopymuimg
H HO-ROUKPCTIO = HO TPHMEPHI 00CKTH 4PCS apXHTCRTY PH 4i thAD0K0 00vaeHine ¢ nea
ROJAMPARE, HPpeAaBaiic 1 BHIVAIHIAIIMNA,

AOKTOPANTL T ¢ npHAOKINT IIPABHACH TOAXOA NPH POPMYIIHPANETO na et o
FHLAHIC U AHCOPIUWIHONHEA TPYJL, KaTO TC ¢ UPCACTUBCHN TOMUO, HCHO W B
CHHTRIHPM BHLL KAKIO cire/iaas

Llea na ancepranusra:

Mscacasane n paspaborsane Ha METOIH 33 HETEIPUMA HA OOVHACMH W
CEMUHTHYHO  OPHCHTHPAHN  HOANOAH B CHCTCMI 33 SACHCMOHC.  [Ipeiasaie i
BHSY@saHS ud 31 chanpranme © nen  pommmasane 1y COCKTHEHOCTIL,
WIINMHBHOCTT. 0 OYHRIHOIIIOC TS H apoireca na Koampane. st nean e
peadHsHpaia  4pes  QOPMYAMPAHE 1t HITLWINCHHC  HA  CACMTS  3a0a4M  Ha
AHCCPLAUMI A
I, Anam;E Ha  BLIMOKHOCTHIC 30 UHICIPAIMA HA  ODYUHCMH M COMAHTHYHO
OPHCHTHPOHH  HOAXO/MH 58 KOAHPAHE B CUCTEMH 33 3aCHeMale: 1Ipe/iaBaie |
RUaVasanmns 1a 31 crjopasanne,

2. Msenensatie o paspaborka Ha aBTOCHKOIEPHN UpXHTCKIYPR 38 Kojupase 1y 31
WATOSHMIM,

3. Macaeasane n paspaborka na asroeHkojiepun apxurekiypn sa ISCC oy 3D
CLABPALIHEC C  Ne HOCTHIAHE HE  YCTORMYHBOCT KM KEIEUIHH  CMYUICHHS  §
CHCKTHRHOCT HPH KPAI JALAKHIY Hi GAOKOBCTC,

4. Peaimsanun.  CRCHCPHMCHTAIHO  WICHCABANS W CPaBUMICICH  BHATHY  Ha
HPELTOAKCSHNUTE MCTO/LH M APXHTCKTYPH,

4. Kparka auaaninuna  XapakTepucTHRa 03 CCTECTBOTO M OHNCHKA  Ha
AOCTOBCPHOCTTA  Ha MATCPHAAD, BLPXY KOITO c¢ rpaIsT HNPHHOCHTE M
AMCEPTAUMOHNNY TPV L

Ancepranmontnst rpya e paspaboren 8 3 rnanm ¢ odem or 131 crpamig i
chabpicy 48 durypm u 8 rabanim,

B nupsa rasea ¢ HARLPUICH QHAIS 1A CHCTOSHHECTO Ha 1IPOUIe ML CLpian ¢
MOTOJIHTC 38 KOJTHPAHC (B TORA MHCI0 CoMal THYIO Iil'.l','lIII'HIHﬂ]. KOMIIPCCHH M Tpeaanane
na 31 CHALPEKANME, KUKIO # CLBPOMEHIIG OOYUUCMH MCTOAH B UPNHTCKIYPH 34
JAO0KO 0ByIeHne.

Bun mropa jiasa ce pasriaeHiin BHCAPABANCTO 111 0DYHACMH METOAM 38
KOAMPAHE B CHCTCMH 33 3aCHEMUHE. HPeaaBaHe W RMIVAIHIMIMS 1) rPpHMEpHO
CLAhpaate,

13 IPCIA 1JiaRa ca PasrCiLie 1 UllU..'IH'!HPH!!I-I ABIOCHELCRHN APRSHTER TV 3a
KOAHPAIE U TCOMETPHYHATA CTPYKIYPI HA PASPEACHI 00adi of Tovki. | Ipeacraseny
ca FoldingNet asrocukojueps. 1pad-kOHBOMOHHONNN  aBTOCHKOACPH, XHOPHAHMN
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ABTOCHROATPH, KAKTO W m3noassanmre Oa3y Aauny 3a oGvaenne HapaMerpi sa
OUEHKY Hil TPC/UIOMKCHINTC UPXHTERTY P,

B uersnpra rasa ¢ pasiaciana u HPCACTABCHA KOMITPCCHH Ha 004311 0T TOYKH
HPES ABIOCHKOACPHIN apXITEKTYPI M THXHXTA CKCHEPHMCHTAINA OUCHKY. KakTo |
MOIYIEHHIC PEIYITEIN,

B neva masa ca wseaensam 1ua60k0 cuyectio ROAHPAHC WITOUHMK—Katal 3a
ODIANN OF TOYKH, YCTOHMHBOCTIA 1A AFTOCHKOUCPHTC KbM LVM B HOAXOJAH 34
HRACHIINO NpEAaBANe W CHUNpOMISALIY 1 3D Crjinpaciine. Kakio | HOAVISHHTE
PESNTTATH OT HANPABCHITIC CPUBHCHNY,

S, Hay'inm, nay umo-apuaosnn o npuaoknm APHHOCH B3 ANCEPTRUROHIIT TPYL
B ameepranmonis 1pyaca npeacraseny caemre DAY S Y 910- PHIOHHN

W TIPHAGKHH HPIHOCH. KOWTO HPARIANO OTPAsSHRAL HOCTHITENOTO 01 aBTopa n HPOHCCH

Hat TIPOBCACHRTE H3CAC AR

Hayann npunocn:

I. PaspaGorena e reoperismn nocranonky 1a samaaia i CHIPOHHHAO KOAMPUIIE 1IPH

HECHIJIILY BaHR BEPONTHOCTHH MOMCHH B Clioxd 33 BHIVILIITIATMA.

2. Hpeasosmen € meron 3a Qasoso-gHrapranTro aekoaupane (P1D) HPH HIPeananc ma

JuuaMuaHn odjaiy or FOYERM,

Hayuno-npuaomnm upunocu:

| Mawbpiiiena ¢ cHCTEMaisaima u saana00uen anuair 118 Mero me 4 ROAHPAHE 13

3D enrupmanne,

2. Asgnrrupane W wsnoassane na 4-caoen OHCPALMOHCH MOACH KUTO YHHBCPCHAHA

RAMIG S TS ua CHeTeMi 3a TACHCMINIE. Hpeaanmie n BHIVAIHEI M 11 IPHMEPHW

ChjlLpacire.

3. Macacusan e mmpox CHERTHP OF MeToan 3a oOpadorka wa oDAati oF TouKn,

obxsauam  FoldingNet-6asupann MOACAH,  TPAD-ROHBOMONHOHII  APXHTCKTYPH.

XHOPHAHN APXHTCKIYPH Ch¢ CAMOBHHMAHHC. KIKTO 1 ApPXHTERTYPH ¢ 31 kousoiuonmm,

4 Mscaeasana e KoMHPECHITA 1 reoMePHIILT Y CIPYRIVPE Ha paspeiein odaunm or

FOMEH Ypes HHI'!’.H.'HHi.L-lL‘.]'.IIIH llI}K}rI'EHI'}“pH B PeAaM PR o KiiHpaiie.

5. Msexensana ¢ DPCT apxurekiypata B pORHM 8 ALAGOKO ChBMECTHO KOAUpane

WETOMHHEE KM@ g ﬂﬁ,-i]ﬁl[i‘l O TOMNKH,

Hpwiownn npunocu:

I AHQAHS H HMITICMEnTatns 1Ha MCToN Ja Kosupecns i RGB-D nsobpasmenns upes

OHBCTIBANC H HINOMIBAHE 118 KOMPAITH CXSMH 31 LBETIN WI00PaMCHINg.

2. Paspaborena e nporpamug peasusanng i cerems sa KOJAHPHE 10 T CoMeTpitnaTa

CIPYRTYPA Hi paspeaetn o0Aaln o1 rouKm.

3. Paapaborena ¢ nporpasua peainsanny Ha KOJIMPAIHA CXeMa 48 payie mo konpane

HA IEOMETPHUENT S CTPYRITYPa B paMiite ga ALPCC

6. Ouenwa ua CTEmeH a i ausdnoio YUACTHE HA JIOKITOPDARTA B npniocHre

Onucannre  npo-rope  payunm, HAYHHO-HPIWIOAHN M OPIAGKHN  [IPHHOCH
furypupar B 1octarkyna 0o odesm | ChABPIKAHHC BYOAMRAUHONIER ACHHOCT 11
AOKTOPAHTA. e e (onyaspusnpann n noaxommm i YTRBPICHE B oGuaciTa i
JIMCCPTALMATE HAYUHN hOPYMI 0 EEME,  KOCTO  O3HAYABL. Ye PCIVITUTHIE O
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AHCCPTIATA €A HPHAOGHAN CLOTBCTHITA NONYAAPHOCT M (IPHIHAING 1 HaYHHTE
cpean B rmsn BpLIKa Moo YUaciHe na JOKIOPAHTA B IPHBOCHTE C¢ JIOKNRA ()

HITHYHETO Ha 00mo 6 aydnnkanmum, o1 Koo | caMocrosreand i S u CLABTOPCTBO ¢
KOJACKTUE,

7. Mpeucnka na nyGansaunure 10 ascepramnonms pya

AoKTopan it ¢ nyGankysan pesvitaTiere o) JICCPTALMOHBHA TPYIL B 6 1y i
HYOAMKMIMI, 0T KOO 3 1 Cricanmy n KEapTa Q1 w 3 ca poxaansani ma navynm
Kougepenimn. Bewakn cratun e pedepnpatin i HHACKCHPAH § CBCToBimTe On3m
Ay Scopus/WoS. peactasenie nyGankamn ca no temita 1a JIHCCPTUHHATR
KAT0 Cd YCTAuoBCHn 1 7 wnrvpanns, Bos Bousri ny SAHKaum A10KIOpanTLY ¢ 1 HLPRO
MaACTO, Benusn nyvBamkanmnm ca ¢ TCOPCTUHIN B HPHAOKHO THIYCHEC, CRLP3AIN ¢ ¢
TEMIIHKAL @ meepranaita o ¢ npoecnonannore  panpaienne 5.3,
HH‘VI}'HHHRHHUIIIIH H Iq.'ﬂHIlIUI'h]‘.Illil FCXHHKA.

8. Minosssane ma pesyaramure o1 ameepraumonins TPYA B payqssra n
COMMATHATR NPAKTIHKA

Hocrmmarie pesvirrarn s ancepramsoning TPV/L JAGHET BLIMOWHOCT 30
NPIIOARCHAE. B NPAKTHEATA (0pH paspadoTsanero na eucremn s xoupadicka
KOMY IR 31 1encmirims, CHeiemi sa pastmpeHi peaaiocs uoap. Hocaemanns
HAMBPET  HPIIOIRENHC B HRYSIO-mscne/losareackara  u o yaehnan Jeinocr g
Durysrrers no TeAeKOM YKL,

9. ODuenka na ChOTEUITCIBRCTO M o H'I'Ilpfql-l.‘[‘lil'l'i‘l: CHINCKRBANNA U0 0 VBHNETO
MY, RAKTO o Ha SACKHATHOCTITE Ha OTPAISHBANC HAOCHOBURTCHO AR CHEY |
npnHocsTe Na AHCEPTANHONRNY Tpyi

Ausropedeparii ¢ ¢ obem or 30 CTPRHHIIN 1 ¢ HITOTHEN CLITIAcD HIMCKBAIIRTY
ma EY-Cogms. Toil upeacrann w obobuen win CIPYETYPOaTY,  ChALDREHHETO 1
QCHRBHETC HPHHOCH ) IMCepaiimoning TpyiL.

10, Muenusn, apenopuim n Heacksn

i3 npejicraseny su BLIPCild 381107148 ITLPEH BApIEans AHCCPTIIIHOHIIHY Py
HPHTHLCTEAT TEXHMICCKH # CTHAOBH 3a0CHCKKI, KOMTO HE HaMaissl CloiocTa na
NOCTHITEYYH TS HAY TN, Ba Y HHO=-HPHA0MKHT H HPHITOAETR PesvILTH ANCCpTalinoOHHEN
TRy B paciosimoro muenue ca monodesn CHMO  HO-BEKHITC  5a0CHoKKn |
HPCHOPLEH, € e HOA0OPABIHE HA OKOMYETEIHOTO OPOPMIIE LA JTHCCPTALHONHM
rpyi:
= JHUCHE HOMEPAIIS Ha MIOTO OF METCMITHUCCKIUTC wapain (erp 65 - T
- B pavieanre, crnpann ¢ ODVICHHETO Ha MoJeane (cip. BE 90), nmncea
WHPOPMAILIA 33 W3NOI3BAIHTC RAPAYCPHN PECYPCH W BPEMETO 8 oDy SeHIe
Hed a¥ L Ci e IPXITCKTY pwc
= Hpn cpannenmero ¢ pedeperrmm Meroan (1 ez 4) 61 MO0 H10-5C10 Jill €C
NOCOMET VPEAMMCIBATA M OIPAHHYSCHUATA 1A HPELIORCH N ¢ APNHIUKTVpH
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HPEs AAmhAnHTC A Tabamn ¢ oDODICHN HOKATITCIN 4 CI0%) HOCT, 1HMET 1
BpeMe 3a ohpaorsi;

- Jlnncsa no-nopoden annan Ha FpemKnTe 1 APTCHARTHIC, BB3HHKBANI 1IPH
PEROHCTPY RN T W AeKompaneto na 3D cpanpRanneo HPC3 HPCHOKCHHTE
METOILH 38 KoJHpanie:

- Hpn waer or duorypure, natupumep Dur 500w om 112, anncear
AQBEPHICANN MITTCPBILIN AR HUDOPMBLIIN 32 CTATNCTHICCKI 11 VETORIHIOCT
HiE HOSYSCITE PesyATITI;

= Hpenoprawrreano ¢ 8 pasaen 3axmovenne u Guacia padoTa™ a1 G no-
ACHO  POPMYUHPAIN  OIFPEHNYCHUSTE 12 HPETIOKSHING  METOaH 1
HEIMOATIOCTHTE S0 TAXHOTO NPHAOKSHING i PEATHOBPCMERH CHCICM I

= B ommosssanaa awreparypa (crp. 142 143) Gitllub PeaEIIHIC
REIIOUEIIH 11 ODIHS CHHCLE C JAHTEPATYPY, BEHPEKH ¢ ¢ HO-HOANOARINO. 1
OB/LIT OLACHCHH KATO COMOCTOATENCH CIHCEK ¢ HPOIPAMITE PCHIANTHN.

L. 3axmiovenne

B opesvirar  wa saneinasanero mm ¢ ARCEPTAHRONNHA TPV, RKakto M
HPHACHQIUITS  Hayunn  oyOuuKamn.  NOTBLPACIARAM,  HC  CH W3HLIHCHH
ODPUIOBITCANATY 11e 113 JOKTOPGI T YPATE. HIMCKBaITa Ha 3akona sa PUBSITTHTTO 1
akiaemuting cueran i PenyGanka buapus (3PACPE), Hpasitnuka sa upuranero
My i Hpannaimnka sa yeiosnsra u peaa sa npnaodusaie 1 naygie crcienn p ['Y-
Cothus.

Cumram, 4¢ 00HIER TONORMISIHE OICHKD 11 TCOPETHYIHIC 1 HPUKITHYCCKR
CKCHCPHMCITILIHY PCSVITETH,  HOCTHIHATH HPH paspadorkara 10 HACTOR NS
AHCCPTALHONEH TPV, JIeMENPANN KATO Hay9i, HUY HHO-HPHGEHR 1 PO
HPHHOCH, OTPa3cHi 8 A0ctariien wa Opoil Hayann nyGumkaimm v o noaxoasims
HEYHHI CHECHINA 1 KOnepeiinm, € HAMLAHO JOCTATEUHO OCHOBSINE i HCHO
PHOFHGH TS 0O SUKCHOVMCIIE OTHOCTID Kl-lil.'-lltd'ﬂﬂiallliﬂ'fﬂ HOL JMORTOPOIEL 1o pelonare
NOTELPIACIN B AMCCPTAHONIMN (PY/T KAYCCTRE Ha Ve & 0PGSO 1Hero =SR]
NHHIGS

Ha ocnoBanue na ropensiokenono npeuaram s nowrraemoro Havano IKVPH L
HICYBI HOAQRITEINO 1o npuet/u ua mar. i, Weaiiao [N Gownaios
OOPUSRITCANE W BV I Crenen SAOKIOPT 1 tipodecHomumo  panpanicane 5.3,
KDM}'HI‘IHHIIHGIIIIH H N‘IIMHHH'I:PIHI TUXHTHKND T Tyt IR )
Teaesnimonna n suaCOTEN MK

Jara: 19062026 ., Peneiens:

(aow. Jji=p Hukon Xpuciosa)
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on the dissertation zthe educational and scientific deeree "Doctor” in the
professional field 5.3, Communication and Computer Technology under the doctoral
program “Television and Video Technology

Author ol the dissertation: M.Eng. Ivavlo _ Bozhilov

Topic of the dissertation: ENCODING AND VISUALIZATION OF 3D OBJECTS
USING DEEP LEARNING ARCHITECTURES

Reviewer: Assoc. Prof. Dr. Eng. Nicole - Christoff

I. Relevance of the problem developed in the dissertafion in scientific and
scientific-applied terms, Degree and levels of relevance of the problem and specific
ohjectives developed in the dissertation

Ihe relevance of the problem developed in the dissertation is related to the
development of three-dimensional content systems, virtual, augmented and mixed
reality, holographic communication and intelligent sudio-visual systems. which require
high compression, transmission und visualization ol three=dimensional ohjects,

The doctoral candidate has correctly identified the limitations of traditionyl
methods Tor encoding and visualization of 3D objects and has directed his research
towards the use of coding models based on deep learning architeetures and source-
channel joint coding approaches, which have significant scientific s seientific-applied
significance  [or the development of modemn communication and  multimedia
technologies. The objectives are clearly lormuluted und correspond to the purpose of
the dissertation.,

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

FPhe degree of knowledge of the state of the problem and creative interpretation
ol the literary material are presented through an m-depth analysis of modern methods
for encoding and compression of three-dimensional content. mcluding  classical
approuches, compression standards, as well as deep learning architectures, A structured
and detailed literature review has been made. covering 100 references. justilying the
topic of the dissertation and showing the ability for critical unalysis und creative
interpretation of the methods considered. which has served as a basis for correctly
formulating the goal and main objectives of the dissertation.

3. Compliance of the sclected research methodology with the aim and objectives of
the dissertation

The correspondence between the seleeted research methodology, the stated goals
and objectives ol the dissertation and the achieved scientific results and contributions
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is clearly and well justilied. It should be mentioned that the formuluated goals and
objectives are defined and logically related 1o the implemented rescarch and the resulis
obtained in the dissertation. Both the necessity and the significance of the research in
scientific and scientific-applied terms in the field of information processing and, more
specilicully, of three-dimensional objects through deep learning architectures lor the
purpose of encoding. transmission and visualization are substantiated.

The PhD student has applied the correet approach in formulating the goal and
objectives ol the dissertation. as they are presented aceurately, clearly and in a
synthesized form. as follows:

Purpose of the dissertation:

Rescarch and development of methods for integration ol learnuble and
semantically oriented approaches in systems for capturing, transmitting and visualizing
3D content in order 1o inerease the efficiency. adaptability and functionality ol the
encoding process. This goal is achieved by formulating and implementing the following
objectives of the dissertation:

I. Analysis of the possibilitics for integration of learnable and semantically
oricnted approaches 1o coding in systems for capturing, transmitting and vistalizing 3D
content.

2. Research and development of autoencoder archileelures tor encoding 3D
sources.

3. Rescarch and development of autoencoder architeetures lor JISCC of 3D
content in order to achieve resistance to channel interference and efficiency ot tinite
block lengths.,

4, Implementation, experimental study and comparative analysis ol the proposed
methods and architectures,

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

Ihe dissertation is developed in § chapters with a volume of 151 pages and
contains 48 ligures and 8 tables,

In the first chapter, an analysis of the state of the art related 1o encoding methods
(including semantic encoding), compression and trunsmission of 31 content, us well as
modern [carnable methods und srchitectures for deep learning. is performed.

In the seeond chapter. the implementation ol learnable coding methods in
systems lor capturing, transmitting and visualizing threc-dimensionul - gontent 15
vonsidered.

In the third chapter, autoencoder architectures for encoding the geomelric
structure of sparse poini clouds are considered and analyzed. FoldingNet autoencoders,
graph-convolutional autoencoders, hybrid autoencoders. as well us the used wraining
databases and parameters for evaluating the proposed architectures are presented.

In the fourth chapler. compression of point clouds using autoencoder
architectures and their experimental evaluation. as well as the obtained results. are
considered and presented.



In the fifth chapter, deep joint source-channel coding for poinl clouds, the
robustness ol autoencoders 1o noise and approaches for reliable wransmission and
synchronization of 3D content are studied. as well as the results are prescented.

5. Scientific, scientific-applied and a pplied contributions of the dissertation

The following scientific. scientificzapplied and applied contributions  are
presented in the dissertation, which correctly reflect the achievements ol the author in
the process of the conducted rescarch:
Scientific contributions:
I A theoretical formulation of the entropy coding problem for inconsistent probabilistic
maodels in the visualization layer is developed.
2. A method for phase-invariant decoding (PID) is proposed for the transmission of
dynamic point clouds.
Scientific and applied contributions:
I Systematization and in-depth analysis of 31 content encoding methods,
2. Adaptation and application ol a 4-layer operatng model a8 a universal [ramework for
analyzing systems [or capturing, transmitting and viswalizing 31 content.
3. A wide range of point cloud processing methods has been studied, covering
FFoldingNet-based models, graph-convolutional architeetures. hybrid architectures with
self-attention. as well ns 3D convolutional architectures.
4. Compression ol the geometric structure ol sparse pomnt clouds by putoencoder
architectures in the split coding mode has been studied.
3. The DPCT architecture in the deep joint source-channel encoding mode ol point
clouds has been studied,
Applied contributions:
1. Analysis und mmplementation of methods for compression ol RGB-1D images wough
colorization and coding schemes for color images.
2. A sofiware implementation of a system for encoding the geometric siruciure ol sparse
point clouds has been developed.
3. A software implementation of a coding scheme for separate encoding of the
geomeltric structure within the AEPCC framework has been developed.

0. Assessment of the degree of the doctoral candidate’s personal contributions
The scientific. scientific-applicd, and applied contributions described sbove are
reflected in o publication record of sufficient volume and quality. They have been
popularized in appropriate and established scientific forums and publications in the field
of the dissertation, which means that the results of the dissertation have ined the
appropriate popularity and recognition in scientific circles. In this regard, the doctoral
student's personal participation in the contributions is evidenced by the presence ol a
total of 6 publications, of which 1 is independent and 3 are co-authored with a team.

7. Assessment of the publications related to the dissertation

I'he doctoral swdent has published the dissertation results in 6 sclentific
publications, ol which 3 in journals in the Ql-ranked journals and 3 were reported o
scientific conferences, All articles are referced and indexed in the global databases
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Scopus/WoS. The publications are directly related 1o the dissertation topic and have
received seven citations. The candidate is listed as the firsi author on all publications.
Fheir content is both theoretically and practically significant and relevant 1o
Professional Field 3.3 Communication and computer technology.

8. Use of the results of the dissertation in scientific and social practice

The dissertation results provide an opportunity for application in practice in the
development of holographic communication sysiems. 31D television, augmented reality
systems. ete. The research is applied in the research and educationul activities of the
[Faculty of Telecommunications.

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

Ihe dissertation abstract consists ol 30 pages und is prepared in avcordance with
the requirements of the Technical University of Sofia. It presents in a summarized form
the structure. content and main contributions ol the dissertation.

10. Opinions, recommendations and remirks

Ihe first version of the dissertation submitted tor internal defonse contuins
technical and stylistic remarks that do not diminish the value of the achieved scientific.
scientific-applied and applicd resulis in the dissertation. This opinion includes only the
most important remarks and recommendations in order to improve the final version of
the dissertation:

- T'here is no numbering of many of the mathemutical expressions (pp. 63 71k

- In the sections refated to model training (pp. 88-90). there is no information
about the used hardware resources and the training time of the mdividual architectures,

- When comparing with reference methods (Chapter 1), the advantages and
limitations of the proposed architectures could be more clearly indicated through an
additional tuble with summarized ndicators of complexity. memory and processing
Lme:

_ There is no detailed analysis of the errors and artifacts that occur during the
reconstruction and decoding of 31 content using the proposed encoding methods:

_Some of the figures, for example Fig. 5.1 on page 112. lack confidence intervals
or information about the statistical stability of the obtuined resuls:

1t is recommended that the limitations of the proposed methods and the
possibilities lor their application in real-time systems be more clearly formulated n the
section "Conelusion and future work™

- GitHub implementations (pp. 142 -143) should be separated from the general
bibliography and presented s a dedicated list of software implementations,

11. Conclusion

Rased on my fumiliarization with the dissertation. s well as the accompanying
scientific publications, | confirm that the educational objectives of the docloral program.,
the requirements of the Act on the Development of the Academic Stall in the Republic.
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of Bulgaria (ADSRB), the Regulations for its implementation and the Regulations lor
the conditions and procedure for acquiring scientific degrees at TU-Sofia have been
lulfilled.

I believe that the overall positive assessment of the theoretical and practical
experimental results achieved in the development of this dissertation. delined as
scientific, seientifically applied and applied contributions, reflected in o sufficient
number of seientific publications and in appropriate scientitic journals and conferences,
are fully sulticient basis for a clear positive conclusion regarding the qualilication of
the PhDD student and his confirmed in the dissertation qualities ol a scientist in his chosen
seientific held.

Based on the above, | propose to the esteemed Scientific Jury 1o vote positively
and award M.Sc. Lng, Ivavlo _Huzhi]tw educational and scientific degree
"Doctor” in professional field 5.3, Communication and com puter technology in
seientilic specialty Television and video technology. -

Date: 19/06/2026 Reviewer; ..

(Assoc. Prof. Nicole Christoll)
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