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OBILIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTh TeMbl JHUCCEPTALMU. B HBIHEIIHIOK CTPEMHUTEIBHO
Pa3BUBAIOLLYIOCS TEXHOJOTHYECKYIO SII0XY TEXHOJIOTMS aBTOMAaTHU3aldM CTaja
BOXHOW JIBIKYILIEH CHJIOM BO BcexX cdepax >KHU3HEAEATEIBHOCTH. byap TO
IIPOMBIIUICHHOE MPOU3BOJACTBO, MEAULMHCKUNA MOHUTOPUHI WA CO3JaHUE
"YMHBIX" JOMOB, CHCTEMBI aBTOMAaTH3aLUU UTPAIOT HE3AMEHHUMYIO POJIb.

C BHeZIpeHUEM UCKYCCTBEHHOI'O MHTEJUIEKTA, AHAIMTUKH OOJIBIINX JAHHBIX U
texHojoruit loT cdepa u rayOumHa NMpUMEHEHHS AaBTOMATH3AIMH 3HAYUTEIHHO
pacumpunuck. Hampumep, NpOMBIIUIEHHBIE POOOTHI MOT'YT TOYHO BBIIIOJHSIThH
3a/1a4yu 10 COOpKE Ha MPOM3BOJCTBEHHBIX JMHUSAX, YCTpoKCTBA "yMHOro joma'
MOTYT pEryJupoBaTh I1apaMeTpbl OKPYKAIOIIEW Cpenbl B 3aBUCHUMOCTH  OT
IOPUBBIYEK I[I0JIb30BATENS, @ B O0JIACTU MEIUIMHBI CHUCTEMbl MOHUTOPHHIA
3I0pOBbsl  OOECHEUMBAIOT TOYHYIO MOAJEPKKY JaHHBIX JJs NPOQPUIAKTUKU
3a00JieBaHUH M yXO/a 3a MallMueHTaMHU.

B mocnenHue roapl HCNOJIB30BAaHWE ABTOMATU3MPOBAHHBIX TEXHOJIOTHMM B
MOHUTOPUHIE€ 3JI0POBbS CTaJO OCOOEHHO 3HAYUTENIbHBIM, OCOOCHHO B
MHHOBAllMOHHBIX MCCIIEIOBAHUAX, HAMIPABIEHHBIX HA 0oOecrieueHre Oe30NacCHOCTH
MOKUJIBIX JItoAeH. Cpeu MOKUIIBIX JIFOAEH MTAICHUS ABIISIIOTCS PACIIPOCTPAHEHHBIM
U CEPbE3HBIM PUCKOM, KOTOPBIM MOXKET MPUBECTH K CEPHE3HBIM IOCIEACTBUAM IS
3I0POBbSl WIM JTa)K€ K OMACHBIM IS KM3HH cuTyauusM. [lostomy cymectByeT
ocTpass HEOOXOIUMOCTh B pa3pabOTKe MHTEIUIEKTYalIbHBIX CHCTEM, CITIOCOOHBIX
OTCJIE’)KMBATH M PACIIO3HABATH CIIy4Yau MaJCHUS B PEKUME PEATBHOTO BPEMEHU. DTO
MOYET HE TOJBKO 3HAYUTENIBHO YJYUIINTh KAYECTBO KU3HU MOKWIIBIX JIFOJIEH, HO
U 00ecHeunuTh CBOEBPEMEHHYIO TOMOIIb MEIUIIMHCKUMU pPAOOTHUKaM B
Ype3BbIYANHBIX CUTYaLIHUSX.

TpanunuonHbeie MeTO bl OOHAPYKEHUSI NTAJACHUH B OCHOBHOM OIUPAIOTCS Ha
CEHCOPHBIE IMOAXO/bl, TAKME KAK HOCUMBIE YCTPONCTBA WIN JATYUKHU OKPYKAFOIIEH
cpeabl. OQHAKO ATH METOABI UMEIOT MHOYKECTBO OTPAHMYEHUM B NPAKTUYECKOM
NPUMEHEHNUHU, TaKWX KaK HEyIOOCTBO HOILIEHHUS U BBICOKOE BIMSHHE IOMEX
okpyxaromend cpeasl. C pa3zBUTHEM KOMIBIOTEPHOIO 3pEHHUS M aJrOPUTMOB
MCKYCCTBEHHOTO HMHTEJUIEKTa METOJbl OOHapy>KEHUs IaJeHUil, OCHOBaHHBIE Ha
riry0OKOM 00y4eHHH, TOCTENIEHHO MPEBPATHIINCH B TOPSIUYIO TOUKY UCCIIEI0BaHUH.
DT METOJbl HE TOJIBKO CIOCOOHBI A(PPEKTUBHO aHAIU3UPOBATH IOBEIICHUE
YeJIOBEKa HAa OCHOBE BHJECOJAHHBIX, HO U JIEMOHCTPHUPYIOT BBICOKYIO TOYHOCTb
O0OHapy>KEeHHSI U YCTOMUHUBOCTD B CIIOKHBIX YCIOBHSIX.

VYuuThiBas BBIIIEU3IOKEHHOE, JaHHAs paboTa MOCBSIIEHA HCCIEI0BAHUIM
NPUMEHEHHS TEXHOJOTUH aBTOMAaTH3allMM B 00JacTH OOHApYy>KEHUs MaJIeHUM,
NyTEM  TEOPETHYECKOIO  aHajiuM3a W COBEPLICHCTBOBAaHUSA  aJrOPUTMOB
MCKYCCTBEHHOTO HMHTEJUIEKTa, MAJIi TMOBBIIIEHUS TOYHOCTH U 3(P(PEKTUBHOCTH
oOHapy>KeHHMs TTaJICHUI, U pa3padaThIBAE€T KOMIUIEKC HHTEIUIEKTYaIbHbIX CHUCTEMbI
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OOHapy>KeHHUsI MU MOHMTOPMHIA TMAaJEHUM, KOTOopas 3aJaeT HampaBlieHUE s
UCCJIENOBAHUSI U TOpUMEHEHUs OyAylied  HMHTEIJIEKTYalbHOW  CHUCTEMBI
MOHUTOPHUHTA 30POBBS.

CBsi3b TeMbl JHMCCEPTANMM € KPYNHBIMH HAYYHBIMH MPOrpaMMaMu
(mpoeKkTamMM) M1 OCHOBHBIMHM HAYYHO-HCCJIEA0BATEIbCKMMHU Pad0TaMHu.

1. TlpoekT mo yNydIlIEHHWIO HCCIENOBATENHLCKOTO0 MOTEHIMAIa KIHOYEBBIX
nucuuIuIinH npoBuHimuu ['yannyn no teme "HccnegoBaHue nmpuMeEHEHUS
MCKYCCTBEHHOI'O MHTEJIEKTa HA OCHOBE MEIMIMHCKUX BOIbIINX JaHHBIX B
MEJIMIIMHCKON BU3yanu3amnuu', HoMmep npoekrta: 2022ZDJS152, Kuraii.

2. IlIpoexT uccrnenoBanus B (pOHAE €CTECTBEHHBIX HayK MPOBUHIMU | yaHIyH
- UCCJIEOBAHME  METOJOB  pAacloO3HABaHUS U MOHUMAaHUS
NIOCJIEOBAaTEIbHOCTH ~ JEHCTBUM HAa  OCHOBE  MYJBTHMOJAJIBHOIO
IIPEACTABIICHUS PENSIMMOHHOTO BCTPAaMBAHUSA NPU3HAKOB, sHBapb 2023 -
nexadps 2025, Kuraii.

Heanb u 3apa4u ucciaegoBanusi. OCHOBHAS LEJIb TUCCEPTALNU - IPEIIIOKHUTD
aNropuT™M oOHapyx)eHus nmajeHui Ha ocHoBe mojenet YOLOv8 u LSTM, a Takke
pa3paboTarhb HMHTEIUIEKTYalbHYI0 CHUCTEMY MOHUTOPUMHTAa KaK MpPUMEHEHHUE
TEXHOJIOTU KOMITBIOTEPHOTO MHTEJUIEKTa B aBTOMAaTU3HPOBAHHBIX CHUCTEMax B
obOnactu oOHapyxeHHs majgeHuid. CoueTaHHe METOJOB OOHApYKEHMs LieJell u
aHallu3a BPEMEHHBIX PSJA0B MO3BOJISIET MOBBICUTh TOYHOCTh U 3()PPEKTUBHOCTDH
oOHapy>KeHHUs MaJeHUI B pealbHOM BPEMEHH, 4TO oOecrieunBaeT 3P(HEKTUBHYIO
NOJJIEPKKY B IPEIOTBPAILECHHUH [TaJICHUI U CBOEBPEMEHHOM BMELIATEIBCTBE.

3axayu uccJie10BaAHNUS !

1. Ilpoananu3upoBaTh TEKYyIIEE€ COCTOSIHHE Jel B O0JacTH MPUMEHEHMS
METO/IOB OOHAapy)XCHHsSI IIeJie W aHaiu3a BPEMEHHBIX PSJAOB IS
oOHapy>KeHHUs MAJCHUM, a TakkKe OOCYAUTh MPEUMYIIECTBA U MPOOIEMBI
rJIyOOKOro 00y4YeHus B 3TOM 001acTH;

2. Pa3zpaboTratb W COBEpIICHCTBOBATh aJTOPUTM OOHAPYXKEHUS TIICNICH
YOLOVS, coueraromero MexaHu3M BHuUMaHug ECA u TeXHOIOTrHIO
GSConv nnsi TOBBIIEHUS TOYHOCTH U I(PHEKTUBHOCTH OOHAPYKEHUS
LeJICH;

3. PeammzoBate npumenenne moaenu LSTM st ananm3a BpeMEHHBIX PSIOB
npu OOHAPYKEHUW TAJCHUH, YIy4YIIUTh PACIO3HABAHUE TOBEICHUS TMPHU
NajiecHuu mnyTeM oObeauHEeHus yiydiieHHoro anroputma YOLOVE u
moxenu LSTM;

4. CopoextupoBaTh U pa3paboTaTh  HUHTEIUIEKTyaJbHYIO  CUCTEMY
MOHUTOpPHUHTA JUIsi OOHAPY)KCHUS TaJeHUN TOXUIIBIX JIIOJIed Ha OCHOBE
ynyumeHHod wmonenn YOLOV8-LSTM, 3aBepmnth (pyHKIMOHATBHBIHI
aHalu3, ApPXUTEKTYPHBIM JAW3allH U peaju3allii0 CUCTEMbI, YTOOBI



yOeInuThCs, YTO CHCTEMa OcCHalmieHa (QYHKOUAMHA  OOHapyKCHUS,

OTOOpaKEHHUS PE3YIbTATOB M 3aIIUCH B PEIKUME PEaIbHOTO BPEMCHH;
Hayunasi HoBU3HA pa0dOThI:

NunoBanmonueiii anroput™, coderarommii YOLOVS u LSTM: B stom
HCCIeI0BaHNH anropuT™M oOHapykenwus meneir YOLOVS ynyumen 3a cyet
BHenpeHuss Mmexanm3ma BHuManus ECA u momyns GSConv, a Takke
00BEIMHEH C MOIEIIbIO aHANTM3a BpeMEHHBIX psiioB LSTM 11t ontumMuzanuu
TUHAMUYECKOTO CIICHAPEB W BPEMEHHBIX XapaKTePUCTUK B 3a7ade
oOHapyXeHHsS  MajeHus, 4YT0 I(PGEKTUBHO IOBBIIIACT TOYHOCTH
OoOHapy)XCHHsI W YCTOMYHMBOCTHh MOJICIM K BPEMCHHBIM H3MCHCHHSM B
CJIO’KHBIX YCIIOBHSIX.

Pa3paboTka u BHeIpeHHE WHTEIJICKTYaJbHOW CHCTEMbl MOHHUTOPHHTA JIJIS
ABTOMATU3UPOBAHHBIX KOMITBIOTEPHBIX CHCTEM Ha OCHOBE YIIYUIICHHOU
moaemn YOLOV8-LSTM: Pa3paboTka HWHTEICKTyaIbHOW CHCTEMBI
MOHUTOPWHTA C WHTETPUPOBAHHBIM OOHAPYKEHHEM, OTOOpaKCHHUEM B
pealbHOM BpPEMEHHM W pETHCTpalnueld JaHHBIX, OOCCICUYMBAIOIINX
KOMILUICKCHOE pEIICHHE IS OOHapy)KCHHUs TaJeHUM TMOXKUIIBIX JIIOJeH B
peXKHMe pealbHOrO0 BPEMEHH.

IIpakTH4Yeckasi 3HAYUMOCTb MOJYYEHHBIX Pe3yJbTaTOB.

PazpaboranHass cucteMa  MOHUTOpPUHTA, OOBEAMHSET  TEPEIOBbIC
TEXHOJIOTUA OOHApPY)KCHHS IIEJIe M aHajau3a IMOBEICHUS, KOTOPBIE MOTYT
OTCJIC)KMBATh CUTYAIIHIO C TTaJICHUEM TOKUJIIBIX JIIOJICH B PEKUME PEaTbHOTO
BpEMEHHU B 00ECIIEYNBAIOT CBOEBPEMEHHYIO OOPaTHYIO CBSI3b JIJIST CO3/TaHMS
2 PEKTUBHBIX MEXAaHU3MOB PAHHETO NPEAYNPEKICHHUS IS CeMel U B
VUIPEKJICHUH TI0 YXOAY, YTO MOXXET TIOMOYb YMCHBIIUTh TPaBMBI,
BBI3BaHHBIC MAJICHUSMH, U YIYUITUTh KA4€CTBO KU3HU TTOKHIIBIX JIFOICH.
JlaHHOE WCCIIEIOBAHUE HE TOHKO ONTUMHU3HPYET CYIIECTBYIOIINE METOIBI
oOHapyXeHHs TIeJiel, HO M CO37acT HOBYIO HJCK0 HHTEIICKTyaIbHOU
CUCTEMbI MOHUTOPUHTA Ha OCHOBE TITyOOKOT0 00y4YeHMSs, BHEAPEHUS aHATU3
BPEMEHHBIX PSAAOB B 00JaCTh MOHHTOPHHTA 3J0POBBS, YTO SIBIISCTCS
BXHBIM HMITYJIbCOM JIJII 00JIACTH aBTOMATH3WPOBAHHOTO MOHHUTOPHHTA
3I0POBBS.

PesynbraThl nccneqoBaHUil MPEIOCTABISIIOT OCYIIECTBUMOE TEXHUYECKOE
pEIICHUS I CO3JaHMs HHTEIICKTYaTbHOW CHCTEMBI YX0/1a 33 TTOKHIIBIMU
JIOJIEMH, KOTOpash MMEET IIMPOKOE COIMAIBHOE 3HAYCHHE M PHIHOYHBIC
MEPCTICKTUBBI, U MOXET MOMOYb PEHIUTh MPOOJEMBI 3IpaBOOXPAHEHUS B
cTaperolieM oOIIeCTReE.
OCHOBHBI€ MOJIOKEHUS JUCCEPTANMU, BBIHOCUMbIE HA 3aIIUTY:



e Pa3paboTaHHas U yCOBEPILIEHCTBOBAHHBIA aJTOPUTM OOHApYKEHUS Iieneit
YOLOVS.
e VayumenHsii anroput™M YOLOVE u mogenu LSTM - YOLOVE-LSTM.

e PazpaGoranHass  MHTEIUIEKTyaJbHass  CUCTEMa  MOHUTOPHHTA  JUIs
oOHapy>KeHUs TaJeHUN TOXWIBIX JIofeli Ha ocHOoBe momenu YOLOvS-
LSTM.

JInuHbIi BKJIAA couCKaTessi. Bce HAydYHO-TEXHUYECKUE PE3yIbTaThl padOThI

MOJIYYE€HBI JUCCEPTAHTOM IOJI PYKOBOJICTBOM HAYyYHOT'O PYKOBOJMTEIIS.

B onyOiukoBaHHBIX paboTax TOCTAaHOBKA 3alady W OOIMIMNA  TMOJXOJ
UCCJICIOBAHUM TPUHAJIC)KAT HAYYHOMY PYKOBOJUTENIO, a ONTUMHU3AIMS HU
yIIydIIeHuEe alrOpUTMUYECKUX MOJENel, a Takxke pa3padoTka MPOrpaMMHOTO
oOecriedeHns Ha X OCHOBE BBITIOTHEHBI IUCCEPTAHTOM.

Amnpolanusi pe3yJbTaToOB auccepTauMu. Pe3ynbpTaThl AMCCEpTAIIMOHHON
pa®oThl JOKIAABIBAINCH HA CICAYIOIUX MEXKIYHAPOIHBIX CHMIIO3UyMaX,
pecnyOMKaHCKUX, MEKBY30BCKUX KOH(MEPEHIUIX:

1. 3-1  MexaynapogHas KoH(pepeHIHs 10 KOMIIBIOTEpHOU Trpaduke,
UCKYCCTBEHHOMY HMHTEIUICKTY W o0pabotke manubix (ICCAID 2023),
[wunmao, Kuraii, 2023 r.

2. MexnyHapoanas koHnpepernnus |IEEE mo oopaborke nzoopaxenuit (ICIP),
AOy-/labu, O6benunenubie Apadbckue Imupartsl, 2024 r.

3. 4-1 MexnayHapoaHas KOH(EPEHIMS IO KOMIBIOTEPHBIM TEXHOJIOTHSM,
UHOOPMAITMOHHOW WHXKEHEPUH H d3JeKTpoHHbIM Martepuaiam (CTIEEM
2024), Yxanpuxkoy, Kurait, 2024 r.

IMosHoTa oOTpakeHUusi Ppe3yJbTATOB [HCCEPTALMM B MNYOJHMKANMAX.
OcHOBHOE COJIEp’)KaHNE TUCCEePTAIIUH OIyOJIMKOBAHO B / paboTax.

Crpykrypa M 00beM auccepranuu. J[uccepramus COCTOMT U3 BBEACHUS,
TpEX IJ1aB, MPUIOKEHUS, U CTIUCKA IUTepaTrypbl. OOBeM quccepTalui COCTABISET
180 cTpanuil MamMHOMMCHOTO TEKCTa, BKIOUas 29 pUCYHKOB M 6 TaOIHIIBI,
CIIUCOK JIUTepaTypbl U3 123 HauMeHOBaHUM.



OCHOBHOE COIEP KXAHUE PABOTHBI

B nepBoii riaaBe “O030p KOMIBIOTEPHBIX WHTEIUIEKTyaJIbHBIX CHCTEM B
CHUCTEMax aBTOMAaTHU3allMKM~ TPOBENEH 0030p JIUTEPATYphl U aHAIU3 MPUMEHEHHUS
TEXHOJIOTUN aBTOMATHU3AIlMU B 00JIACTH OOHAPYKEHUS MaJICHUMN, a TAKXKe YKa3aHbI
OTPAaHUYECHHMS TPAAULMOHHBIX METOJOB HAa OCHOBE CEHCOPOB M ITOTEHLHAJIBHBIC
IPEUMYIIECTBA METO/IOB HCKYCCTBEHHOTO MHTEIIJIEKTA.

B nanHOM rinaBe npoaHalIU3UPOBAHBI CIEAYIOIINAE aCIIEKTHI:

Hcropust pa3BUTHS TEXHOJIOTMI aBTOMAaTH3allMd U OCHOBHBIE OOJACTH HX
IPUMEHEHUS;

KntoueBble TEXHOJIOTMH COBPEMEHHBIX AaBTOMATHU3MPOBAHHBIX CHCTEM,
BKJIIOUAs HX peAM3alUI0 B IOJCUCTEMAaX AAaTYMKOB, CHUCTEMAX YIIPABJICHUS,
WCTIOJIHUTEIbHBIX ~ MEXaHU3MaX, KOMMYHMKAIMOHHBIX W  IPOTPAMMHBIX
MTOJCUCTEMAX;

CoBpeMEHHOE  COCTOSIHUE  NPUMEHEHHUS  TPAJAUIMOHHBIX  METOJIOB
oOHapy’KeHHUsI MTaJICHUI HA OCHOBE CEHCOPOB, UX OTPAHUYECHHUS, TAKUE KAK BIHSIHUE
IIyMa OKpY>Karollel cpeipl U HeyJ0OCTBO HOIIIEHUS YCTPOMCTB;

Meroabsl OOHapyK€HHsI TaJCHHI, OCHOBAaHHbIE HAa HMCKYCCTBEHHOM
MHTEJUIEKTE, B 0OCOOCHHOCTH POJIb KOMIIBIOTEPHOTO 3pEHUS U MIyOOKOro 00y4eHHUs
B INOBBIIIEHUA TOYHOCTH U YCTOMUYMBOCTHU K BHEIIIHUM IIOMEXAM.

Ha ocHOBe aHanm3a CymecTBYIOIMUX TEXHOJIOTUNA aBTOMATU3aluy U METOJIOB
OoOHapy>KEeHHMsI MAJICHUI CIIeTIaHbl CISAYIOIINE BHIBOIBI:

TexHOoIoruM aBTOMATU3ALMU PA3BWIMCH OT MPOCTOTO MEXAHW3UPOBAHHOTO
KOHTPOJS 10 BBICOKOMHTEIUIEKTYAJbHBIX CHCTEM, KOTOpPBIE HAIUIM IIMPOKOE
NpPUMEHEHUE B TPOMBIIINIEHHOCTH, MEIUIIMHE U IPYTUX 00JIaCTSIX;

TpanuuuoHHbIE METOJbl OOHAPY)KEHHUS MaJCHUM Ha OCHOBE CEHCOPOB
o0NafaroT MPEeUMYIIEeCTBAMU B peaJbHOM BPEMEHHM M HHU3KOW CTOMMOCTH, HO
CTpaJlat0T OT HEAOCTATOYHON THOKOCTH U MOABEPKEHHOCTH BHEIITHUM MTOMEXaM;

MeTobl Ha OCHOBE HCKYCCTBEHHOTO MHTEIJIEKTA (HAapUMep, KOMIIbIOTEPHOE
3peHue U riIyOoKoe O0y4YeHHE) CTajJud OCHOBHBIM HAIPaBJICHUEM HCCIIEIOBaHUM,
JEMOHCTPUPYSI BBICOKYIO TOYHOCTh U HAJIEAKHOCTB;

B 3amauax oOHapyKeHUS MaJIeHUM CYIIEeCTBYET JalbHEHUIINNA MOTSHIIUAI JJIs
ONTUMM3ALMUA 332 CYET MHTETpalliM METOJOB HMCKYCCTBEHHOTO HWHTEIUICKTAa M
aBTOMATHU3ALIMH, OCOOCHHO B CJIIOXKHBIX CLEHAPUSIX.

OTO  HWCChAeNOBaHWE  NPENOCTABISIET  TEOPETUYECKYID  OCHOBY  JUIS
MOCJENYIONUX PaboT MO YIYUIIEHUIO AJITOPUTMOB OOHAPYKEHHS TaJeHUN H
YKa3blBA€T HA BAXKHOCTh HMHTETpaluu TIyOOKOro OOy4YeHHS U TEXHOJIOTHM
ABTOMATH3ALIMU ISl CO31aHUS MHHOBAIIMOHHBIX PELICHUM.

Bo BTOpoii riaaBe “Teopusi oOHapy>XeHHs IIeJed M aHaIu3a BPEMEHHBIX
PAZOB  HAa OCHOBE TIIyOOKOTO OOy4eHHs”  CHCTEeMATHUYECKH H3JI0KECHBI
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TEOPETUUYECKHE OCHOBBI OOHApPY)KEHUS II€JIe W aHaiu3a BPEMEHHBIX PSIJIOB, C
aKIIEHTOM Ha poJib METO/IOB TTyOoKoro o0yuenus (Takux kak YOLOvS u LSTM)
B TOBBIIMICHUH TOYHOCTH OOHApYy>KEHUS, YCTOMUMBOCTH | YJIaBIMBAHHUH
BPEMEHHBIX XapaKTEPUCTHK.

B nanHOU rinaBe nmpoaHaau3upPOBAHBI CIEAYIOIINAE ACTIEKTHI:

DOBOJIOLUS TEXHOJOTUN OOHAPYKEHHs IENe: OT TPAIUIIMOHHBIX METOJIOB
(manpumep, npuszHakoB Xaapa, npuszHakoB HOG B couetranuu ¢ kinaccupukaTtopom
SVM) 1o coBpeMEHHBIX METOI0B, OCHOBAaHHBIX Ha NIyOOKOM 00y4eHHH (TaKHUX KaK
R-CNN, cepust YOLO), rie noguepkHyThl IPEUMYIIECTBA MTyOOKOTO 00y4YeHUS B
yiydieHu 3QPeKTUBHOCTH 0OHAPYKEHUS U aJaNTalluU K CJIOKHBIM CLIEHAM.

HccnenoBanne u pa3Butue anroputMoB cepun Y OLO: npencrasieH aHamms
sBommoruu oT YOLOV] 1o YOLOVS, ocobenno ynyumiennit YOLOvVS B TouHOCTH,
CKOPOCTH U JIETKOBECHOCTH MOJEIIU.

KiroueBble TEXHONOrMM aHaidM3a BPEMEHHBIX PSJIOB: aKUEHT CclelaH Ha
npeuMyniectsax Mojenu LSTM B ynaBamBaHuM AOJTOCPOYHBIX 3aBUCUMOCTEN U
TUHAMHYECKUX W3MEHEHHH, a Takke e€ NMPUMEHEHWH B 3aJadyax, CBA3AHHBIX C
BPEMEHHON 4yBCTBUTENBHOCTBIO, TAKUX KaK OOHapyKEHUE NaICHUH.

WMHTerpalluOHHbIE  MPEUMYLIECTBA  METOJOB  IIIYOOKOrO  OOy4YEHHS:
poaHanu3upoBaH noteHman komouHauu YOLOvE u LSTM st oOHapyskeHus
naJIeHui, 00eCTICYMBAIOIINI OJJHOBPEMEHHOE PEIICHHUE 3a71a4 O0OHAPYKCHUS 1IeJICH
U aHaJIM3a BPEMEHHBIX XapaKTEPUCTHK TTOBEICHUSI.

Ha ocHOBe aHanm3a TEKYIIEro COCTOSHUS TEXHOJIOTUI 0OHAPYKEHHUS 1IeJIel U
aHalln3a BPEMEHHBIX PSAIOB CICIAHbI CIEAYIOUTNE BBIBOIBI:

Metoasl oOHapyKeHHUs IIeJiel: METOJbl TIyOOKoro oOyueHus (Hampumep,
cepuss YOLO) Onaromaps CKBO3HOM apXUTEKType 3HAYUTEIHHO TMOBBIIIAIOT
3¢ ()EKTUBHOCTh U TOUHOCTh OOHAPYKEHUS, OCOOEHHO B CIIEHAPHSIX C BBICOKHUMHU
TpeOOBaHMSIMU K paboTe B pealiIbHOM BPEMEHHU.

AHanu3 BpeMeHHbIX pAnoB: Mozaenb LSTM cnocoOHa 3¢ dexkTuBHO
yJIaBJIUBaTh JOJTOCPOYHbIE 3aBUCUMOCTH M JUHAMUYECKHE OCOOEHHOCTH, UTO
nenaer e€ MOAXONAIIEH [JIsl CIOXKHBIX 3ajad, CBS3aHHBIX C HW3MEHEHUEM
MOBE/ICHUS, TAKUX KaK OOHAPYKCHHE TTaICHUIA.

[ToTenmman wuHTErparuu MetoAoB: oObeauHeHue YOLOvE ¢ LSTM
3¢(HEeKTUBHO KOMIEHCHUPYET OrPaHUYEeHHUS OTACNIbHBIX METOJIOB, peaTu3ys
CUHXPOHHOE OOHapyKEHUE 1IeJIel U aHaJIN3 JUHAMUYECKOTO MOBEACHUSI.

YuuThiBas MOTSHITMAT METOJIOB TIIyOOKOTO OOY4YEeHHS B OOHAPYKEHUU LIeTIeh
Y aHAJINA3€ BPEMEHHBIX pANOB, mpemyaraetcsa uHTerpauus moxened YOLOVS u
LSTM nnst cozmanust 3QpheKTHBHOM CHUCTEMBbI OOHApPYKEHUS TaJeHUI HA OCHOBE
KOMITBIOTEPHOT'O  3pEHHMS. OJTO HCCIEJAOBAHME HE TOJBKO IPEJOCTABISIET
TEXHUYECKYI0 MOAJACPKKY JUIsl YyIydllleHHs paboThl B peaqbHOM BpPEMEHU B



CJIOHBIX CIIEHAPHUAX, HO M 3aKJIaJIbIBAET TEOPETUUECKYIO OCHOBY ISl pa3paboTKu
OyIylIUX UHTEIEKTYaIbHbIX CHCTEM MOHUTOPUHTA 3/IOPOBbSL.

TpeTnbsi riiaBa nocesiieHa UCCIEI0BAHUIO METOIOB OOHAPYKEHHUS MaJICHU N
NOXKWJIBIX JIFOAEH C UCIOJIb30BaHUEM YCOBEPIIEHCTBOBAaHHON Monenu YOLOvVS u
LSTM. PaccMoTpeHbl OrpaHMdeHUs OpUTrHHaIbHOro anroputMa YOLOvVE B
CJIOHBIX JIMHAMHYECKHX CIEHaX M NPEIJIOKEH MOJAXOJ, KOTOPbIA OOBEIUHSAET
aHaJIU3 BPEMEHHBIX PAOB U OOHAPYKEHHE IIeJIeid, YTOObI MOBBICUTh TOYHOCTh H
YCTOWYHUBOCTH CUCTEMBI.

O0bekT ucciaeaoBanusi: Mojenu rimy0okoro oOydeHus At 0OHapyKeHUs
MaJIcHU, KOTOphIE HWHTETPUPYIOT METOAbl aHaliu3a BPEMEHHBIX PIJOB U
OOHapyXeHUsI 1IeJICH.

IIpeamer wuccaenoBanmsi: Onrtummzanus wmoaenn  YOLOvE ¢
ucrnoiab3oBanueM Mexann3MoB BHUMaHus ECA, moayns GSConv u moaenu LSTM
JUIS TIOBBIIIEHUSI MPOU3BOJUTEIIBHOCTH TPU AHAIU3E IOBEJCHHS B pPEATbHOM
BPEMEHU.

3.1 YOLOVS yayumaeTr npou3BOAUTEIbHOCTb U TOYHOCTH, HO HMeeT
cJIeYIOLIHMe HeIOCTATKH:

JluHamMu4eckue CLEeHbl W MeJKue Ienu: TpyaHOCTH ¢ OOHapy>KeHHEM
MEJKUX OOBEKTOB M TOYHOM JIOKaIU3alMeld B CIOXKHBIX CLEHax, 0COOCHHO NpH
OBICTPBIX U3MEHEHUSX TO3bI.

Tonkue aetanu u no3bl: Ciaaboe ylaBIUBaHUE MEJIKUX U3MEHEHHM B 1M0O3aX,
YTO CHUKAET TOYHOCTh B 3aJlauax OOHapyKEHUs MaJcHUM.

Bpemennsbie psael: He nopnepkuBaeT aHaiau3 MOCIEI0BATEIbHBIX KaJpOB,
9TO OrpaHnyuBaet 3p(HEKTUBHOCTH B JUHAMUYECKUX 3aa4ax.

OTH OrpaHUYEHUs CHHXKAIOT TOYHOCTh MOJIENIH B CJIOKHBIX YCIIOBHSIX.

3.2. B nanHoi rjaBe, Mpou3BeJdeHA ONTHUMU3ANUSA VISl NMOBBIIIEHUS
3¢pdexTuBHOCTH padoTrhl cetu YOLOV8 mnpum oOHapy:keHMH naJeHUH
NMOKUJIBIX JIIOJAed B CJO0MKHBIX CUTyamusix: B mocieaHue Tpu moayns C2f
OTMOpPHOM ceTH BBENEH O0OyierdyéHHBbIM MexaHu3M BHuManus ECA, koTopbiii
yCUJIMBaeT (DOKYCUPOBKY Ha IIEJIM U TOBBIIMIAET TOYHOCTH OOHAPYXKEHUS; CETh
CIUSIHUSI TPU3HAKOB YJIy4YIlIeHAa 3a CU€T HCIOJb30BAaHUS MEXaHU3Ma CBEPTKU
GSConv, 4To CHWXAET CJIOKHOCTh MOJEIU M KOJMYECTBO BBIYUCIUTEIHHBIX
napaMeTpoB, OJHOBPEMEHHO YCWJIMBAs B3aMMOJICHCTBUE MEXIy KaHAJIaMu U
MOBBIIIAs TPOU3BOIUTEIILHOCTH MOJICIIH.

3.2.1. Mexanu3mbl BHuMaHuss ECA

Mexanusm Efficient Channel Attention (ECA) HampaBiieH Ha CHUXXEHHUE
BBIYHCIIUTEIBLHON CIIO)KHOCTH MPU COXPAHEHUH BBICOKOUW ITPOU3BOAUTEIBHOCTH. B
ommmune 0T SE-BHumanus, ECA wuckiatouaer CcoOKpallleHHEe pa3MEPHOCTH,
WCTIOJB3YS JIOKATbHYIO CTPATErHI0 KPOCC-KaHAIbHOTO B3aUMOICHCTBUS.

['nobanpHOE ycpeTHEHUE.

Bxonnas kapra mpuszHakoB H X W X C mpeobOpasyercs B 1 X1 X C ¢
OMOIIIbIO ri100anbHOro yepeanenus (GAP)
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Pa3smep simpa cBeptku k.
Pazmep onHomepHoro saapa k aganTUBHO — OmpeneNsercss uepes
IPONOPLHUOHATFHOCTH KOJMUECTBY KaHAJIOB ('

¢ = @) 1)
JlunetiHoe 0TOOpaKEeHHE:
@(k) =y-k—b (2)
Henunelinoe npeobpa3oBaHue:
k=go(C)=@+§ (3)
odd

Bec xanainos.
Bec w BprancIisitorest yepe3 OfHOMEpPHYIO ¢BepTKY C1D), m curmoniaibHyO
aKTHUBAIIUIO:

w = d(C1Dyy) (4)
3z1ech Y — BEKTOp Npu3HaKoB nocie GAP, a w — Beca KaHaJoB.
OnHomepHas cBepTka ©0€3 COKpallleHHs pPa3MEpPHOCTH  yMEHBIIAET

BBIYHMCIIUTEIbHBIE 3aTPAThI, yIIy4lllas KPOCC-KaHAIbHOE B3aUMOJIEUCTBUE U OOLIYIO
IIPOU3BOAUTEIIBHOCTD CETH.
3.2.2. GSConv
GSConv cTpemMuTcs HalTH OaNaHC MEXTYy TPOU3BOIUTENIBHOCTHIO MOICIU U
YK CJIOM NTapAMETPOB, COUETasi CTAaHAAPTHYIO U IITyOMHHYIO CBEPTKH JIJIsl CHUKECHMUSI
BBIYMCIIUTEIBLHOM CII0)KHOCTH ITPU COXPAHEHUH TOYHOCTH.
CranpapTHas cBepTKa.
OOpabaTbiBaeT KaXAbld KaHaAl IO OTHEJIBHOCTH, YTO YBEIUYHUBACT
BBIYHCIIUTEIBHYIO CII0KHOCTb:
Timesc =0(W eH e K oK, (,eC(,) (5)
['myounnas cenapabenbHas cBeptka (DSC).
Pa3nensier cBepTKy Ha J1B€ 4acTu (MIyOMHHYIO M TOUEUHYIO), YTO COKPAILIAeT
rapameTpbl, HO CHUYKAET TOYHOCTh M3-3a pa3pblBa MEKKAHAJBHBIX CBSI3EH:
Time .., =0(WeH oK oK, o10(,) (6)
GSConv.
KomMOuHupyeT cTangapTHyI0 U TTyOMHHYIO CBEPTKH, OOecreurBasi ydiiee
B3aMMOJICUCTBHE MEX]ly KaHAJaMU U CHIXKAsl BEIYMCIUTEIbHBIC 3aTPATHI:

. C
Timegscony = O |W o H o Ky« Ky « 2 (Cy + 1) (7)

[Ipouecc paboter GSConv:

Bxoanoe wu3o0paxenue oOpabaThIBaeTCsl CTaHAAPTHONW CBEPTKOW ISt
YMEHBIIICHUS pa3Mepa KapThl TPU3HAKOB.

YMeHblIIeHHAs: KapTa CBEpThIBaeTCs Iiyookoi ceeptkoit (DWConv).

PesynbraThl 00enx CBEpTOK 0OBEIUHSIIOTCS MO KaHAJIaM.

BrimonHsieTcss  omeparusi TEpEeTacoBKU IS YIYUIIEHUS CMEIIMBAHUS
KaHaJOB.

GSConv CHM)XAET YUCIO MapaMETPOB M BBIYUCIUTENIBHYIO CIO0XHOCTbD,
COXpPaHSAS BBICOKYIO TOYHOCTh. DTOT METOJ OCOOCHHO 3(P(PEKTUBEH B YCIOBHSIX
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OTPaHUYEHHBIX BBIYMCIUTENBHBIX pecypcoB, mpeBocxons DSC mo TouHOCTH H
CTaHJIaPTHYIO CBEPTKY IO 3(PPEKTUBHOCTH.

3.2.3 Yayuwmenublii anroputm YOLOVS

B ycosepmenctBoBanHo# cTpykType YOLOVS (PucyHnok 1) ncnons3yrorcs
mexaum3mMbl ECA  u  GSConv  ans  moBbimieHUs  3(P(GEKTUBHOCTH |
MIPOU3BOUTEILHOCTH.

Mexannsm ECA.

Bxutouenne ECA B MaructpalibHy0 CETh YIy4IlIaeT U3BJICUEHNUE PU3HAKOB
3a c4eT 3(h(PEeKTUBHOTO BHUMAHHUA K KaHaJIaM.

GSConv Ha 3tane Neck.

GSConv npumensiercsi Toibko Ha drtanme Neck, rje kapra mpU3HAKOB
CTAaHOBUTCS Y3KOM (MMHHMMaJIbHasl IIMPUHA W BBICOTA, MaKCUMasbHas INIyOUHA).
OTO yMEHBIIAET BBIYHCIUTENbHBIE 3aTpaThl, yIydmaeT o0O0paboOTKy KapThl
MPU3HAKOB U CHUKAET U30BITOYHOCTh MH(OPMAIIUH.

Orpanunuenue nmpumenenuss GSConv.

Hcnonp3oBanne GSConv Ha BceX ATallax YCIOXKHSAET CEThb U 3aMEMISIET
BBIBOJI, TIO9TOMY €T0 MPUMEHEHHE OTpaHu4YeHO dTarmoM Neck s onTHMalIbHOTO
OanmaHca MEXIy MPOU3BOIUTEIBHOCTHIO M CKOPOCTHIO.

Bottleneck

| Conv2d |—>| BN |—>| SiLU | ‘ Conv |—>| T |—>| Add |
| Conv H MaxPool2d |—>| MaxPool2d H MaxPool2d |—P| Concat >—>| Conv |
A

SPPF

A4 A 4

|Conv H Split ‘—-—>| Concat I—DI Conv |
A

14-Upsample

7-C2f

8-C2f 12-Concat

11-Upsample

Pucynok 1. Ynydiiennas cxema ctpykTypsl cetd Y OLOVS
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3.2.4. Yayuymennsbiii moaeab YOLOVS ¢ cerbio LSTM

Mopens  YOLOvVS-LSTM  o0beaunser Bo3MoxkHocTH YOLOVE B
obnapyxennu 1eneir 1 LSTM B 00paboTke BpeMEHHBIX JaHHBIX, YTO MOBBIIIACT
TOYHOCTb U yCTONYHUBOCThH B IMHAMUYECKUX CLIEHAX.

[Ipouecc padote: YOLOV8 wu3BiEKaeT NpPOCTPAHCTBEHHBIE MPU3HAKU
KaXJI0ro kKazapa, 3areM LSTM ananu3upyeT HX BpEMEHHBIE 3aBHUCHUMOCTH,
oTpeessisi AMHAMUYECKUE U3BMEHEHHU S, CBSI3aHHbIE C TTAJCHUSIMHU.

[IpeumymectBo: YOLOVS oTBedaet 3a ObICTPYIO 00pabOTKY U300paKeHUIH,
a LSTM — 3a BpeMeHHOE MOJIETUPOBAHKE, YTO YJIYUYIlIAeT TOYHOCTh U CKOPOCTh
OOHapy>KeHUs MTaJICHU.

H3Bnevyenne AHGOPMANHE A3
I0C/1eJ0BATEeILHOCTH KAAPOB.

____________

f 1
1 . 1 | Viryamensasa

: Video :> pepcast YOLOvS.

1 1 '

1

_______________________

Pucynox 2. brnok-cxema monenun YOLOvVS-LSTM

3.3. DKcnepuMeHTAJIbHbIE Pe3yJbTATHI U AHAJIN3

3.3.1. Ha0opsbI JaHHBIX

B wuccrnenoBanun MCMONB3YIOTCS Kak MyOJWYHBIE, TaK M COOCTBEHHBIE
HaOopwl AaHHBIX. [locie mpenoOpaboTKM M OYUCTKHU JaHHBIX ObLT chopMUpOBaH
OKOHYATETBHBIN IKCIIEPUMEHTAIBHBIN HAOOP, conepxkamuii 7680 nzoOpaxeHuit u
200 Buaeo3amnucei, pas[eleHHBIX B COOTHOIIEHUW 2:8 Ha oOywaromuii (6144
nzoopaxkenus, 160 Bumeo) u trectoBslil (1536 nzodbpaxenuit, 40 Buae0) HAOOPHI.

3.3.2. DKkcnepuMeHTAJIbLHAS cpe/a

O6opynosanue: NVIDIA Tesla V100, nponieccop Intel Xeon Gold 6130.

I1O: Ubuntu 22.04, PyTorch, CUDA 11.8.

I'unepnapametpsl: Ir=0.01, momentum=0.937, batch size=32, nuzobpaxxenue
640x640.

OCHOBHBIMU METPHKaMHU OIICHKHA MOJCIIH B 3TOM JKCIIEPUMEHTE SIBIISIOTCS
tTouHOCTh (Precision ), om3wiB (Recall ), F1-mepy (F1-Score), cpentsis TOYHOCTD
(AP ) u cpennee 3nauenne TouHoCcTH (MAP ); u3 Hux mAP nensrcs na mAP@0.5
umAP@0.5: 0.95 nBa moka3zatesns, MepBbId YKa3bIBa€T HA TO, YTO KOIPHHUIIUCHT
nepeceuenus u ciusiaus (IoU ) mopor 0,5, a BTopoit yka3sIBaeT, 4To KOdDPUImeHT
nepeceuenust u ciusinug (IoU ) mopor ot 0,5-0,95 B cpennem mo mAP .

®opmynel pacueta Precision , Recall u F1 — Score mnpuBeleHbl B

ypaBHeHUsIX (8) u (9).
TP

TP+FN

(8)

.. TP
Precision = —— Recall =
TP+FP

2XPrecisionXRecall
9)

F1 — Score = —
Precision+Recall

12



B

OTpPHULIATEIIBHBIN).

bopmyne
(JIO’)KHOTIOOKUTEIIbHBIN ),

TP
FN

(MCTUHHO
(710’KHOOTPUIIATENBHBIN ),

TN

MOJIOKUTEIIbHBIN ),

FP

(MCTUHHO

AP Bzaumocss3b Mexay mAP Pacuersl npuBeaeHsl B ypaBHeHHAX (10) u

(11):

AP

0000I11IEHHUTO.

r € {0,7(0),r(1),..,r(k),1}

mAP=%ZAP(i ), i€ fo,m]

3.3.3. Pe3yJbTaThl 3KCIIEPUMEHTOB
Cpasuurensubiii ananu3 YOLOvVE u YOLOvVE-LSTM.
YOLOV8-LSTM pemoHcTpupyeT Oojiee IUIAaBHOE CHIKCHHE IOTEPh IPH
0oOy4YeHHHU U TPOBEPKE, UTO YKA3BIBACT HA yMYUIICHHYIO CIIOCOOHOCTh MOJAEIHU K

1
—yMax (p(r()) x (r(k) = r(k — 1)

(10)

11)

F1-Score: YOLOV8-LSTM nocturaer 0.78, mpeBocxoas YOLOvVS (0.63).

train/box_loss

train/cls_loss

train/dfl_loss

metrics/precision(B)

metrics/recall(B)

1.6
2.0 1 —e— results 0.8
-+ smooth 1.5
2.04 J
1.8 0.7 0.6
1.4 4
1.6 1 0.6 0.5
1.3
0.51
1.4 4 121 0.4 1
0.4 4
1.2 i
T T T T T T 11 T T T T T T 03 A T T T
0 50 100 ] 50 100 0 50 100 0 50 100 0 50 100
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
1.8
2.2 1 2.25 0.71 0351
1.71 0.30 1
2.1 2.00 1 0.6 -
0.25 A
2.0 4 1751 § 1.6 0.5 4
0.20 A
1.9 4 1.50 A1 0.4 1
1.5 1 0.15 A1
1.25 1
1.8 1 4
0.3 0.101
0 50 100 ] 50 100 0 50 100 0 50 100 0 50 100

Pucynok 3. I'paduk pesynbratoB YOLOVE
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train/box_loss train/cls_loss train/dfi_loss metrics/precision(B) metrics/recall(B)

—e— results 1.8 0.8 081
2.0 smooth ' 0.7

1.8 1

1.6
16 0.7 1
2 0.6 1
1.4 A 1.5 4 0.6
0.5 1
1.2 1 1.4+ 0.51

1.04 0.4 1

0.4 ]
121 ]

0.3 0.3 4
50 100 0 50 100 0 50 100 0 50 100 0 50 100

1.0 1

0.8 1 0.5

o

val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
3.0 4

3.51 0.8

2.4 284 0.4
3.01

2.2 1 2.6 0.6 1

2.5 0.3 1
2.4+

2.04
2.0 2.2 4 0,4-‘ 0.2 A

1.8 151 2.0
0.1 1

0.2 1

] 1.81
161 1.0

100

(=)
w
o

50 100

o

0 50 100 0 50 100 [} 50 100

Pucynox 4. I'paduk pezynbratoB YOLOVE-LSTM

CpaBnenue ¢ gpyrumu mozensimu Y OLO

MAP: YOLOV8-LSTM (0.894) Beire, uem y YOLOvV8 (0.830), YOLOV7
(0.808) 1 YOLOVG6 (0.730).

Cxopocts BeiBoJIa: YOLOVS-LSTM pabotaet ObicTpee Ha CPU u coxpaHsieT
BBICOKYIO CKOPOCTH ¢ nmomolibio TensorRT.

Cnoxnocte mozenu: YOLOvE-LSTM umeer menbie napametpos 1 FLOPs,
yeM YOLOV7 u YOLOV6, coxpansis pu 3TOM JIYUIIYIO IPOU3BOAUTEIBHOCTD.

Tabnuua 1. CpaBuenue npousBoautenbHocTH Y OLOVE- LSTM ¢ npyrumu

Bepcusimu YOLO
HazeaHu | mA | Fl- Pa3mep mAPva | Ckopocts | V100 Komuuects | FLOPs
e (seum) | P Scor | mzobpaxenu | 150-95 | mpomeccop | TensorR | o (MHILTHAPITBT
e s (TTMKCeNn) a ONNX|T mapamerpo | )
(mc) CkopocT | B (MITH)
b (MC)
YOLOVS- | 0.830 | 0.78 640 343 73.6 1.06 32 8.7
Istm
YOLOVS 0.741 | 0.63 640 373 80.4 0.99 2.6 7.7
YOLOvV7 0.730 | 0.625 | 640 37.5 90.6 1.56 4.7 11.4
YOLOv6 0.714 | 0.61 640 37.4 98.3 1.78 6.01 13.1

YOLOV8-LSTM npeBocxogutr apyrue Bepcun YOLO mno TowHOCTH,
CKOpPOCTH U 2P(HEKTUBHOCTH, YTO JICJIACT €€ ONTUMAIBHOM /11 3a1a4 OOHAPYKEHUS
TaJICHUMN.

B 4erBéproii riuase «lHTEIEKTyanbHAs CHUCTEMAa MOHMTOPHHIA JUIS
oOHapy>KeHus TaIcHni Ha ocHOBE yayuriieHHOro Y OLOvE-LSTM» npencraBieHs
pe3ynabTaThl HUCCIENOBAaHUM W CHUCTEMHOTO NPOEKTUPOBAHUS, pa3padoTaHa H
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pean30BaHa CUCTEMa, CIIOCOOHAs! B PEKUME PEaJTbHOTO BPEMEHHU OCYIIECTBISTh
MOHUTOPUHT ¥ OOHApyXEHUE MaJCHUN.

4.1. CucTeMHBIH aHAJIN3 U UCCJIEOBAHUE OCYIIIECTBUMOCTH:

Texnuueckass BO3MOXHOCTB: YOLOVS, kak meperoBOdl OJHO3TAIHbBIN
aNropuT™M oOHapyxeHus, B couetanuu ¢ LSTM ananuzupyeTt BpeMEeHHBIE PSbl, a
yIIydllIeHHs], Takue Kak Mexann3Mm BHuManus ECA u mogyns GSConv, MOBBITIAIOT
TOYHOCTh U YCTOWYHUBOCTH MOJIEIIH.

[lony4yeHne NAaHHBIX: CUCTEMA HMCIOJIb3YET BUACOJIAHHBIE BMECTO AAHHBIX
JATYUKOB, YTO IIO3BOJISIET W3BJIEKaTh MPOCTPAHCTBEHHBIE M BPEMEHHBIE
XapaKTEPUCTUKU COOBITHH, CBI3aHHBIX C MaJICHUEM.

ArnmapaTHas = peanMzanusa:  CHCTEMa  aNalTHPYeTCsl K Pa3jJudHbIM
anmnapaTHbIM IJIaTGopmam, oOecrieunBas HU3KYI0 3a€pKKY 00pabOTKH B pexUMe
peanbHOrO0 BPEMEHH.

DKOHOMHUYECKAS 11eJIeCO00Pa3HOCTh: 0J1arogaps UCIOIb30BAHUIO OTKPBITHIX
dpeiimBopkoB YOLOV8 u LSTM, cucrema o0Onagaer HHU3KOW CTOUMOCTBIO
pa3pabOTKU U pa3BEPTHIBAHMUSI.

4.2. DyHKINOHAJNbHBIN AN3aHH:

3arpy3ka W npeaBapuTesibHas o0padoTKa MOJACIH: MOJJAEPKKa 00pabOoTKU
M300pakeHH, BUJIEO U BUACOIOTOKOB B PEAIBHOM BPEMEHHU.

VYmpasneHue mnapaMeTrpamMu: BO3MOXKHOCTb JIMHAMHMYECKHM HAacTpauBaTh
napameTpbl oOHapyKeHus (Harpumep, noporu ysepeasoctu, [OU).

[lepexnroueHre MoieNel: oAIepKKa HECKOJIbKUX Bepcril mozaeneit YOLO
(YOLOVS, YOLOvV7, YOLOVS u np.) 1i1st THOKOCTH B IPUMEHEHUHU.

OOpaboTka n300paXeHUN M BUICO: TOAJEPKKAa O0pabOTKH MAaHHBIX U3
Pa3IMYHBIX UCTOYHUKOB.

[IpencraBnenne W 3anuch pe3yJbTAaTOB: 3alUCh MH(OpPMALUU O BPEMEHU
0OHapyKEeHHsI, MECTOIOJIOKEHUU U YBEPEHHOCTH JJIs aHAJIN3a U COXPAHEHUSL.
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Pucynok 5. Cxema nocTpoeHUs ApXUTEKTYPbl CUCTEMBI

4.3. ApXUTEKTypa CUCTEMbI

Cucrema COCTOMT U3 MOAYJEH MOJIB30BATEIbCKOrO MHTEpdeiica, MoJaeIn
OOHapyXeHMsI U MOJIyJsl NPEICTaBICHUS U 3amUCH pe3ynbraToB. Bece Monmynu
UHTETPUPOBAaHbl B EAMHYIO CHCTEMY [UJIsl BBINIOJIHEHUS 3a7ad OOHapyKEHMs
TaJICHU M.

4.4. Cpena pa3padboTku

[Toctpoena nHa 6a3ze Python u Anaconda, ucnonszyer PyTorch nns
peanuzainuu Moenu 1 Streamlit 171 co3aaHUs MOIB30BATEILCKOTO HHTEPdElica.

Hust obpabotrku nanHbix npumensitorcs OpenCV  u  Pillow, a nus
BU3yalu3aluu pe3yiapratoB — Matplotlib u Seaborn.
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Pucynox 6. biok-cxema cructeMbl

4.5. Peasimzanusi yHKIMOHAJIbHOCTH:

Br160p ncTouHmKa NaHHBIX: MOAEPKKA BBOJIA TAHHBIX Yepe3 N300paKeHus,
BUJICO WJIM BUJICOTIOTOKH.

BriBos1 MoJien U 0OTOOpaXkeHUE pe3yIbTaToB: 00pabOTKa TaHHBIX MOJIEIbIO
YOLOVS8-LSTM u otoOpakeHue pe3yabTaToB Ha HHTepdeiice.

Benenue xxypHaia: 3anuch BceX COOBITHI 0OHAPYKEHUS AJIs TOCIIETYIOIIErO
aHayu3a.

B nmaHHOW TiIaBe mOApOOHO oOmMcaHa pa3paboTKa W peanm3amus
WHTEJUICKTYaJIbHON CHCTEMbl MOHUTOPUHTA JJIs1 OOHAPYKEHUS TaJCHUI Ha OCHOBE
ynyamieHHOW Mozenu  YOLOvV8-LSTM. Cucrema couertaer 3¢ ¢deKTuBHOE
oOHapyXeHHe OOBEKTOB C aHAJIM30M BPEMEHHBIX PsIIOB, oOecredyrnBasi BHICOKYIO
TOYHOCTb, THOKOCTh 1 aJJalITUBHOCTD, YTO JICTIACT €€ IMOIXOIAIICH 11 IPUMCHCHUS
B PCATBHBIX CIICHAPUSIX MOHUTOPUHTA M OOHAPYKEHUS TTaJCHUH.
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Pucynok 7. OOHapy>keHHne Ha U300paKeHUH

x

Tlanens Kodrypaumh

Cucrema o6HapyXeHusl nageHus
ANSA NOXUAbIX Noaein
i, N

Pucynox 8. OOHapyxeHHe Ha BUIEO

Nawens KOHGUTYpaLHh

Cucrtema o6Hapy)xeHusl nageHus
ANA NOXUABbIX Noaen

O3 BM1BOR KaMEPS

Pucynok 9. OGHapyxeHue ¢ KaMephbl
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Cucrema o6HapyXeHus nageHus
ANA NOXUNBIX NtoAeiH

Pucynox 10. Pe3ynbTaTsl 0OHapy)KeHUs

BbIBO/IbI

B nuccepraumm uccienyercss NPUMEHEHUE METOJIOB KOMIIBIOTEPHOIO
MHTEJJICKTA B aBTOMAaTU3UPOBAHHBIX CHCTEMaX B 00JIaCTH OOHAPYKEHUS TTaICHUH,
npeyiaraeTcsi MeToJ OOHAapy)KeHUs NaJeHUN, OCHOBAHHBIM Ha YIIy4ILIEHHOM
YOLOV8 u LSTM, u peanusyercsi UHTEIUICKTyaJlbHasi CHUCTEMa MOHUTOPHUHTA.
OcHOBHBIE MaTepUaIbl U3J0XKEHBI BOTPOCAX:

1. PaccmarpuBaetcst puMeHEHUE aBTOMAaTH3aIMHi U UCKYCCTBEHHOTI'O MHTEJIEKTA
B MOHHUTOPUHIE 3I0POBbS, AHAIM3HPYIOTCS TMPEUMYIIECTBA M HEAOCTATKU
TPaJUIUOHHBIX METOJIOB M TEXHOJIOTUI UCKYCCTBEHHOTO MHTEJUIEKTA.

2. PaccmarpuBaroTcsi BOMPOCH TIIyOOKOTO OOYy4YeHHSI W aHain3a BPEMEHHBIX
PSAAOB, ONMUCKHIBAIOTCS MPUHIUMBI padoTel Moaenet YOLOVS u LSTM u ux
IpEeUMYIIECTBA ITPU OOHAPYKEHUU TaICHUH.

3. Jls moBBIIIEHHSI TOUHOCTH OOHAPYKEHUS U BPEMEHHOM YCTOMYNBOCTH MOICIIH
mpejaraeTcsi  ycoBeplneHcTBOBaHHBIM — anmroput™  YOLOV8-LSTM ¢
ucrnoyib3oBanueM Mexanuzma Baumanust ECA u GSConv.

4. Jlns WHTETrpalMy YIYyYIICHHOW MOJAENTH OOHAapyKEeHUsS W TIPOBEPKU ee
3G ()EKTUBHOCTH B  TPAKTHYECKOM TPUMEHEHWH Oblla  pa3paboTaHa
aBTOMATHU3WpPOBaHHAs ~ KOMIBIOTEpPHAas  CHCTEMa  WHTEIICKTYalbHOTO
MOHHUTOPUHTA.

Bbyaymue wuccnenoBaHuss MOTYT OBbITh HampaBji€Hbl Ha JaJbHEHIIYIO
onTUMH3aLHUI0 3(PPEKTUBHOCTU M 00001IatOIIei CIOCOOHOCTH MOJIENH, a TAKKE HA
M3Y4Y€HHE MYJIbTUMOAAIBHOTO CIUSHUSA JAHHBIX JJIS TMOBBILIEHUS MOJIE3HOCTH
CUCTEMbI OOHAPYKEHHUS.

ABTOp BBIpa)KaeT IIIyOOKYIO MIPU3HATENBHOCTh U OJIar0JapHOCTh HAYYHOMY
PYKOBOIUTEIIO TOKTOPY TEXHUYECKUX Hayk, mpodeccopy barsipkanoBy XKenuiry
NcakyHoBHYy 32 TOCTAaHOBKY 3aJay, IOCTOSSHHOE BHUMaHue K paboTre u
o0CyX/IeHHE Pe3yIbTaTOB.
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Jlan Y:xaHbXA0HYH

05.13.06 — TEeXHOJOTHAJBIK ’KaHA OHAYPYIITYK MpoueccTepan
ABTOMATTAIUTBIPYY JKaHa O0amkapyy aIMCTUTH 00I0H4A
“ABTOMATTAIITHIPBLITAH cucremMjaepaeru KOMIIBIOTEPANK AKBLIAYY
cucreMaepan HIITEeN 4YbITyy 2KaHA M3WJIA00” aTTyy TeMaChbIHIArbl
ATKAPBLITaH IUCCEPTANUSICHIHBIH

KbBICKAYA MASMYHY

Hermsru ce3mep: aBTOMATTAIITBIPYYy, kacaaMa HHTEIEKT, Y OLOVS,
LSTM, neH-coonyK MOHUTOPHUHTH, KYJIOOJOPAYH aHBIKTANBIIIbI, TEPEH YUPOHYY,
yOaKBITTBIK KaTapJiap.

HN3nianee 00beKTHCH: aBTOMATTAIITHIPBUITaH CUCTEMAJIapAarsbl
MHTEJUIEKTYJIIbIK MOHUTOPUHT CUCTEMAJIAPBHI.

NM3unpeenyH npeamern: YOLOvVS xana LSTM MoaenbaepuH KOJIJAOHYY
MEHEH KapbUlapJiblH KYJOOJIOPYH aHBIKTOO aHa JIEH COOJYT'YH MOHUTOPUHI00
BIKMAJIAPHI.

JuccepranMsijiblK HMINTHH  MakKcarbl: Kakmblpthuiran  YOLOVE
anroputMu xaHa LSTM MopenuH KoOJJOHYYy MEHEH, YOaKTbULyy KaTapiapibl
TaJA00 HETU3UH/IE JIEH- COOJIYKKa MOHUTOPHUHT KYPTY3YY YUYH UHTEIUIEKTYaAbIK
CUCTEeMJIEP/IM UILTEI YBbITYY jKaHa ONTUMAJAAIITHIPYY.

N3unneenyH ycyaaapbl: Te€pEH OKYTYY bIKMalapbl, KOMIBIOTEPAUK KOPYY,
yOaKThUlyy — KarapiapAbl  TajJ00  bIKMajapbl JKaHa  WHTEJUIEKTYaJbIK
cucTeMaiap/ibl MILITEI YbITYY HHCTPYMEHTTEPHU KOJIOHYIITY.

AJIBIHTaH KbIMBIHTBHIKTAP KaHA aJIaPAbIH KAHbLIBITbI: OUPUKTUPUITCH
YOLOv8mu ECA kenyn Oypyy mexanusmjepu >kaHa GSConv KOHBOJOIHUSICHI
KapJaaMbl MEHEH KYJIOOHY aHBIKTOO aJITOPUTMHU UIITEJIUI YbIKKAH. JIMHAMUKAIIBIK
mapTrap/ia KyJIOOJOpJy AaHBIKTOOHYH TaKTBITbIH Xoropyharyy yuyH LSTM
yOaKkThUTyy KaTapyiapAbl Taljo0 MOJACIUHUH HHTETPAIUSCHl CYHYIITAJIbI.
Peannyy yOakbIT peXkuMUHAEC MaalbIMaTTapAbl aHBIKTOO, KOPCOTYY kKaHa kKazyy
GYHKIUSIIAPBIH KOJAON TypraH WHTEUICKTYaJJAbIK MOHUTOPHHT CHCTEMACHIHBIH
MPOTOTUOM TY3YJITOH.

Kosnonyy 000H4Ya CyHYII KbLIYYJap: U3WIA06J6PIYH KbINBIHTHIKTAPHI
Kapbplulapra Kam Kepyy MeEKeMeJIepUHAEC, MOHUTOPUHI CHCTEMAJIapblH WIITEMN
ypiryyja. JKaHa OLIOHAOW 3j€ pOOOTOTEXHHMKA *KaHa MaalbIMATTAPAbl TaJA00
OOIOHYA JIEKUHUSJIBIK JKaHa Ja0bOpaTOpHUSIIBIK KypcTapAa >KaHa JIeH -COOJYKTY
MOHHUTOPUHIIOOHY aBTOMATTALITBIPYY YYYH KOMMEPLMSUIBIK KOJAOHMOJIOPIO
KOJIIOHCO OOJIOT.

Koanonyy tapmarel: Mmrenun 4YblKKaH 4YEUUMACPAW  CalaMaTTHIKTHI
CaKTOO, AaBTOMATTAIUTHIPHUITAH MOHHUTOPUHI, ©HOpP >all pPOOOTOTEXHUKACHI,
OILLIOHJIOM 371e OmuM Oepyy *KaHa WIMMUIN HIIMEPAUK Y46MpOCYHIe KOITOHYIaT.
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PE3IOME

Juccepranuu JIisn YUkanbxao Ha temy: «Pa3paboTka u uccjienoBanme
KOMIIBIOTEPHBIX HMHTEJUIEKTYAJbHBIX CHCTEM B AaBTOMATH3HPOBAHHBIX
CHCTEMAX)> HA COMCKAHME YYEHOH CTeNeHM KAHAMIAaTa TeXHHYECKUX HAYK 110
crnenuajbHocTH 05.13.06 — aBTOMaTH3ALUA U YIIPABJICHHE TEXHOJIOTHYeCKUMH
NpoueccamMu M MPOU3BOJACTBAMM.

KuroueBble cjioBa: aBTOMaTU3a1Ms], UICKYCCTBEHHBIN UHTEIIEKT, Y OLOVS,
LSTM, MOHMTOpUHT 3A0pOBbs, OOHApyKEHHE NaJACHUN, TITyOOKoe OoOyuyeHue,
BPEMEHHBIE PSIIbI.

O0beKT HcCIe0BAHUNA: WHTEIUIEKTyaJIbHbIE CHCTEMBl MOHUTOPHMHIA B
aBTOMATH3UPOBAHHBIX CUCTEMAX.

IIpeamer ucciaexoBanusi: METOAbl OOHAPYKEHUS TTAJCHUI 1 MOHUTOPUHTA
310pOBbSI MOKWIIBIX JIIOJIEH ¢ ucnojib3oBanueM mozaeneid YOLOvE u LSTM.

Heanb padoTbi: pa3padoTKa U ONTUMHU3AIUS MHTEIUIEKTYaIbHOM CHUCTEMBI
MOHHUTOPHUHTA 3I0POBbSI HA OCHOBE yiryulieHHoro anroputma Y OLOVS u ananuza
BPEMEHHBIX PSAJIOB C UCIOJIb30BaHueM moaenu LSTM.

MeToabl ucciieq0BaHMsI: UCIIOJIL30BaHbl METO/bI TIYOOKOro OOydeHUs,
MaIllMHHOTO 3pEHUS, aHaJin3a BPEMEHHBIX PSJIOB, a TAaKXKE€ HWHCTPYMEHTHI
Pa3paOOTKU UHTEIUICKTYIbHBIX CUCTEM.

IHonyyeHHbIe pe3yJabTAThl U UX HOBU3HA:

Pazpaboran anroput™ oOHapykeHus najeHuid, coueraronmit YOLOVS ¢
YCOBEPIICHCTBOBAHHBIMU MeXaHu3mMamu BHUMaHus ECA u  kKoHBomonuen
GSConv. [Ipenyioxkena UHTErpayga MOJEIU aHaIM3a BpeMeHHbIX psaoB LSTM s
MOBBINIEHUS TOYHOCTH ONPEAEIICHUS TaJCHNUI B AMHAMUUYECKUX yciaoBusax. Co3nan
MPOTOTHUI UHTEJUVIEKTYaIbHONM CHCTEMbl MOHUTOPUHIA, KOTOPBIM MOJIEPKUBAET
JIETEKIINI0, OTOOpaKEHUE U 3alUCh TAHHBIX B PEKUME PEATbHOTO BPEMEHHU.

PexoMeHaanuu 110 MCNOJIb30BAHUIO:

PesynbpTaThl vccieqoBaHui MOTYT OBITH TPUMEHEHBI:

JUIsT pa3pabOTKH CHUCTEM MOHHUTOPHMHIA B YUPEKIACHHUSX IO YXOIy 3a
MOKUJIBIMU JIFOBMU;

B JISKIIMOHHBIX U JIA0OPATOPHBIX Kypcax MO POOOTOTEXHUKE M aHAIU3Y
JTAHHBIX;

B KOMMEpPYECKMX MPWIOKEHUSIX JJII aBTOMAaTHU3allid MOHHUTOPUHTA
310POBBA.

Oobs1acTh NIpUMEHEHHUA:

[Ipumenenune  pa3pabOTaHHBIX  peIIEHWA  BO3MOXHO B  cepe
3IpaBOOXPAHEHUs, aBTOMATU3UPOBAHHOTO MOHUTOPHUHIA, IMPOMBIIUICHHOMN
pPOOOTOTEXHUKH, a TAK)KE B 00pa30BaTEIIbHON U HAYYHOU JESITEIILHOCTH.
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ABSTRACT

Dissertation of Liang Zhanhao on the theme: ''Development and
research of computer intelligent systems in automated systems' submitted for
the scientific degree of candidate of technical sciences in specialty 05.13.06 —
automation and control of technological processes and production.

Keywords: automation, artificial intelligence, YOLOvVS8, LSTM, health
monitoring, fall detection, deep learning, time series.

Object of research: intelligent monitoring systems in automated systems.

Subject of the study: methods for fall detection and health monitoring of
elderly individuals using YOLOv8 and LSTM models.

Purpose of work: development and optimization of an intelligent health
monitoring system based on the improved YOLOvV8 algorithm and time series
analysis using the LSTM model.

Methods of research and equipment: deep learning methods, computer
vision, time series analysis, and tools for developing intelligent systems were used.

The obtained results and scientific novelty:

A new fall detection algorithm combining YOLOv8 with enhanced ECA
attention mechanisms and GSConv convolution has been developed. The
integration of the LSTM model for time series analysis has been proposed to
improve fall detection accuracy in dynamic conditions. A prototype of an intelligent
monitoring system has been created, supporting detection, real-time display, and
data recording.

Recommendations for using:

The research results can be applied:

in the development of monitoring systems for elderly care facilities;

in laboratory and lecture courses on robotics and data analysis;

in commercial applications for automated health monitoring.

Area of applying: The research results can be widely implemented in
healthcare, automated monitoring, industrial robotics, and in educational and
scientific activities.
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