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3a npuaoduBane Ha o0pasoBATETHA M HAYUHA CTENEH ,JOKTOP™

ABTOp Ha JIMCEPTALMOHHHA TPYL sma2, unxe. Heaiiio boxwcunos

Tema na micepranmonuns 1pya: ,Kedupane u auzyanuzayua na 3D obexmu, upes
apxumexnypu 3a 0va00Kk0 ooyuenue”

[podecnonanno nanpasinenie; 5.3 KoMynuxauonna i KOMRIOMspHA MeXHURA,
Hayuna cennamiocT: ,, Teresusnonna u eudeomexnura™
UseH Ha HAYYHOTO KYpH: 0oy, 0-p Adenuna Arexcueea-Ilemposa

1. Axryananocr ga pazpafoTsanus B THCEPTANMONHIE TPY npodiaem B Hay4Ho n
HAYHHONPHAKHO OTHOUWIEHIE

TpusMepuoTo CLILPEKAHHE 346MA BCE TMO-UCHIPATHO MHCTO B CLBPEMCHHHTE
KOMVHHKAIIHOHHH © RH3YAAHH CHCTCMH — OT o0ManE oT TOMEM H o0eMHH BHIEA [0
XOMOrpadcKkl B MOSHONTHYHN NPeICTAsAHNA. BHP30TO PasBHTHE HA TEXHONOIMH Karo
PA3MHPEHA W BHPTYANHA PEATHOCT, UM{POBH ABOHHHIM, BBTOHOMHM CHCTeM#, poSOTHES,
WHTSANTEHTHH TPOH3BOJCTBEHM [POUECH M XONorpafckd KOMYHMKAIMH  TOpaxjia
HeoDxoaMMOCT OT eeKTHBHO TIPE/ICTABAHE, KOMIPECHA, MPE/IABAHE H BHIYATH3AIINE HA BCe
no-rofemMn odemu 3D nannn. Tosa npespsina paspaGoTBaHETO HA HOBH TTOAXOIH 34 KOAHpaHe
HA TPHMEPHO CBLALPKAHHC B COHA OT HAl-aKTYaNHHTE HAy4HH 3a1ayd B 0OAacTTa Ha
KOMYHHEGIHOHAATE H KOMIMOTHPHHTE TEXHOMOTHA.

B TO3M KOHTEKCT NpeCTaBeHHAT JIHCEPTAHONEH TPY/L € HACOUCeH KBM pazpaboTBaleTo |
H3CAEIBAHETO HA METOAN 38 MHTErPAlMA HA 00yvaeMi H CEMAHTHYHO OPHEHTHPAHM NOAXO/IH
B CHCTEMH 3a 3acHeMaHe, Ipe/lapate i Busyanmaains Ha 3D chaspikanie, ¢ uea NoBHINasaHe
Ha e(PeKTHRHOCTTR, RGANTHEHOCTTA W (DYHKIHMOHATHOCTTA Ha Npoleca Ha Komupane, Temara
Ha THCCPTAHHOHHAA TPy ¢ 6e3CcnopHo aKTyanHa H ChOTBETCTEA HA HAH-HOBHTS TCHICHIIHH B
PasBHTHCTO Ha KOMIPECHATA HAa BHIYATHHM [AHHW, HIKYCTBEHHS MHTENEKT W
KOMYHHKAIHOHHAHTE TEXHOTOTHH OT cIeABam0 NOKOJICHHAE.

2, Cremen \a (03HABANEC HA CHLCTOMHNETO HA TPoGIeMa i TBOPHECKA HHTEPIPETALINT
13 IHTEPATY PHEA MATEPHAT

[IpeacTageHRAT MATEPHA MOKA3Ba, Y€ JIORTOPAHTET 3aTLA009eH0 ¢ Npoyuaa roasM Gpoi
OT 3HAYUMHUTE HayuHu nyOnukanusy B odfacTTa HA KOJMPAHETO H BH3yanH3anuaTa Ha 3D
ceabpekante, O6umaT Opoil Ha UHTHPaHUTE AHTEPATYPHH H3TOYHHLM € 97, TonAMAa 4acT oT
KOHTO ¢a NyOAMKYBaHH Apes MOCAeIHNATE HAKOIKO TOAHHH, KOETO OTPA3ABa AKTYAIHOCTTA HA
remara. Jluteparyprust o030p 8 nasa | He e npocTo omicareied — Bb3 OCHOBA HE HETO
AOKTOPaHTET Npemiara codCTREHa TAKCONOMMY HA METOIHTE 34 KoaHpane Ha 3D u3TouHHI
CHOPEI HWINOMTIBAHNTE TEXHOMOTHYHY [PHHININ B HATEPIPETHPYEMOCTTA HA MEKIHHINTE
ApPEACTABSHEA, KAKTO H KOHIENTYAISH MOJIEN 338 CEMAHTHYHA KOMIIPECHR YPE3 PAYILIANe HA
andopManmgTa Ha raobaneH M JeTaiineH ceManTHYeH KoHTeKeT. Tora Noxa3sa TBOPYECKa, a
He Camo komnunaTHeHa paboTa ¢ AHTEPATYPHHS MaTepHan # IpasunHo GopMynHpaHe Ha
HelTa H 3ajaunTe Ha AHCePTAlHOHHNS TPY L.

3. CuoTBeTcTRNe HA MOPAHATE METOIMKE HA HICIEIBAHE H ITOCTABEHATA e H 304291
i AHCEPTAINORHNA TPYA ¢ NOCTHTHATHTE NPHHOCH

B xonTekcTa Ha HACTOAMOTO H3CHEABAHE € HATPaeH 4-CNOCH ONEPAllUOHSH MONCT Ha
CHCTEMHTE 33 3aCHEMAHE, NPE/IABAHE M BH3IYVANHIAUNE HA TPHMEPHO ChILKAHHE, KOHTO
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CJIyAH KaTO PaMKa 33 aHATH3 Ha PAsnpeIeIeHHCTO Ha HIMHCIHTEIHATE B KOMYHHKAIHOHHATE
PECYPCH H 33 NOIHIHOHHPAHE HA PasTACKIaHNTC KOMHPAIlH METOIM.

JlpcepranmoHHHAT TPYA € CTPYKTYpHpan B net rasd. B [nasa | ¢ panpasen anaaus Ha
CHCTOSHAETO Ha mpolGnema mo aureparypus xansy. nasa 2 pasrienia HHTerpalMATa Ha
oDyugeM# METOOH 32 KONHPAHE B CHCTEMH 32 TPHMEPHO ChIBDEAHHE, BEIOHYHTEIHO
TEOPEeTHYHATA NOCTAHOBKA HA SHTPONHHHOTO KOJHPaHe NPH HecwsIiacysann monemy, B [iasa
3 ca peanomeHH ABTOCHKOACPHH APXHTEKTYPH 312 KOAHPaHe Ha TeOMETPIMHATA CTPYKTYPa Ha
paspezesu ofnaun o7 Touki. ['nasa-4 ¢ noceeTena Ha KOMIOpPECHATa Ha 00AaM OT TOUKH 9pes
TeIH apXMTEKTYPH H ChALPAAE MoApo0Ha EKCTePHMEHTANHA OUCHKA CnpaMo pediepeHTHH
kogenn (G-PCC, Draco, CRCIR). I'nasa 5 npencrass meroan 3a OeN60OKO CHBMECTHO
KOJAHMPAHE H3ATOMHHK-KEHAI, BRIIOYHTCAHD NpeUIoXeHus Meron 3a daioso-HHBAPHAHTHO
JAEKOHPAHE, H AHATHINPA YCTOHYHBOCTTA HA MOASTHTE KbM KAHANEH IHYM.

Ha 6azata Ha ropeM3nomeHoTO, CUNTaM, 9¢ € HANHIE NBAHD CLOTBETCTBHE MEWIY
HEE[)&HJHTH. METOAHER Ha H3ICHeABAHE ¢ MOCTAREHATA HET B 34890 Ha JTHCCPTAHOHHHER TRV A.

4. Hayunn un/uan nayanonpuaosnn IPHHOcH HA INCepTAHOHENS TPYA

Hayunure npunocu ca asa: paspaboTena ¢ TeOpPeTHYHA MOOCTAHOBKA 33 CHIPOMHIIHO
KOQHPAHE ¢ HeChINACYHAHH BCPOSTHOCTHH MOJCIH H € MpeloXeH ¢ Mertox 3a (aloso-
HHBAPHAHTHO JEKO/IHPane pH NpeaaBaHe Ha MHAMAYAE 060any oT ToUKH, koliTo mpemMaxsa
HeoDXOAHMOCTTA OT HIPHYHO HBRICTAHDREBAHE HA CHHXPOHHIAONATA HA KajgpHTe 4ped
HIOON3BAHC HA [OPEACTABAHE, HHBADHAHTHO COpPAMO HHEJIHYHH HIMECTBAHHA, 334 RKOCTO ©
H3BC/ICHA TPaHHIA Ha IPENIKaTa.

HayuHo-npiioRHHTE OPHHOCH €& 5 M ca HIBLPIICHH CHCTEMAaTH3alMA W aHATH3 Ha
CLEpEMEeHHHTE MeTOZH 3a KogupaHe Ha 3D chanpmanue, NMpeioKeHH ca KOHIENTYaneH
MOJIEN 34 CEMAHTHYHA KOMIIPECHS Ypes pasaensne Ha.wAhopMamMaTa Ha rnobancH 1 getafinen
CeMANTHYEH KOHTEKCT 1 4-C7106H OTEPAIIHOHEE MOZIE7 KATO YHHBEPCATHA PAMED 33 aHAITHS Ha
CHCTEMH 34 3aCHeMaNle, MPCAABAHT W BU3YAIH3AINA Ha TPHMEPHO CHILpKaHne. PazpaboTenn
H ekclepHMeHTATHO HICTHEIBAHH C3 HOBH apPXHTEKTYPH 33 KOMIPECHA Ha obmaiH o1 TOYKH
(GAE, TGAE u DPCT), xat0 ¢ aHATHIHPAHO BIXFIHETO HA PAsAHYHE ADXHTCKTYDHH PEILIeHHS
BBEPXY CHEKTHBHOCTTd HA KOMIPECHATA B KAYECTBOTO HMA pexoHcTpykumsra, Micaensana e
KOMIIpecHATa Ha paipeneHn ofmam OT TOMKH YPe3 aBTOCHKOACPHM APXMTERTYPH, KaTo e
aHATHIHPAHO BAMSHHETO Ha apxHTeKTypara, Opos HAa napaMerpHTe M pasMepHOCTTa Ha
JATEHTHOTO ITPOCTPAHCTRO BLPXY 3aBHCHMOCTTA CKOPOCT -H3KpHasaane, Macnensana ¢ DPCT
APXHTEKTYPATa B PEOXAM Ha THEI00KO CHEMECTHO KOOHpaHe M3TOMHHK -Kanan 3a obiaum or
TOYKH, KATO € TIoKa3nHo nojolpenne cnpsMo pediepeHTHH METOIH MO OTHOINEHHE Ha
KAYCCTBOTO HA PEKOHCTPYRUHAIE M HeCTOTHaTR CEKTHRHOCT NPH HAIWYHE HA WYM B
TpeiaBaTeHuA Kanai.

TIpunokHNTE NPHHOCH ¢a TPH H Ca CBBLP3ANN C AHAMH3 B HMIIEMEHTAllHE Ha METOAH 3a
xommpecua #a RGB-D w300paxenna upes OMBeTIBAHE H H3N(IIBAHE HA KOIHPAIIH CXeMH 32
HBETHH H300pameHUA, pajpaboTeHa ¢ NPOTpaMHa Peanu3aliA HAa CHCTEMA 3a KojHpaHe Hi
reOMETPHYHATA CTPYKTYpa Ha paspedenn obpamm or touku (AEPCC) m camoctosteina
OporpaMis peaTH3allHA Ha RKOOHpama cxema 3a palfaciHo KoJHpaHe Ha reoOMETPHYHAETA
cTpyKTYpa & pamkaTe Ha AEPCC.

Cumram, ge GopMyIRpAHHTE OT ABTOPA NPHHOCH C8 PEAiH, Hayuno 0DOCHOBAHM H
yOeauTEAHO QoKa3anl Ype3 NPOBEIeHATE HicneABaHRA.
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5. penenxa ua nyfaHKALINNTE 110 ANCEPTANNOHHUR TPYA

Mo Temara Ha AHCEpPTAOHOHIEE TPYI ca npencraseH 6 nyOmuxamnn (A1-A6), oT KOHTO
3 B MesAyHApoaHH crincanus, waiekcHpany B Scopus/Web of Science (sxmownrento IEEE
Access w MDPI Sensors), # 3 doknaia Ha MexkayHapoans Koadepenmnn. JomwrHATenHO ca
npenocTaBeHA 3 myGmirysy nporpames peannsanuu (B1-B3) sa paspabortennte or astopa
CHCTEMH W APXHTeKTYPH, KOSTO HONPHHACH 33 BL3NPOH3BOJHMOCTTA U NPAKTHYECKATA
NPHAOKHMOCT HA PE3SYITATHTE,

[Ipencrapenure TyOnMKallMK €3 NPSKO CRBLP3AHM ¢ TEMATHEATA HAa [MCEpPTALMSTA H
oTpasaBar paspalOTCHHATE MOICAH, EKCNEPHMEHTAIHY PEsYNTATH W HANPABCHHTC HAY'HH
H3BOIM. Te Jamat OCHOBAHHE JA CE MpHeMe, ue pelyNTarHTe ca Nomy=nyn HeodXoammara
HAVYHA anpodals,

6. Muenus, npenopbrn B Deaemsn

[lpejcraseHusT AHCCPTALMOHEH TPYA ¢ pa3paloTéd Ha BHCOKD HAYWHO PaBHHINE,
Hesasicimo oT fescnopiiTe MY A0OCTOHHCTBA MOTaT 2 ObAaT OTIPABCHH HAKOH MPENOpPhEH!

o [IpepnoxenuTe apXHTEKTYPH Ca OLCHEHH NPEAHMHO BEPXY CPaBHMTENHO paspencH
obnanu Ot TOuKH ¢ orpanuges Opoit TOUENR, opan xoeto B Obaeum wicaensanus 61 Guno
fone3Ho Te A8 OngaT M3NpOOBaHE H BEPXY No-ToAeMH MyOanvHu DasH JaHHH, ChILPXKAIIHR
IAHAMHAYHE CICHH C D0-BHCORE CIOMHOCT H IITETHOCT,

o Tlpencrarnspa HHTEpeC H HHTEIPHPAHCTO Ha FEHEPATHEHHN MOJIENN # rOJIeMH C3HKOBH
MOICAH NPH CEMaHTHUHATA KOMOPECHH H HHTCAHTEHTHATA PEKOHCTPYKIHA HA TPHMEPHO
CLOLPIKAHIE.

MMocousHnTe NpeNopLEKN HE HAMANSBAT HAYUHATA CTORHOCT HA JIMCEPTAIHOHENA TPYIL, &
TOPeACTABIABAT HACOKH 38 HEMOBOTO OBACINO PAIBHTHE.

7. 3akmogenne

Baopeks otnpapeHiTe GeNekKH H3Ipa3aBaM MOJOKHTENHO MHEHHE 34 Pe/IOCTABCHIE MU
ARCCPTAITHOHCH TPY . Cnazedy ca H3IHCKBAHHATA 33 NPHCHAIAHE Ha DﬁPHSOBaTﬂH}lﬁ H Hay"YHa
cremed  Joktop”. [lomyuenure pesyiarard B INCEPTANMOHHHA TPYX OPEACTABRIABAT
OpHIHHATEH Hay4seH H HAVUHO-NIPHIOKEH NPHHOC B o0nacTTa Ha KOIHpadeTo #
BHIVATH3AUMAATA Ha TPHMEPHO ChIBKAHHEE Upe3 aPXHTEXTYPH 3a Tu100K0 00ygcHue,

Cunram, Y THCSPTAHONEHAT TPYA OTrOBapS Ha H3UCKBAHMATA HA 3AKOHA 38 PA3BUTHETO

Ha akaneMuunns cneras B PenyGanka Buarapus, [IpaBunnmka 3a HeroeoTo mpuiarade
JeficTBalMTe HOPMATHBHEHE JoKyMeHTH Ha Texumueckusd ynunepenter — Codua,

B3 ocHoBa Ha M3ACKCHOTO HABAM NOJ0RATEIHA OCHKA HA ANCEPTAIHOHHNS TPy

H pELIATAM HA YEAKACMOTO HAYMHO EYPH Aa npucean uma sar, mwsx, Heailiao

_ bowwios o0pa30BATEIHATA B HEYHHA CTenen ,AoRTop® mo npodecnonaing

nanpasiacuiie 5.3, , KoMyHHKaInonns # KOMIOTEPHA TEXHRKAY, HAYHHA CHEOHATHOCT
«» TEACBIBHONAA # BIICOTEXHIKA™,

YWIEH HA KYPHTO: .
/oay. d-p Adeauna Avercuesa-Ilemposa/

29.06.2026 r.
rp. Codms
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@ dissertation work
for the acquisition of an educational and scientific degree “doctor”

Author of the dissertation: MSc. Eng. Ivaylo Bozhilov

Title of the dissertation: “Coding and Visualization of 3D Objects Through Deep Learning
Architectures”

Professional field: 5.3 Communication and Computer Engineering,
Scientific specialty: “Television and Video Technology”
Scientific jury member; Assoc, Prof. Dr. Adelina Aleksieva-Petrova

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

Three-dimensional content occupies an increasingly central place in modemn
communication and visual systems — from point clouds and volumetric video to holographic
and plenoptic representations. The rapid development of technologies such as augmented and
virtual reality, digital twins. autonomous systems, robotics, intelligent manufacturing
processes, and holographic communications gives rise to the need for efficient representation,
compression, transmission, and visualization of ever-larger volumes of 3D data. This makes
the development of new approaches for coding three-dimensional content one of the most
relevant scientific tasks in the field of communication and computer technologies.

In this context, the presented dissertation is aimed at the development and study of methods
for integrating learning-based and semantically oriented approaches into systems for the
capture, transmission, and visualization of 3D content, with the goal of increasing the
efficiency, adaptability, and functionality of the coding process. The topic of the dissertation
is undoubtedly relevant and corresponds to the latest trends in the development of visual data
compression, artificial intelligence, and next-generation communication technologies,

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

The presented material shows that the doctoral student has thoroughly studied a large
number of significant scientific publications in the field of 3D content coding and visualization.
The total number of cited literature sources is 97, most of which were published in recent years,
reflecting the topicality of the subject. The literature review in Chapter | is not merely
descriptive — on its basis, the doctoral student proposes his own taxonomy of 3D source coding
methods according to the technological principles used and the interpretability of intermediate
representations, as well as a conceptual mode! for semantic compression through the separation
of information into global and detailed semantic context. This demonstraies creative, rather
than purely compilative, engagement with the literature and a correct formulation of the aim
and tasks of the dissertation.
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3. Correspondence of the chosen research methodology and the set goal and tasks of the
dissertation with the achieved contributions

In the context of the present study, a 4-layer operational model! of capture, transmission,
and visualization systems for three-dimensional content was constructed, serving as a
framework for analyzing the distribution of computational and communication resources and
for positioning the coding methods under consideration,

The dissertation is structured into five chapters, Chapter 1 analyzes the state of the problem
based on the literature. Chapler 2 examines the integration of learning-based coding methods
into 3D content systems, including the theoretical formulation of entropy coding under
mismatched models. Chapter 3 proposes autoencoder architectures for coding the geometric
structure of sparse point clouds, Chapter 4 is devoted to the compression of point clouds using
these architectures and contains a detailed experimental evaluation against reference codecs
(G-PCC, Draco, CRCIR). Chapter 5 presents methods for deep joint source—channel coding,
including the proposed phase-invariant decoding method, and analyzes the robustness of the
models to channel noise.

Based on the above, | believe that there is complete correspondence between the chosen
research methodology and the set goal and tasks of the dissertation work.

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

There are two scientific contributions: a theoretical formulation for entropy coding with
mismatched probabilistic models has been developed, and a phase-invaniant decoding (PID)
method has been proposed for the transmission of dynamic point clouds, which removes the
need for explicit frame-synchronization recovery through the use of a representation invariant
to eyclic shifts, for which an error bound has been derived.

There are five scientific-applied contributions: a systematization and analysis of
contemporary 3D content coding methods has been carried out; a conceptual model for
semantic compression has been propesed through the separation of information into global and
detailed semantic context, together with a 4-layer operational model! serving as a universal
framework for the analysis of capture, transmission, and visualization systems for three-
dimensional content. New architectures for point cloud compression (GAE, TGAE, and DPCT)
have been developed and experimentally investigated, analyzing the influence of different
architectural choices on compression efficiency and reconstruction guality, The compression
of sparse point clouds via autoencoder architectures has been investigated, analyzing the
influence of the architecture, the number of parameters, and the dimensionality of the latent
space on the rate—distortion trade-off. The DPCT architecture has been investigated in a deep
joint source—channel coding regime for point clouds, showing improvement over reference
methods in terms of reconstruction quality and spectral efficiency in the presence of noise in
the transmission channel.

There are three applied contributions, related to the analysis and implementation of
methods for RGB-D image compression through colorization and the use of coding schemes
for color images; a software implementation of a coding system for the geometric structure of
sparse point clouds (AEPCC) has been developed, together with a standalone software
implememation of a coding scheme for separate coding of the geometric structure within
AEPCC,

I consider the contributions formulated by the author to be real, scientifically substantiated,
and convinecingly demonstrated through the conducted research.
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5. Evaluation of the publications on the dissertation

On the topic of the dissertation, 6 publications (A1-A6) are presented, 3 of which are in
international journals indexed in Scopus/Web of Science (including IEEE Access and MDP]
Sensors), and 3 are papers at international conferences: In addition, 3 publicly available
software implementations (B1-B3) of the systems and architectures developed by the author
are provided, which contributes to the reproducibility and practical applicability of the results,

The presented publications are directly related to the subject matter of the dissertation and
reflect the developed models, experimental results, and the scientific conclusions drawn, They
provide grounds to consider that the results have received the necessary scientific validation.

6. Opinions, recommendations and notes

"The presented dissertation has been developed at a high scientific level. Notwithstanding
its undoubted merits, some recommendations can be made:

* The proposed architectures are evaluated mainly on relatively sparse point clouds with
a himited number of points; future research would therefore benefit from testing them
on larger public datasets containing dynamic scenes of higher complexity and density.

* The integration of generative models and large language models in semantic
compression and intelligent reconstruction of three-dimensional content is also of
interest.

The recommendations made do not diminish the scientific value of the dissertation, but
rather represent directions for its future development.

7. Conclusion

Despite the remarks made, | express a positive opinion of the dissertation provided to me,
The requirements for awarding the educational and scientific degree “doctor” have been met.
The results obtained in the dissertation represent an original scientific and scientific-applied
contribution in the field of coding and visualization of three-dimensional content through deep
learning architectures.

I consider that the dissertation meets the requirements of the Act on the Development of
the Academic Staff in the Republic of Bulgaria, its Implementing Regulations, and the
applicable regulatory documents of the Technical University of Sofia,

Based on the above, | give a positive assessment of the dissertation and propuose to the
Honorable Scientific Jury to award MSc. Eng. Ivaylo Bozhilov the
educational and scientific degree “doctor” in professional field 5.3 *Communication and
Computer Enginecring,” scientific specialty * Television and Video Technology™.

Scientific jury member: ..
/Assoc. Prof. Dr. Adelina Aleksieva-Petrove/
29.06.2026

Sofia, Bulgaria
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