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EBDXY ZHCEPTAUHONEH TPYA 32 OPHIOOHE2HE Ha obpasoBarenna i
HIY9HA CTENeH , JOKTOp
ABTOp Ha AMCEPTANHOMNNS TPYA- Mac. une. Ilaavien Xpucmos

Tesma #a aucepraunomms Tpva "BH3VATEH AHATH? H4 HOBEJEHHETO
HA HHITHBHIH B KHEEPOIHIHH CHCTEMH

[poecnonaao nanpagienne: 5.3, Koxsynunawuonna u xawnwurspua mexwima
Havema cnemmaanocr: Teresuzuonna n CHOCOMENHIUNA

Haywun prxosoaurem:: don. &-p unse. Azama Manoaosa, TY-Cogus,
DPTK u npog. 0-p unxc. Ozsn Bymbapos, TV-Cogus, DTK
Ynen na HaywHOTO XVpH dou. a-p unxc. Cmpaxwun. Coxanoe, Buciue

JULTTIHE N0 METEKOMYHUKAWIN 1 NOU(U, KA. Teaexamyuuxanuu, @anyamem no
IMETERKOMYHURAIGUI U MERUOHCIMBHIN

1. Axryansocr ua paspaorsamus B ANCEPTANMORHNR TPYA NPodieM B HayuHO
H HAY9HO-IPILICKHO OTHONISHNEE,

PainoiHasaseTo Ha eleMenTH OT ZoBEmEOTO TMOBEACHHE € OT FOISMO 3HaIYeHHE 33
BIRAMMOZCACTBHETO MEEIY HOBEK H DODOT H MOIBOINE2 Ha pobora aa pammoamasa
ABMAECENSTZ H2 90BEmK0TO TR10. CrmecTeyRammiTe aKTvanuy paspaboTER Morat Az
OnzaT xateropmmpams s RGB-6ammpasi Metomm; meronm Ba Gasa aeadowmmma
HHPODMAUMR H MeTogm Ha Gasa ckeleToHm B cpasHense ¢ RGB mammwmre,
mﬁomc@mmmmﬁmmcan&mmnnmor
TPHOOKDHBIHER H 0T QoHa Ha zacHemanero. B Jomsamenme xss mamumre 2a
ALIOOMHMATA, CKEISTOHHHTE MAHHH AHDEKTHO VAABST CTIPYKTVYPATa Ha HOBSIIKOTO
TA4I0, X210 CRIICSPEMCHEO CRIEPAAT NO-MATKO HHDOPMAUMOHEH Hummik Oczen
TOB2, CKEICTOHHHTE JAHME MOTAT JecHO A2 632aT focTenenn a8 spese, 6amxo a0
peatsoto, Gmaromapesme Ha HamrmEeTo W PasxTPOCTPAHSHHETO Ha IEIOOYMHEN
CEH3OpDH.

AETODET NPRBH 33TRIGOYCH AHATHS Ha HIMOTIIBAHETO Ha ALIOOKH HCEPOHHH MPeEHR
32 BIDYAICH 2HATHI H2 NOBEACHHCTO HA MHINBHIM 2 KHOCPOHINYHH CHOTEME
Monzzeprass ca UPEUTBHKITEICTEATA, CEEP3AHE C BPEMETO 32 o0yusnHe o 06ena
Hi ZaHEWIC B OOYHABAINATA H3BaTK3, KATO C3 MNPEIIOACHH HEKOM EBIMOAMI
PEIITHHS OT POOJA CIHBARE Ha JAHHH OT MHOIO PAKYPCH H ONTHMEIAIHY Ha 102373
Hanpagema e oBocmomama npenmparxa xaa €AHOKPATHHTE oOy4uenus (one-shot
leaming) u onpeacasnero ma 3D noza xaro AOTWIBALN METOR KEBM OOSINHSBAHETO Ha
2D mosm OT HEKOIKO PaKypca.

IIpeacTapenmT Hayyues TPVA, 2HATHILT Ha CECTOSHHETO H OMMCAMITE HISH TOKazBaT
AKTYATHOCT M MEPCHEKTHEA 32 Onemm Maciensanms. ABTopst, Mar. mma [lzaven

- XPHCTOB JeMOECIDHpa 3aIa160%eH0 pazbupase Ha npobieMaTHEATA B
OpERiara HHOBATHEHH NHOAXOAH 32 HeHHOTO pemasaHe, Xoero paEsH
AHCEPTAUMOENNN TPYA aKTYATCH H 3HATHM 22 oOChEIane.



2 Cremen ma nomasane CECTORHNETO ®a mpobaeMa u  Tmopwecka
HETEPUPETANHR HA ANTEPATYPHES MaTepHaT.

& xROepduaTIn cucteam 1 Npentara HHOBATHEHH TIOINOIM 32 TAXHOTO peumagase,
AePUENDANE B NeTTa H 33339H 23 PCUIAEIHE B AHCEPTANHOHENS TPV

3. Cruorsercreme ua H30PARATA METOANKA HA WICTEABAHE M OOCTABEHATA e B
3AJ29H HA ANCEPTAUMOHHHR TPYA ¢ BOCTHIEATHTE TNpPHHEOCH.

1y &pmmnmmmnmmmaemmmmm

NOMOINTA Ha cerlopH Kinect®.

® Pazpaboreame ua KOMOMHHD3H MeTOX H AMOPHTEM 23 KlacHdHKAnRY Ha
TOBCIIKE SKTHEHOCT Ype3 ALI00KA HEEPOREa Mpexa;

B Pampaborsame ma meron m AITOpATEM 33 OTKPHBAHE HI BIaNMOIeiicTENe
HHEINBHI-O0CKT Ypes qu1b0Ka HEBDOHHA MpPeXa

B  Pazpabormane ma METON ¥ 3ATOPHTEM 32 OTKPHEAHe Ha aHOMAaTHA AXTHBHOCT
=pe3 ILI00Ka HEEPOHHA Mpea;

B Paszpaborsase na Meton n ITOPHTBEM 33 DaMOIHARAHE HA YOBEIIKA aKTHBHOCT B
MHOTOPaKYDCHE CHCTEMA:

B [Iposexnane ma CKCHTPIMEHTH 32 NPOBEPK2 Ha ACHCTERETO Ha paspaborenure

AATOPHTME Wpez APOTPasMHa PEATHIAINN H TOTORH HaOODPH OT ZaHHH, 33 ONeHEa
Ha TaxHaTa edexTHEHROCT

Mﬂomnnamcnemne,nzﬁpam OT aBTOpa Mar HH% [lmamen
XpHCTOB, € B CROTEeTCIBHe ¢ mocTapemata 6T Ha JHCEPTALNSTZ H NOIMOMara

PEINABIABCTO Ha 3303a4HTe, AePHHRDAIHN 32 HeHOTO [OCTHTaNe.

4. Haywmm, saysmo-npunoxsn OPHHOCH HA INCEPTANMOHHENS TPYA. JHAYHMOCT
H2 OPHEOCHTE 33 HAYKATA H OPAKTHKATA.

L]



AsTopeT Mar. sk [Tnamen Xpuctos nperenampa 3a neT OpHHOCE

8 aucepranmonmEms T1pya  OOocobssamero uMm Mome a3 Osge  Hafi-obmo

KaTErODH3INPAHH KaTo:

Havuano-npuroxcsu

® [Ilpegaoxen ¢ xoMOHHHDaH, KaCKaaeH NOAXCA 33 PasnosHiBaHe HA SOBESMKa
AKTHBHOCT, BRIOYBAM KOHEQMOUHOEHA HeepomHz Mpesxa (CNN) » sammma c
nogmepaaun Bexropr (SVM) m ¢ nocrarmara sHcoRR  TOMHOCT BEpXY
00mozocTENHa Oasa ot zanmn (ITnapa 2, Towa 2 2);

® [llpegzoxena e apxuTeETYpa Ha KOMOHHHDAHN2 HEBPOHHA MPEAKA 32 OTKPHBaHe Ha
AHOMATHZ YOBCIIKA AKTHEHOCT, BETIOMBAINZ EIHOMEPH2 KOHBOMIOLEOHEHZ
sesporEa Mpexka (IDCNN) n spexa ¢ geara xparkocpowma master (LSTM).
Tosa no3s0asBa npeackasBaHe Ha HATHYHE HA AHOMATHS 33 BCEKH Kaqup HaH 33
L8732 OOCIEZOBaTE&IHOCT H MPEICTaBA H3XOZ2 XKaTO NQIVIOHNOE BEPOSTHOCTEH
XOehHIMEHT B NO3BOTSBA JedHHNpAHE Ha Npar 33 asoMagHa axTHERocT ([ 122
2. touxa 23);

® Ilpeatoxen e aaropuTEM 32 DOXANPOBA KIacHPHKAINS Ha IETHEHOCTH M
OTEPHEIHE H2 HATHYHE HA B2aHMOSSHCTENS MEADY HEIMENT B OGSKT, BETIONBAM
Tpancdepuoc obyuenne Ha YOLOvS DNN 12 orxpumane Ba obexTH B oTgetenn
PadOTHN NPO3opHH 0T useroBHTe Kaaps ([aasa 2, Toma 2.4);

® TIpexroxen € AITCPHTEM 32 PAINOIWABAHE H2 MHOTOPAKYPCHH ZKTHEHOCTH OT
CKEIETOHH Ipe3 CIHBaHe Ha masumTe. [locTursara e xracudsixanmonna TousocT
or 66.7% npemm cimpane Ha zamuuTe i 72% C3ex cIMBaHe Ha DAHHHTE HpH
xmacndusatop or MroxecTso Maprosckn mozets (T 1asa 3, Touxa 3.3);

Hpunoxcwu npisiocu:

® IlpoBeacHH Ca CECHEDHMEHTAIHH HICIEIBANMS 32 JOKAIBaHE Ha NpaBHIHATa
padota B2 anropuramre (Thasa 4, romxn4 1.1, 412 413, 421u422)

5. Hpenenxa Ha NySAEKAUMNTE N0 ANCEPTANNONENS TPYA.

ArtopsT Mar mE® [lzamen XPpHCTOE ¢ MPEICTARHT SCTHPH OpoOs
OyOTHEAUNH KBM IHCEPTANHOEHNS TPYR. [ILPEM aBTOD € ¥ B YETHDHIE CTIaTHR
Iposepsa & Oasata mamam Scopus noxazsa, ge arTopsT & ¢ h-index 2. B mazenata no-
ZOIY T30OOHNA €2 MpeACTaBeHH 0000MEeH0 TOYKNTS # UNTHPAHHSTA Ha NPSICTASCHHTE
CTATHE

[IvGamsauns Hoxazaven

D1 r7 10 2
D2 T7 1333 7
D3 7 40 10
D4 r7 13.33
O6mo 76.66 19
Ta0muuz I O0oOmesR DokasaTens 0T TYOIEKAIHNETE N0 UCEPTANHORSE TPYA B3 Mar HEE.
IMzaven Xprcroe

PazpaboTEnTe Ha a8TOPA C2 NPEACTABEHH MO MOIXOANN HITHE B PEICHIHDAHH B
MEAIVHAPOOHHE HAyIHH QOpyMH H cnHcamus B ZonmaHenMe, OTEpHTHTIC Bewe 19
LHMTaTa B SCOPUS CEHICTENCTBAT 33 KaYeCTBeHa HavyHa npoaviuss lIpeacrasennre
TMYOTHKAIN OTTOREPST Ha MEHNMAITHHTEe Hiucksaums no 3PACPS, IMpasmwmmxa 3a
HerosoTo npuTarage # [IVPITHC na TV-Codux



6 Maueuns, npenopexn, ferexxn.
Kzar macepranmossms 1pya BaMaM camecteeny 2abenemny

Cpea npegnokemure aaropuTam B APXHTEKTYDHE MOACTH H2 HESPOHHM MPEEH C
mﬁomoﬁywm,nmmnmmaaetmpmmomomﬂa
nemaoﬁmmommnpammcmﬁmcm,mmaecymmoﬁomm
33 TEXHOTO ERECEIAHE,

Hanpmemﬁmmmmr(bopmnesxapanq;nacmmnmﬁaocmu
NpeacTasenaTa paspadorka Key Gnaemata pabora ma zoxtopanTz Mar mrx [lnaves

XpHCTOR 2asay Npenopska A2 NPOXBTAH HICISIDAMINTE B 0OJaCTTA Ha
P33TOIHABAHETO HA YOBSIIKH AXTHEHOCTH M [ JONPHHECE C Y9aCIHE B HaywHO-
NPHIOKHE NPOSKTH ¢ MEAIYRIPOIHO PuHAHTHpanE.

7 3akmoueENe ¢ NcHA NOIOANTEANA IR OTPHIATETHA ONEHKa Ha
AVCEPTANHOHHES TPYA.

llpeacrasenara naywma pabota npuTexasa HeoOXOmIDMATA ‘AKTVaTHOCT,
HIYYHA HOBOCT M NPAKTHYECKa IHATUMOCT HA JOKTOPCKR ICEPTINHS H OTTOB2pS Ha
HIHCEB3HHNT? Ha 33KOHA 32 Da3BHTHE H2 IKIZSMHIHNN CLCT2E 8 Penyomma
bzmrapns (3PACPB), Ilpasmammxka 3a meromoro npujarase u IIpaemmsnxa 2a
YCIOBHATZ ¥ Ppeda 32 NpHIoOHMBaHE HA HayMHH crenemw B 1V-Codmz
lIpeacrasennre mayuHO-NPEIOEEN H NPHIOEHN NPHNOCH, KakTO0 H
NpodecHONATHNTE ¥ MICISIOBATENCKH KAYeCTBa Ha Mar spe [laaaes
XPpHCTOE IO NPEACTARST KaTO YIBLPACH YHeH B 06J2CTTa Ha BESYLIHNR AHITHI Ha
YOBEWIKH GaKTHBHOCTH B KHOepdHuTHR CHCTEME.

Ha Gaza ma #370KeHOTO A3BaM NMOIEHTEIHZ ONCHEX HA IHCEPTRTHOHHIN
TPYA H OPEAAaraM Ha HayYHOTO AYPDH Ha JOKTODaHTZ Mar, HEA [liasen
XpucTos 13 Gnae npucsiena o6pasoBaTeanaTa H HayuHa CTenen “moxTop” B obmacr 5.
Texumwecxsr Haykn, npodecHomatso Hampasiemme 5.3 “Kovyvamxammosm #
KOMIMIOTHPHA TEXHHEA 110 HAYTH2 COCUHATEOCT ~TeIeBN3NMONE H BHISO TeXHuEa

zava- 10.01.2025r Hoamac ... ?
rp. Cojux /mon. a-p wek. Crpaxua Coxoxon’
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On a dissentation work for the acquisition of an educational and scientific degree

OPINION

“Doctor™
Author of the dissertation: Plamen » Hristov,, Eng. MSc.
Dissentation topic: “VISUAL ANALYSIS OF THE BEHAVIOR OF INDIVIDUALS

IN CYBER-PHYSICAL SYSTEMS™

field of higher education: 5. Technical Sciences

professional field- 5.3. Commumications and Computer Technology
Scientific spedalty: Television and Video Technology

Scientific supervisorc: Assoc. Prof. Agata Maneolova, Eng. PiD., TU-Sofia,
Faculty of Telecommunications and Prof. Ognian Boumbarov, Eng.
PiD., TU-Sofia, Facully of Teleconununications

Member of the scientific jury: Assoc. Prof. Strahil Sokoloy, Eng. PhD,

University of Telecommunications and Post, Deparoment of Teleconumunications,
Faculty of Telecommunications and Management

L. Relevance of the problem developed in the dissertation work in scientific and

Recognition of human behavior elements is of great importance for human-robot
interaction, enabling the robot to recognize human body movements. Current research
can be roughly categorized into RGB-based methods, depth-based methods, and
skeleton-based methods. Compared to RGB data, depth representations of actions are
less affected by occlusions and background clutter. In addition to depth information,
skeleton data directly capture the human body structure while having less redundant
information. Moreover, skeleton data can be easily accessed in real-time thanks to the
availability and availability of depth sensors.

The author has prepared a thorough review and analysis of the use of deep neural
networks for visual analysis of an individual's behavior in cyber-physical systems.
The challenges related to training time and data volume in the training sample are
highlighted, with some possible solutions proposed. such as data fusion from multiple
perspectives and pose optimization. A justified reference is made to one-shot leaming
and determining 3D pose as a complem entary method to the fusion of 2D poses from

multiple views.

The presented scientific work, the analysis of the current state, and the
described ideas contain relevance and prospects for fumre research The author,
Plamen Hiistov, Eng. MSc demonstrates a deep understanding of the subject
matter and proposes innovative approaches for its solution, making the dissertation
work relevant and significant for discussion.



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

The dissertation work of the author, Plamen Hristov, Eng, MSc is
based on 103 references, the majority of which were published in the last decade The
author demonstrates knowledge of various methods for recognition of human
activities, including single and multi-view systems, as well as the use of deep neural
networks. The author also highlights the challenges associated with the invasive
nature of traditional methods such as moCap and inertial sensors. Based on this, he
proposes the use of skeletons as z altemative solution.

The PhD. student Plamen Hrstov, Eng MSc provides a
comprehensive literature review and demonstrates familiarity with the current trends
and chalienges 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.

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

The main objective of the dissertation work presented by the author, Mag ing
Plamen Hristov, is to develop methods and algorithms for the analysis of
human activity in both single and multi-view systems with increased pratctical
appliction value.

To achieve this goal, the author has prepared the following sets of tasks:

@ To realize the above goal, the author has committed to using freely available
databases containing annotated and segmented activities and actions (simple
activities) from skeletons captured using Kinect® sensors.

Developing a combined method and algorithm for classifving human activity
using a deep neural network;

Developing a method and algorithm for detecting person-object interaction using
a deep neural network;

Developing a method and algorithm for detecting anomalous activity using 2 deep
neural network;

Developing a method and algorithm for recognizing human activity in a multi-
view system;

Conducting expariments to verify the operation of the developed algorithms
through software implementation and ready-made data sets, to assess their
effectiveness.

The research methodology chosen by the author, Plamen Histov, Eng.

MSc. is in accordance with the stated goal of the dissertation and supports the solving
of the tasks defined forits achievement.

* & ¢ ¢ o



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

The author Plamen Hristov MSc claims five contributions to the
dissertation work They can be categorized in general as follows:
Scientific-applied contributions;

® A combined, cascading approach for recognizing human activity has been
propesed, involving a Convolutional Neural Network (CNN) and a Suppont
Vector Machine (SVM), achieving high accuracy on a publicly available dataset
(Chapter 2, section 2.2);

® An architecture for a combined neural network for detecting anomalous human
activity has been proposed. incorporating a one-dimensional Convolutional
Neural Network (IDCNN) and 2 Long Short-Term Memory network (LSTM).
This enables prediction of anomaly presence for each frame or for an entire
sequence and presents the output as grayscale probabilistic coefficient, allowing
the definition of an anomaly activity threshold (Chapter 2, section 2.3);

® An algorithm for framewise classification of activities and detection of
interaction between an individual and an object has been proposed, involving
transfer leaming of the YOLOvS DNN for object detection in separate warking
windows from the color frames (Chapter 2, section 2.4);

® An algorithm for recognizing multi-view activities from skeletons through data
fusion has been proposed A dassification accuracy of 66.7% was achieved
before data fusion and 72% after data fusion using 2 Markov model classifier
(Chapter 3, section 3 3);

Applied contributions:

® Expeiments have been conducted to demonstrate the comect operation of the
algorithms (Chapter 4, sections 411,412 413,421 and422)

5. Evaluation of publications on the dissertation work.

The author, Plamen Hristov, Eng. MSc has submitted four
publications in support of the dissertation work. He is the first author in all four
articles. A check in the Scopus database shows that the author has an h-index of 2.
The table below provides a summary of the points and citations for the presented

articles:

D1 G7 10 2
D2 G7 13.33 7
D3 G7 40 10
D4 G7 13.33
Total 76.66 19
Table I. Summary of indicators from dissertation publications of Plamen
Hnstov.

The author’s scientific works have been presented in an appropriate manner and
reviewed in intemational scientific forums and journals Additionally, the 19 citations
already found in Scopus show the quality of the scientific output The submitted
publications comply with the minimum requirements of the Academic Staff
Development Act in the Republic of Bulgaria and the Regulations for its



Implementation, and the TU-Sofia's Regulation on the Conditions and Order of
Acquisition of Scientific Degrees (RCOASD),

6. Opinions, recommendations and notes.
I do not have significant remarks to the presented dissertation work.

Among the proposed algorithms and architectural models of deep leaming neural
networks, some are declared as methods in the text. In some sections, threshold values
are announced without mentioning the justification for their introduction.

The observations made have a formal character and do not diminish the value of the
presented scientific work. For the future work of the doctoral student, Plamen

Hristov, Eng MSc I recommend continuing the research in the field of
human activity recognition and contributing through participation in scientifically
applied projects with intemational funding.

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

The presented scientific work possesses the necessary relevance, scientific
novelty, and practical significance of a doctoral dissertation and meets the
requirements of the Academic Staff Development Act in the Republic of Bulgaria
(ASDA), the Regulations for its implementation and the RCOASD at TU-Sofia. The
presented scientific and applied contributions, as well as the professional and research
qualities of Plamen Hristov, Eng. MSc show him as an established scientist
in the field of visual analysis of human activities in cyber-physical systems

I hereby give a favourable evaluation of the dissertation and propose to the
scientific jury that the PhD student Plamen Hristov, Eng. MSc be awarded
the degree of "Doctor” the scientific field 5. “Technical Sciences”, professional field
53 "Communication and Computer Techmology” in the scientific spedialty
"Television and Video Technology™.

Date: Jauary 10, 2025 Signature jury member;
SOFIA /Assoc. Prof Strahil ‘Sokolov, Eng. PhD/



