One -l 1=09¢ ,,

,-"-“{Jf,-;.'_e\/ 6’."?’?
(87 PEIEH3HSI

oTHOCHQ Jicep /38 IpHZ0OUBAHE HA 0DPA30BATEIHATA H HAYYHA

cTeneH “ROKTOR q Ry ACNEHATHOCT:

» TeJeBHINONAA TEXHAKA H BHACOTEXHHKA™

B Npo(eCHoHanHO HanpasieHue:

5.3. KomyHHKanHOHHA H KOMIIOTLPHA TEXHHKA

ABTOp Ha AHcepTallHOHHHAS TPY:

mar, HHx. Hsaiiio  bownaos

Tema Ha aAucepTaLHOHNMA TPYIL
KOAHPAHE H BH3YAJIM3AIIMA HA 3D OBEKTH, YPE3
APXHTEKTYPH 3A 1bJIBOKO OBYUYEHHE

Hzrotenn muennero: npod. a-p HHE. AleKcanabp Bexapckn

1. Axtyaanocr Ha pa3paboTBaHny B INCEPTALHOHHNS TPYA npoliaeM B HayIHO H
HAYTHO-NPIJIAHO OTHORIERHE

Temata m akTyasocTTa Ha MpejCTaBeHHs [uceprauuoned 1pyva “Koampane m
BI3yaansauns Ha 3D ofextH, upes apxuTexTYpH 3a Ibaboko obyuenme” ca
CELP2aHH OT eHA CTpala ¢ PasBHTHETO Ha METO/IHTE 33 KOMMPaHe Ha u300pameHHs B
HACOKa Ha TPHMEPHHTE ODEKTH. 4 OT Apyra CTpaHa ¢ NPHIAraHeTo Ha HCBPOHHHTE
MPEXH ¢ ALM0OKD OOY4eHHE 3a ChIecTseHO nogchpsmaHe Ha eleKTHRHOCTIA Ha
KOIHPAHETO, 0CODCHD BAXKHA NPH NPEACTABAHETO, MPEAABAHETO W BH3YAIH3AIHATA HA
TpPUMEPHHTE ODEKTH B Koaupana dlopMa.

2. Crenen Ha No3HABAHE CHLCTOSHHETO Ha NPoHaeMa # TBOPYECKA HHTEPIIPETAIHA
HA JMTepaTYpINS MAaTEpHAT

CrenenTa Ha 1103HABAHE CHCTOXHHETO Ha mpobieMa H TBOPYECKS HHTEPNpPCTallia Ha
JAHTEPATYPHHS MATCPHAN CC MPEICHTHPE B IIOTO ChALMKAHHE HA JIHCEPTAIHOHHHA
pya. llpeacrasennre 97 nATCpATYPHH H3TOMHMIM H AHAMHIMPAHH B MHPBA [JiaBa
~AHAIH3 HA CECTOSHHETO HA NPODAEMA IO JINTEPaTYPHH AAHHK" HAMBIHO M 00CTOHHD
aPryMeHTHPAT TEMATHEATa Ha AHCEPTalHATa, HeOOXOAHMOCTTa OT HOBH NO-PEKTHBHH
MeToaR 3a oOpabotka, kKomMpane, npejasade M Buzvanudauns #a 3D ofexrn. Bua
DCHOBa Ha TO3H aHATH3 ca ACHARPAHH NPABHAHO LT H 3a/Ia4HTe Ha IHCEPTALHATE,

3. CrorBercrBNe Ha W30pAHATA METOIHKA HA H3cAeIBaHe W MOCTABCHATA Hel H
IAA44H HA AHCEPTANIHOHHHAR TPYQ C HOCTHIHATHTE OpHHOCH

CroTsercTeieTO Ha M3I0PaHATA METOIMKS HA HICHCIBAHE H MOCTABSHATE TIEN H 3413t
A3 JHCEePTAIMOHHAS TPy ¢ NOCTHTHATHTE NpHHOCH € Aobpe obocHOBaHO 1 COCIBa Ja
Ce NoAYEpTae, 4e MOCTABEHATA 118/l H 3a/1aH Ha UCEPTALHOHAHA TPYA ca JedHHAPAHN
H THCHO CEBLP34HH C NOCTHIHATHTE PE3YATATH H NPHHOCH B AMCepTauuonHus 1pya. B
TOBa TRBPICHME ClelRa Ja ¢e BKMOYH oDOCHOBAHOCTTa HA [ENATE W 34%a49HTE B
ANCEPTALHOHHWA TpYyZA, HAaOBJIHO OCHOBaTeIHO Ac(HMHHpaHaTa 3HATHMOCT M
HeOOXOMHMMOCT B HAYYHO M HAYYHO-NPHIAOKHO OTHOIIEHME OT W3CAC/IBAHHA B
Hibpanara Hay4sa obnact — 00paboTka Ha HHMOPMAIHA, B CayYas TPpHMEPHH O0CKTH,
qpe3 apXHTeKTYPH 32 EN00K0 00YUeHHE ¢ 1]l KOIHPaHe. IPelaBale H BHIYAIH3AIHE.

1


user
Rectangle

user
Rectangle

user
Rectangle


Ipeanosen e npasuieH NOOXON, 10 KOHTO AOKTOPaHBT € (GOPMYJIHpan TOUHO H B
CHHTEIHPaH BHJI KaKTO 1EATa, TaKa H 3a1aqeTe B CBOA JMCEPTALMOHEH TPYML, KAKTO
craenBa;

llen ua aucepramnara:

Hscaensane w paspaboTsatie Ha METOIH 33 HHTETPHPARE Ha O0YYAEMH U CEMAHTHYHO
OpHeHTHpaHe MOAXO0AH B CHCTEMH 3a 3acHeMane, MpelaBaHe W BM3yanusauua #a 3D
ChABPHKAHHE, C Ul [OBMIABaHE Ha oQeKTHBHOCTTA., ANANTHBHOCTTA H
(GYHEIHOHANHOCTTA HA NPOLEca Ha KOJMpaHe.

Tazm men e peamtznpana upe3 GopMyTHMpPaHe ¥ HATHIHEHHE HA CACTHETE 321a4H Ha

JIHCeYpPTAIEATA:
l. AsanWz Ha BBIMOXHOCTHTE 3a WHTerpanHs Ha o0ydZaeMM ¥ CeMaHTHHHO

OPHCHTHPEBHH NOJXOAH 33 ROIHPAHC B CHCICMH 338 3dCHCMAHE, TpcJAaBAHE H
BI3yamasalms Ha 3D chabpaanie.

2. Macneapane # pa3paboTka Ha aBTOCHKOLEPHH apXHTEKTYPH 33 KoaupaHe Ha 3D
HITOYHHIH.

3. Mseneasane m paspaboTka Ha aBTOeHKOAcpHW apxwurextypn 3a JSCC ma 3D
ChABPKAHHE, C 11e] IOCTHIaHE Ha YCTOHYHBOCT HAE KAHAIHH CMVIIEHHS H epeKTHBHOCT
MpH KpaiiHy JEMKEHE Ha OnokoBeTe.

4. Peammiauus, exCNepHMEHTAIHO H3CHEABaHE M CPABHHTSNESH @HAIH3 HA
NPSANIOMEHHTE METOH H aPXHTEKTYPH.

4. Kpatka aHAINTHYHA YAPAKTEPHCTHKA HE CCTECTBOTO H  OHEHKR HA
AOCTOBEPHOCTTA HA MATEPHAJAR, BBLPXY KOiTO Ce TpaIsT NPHHOCHTE MHR
ARCepTALNOHHNA TPV

HucepraunoHuuaT TpyA € ¢ obem 138 crpanmms. Peammiuparero Ha mpaBHaIno
NOCTaBEHATa LEN W CHOTBETHH 3a/ayd HA JHCEPTAUMOHHHA Tpva ¢ ODeKT Ha
CAeABALINTE T7IABH HA AHCEPTAlHATA, MEHIY KOHTO ¢ MTOCTHTHATA MOC/ISI0BATENHOCT
B HATOWEHHETO, JIO'HYECKa BPB3KA H METOANYHOCT B NTPE/ACTARAHE HA HOBHTE BAMKHM,
OTHOCHO MPHHOCHTE Ha JHCEPTALHATA, TEOPETHHHH W TPAKTHYECKH pelicHH B
oDNacTTa Ha TEMATHKATA Ha JIHCEPTALHATA.

B raapa 2 ca npe/cTaBeHH BEIMOKHOCTH 32 HHTEIpApane Ha ofyyaeMi METOIH
34 KOIHPAHE B CHCTEMH 3a TpHMepHO ceaspxanue. [lpeanoxenn ca: yanduuupan 4-
CJIOEH OTepalHOHCH MO 33 CHCTEMH 34 3aCHeMaHe, 1IPEIaRaHe W BU3YAIH3aIHS Ha
3D ceabpwanne, NpaKTHYCCKH MOAXOMM 338 KOAHpaHe B COOS 33 3aCHeMaHe.
BKmounTenHo KoMnpeca Ha RGB-D janmn upes oiseTsBaHe, MyITHIICKCHPaHE H
CEMAHTHYHO-OpHEHTHPaHA 00paboTa W TEOpETHYHA TOCTAHOBKE 33 KOAHPAHE B CION
33 BU3YVAIHZAIN,

Tperara rjapa Ha JHCEPTANHOHHNE TPYA € MOCBETEHAa Ha ABTOCHKOICPHH
APXHTEKTYPH 33 KOJHPaHE Ha IEOMETPHUHATA CTPYKTYPa Ha pasnpenciesy obnaim or
toukH. [Ipeacrasenn c¢a ocobemocture Ha FoldingNet astoeskoaepu., rpad-
KOHBOIIOLHOHHH ABTOCHKOACDH H mﬁpu,mm EBTDEHKO.HE'}}H‘ & ChIN0 TaKa CTPATETHH
33 HOIHIMOHHO KOJIHPaHE H MEXGHHIMH 33 CAMOBHHMaHHE,



B gerpsprara rnasa Ha JHCEPTAIMOANHSE TPYI € H3CAEIBAHA H € Npej/icTaBena
CKCTIEPHMEHTAIHA OLIGHKA HA KOMITDECHHTA HA paspelleHH OOnamy o7 TOYKH, 4pes
aBTOSHKOACPHH apXHTEKTYPH, Pa3riielaHy B raasa 3.

B raasa 5 ,,JIsn60K0 CHEMECTHMO KOAMPAHE Ha H3TOYHHK—KaHa 3a oDaauw or
TOYKH € GHanH3HpaHa YCTOHYHBOCTTA Ha MOIEAHTE KbM NIyMa B KaHala M Ca
[pEIOKEHH PENIeHHA 33 CHHXPOHH3AIlHA i HANeKAHO npenapane. [Ipeacrasenn ca
NOJIYHEHHTE PE3VITATH APH ABA0OK0 ChEMECTHMO KOIHpaHe Ha W3TOYHHE-KaHal H
npeAaBane B KaHAIH ¢ IMyM.

Beaxa oT rrmerTe 3a8BpIIBA ¢ HIBOAH W (POPMYIHPEHH IPHHEOCH Ha JOKTOPAHTA.

5. Hayusn, BayqHo-IPHICKHR W NPHACKHH HPHHOCH HA IHCEPTANHOHHHS TPYA

B amcepranMoHHHS TPYA Ca NpPeACTABEHH CACIHHTE HAVUHH, HAYUHO-TPHAOKHH H
NPHIOKHHA NPHHOCH:

Hayuann nparoc:

1. Paspabotena e TeopeTHYHA MOCTAHOBKA 33 CHTPONHAHO KOAWPAHE ¢ HECHITIACYBAHH
BEPOSTHOCTHH MOJETH W ¢ HIBEICHD YCOORKE 33 C)EKTHRHOCT.

2. Ilpeanowen ¢ Mero 3a (aloBO-HHBEPHAHTHO ISKOAMpAHE NpU MpelaBaHe Ha
JHHAMHYHH 001a1H OT TOYKH.

Hayuno-nprio&HR DPHHOCH:

1. H3pnpmena e cucTeMaTiialig 1 3a3bA0092H aHATH3 HA METOINTE 33 KOIMPaHe Ha
3D chanpaanne W € NPEUIOKERa TAKCOHOMHA CTIOPET HATH3RAHATE TEXHOIOIHYHH
NPHHITANTE M WHTENPETAlMATa Ha MCEHKIHHHHTE npeacrassHus. DopMmyaupan € H
KOHIENTYATEH MOAE 33 CEMAHTHYHA KOMOPECHS Ype3 pajicisHe Ha undopMannsgTa
Ha riaobanen u geTained ceMaHTHYeH KOHTEKCT. -

2. Ilpunarane Aa 4-c0€H oNEpaHOREH MO KATO YHHBEPCAIHA PAMKA 332 AHAHS HA
CHCTEMH 3d 3aCHCMENT, MpejaBaHe W EMIVAINM3ALNA HAa TPHMEPHO ChAbpPAKAaHNWE, C
AKLEHT BEPXY PA3NPEeISHHETO Ha HIHHCIHTETHITE # KOMYHHKAIIHOHHATE PECYPCH.
3. Mscneasan € [WAPOK CNIEKTBP OT MeTO/H 32 oOpaboTka Ha obzamm OT TOYKH,
oboxpamanu FoldingNet-Gasupann Mozenn, rpad-KOHBOMOIMORHA APXHTEKTYPH,
XUOPHIHM APXHTSKTYPH ChC CaMOBHHMaHHe, 3D-KOHBOMONHOHHE apXHTCKTYPH M ca
00y49eHH M cpaBHeHH 00mo 37 Mojena npH PasiHyHH PASMEPHOCTH Ha /IATEHTHOTO
NPOCTPAHCTBO M YCIOBHA Ha ODYUCHHE.

4. Mzchensana ¢ KOMNPECHATA Ha paspeleHH oDaaun OT TOUKH 4pPe3 GBTOCHKOACPHM
ADXHTEKTYDH, KaTO € GHATHIAPAHO BIMAHHCTO HA APXMTEKTypata, Opos Ha
MApaMeTPHTE W PasMEPHOCTTZ HA JIATCHTHOTO [POCTPAHCTBO BbPXY 3aBHCHMOCTTA
CKOPOCT—HIKPHRABAHE,

5. Mscaeasane Ha DPCT apxurexTtypa B pewuMa 3a Ab00KO ChHBMECTHO KOIHpaHe
WITOUHAK—Kanan Ha obzauM o7 ToukH. PazpadoTenM M cpaBHEHH ca MOIXONH 34
CHHXPOHH3AIIHA HA KaJApPHTE, BEIIOYHTEIHO (a30B0 HHBAPHAHTHO JEKOINPAHE, KaTo €
AHATHIAPAHO MOBEICHHETO HM II[}}‘I }}RE.TH‘{H.H HHE3 HA TTYM H Hﬂmﬁpﬂmau“ﬂ.

TNMpuwaoxsn npHHGCH:



1. Amanu3 # AMIICMEATAIIRS Ha METOH 3a komnpecks #a RGB-D w3obpaxenus upes
OIBETHBAHC W HIMOMIBAHC HA KOOHPAMHA CXeMH 38 UBETHM H300pakeHnd,
BEMOYHTENHO OINEHKa Ha BIHAHHESTO HA pasniYHH CTPaTErHH 3a OIBCTHBAHC,
MY/ITHIUIEKCHPaHE H  CEMaHTHYHO-OpHeHTHpana  obpaborka Bmpxy R-D
XapaKTepPHCTHEATE.

2. PazpaGoTeHa € nNporpaMaa peaiH3allia Ha CHCTEMA 3& KOAHpaHe Ha reoMeTPHYIHATA
CTPYKTYpa Ha paEIpEICHH OOMEIH OT TOYKH, BEIIOYBAINNA HMIIGMTHTALMA Ha
ABTOCHKOICPHH aPXHTEKTYPH OT PA3IHYEH THIL, MEXANHIMH 32 MO3HITHOHHO KOWpane,
NpOLEAYPH 33 NOArOTOBKE H PaslUMPABAHE HAa AAHHHTE, KaKTO W MhJeH [HKBI 34
obyueHHe, BaAUIAIAA H TECTRaHE.

3. Paspaborena e nporpaMia peain3aiisg Ha KOAHPAllla CXEMa 38 PasfciHo KOAHpaHe
Ha TeOMETPHYHATA CTPYKTYPA, BEIOYBAINA MOKOMIOHEHTHO CKATapHD KBAHTYBaHE Ha
JMATEHTHHTE BEKTODH, /ICKBAHTYBAHC, NaKeTHPaHe, CEPHAMH3AUMA W BTOPHYHO
KOOHpaHe.

6. Ouenka Ba CTENEHTR HA AHYHOTO VHACTHE HA JOKTOPANTA B MPAHOCHTE

Onncanure Mo-TOpe, HAVYHH, HAYYHO-MPHAGKHH H NPHIOKHH IPHHOCH
durypupar B jgocrarsusata no ofem # chabpRanne Ny0AHKAUMOHHA AeiHOCT Ha
aoktopanTa. Te ca nOmyIApHIApaHd B NOAXOAAIIN H YTBBpPAEHH B obnactra Ha
JIACEpTalMATA Hay9HH (POpYMH, KOSTO 03Ha4YaBa, 4e pe3yITaTiTe OT JANCEpPTAalHATA ¢d
TIPHACORINA CHOTBETHATA MONY/SPHOCT H TPH3HAHHKE B HAYYHHTE cpean, B tasm Bpr3ka
M MHYHOTO YYACcTHE HA AOKTOPAHTHLT B NPHHOCHTE CE MPOABABA H ¢ HEOCHOPHMO H
NOTREP/ICHO OT HamWIHeTo Ha 6 myDmMKanmW# B CHABTOPCTBO C PBKOBOIMTENA HA
OOKTOPAHTE H KOJICKTHB.

7. lpenenka aa OyGIAKAINHATE N0 IHCEPTANHOHHHA TPY

OcCHOBHHTE NOCTHAEHHA B [MCEPTALMOHHMA TPYA Ca TOMyNSpHIApand B 6
Hay4ud nybmmeaun. Bue BeHuRH nyOiMKalHH JOKTOPaHTHT € H3 IMTEPBO MACTO,
Bepgkn nyOIHKSIHE €2 ¢ TEOPSTHYHO W TMPHIOKHO 3HAYEHHE, CEBP3AHM Ca C
TeMaTHKATA Ha /IACCPTANMATA ® C [pofecHoHaTHOTO Hanpaszedde 5.3
Komynnkaunonia 0 KOMIOTHPHE Texnnka. [Ipuesmas nydankalMosHara IeiiHocT
KaTO HAMLIHO JAOCTATHHHA 1O 00eM, HA BHCOKO HAy4YHO HAWBO H MOMYJSpH3HDAHA B
JOCTATRYHA CTENCH Ha HAMHOHAMHO H ME)K,I[}’IIH.PGHHD Hﬂ}"‘[Hﬂ' HHBO,

8. ManoasBase ®a pPe3VATATHTE OT [AHCEPTANHOHHNHS TPY] B Hay4HaTa H
CONHATHATA MPAKTHKA

B ancepranmsTa He Ca NPEACTABSHH IMPEKTHO KOHKPETHH AaHHH 33 H3N0/3BaHe
HA pe3y/ITATHTE OT AMCEPTAIHOHHNA TPy B HaydHaTa H conuanHara mpaxiuka. Ho
MO¥e Ja ce NpHeMe, He MPEICTABEHMAT CIMCHLK OT TPH TIPOTPaMHH peallM3aiiiy,
nyGmakysann B GitHub ca ocHosa 3a peanns Ob/enn NPAKTHUCCKH NPHIOKEHHA Ha
paspafoTennTe METOAM 2a KOAWpaHe, MpejaBaie W BHIYANM3AlMS HA TPHMEPHH
obeKTH.



9. Onenka Ha CLOTBeTCTBHETO Ha aBTopedepaTa ¢ WIHCKBAHHNTA 34
H3FOTBHHETO MY, KAKTO H HA AJeKBAHTHOCTIA HA OTPailsiBAHe HA OCHOBHHTE
MON0KEeHHS W NPHHOCHTE Ha INCePTAHOHHNS TPYI

OdopusseTo Ha asTOpedepara € B CHOTBETCTBHE C HIHCKBAHMATa H HANLIHO
CLABPHA Hal-BAKHHTE W CHINECTBEHH TSOPSTHYHH M [IPAKTHYSCKH MOCTHXEHHA B
AHCEPTALNATA, KOETD TOKA3Ba HETOBaTa &/ICKBAHTHOCT Cb¢ CBLABPKAHHTTO HA
JAHCEPTAIMOHHNE TPYIL

10. Muesus, npenopexs i DeIeKKH

B okouusarentoro ofopMieHHE HA IHCEPTALUMOHHMS TPYA Ca OTCTPAHECHH
NOBEYETO OT [OCOYCHHTE NIPOMYCKH H HETOUHOCTH B MOETO MHEHHE ITPEICTABERO MPH
NpeBAPHTENHATA BRTPCINNE 3AMIHTA, 38T0Ba B HACTONIIATE PEUCH3HA C4 NMOCOYCHH
camo clefHuTe 300eNemKH | NPenophru:

- AMa MaTeMaTHYCCKHM H3pasH, KOHTO cieasa Aa ObjJaT OWTHpaHW B TEKCTa OT
CLOTBETHH IHTEPATYPHH HITOYHHIM, 33 [da HAMA CHMHCHHE 33 HEKOPEKTHO
E3aHMCTBAHE | TAKa 13 e aKIeHTHPA BbpXy HOCOYCHHTE MPHHOCH HA A0KTOpaHTa:

- B DNOKOBHTE CXEMH H B TEKCT2 Ha I7aBa MCTE CC HINOM3BAT TCPMHHH H H3pDa3H
LOapeiasaren”, JIPHEMHHK", HaNpHMEp upe3 MOIYIAIMS HA HOCEH| cursan”, ,Jo
NpoNycKaTenHaTa cnocod Ha KaHana®, . KBaHTYBaneTo, nogodHo Ha AWGN kasana”,
Wipraara ce AWGN™ 1 ap., HAKOH OT KOHTO He 1By4aT npodiecHOHamHO, & ApYTH
CHE/BA 12 ObJaT KOHKPETHIHDEHM, 34 j1a ce ODOCHOBAT NPABMIHO MpeiCTaBeHHTe
TIAHHH OT CKCNEPHMEHTANHNTE H3CTCABARNE 3a BIHARHETO HA NapaMETPHTE HA Kanana
BELPXY YYBCTBHTEIHOCTTA HA ABTOCHKOASPHTE KbM LIVM.

11. 3armouenne

Cunray, ye o0WATA NONOKWTEIHA OLEHKA HA TEOPSTHYHHIC M NPAKTHYECKH
CKCTICPHMEHTANHR Pe3VITaTH, NOCTHTHATH NpH  pailpaloTkara Ha HACTOSNIHA
IHCepTallfOHEH TPy, JcQHHHDPEHH KATO HAy9YHH, HAVIHO-IPHIOKHH W MPHIOKHH
MPHHOCH, OTpa3e¢HH B JOCTaTbYeH Ha Opoil HayuHW MyOIHKAIHH H B NOAXOJAIIH
HAYUHH CIHCAHHS M KOH(EPEHIMH, €A HARIHO JOCTATHYHO OCHOBAHHE 33 HCHO
TIOAOAKHTENHO 3AKMOUEHHE OTHOCHD KBanudMKanmsTa Ha AOKTOPEHTA W HErOBHTE
NOTBBPACHH B JHCEPTAIMOHHKA TPYZ KA49cCTBA HAa yueH B H3OpaHATa OT HEro Hay9JHa
obnacT. 3aToBa CYMTAM 33 HATRIHO OCHOBATENHO W NMpenophiBaM Ha YBaEAEMOTO
HEYYHO JXYPH Ja NpHCHAH Ha oOpa30oBaTe/iHaTa H HaydHA CTEleH .JOKTOpP Ha MAr.
nak, HMeaiiio Boxuaos s npodecuoHanHo HanpaicHne 5.3,
KDM}"H[IR&IH!D]]]-I! H KOMIIOTBEPpHaE  TEXHHKA [ HayyHa COeRaIHOCT
TeaeBH3HOHHA H BHICOTEXHHKS.

Hata: 23.06.2026 1. Petiensesr: ..
(

(mpoth. a-p Anexcanisp bexspeku)
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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.Se. Eng. Ivaylo —._...__. v Bozhilov

Topie of the dissertation:

CODING AND VISUALIZATION OF 3D OBJECTS THROUGH DEEP
LEARNING ARCHITECTURES
Prepared by the opinion: Prof. Dr. Eng. Alexander Bekyarski

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

The topic and relevance of the presented dissertation “Coding and visualization of 3D
objects through deep learning architectures” are related, on the one hand, to the
development of image coding methods in the direction of three-dimensional objects,
and on the other hand., to the application of deep learning neural networks to
significantly improve the efficiency of coding, especially important in the presentation,
transmission and visualization of three-dimensional objects in coded form.

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 presented throughout the content of the dissertation. The 97 literary
sources presented and analyzed in the first chapter "Analysis of the state of the problem
by literary data”" fully and comprehensively argue the topic of the dissertation. the need
for mew more effective methods for processing, encoding, transmission and
visualization of 3D objects. Based on this analysis, the goal and objectives of the
dissertation are correctly defined.

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

The compliance of the selected research methodology and the set goal and objectives
of the dissertation with the achieved contributions is well justified and it should be
emphasized that the set goal and objectives of the dissertation are defined and closely
related to the achieved results and contributions in the dissertation. This statement
should include the justification of the goals and objectives of the dissertation, the fully
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justified definition of the significance and necessity in scientific and scientific-applied
terms of research in the chosen scientific field - information processing, in this case
three-dimensional objects, through deep leaming architectures for the purpose of
coding, transmission and visualization. A correct approach is proposed. according to
which the doctoral student has formulated precisely and in a synthesized form both the
goal and the tasks in his dissertation, as follows:

Purpose of the dissertation:

Research and development of methods for integrating learnable and semantically
oriented approaches in systems for capturing. transmitting and visualizing 3D content,
in order to increase the efficiency, adaptability and functionality of the coding process.

This goal is realized by formulating and implementing the following tasks of the
dissertation:

1. Analysis of the possibilities for integrating leamnable and semantically oriented
approaches for coding in systems for capturing, transmitting and visualizing 3D content.

2. Research and development of autoencoder architectures for encoding 3D sources.

3. Research and development of autoencoder architectures for JSCC of 3D content, in
order to achieve robustness to channel interference and efTiciency at finite block lengths.

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

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

The dissertation is 138 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 are achieved.

Chapter 2 presents possibilities for integrating learnable coding methods into three-
dimensional content systems. The following are proposed: a unified 4-layer operating
model for systems for capturing, transmitting and visualizing 3D content, practical
approaches to coding in the capture layer, including compression of RGB-D data
through coloring, multiplexing and semantic-oriented processing and a theoretical
formulation for coding in the visualization layer.



The third chapter of the dissertation is dedicated to autoencoder architectures for
encoding the geometric structure of distributed point clouds. The features of FoldingNet
autoencoders, graph-convolutional autoencoders and hybrid autoencoders are
presented, as well as positional coding strategies and self-attention mechanisms.

In the fourth chapter of the dissertation, an experimental evaluation of the compression
of sparse point clouds using autoencoder architectures discussed in chapter 3 is
investigated and presented.

In chapter 5 “Deeply compatible source-channel coding for point clouds”, the
robustness of the models to channel noise is analyzed and solutions for synchronization
and reliable transmission are proposed. The results obtained for deep compatible
source-channe! coding and transmission in noisy channels are presented.

Each chapter ends with conclusions and formulated contributions of the doctoral
student.

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

The following scientific, scientific-applied and applied contributions are presented in
the dissertation work:

Scientific contributions:

1.-A theoretical formulation for entropy coding with inconsistent probabilistic models
has been developed and a condition for efficiency has been derived.

2, A method for phase-invariant decoding in the transmission of dynamic point clouds
has been proposed.

Scientific-applied contributions:

1. A systematization and in-depth analysis of the methods for encoding 3D content has
been carried out and a taxonomy has been proposed according to the technological
principles used and the interpretation of the intermediate representations. A conceptual
model for semantic compression has also been formulated by dividing the information
into a global and detailed semantic context.

2. Application of a 4-layer operating model as a universal framework for the analysis
of systems for capturing, transmitting and visualizing 3D content, with an emphasis on
the allocation of computational and communication resources.

3. A wide range of point cloud processing methods has been studied, covering
FoldingNet-based models, graph-convolutional architectures, hybrid self-attentive
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architectures, 3D-convolutional architectures, and a total of 37 models have been
trained and compared under different latent space dimensions and training conditions.

4. Compression of sparse point clouds using autoencoder architectures has been studied,
analyzing the influence of the architecture, the number of parameters and the
dimensionality of the latent space on the rate-distortion dependence.

5. Investigation of a DPCT architecture in the mode of deep joint source-channel
encoding of point clouds. Frame synchronization approaches, including phase invariant
decoding, have been developed and compared, and their behavior at different levels of
noise and desynchronization has been analyzed.

Applied contributions:

L. Analysis and implementation of methods for compression of RGB-D images by
coloring and using coding schemes for color images, including assessment of the
influence of different coloring strategies, multiplexing and semantic-oriented
processing on R-D characteristics.

2. A software implementation of a system for encoding the geometric structure of sparse
point clouds has been developed, including implementation of autoencoder
architectures of different types, positional coding mechanisms, data preparation and
expansion procedures, as well as a full cycle for training, validation and testing.

3. A software implementation of a coding scheme for discrete coding of the geometric
structure has been developed, including component-wise scalar quantization of the
latent vectors, dequantization, packetization, serialization and secondary coding.

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

The scientific, scientific-applied and applied contributions described above appear in
the doctoral student's publication activity, which is 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
appropriate 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 6 publications in co-authorship with the doctoral
student's supervisor and team.

7. Assessment of publications on the dissertation work



The main achievements in the dissertation work have been popularized in 6 scientific
publications. In all publications. the doctoral student is in first place. All publications
are of theoretical and applied importance, are related to the topic of the dissertation and
the professional field 5.3. Communication and computer technology. | accept the
publication activity as being fully sufficient in volume, at a high scientific level and
sufficiently popularized at the national and international scientific level.

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

The dissertation does not directly present specific data on the use of the results of the
dissertation in scientific and social practice. However, it can be assumed that the
presented list of three program implementations published on GitHub is the basis for
real future practical applications of the developed methods for coding, transmission and
visualization of three-dimensional objects,

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

The design of the abstract is in accordance with the requirements and fully contains the
most important and essential theoretical and practical achievements in the dissertation,
which indicates its adequacy with the content of the dissertation.

10. Opinions, recommendations and notes

In the final layout of the dissertation, most of the.indicated omissions and inaccuracies
in my opinion presented during the preliminary internal defense have been eliminated,
therefore, in this review, only the following remarks and recommendations are
indicated:

- there are mathematical expressions that should be cited in the text from relevant
literary sources, so that there is no doubt of incorrect borrowing and thus to emphasize
the indicated contributions of the doctoral student;

- in the block diagrams and in the text of chapter five, the terms and expressions
"transmitter”, "receiver”, "for example, by modulation of a carrier signal", "to the
bandwidth of the channel", "quantization, similar to the AWGN channel”, "AWGN is
applied”, etc. are used, some of which do not sound professional, and others should be
specified in order to properly substantiate the presented data from experimental studies
on the influence of channel parameters on the sensitivity of autoencoders to noise.
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11. Conclusion

| believe that the overall positive assessment of the theoretical and practical
experimental 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 journals and conferences,
are a fully sufficient basis 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, 1 consider it completely justified and recommend to
the Honorable Scientific Jury to award the educational and scientific degree "doctor” to
M. Eng. Ivaylo Bozhilov in the professional field 5.3. Communication and
computer technology in the scientific specialty Television and video technology.

Date: 23.06.2026 Reviewer: ...

(Prof. Dr. Alexander Bekyarski)
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