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Ha mxccman;fowé&ppvapa nﬁupoﬁusaue wa obpazoparenna i HayuHa creneH . Joxrop™
ABTop Ha mlctpfaﬁlohnﬁu TPy maz. unyc. [aaven Xpucmos

Tema #Ha mHcepraumoHHus Tpya: Busyanen ananus na nosedenuemo HA UHOUBUOU &
Kubephuzuvnu cucmemu

PeitenaenT: dou. 0-p wunxe. FOauan Benaves

1. ARTyaanoct Ha paspafoTBaHHs B ANCEPTAINOHHHA TPYA upodiem B HAayuHo M
HAYHHONPIIOARTO 0THOICHIE,

Hayunarta of71acT Ha NPEACTARCHHA 32 PEUECHINA IMCEPTAHOHCH TPY/ 0e3 chMHenue
¢ HIKJIOYHTEIHO aKTYAIHA H € CEBP3aHa ¢ Bee N0-05P30 pasBHBAIIATA ce NPohNeMaTHKa Ha
ABTOMATHIHPAHOTO Pasno3Hapane W KiacHuuupane na yopemkn aktusHocTH, [lo-Touno
TOBZ €€ OTHACH 0 pa3paboTBaHe HA YCLBLPIIEHCTBAHH MOICTH, KOHTO KOMOHHHpPAT
HEBPOHHH MPEKH C APYIM METOIH 33 OOYHEHWE ¢ yUHTesd, Kakro M 70 pazpaborsase Ha
VCBBBPIICHCTBAHH METOAH 33 OTKPHBAHE HE B3AHMOACHCTBHETO MEKAY MHINBHAA C JIPYTH
obekT B MHOropakypesa sizeocuctema, He Ha mocsenso Mscro € HEOGXOIMMOCTTA OT
paspafoTBalc Ha HOBH METOAM M AnTOPHIMH 32 OTKpHBaHC Ha HeoOuaiina dYOBCIIKA
aKTHBHOCT B PEWIHO BpeMe.

MpeacTaBeHUAT UCEPTALIHONEH TPY/1 NpeUiara peuieHie Ha axTyated npodiem or
HAYYHO-TIPUIIOKEH @CHEKT — Ch3ABAHE HA METOAM MW alTOPHTMM 33 aBTOMATH3IHPAHO
pasnosHaBade H KJacH(HUMpaHe HA HOBEWKH aKTHBHOCTH, [lony4enure pesynrarn Ouxa
MOITIH 7@ 3a4eruar B paspaGoTBAHCTO HOBH CHCTEMH 73a CHIypHocT M HaGmojeHue,
MEAMIMICKA CHCTEMHA 3a MOANOMErade Ha BL3PacTHH HHIMBHIIH M HIZMBHIN C VBPEKIAHHS
H Jp.

2. Crenen Ha NO3HABANE CLCTOMNNETO Ha npolaema # TBOPUECKa HHTCPUPETALNN 14
JAWTEPATY PHES MATEPHAT.

JIRCCPTAUMOHHMAT TPYA (OKa3Bd, 4YC JOKTOPAHTLT MO3HABA OTIHYHO aKTYAITHHTE
METOIH CBLPIEHH C MPUIOKEHHETO Ha JhA00KOTO 0DyyeHMe, BCPOSTHOCTHHTE MOJCNM,
KaKTO ¥ JIpYI' METOH, Ype3 KOHTO Ce PeilaBaT 3ajaqn oT kiacH(ukauus i perpecas. Bu3
OCHOBE Ha QHATH3A HA UNTHPAHHTS B AHCEPTAIMATA JIMTCPATYPHH MITOYHHIIN €4 HANpPaBeHN
MIBOAW OKA3RAUIM  HEAOCTATHUMTE MW BBIMOXKHOCTHTE 32 YCRRBPIICHCTBAHE Ha
CLUICCTBYBAUIMTE MOAXOAH 33 MPEACTABAHETO HA YOBEWKH AKTHBHOCTH, TeXHHST AHANH3,
oTKpuBaHe 1 KiacHpuumpane. MaeHTaduipany ca Hepeurenn npodieMn i HEIOCTATBIH Ha
CHOIECCTBYBAUMTE MCTOJH H ATTOPHTMH, OCHOBHO CBBLP3aHH ¢ TPYAHATa HM peaTH3alns B
NpaKTHYeCKH HpHuoxenus. OOLPHATO € RHHMAHMC HA HCAOCTATHYHOTO HIMON3BAHE HA
APeIHMCTEATE OT IPUIATAaHETO Ha MHOFOPAKYPCHHTE CHCTEMH, 0CODEHO MPH TpOCacasBaHe
H2 MHOWECTRO HHIHBHIIH B THHAMUYMHE CPeli.

Jlureparypuuar obzop obxsama 103 sarmasms. OceeH KIBCHYCCKHTE, 3HAYMTENICH
npouenT ca chepemennute wiTounuum (31 % or mocnennwre mer roamHM W 77 % or
nocaennnTe Aecer). Bu3 ocHOBA Ha HANP3BEHAN KPHTHYEH AHANHS, TOYHO M KOPEKTHO ca
dopmyupanHi LeATa 1 3aJaUlTe B AHCEpTalHONRaTa paboTa.



3. CLOTBETCTBHC HA W30pAHATA METOANKA HA HIC/AEIBaHE ¢ MOCTABEHATA U M 3a1a4H
Ha ARCCPTAUMOHHES TPYIL

TocraBenara uen u JeQUANPAHHTE 3a1aYH Ha JHCCPTAUMOHHHS TPYI H3IHCKBAT
[I03HABAHE HA METOANTE 34 MallHHHO B ABI00K0 o0yHeHHe, KaKTO H AeTailIHoTO NO3HaBaHe
HA BEPOATHOCTHHTC MOJCNH. 33 PEIIABAHETO HA MOCTABSHWTE 3A1MYM AOKTOPaHTHT €
HAMONIBAN HAW-CHLBPEMCHHH METOAH B TCOPCTHHHHTIC IOCTAHOBKH MNpPH Ch3AABAHC HA
ATTOPHTMHTE 33 BH3YAICH aHAIM3 HA JOBEICHHCTO Ha WHIMENAR B KuGepdmsmtimure
crcTemi. TIPEACTABEHATE METOAN 1 WITUPHTMHE €3 KOPEKTHO ONHCanH, 0a3upanil Ha COTHIRA
TCOPETHYHA OCHOBA B ODOCHORAHM HPe3 PE3V/ITATH 0T CKCTCPHMEHTANHH H3CACABAHHR.
ToaGophT Ha W3CICAOBATEICKH METOIN € B CHOTBEICTBHE Che CNENMpURATE HA PAlrfcAaHHs

npodaem.

B sakmoucHHC mic oTOeseka, 4Y9e mi0pamarta MeTOAMKa 34 H3CACABAHC € B
CHOTRETCTEME ¢ TIOCTABSHATA TET H 321290 HA AHCCPTANHOHHHKA TPYAL.

4. KpaTka anajiuTHYHA XapPAKTCPHCTHRA HAd eCTECTBOTO M OUCHKA Hi J0CTOBEPHOCTTA
HA MATCPUAIR, BLPXY KOHTO €€ FPUIAT NPHHOCHTE HA IMCEPTANHOHNNS TPY/L

Ocuosnara nen (PaspaGorBane Ha METOMH W WIMOPHTMH 33 PA3AHYHH BAJIOBE aHAIN3
Ha AKTHBHOCT ¢ HNPWIOKHA HACONMEHOCT, KAKTO MPH MOHOPAKYPCHH CHCTEMH, Taka W mpH
MHOTOPAKYPCHH) W 3aiauuTe Ha JHCCPTALHOHHMS TPYA ONpejfeasT CIpyRTypara Ha
M3CHS/BANETO B CIIG/HHTE HacTH: paspaboTsaHe Ha KacKaZeH MeTol 3a KiacH(uKalms ma
YOBEIIKA aKTHBHOCT, KOMOHHMPAIIl HEBPOHHA MPEXKa H MAlIHHA C MO/UTLPKALIH BEKTOPH
(SVM); paspaboTBase Ha aaTOpHUTLM 33 OTKPHBaHE HA HCOOHYANHA HOBCIIKE AKTHBHOCT B
PEanHO BPEME HPE3 KOHBOMIOUMOHHA HEBPOHHA MpPCXa (CNN) u wmpexa ¢ AbITa
kparkocpoysa namer (LSTM): paspaboTBase Ha a@uopHTeM 33 OTKpHBaHE Ha
p3aumoaeicTere HImMBHA-06eKT vpe3 CNN: paspaborsaHe Ha aIropATEM 33 pa3no3HasaHe
HA MHOTOPAKYPCHA 9OBEIIKA aKTHEHOCT YPe3 ONTHMANINA 11038; pa3paboTRAKE HA AITOPHTHM
ja pajo3NaBaHE Ha MHOrOPAKypCcHa wosemka akTEBHOCT upes Kaimanos Guirhp;
EKCHePHMEHTAIHA HICACABAHNA 32 DUCHKA HA SPEKTHRHOCTTA HA UPE/LIOKSHATE METOAH H
AITOPHTMH.

TpyasT ce chetor ot 101 crpanmmm ¢ 40 durypu 12 Tabimun 1 RKmo4Ba 00wo 4
rasi. B kpas #a pabortata ca (OPMYIMPAHM NPUHOCHTE W repeueKkTHRMTE 33 Onicma
paGora. [TpuaoXkenn ca COMCRIE HE HINOA3BaHATA JAWTEpATypa, nyOAWKALHATE  TI0
JHCEPTAUMATA C YYACTHE HA IOKTOPAHTA, KAKTO H CIHCHK HA TPYAOBETE, B KOHTO C& LHTHPAT
CIIOMEHATHTE Ty OJIHKALHN,

B [aasa | moapoOHO ca pasiiielaHu: BH3YAIMHAT GHANH3 Ha TIOBCICHME, OOMINTE
[IOCTAHOBKH HA& NpobieMa H HACOKHTEe 3a PEIIABAHETO MY, TIPS/ICTABAHC HA AKTHBHOCTHTE H
BHAOBETE HPEACTABSHE; MPEACTABAHC HA AKTHBHOCTHTE MOCPEACTROM CKREASTOH-TIO3A,
METOAMTE W ANTOPHTMMIC 3a AHAAW3 HA AKTHRHOCTH, MCTOMTE H anropuTMHIe 3a
pajnoINABAHE HA JCHCTBHE H GKTHBHOCT. METOIHTE 33 OTKPHBAHE HA HeoOHYaiHa YoBeNKa
AKTHBHOCT; MHOTOPaKypPCHHTE BHICOCHCTEMH 33 NPOC/SIBaHe i SHATH3 HA AKTHBHOCTHTC.
Hanpases ¢ EpTHYeH QHAIH3 Ha CHIECTBYBALIMTE CHCTOMH 33 AHATH3 HA HOBEUIKOTO
nogejicHe, COPMYINPAHA ¢ LCATa HA JAMCEPTAMHOHHHA TPYX, KaKTO M NPOM3IHIAUMNTE OT
HEs 3a/1a44.



B I'masa Il ¢ ommcano pazpaloTBAHETO HA METOAM W ANTOPHTMH 38 aHANH3 HA
aKTHBHOCTH OT CKEJICTOHHM JaHHH 4Ype3 H3NOM3BaHE Ha IbAOOKH HEBPOHHH MPEXKH.
Pazpaboren e KacKaleH MeTojl 3a Pasf(3HABAHC HA HOBEINKa aKTHBHOCT, KoMOuHIpam CNN
# SVM, AuanuisT e akruBHocTHTE € 0T oualin THIL, KbAeTO ¢a HAUTHYHH BCHYKH JIaHHH BB
BCEKH €IMH MOMCHT OT Bpemero. Xunepnapamerpure va CNN u SVM ca u3Gpann upes
Beiicosa ommimusauua. SVM e o1 Benmiees THIL, ¢ TIOIIHHOMHO #1po, KoeTo ¢ n3dpano no
chlms Hauud. Paspabores e u a1ropuTseM 32 OTEpUBAHE HA HEOOWHAliNa aKTHBHOCT B PeasiHO
speme upes CNN-LSTM. AxTHBHOCTHTE €& NPEACTABEHW KATO [OPEAHIA OT CKCACTOH
BEKTOPH. B 11anata e npesioRes W aNropHThM 33 OTKpHBaHe HAa BIGHMOJICHCTRHE WHIAWBHA-
obext 4pes 1D KOHBOMOUHOHHA HEBPOHHA Mpeka, BNOYBam olyycHHe ¢ Tpanchep upes
YOLO vs.

I'naga Ill e moceeTeHa Ha AHAIH3A HA AKTHBHOCTH OT CKEJCTOHHH JaHHH B
suoropakypennrte cicremu. [Ipeacrasen e anropaTeM 3a pasiioiHasane Ha MHOTOPaKypCcHa
yopellka aKTHBHOCT ypes onTiMaiia noza. [lpemioxena ¢ HopManwsanus Ha CKEACTOHKTE
upe3 yeJHAKBABAHE HA PAIMEPHTE Ha KOCTHTE 110 KonctaTHH Takusa. [lpemanowena ¢ o
CHHXPOHH3AIHA HA AKTHRHOCTHTE upe3 aNTOpMTBMA 33 JHHAMMYHA Tpanchopmams 1o
spemesata cxaza (DTW), caen koero kaasp No Kaabp yCHopeIHO 8 M3BLPLIBA CAHBaHE HA
JanHiTe ype3 H300p Ha ckeneTon ¢ ONTHManHa no3a. B rmasata € npe/UiokeH H WINOpPHTHM
3a ¢cimupane ua ckeneronu upes qunrsp ua Kanman. PaspaGoren e kaacuduratop, narpaieH
OT MHEKECTBO MapKoBCKH MO1el, C L@ pasno3nasaie Ha aKTHBRHOCTH,

Equs OT BAKHITE MOMCHTH B IMCEPTALHATA € TTPOIECHT HA BATHIHPAHE i OUICHKA Ha
epexTHBHOCTTA Ha pazpaboTeHHTe OT asTopa Mertoam w anropurvu. Ha mero e nocserexo
uinowennero B [masa [V, KoMOHHUpaNHAT METO 33 pasno3Hasaye Ha akTHBHOCT dpes CNN
# SVM e samumpan ¥ olieHeH Spe3 TpH DasH ot zanHN. [locTHriarara TounocT ¢ oxomno §1
%. IlpH cpasHSBIHCTO B C APYIH KOHKYPSHTHH METOIH, CE BWAM, Y¢ UPCUIOKCHHAT OT
JIOKTOpAHTa  METOJ  JeMOHCTpHpa  Hali-BHcoka  edextmsroctr.  Mssbpuienn  ca
eKCTepHMENTAINH HICACABAHUS 10 OTHOMCHAE HA AMTOPHTEMA 33 OTKPHBAHE HA HCOOHYAlHA
HOBEUIKA ACHHOCT B peanto speme ¢ nomourra na CNN-LSTM, Onenkara ¢ M3BRLPUICHA C 183
naGopa o1 xannn. PeayrraTTe ¢a ONCHEHH KaTO fIOBEYE OT 3A10BOJIMTCIHN (TOMHOCTTa @ Hajl
90 %). ExcnepaMeHTaIHHTE HICHCABAHHA KbM QITOPHTBMA 33 OTKpUBaHe Ha
B3ANMO/ISHCTBHE JOBEK-00EKT ChIO JACMOHCTPAPAT BHcoKa edexTuanoct. 1o oTHomeHuE Ha
Pa3NoIHABAHETO H& MHOrOpPaKypcHd 9O0BCIIKA GKTHBHOCT, € MPE/UIOKCHO ONpe/iciaHe Ha
Lorrrumanen” Gpoit Ha CLCTOSHHATA B CKpHTHM MapkoBcK# MOICT 4pe3 H3N0A3BaHE Ha
uadopmauuoHIHs KpuTepull na beiic.

YeTHPHTE [TIABH HA ARCEPTALUMOHHHSA TPY/ ca pa3paboTeHl B MLIHOTA M 3aALa009eH0
PasITIeANAT OCHOBHHTE BHNPOCH, nocraseHd B TaAX. [locTursato e 7200pe CTpYKTYpHO
CLOTHOHICHHE M JIOIMYECKa BPH3KA B ISIOCTHOTO H3jloxeHHe, T0Ba C13/1aBa BNCYATICHHT 34
ABA00YMHHA W 3dBLPIICHOCT HA AHCCPTAIIHOHHASR TPY .

5. Hayunn # HAYHO-UPHIOANR OPHHOCH HA JHCEpTAaUHOHuuS Tpya: popmyanpane u
ofocroBKA B HOB Hayuen npobiem (odaacr).
Hayunnre npunock morar na ce 06ofiusT 10 creannre:

l. PazpaGoten ¢ KOMOMHHPaH, KACKAACH METOJ 34 pajnojHaBaHe Ha YOBEUIKA AKTHRHOCT,
RKMIOURAN] KOHBOMIOMHONHA HespoiHa Mpexa (CNN) u mannna 3a onopan sextop (SVM).
(I'nasa 3, Touxka 3.2), MeroasT € ¢ mo-BHcoka TouHoct (2% u 5% nopobpenne) ot
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MPCUIOKEHATE OT Apyru asTopn. Manonssanero sa SVM no3sonssa nmo-sucoxa TOYHOCT NPH
N0-KPaTKO O0YYEHHE U N0-MAIKO KOJHYECTBO JAaNHH.

Hayano-npiomunte npunocn smorar ia ce 0bobmuT 30 CacanmTe:

I. Papaborena e ApXHTERTYPR Ha KOMOHMMHpaHa HEBpPOHHA Mpewka 3a OTKpHBaHE Ha
4HOMATHA YOBCIIKA AKTHBHOCT, BRNOMBAINA €HOMEPHA KOHBOMIOIHOHHA HCBPOHHA Mpexa
(IDCNN) ® mpexa ¢ jawara Kpatkocpoyna namer (LSTM)., (Taasa 2. Touka 2.3).
lMocTHrHaTaTa TOYHOCT HATBKIIABA Ta3H HA KOHKYPEHTHHTE [IOAX0/H ¢ nouTtn 4 %;

2. PazpaBoten e amropuTeMm 3a NOKaIpoBa KiAaCHPHKAUNA HA AKTHBHOCTH 33 HAMHYHE Ha
BIHMO/ICHCTBHC MCAIY MHAHBHA W ODEKT. (Fmasa 2, touka 24). Mocruruarara
KIacHHKIHOHHA OKATPORA TOUHOCT ¢ 93.4%:

3. Paspaboren e anroputiMm 3a pasnosnasane sa MHOFOPaKypCHH aKTHBHOCTH OT CKEACTOHH
4pe3 cnBane Ha ganuute. (Iaasa 3, touka 3.3). Mocturaara e KJlacHHKAIHORRA TOYHOCT
oT 66.7 % npe;w causane va ganunte # 72 % CICH CAMBAHC HA JAHHHTE NPH KnacH(ukarop
OT MHOKECTBO MapKOoBCKH Mozen.

HMpuaownure npunocn morar aa ce 0606msT a0 caeanure:

|. M3sspmienn ca exclepRMeHTanHn wicaeaBanig 1a MPCACTABEHHTE METO/IH B WITOPHTMHE.
(I'nasa 4, rouxkn 4.1,1,4.1.2, 4.13,42.1u422).

6. Ouecnra 3a CremenTa ga anTHoOTO VHACTHE Ha IHCEPTAHTA B npunocHTe.

Pesyarature  or muceprammonsus TPYA C& TIPEACTABCHH HA ABTOPHTCTHH
MEXIyHapoaHi Hay4yuu (OopyMmMH, M ChOTBETHO Ca MOAy4HiaH Heo0XoanMmara nyOaHYHOCT,
Hamam chBMeCTHE HayuHO-H3CAe0BaTeNCKa AeliHoCT ¢ AOKTOPAHTA M 3aTOBA HAMaM MIPAKO
BHEYATIICHHE OT H3CACAOBATENCKATA My aeiiHoct. M3nokennero s OPHIHHAIHHTE I7IaBH OT
AHCCPTANMATA, AHAIMILT HA JWTCPATYPHETC MITOYHMIE B 3ALIO0YCHOTO MOIHABAHE HA
PBICHKIANATE B Tpyaa npobreM, B KOCTO ce ybeanx npH KOHTAKTHTE H AHCKYCHHTE C
AOKTOPAHTA, KATCrOPHUHO 3aTBLPANXA [IPElCHKATA MU 33 HEOCTIOPHMOTO MY JTHUHO yHacTHe
B WIrOTBANCTO Ha PA3rCANAHIN AHCEPTAUHONEH 1pya. JJOKTOPaHTET HMa camocToA e Ha
nyO/MKAlHS, KOATO € CBLP3aHa ¢ AHCEPTALMOHHUTE MICTe/ABanns. TH € HHAeKcHpana B
Scopus # KM Mecely HoeMBpH 2024 r. nva 7 UETHPANNS, BCHIKH K HHACKCHPAHA H3AaHHS OT
MCHAYyHApOaHH KouepeHny ® cimcauns. 1osm daxr HeaBycMucICHO YAOCTOBEpABA
TOAAMATa CTENCH 1A JINTHO YYaCTHE Ha IOKTOPAHTA B PHHOCHTE OT AMCePTAllHOHANS TPY A,

7. Ilpenenxka wa nydankaumnre no ancepraunonuns  Tpya: Opoil, xapakrtep mna
HIIAHNSTA, B ROMTO ca oTnevwatann. OTpakKenne B HAYKATA — HIMOAZBANE W uNTHpane
OT APYTH ABTOPH, B APYrH 1aGopaTopuu, CTpany u np,

Peayarature, cenpiann ¢ /MICCPTALMOHITNA TPYJL HAMHPAT OTPAKEHHE B YeTHDH
HAy4HH NyOAMKALUHW B MLICH TEKCT, BCHYKH OT T8X Ha anrmiickn. Te ca peCTaBeHH HA
ABTOPHTETHH MeAIyRaponnn kon(pepenunn, Eana or nyGankammre e caMocTosTenHa, a
OCTAHILTHTC TPH B CLABTOPCTBO, KATO BEB BCHYKH IYGMHKAIMH TOKTOPAHTET € ILPBH aBTOP.
Benuxy nyGmakauny ca nizekcnpany B Scopus. lpejcrasenuTe KuM AHCEPTALHOHHES YA
aBTOpCKN nMyOAHKaIMe umat obmo 14 uHTHpanus (KbM Mmecenl Hoemspu 2024), peuury g
HIICKCHPAHH H3AQHUSA OT MEAUTY HAPOIHY KOHPEPEHIHN # CIIHCANHS,

Cren npersen ua npencrapenute MyOMHKAIIMK HpHEMaM, Y€ Te OTPAISBAT M3LAN0 M
MEIHC TONMYHEHHTE PE3yNATATH H HPAROCH 8 AHCEPTALHOHHHS Tpya. Cuulo raka, mayxo-
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MeTprupHTe Aannn (76.7 ToukH 1o nokasatenn ot 3 Ao 11) npesMIIaBaT MHHHMATHHTE
H3HCKBAHMS 33 Opoil M KauecTBO Ha NMyOIMKAUMWTE 33 NPHCHAAAHE HA 0OpA3OBATENHA H
Hayyna crenen JlokTtop™.

8. M3nouaBane Ha PE3yITATHTE OT JAHCCPTANHOHNNS TPy B HAYYHATE H CONUATHATA
npaktuxa, Hamuue 52 nocTuruaT npsx ukonomudeckn edext u np. Jdoxymenrtn, na
KOMTO CE OCHOBRBA TBLPIEHHETO.

Ipe/ioKeHHTE METON B RATOPHTMHA 33 PAINO3IHARAHE HA YOBEHIKHTE GKTHBHOCTH €4
HOBH M C¢ OTIHYABAT ¢ BHCOKA eexTusHOCT. B TO3M cMECH Te ce ABABAT Oasa, ¢ KOATO e
Cce CpasHABAT JAPYTH TAKHBA, pa3padoTBany B ObJCIIE.

[peAnokeHUTe METOJAM ¥ ATTOPHTMH HECHMHEHO MMar B HKOHOMHYCCKH edexr,
0COBEHO B CAYMAHTE KOTATO (1€ C¢ NMPHAAraT 32 OTKPHBAHE HA HEOOHHANHH AKTHBHOCTH HPH
Be3pacTHH Xopa. Te Omxa MOIMM 1a Hamaist CeOSCTOHHOCTTA HA IPHIKHTE, KaTO
CHUICBPEMEHHO 3aI1a3Bat HiH NOBKIIEBAT Ka¥eCTROTO HA KHBOTA.

Ilpes nocneAnNTe NeT ro/IMHK JOKTOPAHTHT € yHacTBal B TPH 1POTKa, (huHaHcHpaHn
ot ®HM, kakTo B B TPH OpoeKTa. KouTo ca duuancupanu ot HUC npu TY-Coduss. IlpoexTnt
Ha Tema ,.PaspaGorsane Ha QATOPHTMH 33 PA3NO3HABaHe HA AKTHBHOCTH C W3NO/I3BaHe Ia
nesponny kaacuduratopr” (omep 202[110024-07, puuancupas ot HHC npu TY-Codns)
¢ Hail-MpAKO CBBP3aH ¢ pa3paboTBaHHTE METOAM H WITOPHTMM B AMCEPTALHOHHHA TPy
[TpOeRTHT ¢ NPUKIKOYII Y CHUEHHO.

9. OQuenka Ha CHOTBETCTBHETO Ha asTopedepaTa ¢ HINCKBAHHNTA 33 HITOTRSHETO MY,
KAKTO H HA ATCKBATHOCTTA HA OTPAIHBAHC HI OCHOBHHTE NOJOKEHHS I NPHHOCHTE HA
AHCEPTAIMOHHNS TPV,

MpeacrasennsT astopediepar € HANpaseH B CLOTBETCTBHC C M3HCKBANHATA 33
WATOTBEHETO MY N0 00eM W CHABDKAHHE H OTPassgsa JAOCIAaTBYHO [BIAHO OCHOBHOTO
CHIBPAKAHHE HA THCEPTAIMOHHHUS TPY/1 H HETOBHTE IPHHOCH.

10, Mitens, NPeNopLKE i HeaemK.

lMpeacraBeHusT ANCEPTAIHOHEH TPYA WMa XapakTep HA HANLIHO  3aBLDILEHO
H3CIe/IBAHE BEPXY NPHIOKEHHCTO HA MANIMHHOTO ODYYCHHE 33 alani3 RA NOBTICHHETO HA
arausuH B KuOepduingny cuctemi. B3 0CHOBA Ha NPCUTOKEHNTE METOIH H AarOpHTMHE ¢
HANPABCHE TIPOFPAMHH  PEATH3AIMH, KOWTO MOfaT A3 C¢ peaiHiupar B PasjiMaHH
PAKTHYCCKH CHCTEMH OT PeasiHUA KHBOT.

Kuy paborara MOFa J1a 0TIpass clerHnTe 3a0e1erKKi:

|. JleK/apHpaHHTe KaTo ANTOPHTMH W aPXHTEKTYPH B HAYTHO-NPHIOKHHTE HPHHOCH
Ce CIOMEHABAT KATO MCTOIH B HAKOM 4acT ot [1asa 2;
2. B Tznasu 21 3 gurypupar odsopau gacTh. [o-yaaaso 61 Guro Te 1@ 6uaat 8 [nasa
1, TRil K&TO HMAT OTHOIICHHKE W KBM (OPMYJIHPAHC HA HENTa B 3a1a4ATe Ha
JMCEPTAUMOHHNA TPYL.
Tean 3abeiekkn ca or (OPMATcH XapakTep H HE OMAIOBAXKABAT JIOCTOHHCTBATA HA

IPE/ICTABEHHS 33 PeleHIiA IHCCPTAHOHCH TPY L.
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Ksm asTopa MoOra aa OImpaBa TIPENoOpLKa - Ja NOPONBIKH pabotara no
YCLEBPIUICHCTBANC Hd METOAHTE 33 PA3NO3HABAHE HA YOBCHIKHTC SKTHBHOCTH H Ja YOIHKYBa
PE3YITATHTE OT HIC/IEABAHNATA CH B OIIE MO-PCHOMMPAHH HAYYHH H3aaHus WIH HOPYyMH.

11. 3axmouenie.

[TpescraBeHusT AHMCepTALHOHEH TPYA Ha Mar. mmwxk. [lnamen XpucToB Hma
XapaKTep H4 3aBLPUICHO HAYTHO H3CHACABAHE H C¢ OTAMYABA ¢ MHOXECTBO JOCTONHCTBA B
TCOPCTHHCH ¥ CKCTICPUMEHTATHO-TIPHIOKEH Tian. OncHaBaiiky 3asBeHATE TIPHHOCH, CMATaM,
uC AMCEPTALHOHCHHAT TPY/l OTTOBAPA HAMLIHO HA H3NCKBAHHATA Ha 3aKOHA 3a Pa3BHTHC Ha
aKajeMuyHHs cueras 8 PemyOnnka Bsarapna u [lpasrmnka 3a npurarancTo My, KakTo H Ha
MHHHMATHATE HAYKOMECTPHYHH MoKa3aTeny ChiziacHo Ilpasiinika 3a yCNOBHATA W pejla Ha
npunobuBane Ha HaywnuTe crenedy 8 TYC,

B13 ocHORa Ha M3AONKEHOTO Mora yOEIACHO 42 MpenophpHaMm Ha HAYSHOTO KypH aa
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I. Relevance of the problem developed in the PhD thesis in scientific and scientific
applied terms.

The scientific field of the thesis presented for review is undoubtedly extremely
relevant and is related to the increasingly rapidly developing problems of automated
recognition and classification of human activities. More specifically, this refers to the
development of advanced models that combine neural networks with other tutored leaming
methods, as well as the development of advanced methods for detecting the interaction
between the individual and other objects in a multi-angle video system. Last but not least is
the need to develop new methods and algorithms for detecting unusual human activity in real
time.

The presented thesis offers a solution to an actual problem from a scientific and
applied aspect - creation of methods and algorithms for automated recognition and
classification of human activities. The obtained results could inform the development of new
security and surveillance systems, medical systems to support elderly individuals and
individuals with disabilities, etc.

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

The thesis shows that the PhD candidate knows very well the up-to-date methods
related to the application of deep leaming. probabilistic models, as well as other methods by
which classification and regression tasks are solved. Based on the analysis of the literary
sources cited in the thesis. conclusions have been drawn showing the shortcomings and
opportunities for improvement of the existing approaches to the presentation of human
activities, their analysis, detection and classification. Unsolved problems and shortcomings of
the existing methods and algorithms have been identified, mainly related to their difficult
implementation in practical applications. Attention is paid to the underutilization of the
advantages of implementing multi-view systems, especially when tracking multiple
individuals in dynamic environments.

The literature review covers 103 titles. Apart from the classics, a significant
percentage are contemporary sources (31% from the last five years and 77% from the last
ten). Based on the critical analysis. the goal and tasks in the thesis are precisely and correctly
formulated.

3. Correspondence of the chosen research methodology with the set goal and tasks of the
thesis.

The set goal and defined tasks of the thesis require knowledge of machine and deep
learning methods, as well as detailed knowledge of probabilistic models. To solve the set
tasks, the doctoral student used the most modern methods in theoretical settings when creating
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the algorithms for visual analysis of the behavior of individuals in cyber-physical systems.
The presented methods and algorithms are correctly described. based on a solid theoretical
basis and justified by the results of experimental studies. The selection of research methods is
in accordance with the specifics of the problem under consideration.

In conclusion, | will note that the chosen research methodology is in accordance with
the set goal and tasks of the thesis.

4. Brief analytical description of the nature and assessment of the credibility of the
material on which the contributions of the thesis are based.

The main goal (Development of methods and algorithms for various types of
application-oriented activity analysis, both in mono-angle systems and in multi-angle systems)
and the tasks of the thesis determine the structure of the study in the following parts:
development of a cascade method for human activity classification combining neural network
and support vector machine (SVM); developing an algorithm for detecting unusual human
activity in real time using a convolutional neural network (CNN) and a long short-term
memory (LSTM) network: development of an algorithm for detecting individual-object
interaction using CNN: development of an algorithm for recognizing multi-angle human
activity through optimal posture; development of an algorithm for recognizing muiti-angle
human activity using a Kalman filter; experimental studies to evaluate the performance of the
proposed methods and algorithms.

The work consists of 101 pages with 40 figures and 12 tables and includes a total of 4
chapters. At the end of the work, the contributions and perspectives for future work are
formulated, Lists of the literature used, the publications on the thesis with the participation of
the doctoral student, as well as a list of the works in which the mentioned publications are
cited are given.

In Chapter I, the following are discussed in detail: the visual analysis of behavior, the
general statements of the problem and the guidelines for solving it; representation of activities
and types of such representation; representation of the activities by means of a skeleton-pose:
the methods and algorithms for activity analysis: the methods and algorithms for action and
activity recognition; methods for detecting unusual human activity: multi-angle video systems
for tracking and analyzing activities. A critical analysis of existing systems for the analysis of
human behavior is made, The purpose of the thesis is formulated, as well as the tasks arising
from it.

Chapter I describes the development of methods and algorithms for activity analysis
from skeletal data using deep neural networks. A cascade method for human activity
recognition combining CNN and SVM is developed. The analysis of the activities is of an
offline type, where all data is available at any moment of time. CNN and SVM
hyperparameters are selected by Bayesian optimization. The SVM is of non-linear type, with a
polynomial kerel that is chosen in the same way. A real-time abnormal activity detection
algorithm using CNN-LSTM is also developed. Activities are represented as a series of
skeleton vectors. The chapter also proposed an algorithm for detecting individual-object
interaction using a 1D convolutional neural network, including transfer learning using YOLO
V3.

Chapter 111 is devoted to the analysis of activities from skeletal data in multi-angle
systems. An algorithm for multi-angle human activity recognition through optimal pose is
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presented. A normalization of the skeletons by making the sizes of the bones equal to constant
ones is proposed. Synchronization of activities is also proposed using the Dynamic Time
Warping (DTW) algorithm, afier which frame-by-frame data fusion is performed in parallel
by selecting a skeleton with an optimal pose. An algorithm for merging skeletons using a
Kalman filter is also proposed in the chapter. A classifier built from multiple Markov models
was developed to recognize activities.

One of the important moments in the thesis is the process of validation and evaluation
of the performance of the methods and algorithms developed by the author. The exposition in
Chapter IV is devoted to it. The combined CNN and SVM activity recognition method is
validated and evaluated through three databases. The achieved accuracy is around 81%. When
comparing with other competing methods, it can be seen that the method proposed by the PhD
candidate demonstrates the highest efficiency. Experimental studies have been carried out
regarding the real-time abnormal human activity detection algorithm using CNN-LSTM. The
evaluation was performed with two sets of data. The results are rated as more than satisfactory
(accuracy is over 90%), Experimental studies on the human-object interaction detection
algorithm also demonstrate high performance. Regarding the recognition of multi-angle
human activity, it is proposed to determine an "optimal” number of states in the hidden
Markov model by using the Bayes information eriterion.

The four chapters of the thesis are fully developed and thoroughly address the main
issues raised in them. A good structural relationship and logical connection is achieved in the
overall presentation. This creates an impression of depth and completeness of the thesis work.

5. Scientific and scientific-applied contributions of the thesis: formulation and
justification of a new scientific problem (arca).

The scientific contributions can be summarized as follows:

1. A combined, cascaded human activity recognition method involving a Convolutional
Neural Netwark (CNN) and a Support Vector Machine (SVM) is developed. (Chapter 3, point
3.2). The method has higher accuracy (2% and 5% improvement) than those proposed by
other authors. Using SVM allows higher accuracy with shorter training and less data amount.

The scientific and applicd contributions can be summarized as follows:

|. A combined neural network architecture is developed for abnormal human activity
detection, including a one-dimensional convolutional neural network (IDCNN) and a long
short-term memory (LSTM) network. (Chapter 2, point 2.3), Achieved accuracy exceeds that
of competing approaches by almost 4%;

2. An algorithm was developed for frame-by-frame classification of activities for the presence
of interaction between an individual and an object. (Chapter 2. point 2.4). The classification
frame-by-frame accuracy achieved is 93.4%:

3. An algorithm was developed to recognize multi-angle activities from skeletons by merging
the data, (Chapter 3, point 3.3). A classification accuracy of 66.7% before data fusion and
72% after data fusion was achieved for a multiple Markov model classifier.

The applied contributions can be summarized as follows:

1. Experimental studies of the presented methods and algorithms have been carried out.
(Chapter 4, points 4.1.1,4.1.2,4.1.3,42.1 and 4.2.2)).
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6. Assessment of the degree of personal involvement of the PhD candidate in the
contributions.

The results of the work have been presented at authoritative international scientific
forums, and accordingly received the necessary publicity. I do not have a joint research
activity with the PhD student and therefore | have no direct impression of his research
activity. The exposition in the original chapters of the thesis, the analysis of the literary
sources and the in-depth knowledge of the problems considered in the work, which | was
convinced of during the contacts and discussions with the candidate, definitely confirmed my
assessment of his undeniable personal participation in the preparation of the considered work.
The PhD student also has an independent publication that is related to the research in the
thesis. It is also indexed in Scopus as of November 2024. there are 7 citations, all in indexed
editions of international conferences and Jjournals. This fact unequivocally certifies the great
degree of personal participation of the PhD candidate in the contributions of the thesis,

7. Assessment of PhD thesis publications: number, nature of editions in which they are
printed. Reflection in science - use and citation by other authors, in other laboratories,
countries, ete.

The results related to the thesis are reflected in four scientific publications in full text,
all of them in English. They are presented at authoritative international conferences. One of
the publications is independent. and the other three are co-authored, and in all publications the
PhD student is the first author. All publications are indexed in Seopus. Author publications
submitied to the thesis have a total of 14 citations (as of November 2024). all in indexed
editions of international conferences and journals.

After reviewing the presented publications, I accept that they fully and completely
reflect the obtained results and contributions in the thesis. Also, the scientific-metric data
(76.7 points according to indicators from 3 to 11) exceed the minimum requirements for the
number and quality of publications for awarding the educational and scientific degree
"Doctor".

8. Using the results of the thesis in scientific and social practice. Existence of achieved
direct economic effect, cte. Documents on which the claim is based.

The proposed methods and algorithms for recognizing human activities are new and
distinguished by high efficiency. In this sense. they are u base against which others developed
in the future will be compared.

The proposed methods and algorithms undoubtedly have an economic effect,
especially in cases where they will be applied to detect unusual activities in elderly people.
They could reduce the cost of care while maintaining or improving quality of life.

In the last five years, the doctoral student has participated in three projects financed by
the National Institute of Scientific Research, as well as in three projects financed by the NIS at
TU-Sofia. The project on the topic "Development of algorithms for recognizing activities
using neural classifiers” (number 20211J10024-07, funded by NIS at TU-Sofia) is most directly
related to the developed methods and algorithms in the thesis. The project has been completed
successfully,
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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 thesis.

The presented abstract is made in accordance with the requirements for its preparation
in terms of volume and content and sufficiently fully reflects the main content of the thesis
and its contributions.

10. Opinions, recommendations and notes.

The presented thesis has the character of a fully completed study on the application of
machine learning for the analysis of the behavior of individuals in cyber-physical systems.
Based on the proposed methods and algorithms, program implementations have been made
that can be implemented in various practical real-life systems.

I can make the following remarks about the work:

l. Declared as algorithms and architectures in scientific and applied contributions are
referred to as methods in some parts of Chapter 2;

2. Chapters 2 and 3 contain overview parts. It would be more appropriate to have them
in Chapter 1, as they are also related to formulating the goal and tasks of the thesis.

These remarks are of a formal nature and do not detract from the merits of the thesis
submitted for review,

I can make a recommendation to the author - to continue the work on improving the
methods for recognizing human activities and to publish the results of his research in even
more reputable scientific journals or forums.

11, Conclusion.

The presented PhD thesis written by M.Sc. Eng. Plamen Hristov has the
character of a completed scientific study and is distinguished by numerous merits in
theoretical and experimental-applicd terms, Evaluating the stated contributions, | believe that
the thesis fully meets the requirements of the Law on the Development of the Academic Staff
in the Republic of Bulgaria and the Rules for its Implementation, as well as the minimum
scientometric indicators according to the Regulations for the conditions and procedure for
acquiring scientific degrees in TUS.

Based on the above, 1 can confidently recommend to the scientific jury to award M.Sc.
Eng. Plamen Hristov the educational and scientific degree "Doctor” in professional
direction 5.3 "Communication and computer technology”, scientific specialty "Television and
video technology".
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