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AHOTAIIISA

Bemnuko JI. B. MeToau Ta 3acobu BUSBICHHS HEOE3NMEYHUX CUTYAIlld IJIs JIFoAeh
KOMIT FOTEPHU30BAHOI0 CHUCTEMOIO BiJieOoHArISIMy: poOoTa Ha 3M00YyTTA KBaJi(iKaIiiHOTO
CTymeHsl marictpa: creu. 123 — xomm’iorepHa iHxkeHepis / Hayk.kep. H. C. Jlymuk.

TepHomninb: TepHOMIBCHKUI HAIIOHATLHUM TEXHIYHUM yHIBepcUTET iMeH1 IBana Ilymros,

2024. — 84 c.

Ki1r04oBi ciioBa: KOMIT'I0TepU30BaHa CUCTEMA BiJICOHATIIAY, HEOe3MeuHa CUTyarlis,

po3mi3zHaBaHHs 1mo3u, Mmojaenb Y OLO.

KgBanidikamiitna poboTa mpucCBIUY€HA TOCIIIKEHHIO METOJIIB 1 3aCO0IB BUSABJICHHS
HeOe3MeYHUX CUTYaIliH JJIs JI0Iei KOMIT F0OTEPU30BaHOI0 CUCTEMOIO BiieoHarisiny. Po6oTa
BKJIIOYA€E B ceOe aHai3 METOMAIB 1 CUCTEM JIJIsl BUSIBJICHHS HEOE3MEUHUX CUTYaIlll, a TaKOXK
obrpyHTyBaHHs BukopuctanHsi YOLO, sk edextuBHOro 3acol0y [jIsi BUSIBJICHHS
HeOE3MeYHNX CUTyalllll y CHCTeMax BiJICOHAIISIAY 3aBISKH iX 3/IaTHOCTI TMpAIfoBaTH B
peaqbHOMY Yaci Ta BUCOKIH TOYHOCTI BUSBJICHHS 00'€KTIB.

Ha ocCHOBI eKCrepuMEHTAIBHOTO JIOCHIPKEHHS Ta KOMILIEKCHOTO aHaji3y BCIX
XapakTepUCTHK BCTaHOBJEHO, 10 Moaenb YOLOvlls paeMoHCTpye ontumanbHE
CIIBBIJTHOIIIEHHS M1XX TOYHICTIO Ta IIBUJIKOJIE€0, MAIOYX HAWMEHIIIUIM Yac MONepeHbOro
onparitoBanHs (0.6 Mc), BUCOKI mokazHUKH TOYHOCTI (MAPS50 = 0.992) ta moMipHi BUMOTH
1o nam'ari (19.5 M06). Tomy aJist IpakTUYHOI peasizallii CHCTeMH BUSIBJICHHS HEOE3MeUHUX
CUTyalllii pPEeKOMEHJOBaHO BUKOpuUcTOBYBaTH MojAenb YOLOvlls, mo 3abe3neuuts
ONTUMAJILHUM OaJIaHC MK TOYHICTIO PO3II3HABAHHS Ta MIBUAKOIIEI0 CUCTEMH B PEATbHUX

YMOBaxX €KCILTyaTallii.



ANNOTATION

Velychko D. V. Methods and tools for detecting dangerous situations for people using
a computerized video surveillance system. Master’s Graduation Thesis: speciality 123 -
Computer engineering / supervisor N.S. Lutsyk. Ternopil: Ternopil Ivan Puluj National
Technical University, 2024. — 84 p.

Keywords: computerized video surveillance system, dangerous situation, pose

recognition, YOLO model.

The Master’s graduation thesis is dedicated to the exploration of methods and tools
for detecting dangerous situations for people using a computerized video surveillance
system. The work includes an analysis of methods and systems for detecting dangerous
situations, as well as a justification for the use of YOLO as an effective means for detecting
dangerous situations in video surveillance systems due to its ability to operate in real time
with high object detection accuracy.

Experimental research and a comprehensive analysis revealed that the YOLOv11s
model demonstrates the optimal ratio between accuracy and speed, having the smallest pre-
processing time (0.6 ms), high accuracy rates (mAP50 = 0.992) and moderate memory
requirements (19.5 MB). Therefore, for the practical implementation of the dangerous
situations detection system, it is recommended to use the YOLOv11s model, which will
provide an optimal balance between recognition accuracy and system speed in real operating

conditions.



3MICT
| 21O 1Y/ U 7
PO3AII 1 AHAJIITUYHA UACTHHA ...ttt 10
1.1. Onuc HayKOBO-TEXHIYHOT O0TACT] JOCITIIIKECHD ... uvvvreisvreeessireesssresssssresssssnessssseessssnees 10
1.2. Ornsp ta aHami3 METOIB 1 CUCTEM JTs BUSIBJICHHS HEOC3MEUHUX CUTYAIIH ............. 12

1.3. ApxiTekTypa KOMI'IOTEPU30BaHOT CUCTEMU JIJIs1 BUSIBJICHHS HEOE3MEUHUX

(037101021 0 11 18
1.4. BUCHOBKH JIO POBIIITY L .ooiiviiiiiiiiiiiiiii et 21
PO31JI 2 TEOPETUYHA HACTUHA ......oooiiiiiii e 22
2.1. O6rpyHTyBaHHS BUOOPY THUITY MOJIETI /AJIsl BUSIBIICHHS HEOE3MEUYHUX CUTYAIIH . ....... 22
2.2. MoZelIb YOLOVS... ..o 27
ARG T (63 (=3 0 S O 1 IO LV K O TR 29
2.4, Momellb YOLOVLL.. ..o 33
RSV 21 % (032 10):3:97 001 (015 010314 R 200 PR TPR 37
PO3IJI 3 TIPAKTUYHA YACTUHA ..ot 39
3.1. DOPMYBAHHS HAOOPY TAHIIX ...euveerreeueesiressreaseeseesseesssessseasseasseesseessessssesseessessseesseens 39
3.2, OTPUMAHHS JTAHTX 11 uvvveesssreessstaessssssesssssesssssssssssssssssssssssssessassesssmsssessnssesssnssesssssessnnes 41
3.3. IMigkmrouenns naracety Ta YOLO i TpeHyBaHHS Ta BUKOPUCTAHHS ....ccvvvevveenenee. 42
3.4. TpenyBanus moaeneit YOLOVE, YOLOVI0, YOLOVIT .ccoooovviiiiiiiiieeee e 45
3.5. Pe3ynbTaTi BUSBICHHS HEOCIMEUHMX CUTYAITIM 1vvvevvvreeisireesssreesssirneesnsneeessnnssssnnssnnes 48
3.6. BUCHOBKH JIO POBIILTY 3 ..eiiiiiieiurienireesiriesieestesesmeeassseessseessnessnnessnessnneeessneessneesnnessnneess 55

PO3JIJI 4 OXOPOHA TIPALII TA BE3ITEKA B HA/I3BUYAWHUX CUTYALISIX .. 57

4.1, OXOPOHA TIPALIL - rerenreeensreesnreessseesssesaseeaasseessseessseesssessneeaaseeesseeessneessseesnnessnneeesnneesnnes 57
4.2. besneka B HAABBUYANHUX CHUTYAITISIX «eevuvvrreirrreesureesssnesssssesssssesssseessssssessnsseessnseeens 60
4.3. BUCHOBKH JIO POBIIILY 4. ..eeiiutieiiieiieeateeesteeessteesstesssteesseeesbeeesbeeessbeesnseesnneeenseeessneesnnas 62
BUCHOBK. ... e e e 63
CITMCOK BUKOPUCTAHUX JIXKEPEJL. ....cotiiii e 65

TIOITATKL. ..o, 69



BCTVYII

AKTyaJIbHiCTb Po00TH. Y Cy4acHOMY CBITI 3pOCTaHHSA KUIBKOCTI TEpaKTiB,
Hama/iB, KPaJADKOK Ta 1HIIUX HAJ3BUYAWHUX CUTYaIllld, Kl CTAHOBIATH 3arpo3y Oesmeri
JOJIeH, CTaJI0 CEpUO3HUM BUKJIMKOM JJI TPAaBOOXOPOHHUX OPraHiB, CIELCTYKO, O13HECY
Ta TpoMajsH. [CHYIOYl CHCTEeMHU HE 3aBKIM 3/1aTHI 3a0€3MEUYUTH CBOE€YACHE BHUSBICHHS Ta
OMOBIIIEHHS] TIpo HebOe3neuyHy curyaniio. KoMmm'rorepu3oBaHa cucTeMa, sika BUSBIISE
HeOe3neuHl curyalii, Moxe OyTh eQdeKTUBHHUM IHCTPYMEHTOM JUIs 3amoOiraHHs
HAJ3BUYAMHUX CHUTyallii. BUKOpHWCTaHHS IITy4HOTO IHTENIEKTY IO3BOJHUTH y PEKUMI
peabHOTO Yacy BUSBIIATH HAJ[3BUYAIHI CUTYaIIii.

MeTtonaMm BUSIBIEHHS HEOE3MEUYHHUX CHUTYyallll OPUCBAYEHO pAI JOCIIIKEHb
HAYKOBIIIB, 30kpema, P.Kuppusamy, V.C.Bharathi, S.Y.Park, A.Prati, Jang Sein, Battulga
Lkhagvadorj, Nasridinov Aziz, M.Nakib, R.T.Khan, M.S.Hasan, J.Uddi, A.Yadav,
N.Thaker, D.,Makwana Ta iH. B ix poboTax 3anponoHoBaHi pi3Hi MiAXOAU Ta METOIHU /10
BHUSBJICHHs HeOe3NeUHuX (aHOMaJIbHUX) CUTYyalii. B mpomMy mAociiKeHH] 11eHTudiKaIis
HAJ3BUYAWHOI CUTYaIlii 3MIMCHIOETHCS 3a TI03010 JIIOJIUHU «PYKH BrOPY» 3 BUKOPUCTAHHSIM
IITYYHOTO 1HTEJIEKTY. BaxJIMBUM NpH IIbOMY € TOYHICTh Ta IIBUJAKICTH PO3Mi3HABAHHS
KOMIT FOT€PU30BAHOI0 CUCTEMOIO TaKoi cuTyarlii. ToMy JOCTiTKEHHS METOIB Ta 3aC001B
BUSIBJICHHSI HEOE3NMECHUX CHUTYaIllll KOMIT FIOTEPU30BAHOK) CHCTEMOIO € aKTyaJlbHOIO
3aJ1ayero.

Mertow kBagdidikaniiinoi podoTu € TiABUIICHHS ©€()EKTUBHOCTI BUSBJICHHS
HEOE3MEeYHUX CUTYAIlIH JJIS JIFOeH KOMIT FOTEPH30BAaHUMHU CUCTEMATH BiJICOHATIISTY.

3aBaanHa kBagdigikaniiinoi poooru:

- [IpoananizyBaTu cyyacHi METOIY Ta IMiIXOAH JIO BUSIBIICHHs] HEOE3MEUHUX CUTYaIlii
JUISL JTFOJIeH CUCTeMaMU BiICHATJISITY.

- Ha ocHoBi anamizy oOpaTu MeTOnM Ta MOJEIN, MPHUAATHI JJIi BUSBJICHHS
HeOe3NMeYHUX CUTYalllid KOMIT I0Te€pU30BAHUMH CUCTEMaMHU.

- ChopmyBatu penpe3eHTATUBHUN HAOIp JaHUX JJI1 HABYAHHS MOJIEJI IMITY9HOTO
1HTEJICKTY 3 METOIO BUSBIICHHS HEOC3TICUHUX CUTYAIIii 3a TT03010 JIFOANHHU «PYKH BrOPY».

- [IpoBectn HaBUaHHs Mojelel Ha chopMOBaHOMY HAOOpP1 JaHUX.
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- [IpoBecTn excniepruMeHTaIbHI JOCIIHKEHHS OOTPYHTOBAHUX METO/IIB Ta OLIHUTH iX
e(heKTUBHICTb.

- Po3pobuTn pekomenaaliii o0 BIPOBaIKEHHsI OTPUMAHUX PE3yJIbTaTiB.

06’ekmom docnioxcenHs €: TIPOLIEC BUABIICHHS HEOE3MEUHUX CUTYallM Ui JIOeH
KOMIT IOT€PU30BAHOI0 CUCTEMOIO BIJICOHATIISIY.

Ilpeomemom docnioxcenus €: METOIU Ta 3aCOOU BUSIBIICHHS HEOE3MEUHUX CUTYAIIiH,
30KpeMa, Mo3u "pyKu Bropy", sK iHIUKATOpa €KCTPEHOI CHTYyallii, HA OCHOBI aJTOPUTMIB
MaIIMHHOTO HaBYaHHS.

Meroam [ocCaizKeHHsI: I aHali3y HAyKOBOI JITEpaTypd Ta TEXHIYHOI
JIOKYMEHTAIIl1, JIJI1 BUBUCHHS 1ICHYIOUMX IIJIXO/AIB /10 BUSBJICHHS HEOE3MEUHUX CUTYaIlil
BUKOPHUCTAHO TEOPETHUYHI METOJM, METOAM CHCTEMHOIO aHaji3y - JJIsi BU3HAUYCHHS
OCHOBHMX KOMIIOHEHTIB Ta B3a€MO3B'A3KIB Y CUCTEMI BIJICOHATIISY, METOIU MOPIBHSAHHSA -
JUIsL aHami3y pi3HUX Bepciid apxiTektypu YOLO Tta BuOOpYy ONTHMAaNbHOTO PIillICHHS,
EMITIPUYHI METOJU - JJisi €KCIEPUMEHTAIbHOTO JOCTIHKEHHS XapaKTePUCTUK PI3HHUX
Moaenert YOLO, MeTroau MAIIMHHOTO HaBYaHHS, 30KpeMa TIJIMOOKOTO HaBYaHHS 3
BUKOPHCTAHHSAM 3TOPTKOBUX HEHPOHHUX Mepexk apxitekTypu YOLO.

HaykoBa HOBM3HA J0CJIiIXKEHHS

- Brniepiie oO0rpyHTOBaHO Ta 3amponoOHOBaHO BUKopucTaHHs Mozaeni YOLOvI1 s
BUSIBJICHHS HEOE3MEYHHX CHUTYaIllil KOMII IOTEPU30BAHUMHU CHUCTEMATH BiJCOHATIISIY
HUISIXOM PO3Mi3HaBaHHS MO3U “pYyKU Bropy” sIK €IMHOTO 00’ €KTA.

- VIOCKOHAJIEHO apXITEKTYpy KOMII'FOTEPU30BAHOI CHCTEMH BIJCOHATIISALY ISt
BUSIBJICHHS HEOC3MEYHUX CHTYyallidi NUISIXOM BHKOPHUCTAHHS CYYacHUX apXITEKTyp
HelpoHHUX Mepex YOLO.

IIpakTHyHe 3HAYeHHS Pe3yJbTATIiB KBaJi(pikamiiHOI po0OTH: BUKOPUCTAHHS
CydacHUX apXiTekTyp HeupoHHuX Mepexk YOLO no3Bossie MiABUIIMTH €(PEKTHUBHICTD
BUSIBJICHHS HEOE3MEUYHMX CHUTyalllid I JIOJWHUA KOMIT IOTEPU30BAHUMH CHUCTEMAaTu
B1JICOHATJISATY.

IMy6aikamii. 3a TeMaTUKO0O TOCTIIKEHb OMyOJIKOBAHO CTATTIO Y MIXKHAPOIHOMY
xypHaii «Advances in Science and Technology Research Journal» [1] ta mpoBeaeno

arpoOariito Ha VI MixHapoaHIi CTYIEHTCHKIM HAyKOBO-TEXHIUHIM KOH]epeHiil
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«[IpupogHuui Ta TyMaHITapHI HayKd. AKTyanbHi nuTaHHs» 1 XI HayKOBO-TEXHIYHIN
koHpepeHtii «[HpopmamiiiHi Moaei, cuCTeMH Ta TEXHOJIOTI» [2, 3].

Crpykrypa podotu. PoboTa ckiagaeTscsi 3 HOSACHIOBAJIBHOI 3aMCKH Ta TpadiuHoi
yactuHU. [losicHIOBaNbHA 3aMKCKa CKIIAAEThCA 13 BCTYIY, 4 PO3/LIiB, BUCHOBKIB, CITUCKY
BUKOPUCTAHUX JiKepesn Ta fojaatkiB. OOcsar poOOTH: MOsiICHIOBaJIbHA 3amucka — 84 apk.

dbopmary A4, rpadiuna yactuHa — 8 apkyii ¢popmaty Al.
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PO3II 1
AHAJIITUYHA YACTUHA

1.1.  Onuc HayKOBO-TEXHIYHOI 001aCTi JOCTIKEHb

CnocrepexxeHHsI 3a JOIMOMOIOI0 BiJIEOKaMep IIHPOKO BHUKOPUCTOBYETHCS B
ternepimHii gyac. Komm'torepusopani cuctemu BineoHnarsiny (KCB) BnpoBamkyrOThCS 115
3a0e3nedeHHs 0e3MeKr IUIIX0M pearyBaHHs Ta MPOTHO3YBAaHHS PI3HOMAHITHUX MOKJIMBUX
HeOe3neuHux (HemependadyBaHUX) CUTYyallld y myOmiyHuX Ta mpuBaTHUX Micisix. Cepen
ocHOBHUX 3aBlaHb KCB € Harisg 3a 00'€éKTOM CIOCTEpPEXKEHHS 3a JIOMOMOIOK KaMmep,
BUSBJICHHS 1 Kiacudikaiis moaid Ta iHGOpMyBaHHS MPO HUX. 3a3BUYall Taki CHCTEMHU
nepenbavaroth HasBHICTh [oT mpunanmy (Bigeokamepu YW KOMOIHAIlIO — Kamep
BiJICOCITOCTEPEIKCHHS ) Ta aHATITUYHOI CKJIAJI0BOI, 110 MPOBOIUTH MONIEpeIHIN aHai3 [4].

HaykoBo-TexHiuHa 00J1acTh TOCIIKEHB MOB's13aHa 13 BUBUCHHSIM METO/IIB Ta 3ac001B
BUSBJICHHSI HEOE3MEUHUX OOCTaBUH JUIsl JIIOJIEH KOMIT'FOTEPU30BAHOK CHUCTEMOIO
BijieoHar A y. Ha cbOroiHIIIHIN I€HB 3 II€F0 METOI0 BUKOPUCTOBYIOThH CY4acH1 TEXHOJIOT,
a came, mryunuit iuTenekt (LLI). Il BusBMBCS OAHUM 13 HaWMEPCHEKTUBHIIIMX
THCTPYMEHTIB JIsl aBTOMATHU3All11 TPOLIECIB BUSIBJICHHS 1 OMOBILIEHHS PO HenepeadavyBaHi
(nebe3neyHi) cuTyarlii, siki MOKYTh BUHUKHYTHU 3 PI3HUX MPUYUH, Ta COPUITH IIBUJIKOMY
pearyBaHHIO Ha HHX. BUKOpPUCTaHHS TEXHOJOTIH MAIIMHHOTO HABYaHHS JO3BOJISIE
CTBOPIOBAaTH CHUCTEMH, fKI 37aTHI PO3IMi3HABATH 3arpo3d B PEAIbHOMY 4aci 3 BHUCOKOIO
TOYHICTIO. Benukuii iHTepec BHKIMKaOTh Mojeni, Taki sk Convolutional Neural
Networks(CNN), siki BAKOPUCTOBYIOTbCS JJIsS OINPAIOBaHHS 300pakeHb, 1 SIK pe3ysbTar,
MOXYTh OyTH BUKOPHCTaHI JUIsl aHaji3y BIJCOMOTOKIB, 3aBISKH MOJIMBOCTI BHILISATH
BAXKJIMBI 0COOJIMBOCTI, 110 BKa3yIOTh Ha HAsIBHICTh MOTEHIIWHOI 3arpo3u. BaxxiuBy poib B
OTpaIlfOBaHH1 BIJICOJAHUX BIIITPaIOTh Miaxoau riiuookoro HaBuanHs CNN. Po3nizHaBaHHS
JIIOTMHM 3M1MCHIOETHCS 3a qoromororo pizHux CNN: 2D CNN i 3D CNN, 30kpeMa, Takux

sk mogem VGG-16, AlexNet, VGG-19, Yolo. 300pakeHHsT MICTATh JIIOACH Ta Pi3Hi
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HeOaxkaHi 00’ekTH 3 eneMeHTamMu (oHy. BoHu 11eHTU(DIKYIOTBCS Ta “BUTATYIOTHCS 3
MIOCJI1IOBHOCTI KaJpiB 3a 1onoMororo CNN 3 BUCOKOIO TOUHICTIO.

KoM rotepr3oBaHi cUCTEMH BiI€OHAIJISIY, IO BUKOPUCTOBYIOTH TexHojorii LI,
HAJAaI0Th MOXIJIMBICTh aBTOMAaTU30BAHOTO MOHITOPUHTY Ta aHaNi3y BiJIEOMOTOKIB 3 Kamep
BifleoHarsAy. Taki cucTeMu 37aTHI BUSBISATH HEOE3MEUHI CUTYyaIlii, Taki SK Hamaj Ha
JIOJIMHY, arpecMBHA MOBENIHKA Ta 1HII MOJii. BOHM 103BOJNSAIOTH 3HAYHO 3MEHILIUTU
HABaHTa)XCHHS Ha OTIEPaTOpPiB BiJCOHATIIATY, aBTOMAaTUYHO IMOBITOMIISIIOUH MPO BUSBICHHS
MNOTEHIIITHUX 3arpo3.

[cHYIOTH pI3HOMAaHITHI MIAXOAH 10 BUSBICHHS HEOE3MeK s JItoIeH 13 300pakeHb 3a
nonomororo pizHux MetojiB IIII. BiamoBiiHO A0 HUX BUOKPEMIIIOIOTH JIBa OCHOBHI:
kiacudikarist 300pakeHHs Ta BUsBIIeHHsS 00’ ekTiB. [ligxoau no kinacudikariii 300paskeHb
3a3BUYail aHaII3yIOTh 300pa)K€HHS 3a JOMOMOTOI0 PI3HUX METOIB 1 BU3HAYAIOTh, YU €
HeOe3neyHa cutyaiis. B 1mpomy gocmimkeHH1 (kBamidikaiiiHiii poOOTi) HEOE3MeUHOIo
CUTYAIII€I0 3alpPONOHOBAHO BBAXKATH TaKy, KOJU y JIIOAUHU MITHATI BrOpy OOUABI PYKH.
ToOto 3aBnannam KCB e po3nizHatu no3y noauHu “pyku Bropy’ . Taka “mosa >xepTBu”
JUTSI BUSIBIICHHS HeOe3MeKn BUOpaHa 3 MPUUUHHU, 110 SKIIO € PeasibHa 3arpo3a Jyisl JIFOIUHH,
HANPUKIIAJ, Hamaj 3JI0BMUCHUKIB, TOrpaOyBaHHS, 3aJIAKYBaHHS TOIIO, TO MITHATTS PYK
JIOTOPU € HAWYacTIIIO pEakIi€l0 Ha Takl i, a TaKoX, SK CUTHAJl CHUCTEMi, - HE
BukinkatuMe migo3pu. KCB, sika BusiBnaTuMe HeOE3MeYHy CHUTYaIlil0 3a “‘CUTHABHOIO
no3ow” - “pykd Bropy”’, Moxke OyTH CKJIAJOBOIO CHCTEM ‘PO3YMHOr0 OyAMHKY,
“pO3yMHOTO MicTa”, TOIIIO.

OriHKa MO3W € CKJIAJIHAM 3aBJaHHSM, SIKE€ MAa€ BHCOKY CKJIQHICTh Ta BHMAarae
3HAYHUX OOYMCIIOBATILHUX MOTYXHOCTeN. Bukopucranus LI st po3nizHaBaHHS JTIOIUHA
Ta il MO3M € aKTyaJdbHUM HaNpPSIMKOM JIOCIIUKEHb Y Taiy3l KOMII'FOTEPHOTO 30pYy.
He3Baxatouu Ha 3HauHi gocarHeHHs y cgepi I Ta komn'toTepHOro 30py, BCe 1i€ ICHYIOTh
MeBHI BUKJIHMKU. J[0 HUX HanexaTh MpoOJEeMH 3 OMPAIIOBAHHIM JJaHUX Y PEalbHOMY Haci,
3a0e3reueHHs KOH(D1ICHITIHHOCTI Ta OS3IEeKH JaHUX, a TAKOXK aJarTalilis CUCTEM 10 poOOTH
y pi3HHX yMoBax. [IpoTe pO3BUTOK TEXHOJOTIA Ta 30UIBIIEHHS OOYHUCIIOBAIBHUX
MOTYKHOCTEH BIAKPUBAIOTh HOBI MOKJIMBOCTI JJIs MOKPAIIEHHS ICHYIOUUX pilieHb. Binomi

pI3HI MIIXOAM, METOJAM Ta 3aco0H, SKI BUKOPUCTOBYIOTBCS 3 METOH PO3IMi3HABaHHS
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pPI3HOMAHITHMX OO0’€KTIB Yy CHCTEMax BiJeoHArjsny. Jleski 3 TONyJISIpHUX METOJIB
BKJIIOYAIOTh BUKOPUCTAHHS TJIMOOKHX HEUPOHHUX MEPEX 1 METOMIB, SKI JO03BOJSIOTH
BUSIBJISITU Ta KJIaCU(iKyBaTH KJIIFOYOB1 TOUKH Ha T1JI1 JIOAUHH, K1 ITOTIM BUKOPUCTOBYIOTHCS
U BU3HAUEHHS TIOJIOKEHHS (T1031).

TakuMm yuHOM, HAYKOBO-TE€XHIYHA 00J1aCcTh MOB'sI3aHa 3 AOCTIIKEHHSIMHU METO/IIB Ta
3ac00iB  BUSBICHHS HEOE3MEUHUX CHTYyalllii KOMI'IOTEPH30BAHHUMH  CHCTEMaMH
BIJICOHATIISIIY € aKTyaJlbHOIO Ta MPOJOBXKYE PO3BUBATUCSA, MPOIMOHYIOYM HOBI €(DEeKTHBHI

pIIIEHHSI, sIKI MOYKYTh 3HAYHO ITIIBUIIUTH PIBEHB O€3IEKHU y pi3HUX chepax KUTTS

1.2.  Ormsia Ta aHami3 METOIIB 1 CUCTEM JIJIsl BUSIBJICHHS HEOE3IIeUHUX CUTYaIlii

JlocnikeHHsIM METOAIB Ta CHUCTEeM ISl BUSBICHHS HEOE3MEYHUX CHUTyallli
MPUCBIYCHO POOOTH IUJIOTO PsAIYy HAYKOBINB, 30Kpema, y pobotax [1,5-13] ommcani
CUCTEMH, SIK1 JI03BOJISIIOTh BUSBIISITH aHOMAJIbHY MOBEAIHKY Ta PI3HOTO POy HeOe3nmeuHi
CUTYyaIlii.

B [5] nmocmimkyerbes pisHOMaHITHA aHOMajbHAa IOBEAiHKA JIIOAMHA Ta
pO3Mi3HaBaHHS II1€1 MOBEIIHKKA 3a JomoMororw Mojeiedr Ha ocHoBi CNN 3 pi3HUMH
3arajJbHOIOCTYITHUMH Ta MPUBATHUMHU HAOOpaMu JaHUX, PO3MIPOM BXITHOTO 300paKEeHHS,
MOKa3HUKAaMH MPOJAYKTUBHOCTI Ta OOMEXEHHIMMU.

ABTOpamu B [5] aHOMasbHA MOBEAIHKA JIFOJAUHU TPoKiIacudiKoBaHa BIAMOBIIHO 10
pI3HUX TOAINM Ta OMHCAaHO METOJW PO3MI3HABAHHS TaKHX 1 BUAIB SK: OC3ISUIBHICTB,
MaJlIHHS, 3YMHEHHS HACUJIbCTBA, MaHIKa, MOTpa0yBaHHs, MOBEAIHKA 3JI0YMHIIA. 30KpeMa,
MPEACTABICHO METO/IM BUJIIYUYEHHS MPOCTOPOBHX 1 YaCOBUX XapaKTEPUCTUK, PI3SHOMAHITHI
Ha0OpH JaHWUX, HABEJCHO TOYHICTh 1 0OMEKESHHS METOIIB 13 P13HOIO PO3ALIHHOIO 3JaTHICTIO
300paxkeHHs. Takox 3ayBa)kKeHO, 1110 Yepe3 KOJIMBAHHS OCBITJICHHS Ta HAKJIaJaHHs 00'€KTIB
3MIMCHIOETHCS PO3MI3HABAHHS AHOMAJBHOI IMOBEJIHKM Ha BIIJAICHUX 300paKEHHAX 3
HU3BKOIO TOYHICTIO. 3arajibHa apXiTeKTypa MoJieJli pO3Mi3HaBaHHS IMOBEIIHKU JIFOAUHU 3

PI3HUMH TEXHIYHHUMH KOMIIOHCHTaMU TToKa3aHa Ha puc. 1.1 [5].
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Puc. 1.1 3aranpHa CTpYKTYpHA CXeMa MOJIEII PO3Ii3HABAHHS TIOBEIHKY JIIOAWHU [5]

VY poboti [6] aBTOpaMu 3ampoNOHOBaHa MOJENb, sfka BukopuctoBye LI s
BUSIBJICHHSI HA 300pa)KEHHAX 3 KaMep BIJCOHArJsAay OO0'€KTIB 1 Aiil JIIOAWHM, SIKI MOTJIA O
CIPOBOKYBaTH HEOE3MEYHY CHUTYyallllo, a TaKOX B3a€MO3B'I30K MK HHUMHU. 30KpeMa,
OMMCAaHO MEPEKY 3ropTKOBOI JOBroTpuBanoi kopoTkoyacHoi mam’sti (Conv-LSTM) nns
BUSIBJICHHS aHOMaJlid, sKa mependayae MailOyTHI Kaapu LUIISXOM PEKOHCTPYKIIi
300pakenHs. Lleit MeTon NeMOHCTpYe KOHKYPEHTOCHPOMOXKHICTh MOPIBHSIHO 3 1HIIMMHU
HalCyJacHIIIMMHU METOIaMH BUSIBJICHHS HeOe3nek. Y [6] mpomnoHyeThest MOJIEIb MIMOOKOTO
HaBYaHHS ISl BUSBJICHHS HEOS3MEKH, KA OJTHOYACHO BUKOHYE KiTacu(iKaIliio 300pakeHb 1
BUSBJICHHSI 00 €KTIB, MOX€E IMIJIBUIIUTH TOYHICTh BUSBIEHHS HeOe3neuHoi curyarii. [le
MOSICHIOETHCSI TUM, 10 HABITh AKIIO T1 caml 00’ €KTU BUSBIISIIOTHCS HA PI3HUX 300paKeHHIX
KaMmep BiJICOHAIJISIY, TO CUTYaIlisl BIIPI3HIETHCS 3aJIKHO BiJI PO3TAIITyBaHHS 00’ €KTIB.
Hanpuknazn, skmo Ha 300paKeHHSX KaMmep BIAEOCIOCTEPEKEHHS BHUSBICHO “HIK,
CUTyallisi, B SIKId JIIOJIMHA TPUMA€ HIXK, 1 CUTYyallis, B SKIA HIXK JIGKUTh Ha MIJIO031,
BIJIPI3HAIOTHCS. TOMy JOLUIBHO BPaxOBYBAaTH 3B’S30K (TOOTO BiJICTaHb 1 PO3TAIITyBaHHS)
JUTST KOJKHOTO BUSBIIEHOTO HEOE3MEYHOr0 00’ €KTA.

Ha puc. 1.2. moka3zaHO YOTHUPH KJIAaCH JAHUX, SKI BUKOPUCTAHO JJISI BHSBJICHHS
HeOe3neyHux cuTyaiiil: (a) 6e3neyHo; (0) HeOe3nmeuHuid 1HCTPYMEHT; (B) MOTEHUIWHUN

3504uH; (T) HeOe3meka [6].


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/block-diagrams

r)

Puc. 1.2. Yotupu kinacu 1aHux BUSBICHHS HEOE3MEUHUX CUTYalliii: (a) 6e3medHo; (0)

HeOe3neyHui IHCTPYMEHT; (B) MOTEHIIIWHUN 37104nH; (T') HeOe3neka [6]
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Ha puc. 1.3 nokazano monens, sika BukopuctoBye I ams BusiBineHHs 00'exTiB 1 i

JOIUHH [6].
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Puc. 1.3. Mogens, sika BukopuctoBye LI ns BusiBineHHs: 00'€KTIB 1 AiH IToauHU [6]

VY [7] 3amponoHOBaHO CHUCTEMY BHSIBICHHS aHOMaJbHOI MOBEAIHKA B PEATbHOMY
CBITI, SIKa BAUKOPUCTOBYE TJIMOOKe HaBuaHH:. [le¥ MeTo Mo1e1i0e HOpMalIbHI Ta aHOMAaJTbH1
MO/11 SIK MAKETH “‘€K3EMIUISAPIB’, HABYAE 111 “eK3eMIUISIpU’ 3a JOMOMOT0I0 MO/IEI1 TITMOOKOTO
paHKUpyBaHHS aHOMaliil 1 mependadae BUCOKI OI[IHKM aHOMAIM JJIi aHOMaJbHUX
CEerMeHTIB Bifeo. B maHomy BuMaaky aHOMajdbHa TOBEAIHKA BHUSBISETHCS MUISTXOM
BUJIIJICHHSI O3HAK, MOB’SI3aHMX 13 KUIBKICTIO 3MIH A1l Yy BCbOMY Kajpi. ABTOopamu y [8]
3aMpONOHOBAHO BHUSIBIISATH aHOMATIT PyXy Y BIJICOCTIOCTEPEIKEHHSIX 3a JIOMTOMOTO0I0 Tpadika
acormiarii perioHiB (RAG). ABTopu OTpUMaiHM CTaTUCTUYHI O3HAKU 3 JAHOI CIICHH Ta
KIacuikyBaau JBa THUNM aHOMaJid 3a Jomomorotro amroputmy SVM. Pesynbratu
EKCIIEPUMEHTY 3 BHUKOPHCTAHHSIM JIBOX KOHTPOJIbHMX HaOOpIB JaHMX TOKa3aiu
€(EeKTUBHICTh 3aMPONOHOBAHOIO METO/Y.

[Tpu migxonai po3mizHaBaHHS 00 €KTIB ISl BUSIBJICHHS HEOE3MEKH BUKOPHUCTOBYIOTH
METO/IV BUSIBJICHHS HeOe3MmeuHux 00’ €KTIB 1 Aiif 13 300pakeHb 13 Kamep BigeoHarysiny. B [9]

3aIIPOIIOHOBAHO MPOCTUNA METOM, IKUIH BUABIIAEC “HOXK1’, “KpoB” 1 “30p0r0”’, IK IIPEIMETH
2 5 5 b
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10 TICHO MOB's3aHi 31 3704YMHHICTIO. {751 111€1 MeTu aBTOpHU peanizoByroTh CNN, skuii
mictuTh HemiHikiHICTh Rectified Linear Unit (ReLU), map 3ropTku, MOBHICTIO 3B’sI3aHUMN
1ap i BUNajaHHs. IX MosieIb BUsABIEHHS 00'€KTIB 1eMOHCTPYE TOUHICTh TecTyBaHHs 90,2%.
IcHye TakoXx Kinbka MpoOjeM, MOB'SI3aHUX 3 BUSABICHHSM O0'€KTIB Ha MICIl 3JIOYUHY.
Hampukiaz, € MOXIJIMBICTh OKITIO31T MPU BIJCTEKEHHI 00'€KTIB, 110 MOXKE 3HAYHO 3HU3UTH
PO3KPUTTS 3JI0UYHHIB.

VY [10] 3anmpornoHOBaHO BUKOPHUCTAHHS JIPOHIB JIJIS CIIOCTEPEKESHHS 32 HEOC3ECUHUMU
CUTYaIlisIMU B TPOMAJICBKUX MICISX. BUSBICHHS TaKUX CUTYaIllll 3/IIMCHIOETHCS MUISIXOM
BU3HAYCHHS I SITH HACUJILHULIBKUX JI1H, TOOTO; y/1apiB pyKaMH, HOKEM, IMOCTPLIIB, yIapiB
HOTaMHM Ta ynayumeHHs. JlJig 1€l MeTH BUKOPHCTAHO MEpexy mipamian (yHKLIA 1
BUSIBJICHHS JIIOJIUHU Ta TOPUIHY MEpPEXKY TTIMOOKOTO HaBuaHHs ScatterNet 171 OLiHKY 103U
KOHOI BusiBJIeHOT Jiroquau [10].

OpHiero 3 mpobiieM, sKa BUHUKAE MPU BUSBICHHI HEOE3NMEUHUX CUTYalllil € Te, 110
miaxoau 1o kiacudikari 300pakeHb 1 BHSBICHHS OO0 €KTIB CHJIBHO 3ajekaTh BiJl
MPOJYKTUBHOCTI KOXHOT0O MeTony. Hampukinaz, y miaxoaax a0 kinacugikamii 300pakeHb,
AKIIO PO3/UIbHA 3[ATHICTh KaMmep BIJCOHArNSAY € HHM3bKOI, JlaHi, OTpUMaHi 4Yepes
300pa)Ke€HHsI, MOXKYTh OyTH HESIKICHI, 1, OT’KE, TOUHICTh BI3yaJbHOT'O CIIOCTEPEKEHHS CTa€e
HHU3BKOI0. Y MiJIX0/1aX JI0 BUSBJICHHS 00’ €KTIB, SIKIIIO CHCTEMI HE BIACTLCS BUSBUTH 00’ €KT,
KWW BU3HAYCHO K HEOE3MEUHH, TO CUCTEMa HE MOXKe C(POpMYyBaTH MOTMEPEIKEHHS TTPO
HeOe3MneKy, TOMY 110 He PO3Ii3Ha€ HAIBHICTh HEOE3MeuyHOTo 00’ €KTa Ha 300pakeHH1. ToMy
MOJIe/ i BUSBIICHHs 00'€KTIB TOBUHHI MaTH BUCOKY TOYHICTh. MOJICNIh BUSBJICHHS 00’ €KTIB
MOKe 3a0e3MeUUTH MIBUIKICTh Y PEaTbHOMY 4Yacl 3 HHU3BKOI TOYHICTIO TMOPIBHSHO 3
IHIMMU MozensiMd. KpiM TOro, mpOJyKTHUBHICTh BHUSIBJIECHHS 00’ €KTIB 3MEHILIYETHCS 3
PO3AUTHHOIO 37aTHICTIO 300paxkenHs [11]. OxHak MoAeNb MOBUHHA OJJHOYACHO BUPOOIISATH
BHCOKY IIBUKICTb 1 TOUHICTH JJIsI aBTOMAaTUYHOT'O BUSIBJICHHS HEOE3MEKHU.

VY pob6orti [12] Oyna 3ampornoHOBaHa CHCTEMA, IO J03BOJISIE BUSBIATA HEOE3MEUHI
CUTYyaIlil, Takl SK TaJiHHS JIOJWHU, HA OCHOBI BU3HAYCHHS MO3U. 3arajbHa CTPYKTypa
CUCTEMHU CKJIQJAa€ThCid 3 KUIBKOX MOJIYJIB. 30KpeMa, 3 TPbOX BHYTPIIIHIX MOIYJIB
ONPALFOBAHHA: JETEKTOpP JIIOJEH, SIKUM CTBOPIOE I KOXKHOTO KaJpy CIHCOK JIIOJIEH,

IMPUCYTHIX Ha CIIEHI; 3aC10 OI[IHKH MO3H, 1110 BUKOPUCTOBYETHCS JJIsl OOUMCIICHHS TOTOYHOT
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MO3M I KOKHOI JIFOJMHHM, BHSIBICHOI Ha MOTNEPEIHHOMY KPOIIi; AETEKTOp HeOe3meuHux
CUTYAaIli{, 3MaTHUH 11eHTU(IKYBaTH aHOMAJIbHI CUTYAIlil 32 IOIOMOT0I0 YaCOBOT'O aHaNI3y
MO3U JIIOJIEW 1 reHepyBaTH BIAMOBIAHY TpUBOTY. MOJylib OIIIHKM TOCTaBU 3abe3nedye
knacudikamiro mo3u kaap 3a kaapom. Y [12] sxomHa mnomepenHs iHdopmaris He
BUKOPHUCTOBYETHCA ISl BU3HAUEHHS TTOTOYHOT MO3H, 1 PO3TIIIHYTO JIUIIE YOTHPU OCHOBHI
MO3U: CTOSYM, CUJIIYH, TIPUCIBIIM 1 JIeXKadH. [cTopist po3TairyBaHHS BUKOPUCTOBYETHCS B
MOAYJl JeTeKkTopa HeOesmeuHux cutyarlii. IlepenbadaeTscs, MO CIMOYATKY JIFOAUHY
BUSIBJISIIOTD Y TIOJIOKEHH1 CTOSYM (Y MPUMIIIEHH] JIFOJIM YacTO 3aX0/sATh Y KIMHATH CTOSYN).
Cucrema [12] Oyna pospoOiieHa 3 ypaxyBaHHSIM OOMEXKEHb Yy peajbHOMYy Yaci 1
MOKJIMBOCTEH OTIPAIFOBATH Opi€HTOBHO 10 KaapiB 3a CEKYHIY .
Ha pwuc.1.4. mnokazaHo pe3ynbTatd, OTPHMMaHI B PIZHUX KOHTEKCTax JUJIs

po3mi3HaBaHHs maaiHas [12].

Lucal Luca2 Robrto 1 t

1209 frames 735 frames 294 frames 416 frames
320 x 240 320 x 240 360 x 288 384 x 288

Puc. 1.4. Pe3ynbpTaT, OTpuMaHi B pi3HUX KOHTEKCTAX JUIsl pO3Mi3HABaHHS MaiHHA [12]

VY crarti [13] mpeacTaBieHO OMKUC PI3HUX CHUCTEM Ta TEXHOJOTIM aBTOMAaTH3allii
Oesrmeku. 30KpeMa aBTOpaMH TMPOAHATI30BaHO Pi3HI CUCTEMHM, TakKi SK IHTEJIEKTyalbH1
CHUCTEMHM aKyCTUYHOI'O Ta BIOpOpPO3IMi3HABAHHS/OMOBIIIECHHS JJI1 BUSBJICHHS MOPYIICHb
Oe3neku, i1eHTrdikalii HeOe3NeKu MooIn3y Ta 3aXUCTy MEePUMETpa, CUCTEMA TOMAIIHBOI
oesnekun 3 BukopuctaHHsiMm Arduino UNO, geTekTop BTOPrHEHb Ta TamIiepa Ha OCHOBI
aKceJepoMeTpa MaJioi MOTYKHOCTI, CUCTeMa BUSBJICHHS 3JI0BMUCHHKIB Ha ocHOBI [oT 3a

nomoMmororo  GSM, ixgeHTH(diKamis MKIIIUBAX i U1 OXOPOHH TEPUMETPA,
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1HTeNneKTyanbHa cucreMa 6esneku 10T nis “po3yMHOro oMy’ 3 BUKOPUCTAHHSM JETEKLIT
pyxy Ta obnnyusi, cucteMa posmizHaBannsa, Ambient Intelligence ta IoT Decision Support
System Juisi BUSIBJICHHS 3JIOBMUCHHKIB, CUCTEMA BUSBJIECHHS KPaJlKOK 3 BUKOPHCTAHHSAM
PIR-natunka, Ambient Intelligence Ta IoT Decision Support System nansi BHUABICHHS
3TIOBMHUCHHKIB, CUCTEMA BUSIBJICHHS KPAJADKKH 3 BUKOpucTaHHsAM PIR-gatumka Ta iHmIi.

OTxe, NpOBEACHUI aHaNI3 MIATBEPAKYE AKTYaJIbHICTh IOCIIKEHb Y HANPSIMKY
BIOCKOHAJICHHS  METOJIB Ta  3aco0iB  BHUSBIICHHA  HEOE3NMEUYHUX  CHUTYyaIlid
KOMII'FOTEPU30BAHUMHU CUCTEMAMHU BIJCOHAIVIALY 3 BUKOPUCTAHHSAM IITYYHOI'O 1HTENIEKTY.
He3Bakatoun Ha HampalfoBaHHS LIUIOTO psAy HAYKOBIIB IIOAO HPOOJEMU BUSBICHHS
HeOe3NMeYHUX CUTYaIlil JJisl JIt0/Ie, BAKOPUCTOBYIOUM PI3HI METOAM Ta 3aco0u, BCe IIIE
3aJUIIAE€TBCA  BAXKJIMBOIO  IMpoOiieMa TOYHOCTI Ta  IIBUJAKOCTI  PO3MI3HABAHHS
KOMIT FOTEPU30BAHOI0 CUCTEMOIO TaKoi cuTyarlii. JIjis ii BUPIIIEHHS B IbOMY JTOCJIJIKEHHI
BUKOPHCTAHO 1]1€10, IO ifeHTHdIKAIsl HeOe3MmeyHoi cuTyarlii 371HCHIOEThCS 3a 03010

JIOJIUHU «PYKH BrOPY».

1.3. ApxiTekTypa KOMII'FOTEpU30BAHOI CUCTEMU JIsl BHUSIBICHHS HEOE3MEUHUX

CUTYyaIIii

VY3arajibHeHa apxiTEKTypa KOMIT'FOTEPU30BAHOI CUCTEMH BUSIBJICHHS HEOE3MEUHMX
CUTyallli, B sIKii 11eHTU(IKaLIST HEOE3MEeKH 3A1MCHIOETHCS 3a JOMOMOIO0 PO3Ii3HABAHHS
MO3M JIOJMHK "pyku Bropy'", npencrasiena Ha puc. 1.5. KCB, 30kpema, ii y3araiabHeHa
apXiTeKTypa, OOTpyHTYBaHHS METOAY BU3HAUYEHHS HEOE3MEeUHOi cUTyarlii (IMOB1IOMJICHHS
PO Hamaj 3JI0BMHUCHHKIB YW 1H.), @ TaKOXX OTPUMaH1 pe3yJbTaTH MPOTHO3Y OMNHUCAHI B

crarri [1].



19

receiving a video stream

\ r Internet
— 0/
n 8 —
! y

identification of an
emergency with the help
informing about an of Al
emergency Situation peeeececcccccccaaas 3

S

- -

Puc. 1.5. Y3aransHena apxitekrypa KCB i BusiBieHHs HeO€3MeUHUX cUTYyallii [ 1]

B wiii cuctemi aJig BUSBICHHS Hamajay 3alpOlOHOBAHO 3AIMCHUTH PO3Mi3HABAHHS
Mo3u “pyKd Bropy’’, BUKOPUCTOBYIOUHM 6-Th KIHOUOBHX TO4YOK B Mozem PoseNet [1]. Lli

TOYKM MTOKa3aHO Ha puc. 1.6.

left_wrist night_wrist

lef_shouider right_shouider

middle point

right_elbow

Puc. 1.6. Bizyanizauis 6-T1 KJIF0O4OBUX TOYOK, OTPUMAHHUX 3a JonoMororo mozeni PoseNet

JUTs1 BUSIBIICHHS HEOE3MEeUHO1 CUTYyaIrii

s gocaimxenns [1] 6ymo ctBopeno 13 1510 300paxens Hablp JaHUX JJIs1 HABYAHHS

monemi LI PoseNet. OrpumMani pe3ysibTaT po3ii3HaBaHHs - HaBeeHi B Ta0a. 1.1, 1.2 [1].
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Tabnuus 1.1
Pe3yabTaTi po3mizHaBaHHs mo3u [1]
[To3a «pyku Bropy» [H1111 IO3M
HasBa meTony Bchoro: 930 BCchoro: 580
Knacuixamii NPAaBUIBHO | HEMPABWIBHO | MPABHILHO | HENPABUIBHO
kyacu(ikoBaHO [Kiacu(dikoBaHoO [Kiacu(dikoBaHO Ki1acu(]PiKOBaHO
SVM 3 Bukopucras- 930 0 580 0
HsM spa ['ayca
JloricTuyna perpecis 856 74 525 55
HaiBHuii Oaecis 862 68 504 76
KkJjacudikaTop
JIMCKprUMiHAHTHUAN 851 79 526 54
aHail3
Meton K-HainOmmx- 862 68 504 76
YUX CyCIiB
Tabnuys 1.2
Pe3yJbTaTH NPOrHO3yBaHHS Po3MiZHABAaHHS mo3u [1]
Ha3sga knacudikaropa RECALL PRECISION
SVM 3 BukopuctanHsaMm sipa ['ayca 100 % 100 %
JlorictnyHa perpecis 94.0 % 92.0%
HaiBnawuit 6aeciB kinacudikatop 91.9% 92.7 %
JIMCKpUMIHAHTHUN aHAaTi3 94.0 % 91.5%
Meton K-naitdommkaux cycimiB 91.9% 92.7 %

Le# miaxia 103BOJISIE 3SMEHIIUTH 00CAT OOUHCIIIOBAIBHUX PECYPCIB, HEOOXITHUX IS

OTIPAIlIOBAaHHS BIJACOMOTOKY, 1 3a0€3MEUUTH BHUCOKY TOYHICTH pO3MI3HABAHHSA, ajie

HEJI0JIIKOM BHKOpUCTaHHS Mojeni PoseNet € TouHICTh po3mi3HABaHHS KIFOYOBUX TOUYOK

(cyrio06iB), SKIIO JIOIMHA HE 3HAXOAUThCS 0€3MOCEPEIHBO MEePe]l KaMepolo.

Bapro BigMiTUTH, 110 JJIs1 IBUAKOTO pearyBaHHs Ta i1HGOPMYBaHHS NP0 HEOE3MEKY,

CHUCTEeM1 HeMae HEOOXIIHOCTI pO3Ii3HABATH IHIN TO3U. 3arajoM, IMepeadayeHo, o

KOpHCTYBauaM 3alporioHOBaHo1 B [ 1] cuctemMu, TOOTO MOTEHIIMHIN ‘““KepTB1”, € B1JIOMO, 1110

npu HeOe3neni NoTpiOHO MPUIHSTH MO3Y “pYKH Bropy’ 13HAMTH MOXIJIMBICTh CTOSTH B MOJI1

BI/I,ZII/IMOCTi KaMEpu Bi,Z[GOHaI‘JIHIIy, 1110 € IICBHUM 0OMEKEHHSIM BUKOPHUCTAHHA CUCTCMU.
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Otxe, HEOOXIAHICTh MOKpAIICHHS ICHYIOUMX METOJIB BUSIBICHHS HEOE3MEUHUX
cutyanii KCB 3ymoBieHna Takumu (haktopamu SIK: MIBHIKICTh Ta €(EKTUBHICTh POOOTH B

pCaJIbHOMY qaci, a TaKOX l'IiI[BI/IHIGHHﬂ TOYHOCTI pOSHiSHaBaHH}I Y CKIIaIHUX YMOBax.

1.4. BucHoBkH 10 po3ainy 1

B pe3ynpTaTi MpOBEACHOTO AHAIITUYHOTO OTJISIAY JIITEPaTypu BCTAHOBIICHO, IO
KoMIT'toTepu3oBaHi cucremu BigeoHarnsiay (KCB) mupoko BHUKOPHUCTOBYIOTHCS ISt
3a0e3nedeHHs OC3IMeKH IIUITXOM BHUSBIICHHS Ta MPOTHO3YBAHHS HEOE3MEUYHUX CUTYAIH Y
myOJIIYHUX Ta MPUBATHUX MICIISX.

BusiBneno, 1o HalnepcneKTUBHIMIMM 1HCTPYMEHTOM JIJIsl BUSBJICHHSI HEOE3MEUHUX
cutyauiii e L1, 30kpeMa TeXHOJIOT1i MAIIMHHOTO HABYaHHS Ta 3TOPTKOBI HEHPOHHI MEPEXK1
(CNN).

Ha ocHoOBI aHaii3y iCHYIOUMX PillIEeHb BCTAHOBJICHO, 110 JJIS PO3Mi3HABAHHS JIIOIUHU
BukopuctoBytoThCA pi3Hl T CNN (2D CNN 1 3D CNN), siki 31aTHI 1IeHTH(IKYBaTH
00'€KTH 3 TIOCIIJJOBHOCT1 KaAPIB 3 BUCOKOIO TOYHICTIO.

BcTaHoBIE€HO OCHOBHI HEIOJIKM ICHYIOUMX CHCTEM, a came: CKJIaJHICTh
OTpAIfOBaHHS JIAHUX y peaJbHOMY 4aci, HEOOXIIHICTh aJanTailii CUCTEM JO0 poOOTH Y
PI3HMX YMOBAX, 3QJIEKHICTh TOYHOCTI PO3M13HABAaHHS B1J] SIKOCT1 300pa)KeHHSI Ta pO31JIbHOL
3IaTHOCT1 KaMep, NpoOJIeMHu 3 PO3Mi3HABAHHSM MPU HU3bKIM OCBITJIICHOCTI Ta HaKJIalaHHI
00'€KTIB.

Ha ocHOBI mpoBeneHOro aHali3y BHU3HAYEHO HEOOXIAHICTh IMOJAIBIIOTO
BJIOCKOHAJICHHS ICHYIOUMX METO[IB BUSBJICHHS HEOE3MEUHUX CUTYAIlH 7S 3a0e3MeueHHs
MIBUILEHHS IBUAKOCTI Ta €EKTUBHOCTI pOoOOTHU B peajbHOMY Haci, a TaKOX TOYHOCTI

PO3MI3HABaHHS y CKIaJHUX YMOBaX.
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PO3JILI 2
TEOPETUYHA YACTUHA

2.1. OOrpyHTyBaHHs BHOOpPY THUILy MOJENI JUIsl BHUSBJICHHS HEOE3MeYHUX

CUTYyaIIii

B naHuii yac iCHyrOTh MOMJIMBOCTI JIJIS TTOAQJIBIIOTO IMiABUIICHHS €(DEKTUBHOCTI Ta
apganTtainii KCB no pizux ymoB. OfHI€I0 3 NEPCIEKTUBHUX MOJENEH, fKa MOXe OyTu
BUKOpPUCTaHa JUIsl BUSIBJIICHHS HEOE3MEUHUX CUTYalli, AKl 17€HTU(QIKYIOThCS HITHATUMU
pykamu, € YOLO [14].

[IpoTsirom ocTaHHIX POKIB J1Jig 3a0€3MEUCHHS BUSIBIICHHS 00'€KTIB Y pealbHOMY Yacl
JOCJIITHUKU 30CEPEKYBAIUCS HA Po3poOIli IETEKTOPIB HA OCHOBI 3rOPTKOBUX HEHUPOHHUX
Mepex (CNN). Cepen skux anroput™ You Only LookOnce(YOLO), npencraBiieHuii Ha
CVPR y 2016p. JIxxo3edhom Penmonom pazom i3 nociigaukamu 3 FAIR(Facebook Al
Research) Ta Iucturyry LI Asiena, 3100yB HIMPOKY MOMYJSPHICTH 3aBMASIKA CBOEMY
30aJIaHCOBAHOMY MIJXOAY 10 MPOJYKTHBHOCTI Ta epekTuBHOCTI [15]. ToMmy BHSIBICHHS
HeOe3neku s moauHu KCB 3a mo3oro “miiHATI pyKu” AOUUIBHO 3A1MCHIOBATH HUIIXOM
BUKOPHUCTaHHS Takux mozeneu, sk YOLO.

VYesa cepis mozmeneit YOLO — 1e CyKynmHICTh HOBATOPCHKMX KOHLEMIN Ta
IHKEHEPHUX 1HHOBAIIlM, sIKi copMyBaiM CydacHI METOIM BHUSBICHHS 00’e€kTiB. Bona
MIPOTIOHYE YUCJICHHI TPUKJIIAIHI 1/1e1 MATMHHOTO HaBYaHHSI, SIK1 MOYKHA BUKOPHCTOBYBATH B
KOHKPETHUX cleHapiax. Ha BIOMIHY BiJ 3BUYalHMX METOJIB, IO BHKOPUCTOBYIOTH
nBoetanHi mporecu BusBieHHs, YOLO posrnsgae BusBieHHS O0O0'€KTIB SK MpoOiIemMy
perpecii [15]. ¥ mapagurmi YOLO ennna 3ropTkoBa HeMpoHHA Mepeka BUKOPUCTOBYETHCS
JUTSI TIPOTHO3YBaHHS OOMEXYBAJIBPHMX PaMOK Ta BH3HAYCHHS WMOBIPHOCTEH KIIACiB IS
BChOTO 300pakeHHs. Lleil crpoieHuid miaxij BiAPIZHAETHCS BiA TPAIUIIMHUX METOIIB
OUTBIII CKJIAIHUMH KOHBeepamu[16].

Mogeni YOLO gocsiratoTh BUCOKOT TOYHOCTI BHSIBJICHHS 3 MIHIMaTbHUMU
obuncmroBaTbHUMH  BuMoramu. Jleski Mmozeni YOLO amanroBaHi 0 KOHKPETHHX

MOXKJIMBOCTEH OMpaItOBaHHA JaHUX MpucTpoeM. binbiiicte Mmoneneir YOLO po3po6ieHo
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JUIA pi3HUX MaciuTabiB, TAKUX SK MaJjll, CEpEeIHI Ta BEJIHKI, IKI MOXKHA JIETKO Cepialli3yBaTH
B ONNX, TensorRT, OpenVINO Ttomo [14, 15]. Ile mae kopuctyBadaM MOKIIUBICTb
nia10paTH HaHONITUMAJIBHINTY JIJIS iX 3aCTOCYBaHHS.

Apxitektypa YOLO mnpencraBuna HacKpi3HHMMA, AUGEPEHITIMOBAHWNA IMiIXiA [0
BUSIBJICHHS OO0 ’€KTIB BHKOPHUCTOBYIOUM YHI(iKaIlil0 3aBAaHb perpecii oOMeKyBaabHOI
paMku Ta kiacu@ikamii o0’ekTiB B equHy HeilponHy wmepexy [15]. ITo cyri, YOLO
CKJIQIa€ThCS 3 TPHOX OCHOBHUX KOMIIOHEHTIB: XpeOeT, IMs, TosoBa. XpeOeT BUTATYE
IPOCTOPOBI Ta CEMAHTUYHI XapaKTEPUCTUKU 3 BXIJIHOTO 300pa)K€HHS 3a JOMOMOTOIO
3roptkoBux ImapiB. Illusg arperye OaratromacimiTaOHI €JE€MEHTHM Ta MOKpAIIYE IXHE
MIPEACTABICHHS. 3arajibHi MEXaHI3MHU BKIIOUYalOTh Mepexl mipamign ¢yHkuid (FPN),
Mepesxi arperanii nsixiB (PAN) abo piBenb 00’ eqHanHs ipoctopoBux mipamina (SPP). PAN
(mepexi arperamii nuisixiB) BuUKopucTtoByeTbesi B YOLOvI(O. A rosioBa BHBOAWTH
KOOpAMHATH OOMEXYBaJbHOI paMKH, OLIHKA JOCTOBIPHOCTI Ta TMPOTHO3U KIACy.
Hampuknan, YOLOvV1IO mae Toj0BH «OAMH-IO-OJTHOTO» Ta «OJMH-10-0araTbox», sKi
CIIy>)KaTh MPOTHO30M JJIsl HAaWKpaIuX 1 Ui BCIX MOXKIMBHX OOMEXYBATbHUX PAMOK IS
TOTO caMOro 00’ekTa (ciykauu anbrepHaTHBOI0O NMS (HemakcuMmabHE MPUTYIICHHS),
BUKOPUCTOBYBAHOMY B MOTIEPEAHIX BEpCIsIX, 1100 3a0e3MmeunT HalKpally BIAMOBIIHICTD 1
€IMHY OOMEKYBAJIbHY PaMKYy, siIKa TIOCHUIIA€ThCsI Ha 00’ ekt [17].

XpebeT, 3ropTkoBa HEWpPOHHA MepeXka, BIAMOBIIAE 3a KOAYBaHHS 1H(oOpMaIii mpo
300paxkeHHsT B KapTh (QyHKIIA y pi3Hux Macmradax. [loTiM 11 kapTd 00 €KTiB
OTPaIlbOBYIOTHCS IIHEI0, CEPIEI0 MMIAPiB, MPU3HAUCHUX JJI 1IHTETpallii Ta BJIOCKOHAICHHS
npejacTaBieHb 00°ekTiB. HapemTi, TrojoBHMI MOIynb TIeHEpye TMPOTHO3M s
00OMEKyBaJIbHUX PAMOK 00’ €KTIB 1 MITOK KJIACIB HA OCHOBI OMPAallbOBAHUX (DYHKIIIH.

3a cBoeto cyTTio apxiTektypa YOLO ckinamgaeTbesi 3 TphOX OCHOBHUX KOMITOHEHTIB.
[To-mepire, XxpebeT CITyKUTh OCHOBHIM €KCTPAKTOPOM O3HAK, BAKOPHUCTOBYIOUN 3TOPTOUYHI
HEHUPOHHI MeEpeXi JUIsi TEPETBOPEHHs HEOOpOOJIGHWX JaHWUX 300paKEeHHS B
OararomaciTaOHi kaptu ¢ynkuii [14, 15].

[To-npyre, KOMIOHEHT M JI€ K MPOMIXKHUH €Tall ONpalOBaHHs, BAKOPUCTOBYIOUU
CHeIfiaji3oBaHl Mapu Ui arperyBaHHS Ta MOKPAIICHHs PEMPEe3eHTAIlll O3HAK Yy PI3HHUX

macitabax. [lo-Tpere, roOBHUN KOMIOHEHT (PYHKI[IOHY€E SIK MEXaHI3M MPOTHO3YBaHHS,
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TeHEPYIOUM OCTATOYHI Pe3yibTaTH IS JIOKaji3amii Ta Kiaacudikaiii 00’€KTIB Ha OCHOBI
BJIOCKOHAJICHUX KapT O3HaK.

OcHOBHUI TpoI1eC BUSBICHHS € HE3MIHHUM Y BCIX MOJENSIX: 0OMEXYBaJbHI paMKU
MPOTHO3YIOTHCA 32 JOTIOMOTOI OMOPHUX PaMOK, sIKi € TOINEpPeaHhO BU3HAYCHUMU
IPSMOKYTHUMH (popMamu, 110 MPEACTABISIIOTh THUIOBI MPOIOPIIT Ta po3Mipu 00’ €KTIB.
Jlami mporiec BKJIIOYAE 31CTABICHHS MPUB’S3KU - KOKHA KJIITHUHKA CITKM Ha KapTi 00’ €KTIiB
MOB’si3aHa 3 JCKUIbKOMa MpHUB’si3kamMu. Mojienb npu3Hayae 0a30BUN 00’€KT ICTHHHOCTI
onopHOMY OJIOKY, IKUM HalKpallle BiJIMOBIIa€ HOro po3mipam, BAKOPUCTOBYIOUYH MIOPOTOBE
3HaueHHs nepetuny uepe3 3’eqHaHHsA (IoU). A Takox mependayae 3MINIEHHS BIJIHOCHO
KOOPJIMHAT pPaMKH TPHUB’SI3KH, I TOYHOTO HAIAIMNTYBAaHHS PO3TAIIyBaHHSI Ta PO3MIp
oOMEeXyBaJbHOT paMKu. 30KpeMa, BiH Tependadyae KOPUTYBaHHS KOOpPJMHAT LEHTPY,
IIMPUHU Ta BUCOTHU. T1Jl YaC HABYAHHSI JIJI1 ONTUMI3allli MPOrHO30BaHUX OOMEKYBaIbHUX
paMOK OOYHMCIIOIOTHhCS KOMOiHaIlis BTpat: jokamizauii (Hampukian, CloU a6o GloU),
JOCTOBIpHOCTI Ta Kiacudikarii [14, 16, 18].

[Tponec BusBiaeHHs 00'ekTiB YOLO mokasano Ha puc. 2.1 [18].

One-Stage Detector
Input Backbone

Dense Prediction

Puc. 2.1. TIpouec BusiBiienHs 00'ektiB YOLO [18]

Ha puc. 2.2 moka3zaHo TOpIBHSHHS TMapaMeTpiB TOYHOCTI Ta MIBUIKOCTI PI3HHUX
monenelt cimerictBa YOLO TensorRT FP16 na GPU T4 na natopi nanux COCO [14].

ETanonHi mokazHukM HaJaI0Th 1HGOPMAIIIIO MTPO PO3MIpP EKCIIOPTOBAHOTO (hopMarty,
Moro nokasHuku mAP (cepeaHsi TOUHICTB), @ TAKOX Yac BU3HAYEHHS B MUTICEKyHIaX Ha
300paxkenHst B (¢opmari TensorRT. ILlg indopmamis Moke TONOMOITH BUOpATU

ONTUMAJIBHUM (POpMaT EKCIIOPTY 11 KOHKPETHOTO BUIIAJKy BUKOPUCTAHHS HA OCHOBI iXHIX
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BUMOT JI0 IMBHIKOCTI Ta TOYHOCTI. CepenHs TouHicTh MAP € ogHi€l0 3 HAaWBAKITUBIMINX
METPHUK JUIsl OLIHKK Mojelied 00'€KTHOTO JEeTeKTYBaHHS 1 BU3HAYAETHCS ILIOIMICIO ITiJT
JTIHIAMH Ha TIO3HAYEHHS BIIYYHOCTI Ta 3amam’stoByBaHHS [14]. mAP e y3arajabHEHOIO
MIpOT0, SIKa JTI03BOJISIE OIIHUTH, HACKIIBKA JOOPE MOJIEIh CIIPABISIETHCS 3 yCiMa KIIACaMH 1,

O0YHCITIOETHCS K cepenHe 3HaueHHs AP s Beix kiaciB (auB.dopmynu 2.1-2.2.).

5 1
mAP = N Z AP; (2.1)

ne N — 3aranpHa KiUIbKIiCTb KiaciB, API — cepenns Tounicts (Average Precision)

VIS KJ1acy |.

1
AP = / p(r) dr (2.2)

ne p(r) — 3anexHicTh TOYHOCTI (precision) Big moBHOTH (recall). Precision Bka3ye Ha
BIICOTOK KOPEKTHO TependayeHux o00'ekTIB cepen ycix mnepeadadyeHux (ICTHHHO
MO3UTUBHI/(ICTUHHO TO3UTHBHI + XMOHO MO3UTHUBHI)), a recall - Ha BIACOTOK KOPEKTHO
nependaueHux O0'€KTIB cepell yciX peanbHUX 00'€KTiB (ICTUHHO TO3WTUBHI/(ICTHHHO
MO3UTHUBHI + XMOHO HETaTHBHI)).

dopmyna (2.2) BimoOpakae twionry ming kpuBoto Precision-Recall (PR). Bapro
3ayBOXUTH, MO0 MOJIETh O0'€KTHOTO JETeKTYBaHHS TparHe N0 BUCOKHX 3HAYEHb SK
precision, Tak 1 recall, a kpuBa PR moka3ye kommpomic MiX TOYHICTIO (precision) i
nmoBHOTOIO (recall). HeoOximHo BiAMITHTH, MO 4YMM OLIbIIA INIOINA, THM Kpalla
MIPOAYKTUBHICTh MOJEII 111 KOHKPETHOTO KJIacy.

Ha puc. 2.2. HaBeieHO MOpPIBHSHHS MapaMeTpiB TOYHOCTI Ta HIBUIKOCTI PI3HUX

moeneii cimeiictea YOLO [14].



EYOLO11
EYOLOv10
EYOLOvVY

@ YOLOvS

@ YOLOv7
EYOLOvE-3.0
EYOLOVS
PP-YOLOE+
DAMO-YOLO
& YOLOX
RTDETRv2

mAP

YOLOvE YOLOVT YOLOVE-3.

[=]

AMO-YOLO YOLOX RTDETRv2

Puc. 2.2. ITopiBHSAHHS apaMeTpiB TOYHOCTI Ta MIBHUJKOCTI PI3HUX MOJEIIEH

cimeiicta YOLO [14]
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Mopent YOLO mupoko Ta yCHIIIHO BUKOPUCTOBYIOTHCSA Y cepl KOMI'IOTEPHOTO

30pY, TOMY JIOCTITHUKH BAOCKOHATIOIOTH ICHYOY1 MOJIEII, JI0/Iaf0Th HOB1 MOJIYJI1 JI0 METOTY,

Ha croromnimniii nenp Bxke € 11 Bepeist YOLO.

B T1abn. 2.1 HaBenaeHO TOPIBHSUIbHUN aHali3 METOAIB BUSBICHHS HEOE3MEUHUX

cuTyailiii 3 Bukopuctanusm mozeneir PoseNet ta YOLO.

Tabnuys 2.1

IMopiBusinnuga moaeeit PoseNet Ta YOLO n1s1 BUsiBJIeHHsSI HeOe3leYHNX CUTYaIlii

Kpurepiit Mopens PoseNet Mopens YOLO
1 2 3
[IBuaKicTH ta | EdextuBHa, ante oOmMexxeHay | 3abe3neuye IIBU/IIIE
e(eKTUBHICTh CKJIQJIHUX CIIEHAPIAX OMpALIOBaHHS B pPEATbHOMY
yaci, 10 J03BOJIIE pearyBaTu
Ha 3arpO3u OMEPATHUBHO




IIpoooeoicenns mabauyi 2.1
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CKJIaIHUX YMOBax

e(DEeKTUBHICTh Y CKJIAJHUX

ymMoBax (HU3bKa  SKICTb
300pakeHHs], roraHe
OCBITJICHHS )

1 2 3
bararoo0'ekTHa OpienTtoBaHa Ha | [lo3Bonsie iaeHTH(IKYBaTU Ta
imeHTudikaris pO3ITi3HABaHHS 1103 OJIHI€] | BIACHIAKOBYBATH KUJIbKa

JIFOIUHA 00'eKTIB OJHOYACHO, 110
M1 IBUIILY € TOYHICTH y
0araToII0JHUX MICLIX
['HyukicTh OOmexeHa 3MaTHICTh | MOXe pO3Mi3HaBaTH IIUPOKHI
PO3LINPEHHS pPO3MI3HABATH 1HIII BaXKJIUBI | CHEKTp OO'€KTIB Ta i, IO
(GYHKIIOHATBHOCTI ACIEKTH MOBEIHKH poOuTH CUCTEMY OB
YHIBEpPCAIBHOIO.
TouHicTh Moxe wmatu  oOmexeHy | Po3pobnena mns  poOotu B

YMOBaxX 3HUKCHOI BHIUMOCTI,
3a0e3neuyoun Kparry

TOYHICTb.

TakuMm 9MHOM, MMOKPAIICHHS ICHYIOUHMX METOIB BHSBJICHHS HEOE3IEUHUX CUTYaIlil

LUISIXOM BUKOpPHUCTaHHs Ta BlpoBa KeHHs B KCB taknux monenei, sk YOLO, Moxke 3Ha4HO

I1IBUIIUTH IIBUJIKICTh, TOYHICTb, CTIMKICTH 1 YHIBEpCAJIbHICTh CUCTEMH BijieoHarsiay. Lle

JI03BOJITH Kpallle aJanTyBaTH CUCTEMY JI0 PI3HOMAaHITHUX YMOB 1 CIICHApIiB, MiABUIIYIOUN

i 37aTHICTH 3a0e3MeyyBaTH OE3MEeKy B PEXKUMI PEaIbHOIO Yacy.

3 MeTor aHamizy Ta BUOOpY HaWomTHMasbHINIOrO0 MeTtony BusiBieHHs KCB

HeOe3NMeYHUX CUTyallld Ui JroJed 3a MIAHATAMHM BBEPX pPyKaMU JTOCIIIKEHO MOJeNl

YOLOVS8, YOLOvV10 ta YOLOVII.

2.2

Mopens YOLOVS

YOLOV8 — 11e B1ockoHalieHa Ta MepeioBa MOJIEIb 13 MOXKIMBOCTSIMH CEMaHTUYHOT

CerMeHTaIlli Ta BUSBJIEHHS, fKa MPOTOHYE BUIIY TOYHICTh 1 IIBHIKICTh BHUSBICHHS,
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BunymeHa kommnaniero Ultralytics. Apxitektypa YOLOvVS BiamoBigae Tiid camiil
apxitektypi, mo # YOLOVS, 3 KigbkOMa HEBEIUKHUMH KOPWUTYBAaHHSMH, TaKUMHU SIK
Bukopuctanas moayiss c2f 3amicte Moy CSPNet [14,15]. Apxitektypa YOLOVS B

OCHOBHOMY CKJIaJJa€ThCs 3 XpeOTa, INi Ta TOJIOBH, SIK TOKa3aHo Ha puc.2.3 [15].

YOLOv8 ® RangeKing
Backbone Head volovsHead
Eact Do
Backbone - | 3 | 4xreg max | +DFL
(PS5) s ! ]
% s ./
P4 : | [AaBEE
Loss b
Details
model d (depth_multipie) w(width_multiple) r (ratio)
hawsc in U 033 025 70
==+ = ~ s 033 050 20
Conv m | 061 075 15
k=1,5=1,p=0, 1 1.00 100 10
— Cacout ) x 100 135 10
Lt hawsc out
Conv ‘ ’_Oﬂ haw<05¢_out Sj;ﬁt
1§ k=3, s=2, p=1 | Pl swiloe aut R 3
A (|| MaxPooizd |
s hrwe : MaxPool2d
320x320x64xw . s axPool |
hew<0.5¢c out Bot k-siss_l,\pnlr .
: shorteut=? | | twse _é_.?""‘ MaxPool2d
Con ) | ihwasc o b | !
LS ol o P2 Tnwoscon || | Bottleneck MaxPool2d
Botdeneck | shortcut=False _, hxw=c
160x160x128xw shorteut=? [ Conv s
1 hew+05¢_out ‘L
c2f [2 —E
| shortcut=True, n=3xd Concat J i
how0Snedic ot | | DERECE  Axhotree | asigner.TaL |
AR e Cov |l com | [ Comad | [mbox
iy i (R ) I Loss
e 3 caf e [ cow ||  cow | [  convad (Fas)
| k=3,522,p=1 73 shortcut =2, n b coe | esiemp=t T ensenpat T MMIYR0 { Less
80x80x256x caf |15 80x80x256x1 e
shortcut=False, n=3xd | p3 Detect
4 3 | 80x80x768xw
c2f |4 soxgox2s6xw [ ]
| shortcut=True, n=6xd Stride=8 Concat = 14 80x80x256xw
: | BOX8OXS12xw pr— =
80x80x 256X e T == Conv 16
’ 2o st | Upsample e k=3,552,p=1 )
| Conv s 40x40x512x ' | 40x40x256xw
(s et P4 " ca2f [12 “xdonsizen [y e
40405512 shmcul=klse,.n=3xd | ) 22
- i : 40x40x512xwx(1+1)
caf | 6| 40x40x512xw et J“ 40x40x768x
shortcutaTrue, n=6xd Stride=16 o 2 3
C2f 18 40x40x512xw | Detect
A40x40x512%w e shortcut=False, n=3xd P4 1
AP rereuctsobial 40X 512 wxr L l )
Cony Il 40x40x512
k=3, 522, p=1 a = s 40X512xw
k=ds=2,p=1 ps (Upsampie [w% »
| 20420x512xu0x7 e — ' Conv ]39
c2f 8 | k=3,522,p=1 =
shortcut=True, n=3xd 20%20x512xwxr
T 20x20x512xw
20x512xwxr
20%20x512xw o
B bl 20%20%512xwxr { Concat o
| 20%20x512xwx(1+)
Note: c2f 21 20x20x512xwxr
Baohtswidttixchiannel shortcut=False, n=3xd PS Detect
Backbone Head

Puc. 2.3. Apxitektypa YOLOVS [15]

YOLOVvVS8 BukopucroBye (pynkiii Brpar CloU ta DFL nns BTpatr oOMexyBallbHOI
paMku Ta OiHapHY KpOC-€HTpPOIio s BTpaT kiacudikarii. 1[I BTpaTtm moxpamumm

e(eKTUBHICTh BUSBICHHS 00 €KTIB, OCOOJMBO MpH pPOOOTI 3 MEHIIUMU OO €KTaMH.
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YOLOVS Takox BUCOKOE(EKTUBHUI 1 THYYKUN, TIATPUMYE YUCICHHI (pOpMaTH €KCIOopTY,
1 MOZIeTTh MOXKE MPAIIOBATH Ha rpadivHMX 1 EHTpaIbHUX mporecopax [14, 15].

Jocrynai mogem YOLOvS: YOLOv8nano(YOLOv8n), YOLOv8small(YOLOvSs),
YOLOv8medium(YOLOv8m), YOLOv8medium(YOLOv8m) ta YOLOVS extra large. ¥
KOXKHIM KaTeropii € MoJIeli JiJis BUSIBIICHHS, Kiacudikailii Ta cermeHTarii. Haimsuamoro 1
Haiimenmor € YOLOVS8 nano, a YOLOVS extra large (YOLOV8X) - € HaTOUHIIIOIO, aJi€ 1
HanmoBUIpHIIOK. OcTanHe ciMericTBO Mozeneir YOLOVE Takox BKIFOYAE MOJIETI OIIHKA

11034, K1 MOJXYTb BUABIIATU KJIIOYOBI TOYKHU JJIOAMHH 3 BUCOKOIO TOYHICTIO.

2.3. Mogens YOLOV10

YOLOV10 — me ogHa i3 HAWHOBIMIUX BEpCid MOJemi JUisi BUSIBICHHSA OO'€KTIB B
peaqbHOMY Yaci, po3po0biieHa gociaiqHukaMu 3 YHiBepcuteTy Llinxya [17]. Bona € 3Haunum
MOKpallleHHsIM ~ ToniepeaHix Mojenedr YOLO, 3a0e3neuyioud BHCOKY TOYHICTH 1
edextuBHICTh. KitouoBumu ocobmmBocTssMu YOLOvVIO0 € BinmoBa Bix NMS, nokparieHa
apXxiTeKTypa, BUCOKA MPOJTYKTHUBHICTh Ta THYYKicTh [14, 17].

[Tponiec BusiBienHss YOLO ckiiamaeTbcst 3 ABOX YaCTHUH: OCHOBHOTO OOYMCIICHHS
Mozeli Ta moctoopodbka NMS(noninear maximum compression - HeJliHIMHE MPUTHIYCHHS
MakcumyMiB). IIpore oOWABI YaCTMHU BCE € MalOTh HEIOJIKHM, IO BIUIMBAIOTH Ha
ONITUMAJILHICTh CITIBBIIHOIICHHS TOYHICTh/3aTpuMKa. YOLQO BHKOPHCTOBYE CTpATETiIO
HaBYaHHS "OAMH-IO0-0araThoX", JI€ KOXKEH peaJbHUM OO0 €KT BIAMOBIAAE ICKUIBKOM
MO3UTUBHUM B3IpIsAM. Xoda LeW Mmiaxija 1 3abe3neuye BUCOKY TOYHICTh, BIH MOTPeOye
Bukopuctanus NMS nmns BuOopy Halikpamioro mporsosy. lle ymoBuUIbHIOE HIBHAKICTH
MPOTHO3YBaHHA Ta pOOUTH MPOJYKTUBHICTh UYTIMBOIO 10 HaslamTyBaHb NMS, 1110 3aBaxkae
ONTUMaJIbHOMY "KiHellb-A0-KiHIs" BrpoBakeHHio YOLO. Bupimenns miei npoodieMu
3MIMCHEHO  3aBASKA  BHUKOPUCTAHHIO  MIAXOMIB, SKI  HACHIAYIOTh  apXITEKTYpy
DETR(Detection Transformers), a TakoXX JOCIIPKEHHIO METOAIB MPSMOro "KiHEIb-70-

KiHI" BUsIBIIEHHS 11 ieTekTopiB Ha ocHOBI CNN. IIpore 11 mijgxoau yacto abo 1071at0Th
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JOJAaTKOBI ~ BUTpaTH HAa MPOTHO3yBaHHs, a00 3a0e3meuyloTh  CyOONTHUMAalIbHY
npoaykTuBHICTh u1st YOLO [14,17].

VYV mpoueci HaBuanHs YOLO 3a3Bu4ail BUKOPHCTOBYIOTH CTpaTerito "OJIuH-I0-
OaraTpox" JJIs MPU3HAYEHHS MITOK, KOJIM OTHOMY 00’ €KTY BIAMOBIIA€ KiJTbKa MO3UTUBHUX
BuOipok. Takuii minxin 3abe3medye Oaratvii HaOlp HaBYAJIbHUX CHUTHAIIB, CIPUSIOYU
onTUMi3allii Ta JOCITHEHHIO BUCOKOI MPOAYKTUBHOCTI. AJle BUMarae 3acTocyBaHHs NMS
mij yac iHpepency, mo ynoBUIbHIOE POOOTY MOJEIII.

J11st po3B’si3aHHA 1i€1 TpoOaeMu BUKopucaHo crparerito HapuanHga YOLO 6e3 NMS
13 BUKOPUCTAHHSM MMOABIMHOTO MPU3HAYEHHS MITOK Ta Y3r0JI)KEHOT METPUKHU BIATOBIAHOCTI.
Lle no3BoJIl€ MOZIENI OTPUMYBATH HACHYEHI Ta Y3rOJKEHI HaBYaJbHI CUTHAJIM, YCYBalOUU
notpedy B NMS i1 yac iHpepeHcy.

3amicTh cTparterii "oauH-10-0arathox" cTpateris "oJMH-I0-0AHOTO" mependayvae
BUIMOBITHICTD JIMIIIE OJTHOTO IMPOTHO3Y KOXKHIM €TaJIOHHIN MITII. X04a IIe yCyBa€e moTpedy
B NMS, Takuii miaxig MOXe CIpPHYMHHUTH clIa0Ke HaBYaHHS 4epe3 OOMEKeHI HaBYabHI
CUTHAJIU. {7 MOJ0JIaHHS I[bOTO HEOJIIKA 3/1MCHEHO 1HTErpyBaHHA OOWMJBOX CTPATETIM.
JJist IbOTO BBOJUTHCS JOJIATKOBA TOJOBHA YaCTHUHA MOJIEII, sIka BUKOPUCTOBYE CTPATETIIO
"oguH-g0-oaHO0TO". I1i]1 yac HaBYaHHS OOW/B1 YACTUHU MOJIEJ1 ONTUMI3YIOThCSl CIUIBHO,
mo 3abe3nedye 30aradyeHe HaBUaHHS IS BCl€i apxiTekTypu. [lig yac mporHo3yBaHHS
BHUKOPHUCTOBYETHCS JIMIIIE FOJIOBHA YACTUHA, IO MPALIOE 3a MPUHLIMIIOM "0IUH-A0-0AHOTO0",
JUIS yCYHEHHs TyO0JIoBaHb y nporuosax [14,17].

Jlnst 3a0e3neueHHss y3roJKEHOCTI MK JBOMa CTpATErisiMd, BUKOPUCTAHO €JIUHY
METPUKY JJIs1 OLIIHKU BIJIMOBITHOCTI MK MMPOTHO3aMHM Ta eTajioHaMH. L{g MeTpuka BKiIro4ae
OLIHKY Kiacuikaiii, piBeHb nepekputts (IoU) Ta nmpocTopoBuil npioputer. Y 3roHKeHHs
MDK I[MMH KOMIIOHEHTAaMH JIO3BOJIIE€ ONTHMMI3yBaTH OOWABI YaCTUHU MOJEIl B
rapMOHIMHOMY HaNpPSIMKY.

OxpiMm mocToOpoOku, apxitektypa YOLO Takok Mae 3HAYHUM BIUIMB Ha
CHIBBIHOIIEHHS MPOJAYKTUBHOCTI Ta €PEeKTUBHOCTI. TOMY 3alpONOHOBAHO XOJIICTUYHUN
M1JIX1]] 10 ONTUMI3allii KOMIIOHEHTIB MOJIEI SIK 3 TOYKH 30pYy €(PEeKTUBHOCTI, TaK 1 TOUHOCTI.

YOLOvVI10 monens He moTpedye moctoOpoOku 3 BukopuctanusiM NMS, Tomy mae

MEHIIY 3aTpPUMKy Ta MHIABUIIEHY WIBUIKICTH ompaitoBaHHs. YOLOv10 BukopucrtoBye
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BrockoHaneHy Bepcito CSPNet(Cross Stage Partial Network) nmst mokparieHHs TOTOKY
TPai€HTIB 1 3MEHIICHHS OOYHCIIOBaNIbHUX BUTpaT. B mmi moneni € mapu PAN(Path
Aggregation Network), 1110 eeKTUBHO 00'€THYIOTh BIIACTUBOCTI Pi3HUX MaciiTa0iB. Takox
MOJIEIb JOCSTAE 3HAYHUX MOKPAIIEHb Y TOYHOCTI 1 IIBUIKOCTI MOPIBHAHO 3 MOMEPEAHIMH
Bepcisimu. Hanpukman, YOLOv1Os B 1,8 pasu mBuame RT-DETR-RI18 mpu cxoxii
cepentiii Tounocti (AP) na nHabopi ganux COCO. YOLOvVI10l - mae na 46% wMeHiry
3aTpUMKy Ta Ha 25% MeH1ie napametpis, HbK Y OLOVYs 13 Takoro 3k mpoayKTUBHICTIO[ 14].

[li mokpamenHs poo6sare YOLOvIO oaHuM 13 TOTYXHUX 1HCTPYMEHTIB IS
3aCTOCYBaHb IMIBUKOIO 1 TOUHOT'O PO3MI3HABAHHS 00'€KTIB, 1110 € BAXKJIUBUM JIJIs1 BUSBJICHHS
Hebe3neunux cutyauiii KCB.

Apxitektypa YOLOvVI10 0a3yeTbcs Ha CHUIBHHUX CTOPOHAaX IMOMEPEHIX Mojeen
YOLO, oaHOYacHO BIPOBAKYHOUYM KiJIbKa KIIFOYOBUX 1HHOBAIlIM. ApXITEKTypa MoOJel
CKJIQJIAETHCS 3 TAKMX OCHOBHHMX CTPYKTYPHHX KOMITIOHEHTIB MOJIENI: XpeOeT, MIus, rojoBa
«OJIMH-/10-0araTb0Xx», TOJI0Ba «OIUH-10-01HOTOY» [17].

Xpebder y YOLOvIO, mo BiamoBiiae 3a BUIAUICHHS (QYHKIIH, BUKOPHUCTOBYE
BrockoHasneHy Bepcito CSPNet (dacTkoBa Mepeka mepexpecHUX €TariB) AJI MOKpaIeHHs
IPaJIIEHTHOTO MOTOKY Ta 3MEHIIEHHS HAJTUIIKOBOCTI oOuucieHsb. [1lus npusHavyena mis
arperyBaHHsl pucC pi3HUX MaciTaOiB 1 mepenadi ix 10 royioBu. Bin mictuthk mapu PAN
(Mepexxi arperarii nuiAxiB) it epeKTUBHOTO OararomacimTabHoOro 00’ eqHaHHS (YHKITIMN.
lNomoBa «oauH-10-0araTbox» TEHEPYE KibKa MPOTHO3IB JJIsi KOKHOTO O0’€KTa TiJ 4ac
HaBYaHHS, ITO0 HAJATH PO3IMIMPEHI KOHTPOJIbHI CUTHAJIY Ta TIIBUIIMTH TOYHICTh HABYaHHS,
a roJIoBa «OJWH-I0-OJHOTO» FeHEePY€E €TMHUM HAWKpaIIuil MPOrHo3 JJis KOKHOTO 00’ €KTa
IiJ] Yac BUCHOBKY, 1100 YCYHYTH TIoTpeOy B NMS, THM caMUM 3MEHITYIOYH 3aTPUMKY Ta
MBUIIYIOYN €()EKTUBHICTb.

Apxitektypa YOLOV10 npexacrasiena Ha puc. 2.3 [17].
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Puc. 2.3. Apxitektypa YOLOV10 [17]

[TocnimoBHI TOABIMHI NpPU3HAYEHHS [ HaBuaHHS 0e3 BuxkopuctaHHsi NMS
YOLOVI10 BukopucTOBY€E MOABINHI MPU3HAYCHHS MITOK, IMOEIHYIOUN CTPATEril «OJIMH-]10-
0araTboX» 1 «OAUH-A0-OHOTO» MiJ YaCc HaBUYaHHs, 100 3a0€3MeUnTH MOBHUN KOHTPOJIb 1
edexTuBHE HAcKpi3He po3roptaHHs. [locnmioBHaA MeTpuKa BIAMOBITHOCTI BUPIBHIOE
CIIOCTEPEXKEHHSI MK o0oMa CTpaTerisiMH, MiABUIIYIOUM SIKICTh TMPOTHO3IB IiJI Yac
JIOTTYHOT'O BUCHOBKY.

Taxkum unaoM, YOLOvVI0O BUKOPHCTOBYE TOCIIIOBHI MOJBINWHI MPU3HAYEHHS, 11100
ycyHyTH TIoTpeOy B NMS, 3MEHIIMBIIN 3aTPUMKY, a KOMIUIEKCHA ONTHMI3AIlis PI3HUX
KOMITOHEHTIB SIK 3 TOYKH 30py €(EKTHUBHOCTI, TaK 1 3 TOYKU 30py TOYHOCTI, BKIIOYAIOUU
MOJIETIIeH] KiIacu(piKaiiitHl ToJIOBU, BUOIPKY 3 PO3AUICHHSIM MPOCTOPOBUX KaHAIIB 1
0JIOUHY KOHCTPYKIIIIO 3 paH)KyBaHHsM, 3a0e31euye IITICHUM Au3aiiH Mojeni. Takox BoHa
Ma€ PO3LIMPEH] MOKJIUBOCTI, OCKUIBKM BKJIIOYA€ 3TOPTKH BEJIMKOTO sjipa Ta YacTKOBI
MOYJIl CAMOKOHTPOJIIO TSI TIBUILIEHHS TIPOIYKTUBHOCTI 0€3 3HAYHUX OO0YHMCIIIOBAJILHUX
BHUTpAT.

YOLOvVI10 noctrymHa B pizaux BapianTax (Nano, Small, Medium, Balanced, Large,
Extra Large), mo mA03Bojisse BUOpaTH ONTUMAJIbHUN OajlaHC MIDK TOYHICTIO Ta
O0OUYHCIIIOBAILHUMH BUTpPAaTaMHU B 3aJICKHOCTI BiJI KOHKpeTHHX 3aBiaaHb. YOLOv1On -

Bepcis Nano mis cepenoBuill 13 Haa3BU4YaiiHO oOMmexxkeHmmu pecypcamu, YOLOvVI10s -
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HEBeJIMKa Bepcis 3 0amaHCyBaHHSM MIBUAKOCTI Ta To9HOCTI, YOLOV10m - cepennst Bepcist
Uil 3arayibHOro BuKopucTaHHs, YOLOv10b - 30amancoBaHa Bepcis 31 30UIBIIEHOIO
IIUPUHOIO Il Ok BHCOKOI TouHOCTI, YOLOVI10Il - Benuka Bepcis s IiJIBUILCHHS
TOYHOCTI 32 PaXyHOK 30UIbIIEHHSI 00UHCIOBaIbHUX pecypciB, YOLOvV10x - nyxe Benuka
BEPCis 111 MaKCUMaJIbHOI TouHOCTI [14, 17].

YOLOV10 Oyio perenbHO MPOTECTOBAHO HA CTaHAAPTHUX TecTaX, Takux sk COCO,
110 MPOJIEMOHCTPYBAJIO YyAOBY IPOJYKTUBHICTh 1 €peKTUBHICTh. s Monens 3abe3neuye
HalCyJacHIIlll pe3yIbTaTH B PI3HUX BapiaHTax, IEMOHCTPYIOUH ITiIBUIIEHHS IIBUIKOCTI Ta

TOYHOCTI MOPIBHSHO 3 TONEPEIHIMU BEPCIIMH Ta IHIIUMU CYy4YaCHUMHM JIETEKTOPaMHU.

2.4. Mogeas YOLOvV11

YOLOVI1 € ocrannwoto itepartieto B cepii Ultralytics YOLO netrekTopiB 00’€KTiB y
peallbHOMY 4aci, sika Oyiia npejcTapieHa Ha koHdepenitii YOLO - Vision 2024 (YV24). Y
1A HOBIA BepcCli CYTTEBO BJOCKOHAJIEHO SIK apXITEKTypy, TaK 1 METOJMKY HaBUYaHHS,
301TBIIYIOYH TOYHICTh, MBUAKICTh Ta edexktuBHicTh [19]. Lle pobuts Ti yHiBepcalibHUM
BUOOpPOM Il IIMPOKOTO CHEKTPY PI3HOMAHITHUX 3aBJaHb KOMIT IOTEPHOTO 30pY.
InnoBamiinuii  nmuzaitH YOLOvI1 BUKOPUCTOBYE BIOCKOHAJICGHI METOJM BWIYUYEHHS
(yHKIINA, 110 J03BOJISIE OXOIUTIOBATHM OUIBII TOHKI JeTali, 30epiraroud MiHIMaJbHY
KUIBKICTh TTapaMeTpiB. L{e mpu3BoAUTH 10 MiBUIIIEHHS TOYHOCTI Ta aAalTUBHOCTI Y PI3HUX
CEpelOBUINAX Ta IIUPOKUN CHEKTp MIATPUMYBAHUX 3aBIJaHb KOMII IOTEPHOTO 30Dy,
MMOYMHAIOYHU BiJ] BUSBJICHHS 00’ €KTIB /10 KJ1acudikarii.

Ultralytics YOLOvV11 - ne yHiBepcaibHa CTPYKTypa, po3poOJIeHa ISl OXOIICHHS
BCHOT'O JKHTTEBOTO ITUKIy MOJCNICd MaIllMHHOTO HaBYaHHS — BiJ OTPUMAaHHS JaHHX 1
HaBYaHHS MOJIEJI 10 IEPEBIPKHU, PO3TOPTAHHS Ta BIJICTEKEHHA Y peagbHoMY cBiTl. Koxen
PEXKUM CITY’)KUTh TIEBHIM METi Ta CTBOPEHUH /1JIs 3a0€31eUeHHS THYYKOCTI Ta €(DEeKTUBHOCTI,
HEOOX1AHUX JJIs PI3HUX 3aBJIaHb 1 BUIA/IKIB BUKOPHUCTAHHS.

Koncrpykiis YOLOv11 3ocepemkena Ha OanaHCl MOTYKHOCTI Ta MPAKTHYHOCTI,
CIPSIMOBAaHOMY Ha BUPINICHHS KOHKPETHUX 3aBJaHb y PI3HUX Taly3siX 13 IiJIBUIIEHOIO

TOYHICTIO Ta edekTuBHICTIO. Crnuparouuch Ha YycTajeHy apxitektypy, YOLOvll
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PO3IIKPIOE Ta BJOCKOHATIIOE OCHOBY, 3akiageHy Y OLOVS, 3anpoBamkyroun apXiTeKTypHi
1HHOBaIlli Ta ONTUMI3YIOYM TMapaMeTpu I JOCATHEHHS BHCOKOI MPOJYKTUBHOCTI

BUSBIICHHS, SIK TIOKa3aHo Ha puc. 2.4 [14, 19].

——= (hject Detection

SPPF ~

— Instance Segmentation

Image Classification

C2PSA -
s Pose Estimation

~ YOLOvil — Criented Object Detection
C3K2 -

il

——= Ohject Tracking

Puc. 2.4. OcHoBHi apxiTekTypHi kommorneHT: YOLOvV11[19]

YOLOvVI11 BUKOpUCTOBYE BIOCKOHAJIEHY apXITEKTYypy XpeOTa Ta MIui, 0 MOKpalLye
MOYJIMBOCTI BUJIYUYECHHS! (PYHKIIHM JjIsi OUThII TOYHOTO BUSIBJICHHS 00’ €KTIB 1 BUKOHAHHS
CKJIQJIHUX 3aBJaHb. Ll Mojaens mpeacTasisie BAOCKOHANIEH! apXITEKTYpHI KOHCTPYKINi Ta
ONTHMI30BaHi KOHBEEPH HaBYaHHS, 3a0€3Meuy0uH O1IbII BUCOKY IIIBUKICTH OTPAIIOBAHHS
Ta MIATPUMYIOUM ONTUMANbHUI OaJlaHC MK TOYHICTIO Ta MPOJYKTHUBHICTIO. 3aBISKH
BJIOCKOHAIeHHIO nu3aiiHy Mozem YOLOvV1 Im mocsarae Buioi cepenuboi TogHoCcTi (MAP)
Ha Habopi nanux COCO, BUKOPUCTOBYIOUH Ha 22% MeHIe napamerpiB, HK YOLOvEm,
110 POOUTH HOTO 0OUKCITIOBAIBHO €(heKTUBHUM 0e3 mKoAM 11t TouHocTi. YOLOvV1 1 moxHa
Oe3MepenIKoTHO PO3rOPTaTH B PI3HUX CEPENOBUINAX, BKIIOUAIOUYH TiepudepiitHi MPUCTpPOi,
XMapHi MmIaTGopMu Ta CHUCTEMH, IO MIATPUMYIOTH rpadiuni mnporecopu NVIDIA,
3a0e3neuyroun MakCUMalibHy THYUYKIiCTh. Takok YOLOvVI1 po3pobiieHo 1jisi BUpIilIEHHS
PI3HOMAaHITHHX 3aBJIaHb KOMIT FOTEPHOTO 30pYy, UM TO BUSABJICHHS 00 €KTIB, CETMEHTAIIis
eK3eMILISIPIB, Kitacu(ikallisi 300paxeHb, OlliHKa 1031 a00 OpIEHTOBAHE BUSABJICHHS 00 €KTIB
[14,19,20].

Apxitektypa YOLOvVI11 nokasana Ha puc.2.5 [20].
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Puc. 2.5. Apxitektypa YOLOvVI11 [20]

Hapuanns mozeni nependavae nepeaaBaHHs TaHUX 1 HAJAIITYBaHHS il TapamMeTpiB.
Pexxum wnaBuanns B Ultralytics YOLOvI1 pospobnenuit mis  epekTuBHOrO Ta
pe3yIbTaTUBHOTO HAaBUAHHS MOJIENECH BHSBICHHS OO’€KTIB 13 MOBHUM BUKOPHUCTAHHSIM
MO>KJIMBOCTEN CY4acHOIO arapaTHOro 3a0e3MeYeHHs. Y HbOMY PEeXUMI MOJEIb HABYA€THCS
3 BUKOPUCTaHHSM 3aJaHoro Habopy AaHux 1 rineprnapamerpiB. [lporec HaBuaHHs
nepeadavae ONTUMIZAIIIO MMapaMeTpiB MoJemi, mo0 BOHA MOTJIa TOYHO MPOTHO3YBATH
KJIaCH, pO3TAlllyBaHHS Ta BEIMYUHY 00’ €KTIB Ha 300pakeHHI.

s mepeBipku moaenit YOLOv11 micng i HaBYaHHS BUKOPUCTOBYEThCS pekuM Val
(pexum  Bamipamii abo TmepeBipkH). Y I[OMY pPEXHMI MOJENIb OIIHIOEThCS Ha

nepeBipoyHOMY HAOOP1 JJIs1 BUMIPIOBAHHS 1 TOYHOCTI Ta €()eKTUBHOCTI y3arajlbHEHHS Ha
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“neOaueniii” BuOipui. lLleil pexumM MOXHA BHKOPUCTOBYBATH [UJISl HAJAIITyBaHHS
rineprnapaMeTpiB MoJAeNl s TMOKpamleHHS ii MPOAYKTHBHOCTI. Pexum TecTyBaHHS
BUKOPHUCTOBYETHCS JJI PO LITIFOBAHHS MIBUIKOCTI Ta TOYHOCTI pi3HUX (POpMaTiB EKCIIOPTY
w1 YOLOv1I.

VY MammHHOMY HaBYaHHI Ta KOMIT IOTEPHOMY 30pi MPOIIEC BU3HAYEHHS Bi3yalbHUX
JAaHUX HA3WBAETHCSI «BUCHOBKOM», «IPOTHO30M» a00 «repeadauyeHHIM» (aHTIIMCHKOIO -
inference). Pe>xknM BICHOBKY BUKOPUCTOBYETHCS /ISl CTBOPEHHS MTPOTHO31B 33 JOTIOMOT 010
HaBueHoi Mojem YOLOv]11 Ha HOBUX 300pakeHHsIX a00 Bijieo. Y IIbOMY PEKUMI MOJICIIb
3aBaHTAXYETHCSA 3 (Pailily KOHTPOIBHOI TOUKH, 1 KOPUCTYBAaU MOXKeE HaAaTH 300pakeHHs 200
B1JI€0 JUIsl BUKOHAHHSI BUCHOBKY. Moielnb nepeadadae Kiacu Ta po3TallyBaHHS 00 €KTIB y
BXIHHX 300pakeHHAX a0o Bigeo [14,19,20].

BincrexxenHsa 00’€kTiB y cdepl BIICOAHATITUKN € KPUTHYHO BAKJIMBUM 3aBJIAHHSIM,
AK€ HE TUIbKM BH3HAYa€ PO3TAllyBaHHS Ta Kiac 00’€KTIB y Kajpi, aje ¥ MmATpUMYe
YHIKaJIbHUHN 1IeHTU(]IKATOP JJIs1 KOKHOTO BUSIBJICHOTO 00’ €KTa I11J1 Yac MPOCYBAHHS BIJI€O.
Pexxum Biactexxenns mozaeni YOLOVI1 BUKOpUCTOBY€eThCS AJi BIACTEKEHHS 00 €KTIB y
pearbHOMY Yaci. Y bOMY PEKHMI MOJIENb 3aBAHTAXYEThCS 3 (haliTy KOHTPOJIBHOI TOUKH, 1
KOPUCTYBa4 MOK€ HaJaTH >KMBUU BIACONMOTIK JJIA 3A1MCHEHHS BIICTEKEHHS O00’€KTa B
peanbHOMY 4Yaci. Lleit pexxum kopucHUi aiist BUsiBjieHHs Hebe3nenux curtyariiii KCB.

Jst excriopty moneni YOLOv11 y dopmar, sikuii MOkHa BUKOPUCTOBYBATH JIJIS
pPO3TOpTaHHs, MEepeI0aYeHO PEKUM EKCIIOPTY. Y IBOMY PEXUMI MOJEIH MEPETBOPIOETHCS
y Qopmar, SKHil MOXKHAa BUKOPHUCTOBYBATH IHIIUMH MPOTPAMHUMHU JOJATKaMH abo
anapaTHUMHU npuctposiMu. Llell pexuM KOpPUCHHMI MiJg Yac pO3ropTaHHS MOJENl Yy
BUpOOHUYMX cepefoBumax [14,20].

Bukopuctanns  TensorRT g1 ekcropry MoJene  3HA4YHO  MOKpaulye
npoaykTuBHiCTh. Mogeni YOLOv1I1l MoOXyTh IOCATHYTH OS-KpPaTHOTO MPUCKOPECHHS
rpadiuHoro mporecopa 3a gornomororo TensorRT i 3-kpaTHOTo MpHCKOPEHHS Mpolecopa 3a

normomororo ONNX a6o OpenVINO. Ile pobuth ii mpumaTHOIO aJii BUKOPUCTAHHS B
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peanbHOMY Yaci, OCOOJIMBO B CUCTEMaXxX BIJCOHATIISAY 3 METOIO BUSBJICHHS HEOE3MEUHUX
CUTYaIIii.

YOLOv11l-pose - me mnoTy)XHa MOJEIb JJIs OIIHKK II03U, IO € TEXHIKOI
KOMIT'IOTEPHOTO 30py, 1 SKa BHKOPUCTOBYETHhCS MJsl 17AeHTH]IKali Ta BU3HAYCHHS
KOHKPETHUX TOYOK, BIJOMHUX SIK KJIFOUOBI TOUKH, Ha 00'€ekTax abo JIOJAX Y 300pa’KeHHSIX
a6o Bizmeo. Ili KIIOYOBI TOYKM MOXKYTh MPEACTABIATH CYIJI00U, OpleHTUpU abo 1HIII
XxapakTepHi ocobnuBocTi. Jns HabopiB manux ominku no3u ¢opmat Ultralytics YOLO
nepeadayvae Mo3HAYCHHS KOXKHOTO 300paKCHHS BiIMOBIAHMM TEKCTOBHMM aiinom [14].
KosxeHn psanok TekctoBoro ¢ainy 30epirae iHhpopmalliro mpo eK3eMIusip 00’ ekTa:

- [Haexc knacy 00'eKTiB.

- Koopaunatu nieHTpy 00’€KTa (HOpMasi3oBaHi X 1y).

- [[Iupuna 1 BUcoTa 00'exkTa (HOPMOBAHI).

- KoopauHaTi KI11040BUX TOYOK 00’ €KTa (HOpMaIi30BaHi pXn i pyn).

Jist 2D 103 KII090BUMHU TOUKaMU € KoopJuHaTH mikceniB. [ 3D koxkHa KIIrouoBa
TOYKAa TaKOX Ma€ MO3HAuKy BUAUMOCTI. B il kBamidikamiiHii poOOTI TPOBEAECHO

nociimkeHHs Takox 1 moneni YOLOv11-pose.

2.5. BucHOBKM A0 po3aiy 2

O6rpynroBano BukopuctanHsi YOLO, sk edexkTtuBHOro 3aco0y s BHSBJICHHS
HeOe3MeYHUX CUTYyaIlill y CUCTEeMax BiJICOHArJISIAY 3aBISKH iX 3aTHOCTI MpaIoBaTH B
peaqbHOMY Yaci Ta BUCOKIN TOUHOCTI BUSABJICHHS 00'ekTiB. Y mopiBHsHHI 3 PoseNet, monerni
YOLO 3abe3neqyroTh MIBHIIE ONMPAIIOBAHHS JAaHUX B PEATbHOMY Yaci, Kparly TOYHICTh Yy
CKJIQJTHUX YMOBAX OCBITJICHHS, OUIbIIY THYUYKICTh Ta YHIBEPCAJIbHICTb.

[IpoBeneno anamiz pizHuX Bepciid apxitektypu YOLO, 3o0okpema YOLOVS,
YOLOv10, YOLOvI1 3 wmeroro BuOOpy HaiedEeKTHUBHINMIO! Mg 3adadi BHUSBICHHS
HEOE3MEeYHUX CUTYAaIlIN.

[TincymoBaHo, 110 BHUKOpUCTaHHS cydacHux wmojened YOLO B cucremax
BIJICOHATJISTY JO3BOJISIE CYTTEBO MIABUIIUTH €(DEKTHUBHICTh BUSBJICHHS HEOE3MEUHUX

CUTyaIlli 3aBISKH 1X BHMCOKIA IIBHUJKOJIi, TOYHOCTI Ta aJalTUBHOCTI JI0 Pi3HUX YMOB
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pobotu. Bcel mocmipkeHl Mozeni MIATPUMYIOTH ekcrnopT y pi3Hi ¢opmatu (TensorRT,
ONNX, OpenVINO), mio 3abe3neuye rHYYKICTh IPHU PO3TOPTaHHI Ta JA03BOJISIE JTOCITTH
3HAYHOTO MPUCKOPEHHS ONpaIfoBaHHs (30kpema, it mozaeni YOLOvI1 - no 5 pasiB Ha

GPU Tta no 3 pazis na CPU).
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PO3/ILI 3
ITPAKTUYHA YACTUHA

3.1 dopMyBaHHS HA0OPY TaHUX

J171s mpoBeIeHHs TOCIHKEHb HEOOXITHUM € chOpMYyBaTH pENpe3eHTaTUBHUI Ha01p
JAHUX JUIS HABYAHHS MOJIejied po3Ili3HaBaHHs HeOE3MeUYHUX CUTYaIlli, 30KpeMa, 3a 03010
"pyku Bropy". Tomy 3HauHa yBara Oysa npujuieHa 1 GOpMYyBaHHIO J1aTaCeTy, OCKLIbKU
HEOOX1THO CTBOPHUTH Ta PO3MITUTH (aHOTYBaTH) AaTaceT i3 pPi3HUX JAeMorpadiuHux rpy,
3a0€3MEeUNTH PI3HOMAHITHICTh YMOB 3MOMKM Ta CIIEHApiiB Ta MATOTYBaTH JaHi s
HaBUYaHHA Mojieneil. OTke, BAKOHAHO TaKi €TalH, SK: 3MOMKa B3ipIliB Bi/I€O; PO3KAIPOBKA;
kiacudikaiisi 300pakeHb; pO3Mi3HABAHHA TO3H «PYKH BrOpY»; MIATOTOBKA Ta EKCIOPT
nanux y YOLO-cymicHuit hopmar.

Ha puc.3.1 nokazano 4yacTuHy HaOOpy JaHUX, BHKOPUCTAHUX IS HABYAHHS MOJIETII,

30KpeMa, MiJATOTOBJICHI 300payKEHHS 13 TI03010 «PYKH Bropy» Ta 3 1HIIUM PO3TallyBaHHSIM

Puc. 3.1. Ilpuknazn 300pakeHs 3 HAOOPY JTaHUX
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Sk Hacnigok, Bcboro Oyino 3i6pano 2054 300pa)keHHsS Ta BCl aHOTOBAHO BpydHy. B
pe3ynbTaTi, MApKOBaHUM HAOIp TaHUX MICTUThH 728 300pakeHHs KIHOK, 798 300pakeHHs
YOJIOBIKIB 1 528 - miTel, BKiItouarouun 245 300pakeHb XJIOMUKKIB Ta 283 300pakeHHsI AiBYAT.
CratuctuuHe Ta rpadiyHe MpeICTaBlICeHHS 310paHOro Habopy [aHMX 3a CTaTAMH Ta

BIKOBUMH KAaTETOPISIMHU MPEJICTABICHO HA PUCYHKY 3.2.

—J

female
H male

child (female)

B child (male)

Puc. 3.2. Cratuctuka Habopy HaHUX

Ha puc. 3.3 nokazaHa HeBeJMKa YacTHUHA 300paXeHb 3 BUKOPUCTAHOTO
c(hOpMOBaHOIO Ta aHOTOBAHOI'O0 HAOOPY JAHUX, HA SAKUX 300paKeH1 JIIOAW 3 MIAHATUMHU
pYKaMH.

B nopansmomMy copmoBaHuil Habip TaHUX BUKOPUCTOBYBATUMETHCSA ISl HABYAHHS

MOJIeJI1 IITYYHOTO 1HTEJIEKTY 3alpONOHOBAaHOI B pOOOTI apXITEKTYPH.
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Puc. 3.3. YacTuHa aHOTOBaHUX 300paXeHb 1ATACETY

AHoTyBaHHs Ha0Opy OaHHUX, BIAMOBIAHO A0 pekoMeHmamii kommanii Ultralytics,
po3pobnukiB YOLO, 3naiiicHeHo 3a momomoroio Roboflow, sik cymicHOro iHCTpyMEHTY
MapkyBaHHs. L5 Tutargopma npornoHye miATpUMKY KUTbKOX (hopMaTiB aHOTAaIlH 1 J03BOJISE
eKkcropTyBat JgaHi ©Oe3mocepenubo 'y YOLO-cymicuuii  ¢opmar. Takox MokHA
BUKOPHCTOBYBATH MOMYJISIPHI 1IHCTpyMeHTH aHoTailii, 30kpema VOTT, Labellmg i CVAT,

13 BIIMIOBIIHUMH €TallaMH IIEPETBOPECHHS JaHUX.
3.2, OTpumaHHs JaHUX
Crnepmry nani Oynu 310paHi Ta 36epiranuch y ¢opmi Bifeo. s TpeHyBaHHS Mozl

310paHi Bifico OYJI0 MOIIJIEHO HAa KaJpH 3a JOTIOMOTOI0 HACTYITHOTO KOJTY 13 BUKOPHUCTAHHSIM

610motekn cv2. JIJis YHUKHEHHS HaIMIpPHOI HACMYEHOCTI OJIHOMAHITHUMHU CBITJIMHAMH,
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JIUIIIE KOXKEH YETBEPTUH Kaap 30epiraeTbcs. @parMeHT Kojly NporpaMu MpecTaBiIeHUl Ha

puc.3.4.

import cvz
import os
= Geh list of all wideco files in the input folder
videc files = [z2.path.join(input_videc, f) for b in
o3.ligtdir(input videpo) if f.endswith(™.mp4™) or f.endswith (™.MOV") ]
video = cv2.VideoCapture (videc file)
print (video file)
# Get frame rate and number of frames
fps = int(video.get (cv2.CAP FROF FP3))
frame count = int(videc.get(cvZ.CAP PROP FRAME COUNT] )

# Loop through =ach frame
for 1 in range (0, frame count, 4):
# Bead frame
ret, frame = wvideo.read|)
# Save frame as an image file
output file = ps.path.join{output videcframes,
f*{oa.path.splitext (os.path.basenams (video file)) [0]} {i:04d}.Jpg
")
cvZ.imwrite (cutput file, frame)
# Release wideo cbject

video.release ()

Puc. 3.4. ®parmMeHT KOAY NPOTPaMH PO3KaIPOBKH

et xox (puc. 3.4) Moxxe OyTH BUKOPUCTAHU, K JIJIS MIATOTOBKY 1aTACETy 3 METOIO
TPEHYBaHHS MOJIEIL, TaK 1 JUIsl ONPAIOBaHHS BIJEO I1J1 Yac MPOrHO3yBaHHS 3a JOMIOMOTOI0
Mozeni. 3aBasku posmupeHid O6i6mioreni ultralytics, YOLO mopeni maroTh BOyAOBaHy
¢dyukiio predict Ayt onpalfoBaHHs BiJieo MijJ yac BUKOHaHHS. Bineo, 1o mepenaerbes
B1JICOKaMEpOIO B PEKUMI PEaTbHOTO Yacy MOXKe OYTH PO3TJISTHYTO, SK MOCTITOBHHM TOTIK

KaJIpiB, BIANOBIJIHO, Y 3alIPONIOHOBAHOMY IIPOEKTI 3aCTOCYHKY, PEali30BaHO CaMe TaK.

3.3. [Tigkmrouenns naracety Ta YOLO 115 TpeHyBaHHS Ta BAKOPUCTaHHS

Buxopucranns moneni YOLO notpeOye minkmrodeHHs 6i6mioTexu ultralytics. s

TpeHyBaHHs un BaockoHajneHHs mozeneit YOLOvVE ta YOLOv11, Bci ¢yHKIii nependayeHi
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miero 0i0mioTekoro, a mis TpeHyBaHHS YOLOvIO moTpiOHO 0AaTKOBO KIJIOHYBAaTH
PEMO3UTOPIi, B IKOMY 30epiraeTbcs KO/, 1110 HEOOXIIHHM AJIs 3aIyCKy came i€l Bepcii y
3B’s13Ky 13 THM, 1110 Y OLOV10 apxitekTypa Oyia po3pobiieHa KoMaHA010 HAyKOBIIIB 3 1HIIOT

opranizaiii. ¥ pe3ysibrari, MOTPiOHO OKpPEMO 3aBaHTa)XyBaTH HATPEHOBAHY MOJCHb (IUB.

puc. 3.5) [19].

wget -P {HOME} /weights —q https://github.com/THU-

MIG/yolovlO/releases/download/vl.1/yolovl0s.pt

Puc. 3.5. ®parmenT koxy 3aBantaxkeHHs YOLOv10

JlaHi, 1110 BUKOPUCTOBYIOTHCS ISl TPEHYBaHHsI, 30epeskeHi Ha cepepi Roboflow. el
cepBic 30epirae naHi y pi3HUX (opmarax, ajpke pi3HI Bepcii Mojeneil BUMAararoTh
cBoepigHoro (opMaryBaHHs nanHux. Ilimkmountu gatacer 1o YOLOv8 ta YOLOvV1O

MOYKHA 3a JIOTIOMOT'0F0 HACTYITHOTO Koy (puc.3.6):

from roboflow import Roboflow

rf = Roboflow(api key=ROBOFLOW API KEY)
project = rf.workspace("diana-1jc4q").project("hup 1")
version = project.version(3)

dataset = version.download("yolov8")

Puc. 3.6. ®parMeHT KOy MiAKIIOYCHHS 1aTaceTy

Jlns migkIroueHHs JAaTaceTy, 1Mo MokHa Bukopuctatd 'y YOLOv11, 3MmiHIO€ThCS

JIUIIE OCTaHHIN psok (puc.3.7):

dataset = version.download("yolov11")

Puc. 3.7. ®parmenT koay miakaoueHHs aaracety YOLOvI11
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TumoBo, Juig TmOYaTKy TPEHYBaHHS YW BIOCKOHAJIEHHS MOZeENi MOKHA
BUKOPHUCTOBYBaTH TepMiHai. [ns morpenyBanns mozeni YOLOv11 Oyno BUKOpHCTaHO

HAaCTyIHUM PpparMeHT Koay (puc.3.8).

yvolo task=detect mode=train model=yolol1s.pt data={dataset.location}/data.yaml
epochs=10 imgsz=640 plots=True

Puc. 3.8. ®parmenT koay notpenyBanHga YOLOvI1

Takum yuHOM, y pe3yibTaTi JI0AATKOBOTO TPEHYBaHHS 30€pIracThCsi OHOBJIICHA
MOJI€JIb, @ TAKOXK rpadiku, Kl OMHUCYIOTh Mepedir TpeHyBaHHsA. Cepell mapaMeTpiB € Takl
[19]:

- task - 3aBmanHs, sike BukonyBatuMe Y OLO mogenb (Hanpukaaa, BUSBICHHS,
Kjacudikamis);

- mode - pexuM BHKOHaHHS (HANPHWKAAJ, TPEHYBaHHsS, Bamijgaiis ado
TECTYBaHHA);

- model - musx g0 dariny monxeni (Hampukian, "yolol1s.pt");

- data - msix mo daiiny YAML, mo Bu3Havae HaOip JaHUX Ta HOro
pO3TaIryBaHHS,

- IMQsz - po3mip BXiZHOrO 300pak€HHS Y BHUIJISAI OJHOTO I[LJIOrO YHCIIA IS
KBaJPaTHOTO 300pa’keHHS a00 KOPTEXKY 13 BUCOTH Ta IMUPUHU 300paKEHHS;

- epochs - KiTbKICTh €MoX I TPeHYyBaHHS a00 BIOCKOHAICHHS MOJICII.

Buxopucranas YOLO mopmeni y mogaTKy 4d JUisl OMpPAIIOBaHHS JIaHUX, IO HE
30epiratoTbcs Ha JIOKaJbHIM 00YMCIIOBANIbHIN MalllMH1, BUMarae KOHTEHHepHu3allii Mojei
JUTSL 3pYYHOTO Ta OE3MEYHOTO IiIKITFOUYCHHS, a TAaKOX JIJIT MacIITa0yBaHHS BUKOPHUCTAHHSI.
[poro MoxkHa nocsirHyTH 3a gomoMororo FastAPI.  Application Programming
Interface(API) — 1ie HaGip paBHJI 1 TPOTOKOJIIB, IO JO3BOJISIOTH IIPOrpaMaM B3a€EMOIIATH
OJIHa 3 OJIHOIO, IO 3a0e3reuye Oe3reKy, KOHTPOIb HaJl MpaBaMU JIOCTYITY, MOXKJIUBICTh
MacimTaOyBaHHS CHUCTEMHM, THYUYKICTh MIJKIOYEHb Ta MOAYJBHICTH (MIAKIIOUECHHS 10

cucTeMH O0e3 BTpy4YaHHs y il BHyTpilHIN ko). JJist mpeacTaBieHoi cucteMu cTBopeHo API-
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METOJ JJIsI po3mi3HaBaHHs 00'ekTiB 3a gomomorotr Mojaenai YOLOv11l. ®dparmeHTt koay

HaBEJCHO Ha puc.3.9.

from fastapi import FastAPI, File, UploadFile
import numpy as np

import cv2

from ultralytics import YOLO

app = FastAPI()

model = YOLO ("yolovlls hands up.pt™)

Bapp.post ("/detect/™)
async def detect hands up(img: UploadFile):

image bytes = awailt img.read()
image = np.frombuffer(image bytes, dtype=np.uint8)

image = cvi.imdecede (image, cvZ.IMREAD COLOR)

f Perform object detection with ¥YOLOvS

detections = model.predict (image)

return ["detecticons": detections]}

Puc.3.9. ®parment koxgy API nigs YOLOvI1

VY oMy K011 TOYEPTOBO 3UUTYEThCS Y (popMarti OaiiTiB, IEPETBOPIOETHCS HA PopMaT
KOJILOPOBOTO 300pakeHHs 13 010110TeKkn cv2 Ta ompaiboByeTbes Moaemo YOLOvl s,
HaTPEHOBAHOIO /11 BU3HAYEHHS M03M “pPyKH BBEPX , OAUH KaJp Ta MOBEPTAETHCS CIIHCOK

BU3HAYEHUX 00’ €KTIB: y IbOMY BHUIIAJIKY - 11032 “pyKU BBEPX .
3.4. TpenyBanus mozenert YOLOvE, YOLOv10, YOLOvI1

3 MeTor0 BHOOPY HAHONTHUMAJIBHIIIIOT MOJIETI /111 BUSIBJICHHS] HEOC3TIEUHUX CUTYaIIli
KCB 06yno narpenoBano moxeni YOLOvS, YOLOvIO ta YOLOv11. TpenyBanusa Bcix
Mojenen 3aiiicHioBanocsi uepe3 Google Colaboratory 3a gomomoror rpadgigyHOTO

nporiecopa T4 GPU 3 omepamiiinoro mam’sartio 16 I'0, a aysg mMOpiBHSHS IIBHIKOCTI



46

TpenyBaHHsi Mojzierai YOLOvI1 - me 1 Ha HOyTOyIl 3 XapaKTepUCTUKaMU: LIEHTpajJbHUN
nporuecop Apple M3 Pro, onepaniiina mam’ste 16 T'6.

Pesynbpratn mepebiry TpenyBanHs wmozaenedt YOLOvS, YOLOv10, YOLOvlI1,

nmokasani Ha puc.3.10-3.12.

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
3.0 1 —e— results
-+ smooth
2.5 1
2.0 1
1.5 1
R INE
0.54
5 10 5 10 5 10 5 10 5 10
val/box_loss val/cls_loss - val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)

5 10 5 10 5 10 5 10

Puc. 3.10. IlepeGir TpenyBanus moaem YOLOVS

train/box_om - train/cls_om train/dfl_om train/box_oo train/cls_oo
§ 10
—e— results
. 0.754 "
201 smooth
0.70 4
1.54
0.65
1.0 0.60
0.51 0.55 -
5 10 5 10 5 10 5 10 5 10
metrics/recall(B) metrics/mAP50(B) metrics/mAP50-95(B) train/dfl_oo metrics/precision(B)
1.00 4 1
0.954
0.901
0.85
0804
0.75 1
5 10 5 10 5 10 5 10

Puc. 3.11. IlepeGir TpenyBanusa moaeni YOLOvIO
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train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
1.0 A

1.30 : 1.0 4
0.9 3.0 4 —e— results
smooth | 1,25 |
231 e 0.8 1
0.8 1 1.20 A :

2.04 0.8 1
1.15 4

0.7 154 0.6

1.10 0.7
1.0 ]
0.6 1.05 06 - 04l
0.54 1.00 4

25 50 75 10.0 25 50 7.5 10.0 25 50 7.5 10.0 25 50 7.5 10.0 25 50 7.5 10.0

val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
3.0 1.0
2.0 1 41 0.8 1
2.5
54 0.8
1.54 0.6 1
2.0 4
2 0.6
1.0 151 0.4

0.4 1

0.5 1.0 0.2+

25 50 75 100 25 50 75 100 25 50 7.5 100 25 50 75 100 25 50 75 10.0

Puc. 3.12. ITepe0ir TpenyBanns mozaem YOLOvI1

['padiku 1eMOHCTPYIOTH KIIFOUOB1 METPUKH Ta BTPATH, SIKI BIICTEKYIOTHCS 1T 4ac
TpenyBaHHs wmoxaener YOLOvE, YOLOvIO, YOLOvll, Ta BHKOPHUCTOBYIOTHCSH
BIJICT€)KEHHS SKOCTI TPEHYBaHHS Ta KOPUTYBaHHS TineprapaMeTpiB Mojeii. 3a3Buyait (y
YOLOvS8 ta YOLOvV11) BepxHiii psinok rpadikiB mo3HaYa€e 3MiHU HA TPEHYBaIbHIN BUO1pIII
300pakeHb, HWXKHIN PATOK MOKa3zye Tpadiku OTpUMaHI TpH Balifalii pe3yJbTaTiB.
YOLOvVI10 nemoHCTpyE JuIIe pe3yibTaTH OTPUMaH1 Ha TPEHYBaJIbHIM BUOIpIIL, Y 3B S3KY 13
BIIMIHHICTIO apXITEKTYpH, a TaKOX 13 HasABHICTIO JBOX BHUXIJHUX €JIE€MEHTIB.
HNemmdpyBanns Ha3B rpadikiB Ha pucyHkax 3.10-3.12:

- box_loss - Brparu, nmos's3aHi 3 perpeciero KOOPAHMHAT OOMEKYBATBHUX PAMOK;

- cls_loss - BTpaTH, oB's3aHi 3 KJIacHU(iKaIiero 00'€KTIB y MeXax paMoK;

- dfl_loss - BTpaTH, moB’s3aHi i3 TOYHUM MEpeO0AYCHHIM MEK PAMOK;

- precision(B) - Bayunicte wmogem (Precision), TOOTO CHiBBIIHOIICHHS
MPaBUJILHO MepeA0aUYeHUX MO3UTUBHUX MPUKJIIAIB CEPEl yCiX ependadyeHuX MO3UTUBHUX;

- recall(B) - 3anam’sitoByBanHst Moaedi (Recall) — criBBiHOIICHHS TIPABUIIBHO
BUSIBIICHUX MMO3UTUBHUX MPUKIIAIIB CEPE YCiX pealbHUX MO3UTUBHUX;

- mAP50(B) - cepeanst Tounicte mAP mpu IoU = 50%. Ile ocHoBHa MeTpHKa

OIIIHKM MoJieJiel 00'€KTHOTO JeTeKTYBaHHs, 1[0 MOEIHYE 1 BIYYHICTD, 1 3a11aM’ ITOBYBaHHS;
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- MAP50-95(B) - cepenne 3HaueHHss MAP 115 KiTbKOX MOpOroBux 3Ha4eHb loU

(Biz 50% 710 95%).

3.5. PesynbTaTi BUsABICHHS HEOC3MEUHUX CUTYAIlIM

Excniepumentu Oyno mpoBeAeHo 13 Bukopuctanuam mozeneir YOLOVS, YOLOv10,
YOLOv11 ta YOLOvI1-pose, ocTaHHs 13 AKWX HE JIMIIE BU3HAYAE, JI€ 3HAXOIUTHCS
JIOAMHA, @ U BU3HAYa€ TOYKHM PO3MIIIEHHS OCHOBHMX CYIJIOOiB. Pe3ynbTatu BUSBICHHS
HeOesneunnx cutyanii KCB 3 BukopuctanHsMm TpeHoBaHux wMozeneii YOLOVS,
YOLOvV10, YOLOvV11 ta YOLOvVI11-pose Ha TecTyBajJbHOMY JaraceTi (sKi MOJENb He

“Oaunia’” i 9ac TpeHyBaHHs ), MOKa3aHi Ha puc. 3.13-3.16.

Puc.3.13. Pesynbratu BusiBieHHs HeOe3neunux cutyauiii KCB 3 BukopucTaHHsIM Mol

YOLOvV8s

Puc.3.14. Pesynbratu BusBieHHs HeOe3neunux cutyauiit KCB 3 Bukopucranusm moseni

YOLOvV10s
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Puc.3.15. PesynbraTtu BusiieHHs HeOe3neunux cutyaiiii KCB 3 BuUKopucTaHHsIM Moieml

YOLOv11s

Puc.3.16. PesynbraTtu BusiBnenns nedesneunux cutyaiiit KCB 3 Bukopuctanasm moeni

YOLOv11s Pose

Ultralytics YOLO mopeni BUKOPUCTOBYIOTh KUIbKa MOKAa3HUKIB IiJl 4Yac MPOLECY
Bamigamii (mepeBipku) it oliHKK edekTuBHOCTI Mojem. Jlo Hux Hanexats: mAP, 10U,
BIY4HICTh (precision) 1 3amam’sitoByBaHHs (recall), yac BU3HAUE€HHS Ta IIBUJIKICTH
BUKOHAHHSI.

MAP (mean average precision - cepeiHs TOYHICTH) - OIIHIOE TOYHICTh BUSBJICHHS
00’exta, IOU (Intersection over Union) - BUMIPIOE TIEPEKPUTTS MiXk Tepe0adyBaHUMHU Ta
Ha3eMHUMH OOMEXYBaJbHUMHU MPSIMOKYTHUKAaMH, BIIYYHICTh (precision) BUMIPIOE
BIIHOILICHHS CHPABXHIX MO3UTUBHUX BUSBJIEHb 10 3arajibHOi KiJIBKOCT1 BCiX BHSBICHUX
MO3UTHUBHUX PE3yJbTaTIB, a 3amam aToByBaHHs (recall) - CIHIBBITHOIICHHS CHpPaBXHIX

MMO3UTUBHUX BUSIBJIEHB JIO 3arajbHOT KUIBKOCTI (haKTUYHUX MO3UTHBHUX PE3yJbTATIB, Yac
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BU3HAYEHHS - 1I€ 4ac, BUTPAUYCHHUI Ha KOXKHE 300pa)K€HHS B MUIICEKYHJIaX, HIBUAKICTbH
BUKOHAHHS BKa3y€ Ha: Yac MIATOTOBKH OJHOTO 300pa)KEHHS, OTPUMAaHHS Pe3yibTaTy
MOJIe1 Ta BUBIJ pe3yJIbTaTy Ha 300pasKeHHS.

Jlnst ominku edeKTHUBHOCTI Mojesi Oyio MpoBeAEHO Bamifalliio (IMepeBipKy),
pe3ynbTaTH sKOi mpejacTaBieHi Ha puc. 3.17-3.21. 3aana 30epekeHHs] 4yacy NIEpeBIpKYy
3nebunporo Oyno 3amymieHo y cepenoBuili Google Colaboratory 13 moctymom 1o

rpacdiunoro npouecopa Tesla T4 GPU.

Model summary (fused): 168 layers, 11,125,971 parameters, @ gradients, 28.4 GFLOPs
val: Scanning /content/datasets/HUP_1-3/valid/labels.cache... 402 images, 13 backgrounds, @ corrupt: 100% 402/402 [00:00<?, ?it/s]
Class Images Instances Box (P R mAP50 mAP50-95): 100% 26/26 [00:06<00:00, 3.83it/s
all 402 389 9.991 0.992 9.991 0.908
Speed: 1.3ms preprocess, 9.2ms inference, 0.8ms loss, 2.5ms postprocess per image

Puc. 3.17. Ilepesipka epexktuBHOCcTI YOLOVS8s

YOLOv10n summary (fused): 285 layers, 2694806 parameters, @ gradients, 8.2 GFLOPs
val: Scanning /content/datasets/HUP_1-3/valid/labels.cache... 402 images, 13 backgrounds, @ corrupt: 100% 402/402 [00:00<7, ?it/s]
Class Images Instances Box (P R mAP50 mAP50-95): 100% 26/26 [00:06<00:00, 4.29it/s]
all 402 389 0.95 9.99 0.99 0.88
Speed: 1.5ms preprocess, 6.1lms inference, @.@ms loss, @.3ms postprocess per image

Puc. 3.18. IlepeBipka epexruBHocti YOLOVIOn

YOLOv1@s summary (fused): 293 layers, 8035734 parameters, @ gradients, 24.4 GFLOPs
val: Scanning /content/datasets/HUP_1-3/valid/labels.cache... 402 images, 13 backgrounds, @ corrupt: 100% 402/402 [00:00<?, ?7it/s]
Class Images Instances Box (P R mAP5@ mAP50-95): 100% 26/26 [00:07<00:00, 3.36it/s]
all 402 389 0.976 0.99 0.992 0.883
Speed: @.9ms preprocess, 11.3ms inference, @.@ms loss, @.4ms postprocess per image

Puc. 3.19. IlepeBipka edpexruBaocti YOLOV10s

YOLO11s summary (fused)} 238 layers, 9,413,187 parameters, @ gradients, 21.3 GFLOPs
val: Scanning /content/datasets/HUP_1-3/valid/labels.cache... 402 images, 13 backgrounds, @ corrupt: 100% 402/402 [00:00<7, ?it/s]

Class Images Instances Box (P R mAP5@ mAP5@-95): 100% 26/26 [00:06<00:00, 4.14it/s]
all 402 389 0.984 0.997 @.992 9.901

Speed: @.6ms preprocess, 9.3ms inference, ©.0ms loss, 2.1ms postprocess per image

Puc. 3.20. Ilepesipka epexruBHocTi YOLOV11s y cepenouii Google Colab

YOLO11ls summary (fused): 238 layers, 9,413,187 parameters, @ gradients, 21.3 GFLOPs

Scanning /Users/diana/Desktop/tntu/datasets/HUP 1-3/valid/labels.cache... 4
Class Images Instances Box (P R mAP50 m

all 402 389 9.985 0.995 9.991 0.894
Speed: @0.7ms preprocess, 4922.2ms inference, @0.0ms loss, @.4ms postprocess per image

Puc. 3.21. IlepeBipka edpexruBrocti YOLOV11s* Ha III1 Apple M3 Pro
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Jlns oTpuMaHHS pe3yJIbTaTiB BUKOPUCTOBYIOTHCS 300payKeHHsI 13 TECTOBOT BUOIPKH,
MIePETBOPEHI HA KBapaTHi, 13 po3mipom 640 Ha 640 mikcemiB. [TopiBHSIHHS TPOBOIUTHCS TIO
BiracTuBocTaX Moaeneii YOLOvV8s, YOLOv10n, YOLOv10s, YOLOv11s, YOLOv11s* Ta
YOLOv1ls-pose mig Yac BUKOHaHHS NPOrHO3yBaHHSA. Bci Momeni HaTpeHOBaHI y
cepenoBuili Google Colab, okpim YOLOv11s*, mo Oyna 3amyiieHa Ta HaTpeHOBaHa Ha
JIOKaJIbHIN MaIIuHi.
Tabn. 3.1 geMOHCTpYy€e KIIBKICHY XapaKTEpPUCTHKY PO3IJIIHYTHX MOJENEH, a came:
cepenHiil Jac, 3a SKUH TPOBOAMTHCSA TIOMEPEIHE OMPAIIOBAHHS OJHOTO 300pa)KCHHS,
nependadeHHss MOZENi A OAHOTO 300pakKeHHs Ta BUBEICHHS pPE3yJbTaTiB Ha OJHE

300paKeHHsI, a TAKOXK PO3MIp MaM AT1, Ky 3aiiMa€e MOJIETb.

Tabnuys 3.1
IHopiBHSLIbHMH aHATI3 ONPAIOBAHHA 0JHOT0 300paxenHss moaeasimu YOLOvSs,

YOLOv10n, YOLOvV10s, YOLOv11s, YOLOv11s* Ta YOLOv11s-pose

Mopens [Tomepenne | [lependaueHns | Busenenns | Po3mip
ONpalrOBaHHA MOl pe3VIIBTaTIB
YOLOvSs 1.3 Mc 9.2 Mc 2.5 Mc 22.5 Mo
YOLOv10n 1.5 mc 6.1 Mc 0.3 Mc 11.2 Mo
YOLOv10s 0.9 mc 11.2 mc 0.4 mc 16.5 Mo
YOLOvlIs 0.6 mc 9.3 Mc 2.1 mc 19.5 Mo
YOLOv11s* 0.7 mc 4922 mc 0.4 mc 19.5 Mo
YOLOvl11s-pose 2.4 Mc 11.6 Mmc 3.9 mc 20.4 Mo

Mogens YOLOvll1s-pose Bumarae HaWOUIBIIOTO Yacy OMpaIfOBaHHSA Tepea
3ammyckom, Tojii Ik YOLOV11s neMoHCTpye HaltMEHIIIHIA 9ac MOnepeTHHOTO OTMPAI[IOBaHHS.
YOLOvV11s-pose Takox mnoTpeOye HaWOLIBIIOr0 4Yacy JUisl aHalizy 300paKeHHS Ta
BHUBEJICHHS PE3YJIBTATIB, 110 MOB'SI3aHO 31 CKIAHIIIIOK 00pOOKOIO JaHUX JIJIs 33724 03U Ta

M1JBUIIEHOI CKIaaHicTIO Mojieni. JlogaTtkoBo, YOLOV1 1s-pose 3aiimae Oibliie Micis Ha
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JUCKY TlaM’ATi, y TIOpiBHSHHI 13 BianoBigHow Mmojemwno YOLOvlls. Ile mokasye, 1o
MOJIeTb IS BU3HAUYEHHA TMO3U MOTpeOye OUIbIIEe pecypciB, a TaKO0X J0JaTKOBOTO
OTIPAITIOBAHHS TICIsI OTPUMAHHS BaKIMBHUX TOYOK, IO MPUBOJAUTH JO BUCHOBKY, IIO ii
BUKOPUCTAHHS HE € €(heKTUBHUM.

[TopiBusinaa edexkTuBHOCTI YOLO HaBeneno B Tabdn. 3.2. Cepen mopiBHIOBaHHX
XapakTepUCTHK  HaBeAeHI Taki: TouHicTh (mMAPS50, mAP50-95), Biy4HICTb,
3aramM’sITOBYBAaHHSI Ta KUIBKICTh IapiB (CkiIagHIicTh apxiTekTypu) YOLOvVSs, YOLOvV10n,
YOLOvI10s, YOLOvlls, YOLOvIls* (YOLOvIls TpeHoBana y cepenoBuill Google

Colab, YOLOv11s* - Ha nokanbHii mammHi) Ta YOLOV1 1s-pose.

Tabnuys 3.2
IHopiBHsiHHA XapaKkTepucTHK epeKTUBHOCTI Moaeelr YOLOvV8s, YOLOv10n,

YOLOvV10s, YOLOv11s, YOLOv11s* Ta YOLOv11s-pose

Momens Kinhf{i_c:’rb Brayunicts | 3amam’atoBy- | mAPS0 | mAPS50-95
TIapiB BaHHS
YOLOv8s 168 0.991 0.992 0.991 0.908
YOLOv10n 285 0.95 0.99 0.99 0.88
YOLOv10s 293 0.976 0.99 0.992 0.883
YOLOvlls 238 0.984 0.997 0.992 0.901
YOLOv11s* 238 0.985 0.995 0.991 0.894

Bci mporectoBaHi MoJieni MOKa3aldl BUCOKY BIYYHICTh (>95%) y BUSBIEHHI MO3U
"pyku Bropy" i3 posmipom 11-22 M6 Ta mBuaKicTio onpaioBanas 6-11 mc. Kinpka map
Mojiesel 0ys0 oOpaHo T TIMOIIOTO aHaji3y pi3HUX Bapialliil MoJiese.

Mogens YOLOv10n 6yno o6pano 115 anamizy y nopiBHsaHHI 13 YOLOvV10s, agxke 11e
MeHIna 1 yerma moaudikaris Tiei x Bepcii YOLO. 3 ta6n. 3.1 Buano, mo YOLOv10n €
HAWIIBUINIOK 3a YacoM OTPUMaHHS BHUCHOBKIB Ta BUBEICHHS peE3ylbTaTiB. Takox
YOLOV10n € naitnermoro 3a po3mipoM 1 Ha 32% nerma, anibk YOLOv10s. I3 tabn. 3.2

BHUJIHO, 110 pi3HHI y TogyHOCTI MK YOLOVIOn ta YOLOV10s € 0.3%, mo moxe Oytu
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npoirHopoBaHo. Lli cmocrepekeHHsT HaBOASITh HAa BUCHOBOK, IO BUKOPUCTaHHS HaHO-
Mojieiell y TIOPIBHSIHHI 13 MaJMMH MOJIEISIMHU € MPUBAOJIMBOIO anbTepHATUBOIO AJsi [0T
IpUIAAIB, IO HE MAlOTh BEJIMKOTO 00CATY MaM’sTi Yd 0OUHMCITIOBAJIbHUX PECYpPCIB.

J111 mepeBipKy BUKOHAHHS MOJIeNi Ha iHmoMy npuiazi, YOLOv1 1s* Oyna 3amymiena
Ha I{IT HoyTOYyKa, 1110 3HAYHO MiABUIIUIIO Yac, HEOOX1AHUHN Il OTpUMaHHS Mepe10adyeHHs
MOJIEII 3 KUTBKOX MUTICEKYH]I 10 4 CeKyH/ Ha OJWH Kajap. Y pe3yJsibTaTi, CTajJ0 3p03yMLJIO,
1110 YaC BUKOHAHHS KPUTUIHO BUCOKUHU 1 HEIOCTATHIHN JIJIs OTPAIIOBAaHHS TOTOKOBHX BIJIEO0.
HonatkoBo, TouHicTe mAPS50-95 3au3unace 13 0.901 10 0.894 (0.5%). 3 ui€i npuunzu O0yio
3aIPOIOHOBAHO CHUCTEMY, B SIKiMl KaMepa mnepeaae 300pakeHHs Y PEKUMI peaIbHOTO Yacy
Ha cepBep, A0 AKOTO MIIKIYEHO MOAYJb 13 MOJEIUI0. SIK HAcHiI0K, MOJEIh BUKOHYE
nepea0aveHHs BIITATICHO, a pe3yJIbTaT MEPENAEThCS 1 BIIOOpaKaeThCs uepe3 cepBep.

YOLOvI11s ta YOLOvVS8s matoth qyxe cxoxi BractuBocTi: mAPS50 = 0.992 ta 0.991
1 yac mependadeHHs mozem piBHuM 9.3 Ta 9.2 mc, BianoBiAHO. Yac momepenHbOro
omnpaitoBanHs € BABIY1 MmeHIHM 171t YOLOv11s, ta Ha 0.4 Mc MeHIiie /1 mocToOpoOKH, y
pe3yJabTaTi 3araliIbHUN Yac BUTPAuYCHU Ha ofHE 300pakeHHs € MeHIuM i1 Y OLOv11s,
X0Y KUTBKICTh IIapiB B apXITEKTypi 1€l Bepcii Mozeni € Ha 70 mryk Oinbiioro. JlogaTkoso,
YOLOvVS8s € HallBaX4yoro 13 pPO3IJISHYTHX MOJENE, X04 pI3HULIA 1 HE € 3HAYHOIO.
CykynHicTh ycix nux ¢akrtopiB no3poisie oopatu YOLOvIls sik OCHOBHY MOZenb st

peaizarii CuCTeMH.

3.6.  BuchHoBku g0 po3ainy 3

Cdopmoano Habip manux i3 2054 300paxeHb, BKIIOYa04In 732 300paKeHHS KIHOK,
794 yonoBikiB 1 528 miTel, i1 HABYaHHS MOJIeJiel po3Mi3HaBaHHS HEOE3MEUHUX CUTYaIllN
3a 03010 "pyKu Bropy' Ta miJArOTOBJICHO JaH1 JJIsl HABYAHHS MOJICIICH.

[IpoBeneno HaBuanHs Mojaenel Ha chopmoBanoMy HaOopi nanux Ha GPU T4 gepes
Google Colab ta nokansHOo Ha mporecopi Apple M3 Pro.

[IpoBeneHo KOMIUIEKCHE TOPIBHAHHS pi3HUX Bepciit apxitekTypu YOLO (YOLOVSs,
YOLOv10n, YOLOv10s, YOLOvlls ta YOLOvlls-pose) mms 3amaui BUSBICHHS

HeOe3neUHNX CI/ITyaI_Iiﬁ 3a KIKOYOBMMH MCTPHKaMM: 4YacC OIIpalrOBaHHA, TOYHICTB
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pO3Mi3HaBaHHs Ta BUMOTH /10 OOYMCIIIOBAJILHUX PECYPCIB.

ExcriepuMeHTanbHO BCTAHOBIIEHO, 0 MoJenb YOLOvV] I's neMoHCTpy€e onTUMalbHE
CITIBBIJTHOIIICHHS MK TOYHICTIO Ta IIBHUJIKOJIE€I0, MAIOYX HAWMEHIIIMM Yac MOIepeIHbOro
onpaittoBanHs (0.6 Mc), BUCOKI moka3HUKH TOYHOCTI (MAPS50 = 0.992) Ta momipHi BUMOTH
1o mam'ati (19.5 MO).

Busisineno, mo Hano-Bepcisi YOLOv10 (YOLOvIOn) moxe Oyt e(peKTHUBHOIO
ATBTEPHATUBOIO TSI TIPUCTPOIB 3 OOMEKEHUMH PeCcypcaMi, MAlO4Y¥ HAaWMEHIIUH pO3Mip
(11.2 MO6) Ta nAEMOHCTPYIOUM HAWIIBUAIIMA Yac OIpalOBaHHS pPE3ylbTaTiB IIpH
NPUUAHATHIA TOYHOCTI. BoJIHOYAcC BCTAHOBIIEHO KPUTHUYHY 3aJIeKHICTh IMIBUAKOMIIT BiJ
anapatHoi matdopmu - Ha CPU wac onpairoBanHs 3pocTae 10 4922 Mc nopiBHSHO 3 6-11
Mc Ha GPU, mo o6rpyHTOBY€E HEOOX1IHICTh BUKOPUCTAHHS cepBepHOi apxiTekTypu 3 GPU
JUTSI IPAKTHYHOTO BIPOBAKEHHS CUCTEMH BiJICOHATIISATY.

3ayBaxkeHo, 1o BukopuctanHs APl uepe3 FastAPl 3abe3neduye THYYKICTBH
pPO3ropTaHHs Ta MacIITa0yBaHHS CUCTEMHU

Ha 0CHOBI KOMILJIEKCHOTO aHali3y BCiX XapaKTEPUCTHK, JUIsl MPAKTUYHOI peanizamii
CUCTEMHU BUSIBJICHHS HEOE3MEYHUX CHUTYyalllii PEeKOMEH/IOBAHO BHUKOPHUCTOBYBATH MOJEIb
YOLOv11ls 3 cepBepHOIO apXiTEKTYpOIO OIpalOBaHHS JaHUX, 110 3a0e3Me4YuTh
ONTHUMaJIbHUM 0alaHC MK TOYHICTIO PO3MI3HABAHHS Ta IIBUJKOIEI0 CUCTEMH B PEAIbHUX

YMOBaX €KCILTyaTallii.
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PO3/ILII 4
OXOPOHA TIPAITI TA BE3IIEKA B HA3BUUANHUX CUTYALIIX

4.1. Oxopona mparii

[Ipu nociiKeHHI METOIIB Ta 3aC001B BUSBJICHHS HEOS3MEUHUX CUTYAIlIM JJIs1 JIFo ek
KOMIT FOTEPU30BAHOIO0 CUCTEMOIO BiICOHATIISITy B OCHOBHOMY BCsl p0OOTa BUKOHYBaiacs i3
BUKOPHUCTAHHSAM KOMII FOTEPHOI TEXHIKH, TOMY Ba)XJIMBUM 1 HEOOXITHUM € JOTPUMaHHS
BHMOT OXOpPOHU Mpalll, TEXHIKH O0€3MEeKN Ta IPOTUIIOKEXKHOI Oe3reku npu podoTi 3 EOM.

[luTaHHA OXOpOHM Tpalil pEryIlolThCS BIANOBIAHMMH 3aKOHOJABUYMMHU Ta
HOPMAaTUBHO-TIPAaBOBUMH aKTaMH, fKl, 30KpeMa, BU3HAYalOTh 000B’S3KM pOOOTOAABLS 13
3a0e3nedeHHs] poOITHUKAaM KOM(OPTHHUX Ta OE3MEYHUX YMOB IS 3A1HMCHEHHs poboTtu. L1
000B’sI3KH, a TAKOXK ITpaBa MpalliBHUKIB NependayeHi 4acTUHO 2 ¢T.2 1 yacTuHoto 1 c1.21
K3nll, a takox ct1.13 3akony Ykpainu «IIpo oxopoHy mpaii», y SKUX BHU3HAYAIOTHCS
OCHOBHI MOJIO’KEHHS 3 peajizalii KOHCTUTYLIIHOrO MpaBa MpaliBHUKIB.

[cHye minmii psig BUMOT, SIKi BU3HAYAIOTh CHENU(DIKy 3aXO0/iB 3 OXOPOHH Tparlli Mpu
poOOTI 3 MEPCOHATIBHUM KOMI FOTEPOM. 3aKOHOIaBUl Ta HOPMATHBHO-TIPABOBI aKTH, SIK1 32
y4acTi BIATOBIIHUX OpraHiB J€p>KaBHOI BJIAJU PETYJIOIOTh BIIHOCUHU M1 poOOTO1aBLEM
Ta POOITHUKOM 3 MHUTAaHb OE3MEKHU, TIr€HU Tpalll Ta BUPOOHUYOTO CEpEIOBUINA, a TAKOK
BCTAHOBIIIOIOTh €MHUI TOPSAIOK OpraHizallii OXOpoHM mpaui B YkpaiHi. Ha ix ocHOBI
po3po0JIeHI YMCeNbHI JOKYMEHTH: TMpaBWia, 1HCTPYKII, HOPMH, JIEpXkKaBHI CaHITapHI
npaBuja Ta 1H., SKUMU MalOThb KEpyBaTUCh POOOTONABIl Ta SKI PErJIaMEHTYIOTh INEBHI
MUTaHHS 100 KOHCTPYKIIi €eKTPOHHO-O00UHCIIIOBAIBHOI TEXHIKH, Ta OCOOIMBOCTEN X
PO3MIIIICHHS.

Ha cphorogHi OCHOBHUMH NOKYMEHTAMH, SIKi PErJIaMEHTYIOTh MUTAHHS OXOPOHU
mpari Ipu BUKOPUCTAHHI MPAIliBHUKAMH MEPCOHAIBHUX KOMIT IOTE€PIB, MOKHA BBaXKaTH
TaKl MiA3aKOHHI aKTH:

- HACaulliH 3.3.2.007-98 «/lepxaBHi caHiTapHI OpaBujia 1 HOPMH pPOOOTH 3

Bi3yaJIbHUMU TUCIUICHHIMH TEPMiHAIAMU €JIEKTPOHHO-00YHCIIOBAILHUX MammH [21].
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- HITAOIT 0.00-7.15-18 «BuMorwu 1110/10 6€3MeKu Ta 3aXUCTY 3J10POB’s MPalliBHUKIB
i1 9ac poOOTH 3 EKpaHHUMH IPUCTPOsIMIDY [22].

VY BIANOBIIHOCTI 3 ITUMU JTOKYMEHTaMH, MPU POOOTI 3 MPOTPaMHUM 3a0€3MCUCHHSM,
B TOMY YHCIIi TIPH MPOBEACHI JOCIIPKEHb METO 1B BUSIBICHHS HEOE3MEUHUX CUTYALH TS
JII0JIeH, HEOOX1THO BXKUTH BC1X HEOOXITHUX 3aXOI1B 3 OXOPOHH Mparli.

3rinno  HITAOIT 0.00-7.15-18 eneKTpOHHO-OOYHMCIIIOBAJIBHI  3aCO0M  TTOBHHHI
BIJIMOBIAaTH BMMOTaM YMHHUX B YKpaiHi CTaHAAPTIB 1 MPOUTH JepKaBHY CaHITApHO-
enigeMionoriuny excrneprusy |y llopsinaky TOpoBeneHHS  JIepKaBHOI  CaHITapHO-
eM1JIEMI0JIOTTYHOI €KCIIEPTU3H.

[Ipu opranizanii poOOYMX MICHb KOPUCTYBadiB KOMII IOTEPU30BAHUX CHUCTEM
HEOOX1/1HO 3a0e3MeYnTH AOTPUMAaHHS BUMOT IIOJO iX pO3TalllyBaHHS, 30KpeMa BiJCTaHb
po0O0YOro Micis BiJ CTIHM MOBUHHA CKJIaJaTH HE MEHIIE 1 M, a BiICTaHb MK poOOYMMU
MICIISIMU TTIOBUHHA CTAaHOBUTH He MeHuIe 1,7 M. [lnoma, sika BUAUISIETbCA HA OJIHE poOoue
micue, oonaanane ITK cranoButs — >6.0 M2, a 06°em — >20 m° [21].

[Ipu BuOOp1 npumimieHs s po3minmieHHs poOounx wicie [IK  HeoOximHO
BpPaxOBYBATH CTYIIIHb BIIOUTTA CBITJIa Ha €KpaHaX JAUCIUIETB, sIKE MPOXOIUTH Yepe3 BIKHA 1
SIK€ MO’KE BUKITMKATH 3HAYHE OCTITUICHHS B TUX, XTO CHIUTH Mepel HUMH, 0COOJIMBO BIIITKY
Ta B cOHsiuHl aHI. Tomy, IIK 1 oprrexHiky HeoOXiHO PO3MIUIyBaTH OIS CTiH, SIKI HE
3HaXOAThCs O BIKOH a00 HAaBOpOTH HUX [21].

OCKUIBKM NpU HE33aJ0BIILHOMY OCBITJIEHH! 3HUXKYETbCS MPOAYKTHBHICTH Mparl
kopuctyBauiB [1K 1 MOxMBI HeraTHBHI BIUIMBH Ha 3JI0pPOB’S TaKi K KOPOTKO30PICTh,
IIBUJIKa BTOMJIEHICTh, TOMY BCl IPUMILIEHHS, K1 00JamToBaHi podounmu micisamu 3 11K,
MaroTh IPUPOJHE 1 IITYYHE OCBITIIEHHS. He onmyckaeThes po3TairyBaHHs poOOYUX MICHb
3 [1K B migBanpHUX TpuMitieHHsax [21].

Po6oui micusa 3 [IK npu BukoHaHHI poOOTH, sika MOTpeOye 3HAYHOI PO3yMOBOI
KOHIICHTpAIlli, 30KpemMa Mpu peanizaiii MEeTOAIB JJisi BUSBICHHS HEOE3MEYHUX CHUTYaIlii,
BapTO 130JIbOBYBATH OJHE BiJ OJHOTO Meperopoakor Bucororo 1,6 m [21]. TloBepxHs
M1JJIOTH Y MPUMIIIEHHAX MOBUHHA OyTH PIBHOIO Ta 3pYYHOIO JUIsl OUMILIEHHS Ta BOJOTOT0

npuOupaHHs.
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[[ITyyne OCBITJIEHHS Yy TMPUMIIICHHSAX TOBUHHO OYTH BHKOHAHO Y BUIJISII
KOMOIHOBAHO1 CCTEMH OCBITJICHHS 3 BUKOPHUCTAHHSM JIOMIHECIICHTHHX JDKEPEN CBITIA Y
CBITWJIbHHKAX 3arajbHOr0 OCBITJICHHS, K1 pO3TAlIOBYBATH HaJl pOOOYMMU MMOBEPXHIMU Y
PIBHOMIPHO-TIPMOKYTHOMY mopsiaKy. LIITydHe OCBITIEHHS MOBHMHHO 3a0e3MedyyBaTH Ha
pobounx micugx 3 ITK ocsitienicts 300 — 500 JIk [23].

Jns 3anmo6iranHs 3acBiTiieHHIO ekpaHiB 1K mpsiMuM# CBITJIIOBUMH MOTOKaMH JiHIT
CBITWJILHUKIB PO3TAIIOBaHI 3 JOCTATHIM OIYHMM 3MIIICHHSIM BIJHOCHO PSJIB POOOYHMX
MICIIb, a TAKOK MapaJIeNIbHO JI0 CBITIOBUX OTBOPIB. [IpH 11bOMy KOKHE BIKHO TOBUHHO MaTH
CBITJIOPO3CII0I0Y1 ITOPH 3 KoedimienToM BinouBanus 0,7 [23].

VY npuMillieHHI TaKoX HEOOXITHO 3a0€3NEUYUTH 1 MPUPOIHE OCBITICHHS, IPU LOMY
Ha KOXXHOMY BIKHI JOIUIBHO 3aKPIIUIMTH >Kalto31 3 BEPTUKAIBHUMH JIAMEJSIMU, IO
PETYIIOIOTHCSA U 3MCHIICHHS MPSMOTO TOMAJaHHS COHSYHOTO CBITJa HAa €KpaH
KOMII FOTEPIB.

3 MeToro 3amno0iraHHs HENAaCHUM BHIMAJKaM Ta OpraHizallli OXOpOHHW Ipaill Ha
BUPOOHMIITBI PO3POOJISIOTECS 1HCTPYKIIT 3 OXOPOHM Mpaull 1 TeXHIKH Oe3NeKd Mpu
BUKOPUCTAaHHI KOMIT IOTepHOI TeXHIKU. [i 1HCTPYKIIi MOMIMPIOETHCS HA BCl CTPYKTYPHI
HiAPO3 UM MianpueMcTBa [24].

o po6otu Ha ITIK nomyckatoTbcsi ocoOM, sIKI MPOMIUIA CHEIlajibHe HaBYaHHS,
MeTUYHEe 00CTEXKEHHS, BCTYITHUN IHCTPYKTAX 3 OXOPOHH TIpalli, IHCTPYKTaXX Ha poOodoMy
MICII1 Ta IHCTPYKTAX 3 TOKEKHO1 OE3MEKH.

3 eproHOMiYyHOI TOYKHM 30py NP pO3TAllyBaHHI €JIEMEHTIB POOOYOro Miclis
HEoOXiqHO BpaxoByBaTh Taki (akropu [21]: mpoctip sl po3MillIEHHS KOPHUCTyBaya,
MOXJIMBICTh OTJISITY €JIEMEHTIB POOOUYOTO MICILISI; MOKJIMBICTB OISy TPOCTOPY 3a MEXaMu
P00O0OYOTro MICIISI; MOXJIMBICTh POOUTH 3aMKCH, PO3MIIIICHHS TOKYMEHTAIIIl 1 MaTepiaiB, sSKi
BHKOPHCTOBYE TPaIliBHUK.

[Ipu po0OoTi Ham MOCHIIKEHHSIM METOJIB Ta 3acO0IB BHSBJICHHS HEOC3IMEUHHX
CUTYAII¥ JIJIs JIFOIeH KOMIT FOTEPU30BAHOI0 CHCTEMOIO BPaXxOBaHO Ta JOTPUMAHO YMHHUX
BUMOT 3 OXOPOHHU Tpalli 1 TEXHIKU O€3IMeKH, 10 JO3BOJUIIO 3a0€3MeYUTH 3pyUH1 YMOBH JJIs

e(deKTUBHOI pOOOTH.
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4.2. besneka B HAJI3BUYAMHUX CUTYaIISX

Ha cboroanimnHiii AeHb BaXXJIMBE 3HaUYCHHS Mae (YKIIIOHYBaHHS IMANPUEMCTBA ITi]T
yac BiifHM B YKpaiHi, TOMY OIlIHKa CTIHKOCTI pOOOTH MiAMPHUEMCTBA JI0 BILUTUBY BTOPHUHHUX
Bpakarounx (pakTopiB € HEOOX1THOIO.

CriiikicTh poOOTH 00'€KTa — 1€ 3/IaTHICTh B yMOBaX BIHCHKOBOT'O Yacy BUTOTOBJISITH
MIPOJIYKIIIFO B 3aIJTAHOBAHOMY 00'e€Mi 1 HOMEHKJIATYPI, a MPU OAepKaHHI CIIA0KHUX 1 9aCTKOBO
CepelHIX pyWHYBaHb BIJHOBIIIOBATU CBOE BUPOOHUIITBO B MiHIMalbHI TepmiHuU. Lliyb
OIIIHKM CTIMKOCTI 00'€KTa TMOJsrae y BHUABJICHHI CIAaOKUX MOro €JIeMEeHTIB, 100 Yy
MOJAJIBIIOMY MPOBECTU 1HXXEHEPHO-TEXHIUHI 3aXO0Jld, CIPSMOBAHI Ha IIJBHUILEHHS
CTIMKOCT1 00'€KTa B LIIJIOMY.

OmniHka cTiKOCT1 po00TH 00'€KTa — 1€ BCEOIYHE BUBUEHHS MIIMPUEMCTBA 3 MOTIIATY
CHPOMO’KHOCTI HOT0 MPOTUCTOSTH BIUIMBY Bpa)KatouuXx (pakTopiB, MPOJOBKYBATH POOOTY 1
BiJTHOBJIIOBATH BUPOOHMIITBO MPH OJCP KaHHI CIaOKMX pyiHYBaHb [25].

[TigmpuemMcTBa BIAPI3HAIOTHCS OJHE B1J OJHOTO SIK 33 KOHCTPYKTUBHUM PIIICHHSM,
TaK 1 3a TEXHOJIOTIYHUMHU TpoliecamMu. BiaMiHHOCTI 00'€KTIB MOJATalOTh B OyIWHKaX 1
CHopy/Aax, yCTaTKyBaHHI 1 TEXHOJIOT1i BUPOOHUIITBA, KOMYHAJIbHO-€HEPIETUYHUX MepexKax
1 TepuTopii, Ha sKIM po3TamoBaHuii 00'ekT. ToMy B ycCiX BHUIAJKaX OLIHKA CTIMKOCTI
KOXKHOTO 00'€KTa Ma€ CBOT 0OCOOJIMBOCTI 1 BUMAra€e KOHKPETHOTO IMiIXO/1Y /IO PIIICHHS IbOTO
MUTaHHA. Y JaHOMY BHIAJIKy PO3TJIIHEMO 3arajibHi JUIsl BCiX 00'€KTIB MUTaHHS OLIIHKH iX
CTIWKOCTI JI0 BIUIMBY Bpaxarouux (akTopiB 30poi MaCOBOTO 3HUIIICHHS.

O1iHKa CTIMKOCTI poOOTH 00'€EKTa MOYMHAETHCS 3 BUBUCHHS PaiOHy PO3TallyBaHHS.
O0'ekT MOKE 3HAXOIUTUCS B MICT1, 32 MEXEIO MOr0 MPOEKTHOT 3a0y0BH 1 Ha JEAKIN BlAali
BiJ MicTa. JlochimKyeThest TEpUTOPIs palloHy, HOTO CTPYKTYpa, IUIBHICTH 1 THUIT 3a0y10BH,
CyCi/IHI O0'€KTH 1 MOXJIMBICTh BUHUKHEHHS Ha HUX BTOPUHHUX YMHHUKIB mopas3ku. Ha
00'eKTI BHM3HAYAIOTHCA IIIIBHICTH 3a0yJOBH, PO3MIIICHHS OCHOBHMX OYIWHKIB 1
CHOPY/KEeHb, II0 BIUIMBAIOTh HA XapaKTep pyWHYBaHHS, MOXJIHMBE YTBOPEHHS 3aBajiB i
BUHUKHEHHA TOXKeX. OcoOimBa yBara NpuAUISEThCS TUISTHKAM, € MOKINBE BUHUKHCHHS
HeOE3MEeUYHUX BTOPHUHHUX YWHHHUKIB YIIKO/DKEHb. bepyThcs Ha 00miK yci OyIuHKHU 1

CIIOPY/IU, POOUTHCS OIIHKA 1X CTAaTUYHOI CTIMKOCTI. BUBUaIOTh KOKEH MiAPO3/ia 1 HOro
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OKpeMI €JIEMEHTH SIK M0 KOHCTPYKTHBHOMY pIIICHHIO, TaK 1 3a MaTepiajamu, 1o Oyiu
BUKOPDUCTaHI B OyIIBHHUITBI. PO3rasgaroTbCsi yMOBH PO3MIIIEHHS BHYTPIIIHBOTO
TEXHOJIOTIYHOTO YCTAaTKyBaHHS 1 BHU3HAYAIOTHCA BHUJIM PYWHYBaHb 1 VYIIKO/JKEHb, IO
MOXKYTh MaTH MICII€ IPU PI3HOTO POAyY 00cTpinax, boMOapyBaHHSIX Ta AIEPHOMY BHOYXY
1 3aBaJICHHI OTOPOKYBAaHUX KOHCTPYKIIIM MiAIPHEMCTBA.

Oco0MuBO BaXJIMBO BU3HAYMTH 3aXUCT I[IHHOTO W YHIKaJIbHOTO YCTaTKyBaHHS,
HACHYCHICTh BUPOOHHUIITBA aBTOMATHUKOIO 1 MOMKJIMBICTH TPOJOBKCHHS BUPOOHUIITBA Y
BUIAJKYy BHUXOIYy 3 JaJy KOHTPOJbHO-BUMIpIOBAIBHOI amapaTypu. OOCTeXKyrThCs
KOMYHaJIbHO-€HEPreTHYHI CUCTEMU 00'€KTa 1 pOOUTHCS OLIHKA CTIMKOCTI CHOPYIKEHb 1
JiHIA, TOOTO BHU3HAYAIOTHCS MapaMeTpH BpaKarouux (HaKTOpiB, MPU SKUX KOMYHAJIbHO-
EHEPreTUYH1 Mepexkl oJiepkaTh Ti a0o0 iHIII pyiiHyBaHHs. BusHauaeThcs 3a0e3MeyueHICTh
MPAIIOI0YNX 3aXUCHUMU CIIOPYIKEHHSIMU: BCTAHOBIIIOETHCA KUIBKICTh CXOBHILL, YKPUTTIB 1
OILIIHIOIOTHCS iXHI 3aXMCHI BJIACTHBOCTI. BHBUaeThcs cucTeMa KepyBaHHS, 3B'S3Ky U
OTIOBIIICHHS] HA OCHOBI BUBYEHHS CTaHY 3aXMIIEHUX MMYyHKTIB KEPYBaHHS, BY3JiB 1 JHIN
3B'I3Ky. AHANI3YEThCA CHCTEMA MAaTepialbHO-TEXHIYHOTO IOCTA4YaHHS 1 BUPOOHUYHUX
3B's13KiB. BCTaHOBIMIOETHCS 00'€M 3aImaciB 1 MOXKIMBUX TEPMIHIB MPOJIOBKEHHS poOoTH 0e3
MOCTa4yaHb, BU3HAYAETHCS BIAMOBINHICTh iXHBOI KIIBKOCTI 1 HOMEHKJIATypu BHUMOTram,
3alPOMOHOBAHUM 0 BUPOOHHUIITBA y BIMCHKOBUM 4ac. OLIHIOETHCS CTIMKICTh CKJIAIB
CUPOBHHH, KOMIUICKTYIOUUX BUPOOIB, TOTOBOI MPOAYKINi ¥ 1HIIMX MaTepiaiiB, a TaKOX
CXOBHIIA MallbHUX MaTepiaiiB. JloCaiKyeTbesl MIArOTOBKa OO'€KTYy A0 BIJHOBJICHHS
BUPOOHMIITBA Y BUTIAJIKY OJICPKaHHS CJIa0KUX ab0 cepenHix pyiHyBaHb [25, 26].

AHali3 BUPOOHUYOI [ISUIBHOCTI OO0'€KTa J103BOJISIE BUSIBUTH CJIA0K1 €JIEMEHTH,
JUJISTHKY 1 TATOTYBATH TUTaH MiABUILEHHS CTIMKOCTI X pOOOTH 1 IJIaH BIJHOBIIOBAIBHUX
po0it, 3a0e3neunT ix Oy1BETbHO-MOHTAKHOIO 1 MPOSKTHOIO JOKYMEHTAITIETO.

Omninka cTiiikocTi poO0TH 00'€kTa OpraHizoByeThCsl HavanbHUKOM L{O (nupexropom

MIIITPUEMCTBA), HOTO MTa00M 1 TOJIOBHUMHU (PaXiBIIMU: TOJIOBHUM 1HXKEHEPOM, TOJIOBHUM
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MEXaHIKOM, F'OJIOBHUM TEXHOJIOI'OM, FOJIOBHUM €HEPreTHUKOM, TOLIO. J{0 OLIIHKU CTIHKOCTI

3aJTy4aroThCs HAaYaJIbHUKH CITyk0 Ta iHmm daxismi [25, 26].

4.3. BucHOBKH 10 po3airy 4

B nanomy po3miai omucaHl akTyallbHI TMHUTAaHHS IIOJ0 OXOpPOHHW TMpali Ta
3a0e3reueHHs Oe3neKku B HaA3BUYAMHUX CHUTyallisx. byna omparnboBaHa iH(opmariis
CTOCOBHO BUMOT 3 OXOPOHH Tpalli 1 TEXHIKH O€3MEeKH, MOXKEKHOI Ta eNeKTPOOE3MmeKH.
Tako, pO3TJISIHYTO MHUTAHHS OO0 OIIHKK CTIHKOCTI poOOTH MiANPHUEMCTBA IO BILUIMBY

BTOPUHHUX Bpa)Karouux (pakTopiB.
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BHUCHOBKU

B pe3ynbrati BUKOHaHHA KBadi(iKaliiiHOT poOOTH 3apOIOHOBAHO METO/IU Ta 3aCO00H
MIIBUINCHHS ©(QEKTUBHOCTI BHSBJICHHS HEOE3MEYHUX CHUTyallid Il JIIOJIUHH
KOMIT FOTEpHU30BAaHNMH CUCTEMATH BiJICOHATIISAY, 30KpeMa:

— Ha ocHOBI mpoBeneHOro aHamizy BU3HAYEHO HEOOXITHICTH MOAAIBIIOTO
BJIOCKOHAJICHHS 1CHYIOUMX METOJIIB Ta 3acO0IB BUSBJICHHS HEOC3MEUHMX CHUTYyaIlld s
3a0€3IMeUeHHS TT1IBUIIICHHS IBUAKOCTI Ta €)eKTUBHOCTI pOOOTH B peaJIbHOMY 4aci, a TAKOXK
TOYHOCTI pO3Mi3HABAHHS y CKJIAJHUX YMOBaX.

—  OOrpynroBano BukopuctanHs YOLO, sk edekTtuBHOrO 3aco0y s
BUSIBJICHHSI HEOE3MEYHUX CHUTYyallli y CHUCTEMax BIJCOHATJISAY 3aBISKH 1X 37aTHOCTI
MpaloBaTi B peaIbHOMY 4Yacl Ta BUCOKIA TOYHOCTI BUSABJICHHSI 00'€KTIB, 110 JO3BOJUTH
MIJIBUIUTH €(EKTUBHICTh BHSIBJICHHS HEOE3MEUHUX CHUTYyallli 3aBISKHA iX BHCOKIN
IIBUJIKO/I11, TOYHOCTI Ta aJallTUBHOCTI 10 PI3HUX YMOB POOOTH.

—  IlpoBeneno anami3 pizHux Bepciid apxitektypu YOLO, 30kpema YOLOVS,
YOLOv1I0, YOLOvI1l 3 wmeroro BuOOpy HaWe(eKTHUBHINIO aJis 3a7adl BUSBICHHS
HEOE3MEeYHUX CUTYaLlIH.

—  Cdopmoano HaOip nanux i3 2054 300pakeHb, BKIOUa04u 732 300pa’keHHS
XKIHOK, 794 4oIoBiKiB 1 528 miTed, AJIsi HAaBUaHHS MOJEJCH po3Ii3HaBaHHS HEOE3MeUHUX
CUTYyalliil 3a 103010 "pyKH Bropy" Ta MmiIr0OTOBJIEHO J1aHl JJIsl HaBYaHHS MOJIeJeH.

—  IlpoBeneHo KOMIUIEKCHE MOPIBHSHHS pi3HUX Bepcit apxitektypu YOLO
(YOLOvS8s, YOLOvIOn, YOLOv10s, YOLOvlls Ta YOLOvVI1l1s-pose) mis 3amadi
BUSIBJICHHS HEOE3MEYHUX CUTYyallli 3a KIOYOBUMH METPUKAMH: Yac OIPAIfOBAHHSI,
TOYHICTh PO3IMi3HABAHHS Ta BUMOTH J10 OOUHCIIIOBAIbHUX PECYPCIB.

—  3niticaeno tpenyBanHs mojeneit Ha GPU T4 uepe3 Google Colab Ta nokansHo
Ha mporiecopi Apple M3 Pro.

—  ExcnepuMeHTanbHO BCTaHOBJIEHO, 10 Moaenb YOLOvIls nemoHCTpye
OINTHMAJIbHE CITIBBITHOIIEHHS MK TOYHICTIO Ta IIBUAKOJIEI0, MalOYd HaWMEHIIHWN dYac
nonepeanboro ompaioBanus (0.6 mMc), Bucoki nokazHuku touHocti (mAPS50 = 0.992) ta

noMipH1 BUMoru J1o nam'ati (19.5 MO).
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—  BcTaHoBieHO KPpUTHUYHY 3aJIe)KHICTh IIBUIKOIT Bl anmapaTHOl MaTGopMu -
Ha CPU wuac ompaitoBannsa 3poctae 1o 4922 mc mopiBusino 3 6-11 mc wa GPU, mo
OOTpyHTOBY€E HEOOXIJHICTh BHMKOPUCTAaHHS cepBepHOi apxitektypu 3 GPU s
NPaKTHYHOTO BIPOBAIKEHHS CUCTEMH BiJICOHATIISY.
—  3ayBaxeno, mo Bukopuctanas API depe3 FastAPl 3abe3neuye rHyukicTbh
PO3TOPTaHHA Ta MacIITaOyBaHHS CUCTEMHU
— Ha 0CHOBI KOMIUIEKCHOTO aHalli3y BCIX XapaKTEPUCTHK, IS MPAKTHIHOI
peatizallii CHCTeMHU BUSBIICHHS HEOE3MEUHUX CUTYaIlll PeKOMEHIOBAaHO BUKOPUCTOBYBATH
Mojzenb YOLOvIls 3 cepBepHOIO apXITEKTYypOIO OMpAaIOBaHHS JaHUX, 110 3a0€3MeUUTh
ONTUMAJILHUM OajlaHC MK TOYHICTIO PO3II3HABAHHS Ta IBUJIKOJIE€I0 CUCTEMH B PEATbHUX

YMOBaXx €KCILTyaTallii.
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ABSTRACT

The use of Artificial Intelligence is currently being observed in many areas of life. In addition to assisting in intel-
lectual work, solving complex computational problems, or analyzing various types of data, the aforementioned
techniques can also be applied in the process of providing security to people. The paper proposes an emergency
identification system based on Artificial Intelligence that aims to provide timely detection and notification of dan-
gerous situations. The proposed solution consider the position of a person “hands up” as an emergency situation
that will indicate a potential danger for a person. Because people in the face of potential danger are mostly forced
to raise their hands up and this pose attracts attention, emphasizes the emotional reaction to certain events and
is usually used as a sign of risk or as a means of subjugation. The system should recognize the pose of a person,
detect it, and consequently inform about the threat. In this paper, an Al based emergency identification system was
proposed to detect the human pose “hands up” for emergency identification using the PoseNet Machine Learn-
ing Model. The assumption consists that the utilization only of 6 key points made allows reducing the computing
resources of the system since the conclusion is made taking into account a smaller amount of data. For the study,
a dataset of 1510 images was created for training an Artificial Intelligence model, and the decisions were verified.
Supervised Machine Learning methods are used to classify the definition of an emergency. Alternative methods:
Support Vector Machine, Logistic Regression, Naive Bayes Classifier, Discriminant Analysis Classifier, and K-
nearest Neighbours Classifier based on the accuracy were evaluated. Overall, the paper presents a comprehensive
and innovative approach to emergency identification for quick response to them using the proposed system.

Keywords: artificial intelligence, deep learning, detection, emergency system, computer system.

INTRODUCTION identifies emergencies can be an effective tool for

preventing and minimising the consequences of

In today’s world, the increasing number of
terrorist attacks, assaults, thefts, and other emer-
gencies that pose a threat to human security has
become a serious challenge for law enforce-
ment agencies, security services, businesses and
citizens. Existing systems are not always able
to provide timely detection and notification of a
dangerous situation. A computerised system that
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emergencies. The use of artificial intelligence will
allow real-time recognition of emergencies and
automatic notification.

Papers [1-4] describe the systems that allow
the identification of various dangerous situations.
The authors of study [1] propose a hazard detec-
tion technology based on the analysis of multimod-
al data from several sensors on a smartphone and
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smartwatch, as well as contextual data from several
people and places over time. The proposed Multi-
log Data Analysis (MLDA) helps to detect danger-
ous situations that are abnormal by analysing the
contextual state of people, objects, and places.

The system described in [2] utilizes non-in-
vasive and non-intrusive sensors, RFID tags, and
GPS to collect and analyze real-time physiologi-
cal signals in order to determine when a child is
in danger. The system makes assumptions about
the state of danger based on the verification of
specific biometric responses to certain situations,
using a self-learning algorithm developed for this
architecture. In the paper [3], the authors propose
a model that uses artificial intelligence to detect
objects (objects) and human actions that could
provoke a dangerous situation, as well as the re-
lationship between them, in CCTV images. There
are also systems that are used to determine the
emergence of human conditions at home.

The authors of [4] proposed a system that al-
lows the detection of dangerous situations, such as
a person falling, based on posture detection. The
various security automation systems and technol-
ogies are described in the paper [5]. The authors
analysed different systems, such as Intelligent
acoustic and vibration recognition/alert systems
for security breaching detection, proximity
danger identification, and perimeter protection,
home security system using Arduino UNO,
Low Power Accelerometer Based Intrusion and
Tamper Detector, loT based Intruder Detection
System Using GSM, Identification of Damaging
Activities for Perimeter Security, Smart [oT
Security System for Smart-Home Using Motion
Detection and Facial Recognition, Ambient
Intelligence and IoT Based Decision Support
System for Intruder Detection, Theft Detection
System using PIR Sensor, Ambient Intelligence
and [oT Based Decision Support System for
Intruder Detection, Theft Detection System using
PIR Sensor, etc.

In this article, we propose to use a different
idea to identify emergency situations, namely, by
the specific behaviour of people in the room, the
“hands up” posture, since people in potential dan-
ger are mostly forced to raise their hands up as a
sign of risk or as a means of submission. This pose
attracts attention, emphasises an emotional reac-
tion to certain events, and is usually used when
there is a threat. In the context of a crime, the
“hands up” pose is a serious warning signal and
can cause fear and anxiety among people at the

scene, which may indicate robbery, intimidation
or detention, as well as that a person is being co-
erced. Therefore, it is advisable for the system to
detect an emergency situation based on the “hands
up” pose. In this paper, we propose a system that
detects the “hands up” pose and, based on this, in-
forms about an emergency. The system recognises
the “hands up” pose using artificial intelligence.

Artificial intelligence is already commonly
used for human pose recognition. Several re-
searchers have studied the problem of human
pose recognition and have determined the most
effective algorithms for this purpose. Their re-
search is described in the literature [6—10]. These
studies mainly consider different algorithms and
verify the accuracy of the determination of key
joints in the human body. However, these stud-
ies do not take into account the particular posture
that a person adopts for a given set of data, i.c.,
for a given set of joint coordinates. For some
purposes, it is not necessary to have information
about a person’s posture at any given time, but it
is necessary for the model to identify and report a
particular posture that may signal danger, i.e., the
“hands up” posture.

Therefore, the task is to develop a system that
recognizes a specific pose — “hands up”. Such a
system can be used in different premises for dif-
ferent industries, such as banks, shops, schools,
and other institutions. In addition, the use of such
a system can reduce security costs, as it replaces
the human factor in the process of monitoring the
video stream.

System architecture and algorithm

The generalized architecture of the Al-based
emergency identification system is shown in Fig-
ure 1. The main task performed by the system is to
identify a dangerous situation for a person, name-
ly, to determine the person’s “hands up” pose.

According to the proposed architecture, the
first step is to acquire an image from the video
stream of the video surveillance system, for ex-
ample. Next, the video is recorded and transmit-
ted, i.e., “captured”, converted into digital signals,
processed, adjusted, and transmitted to the server.
The video information is displayed and access to
the module is provided on a smartphone, tablet,
or PC via a browser, and the emergency situation
is identified using artificial intelligence. It is pro-
posed to store data (i.e., received video recordings
and emergency history) in the cloud or on physical
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Fig. 1. General architecture of the system

server storage. It is proposed to use a Telegram bot
to send a message about an emergency.

This architecture allows you to access video
content at any time, implement the function of
identifying an emergency (hands up), and provide
the ability to inform about an emergency. A pose
detection algorithm is used to detect an emer-
gency. This component of the system analyses the
received video data and determines the pose of a
person’s “hands up”. Pose recognition uses pose
and orientation to predict and track the location
of a person or object. Accordingly, pose detection
allows applications to estimate the spatial posi-
tion of a body (“pose”) in an image or video. Pose
detection is performed by finding key points on a
person or object.

Assessing body posture is a challenging task
because the appearance of the body is dynami-
cally changing, and the angle of view and exter-
nal context also have an impact. In the field of
human posture estimation, there are two main ap-
proaches: bottom-up and top-down methods [7].
Bottom-up methods involve first estimating each
individual body joint and then grouping them to
determine the overall pose. Top-down methods
first detect a person in the image using a person
detector and then estimate the body joints within
the bounding boxes of the detected person [8]. On
the other hand, top-down methods start with run-
ning a person detector to identify the person in the
image and then estimate the body joints within
the detected bounding boxes [6]. The ultimate
goal of human posture estimation is to predict
the positions of the different body parts and joints
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in photographs or videos. Accurate estimation of
body position is important for identifying human
actions since movement patterns are often influ-
enced by body posture [6].

In addition, the posture estimation can be per-
formed in both 2D and 3D. 2D human pose esti-
mation involves using visual data, such as photo-
graphs and videos, to approximate the spatial po-
sitioning or location of key points on the human
body [9-10]. Such models exist for human pose
estimation: kinematic, planar, and volumetric.
After analyzing different models for human pose
estimation, it was found that the kinematic model,
also known as the skeleton-based model, is the
most suitable for detecting unusual human behav-
iour such as the “hands up” posture. Additionally,
most techniques use an N-joints rigid kinematic
model, which represents the human body as an
object with joints and limbs that provide informa-
tion on body kinematic structure and shape [6, 9].
When assessing a person’s pose, the key points
will be joints such as elbows, knees, wrists, etc.

In this paper propose to detect the human pose
“hands up” for emergency identification using
the PoseNet machine learning model. PoseNet is
a Deep Learning TensorFlow model that deter-
mines a person’s pose by estimating body parts
defined as key points (17 in this model), rang-
ing from eyes, and ears, to ankles and knees, in-
cluding wrists, elbows, shoulders, and nose [11].
These points are connected to form the skeletal
structure of the body. All the points and the pose
itself are also assessed for authenticity [9, 10].
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The Al-based emergency recognition func-
tion (“hands up” pose) is implemented using the
following algorithm: storyboarding the video re-
ceived from the camera, recognising key points
(joints), determining the coordinates of six infor-
mative points, normalising the data, and recognis-
ing the “hands up” pose.

The flowchart of the artificial intelligence
based emergency identification computer system
is shown in Figure 2. The video stream received is
first pre-processed, and then divided into separate
frames (storyboarded), then in each frame, using
Deep Neural Networks, the presence of a person is
determined and key points (joints) are recognised.
If there is no person in the frame, the next frame is
analysed. The next step is to identify informative
points and normalise them, and then, based on the
location of these points, the trained model decides
whether the person is in a “hands up” pose. If the
system detects this pose, an emergency notifica-
tion is sent, if not, the next frame is analysed.

The main informative points used to recog-
nise the “arms up” pose are: “left shoulder”,
“right_shoulder”, “left_elbow”, “right elbow”,
“left wrist”, “right wrist”. In other words, the
system needs 6 key points (classes) to make a
decision instead of 17 and recognises the “arms
up” pose according to their location. This solu-
tion reduces the computing resources of the sys-
tem since the conclusion is made taking into ac-
count a smaller amount of data (i.e., instead of 17
points in one image frame, only 6 are analysed),
and thus the computational complexity of the task
is significantly lower.

DATASET AND METHODS

Since no data set of people with a given pose
was found on the Internet, for the testing of the
system, therefore, 1510 images were formed, of
which 930 are in the “hands up” pose, 580 are
poses with other hand positions. They were ob-
tained from videos in which people of different
ages and genders, in different rooms and at differ-
ent distances from the camera, make hand move-
ments, including raising their hands up, imitating
the pose that the system should recognise as an
emergency.

Figure 3 shows an image from the generated
dataset used for training with key points identi-
fied using the PoseNet model. The proposed sys-
tem, using PoseNet, recognises people in images

and then recognises key points (joints). The next
step is to obtain the coordinates of 6 informative
points and normalise them for further analysis.
These points are: “left_shoulder”, “right _shoul-
der”, “left elbow”, “right elbow”, “left wrist”,
and “right_wrist”. The data is normalised in the
following way: the point is chosen in the middle

[ Start ]

Y

/ Video stream /

A 4

Video storyboard

y

Receiving a frame

Found a person?

PoseNet
Keypoint Recognition

A 4
Determination of

informative points of the
"Hands up" position

"Hands up" pose

Information about
emergency situation

]
[ End ]

Fig. 2. The flowchart of the artificial intelligence
based emergency identification computer system
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Fig. 3. Example of images with key points identified

between the shoulders, and the distance from the
middle point to all other points is calculated to
find the furthest points in two dimensions (x and
v). Then the furthest points are fit into the square
in such a way that they lie on the sides of the
square. Thus, the distances between the furthest
points in both dimensions are used as a scaling
factor for all coordinates. As a result, all points
fit into a square with side lengths equal to 1, so
that the value of any coordinate is in the range
between 0 and 1. Figure 4 shows the visual rep-
resentation of the selected points and a point for
normalisation — a midpoint.

As a result of normalisation, the coordinates
are found in the range from O to 1, so the height
of the person, the distance from the camera, and
the placement of the person in a video or a pic-
ture do not affect the prediction result. The graphs
of normalised coordinates, when hands are in the
“hands up” position and in other positions, are
presented in Figure 5. Basically, the input con-
sists of 12 variables (x and y coordinates of those

6 points), and the output is class 0 if the posture is
predicted to be “hands up”, and 1 if the posture is
considered as any other.

RESULTS AND DISCUSSION

Thus, the generated dataset used for the study
consists of 1510 images: 930 are “hands up”
(““0”) and 580 are other poses, i.e., not “hands up”
(“1”). For further classification of the achieved
coordinates, the methods of machine learning are
utilised. This paper considered an approach that
takes into account that there are two classes of
data (the location of the hands to determine the
pose): the “hands up” pose (an emergency identi-
fier), and any other pose. Therefore, the task of
binary classification is essentially solved. For this
purpose, we used the support vector method, i.e.,
SVM (Support Vector Machine), and for compar-
ison, logistic regression, Naive Bayes classifier,
Discriminant Analysis classifier, and K-nearest

left_wnist

left_shoulder right_shoulder

middle point

left_elbow right_elbow

right_wrist

Fig. 4. Visualisation of 6 chosen points and a normalisation point
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Fig. 5. Graphs of normalised coordinates when hands are in (a) position “hands up”, (b) other positions

Neighbours classifier. The methods are used for
the classification of postures based on 6 nor-
malised coordinates. The implementation of these
methods was done in MATLAB.

The classifier is first “trained” on objects
from the training set (from the generated dataset),
which are predefined with class labels. Then, the
trained algorithm predicts the class label from the
test sample for each object [12]. The SVM algo-
rithm uses a set of functions that are defined as a
kernel (a function that is provided to the machine
learning algorithm). In this case, we used Gauss-
ian kernels. By maximising the distance between
points and finding the best hyperplane, SVM di-
vides the data into different categories. Given a
dataset where each element belongs to one of two
categories (“hands” up and other), the SVM is
trained and then the classifier is tested.

Figure 6 shows the mismatch matrix of SVM
with Gaussian kernels and ROC graph. The

True/Predicted Classes with summary

-

True Class

0 1
Predicted Class

matrix displays the total amount of data in each
cell, with rows corresponding to the correct class
and columns to the predicted class [13]. The di-
agonal corresponds to the correctly classified
classes (930 for the “hands up” pose, 580 for the
other). The line at the bottom of the figure shows
the percentage of all data that belongs to the cor-
rectly and incorrectly classified class. The column
in the right corner of the figure shows the percent-
age of all data belonging to each class that is cor-
rectly or incorrectly classified, i.e., accuracy [13,
14]. A ROC curve is a graph showing the perfor-
mance of a classification model at all classifica-
tion thresholds [15, 16, 17]. The “steepness” of
ROC curves is particularly significant because it
is desirable to maximise true positive rates while
minimising false positive rates [13].

For comparison, machine learning models
based on the following classification methods
were built: Logistic Regression; Naive Bayes;

ROC for Classification (1 vs Others)
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Fig. 6. The confusion matrix and ROC for SVM classifiers using a Gaussian Kernel
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Table 1. The results of human pose recognition

“Hands up” pose

Other poses

Name of classification method

Total: 930

Total: 580

Correctly classified | Incorrectly classified | Correctly classified |Incorrectly classified

i\e/rl\rl]lecl:lassifiers using a Gaussian 930 0 580 0

Logistic regression 856 74 525 55
Naive bayes 862 68 504 76
Discriminant analysis 851 79 526 54
K-Nearest neighbors 862 68 504 76

Table 2. The comparison of the prediction results
Name of classifier Recall Precision

SVM classifiers using a Gaussian Kernel 100 % 100 %
Logistic regression 94.0 % 92.0 %
Naive bayes 91.9 % 92.7 %
Discriminant analysis 94.0 % 91.5%
K-Nearest neighbors 91.9 % 92.7 %

Discriminant Analysis; and K-Nearest Neigh-
bours, and their accuracy were evaluated. In gener-
al, all investing using the studied methods is done
in a similar way. The resulting Confusion matrices
and ROC for classification by logistic regression,
Naive Bayes, Discriminant Analysis, and K-Near-
est Neighbours are shown in Figure 7. The results
of human pose recognition by different machine
learning methods are presented in Table 1. The
comparison of the prediction results by 5 models
is presented in Table 2.

Analysing the results, we can conclude that
SVM Classifier is ideal for this type of problem,
as our dataset shows a prediction accuracy of
100%. The other methods showed slightly lower
results, in particular, the accuracy of the K-Near-
est Neighbours method for classifying the “hands
up” pose in the emergency detection system was
the same and amounted to 92.7%, the logistic
regression method was 92%, and Discriminant
Analysis was 91.5%. Nevertheless, the classifica-
tion results obtained are high in each case. There-
fore, machine learning methods can be effectively
used for classification in order to recognise emer-
gencies in the proposed system

CONCLUSIONS

The article proposes an architecture and
algorithm for the operation of an artificial

intelligence-based system for identifying emer-
gencies, which is capable of detecting atypical
(emergency) situations by determining the “hands
up” posture of a person in a room. It is justified
to identify an emergency situation using the Po-
seNet model by six key points, which reduces the
computing resources of the system. Supervised
machine learning methods are used to classify the
definition of an emergency: SVM (Support Vec-
tor Machine), Logistic Regression, Naive Bayes
classifier, Discriminant Analysis classifier, and K-
nearest Neighbours classifier, and their accuracy
were evaluated. The SVM method with Gaussian
kernels showed the best result. Further research is
needed to optimize the system’s performance and
evaluate its effectiveness in real-world scenarios.
The proposed computer system can facilitate
the more efficient work of security services. It
can automatically detect emergencies and report
them. This reduces the need for constant video
stream monitoring and increases the accuracy of
identifying dangerous situations, ensuring prompt
response to potential dangers and reducing risks
from them. Such a system can be used in orga-
nizations, enterprises, and institutions of various
purposes, such as banks, schools, shopping and
entertainment establishments, the service sector,
etc., as well as a ,,smart home” system compo-
nent. In addition, using such a system can reduce
security costs, as it replaces the human factor in
the monitoring video stream process.
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Ha crorogmimHiii 1eHp BKpail BaXJIMBHM 3aBIaHHIM € Oe3mneka sioneil. Ha xanb,
OyBalOTh 0OCTaBUHH, 32 AKUX HEOOXiJHO TEPMIHOBO MOBIJIOMHUTH MPO €KCTPEHY CHUTYaIlilo,
sIKa 3arpoXKye 3/I0pOB'T0, )KHUTTIO YU MaiiHy moael. [[ns BusBieHHs Ta iHGOPMYBaHHS MPO
Taki BUMAJAKHU ICHYIOTH pi3HI TeXHIYHI 3acO0M, HANPUKIAJ, «TPUBOXKHA KHOIKa», CUCTEMU
OXOpOHHOI CUTHAJI3aIlil, CHCTEMH BiJICOHATIISAAY 1 T.i1H. AJIe TaKi CHCTEMHU HE 3aBXKIU MOXKYTh
3a0e3MeUnTH CBOEYACHE BUSBIICHHS Ta 1HHOPMYBaHHS PO HEOE3NEUHY CUTYAILLIIO.

«TpuBOXHa KHOIIKa» - NMPUXOBAaHA Bl CTOPOHHIX Oue€l KiaBillla, MpU3HAuU€Ha IJIs
MHUTTEBOTO  CHOBILIEHHA TMpo HeOesmeky. lLled wmerox onoBimeHHS — e(QEKTUBHO
BUKOPUCTOBYETHCS, aje HEJOJIKOM ii € Te, IO NI MOBIIOMJICHHS MPO €KCTPEHY CUTYAIIilo
NoTpiOHO HEMOMITHO HATUCHYTH Ha HET, 1110 HE 3aBXK/IU € MOKIUBHUM.

OxopoHHa CcHUTHami3alisl - 1€ CHUCTeMa, sKa pO3paxoBaHAa Ha IONEPEIKEHHS
HECaHKI[I0HOBAHOT'O JOCTYIY /10 MPUMIIIEHHS 1 BUKOPUCTOBYETHCSA I 3aXUCTy 00'€KTa Bij
BTOPTHEHHS, BUKpaJlaHHs MaifHa abo iHIMX HeOe3neuHux moaii. CUrxaniszauis crpaiboByYE,
3a YMOBH, KOJIM J1aBayl pearytoTh Ha IEBHUM CUTHAN (PyX, 3BYK, TEMIIEPATYpPy, KOHIIEHTPAIIII0
rasiB Ta iH.), ajie, KOJIM 3arpoXkye Hebe3neka 6e3mocepeIHbO JII0/SM B IPUMILIEHHI BiJ] 1HIITUX
ocid, TO Taka cucTeMa BiJpearyBaTM He 3AaTHa. B Takux Bumagkax po0pe cebe
3apeKOMEHAYBAJIM CUCTEMH BiI€OHATIIATY.

Cucrema BifEOHArNsAAy - II€ CHUCTeMa, 5IKa BHKOPHCTOBYE BiJJCOKAMEpU JUIS
BIJICTeXKEHHs MOAIH, 1m0 BigOyBaroThcsa. CydacHi CHCTEMH BiJJ€OHArjsily, BUKOPUCTOBYIOUH
TEXHOJIOTI] IITYYHOTO IHTENEKTYy, MalTh MOXJIUBICTh MOMEPEAUTH, a B MOJAIBLIIOMY 1
JIOTIOMOTTH BHSIBUTH 3JIOBMHCHHKIB. Bifeokamepu MOXyTh pO3Mi3HATH pPi3HI OO €KTH, a
TaKOX 3/1MCHIOBAaTH 1AeHTU(IKAIII0 0COO0H, MOPIBHIOIOUM ii 3 cBo€l 6a3oro. Taki cucrtemu
3IIACHIOIOTH Tepe/laBaHHs Bi/1€0300pak€HHS B PEAJbHOMY 4Yacl Ha MYJIbT CIIOCTEPEKEHHS.
AJie Ipo eKCTPEeHyY CUTYaIlilo, BUKJIIMKAaHY [TOTPO3010 UM Hara oM 0e3MOocepeiHbO Ha JTI0ANHY,
TaKi CUCTEMU HE IHPOPMYIOTh MUTTEBO, HATOMICTh BCE 3aJIEKHUTH BiJl pearyBaHHS IpalliBHUKA
OXOPOHHU, SIKHH CIIJIKY€E 32 MOHITOPAMH.

ToMy akTyampHUM 3aBJaHHSM € BIIOCKOHAJIEHHS CHCTEMH BiJICOHATISAY (YHKIIIEO
imeHTugikanii eKCTpeHUX CHUTyalid 3 MHUTTEBUM OIOBIIIEHHSIM Tpo HEOE3MeKy.
InenTudikamito HeGe3MEeYHUX CHUTYyalllll MOXXHA peaizyBaTH, BUKOPUCTOBYIOYM IITYYHHM
IHTEJNEKT, a came, PO3Mi3HAI0UH 03y JIOAMHH, KA BKa3zye Ha HeOe3neky. Takor Mo3010, Ky
cucTeMa CIipHiMaTUMe SIK eKCTPEHY CUTYAIIil0, 3aIPOTIOHOBAHO BBAXKATHU TI03Y «PYKHU BrOPYy».
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AJITOPUTM POBOTH KOMH’IOTEPI/BO?AHOT CUCTEMU BIJEOHAIUIALY 3
OYHKUICIO INEHTUDIKALII EKCTPEHUX CUTYAIIIU

Diana Velychko
ALGORITHM OF OPERATION OF A COMPUTERIZED VIDEO
SURVEILLANCE SYSTEM WITH THE FUNCTION OF IDENTIFYING
EMERGENCY SITUATIONS

CyyacHi TexHOJNOTii HaJalOThb MOXJIMBICTb CTBOPEHHS KOMIT'FOTEPU30BAaHUX CUCTEM
B1JICOHAIISITY, SIK1 37aTHI BUSIBJISITH HETUIIOBI (€KCTpeHi) cutyalii. KirouoBUM eeMeHTOM Takux
CUCTEM € INTYYHHH IHTENEKT, SKuH 3a0e3nedye ix edekTuBHEe (YHKIIOHYyBaHHSA. B
3aIpOIIOHOBAHINM CUCTEM] €KCTPEHA CUTYaLllsl 11€HTU(IKYETHCS IJIIXOM BU3HAUEHHS O3 «PYKU
BrOpy» B JIIOAUHM, sIKa 3HAXOIUThCS B MpuMimieHHi [1]. BuzHaueHHs Takoi CUrHaJIbHOI MO3H
3MIHCHIOETRCS 3a gJoroMororo Mozaem PoseNet [2].

PoseNet - e monenp mmbOokoro HaBuaHHs TensorFlow, sika BU3Ha4Yae Mo3y JOAUHM,
OIIHIOIOYM YACTHHH TiJIa, BU3HAUEHI K 17 KJIFOUOBHUX TOYOK, IMOYMHAOYM BiJl O4ed 1 ByX 10
KOJIIH 1 ITUKOJIOTOK, BKJIFOYAFOUH 3am'sICTS, JIIKTI1, ruiedi Ta Hic [2]. L{i Touku 3'eqHaHi MiXk 00010,
YTBOPIOIOYUM CKEJIETHY CTPYKTypy Tuta. B 3ampomoHoBaHiii KOMII'IOTEpU30BaHiil cUCTeMi
OCHOBHMMH 1H()OPMATHBHUMH TOUKAaMU JJIsl PO3Mi3HABaHHSA MO3M "pyku Bropy" €: "mise reue",
"mpaBe mieue", "mBui JiKoTH", "mpaBui JMiKOTH", "miBe 3am'scta", "mpaBe 3am'scta". ToOto,
cUcTeMa NpuiiMae pillleHHS 3a 6 KIIOYOBUMM TOYKaMM 3aMmicTb 17, 1 posmi3Hae mo3y "pyku
Bropy" BIINOBIAHO [0 iX po3TamlyBaHHsA. B TakoMy BHUMNAAKy aJroputM poOoTu
KOMII'FOT€PU30BaHOI CUCTEMHM BiJI€OHAITIINY 3 (DYyHKLI€I 11eHTH]IKalii eKCTPeHuX CHUTYallii
HACTYIHHUI: OTpUMaHU{ BIAEOIOTIK MONEPETHBO OINpPAIbOBYETHCS, TOTIM pO30MBAETHCA HA
OKpeMi KaJpu (pO3KaJIpOBYETHCA), MICIAS HOTO B KOXKHOMY KaJpi 3a JIOTIOMOIOI TIIMOOKHX
HEHPOHHMUX MepeX BU3HAUYAETHCS TPHUCYTHICTh JIOAWHA. SIKIMIO B Kaapi HEMae IONWHM,
aHaJ3yeThCsl HACTYNMHHUM Kajp. SIKIIO JIOAMHA BUSBIEHA, TOAL 3M1MCHIOETbCS PO3Mi3HABAHHS
KITFOUOBHX TOYOK, /1aJli BU3HAYAIOTHCSI KOOPIWHATH MIECTH iHPOPMATUBHUX TOYOK, IIPOBOIUTHCS
HOpMaJTizallis JaHWX, 1, BUXOASYU 3 PO3TALIYBaHHS IIMX TOYOK, HaBUYECHA MOJEIb BUPIILIYE, YU
3HAXOMUTHCA JIoAMHA B 1031 "pyku Bropy". SIKmoO cucreMa BHSBISE II0 103y, TOA1
HA/ICWJIAETHCS TMOBIIOMJICHHA TPO EKCTPEHY CHTYAIlilo, SKIIO Hi - aHaII3yeThCS HACTYITHHN
Kap.

TakuM YHHOM, 3a 3alpONOHOBAHMM AJITOPUTMOM CHUCTEMa MOXeE 1IeHTH(]IKyBaTH
HETUIIOBY (€KCTPEHY) CHUTYaIlilo ISl JIIOAMHUA B TPUMIIICHHI, a TAKOXK Taka HOro peainizaris
JTO3BOJISIE 3MEHIIMTH OOYMCITIOBANIBHI PECYPCH, OCKUIBKM BHCHOBOK IPO €KCTPEHY CHUTYaIlilo
pOOHTHCS 3 ypaxyBaHHSIM MEHIIOI KUTBKOCTI MaHuX (ToOTO 3amicTh 17 TOUOK Ha 300pakeHi
JIOMWHU B KOXKHOMY KaJpi aHaTI3yeThCs Jmie 6), a oTxe, 00UHCIIIoBaIbHA CKIAIHICTh 3HAYHO
HIDKYA.
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