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NIITHUH KAJIIBI MYHO31IOMOCY

JluccepTanusijibIK MIITHH TeMACBIHBIH aKTYaJyYyJyry. A3bIpksl yOakTa
TEXHOJIOTUSIHBIH T€3 OHYTYII JKaTKaH JOOPYHAA aBTOMATTAIUTBIPYY TEXHOJIOTHSCHI
OapIIbIK JKalllo0 YOHPeJIOPYHI©e MaaHWIYY KbIMMBUIAATKBIY KY4YKe aillaHbl.
ABTOMAaTTalITBIPYy  CHUCTEMajapbl ©HOp JKall eHIypyLly, MEAUIUHAIBIK
MOHUTOPUHT ke "AKbuIyy YH'" Ty3yyae 60100y, ab/iaH YOH POJIAY ONHOMT.

Kacanma UHTEIUIEKTUH KHUPTU3YY, YOH MaajbIMaTTapabl Tangoo xaHa [oT
TEXHOJIOTHSIJIaphl MEHEH aBTOMATTAIITBIPYy 4YeHpecy KEeHHpU Tapajsl. Mucanira
aJICaK a3bIPKbl KYHJ©, OHOp *Kail poOOTTOPY, OHIYPYIU JIHHHUSIAPBIHAA YOTYITYYHY
TaK arkapa ajbllar, XaHa Ja "AKbpUILyy YH" TY3MOKTOpY KOJIJIOHYYYYHYH
ajaTTapblHa JKapalla aulaHa-4eWpPeHYH MApAMETPIEPUH KOHIAON, Al HOMHU
MEIVIAHA YOMUPOCYHII®, NI€H -COOJIyKKa MOHHUTOPHUHI KYPry3YYy CHCTEMajapsbl,
0oOpyJlapabsl aNJIbIH ajdyyra >kaHa OeWranrapra KaMm Kepyyre TaK MaallbIMaTThl
KAMCBhI3 KbLJIa aJIbIIIAT.

AKBIPKBI ~ KBUIJIApbl  aBTOMATTAIUTBIPBUITAH  TEXHOJIOTUSJIApAbL  JICH-
COOJYKKa MOHHUTOPHHI JKYPry3YYZJe e3reue MaaHWiyy OOyl KaJiJbl, ©3re4ye
Kapbulapbl KOProo MAaKCaTbIHIA JKYPIY3YJIIOH WHHOBALMUIBIK H3WIIOOJIOPHS.
Kapeimap apacbiHma Kymam KeTyy KEHUPH TaparaH aHa Oyl Hepce ONyTTyy
KOPKYHYYTYy TY36T, JKaJa Kajca JE€H -COOJYKKa 3bISIH KEITUPHUIIN K€ OMYPre
KOPKYHYY TyyAypyly naa MyMKyH. OIIOHIyKTaH, Kyjam KeTYY y4dypJapblH
peanayy yOakbIT peKMMUHJIe OalKar, aHbl TaaHbIN ajraH aKbUIAYy CHCTEMaapIbl
UIITEINl YBITYY OT6 3apbUl. YIIYN ChISIKTYY akbUIAYy CHUCTEMajap KapbLlapAblH
JKAIOO CalaThlH KAKIIBIPTHIN, ap KAaHAAW KbIMBIHYBUIBIKTApIa MEAUIUHAIIBIK
KbI3MATKepJiepre e3 yOarbHAa *apaaM KepcoTyYyre MyMKYHUYJTYK Ty36e ajiart.

Canrryy Kynan KETYYHY AaHBIKTOO BIKMAJIapbl HETU3MHEH CEHCOPAYK
BIKMAJIapra, MHCaJbl, KMMUMI€ TarbIHbII JXYPYY4YYy TY3MOKTOpPre Xe aiiaHa-
YOMpOHYH JaTYUKTEpUHE TasgHAT. bUpok Oysl BIKMajap MNPAKTUKaAa KONTereH
YeKTeeJepre Aayymiap OOJIOT, MHUCANbl, KUWYY/® BIHIANCHI3ABIK KaHa ailiaHa-
YOUPO/IOH KENUIl YbIKKaH HHTep(epeHIUsIIapAblH TaaCUpu THUUUIIA MYMKYH.
KomnproTepIuK Kepyy »aHa jkacaJiMa HHTEIUIEKT alTOPUTMIAECPUHUH OHYTYIILY
MEHEH, TEPEH YWPOHYYT® HETHU3ACITEH Kyjlal KETYYHY AaHBIKTOO BIKMalapbl
aKBIPBIHABIK MEHEH M3WIIOOJIOPAYH 53H JKOTOPKY JECHIDIJIMHE YBIKTHL. byl
BIKMAJIAp aJaMJbIH )KYPYM-TYPYMYH BUIEOJIOH HATBIMKAILYy aHAJIU3JEI FaHa TUM
00100CTOH, OIIOHION 3JIe TaTaaj MapTTapJa aHbIKTOO XKaHa TYPYKTYYIyTy MEHEH
arpIpMaJiaHar.

JKoropyna alTbuIraHAbl 3CKE aiblll, aTaJraH XyMYII aBTOMATTAILUTHIPYY
TEXHOJIOTUSJIAPbIH KyJlall KETYYHY aHBIKTOOAO KOJIJIOHYy OOIOHYA H3HII06J0pre
apHaJraH, »)acajiMa HHTEIUIEKT QITOPUTMACPUH TEOPETUKAIBIK TalJ00 >KaHa
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KAKIIBIPTYY KOJIYy MEHEH KyJanm KeTYYHY aHBIKTOOHYH TaKTBhITbIH J>KaHa
HATBIMKATYYJIYTYH >KOTOpyJaTyy MakcaThlH KoWroH. Kymam KeTyyHY aHBIKTOO
)KaHa MOHHUTOPUHT KYpPry3yy OOIOHYAa WHTEIUIEKTYaIJIbIK CHCTeMallapblH
KOMIUIEKCUH HINTEN YbITYy, Oyl KEJIEYEKTErd JE€H- COOJYKTY MOHHUTOPHUHIIIO0
OOIOHYa HMHTEIUICKTYQJIbIK CHUCTeMallap/bl H3WII06]0 >XKaHa KOJJAOHYyla YOH
YKETUIIKCHINUKTEPUH OEpyyIe.

JAucceprauMsiHblH  TeMACBIHbIH WJIMMHA NPOrpaMMajap KaHa
WIMMHUN — U3WJIJ1660 MIITEPH MeHEH 0ailIaHbILIBI.

1. I'vannyH TpOBUHUMSACHIHBIH HErM3rd JUCUUIUIMHATIAPBIHBIH  U3HIII06
NOTEHIIMANBIH KAKIIBIPTYy OoOroHYa 110600p "MeauiuHaNbIK 4Y0H
MaajpIMaTTapra HETW3[ENIreH JKacajiMa HHTEJUIEKTTH MEIULIUHAIBIK
BU3YaJIAIITEIPYy OOIOHYA KOJJAOHYY H3WIeesiepy", 10J000p HOMEpHU:
20227DJS152, KeiTaii.

2. T'yanayH NOpOBUHIMSACBIHBIH TaOUTHI wuiaumaep (GOHIYyHIArbl H3WIIO0
n071000py - MYIBTUMOMAJABIK KOPCOTYYA® PEISIUSUIBIK Oenruiepan
KHPrUu3YY HETU3UHAE AapakeTTepJuH HWHUKEMJlYY AaHBIKTOOCY JKaHa
TYLIYHYYCY BIKManapblH U3WiIAee, sueapb 2023 - nexadbppb 2025, Keitaii.

MN3nnneenyn Makcarbl KaHa MaceJesepH. JluccepTauysHblH HETU3TH
Makcatbl — YOLOVS8 xana LSTM MopenjieprHe HErM3IEIATreH, KyJal KETYYHY
aHBIKTOO AJITOPUTMJIEPUH CYHYIUTOO, OIIOHJOW 3JI€ KyJall KETYYHY aHBIKTOOIOTY
aBTOMATTAIITHIPbLITaH cucremManapaa KOMITBIOTEPIUK UHTEJIEKT
TEXHOJIOTUSJIAPbIH KOJJIOHYY MEHEH MHTEJUIEKTYalIbIKk MOHUTOPUHI CHCTEMAChIH
UIITEN YbITyy. Makcartyy OOBEKTWIEpAN AaHBIKTOO bIKMajapbl jkKaHa YOaKbIT
KaTapJiapblH aHAJIU3/166 BIKMaJIapblHbIH aWKaJbIIIbl YbIHBITBl YOAKBIT PEKUMUH]IE
KyJIall KETYYHY aHBIKTOOHYH TaKTBIThIH ’aHa HaTBhIMKATYYJIyTYH dKOropysarar, Oyl
KyJIall KETYYHY aJJIbIH ajlyyra jkaHa yoarbiHaa xapjaaMm KepceTyyre 3pQexTusayy
KOJII0OO KOPCOTOT.

HN3nineenyHn macenesiepu:

1. A3BIpKBI yuyp/ia KyJiall KETYYHY aHBIKTOO YUYH ap KaHJlail bIKMajap/ibl kaHa
yOaKbIT KaTapiapblH aHaIN3766 OOIOHYA KOJIJAOHYIYI JKaTKaH METONIOPIY
Tajdan YbITbI, YIIYJI 4elpeae TepeH YUPOHYYHYH apThIKYbLIBIKTAPbIH
YKaHa KOUrenJIepyH U3WII0e;

2. Makcarrap/ipl aHBIKTOO TAKTHITBIH KaHA HATBIMKAIYYIYTyH JKOropyiaryy
yuyH ECA wmexanu3smuH xaHa GSConv meHeH YOLOVE TexXHOJIOTHSACHIH
alKaJbIILTHIPbUITAH MOJIEIIEPUH AHBIKTOO QJITOPUTMUH HWIITEN YBITYY
MEHEH aHbl KaKIIBIPTYY;

3. Kynan keTyyHY aHBIKTOO YYYH YOakKbIT KarapiapbiH aHamusmeene LSTM
MOJEIIMH KOJAOHYy HIKe amblpbin, YOLOvS anroputMn menen LSTM
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JKaKIIBIPTBUITAH ~ MOJCIMH  aWKaJbIIITBIPYy  MEHEH KyJal  KeTyy
YUYypPYHIApbIHBIH )KYPYM-TYPYMYH TaaHyy MPOLIECCHH JKaKIIBIPTYY;
Kaxkmeipteuirad YOLOV8-LSTM  monenuHe HETW3IEATeH KapbLUIap/ibl
KyJal K€TYYHY aHBIKTOO YYYH MHTEJIIEKTYaJIJIbIKk MOHUTOPHUHT CUCTEMACHIH
J0JI000PIIO0 JKaHA WINTEN YbITYy, CHUCTeMa (DYHKIMOHAIABIK aHAJU3HH,
aApPXUTEKTYPAIBIK J0JI000PII00 JKaHA HMIIKE allbIpyy MPOIEeCCTePUH asKTall,
CHUCTEMA peaayy yOakbIT PSKUMHUHAC aHBIKTOO, HATHIHKaIApAbl KOPCOTYY
YKaHa )Ka3zyy MyYMKYHUYJIYKTOPY MEHEH KaMChI3IAJITaH IbITbIH TEKIIEPYY;
ZAKymymITyH HIIMMHU JKAaHBUIBIKTAPBI:

NunoBamusineik  anroput™m YOLOvVE xana LSTM aiikansiurteipyy: byn
m3nngeere bulailblk, YOLOvV8 Makcarrapasl aHblkToo anroputmMu ECA
MexaHu3MuH jxkaHa GSConv MOIyTyH KHUPru3yy MEHEH >KaKIIbIPTHLUIBII,
OIIOHJION 73JI€ KyJlall KETYYHY AaHBIKTOO MAacCeJeCUHACTH JMHAMUKAJIBIK
CIICHApUMJIEpU >KaHa YOaKBITTBIK MYHO3JI6MOJepy ONTHMAIAIITHIPYy
yayH LSTM  y0akplT KaTapiapblH  aHaJIU3/1e® MOJCIM  MEHEH
alKaJbIIITHIPIITaH. Byl aHBIKTOO TaKTBITBIH »KaHa MOJEJbJAWH TaTaall
mapTrapjarbl  yOaKbITTBIK ©3repyyiepre TYPYKTYYIyryH 3dQekTuBayy
YKOTOpYJIaTar.

WNHTennekTyaiablk MOHUTOPUHI CUCTEMAChlH MINTEN YbITYY JKaHa
aBTOMATTAILITHIPBUITaH KOMIBIOTEPAUK CHCTEMaJapAbl KOJIJAOHYY Y4YYH
)kakmbIpThuirah YOLOVS-LSTM wmoaenune HeruzaenreH: KapbliapabiH
KyJIallT KeTYYCYH aHBIKTOO OOIOHYA peanayy yOaKbIT PEeXKHMHHJIEC aHBIKTOO,
KOPCOTYY »KaHa MaaJibIMaTTapabl Kazyy WHTETpallysJIaHTaH
WHTEJUICKTYAIIBIK MOHUTOPUHT CHCTEMACBIH HWINTEN YbITYy, Oyl KyJal
KETYYJIOPAY aHBIKTOO YUYH KOMIUIEKCTYY YEUUMIEPAN KaMChI3 KbLIaT.
AJIBIHTaH WJIMMHUI KBIABIHTBIKTAPABIH NMPAKTHKAJIBIK MAaaHUJIYYJIYTy

TOMOH/6TYYJI0PA6H TypaT:

WNike ampIpbliraH MOHUTOPUHI CHUCTEMAchl albIHKbI MaKcaTTap.ibl
aHBIKTOO  JKaHa  KYPYM-TypyMIly  QHaJM366  TEXHOJIOTHUSJIAPbIH
alKaJBIITHIPAT, Oy KapblIap IbIH KyJIam KETYY KbIpJaaiblH Peaiayy YOaKbIT
PESKUMUHIEC KO36MOJI00Te KaHa YH-OyJeesep YUYH, OMIOHAON 3JI¢ Kapoo
MEKEMEJIEPUH/IC dPTEe ICKEPTYY MEXaHM3MACPHUH TY3YY YUIYH ©3 yOarsiHia
xKapaaM KepceTyyre MYMKYHYYIyk Oeper. Bym o3 kesermnae Kymam
KETYYJOH KEJIUN YbIKKaH J>Kapakarraplibl a3alTyyra »aHa KapbulapJiblH
JKAII00 canaThlH KaKIIBIPTYyTa skapaam Oeper.

byn wsmngee Oup rama  OONrOH MakcaTTapAbl AHBIKTOO BIKMaJIapbIH
ONTHUMAJIAIITBHIPHITT  YCKTEIIOEHT, OIIOHAOW DdJ€ TEepeH YHPOHYYTe
HETU3JeNreH, YyOakbIT KaTapiapblH aHAIM30@0HY [JI€H  -COONYKTY
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MOHUTOPUHIOOI® KHPrU3YY apKbulyy HHTEIUIEKTYyaNblK MOHHUTOPHUHT
CUCTEMACHIHBIH KaHpbI UJICSICBIHBIH HErU3MH TY3OT, Oyn
aBTOMATTAIUTHIPBIITaH JIEH- COOJYKTY MOHHUTOPHMHIZIOO YeHpecy Y4YyH
MaaHWIYY TYPTKY Oeper.

o U3uineeneplyH HaTblikKanapbl COIHUAIIBIK KOOMJO KEHHUPU KyJIadblH
XKaMbIl, PBHIHOKTYK Kelle4eKKke 73 000 anar >kaHa KOOMAO VJralraH
aZaMIapAblH CalaMaTThITbIHA KaM Keepyy MaceselIepuH 4euyyre kapaam
Oepe TypraH UHTEJUIEKTYyaJJblK CHCTEMAachblH TY3YY  TEXHHUKaJbIK
YeuyUM/IEPIA KAMCBI3 KbLIAT.

ZKyMymiTy KOprooro KUpru3mjiyy4y Herm3ru xargamap:

e HMmrennn ybIKKaH jkaHa KakWeIpTeuIrad Y OLOvVE Makcarrapzibl aHBIKTOO
QJIITOPUTMH.

e JKakmipteuiran YOLOv8 amroputmu >xana LSTM wmopengepu —
YOLOvV8-LSTM.

e YOLOVS-LSTM MopenuHe HEru3IenreH Kapbulapabl KyJlall KETYYHY
aHBIKTOO YYYH HIUTEIUN YBbIKKAH HHTEJUIEKTYaJJAblK MOHUTOPUHT
CUCTEMACHI.

N3unpeeuyHyH  keke  cajdbIiMbl:  bapaplk  WIMMHA-TEXHUKAJBIK
KBINBIHTBIKTAPBI, JUCCEPTAHT O3y, WIMMHH JKETCKYMHUH >KETCKUYMJIUTU ACTHIHA
annpl. JKapplk KOPreH SMIEKTEpAe KeWreislepay KO0y aHa H3WINeeJIepAyH
KaNMbl BIKMAChl WJIUMHUN KETEKYUIe TaaHIbIK, ajl 3MH aJIrOPUTMJEPAH
ONTHUMH3ALMAIOO0 >KaHa >KaKIIBIPTYy, OIIOHIAOW 5Ji€¢ ajapAblH HETU3HHJIE
IpOrpaMMaliblK KaAMCBI3ZJ00HY HILITEM YbITYYy JMCCEPTAaHTKA THEIIETYY.

JluccepranisiHbIH aNPOOANMACHIHBIH Kbl BIHTBIKTAPBI.

JluccepTallMsUIblK ~ MINTAH — JKBIABIHTBIKTAPBl  TOMOHKY 3]  apaliblK
CUMITO3UyMAAp/a, PecnyOnukainbik KaHa YHUBEPCHUTETTED apajibIK
KoH(epeHIusIapia OassHIaraH:

1. 3- Dn apanblk KOMIOBIOTEPAMK TrpaduKa, xKacaaMa HHTEIUIEKT »KaHa
MaaibIMarTapabl  eHYKTYpyy Ootonua koH(epenius (ICCAID 2023),
[Hwunmao, Kertait, 2023 -xKbu1.

2. DOmn apanslk cyperTepAy eHYKTYpyY KoHpepenmmscsl (ICIP), AGy-/labwu,
bupukken Apad Omuparsl, 2024- Kb,

3. 4- Du apanplk KOMIBIOTEPAHUK TEXHOJIOTHSAIAp, MAAIBIMAT UHXKECHEPUSACHI
KaHa AEKTPOoHIYK Matepuangap 6oronuda koHpepenuus (CTIEEM 2024),
Wxsnpwxkoy, Keitait, 2024 -xbL.

BachliabIn YbIrapbuIrad 3Mrexrep.

JluccepTalusiHBIH HETU3TH Ma3MyHY OOIOHYA 7 WII JKapblsIaHTaH.

JluccepranusiHbIH CTPYKTYPACHI KaHA KOJIOMY.
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Jluccepranysi KUPHUINYYIOH, TOPT O6IIYMIIeH, THPKEMEJIEpACH JKaHa
anabuATTapAbIH TU3MECHHEH TypaT. [uccepramusubin kenemy 180 Oer, aHBIH
nuuHae 29 cypert kaHa 6 Tabiuiia, omoHa0# 3¢ 123 aranpliTal TypraH ajgadui
TU3MECUHEH Typar.

Nt Heru3ru Ma3mMyHy.

“ABTOMATTAIITRIPYY CHUCTEMaJIapbIHAArbl KOMIBIOTEPAUK UHTEIUICKTYaIbIK
cUcTeMajapra cepenm caiayy’  ~— arTyy  OupuHYM Oeaymae amalbuii cepern
KYPTY3YJITy, aXaOuaTTap sl Kapar YbIKTHI )KaHa KyJlaraHabl aHBIKTOO TapMarbIHIa
aBTOMATTAILITHIPYy TEXHOJOTHUSIIAPBIH KOJJIOHYYHY, OIIOHJOM 3Ji¢ CalTTyy
CEHCOPJYK BIKMaJapJblH YEKTOOJIOPYH >KaHa >KacajiMa MHTEJJICKT METOJJIOPYHYH
MOTEHIMAJYY apTHIKUYbLIBIKTAPhI TATAAHIbI.

Byn Geymie ToMOHKY acleKTHIIEP KapaJraH:

ABTOMATTAIITHIPYY TEXHOJOTHUSUIAPBIHBIH OHYTYY TapbIXbl >KaHA allap]ibIH
HETU3TU KOJIJIOHYY TapMaKTaphl;

3amanOan aBTOMATTAIITHIPBUITaH CUCTEMAJIAPIbIH HETH3TH TEXHOJIOTHSIIAPHI,
aHBIH MUMHJIC ajap/abl CEHCOPAYK IMOACUCTEMallapa, Oalikapyy cucTeMallapbIHa,
KbIMMBUIIATKBIYTAP/IA, OalnaHBbIIII »KaHa MporpaMMalIbIK KaMCBI3J100
MOACUCTEMAJIAPBIH/IA UILIKE alllbIPYY;

CeHCOpro HETM3JEATEH KYJIOOHY aHBIKTOOHYH CalTTyy bIKMaJjlapbliH
KOJIIOHYYHYH ydypAarbl aOayibl, ajJap/IbIH YEKTeeJepy, MHUCAJbI, SKOJIOTHSIIbIK
BI3bI-UYYHYH TaacHUpU KaHa KUHYYdy TY3YJYLWITOPAYH KOTOPYN KYPYYIOTY
BIHTaMChI3/IBITBI;

Kacanma WHTEIEKTKE HETU3IEIATEH KYJIOOHY AHBIKTOO BIKMaJlaphl,
alpblkia KOMMBIOTEPAUK KOPYYHYH >KaHa TEpPeH YUPOHYYHYH TaKTBIKTHI >KaHa
THIIIKBI KUWJIMTUIYYTO TYPYKTYYIYTYH KOTOpYJaTyyAarsl poy.

benarunyy aBToMarTamThIphUIraH TEXHOJOTHsJIapra aHaIU3 KYPry3Yy MEHEH
KyJIall TYIIYYHY QHBIKTOO BIKMAQJIAPbIH TAJIJIOOHYH HETHU3UHJIE TOMOHKYI6H
JKBIBIHTBIKTAP KACAJJIbI:

ABTOMATTAIITHIPYy  TEXHOJOTUSUIAPBl  JKOHOKOM  MeXaHM3alUsUIaHTaH
KO36MOJIJIOH KOTOPKY MHTEUICKTYyaJlllyy CHUCTeMajlapra 4YeMuMH OHYKKOH, ajap
OHep al1a, MeIMIIMHA/IA JKaHa Oallka TapMakTap/a KCHUPU KOJJIOHYIIYII JKaTaT;

CeHcopiopro HETU3ACITEH CANTTYy KYJOOHYH Ta0yy METOMIOPY pealayy
yOaKbpITTa HINTO® KaHAa TOMOHKY 0Oaana OOJIyIly MEHEH apThIKYBbLIBIKTApra 32,
OMpOK anapblH UMKEMIYYJIYTY >KETUILICHU3 *aHa THIIIKbI Oy3yiayynapra ayyiiap
00Iyl1y MYMKYH.

XKacanMa WHTENIEKTKE HETU3JENreH METOA0p (MHcCabl, KOMIbIOTEPIUK
KOpYY ’KaHa TEPEH OKYTYY) JKOTOPKY TAaKTHIK >KaHa HIICHUMIYYJIYKTY KOPCOTYY
MEHEH M3UJIJI06JIOPIYH HeTU3TH OarbIThIHA aIaH/Ibl.



A¥ippikya Taraan CLEHapuiiepje, KyJOOHYH TaObUIbIIIBI  OOrOHYA
TalibIpManap/ia jkacajiMa HWHTEIUIEKT >KaHa aBTOMATTAlUTBIPYy METOAJIOPYH
MHTETPALUSIIOO apKbUTYy ONTUMANIAIITHIPYyTa KOIITyM4a OTeHIIUAal Oap.

byn u3ungee KymoOHYH TaOBUIBIIIBI aJTOPUTMACPUH KAKIILIPTYY OOrOHYa
KUUWHKHA WIITEP YYYH TECOPUSIIBIK HETM3IM KAMCBHI3 KbUIAT XKaHA TEPEH OKYTYYy
’)KaHa aBTOMATTAIITBIPYY TEXHOJIOTHSUIAPBIH WMHTETPALUSIIOOHYH WHHOBALUSIIBIK
YEUUMJIEPIA TY3YY/A© MAAHWIYYIYTYH KOPCOTOT.

"TepeH OKYTyy HErM3WHJE MaKcaTTapJbpl AaHBIKTOO JKaHa YOaKbIT
KarapJjapblH TalJ00 TEOPHUACH' arTyy IKMHYH 0OJYMIAO, MAKCATTapAbl AHBIKTOO
KaHa yOaKbIT KaTapyiapblH TaJlJ00HYH TEOPHUSIIBIK HETHU3IECPU CUCTEMAyy TYPIO
OastHmanraH, TepeH OKyTyy MeronaopyH (Mucanbl, YOLOvVS xana LSTM)
aHBIKTOO TAaKTBHITBIHAA, TYPYKTYYJIYT'YHJa »*aHa YOakKbITTBIK MYHO316MeJIOpAY
KapMooJI0 poiy 6aca OenruiIeHreH.

Byn 6enymie TOMOHKY acleKTHIIEp TaJllaHTaH:

Makcarrapapl  aHBIKTOO TEXHOJOTHSIIAPBIHBIH  3BOJIIOLUSACKHL:  CAITTYY
MeToaopAoH (Mucansl, Xaap oenrmwiepu, HOG Genrunepu SVM knaccuduxaropy
MEHEH Owupre) Oaimiram, TEpeH OKYyTyyra HEru3jelireH 3amaHOam MEeTOH0pro
(mucansl, R-CNN, YOLO cepusicel) ueiinH, Oy )epae TePeH OKYTYYHYH aHBIKTOO
HaATBIDKAIYYIIYTYH SKakKIIBIPTYy[da »aHa TaTaal CLEHajlapra aJanTalusioono
apTHIKYBUIBIKTaphl 0aca OEITHIICHTEH.

YOLO cepusaChIHBIH  aNrOPUTMICPUH M3WINAOO JKaHA  OHYKTYPYY:
YOLOvlgen YOLOvV8re 4yeMrWHKM HSBOMIOLMSHBIH aHAJIW3M KapajraH, aupbIKda
YOLOV8IUH TakThIK, bUTIAM/IBIK JKaHAa MOJEIIWH JKEHWI CAJIMaKTYyJTyTyHJIarbl
YKAKIIBIPTYYJapbl 0aca OeTUICHTeH.

VY0akpIT KaTapiapblH TalJOOHYH HErusru TtexHosorusuiapel: LSTM
MOJICJIMHUH y3aK MOOHOTTYY KO3 KapaluTap/bl )kaHa JUHAMUKAIIBIK ©3repyYyJIepay
KapMOOZI0  apTHIKYBUIBIKTAPBI, OIIOHAOM dJ¢ aHbIH yOaKpITKa  Ce3TH4
TammblpMaiapa, MHUCAIbl, KYyJOOHYH TaOBUIBIIIBI CBHISKTYY Maceleiepae
KOJIIOHYITYIIy O6aca OeNTHIIeHTeH.

TepeH oKyTyy METONJIOPYHYH MHTETPalUsIIbIK apThIKYbLIBIKTAphl: Y OLOVE
xaHa LSTM mopennepuHuH KyJIOOYHYH TaObUIBIIIBIH @HBIKTOOAOTY MOTEHIIUAIBI
TaJgjaHran, Oyl OuWp 3Jie ydyp/la MakcaTTapibl aHBIKTOO aHa >KYPYM-TYPYMIYH
yOaKBITTBIK MYHO3/I6MOJIOPYH Taj00 TalIlIbIpMalapblH YeUyyre MYMKYHUYJIYK
oeper.

ABBIpKBI y9ypAarbl MaKcaTTapAbl aHBIKTOO J>KaHa YOakKbIT KaTapiapblH
TaJA00 TEXHOJIOTHUIApbl OOIOHYA JKYPIY3YJITreH TalJI0O0HYH HETHU3UH]IE TOMOHKY
KBINBIHTBIKTAP >Kacajlbl:

Makcarrapabpl aHBIKTOO METOJIOPY: TEPEH OKYTYY METOIA0pY (MHCAIIbI,

YOLO  cepuscbl)  ©TKOOJ  apXUTEKTypachl  apKbUlyy  aHBIKTOOHYH
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HATBIIDKATYYIIYTYH KaHa TaKTHITBIH JKOTOpyjaTaT, alpblK4a peaiayy yOaKbITTa
UIITee 0O0IOHYA KOTOPKY TajanTapra 33 O0JITOH CIieHapUHIep/e;

VY0akpiT KatapiapeiH Tangoo: LSTM wmonmenn y3ak MeOHOTTYY Ke3
Kapaltap/sl )kaHa THHAMHUKAJIBIK ©3reueIYKToply HaThIMbKalyy KapMmai ajat, Oy
aHbl KYPYM-TYPYMJIYH ©3TOpYyIIy MEHEH OalllaHBIIIKAaH TaTaajl TalllllbIpMayiapra,
MUCAJIbI, KYJIOOHYH TaOBUIBIIIBI CHIIKTYY MacelieJiepre blIalbIKTyy 00J0T;

Meronnopay uHTErpauusyioonyH noreHnuansl: YOLOvS menen LSTMau
OWPUKTHPYY ap OWMp METOAYH YEKTOOJIOPYH HATHIMKAIyy jkabaT, MakcaTTapabl
CHHXPOH/YY AaHBIKTOO JKaHa JUHAMHUKAJIBIK >KYPYM-TYPYMay Tajgo0 OOIOHYA
OMpresIenIuIl UITee MYMKYHYYJIYTYH KAMCHI3 KbLIAT;

TepeH OKyTyy METOMJIOPYHYH MakKcaTrTapJbl aHBIKTOO jkKaHa YOaKbIT
KarapJIapblH TAJJI0O0A0 MYMKYHYYJYKTOPYH OSCKE ajblll, KOMIIBIOTEPJIUK KOpYY
HETM3WHJIETH KyJ0OHYH TaObuIeimbl yayH YOLOvVS sxana LSTM wmonennepun
MHTETPALMSIIOO CYHyWITanaT. byn wu3winee Taraan CLEHApUWIEpIE pPeanayy
yOaKBITTa WUINTOOHY JKAKIIBIPTYY YUYH TEXHUKAJIBIK KOJA00 KOPCOTYI TaHAa TUM
00J00OCTOH,  KEJICUEKTETM  HMHTEUICKTYyaJIJIBIK  JICH-COOJIYKTY  KO36MeJ100
CHUCTEMAJIAPBIH UIITEN YbITYY YUYH TCOPHUSIIBIK HETU3 TY3OT.

YuyHuy OeJiyM Kapbel ajamaapiblH KyJIOOJOpAy Talyy METOIJI0PYH
M3WIeere apHaiaraH, aHjaa >kakmbelpTeuiran YOLOvVS xana LSTM wmonennepu
KOJIOHYyITraH. Taraanm JOMHAMHUKAIBIK CleHanapaa opuruHainayy YOLOvS
QITOPUTMUHUH YEKTOeJepy Kapajblll, YOaKbIT KaTapjlapblH TajlJ00 >KaHa
MaKcaTTap/abl aHBIKTOO MHTETPAIMsIAaHTaH bIKMa CYHYIIITAJITaH, Oy cCCTeMa aHbIH
TaKTBhITbIHAH YKaHa TYPYKTYYJIYT'YH KOTOpY/IaTyyra MYMKYHIYK OeperT.

N3unnee o0bexkTH: YOaKbIT KarapiapblH TalJ00 »aHa MakcaTTap/bl
aHBIKTOO METOIJIOPYH HHTETPALUATIO0, KYJIOOHYH TaObUIBIIIBIH AHBIKTOO YYYH
TEPEH OKYTYY MOJEIIEPH.

N3unapnee ob0bexkTHcu: YOLOvVS wmonenud ontumanmamteipyyny ECA
keHyn Oypyy wmexanusmuaepu, GSConv mopymy »xaHa LSTM wmonenn MeHeH
KOJJIOHYY, pealyy YyOaKbITTa >XYPYM-TypPyMIy TalJ00[0 HATbIKaATYyIyKTy

KOIOpyJaryy Y4yH.
3.1 YOLOVS HaTBIMKATYYJAYKTY KAHA TAKTBIKTHI KOr0OpPyJIaTat, OUpPoK

TOMOHKY KeMUYMJIMKTEpPre 33:
JInHaMUKaJbIK CIEHANap JKaHa KMYMHEKeW Makcarrap: Tartaan cieHanapnaa
KMYMHEKeW OOBEKTUJIEpIM aHBIKTOO jKaHa TakK JIOKaIJAmThIpyy OoroHYa
KbIMBIHYBLUIBIKTAP, apbIKya MI03aHbIH bULIAM ©3repYYJIepy YUypyHIa;
Kuuunekenn peranmap xana nosamap: [lo3amapnaarel maiina esrepyyiepay
YKAKIITbBl KapMOO MYMKYHUYJIYTY YEKTENYY, Oy KYJaKThIH TAOBUIBIIIBI CHISKTYY
TamniblpManap/ia TAKThIKThl TOMOH]IOTOT;



VYo6akbIT Katapiapel: KbeliiMbuInyy Kaapiapabl TaliIOOHY KOJAOOOWT, Oy
JUHAMUKAJIBIK TalllIblpMaiapaarsl HaTbIKaIyyJIyT'yH YEKTEHUT.

By yekTeenep MOIEIbANH TATAAI IIAPTTAPAATEl TAKTHITBIH TOMOHIOTOT.

3.2. bya Oeaympe YOLOVS8 Moge/MHUH HATBIHKAIYYJIYTYH
JKOTOPYTAJNYY YYYH ONTHMAJJALITBHIPYY OOP KbIpAaajjga yJrairan
aJaMIapAbIH KbITbUIBIIMIBIH AHBIKTOO0 YYYH kacajaran: akelpkbl C2f yu
mMoaynnapbiaaa xeHwiaeTiaren ECA kenyn Oypyy MeXaHU3MH KHUPTU3UITEH, Oyl
MakcaTKa KOHYJl OypyyHy KY4YeTYI, aHBIKTOOHYH TaKTBITBIH KOTOpyJarar;
oenrunepau Oupuktupyy Tapmarsl GSConv OypaMa MeXaHU3MUH KOJJOHYY MEHEH
KAKIIBIPTHUITAH, Oyl MOJIENJIMH TaTaaJAbIbIH jKaHa 3CENTee HapaMeTpiepUHUH
CaHbIH a3alTart, OLIOJI 7€ Yy4ypa KaHajiaap OpPTOCYHJArbl ©3 apa apakeTTEHYYHY
KY4OTYII, MOJEJINH HaThIKaIyyITyT'yH )KOropyJarar.

3.2.1. ECA kenyJ 0ypyy MexaHu3MaepHu

Efficient Channel Attention (ECA) MexaHuU3MH KOTOPKY HATBIIKATYYIyKTY
cakTail TypraH yuypJa 5CENTee TaTaalAbIlblH a3zaiTyyra OarbiTTanraH. SE-
BHUMaHMeeH aibipManianbil, ECA esuemay KbICKapTyyHy ajblll cajatr, ail
JIOKAJIJIBIK KPOCC-KaHAJABIK ©3 apa apakeTTEHYY CTPAaTErusiCblH KOJIIOHYII,
KaHaJap OpTOCYH/IArbl MAAJIbIMAT AJIMALIYYHY JKAKIIBIPTAT.

['moGanasik opTO AcEnTOoO.

Kupyyuy Oenrmnep kapracet HXWXC mmobanabik opto scentee (GAP)
apkputyy 1x1xC opMaThiHa ©3r6pTYJIOT.

Bbypama siapocynyH exdemy k.

bup emuemayy saponyH emueMy k agantuBayy Typae KaHangapabiH canbl C
MEHEH IIPONOPLUOHAIAYYIYK apKbUIYy aHBIKTaJIAT:

= o@() (1)
Ty3 TeHe6 TYplIery KepcoT™Me:
e()=y - (2)
Ty3 aMec TeHaee TYpaery e3repryy:
|
= ()= (3)

Kanangapapein canMmaktapsl.
Cammaktap w Oump emyemayy Oypama CI1D k sxama curmMoumganmbik
aKTUBAIMS ApKbULYY CENTEIIET:
= (1 ) (4)
byn xepne y — GAPpan kuiluHku Oenrusiep BEKTOpPY, al 3MH W —
KaHaJAap/IbIH CaIMAKTapBbl.
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bup emuemnyy Oypama emueMy KbICKapTHAcCTaH 3CENTO® UbITbIMAAPBIH
a3alThIN, KPOCC-KaHAJIBIK ©3 apa apakeTTeHYYHY JKaKILIbIpTaT aHa TapMaKTbIH
KaJIbl HATBIKATYYJIYTYH dKOropyJiaTar.

3.2.2. GSConv

GSConv MoOJeNIUH HATHIKATYYIYry MEHEH MapaMeTpiepIuH CaHbIH TE€H
calMakTa KapMmooro OarpITTanar, CTaHAApTTyy JkKaHa TepeH OypamMaiap/sl
alKaJBILITHIPHIN, 3CENTee TaTaaJAbITBIH A3aMTHIN, TAKTBIKTBI CAKTOOTO apakeT
KbLIAT.

Crangaprryy Oypama.

Ap Oup KaHanAbl ©3YHU6 ULITETET, OYJI 3CENTOO TaTAANIbITbIH KOrOpyJaTar.

= ( * * 1°2°1° ) (5)

Tepen cenapanayk 6ypama (DSC)

bypama OGenynyn, sku OeJlyKTeH (TepeH >kaHa YEKHUTTYY) Typar, Oyn
napaMeTpiiepAud KbICKapTaT, OMpOK KaHauJap apachlHIArbl OaillaHbBIITapbIH
Y3YJIYLIY TaKTBIKTHI TOMOHIOTOT.

= (= * 1% 2°1e ) (6)

CrangapTTyy JkaHa TepeH Oypamaiapabl alKaJbIITBIPBIN, KaHaIaap
apachblHIArbl JKaKIIbIpaak ©3 apa apakeTTEHYYHY KaMCbhI3 KbLIAT aHa 3CENTee
YBITBIMJIAPBIH a3aUTaT.

= [ AR e 2’72( 1+1)] (7)

GSConv uiiree npoueccu:

Kupyyuy cypet crangaprryy OypaMa apKbUIyy HINTETHIIET, Oya Oeiarusiep
KapTachlH KbICKapTar.

KeickapTeuiran kapta tepeq oypama (DWConv) MeHeH UIITETUIIET.

Oku OypaMaHbIH JKbIMBIHTHIKTApbI KaHAJIAap O0I0OHYA OMPUKTUPHUIIET.

Kanangapapia apanamyycyH >KakIIbIPTYy YUYH apaslaliThIpyy OINEparusichl
aTKapbLIaT.

GSConv mapameTpiepIuH CaHbIH aHa ICENTOe TaTaaJAbITBIH a3aNThIIl,
JKOTOPKY TAaKTBIKTBl CAKTaWUT. Byl METOJ YEKTENreH 3CeNnTee pecypcTapbIHAA
e3reye HaTblikanyy Oomym, DSCaen TtakThlk OOIOHYA JKOTOpY, aia dSMHU
CTaHAAPTTYy OypamajaH HaThIIKAIYyIyry OOIOHYA KaKIIbIpaak.

3.2.3 Kakmbipreuiran YOLOVS aaropurmu

XKakmsipreuiran crpykrypaga YOLOv8 (1-cyper) ECA xanma GSConv
MEXaHU3M/IEPU HATBIKATYYJIYKTY KaHa UILTee XKbIMBIHTBIIBIH KOrOpyJIaTyy YUYH
KOJIZIOHYJIAT.

ECA mexaHusmu.

ECAHBIH MaructpanibplKk TapMakKa KOJJAOHYIYyHIy KaHayjapra OOJITOH
3¢ dexkTUBAYY KOHYNI Oypyy apKbuLIyy, OCITUIIEPIU YbITapyyHY KaKIIBIPTAT.
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GSConv mexauuzmu Neck sraObinja.

GSConv mexanu3mu Neck 3TaObIH/Ia TaHA KOIIOHYAT, Oyl sKepae Oenruiep
KapTackl Tap OoJym, Tyypachl »>KaHa OWHUTH MHHUMAIIYy, TEpEHAUTU
MakcuMalayy 0onoT. Bynm acenTee 4bITbIMIApbIH a3alThIN, OENTUiIep KapTachiH
UIITETYYHY JKaKIIBIPTAT KaHa MaaJIbIMATTBIH allTLIKIAJIBITBIH TOMOHIOTOT.

GSConv konoHyy 00IOHYA YEKTOOJIep.

GSConv'Hu Oapablk 3TanTapAa KOJJOHYY TAapMaKThl TaTaasJallThIPhI,
YpITapyyHY JKaiyaTaT, OIIOHAYKTaH aHbIH KojmoHymymry Neck srtambl MeHeH
YEeKTEeIreH, Oyl apakeT HAThIIKATyylyK MEHEH BbUIIAMJIBIKTBIH ONTUMAIITYY
OaJlaHChIHA KETUIIYY YUYH.

Bottleneck

[ Conv2d |—>| BN H SILU | | Tone |—>| Conv H Add ‘

l Conv H MaxPool2d H MaxPool2d H MaxPool2d M Concat ]—bl Conv |
SPPF l l T

c2

| Conv H

11-Upsample

I-cypet. Kakmbipteiirad YOLOVS TapMarbiHbIH CTPYKTYPaChl

3.2.4. LSTM Tapmarsbl MeHeH, ;KkakmbIpThuiran YOLOvV8 moxenn

YOLOvV8-LSTM MOJICIIN YOLOv8oun MakKcaTTap/ibl AHBIKTOO
MYMKYHUYIYKTOpYH kaHa LSTMpaun yO0akTbulyy MaajgpIMaTTapibl HIITETYY
KOHIOMIYYIYKTOPYH OUPUKTUPHII, TUHAMHUKAIBIK CIIEHAJapJa TaKTHIKTHI jKaHa

TyPYKTYYIIYKTY KOropysarar.
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Nmree mpoueccu: YOLOVE ap Oup KaapablH KEHEUTUIITEH OelruiepuH
anbit, annan coH LSTM amapaein yOakTbUlyy OalflaHBIIITAphIH aHAIU3JIE,
KyJlakTapra OaiJIaHbIIITYy TUHAMUKAIIBIK ©3repyYJIeply aHBIKTAMT.

Aptbikublibirbl: YOLOVS cypeTTepay bUIIaM MINTETYY YYYH KOOI Oeper,
an smMu LSTM yO0akTeiIlyy MOIENA66 YUYYH JKOOMNTYYy OONyH, KYJI0OJIOPAY
AHBIKTOOHYH TAKTBIThIH KaHa bULAAMIBITBIH KaKIIbIPTAT.

H3pnedenne HEQOpMATHA H3
I0C/1eJ0BATEIbHOCTH KaAPOB.

____________

1 1
! | ¥nyumenHas
|:l|> sepcas YOLOvS.
1 1

____________________________________

_______________________

=
(=¥
a7
=}

N i

2-cypeT. YOLOvVS-LSTM MoaenuHuH 0JI0K-CXeMachl

3.3. DKCepUMEHTTHK KbIHBIHTBIKTAP KAHA TAJI00

3.3.1. MaaJjbsIMaTTap TONTOMY

W3unpeenepne KOOMAYK >KaHa ©3 aiAblHYa TONTOMAOD KOJAOHYJAT.
MaanbiMaTTap aiAblH ajda MINTETUN  YbITHIN, Ta3ajJaHTaH COH, aKBIPKBI
HKCIIEPUMEHTTUK TONTOM TY3YJyI, ara 7680 cypert xaHa 200 Buneo kupau. Anap
2:8 xarpimbiHAAa OKyTYYy (6144 cypet, 160 Bumeo) xkana tect (1536 cypert, 40
BHJICO) TONITOMIOPYHA OOJIYHIY.

3.3.2. JKCIepUMEHTTHK 401ipe

XKabayynap: NVIDIA Tesla V100, nporeccop Intel Xeon Gold 6130.

[Tporpammansik kamceizgoo: Ubuntu 22.04, PyTorch, CUDA 11.8.

['unepmapamerprep: 1r=0.01, momentum=0.937, batch size=32, cyper
640x640.

byn skcnepumeHTTe MOAeNnIM 0aalOOHYH HETHU3TH METpHUKaJapbl Ooiym
TakThIK (Precision), kaittapsiM (Recall), F1-mepu (F1-Score), oprouo TakTeik (AP)
’KaHa OpPTOYO TAKTHIKTHI 0aanoo (mAP) Gomyn cananar; ajmapiblH M4MHEH mAP
mAP@0.5 xana mAP@0.5:0.95 nererm skum KepceTKyuke OenyHOT. bupuaun
KOPCOTKYY, KOA(D(PUIIMEHTTHH KECUIUINUHNH )aHa oupukkeHauruauH (IoU) gern
0.5 oKeHOuUTWH OWIIUPET, al O3MH OKHHYM KOPCOTKYY, KOIPPHUINCHTTUH
KeCWIMIUHUH kaHa OupukkeHauruauH (IoU) wern 0.5-0.95 oprocyHaarsl opTodo
mAPTH 6miuper.

Precision, Recall >xana F1-Score scentee dopmymnanaper (8) xana (9)
dbopmynanapia KeITUPUITEH.

Precision = —— Recall = —— (8)
+ +

F1 — Score == 9)
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®opmynanapaa TP (4ublH aifThuIran oH x0001op), FP (;kanran oH xo000TOp),
FN (xanran tepc x000Top), TN (4bIH alTBUITaH TEPC KOOOTOP) JIEeTl KOPCOTYIITOH.

P mAP oprocynnarel e3 apa OaitnanbluTbl dcentee (Gopmynanapsl (10)
xana (11) hopmymanapma KeNTHPUITEH:

ap=I3Max( () x(O- ( —D)
(10

{00 @, @... ()1}

mAP=254P(), [0, ] (11)

3.3.3. DKCNIEpUMEHTTHH KbIHBIHTBIKTAPbBI

YOLOVS sxana YOLOV8-LSTM monenaepyH caiablIThIpMaTyy aHaIu3H.

YOLOV8-LSTM okyTyy kaHa TeEKIEPYy YUYypyHAA KOTOTYYyJapAbIH
BUIIBIANIAIT KETYYCYHYH aHJAH apbl KyMIIapraHIBITEIH KOPCOTOT, Oyl MOICIINH
KaJIMbUIAIITHIPYY KOHAOMAYYIYKTOPYHYH KaKIIbIPTaHABITEIH KOPCOTOT.

F1-6amr: YOLOVS-LSTM -YOLOVS (0.63)nan amebim (.78 re xxerer.

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
1.6 4 0.7 1
2.0 —— results 0.8
<+ smooth 1.5
2.0 . 4
1.84 0.7 A 0.6
1.4 4
1.6 1 061 0.5
1.3
0.5 1
1.4 4 F5 0.4
0.4 1
1.2 4 i
( . . . . . 1.1 : . ’ . . ’ 0.3 . ’
0 50 100 0 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 4
221 2.25 0.7 1 0.35 1
1.7 4 ]
2.1 2.00 0.6 9:29
0.25 1
2.0 4 1751 § 1.6 1 0.5
0.20 -
1.9 1 1.50 - 0.4
Los 1.5 0.15
1.8 =2 4
03 0.10 1
0 50 100 0 50 100 0 50 100 o] 50 100 0 50 100

3-cypeT. YOLOVS KbIBIHTHIKTAPBIHBIH TpadUrH
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train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)

1.81 —— results 1.84 [ 0:8
2.0 h %81
1.6 w00 smoot 0.7 -
0.7 1
1.6 4 0.6-
1.4 4 1.5+ 0.6
0.5 1
1.2 4 1.4 4 0.5
1.04 a4
104 0.4 0.4
1.2 4 031 0.3-
0.84 0.5 - :
. - . - - . - - . - - : 0.24; . -
0 50 100 0 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)
3.0
3.59 0.8
2.4 2.8 1 0.4
3.04
i 2.6 4
2.2 0.6 1 0.3 4
2.5
2.4
2.0 3
2,01 2.2 0.4 1 0.2
1.8 1.5 1 2.0
0.1 1
1.0 1.8 021
1.6 4 :
0 50 100 0 50 100 0 50 100 0 50 100 0 50 100

4-cypeT. YOLOVE-LSTM XKBIABIHTHIKTAPBIHBIH Ipaduru

bamka YOLO monenepy MEHEH CalbIIIThIpYyYJiap.

mAP: YOLOvVS-LSTM (0.894) YOLOvS8 (0.830), YOLOv7 (0.808) »xaHa
YOLOV6 (0.730) MoaeniepuHeH 5K0ropy.

Usiryy sugaMabirel: YOLOVS-LSTM CPUgna buigambipaak MINTEUT KaHa
TensorRT kona0HYy MEHEH JKOTOPKY BUIIAM/IBIKTHI CAKTAMT.

Monenaun kbpiibiHUbLIBIKTaphl: Y OLOVE-LSTM monenunne YOLOV7 xaHa
YOLOvéra canslutebipManyy asbslpaak mapamerpiiep >kana FLOPs Oap, Oupok
OIII0JI 3JI€ YUYpJia AH >KAKIIbI HATHIMKATYYJIYTyH CaKTauT.

Ta0Onuma 1. YOLOvV8-LSTManu Oarka MOJIEIIZIEP MEHEH
HATBIKATYYJIYTYH CAJIBIIITHIPYY

AThI CypetTyH IIpoueccopn | V100 [Mapametpne | FLOPs
(3arteiH | AP 1- eIrgyeMy APval | yn TensorRT pavH caHBI | (MIJUTAAPIBI)
) Scor | (mmkcemnmep) 50-95 BUIIAaMIBITEL | blmmaMaeik (MuTH)
e ONNX (mc) | (Mc)eb
YOLOv | 0.83 | 0.78 | 640 73.6 1.06 3.2 8.7
8-Istm 0 43
YOLOv | 0.74 | 0.63 | 640 80.4 0.99 2.6 7.7
8 1 7.3
YOLOv | 0.73 | 0.625 | 640 90.6 1.56 4.7 11.4
7 0 7.5
YOLOv | 0.71 | 0.61 | 640 98.3 1.78 6.01 13.1
6 4 7.4

YOLOVS-LSTM 6amka YOLO BepcusyiapblH TaKTHIK, BUIIAMJIBIK >KaHa
HaTBIIDKATYYJIyK OOIOHYA JKaKIIblpaak, Oyl aHbl Kyjlam TYIIYY MacelelepruH
aHBIKTOO YUYH aJIJla KaH4Ya ONTUMAAYYJIYTYH KOPCOTTY.
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«Kakmbipreirad YOLOvVS-LSTM HeruszuHzaeru KyJjamn KETYYCYH aHBIKTOO
YYYH HHTEUIEKTYalJbIK MOHHUTOPHHI CHUCTEMAachD» arTy TOPTYHYY 0eymae
U3UJII66JI6pIYH KaHa cucTeMa J0JI000pYHYH JKbIMBIHTHIKTapbl OEpPHIITEeH, peaslIyy
yOaKbITTa MOHUTOPUHT JKYPry3YYre jKaHa KyJlall KeTYYHY aHBIKTOOIO KOHJIOMIYY
CUCTEMa MIITEJIUIT YbIKKAH jKaHa MIIKE allbIPbUIraH.

4.1. KyiieJyK TaJ100 ’KaHA HILIKeE alllbIPYY MYMKYHYYJYI'YH U3WJ1/100:

Texaukanbik MyMKYHUIYIYK: YOLOVS, Oup 3Tantyy aaaslHKbl OObEKTTEepaAn
aHBIKTOO anroputMu Katapbl, LSTM MeHeH yO0akThUIyy >KbIMBIHTBIKTApIbI
aHaIM31eere MyMKYHUYJIYK Oepet, omonaon sne ECA kenyn Oypyy MexaHU3M
xaHa GSConv MOAyN CBIAKTYY JKakKIIBIPTYYJIap MOJEIAWH TaKTBI'BIH JKaHA
TYPYKTYYJIYT'YH OTOpyjarar.

MaansiMarTapasl alnyy: CUCTEMa CEHCOPJIOPAYH MaalbIMaTTapbIHBIH OplyHa
BUJICO JTAPEKTEpAN KOJIOHYI, KyJlam TYIIYY MEHEH OalIaHbIIIKaH OKYsIapJbIH
MEUKHUH/IMK jKaHa yOaKThUIyy ©3reuedyKTOpPYH Yblrapyyra MyYMKYHUYJIYK OeperT.

JKaOapIKTHIK UIIIKE alIbIpyy: CUCTEMa ap KaHai »a0aplk miaTdopmaiapbiHa
BIHrAMIalIbI, peajayy YOakbpITTa HUIITETYYHYH TOMOHKY KEUMI'YYCYH KaMChI3
KbLIAT.

OKOHOMUKaNbIK ~ MyMKYHuynayk:  YOLOv8  xama LSTM  aumik
GpelMKyMyIITapAbIH KOJAOHYIYUIy MEHEH CHUCTEeMa HIITEN YbITYyHY JKaHa
KANBUITYyHY TOMOHKY 0aa MEHEH KaMCBI3AMT.

4.2. DyHKUUOHAJABIK JU3ANH

Monenau KyKTee KaHa ajJbplH aja UIITETYY: CYPOTTOPAY, BHIEOJIOPIY
’KaHa BUJICOTONTOPMIOPAY peasiyy YOaKbITTa HIITETYYHY KOJ100.

[Tapamerpnepan Oamkapyy: aHBIKTOO MapaMETPIEPUH JIUHAMUKAJIBIK
TYPA® KOHJ©ere MYMKYHUYJIYK (MUCaJIbl, UIIEHUM AeHrsaepu, IOU).

Monenaepan anMamiTelpyy: KOJNAOHYyAa HWilkeMIyyiayk yudyH YOLO
moaenaepuauH Ooup Heue BepcustiapeiH (YOLOvVS, YOLOv7, YOLOvVS x.6.)
KOJIJI00.

CypeTtTepay XaHa BHICOJOpAY HINTETYY: ap KaHmail OynakTapiad
aJIBIHIaH MaaJIbIMaTTap/bl HIITETYY MYMKYHYYJIYTYH KOJIZOO.

HartplibkanapblH KepcoTyy jKaHa KaTTOO: aHBIKTOO YOaKTBICHI, KalramikaH
JKEPH KaHA MIIEHUM JEHID3JIM Tyypajdyy MaalbIMarTapibl KaTToo, Tajlj00 KaHa
CaKTOO YYYH.
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[HoaszoBaTeabcKHi

aaTepdeiic (UI)

OTtobpa:kenne pe3yIbTaToOB H

3AIHCE

Ilepexmouenne Orobpaxenne

peHda Toctpoemue se6- H300paKeRER B Otbop pesyasTaros

oTobpakennn i — PeaTLHOM BPeMeHR

Manens Buibop meTownnxa Ouenopr

KORQHTYPATHE EEOJA Sotomncs: 2cy yon e PeIyALTATOR
Mogens oOHApY:ReHHS
ml;:;m Ounenxa yozean Buisoa mozenn
‘pPAHE
IlpeasaprTensnan
Jarpyaxa sronenn o6paboTka IocTobpaboTia
H300paKenEA

5-CypeT. ApXUTEKTypa CXEMAaChIHbIH KypYy CUCTEMACHL.

4.3. ApXUTEeKTypa CHCTEMACHI

Kyite konmoHyydy uHTepdelcH, aHBIKTOO MOJEIM >KaHa HaTbIMKadapIbl
KOPCOTYY JKaHa KarToo MOJYJJaphlHaH Typar. bapiapik Momynmap OUPAMKTYY

CHCTCMa 60J]y1'1 HHTCIpalUsAJIaHbII, TYIIYY aHBIKTOO TallIbIpMAaJIapbIH aTKapar.

4.4. OHYKTYpYY 4Oiipecy

Python >xana Anaconda Heru3uHAe KypynraH, MOACIIN UIIKE alIbIPyy YIYH
PyTorch xommoHymat, anm sMu KOJIAOHYydy HHTepdeiicuH Ty3yy Y49yH Streamlit

namngajadbliar.

Maansimarrapasl umteTyy YuyH, OpenCV xana Pillow xonmgonynat, an smu

HaThIKaIap bl BU3yasnaoo yuyH Matplotlib sxana Seaborn kongonynar.
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HMHnuman

H3aLMA

cHETEMEI

4
i Her
Hacrponka P 3asepuwmTs
napamerps [« .
B3aUMOSEHETENED

E CHETEMEI

HETOHMHES
=3 Bﬂﬁ 3

B3anMogencTBne c
MoABIDEITENEM

Sarpyaxa BrAKUMTE f:ﬂry!fe i
BEWBED Kamepy "::
o PervcTpauna
pe3ynLTaTOR
_| s | oBHapyMeHHA
i [LEL LTS il &
Y
Mperneznpesanne = D‘I‘GEPGJICEHHE
MEGENLID " pEIyNLTATOR

6-cypet. CrucTeMaHbIH OJI0K-CXeMacChl

4.5. OyHKUHMSHBI HIIKE AMBIPYY

MaanbiMaT OylakTapblH TaHJ00: MaalbIMAarTapjbl KUPrU3YY Y4YYH
CYpOTTepAy, BUIAECOJIOPY K€ BUIE0OEpYYIOpay KOII00.

MoznenauH 4eIrapyycy jkaHa Harblibkanapasl kepcetyy: YOLOvE-LSTM
MOJICTIMH/IC MINTETYY YKaHa HaThIKaaap sl HHTep(deicTe KOpCoTYy.

KypHanabl Kypry3yy: OapAblK aHBIKTOO OKYsJIapblH >Ka3blll ajyy jKaHa
KUIUHKH TalJ100 YUYYH CAKTOO.

byn OGemymme sxakumisipThuirad YOLOV8-LSTM MozenvHe HeErus3aeirexH
aKbUIAYy MOHUTOPUHI CUCTEMACHIH MILITEN YbITYY JKaHA WUIIKE allblpyy TYypalryy
KeHeH Kapanrad. Cucrema oObektunepan dS(O(PEKTUBAYY aHBIKTOO MEHEH
yOaKTBITyy YBIHXKBIPJIAPABI TANII00 MYMKYHUYIYTYH aWKaIBIIITBIPAT, JKOTOPKY
TaKTBIKTBI, UUKEMJIYYJIYKTY >KaHa aJanTalysHbl KaMChI3 KbUIBIN, aHbl peaayy
TYWIYIITOPT®  MOHUTOPUHI  JKYPry3yyre »KaHa aHbIKTOOTO  KOJIJIOHyyra
BUIANBIKTAHIBIPBLITaH.
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P Cucrema o6HapyxeHUs NageHus
ANS NOXUNbIX Nloaen

BubepuTe Mogens

yolovs-Istm.pt v

Orperynupyiire ysepestocTs
—o
10 100

Orperynupyiire caoii

Bugeoobrapyxenie
OBHapyeHMe NoKaNsHOi KaMepsi

3arpyauTs doTorpacim

Dragand drop file here

Limit 200MB per ile « PNG, JPEG, JPG
Cepuiibiii HOMED | KaTEropWa  VBEpeHHOCTH | KOODAWHATHINONS
Browse files 1 standperson 0.3 X120, 'y1':0, %24 72, 'y2": 114}
2 falldown 083 {11429, 'y1" 126, 2" 544, 'y2': 302}
[ e x
27.2K8 3 standperson 0.7 X113, 'y1"0,'%2': 210, 'y2': 83}
Kateropus  oBuMi
0 stand person 2
1 falldown a

7-cypet. CypeTTery aHbIKTOO

MaHenb KoHduUrypauumn

Cuctema o6HapyxeHuUsl nageHus
il v ANS NOXUAbIX Nogen

Orperynupyjite yeepenHocTs
—
10 100

Orperynupyjire ceoit

—_— o
10 100
Tun o6Hapyxenus /

Py

3arpysuTs Bugeo

Dragand drop file here

= B pexfle ol OB HAPYKEHNS BUAEO
Browse files
[y folmes s
6.1MB

> 0:00/016

8-cypet. Buaeoory aHbIKTOO
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TMaHenb KOHGUrypauun

Cuctema o6HapyXeHus nageHus
yolovs-Istm.pt v Aﬂﬂ MOXUAbIX nmneﬁ

Otperynupyiie yseperHocTs
25

—e

2 20 MpexparuTs BLINONHEHNE

) BHINONHsETCA BbIBO KaMepb...

OtperynupyiiTe csoii

fall down O.

45
—
10 100

Tun o6Hapyserus

() O6HapyxeHne nsobpareinn
() BupeoobHapykeHne

O6HapyeHKe NoKansH:

o6tapyeHin Kameps

9-cypet. Kamepaan aHBIKTOO

Makens KoHGurypauuh

et Cucrtema o6Hapy)xeHUs nageHus
oV N AN NOXUNbIX Ntogen

Operynupyie yeepexHocTs

—
10 100

Operynupyiire caoit
45

—_—

10 100

Tn oGHapyKenn

© OBhapyxenue wao6paxenis
BugeooBHapyKeHme
OSHapyxenvie noKaneHOH Kauepsi

3arpyauTe gororpamn

Drag and drop file here

Limit 2008 per file  PNG, JPEG, JPG
Browse files —
cepuinuui nonep | xarer Yoepennocts | Koopaares nons
o e x 1 standperson 0.6 (1266, ‘14, 2486, 2 257)
o 2 falldown 067 {06, Y1207, 2" 566, 2" 386)
3 standperson 054 TX10,5140,%2:70, 2 258)
4 sandperson 043 0304, 13,52 335, 2641
5 sandperson 027 00286, Y19, 52306, y2':56)
6 sandperson 025 (1204, 136, 52 248, y293)
areropun bt
ke b L stand person 5
1 falldown 1

9-CypoT. AHBIKTOO KbIMBIHTBIKTaPhI
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Kopyrynayaap:

Hucceprauusna KOMIIBIOTEPJIUK MHTEIUJIEKT bIKMaJIapblH
aBTOMATTAIITHIPBUITAH CHUCTEMAalap/ia KyJl0O OKYsUIApPbIH aHBIKTOO YeWpPOCYHe
KOJJIOHYY W3WIAEHeT, >KakimblpThuirah YOLOV8 sxana LSTM Herususuaeru
OKYSUTapJIbIH KYJIOO aHBIKTOO BIKMAChl CYHYIITAJaT JKaHa WHTEJUICKTYaJJIbIK
MOHUTOPUHT CHCTEMAachl WIIKE ambIpbiiaT. Herusru wmarepuanmap TOMOHKY
Macenenepae OasiHaaJIraH:

1. JleH-coOoMyKKa MOHUTOPHUHT JKYPIry3YY/le aBTOMATTAIITHIPYY KaHa KacajiMa
WHTEIUIEKTTH KOJAOHYYCY Kapajbll, CalITTyy bIKMaldap MEHEH ’KacajliMma
WHTEJUJIEKT TEXHOJIOTUSJIAPBIHBIH APTHIKYBUIBIKTAPHl KaHA KEMYMJIMKTEPHU
TaJJJaHaT.

2. Tepen yipeHyy >kaHa yOaKbITTBIK KaTapiapAbl aHAJINU3/100 OOrHYA
macenenep kapaibin, YOLOv8 xana LSTM wmopennepuHuH UIITOO
NPUHLIUNTEPU *KaHa ajapAbl KyJal TYLIIYYHY aHBIKTOOAO KOJIOHYYAArbl
apTHIKYBUIBIKTAPhI CYPOTTOJIOT.

3. AHBIKTOO TaKTBHITHIH XaHa yOaKTbUIYy TYPYKTYYJIYKTY KOTOpyJiaryy Y4YH
ECA xenmyn Oypyy wexanm3smu >xkaHa GSConv KomjoHylraH jkaHa
xakumblpThuirad Y OLOvVE-LSTM anroputmu cyHymTaiar.

4. JXXakuwbIpThUIraH MOJEIAM HWHTErpalUsIOo0 KaHa AaHbIH [pakTUKada
HATBIIDKATYYJIYyTYH TEKIIEpPYYy Y4YYH aBTOMATTAlUTBHIPBUITaH  aKbUIAYY
MOHUTOPHUHT CUCTEMACHI UIITEIUI YbIKKAH.

Kenedekrern msunaeenep moaenauH 3GGEKTUBAYYIYTYH KaHa >KaIbUIOO
KOHIOMAYYIYTYH Jarbl Ja >KaKIIBIPTYyyra, OLIOHAOW 3JI€ aHBIKTOO CHUCTEMACHIH
OPKYHIIOTYY YYYH MYJIBTUMOAAIIYY MaallbIMaTTap/bl OMPUKTUPYYTe OarbiTTajnca
00JI0T.

ABTOp WJIMMHUHN >KETEKUYMCH, TEXHHUKA WIMMIECPUHUH JOKTOpY, mpodeccop
bareipkanoB Kennm McakyHOBUYKE TalllibIpMaliapbl aTKapyyaarsl ap JdanbiMa
KOHYJ OypyyyCyHa, AWCCEPTAlMSIAArbl KBIMBIHTHIKTAPABI TaJKyyJaraHbl Y9YH
TEPEH bIPAa3bIYbLIBITBIH OUIIUPET.

21



KAPBIK KOPI'OH MIITEPAUH TUSMECH

1. Liang, Z. Baseball Action Classification Based on OpenPose [Tekct] / Z.
Liang, B.J. Isakunovich // Academic Journal of Science and Technology. — 2023. —
T. 8, Ne 2. — P. 62-64.

2. Liang, Z. Volleyball Action Recognition Based on Skeleton Data [Texkcr]
/ Z. Liang, B. J. Isakunovich // Frontiers in Computing and Intelligent Systems. —
2023.—T. 5, Ne 3. — P. 143—145.

3. Liang, Z. Comparative study of deep learning models for action
recognition based on skeleton data [Tekcr]: [Hoxmaxn] / Z. Liang, K.K.
Kudayberdievna, B. J. Isakunovich, et al. / International Conference on Computer
Graphics, Artificial Intelligence, and Data Processing (ICCAID 2023). — SPIE,
2024.—Vol. 13105. - P. 673-678.

4. Liang, Z. Ancient Building Crack Detection Based on YOLOVS
Algorithm [Texct] / W. Xiong, W. Meng, Z. Liang, et al. // Journal of Electrical
Systems. —2024. —T. 20, No 10s. — P. 1238-1243.

5. Liang, Z. Compliant control of an upper limb rehabilitation robot based
on admittance control [Tekct] / I.V. Merkuryev, G Wu, T. B. Duishenaliev, et al. //
Journal of Electrical Systems. —2024. —T. 20, Ne 3. — P. 4605-4612.

6. Liang, Z. Graph spiking neural network for advanced urban flood risk
assessment [Tekcr] / Z. Liang, X. Fang, Z. Liang, et al. // iScience. — 2024. — T. 27,
Ne 11.

7. Liang, Z. MSGAT: Multi-Stage Graph Attention Network For Human
Motion Prediction [Tekct]: [[oknan] / Z. Zheng, Z. Ren, Z. Liang, et al. // 2024
IEEE International Conference on Image Processing (ICIP). — IEEE, 2024. — P.
2306-2312.

8. Ilar. ZL.202310335615.9 Kwuraii, MIIK [go06aButh Kiaccupukaiuo].
Merton, ycTpoicTBO, 000pyIO0BaHNE U HOCUTENbh WH(MOPMAIIUH ISl paciO3HABaHUS
MOCJIEA0BATEIbHOCTH e CcTBUI U BhIBoJa HaMmepenuit [ Tekct] / XKoub LI3bu1saH, Jlo
JIn, Jlsn UYUmanbxao u ap.; JlyHI'YaHbCKMU TEXHOJIOTUYECKUM WHCTUTYT,
Guangdong Ruien Technology Co., Ltd. — Ne 20230335615/9; 3asaBn. 30.03.2023;
omy6Oir. 30.04.2024, CN 11643335 B.

9. Ilat. ZL202210675830.9 Kwuraii, MIIK [m06aBuTh KiaccCUbUKAIHIO].
Meron pacno3HaBaHus JBM)KCHUM M HAMEPEHUW YEJIOBEKA, TEPMUHAIBHOE
ycTpoiictBo u Hocutenb uHbopMmanuu [Tekct] / XKoup L3puasaH, Baii BoHbxyH,
JIsn YUxanbxao u 1p.; JlyHIyaHbCKUNA TEXHOJIOTMYECKUN UHCTUTYT: YHUBEPCUTET
ropoga Jynryanb. — Ne 20220675830/9; 3asBn. 15.06.2022; omy6is. 05.04.2024,
CN 115100740 B.

22



Jlan YkaHbXa0HYH

05.13.06 —  TEeXHOJOIMSJIBIK KaHAa  OHAYPYIUTYK IHpoueccTepau
aBTOMATTAIUTHIPYY JKaHa oamkapyy aIMCTUTH 0oHYa
“ABTOMATTAIITBIPBUITAH  CHCTEMJEpAerdn  KOMNbIOTEPAMK  aAKBUIAYY
cUCTeMIepau HINTEN YbITYYy KaHA M3WII60” aTTyy TeMaChIHIArbI
ATKAPbUITaH JUCCEPTALMSACHIHBIH

KBICKAYA MASMYHY

Hermsru ce3aep: aBToMarTallThlpyy, KacaiMma HUHTEWIEKT, Y OLOVS,
LSTM, neH-COOIyK MOHUTOPUHIH, KYJIOOJOPAYH AHBIKTAJBIIIbI, TEPEH YUPOHYY,
yOaKBITTBIK KaTapiap.

HN3unianee o0beKTHCH: aBTOMATTAIUTHIPBLITaH cucreManapaarsl
MHTEJUIEKTYaJIIbIKk MOHUTOPUHT CUCTEMAJIAPHI.

HN3uianeenyn mpeamern: YOLOvVS xama LSTM monenbaepuH KOJAOHYY
MEHEH KapbUIapAblH KYyJOOJOPYH AaHBIKTOO »KaHa JEH-COOJyKKa MOHHUTOPHHT
KYPry3YY bIKMajapsbl.

JAuccepranusiyiblk HMIOTHH  MakKcarbl: KakWbIpThUIrad  YOLOVS
anroputMu kaHa LSTM MonenuH KOJIJOHYY MEHEH, YOakThUIyy KaTapiapibl
TaJA00 HETM3UHAE JIEH-COOJYKKa MOHUTOPHUHT KYPry3YY YUYH MHTEIUIEKTYalIbIK
CUCTEMEPIN ULITEN YBITYY ’KaHa ONTUMAJIAIITHIPYY.

N3uiapeenyH ycyaaapbl: TEPEH OKYTYY BIKMaJIapbl, KOMIBIOTEPAUK KOPYY,
yOaKkTbUlyy  Karapiapabl — TaJJo0  bIKMaldapbl  JKaHa  HHTEJUICKTYaJIbIK
cucTeMaiap/pl HIITEI YbITYY HHCTPYMEHTTEPH KOJJAOHYIIY.

AJIBIHTaH KbIABIHTBIKTAP KAHA AJAPAbIH KAHBLIBITbI: OUPUKTUPUITEH
YOLOv8mu ECA kenyn Oypyy mexanm3miepu xaHa GSConv KOHBOJIOLMSCHI
JKaplaMbl MEHEH KYJIOOHY aHBIKTOO JITOPUTMHU HINTENHI YbIKKaH. /[MHaMuKaJIbIK
mapTrrapa KyJoOJOpAy AaHBIKTOOHYH TaKTBITBIH >Koropyiaryy ydyH LSTM
yOaKThulyy KarapjaapApl TajJ00 MOJAEIMHUH WHTErpalusichl CyHYLITAJI/IBbL.
Peannyy yOakbIT peXUMHUHAEC MaaldbIMaTTapAbl aHBIKTOO, KOPCOTYY JKaHA kKazyy
(YHKUMSUIApbIH KOJJION TypraH HMHTEUIEKTYyalJblKk MOHUTOPUHI CHUCTEMAChIHBIH
IPOTOTUOU TY3YJITOH.

Koutonyy 000HYa CyHyHl KbUIYYJap: U3WIAOOJOPAYH KBIABIHTBIKTAPbI
Kappulapra KaM KepyY MEKEMEJEpHHI€, MOHUTOPHHI CHCTEMaJapblH HILNTEIl
ybpiryyzna. JKaHa OHIOHION 53J1€ pOOOTOTEXHUKA aHa MaajlbIMaTTaplbl TaJI00
OOIOHYA JIEKIMSUIBIK JKaHa JIa0OpaTOPHSUIBIK KypcTapAa >KaHa J€H -COONYKTY
MOHUTOPUHIZIOOHY aBTOMATTAIUTBIPYy YYYH KOMMEPLMSUIBIK KOJJOHMOJIOPAO
KOJITOHCO OOJIOT.

Kosgonyy rtapmarbl: MmrTenun 4YblKKaH YEYMMJIECPAM  CaJaMaTTBIKTHI
CaKTOO, aBTOMATTAINTHIPBUITAH MOHUTOPWHI, ©HOp Kaik POOOTOTEXHHUKACHI,
OLLIOHJI0M 371€ MM Oepyy KaHa UIMMHUI UIIMEPIUK YOUPOCYH/16 KOJIIOHYIaT.
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PE3IOME

Juccepranum JIasn Uxanbxao Ha Temy: «Pa3padoTka u mcciaenoBaHme
KOMIIBIOTEPHBIX HHTEUVICEKTYAJbHBIX CHCTEM B aBTOMATH3HPOBAHHBIX
CHCTEMAaX)> HA COMCKAHMe YYeHOH CTeNeHU KAHAUAATA TeXHHMYEeCKHUX HAYK IO
cneuuaabHocTH 05.13.06 — aBTomMaTu3anus ¥ ynpasJjieHHe TEXHOJIOTHYeCKUMH
NpoueccamMm 1 NPOU3BOJACTBAMM.

KiroueBble cjioBa: aBToMaTu3alusi, MCKyCCTBEHHbIM MHTENIEKT, Y OLOVS,
LSTM, MOHUTOpHUHI 30pPOBbs, OOHApYXKEHUE MaJCHUM, TITyOOoKoe OOyueHue,
BPEMEHHBIE PSJIbL.

OO0beKT HCCIeI0BAHMA: WHTEIUIEKTyallbHbIE CUCTEMbl MOHHUTOPUHIA B
aBTOMAaTU3UPOBAHHBIX CUCTEMAX.

IIpeamer uccieq0BaHusi: METOIBI OOHAPYKCHUS TAJCHUA W MOHUTOPHUHTA
3I0POBbS TOXKUIIBIX JIFOJIEN ¢ UCTIONb30BaHneM Moaenerd YOLOvE u LSTM.

Hean padoTbl: pa3paboTKa M ONTUMM3ALUS WHTEIJIEKTYaTbHOM CHUCTEMBI
MOHUTOPHHTA 30POBbsl HA OCHOBE yiny4dlieHHOro anroputMa YOLOvS u ananusza
BPEMEHHBIX PSAIOB C UCIOIB30BaHUEM Moaenn LSTM.

MeToabl ucCIeI0BAHUS: UCIIOIB30BaHbl METOJIBI TITyOOKOro OOy4YeHws,
MAaIlllMHHOTO 3PEHUs, aHallu3a BPEMEHHBIX pAIOB, a TakKKe€ HHCTPYMEHTHI
Pa3pabOTKN UHTEIJIEKTYaIbHBIX CHCTEM.

IHoryyeHHBbIE pe3yabTATHI M HX HOBU3HA:

PazpabGortan anroputm oOHapyxeHus naaeHuii, coderaronmii YOLOvVE ¢
YCOBEPIIIEHCTBOBAHHBIMU MexaHn3MamMu BHUMaHusi ECA u konBomonueit GSConv.
[Ipeqnoxena WHTErpauus MOJAEIM aHaidu3a BpeMEHHbIX psanoB LSTM s
MOBBIIICHUS TOYHOCTH ONPEACIICHUS TTaJICHU B TUHAMUYECKUX ycioBusax. Co3nan
MPOTOTUIT MHTEJUICKTYaJIbHOM CHUCTEMbl MOHUTOPHUHIA, KOTOPBIA MOJJEPKUBACT
JETEKIMI0, 0TOOpaKEHUE U 3aIUCh JJAHHBIX B PEXKUME PEaTbHOIO BPEMEHHU.

PexoMeHgannu no uCnoJIb30BAHUIO:

Pesynbrarsl nccneoBaHui MOTYT ObITh IPUMEHEHBI:

Ul pa3pabOTKA CHCTEM MOHHTOPHHTAa B YUPSXKACHHSIX 10 YXOmy 3a
MOXKHWJIBIMHU JIFOJIbMU;

B JIGKIIMOHHBIX U JIAOOPATOPHBIX Kypcax MO POOOTOTEXHHUKE W aHAIIU3Y
JAHHBIX;

B KOMMEPYECKHUX MPUIIOKEHUSAX JIJI1 aBTOMATU3al[Mi MOHUTOPUHTA 3[0POBbSI.

ObJs1acTh NPUMEHEHUS:

[Ipumenenue  pa3paOOTaHHBIX  peHIeHUH  BO3MOXKHO B cdepe
3IpaBOOXPAHEHUS,  ABTOMATU3UPOBAHHOIO  MOHUTOPUHIA,  IPOMBIIUICHHOM
POOOTOTEXHUKH, a TaKXKe B 00pa30BaTEIbHON U HAYYHOM JIEATETLHOCTH.
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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, YOLOvS, 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 YOLOVS 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 YOLOvV8 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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