TN HI-wel e

"y " & -'"Hf
WO 6. L 0L 6 GsC

-h‘;.'. I
Ly

n N CTAHOBHIIE
L Coonn s>

ELpXY OHCEPTALNOHEH TPV 32 IPHI0ONEIHE HA 00p20BATEIE: B
HayTEa CTETeH _J0KT0p

BRE Eps3ka ¢ N2 a npouexype: PTK-HC 1096 3anosen OK-53-4522 05 2026
Astop sa ucepTaUNOERRY TPV Maz. wixe. HBAILTO
EOXHTOB
Tesna w3 muceprammosss 1pya  KOJHPAHE H BIBVATIRAIIHA HA
3D OBEKTH, YPE3 APXHTEKTYFPH 34 J5TI60K0 OBYYEHIE"
Ipodecnonansoc Eanpasaesne 5.3, Kewysunanuonsa i KOUNONTOPRE MEXHIKT
Hayv=ma cnetmamnoct Tewsionionna i endeomexhiixn -
Hay=en prennoarer npogh. d-p uxse. 4:ama Masorosa, TV-Cogdur,

TR
Uaen Ha BayIsoTo BVvpH: dot. &-p unxe Cmpaxic. Coraros, Briciue

YUIIGRE Ho MEAERaMyRERan  nougn, kam. Tevexawyaunauuy, @asyamem no
IETERTMYNIRONIE I MEH D HCMBHIN

I, AxTyvasmocT Ha paipaloTBaENS B INcepTANNGHEHE TPV Opebass B EayTHO
# BEaVIEO-MPIIOANC OTHONISHe,

Pasraemasusy ppobaew ® Juceprapmomsss Tpya =3 smr, @i Heafino
WEHIOE € MHOTO EETVATEH E KOHTEKCTA Ha DAIMmATHCTO Ha
TEXHOTOTENTE 32 paxmmpena peatnoct (XR), xoxorpadoxa xomymmamm (HTC) 1
TeTenpuchoTaiee. TPAgHUMOHENTE CTAHIADTH 34 woMUpechs Ha 3D camspacamme
(kame V-PCC u G-PCC) ce chascksar ¢ orpzEifcEHS OpH EECOKOIHHAMWEHHE H
PaIDeTSH COSHHE, HIMCERITHH BHCOES YaCIOTHE JEHTZ H HHOER JaTeHTHOCT.
Jacepranmsra yoOenmo afpecHpa TPEXoma OT KIESCHEACKO KM  COMIHTIHD
OPHEHTHpAED H CEEMECTHO E0mMpane Hartogmmk-Eamay (JSCC), xoero e sogemwo
sayyso Hanpaslemme [loctasemire 2azawm  oOxsammr MscaegEasero Ha
SETOCHEOJCPHH IPXHTCETVDPE, ONTHMHESAIHY HI MSHCHMOCTTA-CEOPOCT-HIKDHESEaHE
H YOIONMHBOCT EBAM CMVIOCHHS, koST0 COSEINE OCIHS ONCpaTHses UHEST Ha
caspesenmate 30 cucream C mapactsamero ma obexa gammm, resepHpaunx or 3D
CECHEPH, ZBTOHOMEE 3ETOMCONTH, CHCTEMH 33 BHDTYATHA H Zobasesa peamsoct,
HEOOXOMIMOCTTA 0T cfeKTHENE METOOH 33 EOMUDECHT M PENpEscHTANNS Hi o0mamt
0T TOUKH ©f OPEEPROM BEE BCr Oo-Haresan opobaem  Paspaboresmye »
DETEPTANEATA THOMNOMN 33 KOMIOPECHE H cdekTHEHA PenpelsnTanns Ha o0mTany oT
TOMEH H2MHD2T7 NPHIOACHHS B IHPOK CHEKTHD OT OOJACTH — 01 KOMIOTEpH2
rpadisa # pobOTHES A0 METHIHECES BINVATHIIIHE § Me0HEpopMIITHORER CHOTEMH.
[lpeacraserata pazpaboTEz ¢ Ha EECORD HavYHD HHEO M € E CROTBETCIEHE CBC
CEEpEMEHHENTE TEHJSHONHE B 0DI3CTT2 Ha MIMWHHOTO cOy=ZemEe u obpabGorkata Ha
ZAHHN

2 Cremer Ha DoIHIEAHE CLCTONEEeTO HA1 Opoliema =W TEOp4Yecka
EETEPOPETANHA HA THTEPATYPHER MATepHAL


user
Rectangle

user
Rectangle

user
Rectangle

user
Rectangle

user
Rectangle

user
Rectangle


ABTOpST ASMOHCIDHDE 320500094H0 D0IHARIKE Ha CRCTONHECTD Ha NpoGIests,
KATO TPSEN OOCTOTH Nperde] Ha CRMECTEVSAINNTE METOIN 33 KOMODECRS B
penpessuvanme Ha obmans of Tomol JlwrepatvpEmst obzop ¢ cBcresmmIEH &
2AEID0YeH, ODXBANAT] KSKTO ENICHSECKATa YEOpHS Ha HEfopxamista ([Tlawss-
Viassp), 7axs ¥ Eafi ChBpeMOHENWTS METOSNM 33 IRT00E0 oOviemne (lransformer,
Graph Convolutional Networks, NeRF, 3DGS). Paspaborena & tascomoumx H2
METOZNTE 32 KOMODSCHS W £ CHCTEMaTinpat OOEPaTHEHMNY Mozes mpz HIC
CHCTOMETE, E0CTO MNOIMOISE: NO-NPOIMEISH IHATHT Hi DIINDeIeTcHusTo Hi
ESTHCANTCIHHIC B KOMYHEKEIBOHEH DECVPCH.

3. ChoTmercTERe Ha HIOPANATA METOANKA HA EICISIRAEE W NOCTABEHATA Ul H
3ATANN H3 INCEPTAMHOEHHR TPV € MOCTHIHATHTE NPHEOCH.

Habpamata MeToTNG H2 H3CTIEIBEANS ¢ BATETHO CROODEISHA ¢ MOCTIECHAT2
He1 ¥ sagawm ms gEcepranmmolnms 1pya H:bpamara smeTtomma e crpore mavema o
Dampasa ma MATOMATHIECKH MOJCTH H CRCIEPHMESHTAIND CpasHenme lleTs 33
pazpaboTEaHe Hi METOJH 32 HETCIPAIHNE Hi OOYHASMH B CEMANTHSHN NOIXOTH €
DOCTHIERTa Ipe3 CEUEBIHTTO # TECTBANCTO Ha EoExpeTmm apxuzexTypu (AEPCC u
DPCT). ExcocpivcHTaTine HICISIBAHAY C2 OPOBCISEN  EEPEY  MNpPOKD
pazEocOpaz#e or Gamm mammm (SYNTH, REAL, sxmossanm obexts of ShapeNer,
Matterpont3D), soeTo rapaiTHpa EATHIHOCTTA Ha NOCTHTEATHTE DESVITATH COpEMO
yrespgesn sogens (Draco, G-POC). Hocrareamitre npueocH €2 OpIS0 CIEACTERE OT
ApOBEJSHUTE WACASIRINES § €3 B TRIHO CLOTHSTCTRHE C METHTS Ha NHCEPTINHETE.

4. Hay4sn, sayu#o-OpEICERE OPHAOCH B3 AHCFPTANHORENR TPYL JHAYEMOCT
HA NPEROCHTE 13 HAVKAITA # OPAKTHKATA.

Ocuomaare NpAsocH #3 ANCEPTATHOMMIN TPYA Ca:

® QopuysupiRe H TEOPETHTHO ODOCHOBEEINE HA MaTEMITHYSCEN MOJel 32
CHIpOMHAEC EOJHPEHE [PE 2 EHECWINCYEIEN  BEPpONTHOOTHH — MOISTIH
(ondwrvpamis KoIep-IEKOASD), KOSTC NOSECTYE: ONTHMETATING HE CIOEHOCITE
Ha FEROAEpL .

® Papaborsanc B3 H0E DOIXNOGT 32 fasoBo-mmapmanTeo Sexammase (PID), miffto
pemmEa OpoOTeMi ¢ JASCHEXDOHHIAUHENTA Ha RaIpUlc OpH OpeiiRaEs HL
JEEGETG OGTAITN OT TOUKE YDl HINonaHe Ha AMIITRTy TS cnesrep 5a DFT

® PaspaSoreanc Ha HOHUSOTYATHA PaME2 H 4-CI0CH COSPIIHOHEH MOTET 18 ZHATHY
1a HIC cucream

- M&memnommammummmm:
=2 obaamm or romxw GAE, TGAE e DPCT.

® Peasmmagux sz cucremata AEPCC 32 edexrsEna xommpecus Ha paspegesn
obatn o1 TOEH B HHCKOCKOPOCTHEN Peiaidt

® Crypmrage Ha OPOrpaMER PEalNaNEM Ha Npexnoxeswre meromn (AEPCC,
DPCT), aocrsiss 33 HayTHa # NPIKTHYIECK: YOOTpeDa

[IpasocuTe ©T JHCCPTALHNTA €3 IHITON 33 OSICWOT0 PasEwTHe H2
FOMVEREATHOHHITE MDEEH H VCIPORCTEITA 32 EEIVANHIAUAG, KATO OCHIVPASZ O-
Z00ps YCTOIHBEOCT B CEOPOCT IpH 33MIMMane B3 KINECTECTO.

5. Ipenessa Ha OyOIEKINNETe 00 JECEPTANNONEES TPIA.
Arsroper mar Emk Heafioo | Boamaoe e npegcrasEn mect Gpox

OYOIHESINE K8 JECEPTANNOEENS TPV [ISpal asTop € H B mWECTTE CIaTHH, ¢aHa ©
camocrogreanz [lposepea s 6asata ganmm Scopus moxasm, 52 astopsr e ¢ hindex 6.
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B magesata no-300y T20TH1E C2 NpEICTABEHN 0000MEHO TOSENTE H ONTHDAHNNSTA Ha
NPSACTARSHWTE CTATHE

r7 13.33 =

Al
Al |§] 20
Al 7 B 7
Ad I7 10
AS I7 6.66
Ab r? 10
O | 6799 14
TaGaena . OGCOmERT NUKSATINN 0T TYCINEAINETE [0 AHCEPTANDECH TPy Ha MIF JE.
Huafiio Boamos

JucepranuoEaeeT TpYE ¢ DOIEDENes of J0CTaThies Gpoff nyiammsmmm B
PENOMMDIHH HIVIER HUEHNS, CDOYHTEIHD MeEIVHapoaER sondepemmm u
coucanss  [Iyfimnamasre » nporpavesre peamzanmn [Bl, B2 =n B3] noxassar
AKTHEHO VHACTHE Ha SETOP2 B HaVIHATA ODIMOCT H CERISTEICTEO 32 PeSVATATHIE OF
HICTCAEIHENT2 B Eavkata Hamme ca gasmw moBese or 10 mmmepasmss or gpyvre
ARTODH, EOCTO € MOKISATEl 32 THXHATA IMAYEMOCT H AKDVansocr Habopsr or
HHTHEATOpE CROTRETCTEA Ea Emckmswwwra 12 OHC zoxyop cnopex JPACPB,
Ipasmmmea 2 werosoro npmarass i [IYPITHC uz TV -Codms

6. Mueans, openopskn, begesim.
He ca gatnne cumecraenn 2abefesny KLM ANCEDTANHOEIEY TPV,

JABcepTauROHARNT TPVA € CIPYEIYPHPAH A0THYHEC, SIHESRT € AKATOMISCH # NDEIDes,

€ EOPEETHD UPHICKSH MITCMITHISCKE amapat Hlacoensamssma < sIespimestst =

ZABAT OTTRBOPH H: NOTTABCHNTE OT SETODA 3agasmt

7. 3JakmoweEne ¢ #CHA DOJCANTEIHA WAH OTPHIATEINA OHeEK] Ha
AECEPTANNOEHES TPYA.

[Ipeacragemara INCEPTINNS NPeJCTIENSEd IIEEPINEH HIySsH IpVA
HecONOTIMATA AXTYTHOCT, HIV'E2a HOBOCT M NPSKTHIECKE IHATHMOCT Ha JOKTOPCE:
JHCEPTANES §f OTTORADE HA HINCKBAHWATE Ha JAKOHE 31 PasENINe HI IEATeAnT Ly
¢sc1as & Penviomsa baarapua (GPACPE), Tlpaeamama 52 HeroBo10 NpHIErsHe |
Hpansaamma 32 VOIOEHSTE H PeIa 33 Opigotneans #a sayaad crencen 8 TY-Codms
HpeacTasenure MpIECCH, KIKTO H MPOECHOHATHNTE ¥ HICTESORATEICKN KINoCTEA
g2 var weEw Hzafine T i bo#R10s DOTEEpEIAsaT POINTE MY HI VISLDASH
VeieH B 0OOACTTE H3 K0SHpIH: B BESVAIHIANEY Ha TPHMCDHM J3HER

Bi: oHOBa Ea ropeOIoReNOI0  EEaN NOJOEWTENHA ONeER3  Ha
DHCEPTANMOHHNE TPV B NPeRTIrad Ha HAVIHOTO EVPH Ha JOKTODAHTA MAr MIE
Heasizo ... bommaos a3 Droe mpuceaesa obpazoRaTemiaTa H HayIHEE CTENes
“goxtop’ ® obmacy 5. Texmwmecsw mayeE, npojecHOHRTHO HANpaETenme 33
"Komyinmatmonsa ¥ SOMIIOTEDHA TeXHENED 00 2 HIy9Ha  (ICOHATHOCT
“TeacessnonE: @ EEIC0 TERHERR |

ZaTa: 23.06 2026r Mogmac ..
rp. Codux ‘mon. g-p wmx Cipaxa Comoaon’
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On a dissertation work for the acquisition of an educational and scientific degree
OYD il

Author of the dissertation: MSc Eng. Ivaylo Bozhilov

Dissertation topic: "ENCODING AND VISUALIZATION OF 3D OBJECTS
USING DEEP LEARNING ARCHITECTURES™

field of higher education: §. Technical Sciences
professional field: 5.3. Comununications and Computer Technology
Scientific specialty: Television and Video Technology

Scientific supervisorc: Prof. Agata F a Manolova, Eng. PikD., TU-Sofia

Member of the scientific jury: Assoc. Prof Stralil|  _ Sokolov, Eng. PhD,
University of Telecommunications and Post, Department of Telecommunicarions,
Faculty of Telecommunications and Management

1. Relevance of the problem developed m the dissertation work in scientific and
applied scientific terms.
The problem addressed in the dissertation of MSc Eng. Ivavlo

Bogzhilov is highly relevant in the context of the development of extended reality (XR),
holographic telecommunications (HTC), and telepresence technologies. Traditional
3D content compression standards (such as V-PCC and G-PCC) face limitations when
dealing with high-dynamic and sparse scenes, which reguire high bandwidth and low
latency. The dissertation successfully addresses the transition from classical to
semantics-oriented and joint source-channel coding (JSCC), which is a leading
scientific direction. The set tasks encompass the research of autoencoder architectures,
the optimization of the rate-distortion trade-off, and robustness against disturbances,
thereby covering the entire operational cycle of modem 3D systems. With the
increasing volume of data generated by 3D scanners, autonomous vehicles, virtual
and augmented reality systems, the need for effective methods for compressing and
Tepresenting point clouds is becoming an increasingly pressing problem. The
approaches for compression and efficient representation of peint clouds developed in
the dissertation find application in a wide range of fields — from computer graphics
and robotics to medical visualization and geographic mformation systems. The
presented work is of 2 high scientific level and is in line with the contemporary trends
in the field of machine leaming and data processing.

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

The PhD. student MSc Eng Ivayle Bozhilov provides a
comprehensive litersture review and demonstrates familianity with the cumrent trends
and challenges in the field of visual analysis of human behavior in cyber-physical
systems and proposes innovative approaches for their solution, defined in the
dissertation’s goal and objectives.
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3. Correspondence of the chosen research methodology and the set goal and
tasks of the dissertation with the contributions achieved.

The author demonstrates & thorough understanding of the state of the problem by
conducting 2 comprehensive review of existing methods for compressing and
representing point douds. The literature review is systematic and in-depth, covering
boih the classical information theory (Shannon-Weaver) and the most modem deep
leaming methods (Transformer. Graph Convolutional Networks, NeRF, 3DGS). A
taxonomy of compression methods has been developed and the operational model of
HTC svstems has been systematized, which enables 2 more mecise analvsis of the
distmibution of computational and communication resources.

4. Scientific and/or apphed scientific contributions of the dissertation work.

The muthor MSc Eng [vavie Borhilov MSe daims the following

contributions to the dissertation wark

® Formulation and theoretical justification of 2 mathematical model for entropy
coding under mismatched probability modds (encoder-decoder configuration),
which enables the optimization of decoder complexity,

® Development of 2 new apmoach for Phase-Invariant Decoding (PID), which
addresses the frame desynchronization problem in the tansmission of dvnamic
paint clonds by utilizing the amplimde spectrum of the DFT.

® Development of a conceptual framework and a 4laver operational model for the
analysis of HIC svstems.

® Development of novel autoencoder architectures for point doud gseometry coding:
GAE TGAE, and DPCT.

® Implementation of the AEPCC system for the effident compression of sparse
point cloods in low-bitrate mode.

® Creation of software implementations of the propesed methods (AEPCC, DECT),
made available for scentific and practical application

The contributions of this dissertation are significant for the fumre development of

communication networks and visualization devices, providing enhanced robustness

and throughput while maintaining high quality

5. Evalmation of publications on the dissertation worl

The aumthor, MSc Eng Ivaylo Bozhilov hss submitted six
publications in support of the dissertation work He is the first author in all four
articles and single anthorin one. A check in the Scopus database shows that the author
has an h-index of 6. The table below provides a3 summary of the points and ctations
for the presented articles:

Al ] G7 I 1333 7
Al i GE 20
A3 G7 g 7
Ad G7 10
AS G7 6.66
A G7 10

Obme §7.90 14

Table 1. Summary of indicators from dissertation publications of MSc Eng. Ivavlo
Barhilov.


user
Rectangle

user
Rectangle

user
Rectangle


The author's scientific works have been presented in an appropriate manner and
reviewed in imtemationsl scentific forums snd journals. Additionslly, the over 10
atations already found in Scopus show the quality of the scentfic ontput The
submitted publications comply with the minimum requirements of the Academic Staff
Development Aect in the Remublic of Bulgaria and the Repulations for its
Implementation, and the TU-Sofia’s Regulation eon the Conditions and Order of
Acquisition of Scientific Degrees (RCOASD).

6. Opinions, recommendations and notes.

There are no significant shortcomings in the dissertation. The work is logically

stuctured, utidizing academic and precise language, with 2 comectly applied

mathematical framework The research is comprehensive and successfully addresses

the objectives set forth by the author

7. Conclusion with a clear positive or negative assessment of the dissertation
work.

The presented dissertation constitutes a completed scientific waork possessing
the requisite relevance, scentific novelty, and practical significance expected of 2
doctoral thesis. It complies with the requirements of the Law on the Development of
the Academic Staff in the Rezpublic of Bulgarna (ZRASRB), its Implementing
Regulations, and the Regulations for the Conditicns and Procedure for Acquining
Academic Degrees at TU-Sofia The contributions presented, along with the
professional and research qualities of Eng. Ivaylo Bozhilov, confirm his
standing as an established scholar in the field of 3D data coding and visualization.

Based on the above, | provide a positive evalustion of the dissertation and
recommend to the doctoral candidate’s scientific jury that Eng. Ivaylo |
Bozhilov be awarded the educational and scientific degree of Dectar’ in Field 5:
Technical Sciences. Professional Direction 5.3: ‘Communication and Computer
Engineering,” under the scientific specialty "Television and Video Technology.

Date: June 23, 2026 Signature jury membe
SOFIA [Assoc. Prof Strahil Angeov Soknl_w.Eng. PhDY
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