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oT npody. =P Wik, AeKcanaLp Bekspesn
OTHOCHO AMCEPTAIIHOHCH TPY/ 3a NpHAoOuBane Ha oOpasoBaTeIHA H HayTHA
crenen “JIOKTOp” 110 HAY9YHA CHEeUHATHOCT!
TeseBniNOHNA H BHACOTEXHHKA
B TIpo)eCHOHAIHO HANIPABICHUE!
5.3, KomyHUKAIHOHHA H KOMIIOTHPHA TEXHHKA
ABTOp Ha JIHCEPTANNOHHUS TPY/L
mar. mwik. Haame: . Xpucros
Tema Ha AHCEPTALMOHHNEA TPYIL
Buiyasen aHajn3 Ha HOBCACHHETO HA HHANBAIAN B kubepdusntinm
CHCTEMH

. AKTyaanoceT na pazpaborsanus B ANCEPTAUHORHNS TPy npobaem B HAYYHO |
HAYIHO-TIPRIOKNO OTHOUICHNE

Temara Ha NPCACTABEHHS JHCEPTAINIOHEH TpyA “Busyajen aHaans ua
[OBEICHHCTO HIANBH/IM B KuOepUIHYNE cHCTeMH” CHBCEM CCTECTREHO PaskpHia
HAAMMHETO HA AKTYATHOCT, CBLP3AHA © MHPOKOTO PasipoCTPAHCHHE HR MCTOLMTE W
CPE/ICTRATA %3 ANATH3 HA MOBEACHHETO HAd XOPATA € NS MOACHUPAHCTO HM NPt
pa3paboTBANE M MPAKTHYECKO MNPHIOKCHHE HA TIOBCACHHCTO Ha HHAHBIIN &
KHOCpIIHTHN CHCTEME.

2. Crenen H4 (O3HABAHC CHCTOSHHETO HA npobiaema W TBOpHECKa
HUTEPNPCTANNS HA ANTEPATYPUHA MATEPHAN

CrenenTa Ha NMO3NaBaHe ChCTOSHUETO HA NpobieMy U TBOPYECKa HHTCPNPETALNA 1
JWTCpATYpHES MATepHaT ce 3abensssa B LeAus ANCCPTAINOHEH TPYL. Ho wmoxe 1a
e MoMUEPTae, e Ype3 CLIHOCTTA Ha 171aBa | “AHaaus Ha CHCTOANNETO Ha npoGaema
[0 AMTEPATYPHN TAHHH HA JIMCCPTALMORHEN TPYZ, KbAETO Ca GHATHSHPAHH roasMa
wactT or wwtapasure 103 Hayumn nyGrmkanuu, e apryMeHTHpa TCMaTHEATa Ha
JAHCCPTAUNATA, FIABHO 10 OTHOUICHHE HA HeoOXOAMMOCITa OT HOBH NG-COCKTHBHH
MCTOAR ¥ AITOPATMH 33 GHAAMI HA [OBCACHWCTO Ha HHIABIAN B KuOephH3HIHY
CUCTEMH,

3. CnoTBCTCTBHE HA B35p81l81‘ﬂ METOANKA HA H3CaeaABale # HOCTABCHATA ned "
324298 Ha JINCCPTRUHOIHEA TPYAC NOCTHIHATHTC NPHHOCH

CHOTBETCTBHETO HE H36pzmaTa METOMHKAR Ha H3ICASABAHC H [TOCTABEHATA HCT B
Jaaud Ha JHCSPTAIHOHHHA TPYA € HOCTHIHATUTE TIPHHOCH € noﬁpe O0OCHOBAHO H
CeBa Aa ¢ noaueprae, Ye nocrasciata HEN M 3AUaYH 1A AUCEPTAHONHEA TPy &
aetbmmpaxm H THCHO cCBbLP3aHH € NOCTUIHATHTE pesviramm M paHocit B
JANCCPTAIHONIHA TPYIA. B toBa TEBP/ICHHC CACaBa 1a ce BEHOMH 000CHOBAHOCTTA HA
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HEAHTe H 3a4a4HUTe B JMCEPTAIHOHHNA TPYZA, HALIHO OCHOBATE/IHO AcHHHpaHaTa
FHAYMMOCT H HCOOXOANMOCT B HAYYHO-TIPHWIORHO # NPIIIOKHO OTHOMEHHE OT
n3caeasanua B usbpanara aayuna oGnact, [lpeuoxen € npaBHiIeH NMOAX0/L [0 KOHTO
JOKTOPaHTHT € (opMyaupan TOYHO H B CHHTC3HPAH BHI K8KTO il€ITa, Taka H
3aJIAYHTE B CBON JIHCEPTAIIHONCH TPYIL, KAKTO Ciae/ina;

Lles na aucepranusta

Aa ce paspaborst METOAR H RATOPHTMH 38 PALIHYHHE BHIOBE aHAJAH3 HA
AKTHBHOCTH € NPHAOAKHA HACOUCHOCT, KAKTO IPH MOHOPAKYPCHH CHCTEMH,
TAKA H NPH MHOTOPAKYPCHH CHCTEMH.

CaeiHnTe OCHOBHM 3a/a%M ca CABLP38HH C TOCTasCHATa 1e/ B AHCCPTAITHOHHHN TPy

1. PaspaGoTBate Ha KOMOHHAPAH METO M ATOPATHM 38 KAaCH(IHKAIIMN HA YOBEIIKA
aKTHBHOCT ¥pe3 ALI00Ka HeBPOHIA MpeKa

2. PaspaboTBase Ha METOA W ATOPHTEM 33 OTKPHBAHE Ha B3aUMOASHCTRHC HHIMBHIL-
obexT upes abpa00Ka HEBPOHHA MpeXa

3. PazpaGoTsane HA METOA M WITOPHTHM 33 OTKPHBAHC HA aHOMAIIHA AKTHBHOCT Ype3
ALA00K? HEBPOHHA MPEKa

4, PazpaborBaHe Ha MCTOJA M aATOPMTEM 33 PA3IO3HABAHC HA MHOIOPAKYPCHH
CKeJICTOHHH JI@HHH B MHOTOPAKYPCHA CHCTEMA

5. OYHEKIHOHWLIHA TPOBEPKA HA ACHCTBACTO HA paspaboTeHHTE AYIOPHTMM, upes
NpOrpaMia peajisaius N roToBH MHOKECTBA JAHHH, 33 OlIEHKa Ha TAXHATE
eheRTHRHOCT

4. Kparka QHAJAHTHYHA XAPAKTCPHCTHKA 14 CCTECTBOTO W OUCHKA HA
AOCTOBEPHOCTTA 1A MaTePHANR, BBLPXY KoOHTO ce rpais’ NPHHOCHTE Ha
ANCEPTANMOHHHA TPYA

JlncepratmonnnaT TpyA € ¢ obem 101 crpanuny. Peaau3anpanero Ha npasuaHo
TIOCTABEHATA e/ M CHOTBETHH 3a1audl Ha JIHCepTaLMOHHWA Tpya € Oo0ekT Ha
CACABANIATE TTIABH HA AMCEPTAIMATA, MCKAY KOHTO € MOCTHIHATA NOCACAOBATEIHOCT
B AZIOKEHHETO, JOHYECKa BPEIKa W METOINUHOCT B NPEACTaBAHE HA HOBHTE BAKHH,
OTHOCHO TIPHHOCHTE HR JAMCEPTALMATE, TCOPETHHYHH M TPAKTHYCCKH PCHICHHR B
o0aucTTa Ha TEMATHKATa Ha JACepTatusTa.

OferT Ha H3CHeABaHe B 171aBa 2 € aHATH3BT Ha TCOPETHYUHHTE ITPC/INOCTABRN 338
pazpabOTRane HA ATTOPUTMH 33 H3CIE/IBAHEC H NPOYYBAHC HA [OBC/ICHHETO HA
uHAHBIE B kuOepdmsm cucremi, Kato oCHOBHH TEOPCTHYHI NPEITOCTABKH €a
ONKCAHH METOANTE M AATOPHTMHTIC ¢ MINONIBAHE HA HEBRPOHHA MPEKH ¢ MRUMHHO U
aweaboko obydenne, pasnosHasane na obpas, knacuduKaling, OUCHKE W BaIHAMpaHe
HE MOJACAH, 4 CLINO Taka Cci pastiiefiaHy BU3YATHH CCH30pPM 33 JIBIKCHHC Ha
Microsofl.

B rpera raasa Ha AUCEPTAIAOHENS TPYA “MeToad 1 ANTOpHTMI 33 aHAMHS Ha
AKTHBHOCTH OT CKEJICTOHHH JAHHN ¥pe3 ABIOOKH HCBPOHHH MPEXKH~ €& W3C/ICABARH
METO/IHTE | Ca TIPS/UIOKEHR AITOPHTMH 38 pasnosHasaHe va axrasHocT upes CNN o
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SVM., 3a orkpusaHe Ha neoOnuaiina 4OBCHIKA AKTHBHOCT B pEajHO BpeMmc upes
IDCNN-LSTM, u 3a orkpuBaHe Ha B3anMmozeiicTBue nHaMBui-o0exT upea 1D
KOHBOJHOHMONHEA HEBPOHHA MPEKa,

B rrasa yeTBBpTA Ha ANCepTanHORHNA Tpya "EKCnepuMenTanian pe3yaTaTi or
paspaboTenuTe LITOPHTMH" ca H3CIACABAHA H aHAIHINPAHH PE3V/ITATH, MONYYEHH OT
NPaKTHYCCKOTO MNpHIarane Ha paspaloTcHHTE aaropuTMH B mmaBa 3 0 4
CKCNEPHMEHTAIHA WICASABAHNA KbM KOMOMHHPAHHS METON 33 Pasno3HaBaHe Ha
akrusnoctr gped CNN u SVM., wnacuduxkanms sepxy 6Gasn gasun PKU-MMD,
CKCMEPUMEHTAIHN H3CASIBAHMT KBM METO/l 38 OTKpHBaHE Ha HeOOHHAHHA MOBEINKa
Aefipoet B peanuo speMe ¢ nomomma ua IDCNN-LSTM, excriepumeHTa i
H3CICIBAHESN KbM MCTOXBLT 33 OTKPHBAHC HA B3auMmoacHcTeHe HOBEK-00¢KT B
MOHOpaKypcHa CHCTCMA, CKCIICPHMCHTANHM H3CICABAHMA KbM METOAWTE 34
PA3NO3HABAHE HA MHOTOPAKYPCHA YOBCUIKA AKTHBHOCT.

5. Haywnu #/M08 HAYSHO-TIPHIOKNH HPHHOCH HA AHCEPTANHONHES TPY

OCHOBHHTE PE3V/ITATH, NOCTHTHATH B HACTOAUIHMA JIMCEPTAIIHOHEH Tpya ca
0000IEHH i IIPEICTABEHE B CHHTEIHPAH Bt 1104 GopMaTa Ha CIASAHHTS [IPHHOCH:

Haywaun npanocu:

- paspaloren ¢ KOMOHIHPAH, KackaIeH METO 3@ pasrno3HABAHE HA HOBEIIK:
AKTHBHOCT, BKANOUBAUl KOHBOMOMHOHHA HeBponHa mpexa (CNN) u mammsHa 34
onopun Bektop (SVM);

Haysno-npriaoxnn npanocn:

- paspadoTeHa ¢ apXHTEKTYpa 33 OTKpHBAlC Ha AHOMATHA JOBCHIKA AKTHRHOCT,
BEIOYBALL CAHOMEPHA KOHBOMOHMOHHA Hemponna mpexa (IDCNN) u mpexa 3a
awsarocpouna namer (LSTM).

- pazpalored € anropHThM 32 TIOKAIPOBA KiracHpRKAIMA HA AKTHBHOCTH 3a
HATHYHE HA BIAHMOACHCTBHE MEK/TY HIJIMBH H ODCKT:

- paspadoTeH € AMrOpHTHEM 3a PasNo3NaBafe Ha MHOTOPAKYPCHH AKTHBHOCTH
OT CKSATTOHH YPE3 C/IMBAHE HA JaHHNUTE.

[lpll)l(nﬁllll npuyocH:
EKCHCPHMGH‘!B.’IHII H3CJISABAHMA HA MPSJICTABCHATE METOAH H &TUOPHTMH.

6. Ouenka Ha CTENEHTA HA JIMYHOTO YHACTHE HA JOKTOPANTA B NPHHOCHTE

OnucannTe MO-rope HAy4HH, HAYUHO-UPHAOKHH M TIPIWIOKHE HOPHHOCH
(GHUCypHpaT B AOCTATHUHATA 1O 00CM H ChAbpAamie nyOIHKANHOHHA ACHHOCT HA
AOKTOpanTLT. 1€ ca nonyaspH3HpaHH B MOAXOAANIN U YIBBPACHH B 001acTTa Ha
JHCEPTAlHMATA HAYYHI (POPYMH, KOCTD 03HAYABY, Y€ PCIVITATHTE OF JIHCEPTAlNATa Ca
NpHAOOHIM CHOTBETHATR TONYJASPHOCT M IIPH3HAHHE B Hayguure cpea. B rasu
BPb3KA W AHYMHOTO YHacTHE HA AOKTOPAHTHET B MPHHOCHTE C€ TpOsABARA W €
HEOCTIOPHMO H NOTRBPACHO OT HAIMYHCTO Na 4 MyOANKallMH [OCOYCHH B CITHCHKA Ha
HYOAHKAUHATE 110 JHCCPTAIHONHIA TPY.L.
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7. [penenxka na NYSAHKATTHATE MO AHCEPTRAUHONHRS TPYA

OCHOBHHTE IMOCTHIKCHHSN B ANCEPTALMOHHHA TPYA €A NONYMApHIHpany B 4
HayaHu MyOAHKAIHNA, B CIHCAHEA B HaYYHH KoHpepeHiuy, Bowaxn nybaukammn ca ¢
TCOPETHYHO M MPHIOKHO SIHANCHHE. CBEP3aHH ¢4 ¢ JINCCpTammM#Ta u ¢
npoecnonanioTo nanpasaenne 5.3, KoMynnkausonna @ KoMmoOThpHa TEXHHKD,
Tpuemaym MySAUKAIHOHAATE ACHHOCT KATO HAMBIHO J0CTATHYHA 0O 00EM, HA BUCOKO
HAVYHO HHABO M MONYJAAPHINPAHA B JIOCTATHYHA CTCNCH B HAUMOHWICH M
MEXYHAPOJICH HAYYCH IUIaH.

8. Ouenka Ha CHOTBETCTBHETO Ha asropedepari: ¢ HIMCKBAHHATA 34
HATOTBAHETO MY, KAKTO ¥ HA AJUCKBAHTHOCTTA HR OTPAINBANC HA OCHOBUUTE
NOA0KEHHA W MTPHHOCHTE HA AHCEPTANHOHINS TPYA

OdopmiHeTo Ha asTopedepara ¢ 8 ChOTBCTCTBHC € HINCKBAHHATA H HAITHIHO
ChABPAKA HAl-BAKHHTE H CHUIECTBCHH TEOPETHUMHH M MPAKTAHECKH NOCTHHEHHS B
JAMCCPTALNUATA. KOCTO [OKa3Ba HETOBATH WICKBAHTHOCT CbC CLABPXKAHMCTO HA
JAHCEPTAIMORHESA TPy

9. Muenns, npenopbkn H fe1exKn

B npeABapHTe/IHATa PEICHINS 3a BHTPCHINATA 3a0lHTa Ha JHCCPTAHONHHS TPYA
uMallle peIAKIHOHEE TIPOIIYCKH W HETOMHOCTH, [OBEYETO OT KOWTO €& OTCTpaHeHH
Py OKOHYATEIHOTO OQOPMIRE Ha JIMCETPALMOHANS TPy B HACTOALATA PeHEH3NA
¢a NOCOYSHH CAMO CIIETHATE He3HAUNTE TN 3a0CaekKKM:

- aunesa uHGOpPMaUMA 33 TPOIPAMHUTE CPEICTBA. ¢ KOHTO €2 [MpOBEICHH
eKCHEPHMENTIVIHNTE  M3ChAeABanms  (€AHHCTHEHO € IMOCOUCHD, '€ “ChpBepHTT,
npeaHazHagern 3a anadoko odygenne ca Ubuntu Linux™):

- Ha cTp.63 8 m3peueHnero “LleannT ANTOpHTELI € o1Mcan B 2. KaTO HPHIAOKCH B
peaano Bpeme’” He e fCHO KaxBo ¢ 2 (BeposTHO myGaukaums 2), HO OCheH TOBa OT
AUOPHTHEMA, MPEACTAaBEH CIC TOBA HIPCHYCHHE, HC MOKE 1a CC THRPAM, He
WITOPHTEMET € “pHioKed B peanno speme.”. Topa TpadBa Aa ce NPeJACTasH B camara
JHCCPTALMS,

- TIOAPOOHHTE ODACHCHHA CACA BCCKHM OT ACKAAPHPAHHTE HAKPATRO HayuH# M
HAYSHO TIPIIOZKHH HPAHOCH €8 M3IHIIHHL

- He MoOke camo aa ce aekmapupa. ue  “lIpHaokHHTC npHHOCH G
EKCrepuMeHTATHUTE H3CTHCABAHU ...... ", TpsGBa KOHKPETHO 71a €€ UMTHPA OT r1aBa
4, KbJ1eT0 ca NOCTHIHATH.

Cuirram, 4€ Te3n npenophkd n 3aleinemku me ObJar NCHHH W IOCIHN B
Opzemara nayHa i nyOANKanHoHHa AeHHOCT Ha AOKTOPAHTA.



10, 3akinovenne

Cuyram, ve oDImaTa NONOKUTEIHA OLSHKA HA TCOPCTHIYHHTE H IPUAKTHYCCKH
PE3YATATH, NOCTHTHATH NpY pa3paboTKara Ha HACTOANINA JIMCEPTALMOHEH TPYA,
nedmHMpas KaTo HAYYHH, HAVYHO-IIPHIONKHH M NPHIOKHN HPHHOCH, OTPaseHH B
AocTaThyucH HA OGpoli Hayunn nyGaMKaMH H B8 NOAXOMNIIH HAYYHH CIUCAHHA H
KOH(CPEHITHH, Ca HAITKIHO JIOCTATEYHO OCHOBAHHE 3@ SCHO [MOJMOKHTEIHO
3AKTONEHHE OTHOCHO KBATHIMKAIMATAE HA AOKTOPAHTA N HCIOBHIC TOTELPACHH B
AHCEPTATHOBHMA TPY/I KAYCCTBA Ha yueH B u30paHaTta oT Hero HayuHa obGaact, 3aTosa
CHHTaM 338 HAMLIHO OCHOBATENHO Ja Ce NMPHCEAN 00pasoBaTeHa M HAYYHA CTEeleH
Soktop” Ha wmar, auk.  laamen XpueroB B NPOECHOHATHO
Hanpariesie 5.3, KoMyHHKAaUHOHHA W KOMIIOTBPHA TEXHHKAa [0 Hay4dHa
crenuTHOCT TeIeBHINONHA H BHACOTEXHHKA,

Hara: 07.01.2025 1. Peuensent: ...

(npod. a-p Anercanasp Bexkupexn)
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by Prof. Dr. Eng. Alexandcr Bekyarski

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 Enginecering
Author of the dissertation:

M. Eng, Plamen ' Hristov

Topic of the dissertation:

Visual analysis of the behavior of individuals in eyberphysical systems

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

The topic of the presented dissertation "Visual analysis of the behavior of
individuals in cyberphysical systems" quite naturally reveals the presence of
relevance, related to the widespread distribution of methods and tools for analyzing
human behavior for the purpose of modeling them in the development and practical
application of the behavior of individuals in cyberphysical systems.

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 | “Analysis of the state of the
probiem based on literary data™ of the dissertation work, where a large part of the
cited 103 scientific publications are analyzed, the topic of the dissertation is argued.
mainly in terms of the need for new more effective methods and algorithms for
analyzing the behavior of individuals in cyber-physical systems.



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

The correspondence 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 tasks in the dissertation
work, the lully justified defined significance and necessity in a scientific-applied and
applied sense of rescarch in the chosen scientific field. 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 work, as follows:

Purpose of the dissertation

To develop methods and algorithms for various types of applied activity analysis, bath
in single-perspective and multi-perspective systems,

The following main tasks are related to the goal set in the dissertation:

I. Development of a combined method and algorithm for classification of human
activity using a deep neural network

2. Development of a method and algorithm for detecting individual-object interaction
using a deep neural network

3. Development of a method and algorithm for detecting anomalous aclivity using a
deep neural network

4. Development of a method and algorithm for recognizing multi-angle skeletal data
in a multi-angle system

5. Functional verification of the operation of the developed algorithms, through
program implementation and ready-made data sets, to assess their effectiveness

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 101 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
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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 analysis of the theoretical
prerequisites for developing algorithms for research und study of the behavior of
individuals in cyberphysical systems. As basic theoretical prerequisites; methods and
algorithms using neural networks with machine and deep learning. pattern recognition,
classification, evaluation and validation of models are described, and Microsoft's
visual motion sensors are also considered.

In the third chapter of the dissertation “Methods and algorithms for analyzing
activities from skeletal data using deep neural networks”, methods are studied and
algorithms are proposed for activity recognition using CNN and SVM, for detecting
unusual human activity in real time using 1DCNN-LSTM, and for detecting
individual-object interaction using 1D convolutional neural network.

In the fourth chapter of the dissertation "Experimental results of the developed
algorithms" the results obtained from the practical application of the developed
algorithms in chapters 3 and 4 are studied and analyzed: experimental studies on the
combined method for activity recognition using CNN and SVM, classification on
PKU-MMD databases. experimental studies on a method for detecting unusual human
activity in real time using 1DCNN-LSTM, experimental studies on the method for
detecting human-object interaction in a mono-angle system, experimental studies on
methods for recognizing multi-angle human activity.

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

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

Scientific contributions:

- a combined, cascade method for human activity recognition has been developed,
including a convolutional neural network (CNN) and a support vector machine
(SVM).

Secientific-applied contributions:

- an architecture for detecting anomalous human activity has been developed.
including a one-dimensional convolutional neural network (1DCNN) and a long-term
memory network (LSTM);



- an algorithm for frame-by-frame classification of activities for the presence of
interaction between an individual and an object has been developed;

- an algorithm for recognizing multi-angle activities from skeletons by merging data
has been developed,

Applied contributions:
Experimental studies of the presented methods and algorithms.

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 ficld 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 evident
and is undeniable and confirmed by the presence of 4 publications listed in the list of
publications in the dissertation.

7. Assessment of publications on the dissertation work

The main achievements in the dissertation work have been popularized in 4
scientific publications, in journals and 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, 1 accept the publication activity
as completely sufficient in volume, at a high scientific level and sufficiently
popularized in the national and international scientific plan.

8. 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

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 shows its adequacy with the content of the dissertation work.

9. Opinions, recommendations and notes

In the preliminary review for the internal defense of the dissertation, there were
editorial omissions and inaccuracies, most of which were eliminated during the final



preparation of the dissertation. In this review, only the following minor remarks are
indicated:

- there is no information about the software tools with which the experimental studies
were conducted (it is only stated that “the servers intended for deep learning are
Ubuntu Linux");

- on p.63 in the senténce “The entire algorithm is described in 2, as applied in real
time” it is not clear what 2 is (probably publication 2), but in addition, from the
algorithm presented after this sentence, it cannot be claimed that the algorithm is
“applied in real time.". This should be presented in the dissertation itself;

- detailed explanations after each of the briefly declared scientific and scientifically
applied contributions are unnecessary:

- it cannot simply be stated that “The applied contributions are: Experimental research
...... . It must be specifically cited from Chapter 4 where they were achieved.

| believe that these recommendations and remarks will be valuable and useful in the
future scientific and publication activities of the doctoral student.

10, Conclusion

I believe that the overall positive assessment ol the theoretical and practical
results achieved in the development of this dissertation work. defined as scientific,
scientifically-applied and applied conuributions, reflected in a sufficient number of
scientific publications and in appropriate scientific journals and conferences, arc 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 fully justified to award the educational
and scientific degree "doctor" to mag. eng. Plamen Hristov in the
professional field 5.3. Communication and computer technology in the scientific
specialty Television and video technology. )

Date: 07.01.2025 Reviewer: ....
(prof. dr. Alexander Bekyarski)
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