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MeTto10 1BOro AOCTiAKEHHSI € NMPOBeJeHHs BCeOIYHOrO aHAJII3y NMPOAYKTHBHOCTI Pi3HHMX
THNIB MoJesied HelipoHHNX Mepexxk (HM) nnsa posmisHaBanHs wineil. 3okpema, e A0CJTiIKeHHS
30cepe/uKy€EThCsl HAa OWiHII epeKTHBHOCTI Ta MPOAYKTHBHOCTI MoaeJieil yolov8n, yolov8s, yolov8m
Ta YOLO y 3aBaaHHsX po3ni3HaBaHHA 0ijeil. BukopucroByoun mnepenosi 3acodm, Taki sk
OpenCV, Python Ta roboflow 3.0 FAST, nocuimkeHHss cnpsaMoBaHe Ha po3poOKy HajailiHOI
MeTOH0JIOTII /15 OMiHKY MPOAYKTHBHOCTI IUX MoJieJieil HepOHHNX Mepexk. MeTox0/10ris BKII0Yae
PO3po0KY Ta BHPOBA/IKEHHSI eKCIIEPUMEHTIB 1)1 BUMIPIOBAHHS KJII0Y0BUX NOKA3HUKIB, TAKUX SIK
TOYHICTh, IIBHAKICTH TA BAUKOPUCTAHHSA pecypciB. 3aBIsIKN peTeJbHOMY aHAJI3Y 1e JOCTiIKeHHS
HA/IA€ JeMOHCTPALil0 CUJILHUX TA CJA0KMX CTOPiH KOXKHOI MoJeJi, CIPUSI0YU 00IPYHTOBAHOMY
NPUAHATTIO pillleHb A1 NPAKTHYHHUX 3aCTOCYBaHb. Y Lill CTAaTTi MpeACTaBJIeHO Mpouec po3podKu
Ta NPOBeJeHHS aHANiI3y NMPOAYKTHBHOCTI, MiAKPECII0I0YH OOIPYHTYBaHHSI BHOOPY KOHKPETHHX
MeToAiB Ta 3aco0iB. Kpim Toro, B qociigkeHnHi npeacrapjieHo OTPUMAaHI pe3yJbTATH TeCTYBaHHS
NMPOTOTHITY Ta OIJISI MEePCNEeKTUB VI Maiil0yTHBOr0 PO3BUTKY CHCTeM PO3Mi3HABaHHSA IiJIei.

Kuarouosi cinoBa: Heiiponni mepexi (NN), po3nizHaBanus uijieii, yolov8, YOLO, OpenCV,
moaean HM.

1. Beryn

VY cy4acHOMY CBITI MATPUMKA OE3MEKH HAIMIMX CITUIBHOT CTAJO BAKIUBUM, SK Hikomw. JKHUTTA Ta
3arajJbHAN T0OPOOYT MEIIKAHIIIB 3aJ1eKaTh BiJ TOT0, HACKUIBKY 3aXHIEHUM € iXHe oTodeHH. Lleit actiekT €
ONHHM 13 (yHIAMEHTAILHAX CTOBITIB iICHYBaHHS KOXKHOI JIFOMWHH, OCKUTBKH BiH IMIIKPIIIIIOE CYTHICTE MUPY
Ta CTablIbHOCTI. BakIMBICTH BUpIMIEHHS NUTaHL JOMAITHBOI OE3MEeKH TIUOOKO BigOOpakaeThes Y
BIPOBAKCHHI Pi3HUX 3aX0iB O0E3MEKH, 0 BKIIOYAIOTEH B cebe Kibep(di3udHi CUCTEMH, CUCTEMH PO3YMHOTO
OyIWHKY, OXOPOHHI CHCTEMH, TOIO. Y CHTYAIliSAX, KOJH iCHY€E PU3HK IJIS 3MOPOB'S a00 KUTTS JIFOAWHH, BKpan
BaYKJINBO TIOTIEPEUTH Ta 3aXUCTUTH THX, XTO MOXKE OYTH Bpa3IUBUM JI0 HAJ3BUYAHNX CUTYaIlild, BTOPTHEHb
y IOMiBKH a00 KpaabKOK, TOMY ITMTaHHS MOHITOPHHTY 3a TOTCHIIIMHUMH IUHAMIYHHUMH 3arpo3aMu €
aKTyaJIbHUM.

Jns 3abe3nedeHHs 3amavi MOHITOPHHTY 32 PyXOMHMH HUJIIMH OYJI0 BHKOPHCTAaHO MiAXin Ha 0asi
3BHYAHOI MPOTpaMHO-arapaTHOI CUCTEMH MOHITOPHHTY PYXY, B SIKY BXOIUTH Ha0ip KaMep CIOCTEPEKEHHS.
Jns aBTOMaTH3amii qaHOi cucTeMH OYJO PO3TISHYTO MEPCHEKTHBA BUKOPHCTAaHHS CYYacHHX MIIXOMIB 3
BHKOPHCTaHHSIM MoJIenel Heiiponaux Mepex (HM), siki opieHTOBaHI Ha e(peKTUBHUIMA aHAITI3 Ta PO3ITi3HABAHHS
mizeil. B pamkax ganoi cTarTi Oyi0 BUpIMIEHO CKOHIIGHTPYBAaTUCh Ha CiMEHCTBI HelipoHHHX Mepexk YOLO, a
came moxeni: yolov8n, yolov8s, yolov8m Ta YOLO, sk HaiOiIbII MOMYISPHI IS OTPAIfOBaHHS HAaOOpY
BimeodpeiimiB. byno mpoBeneHo aHamiz eheKTUBHOCTI BUKOPUCTAHHS TOi UM 1HIIIOI MOJIENI NMPH BHKOHAHHI
MPaKTUIHOTO 3aBIaHHS — PO3Ii3HABAHHS ITUICH Ha BiIe0300paKEHHSX.
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3rigno 3 ADCIS, knacu4Ha cucTeMa po3mi3HaBaHHA Litel [1] ckiagaeTbes 3 MOEAHAHHS IPOTPAMHHX
YTWIIT, KOMIOHEHTIB Ta amapaTHOro 3a0e3NeueHHs, CIEeLialbHO pPO3pOOJICHHX Ui 3aJ0BOJICHHS BHMOT
Pi3HUX IPpyI KOPUCTYBayiB y BU3HAUEHIH POrpaMHiil eKOCUCTEMI, yCi BOHH PO3MIlLIEH] y CIIJIBHOMY CXOBHIL
KOpHUCTYBauiB. Acoljiamis aBToMaTH30BaHOTO 300paxeHHs (anri. Automated Imaging Association, AlA)
BU3HAYA€ KOMII'IOTEPHHUH 3ip SIK iHTErpaliio anapaTHOro Ta MPOrpaMHOro 3a0e3MedeHHs Uil KepyBaHHS
NPUCTPOSMH Yy BHUKOHAaHHI 3aBIaHb Ha 0a3l 3axoIUieHHS Ta OOpoOKH 300paKeHb Yy NPOMHUCIOBHX Ta
HETPOMHUCIIOBUX 3acCTOCYBaHHsX [2]. Xo4a NpOMHUCIOBHH KOMI'IOTEPHUH 3ip BUKOPUCTOBYE AITOPHUTMH,
CITUTBHI 3 aKaJICMIYHUMU Ta YPSIJIOBUMHU CEKTOPAMU, BiH CTUKAETHCS 3 YHIKATBHUMHU 00OMexkeHHsAMU., CHCTEeMU
KOMIT'FOTEPHOTO 30py Opi€eHTOBaHI Ha IU(POBI CEHCOPU B NPOMHCIOBUX Kamepax, IMOEIHAHUX 3i
CIEiani30BaHOI ONTHKOIO, AJISl 3aXOIUIEHHS 300paXeHb, IKi BUKOPHCTOBYIOThCA JUIsl IOAAJIBIIOI 0OpOOKH,
aHamizy Ta MPUAHATTS pimeHs [3]. TakuM 4MHOM, TPOMHCIOBHIA KOMIT IOTEPHUH 3ip BUMarae AOCATHEHHS
HU3BKO1 BapTOCTi, MATPUMAHHS MPUHHATHOI TOYHOCTI Ta 3a0e3MeueHHsS BHCOKOI HAMIMHOCTI, a TaKOoX
CTIHKOCTi 0 MEXaHIYHOTO Ta TEPMIYHOTO BILIHBY.

IIpotsirom 6araThoX POKiB JOCIiKEHHS B ramy3i mrydHoro inTenekty (L) texnomorii onpartoBanHs
iHhopmariii Ha 0a3i KOMIT IOTEPHOTO 30py HaOyIM IIHUPOKO PO3MOBCIO/KEHHA [4]: Bim OaHKOMATIB, SIKi
CaMOCTIHHO 3YUTYIOTHh YEKH, 10 KaMep, 0 aBTOMATHIHO (OKYCYIOTHCS Ha OOMHYYAX, 1 COIIAIbHUX MEPEXK,
SKi aBTOMAaTHYHO MO3HAYAIOTh JPY3iB Ha OCHOBI po3mizHaBaHHSA oOmmuds. OCcTaHHIMH pOKaMHu BiIOyBCsS
3HAYHUI MPOTpec B aBTOMAaTUYHOMY aHaJi31 Bi3yaJIbHUX JAHHUX 3a JOMOMOTOIO aJTOPUTMIB KOMITHOTEPHOTO
30Dy, 10 3HAYHOIO MipOI0 3yMOBIJIEHO PO3BHTKOM 3TOPTKOBUX HEWpoHHUX Mepex (3HM). Yemix mux Momenei
MOYKHA YaCTKOBO IOSICHUTH 1X TU3aliHOM HaOIMKEHUM /10 PEABHOTO IPOTOTHILY, TOOTO KIACHYHUM IITYYHUI
HEHPOH € CIPOIIEHOI0 BepCi€ro cBOro OionorigHoro anamora [5].

CucreMu KOMI'TOTEPHOTO 30py IIAPOKO BHKOPUCTOBYIOTHCS B Pi3HUX Cepax MOBCAKIACHHOTO JKHUTTS.
Bonu 3a0e3neuyioTe Bi3yaldbHE CHPUHHATTS Ta MOJEIIOBAaHHS 3a JOIOMOIOI0 OOYHMCIIOBAJIBHUX
iHcTpyMmeHTiB. Lli crcTeMH BHKOPHUCTOBYIOTH OJIHO-, CTepeo- abo OaraTokaMmepHi HalalITyBaHHS IS
BUKOHAHHS Bi3yaJIbHUX 3aBJaHb [6]. CTepeocrucTemMu 30py, 0 BAKOPUCTOBYIOTH MO/IBiKHI 200 OaratokamepHi
KOH(ITypaiii, T03BONAIOT, BHUKOHYBATH CKJIAgHI omeparlii komm'rorepHoro 3opy. CumcreMu Bisyamizarii
CIy’)KaTb BAXKJIMBUMH I1HCTPYMEHTaMH 300pakK€HHS, $Ki BHUKOPHCTOBYIOTHCS B IIHPOKOMY CIIEKTpi
3aCTOCYBaHb, BKIIFOUAIOYM IOPTATHBHY aBTOHOMHY pOOOTOTEXHIKY, 3D-BUMipIOBaHHS, BiJICTEKEHHS 00'€KTIB,
IHIYCTpiO po3Bar, AOMOBHEHY pEeaNbHICTh Ta po3mi3HaBaHHA 00'ektiB [7]. Lli cucremu, mozBiitHI 32 CBOEIO
MIPUPOJIOKD, 3aJISKATh Bijl 0AaraTOBUMIPHOTO 30pPY, BIAIrPaOTh KIOYOBY POJIb Y MOKPAIICHHI MTPOCTOPOBOTO
CHPUIHATTS Ta CIPHUAIOTH BUKOHAHHIO PI3HOMaHITHUX Bi3yalbHUX 3aBJaHb y Pi3HUX CEKTOPaXx.

2. Oraspa JiTepaTypHUX JKepe

Python BuaingeTbcs SK MOBa MpOrpaMyBaHHS, L0 BTUIIOE MPOCTOTY Ta MOTYXKHICTb, poOIAYH il
yII061eHUM BUGOPOM cepesl po3poOHHKIB. [i iHTYiTHBHA IPHpPOA 103BOJISE KOPUCTYBaYaM 30CEPETUTHCS Ha
BUpillIeHH] Tpo0ieM, a He Ha OOPOTHO1 31 CKIQJHUM CHHTAKCHCOM Ta CTpYKTyporo. OdimiiiHe BBEJACHHS 10
Python minkpeciroe ii mpocTtoTy Ta epeKTUBHICTb, OMUCYIOUM ii SK MOTYXHY MOBY HpPOTrpaMyBaHHS 3
BHUCOKOPIBHEBUMH CTPYKTYPaMHy JaHHUX Ta MPOCTHM IiJX0JI0M 10 00'€KTHO-OPIEHTOBAHOT'O MPOTrPaMyBaHHSI.
Eneranthicts Python momsrae B i MiHiManmicTHYHOMY IU3aiiHi, 110 Haraaye aHIIMCHKY MOBY 31 CTPOTUMH
npaBunamu. Ii 3pyunuil cuHTaKCHC POOUTH ii HaJ3BUYANHO JTOCTYIHOIO HaBiTh IS MoyaTkisiis. 3 Python
PO3pOOHMKH 3BUTBHSIOTHCS Bil TypOOT MpO AeTali HU3bKOTO PiBHS, TaKi SIK YIPaBIiHHS MaM'ITTIO, 3aBASKH ii
BIIKPUTOMY CepeloBHILy. YHiBepcanbHicTh Python mnommproerbess Ha Oarato miaaTQopm, BKIIOYAIOUU
GNU/Linux, Windows, macOS Tta iHmii, mo poOuTh ii 3araJlbHOMOCTYIHHM 3aCO00M i PO3POOKH
nporpaMHoro 3adesnedeHHs [8].

[Iporpama, Hanucana MOBOIO KoMmmijsimii, Takowo sk C abo C++, mIpoXOAUTH MpOLEC, Y IKOMY BOHA
nepeKiIafaeTbCsl 3 BHUXIIHOTO Koay B nBidkoBuid kox (0 Ta 1), skuil KOMI'tOTEp MOXKE pPO3YMITH,
BUKOPUCTOBYIOUH KOMIIJITOP pa3oM i3 pI3HUMH MpanopisiMd Ta MapaMeTpamMH. 3roJOM HporpaMHe
3a0e3neueHHs 3B's13yBaHH:/3aBaHTaKECHHS MIEPEMIIly€e MPOrpamy 3 >KOPCTKOTO JUCKa B MaM'ATh 1 IOYHMHAE 11
BUKOHAHHS Micis 3amycky. Ha Bigminy Big uporo, Python He Bumarae 6iHapHOi KOMMissmii. 3amMicTh IHOTO BH
MokeTe Oe3mocepeHhO BHUKOHYBAaTH TporpaMmy 3 ii BUXimHOTO Komay. BHytpimmpo Python mepekmamae
BUXITHAH KOA y TpOMiXHY (opMy, BiioMy sIK OalTKOAM, siKa TOTIM TEPETBOPIOETHCS B PIAHY MOBY
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KOMI'foTepa Imepea BuKOHaHHSIM. [IpuBabnmBicTh Python mojsirae B HOro 3axOIUIIOIOYOMY ITO€IHAHHI
MIPOTYKTUBHOCTI Ta PYHKITIOHAITBHOCT.

IlepeBaru TexHosorii Ha ocHOBI 3D-30py NHOMMPIOIOTHCS HA YHCIICHHI Tamy3i, BKiIo4aroum 3D-
BUMIpIOBaHHS (OPMH, Bi3yalIbHHH OTJIS, MEIMYHY Bi3yallizaiiio, KepyBaHHs poOOTaMH TOIIO0. BoHa CITyXKUTh
OCHOBHMM KOMITOHEHTOM KaiOpyBaHHS IPOMHCIOBUX KaMep IS OTPUMAaHHS BHYTPINITHIX Ta 30BHIITHIX
TapaMeTpiB TS TTOAAJBIITNX 3aBIaHb BUMIPIOBAHHS a00 BUSBICHHS. TOYHICT IUX BUMIPIOBAaHb 3aJICKHUTD BiJ
TOYHOCTI KajiOpyBaHHS KaMepH, OCOOJIMBO B BHCOKOTOYHHMX ITPOMHCIIOBHX 3acTOCyBaHHsAX. [lommpeni
METOIM KaliOpyBaHHS KaMep, Taki Ak mpsaMa JiHiiHa Tpaachopmaris (DLT), metoxn Las Ta mmanapHAA METOT
KanmiOpyBanHa UkaHa, BUKOPHUCTOBYIOTHCA IS €(PEKTHBHOI PEKOHCTPYKIii JIoKanmbHOI abo moBHOI 3D-
npo¢inpHOI iHGopMmarii. Xoua DLT cTBoproe 6a30By MepCeKTHBHY MOJIETbh KaMepH, BUKOpHUCTOByIoUH 3D-
TOYKH B TIPOCTOPI, BiH 9aCTO HE BPaXxOBY€e COTBOpeHH: JiH3. Metox Llas, 3 iHmoro 60Ky, BKIItOYa€E pajianbHi
0oOMeXeHHS BHPIBHIOBaHHSA JUIsl OOYHCIICHHS 30BHIIIHIX MapamMeTpiB KaMmepH, Icis YOr0 BHKOHYETHCS
HENTiHIHA ONTUMI3aIlis Ui BpaXyBaHHS paJiallbHUX CIIOTBOPeHb. Metoa YUkaHa, BiIOMHIA CBOEIO THYUYKICTIO,
HaKJIa/1la€ MiHIMaJIbHI OOMEXEHHS Ha TIPOCTOPOBE PO3TAITYBaHHS KamiOpyBaIbHOTO 00'€KTa Ta IMIHYETHCA 3a
CBOIO aJIalITUBHICTH Ta €eKTUBHICTH Y 3aBAAHHAX KaiOpyBaHHs Kamep [9].

OpenCV (Open-Source Computer Vision Library) — 1e BibHO JOCTymHa BiJKpHUTa IMpOrpamMHa
0ibmioTeka, TpW3HAUeHa IS 3aBJaHb KOMITIOTEPHOTO 30py Ta MAIIMHHOTO HaB4YaHHA. BoHa Oyna
3aImoYaTKOBaHA 3 METOI0 CTBOPEHHS €IMHOI IUIaTGOpMU JJs 3aCTOCYHKIB KOMITIOTEPHOTO 30py Ta
MIPUCKOPEHHS iHTerpallii MaIIMHHOTO CIIPHHHATTS B KOMEPIiiHI MpoAaykTH. 3 minen3ieto Apache 2, OpenCV
MIPOTIOHY€E KOMIIaHIsIM TIPOCTHH CTIOCIO BUKOPHCTOBYBATH Ta 3MIHIOBAaTH iX KOAOBY 0a3y. 3 Oiumbmm Hik 2500
ONITUMI30BaHUMH aJITOPUTMaMH 010JTi0TeKa MICTUTh IIMPOKHUIA CIIEKT SIK TPAIULIHHIX, TaK 1 HACy4acHIIIHX
ANTOPUTMIB KOMI'IOTEPHOTO 30pYy Ta MAIIMHHOTO HaB4aHHs. Lli anropuTMu A03BOJSIOTH KOpUCTyBayam
BUKOHYBATH Pi3HOMaHITHI 3aBJaHHs, TaKi SIK BUABICHHS Ta PO3Mi3HaBaHHS 00U, ifeHTU(IKAIiS 00'€KTIB,
knacugikamis il JIOAWHU y BiJeo, BIiACTEXKEHHS pyXy KamepH, BiACTeXeHHA pyxy o0'ektiB, 3D-
MOJIENIOBAaHHSI 00'€KTiB, cTBOpEHHS 3D-TOUKOBHX XMap Ha OCHOBI CTepeoKaMepH, 00'eAHaHHs 300paskeHb AJIs
MaHOPaMHUX CLEH, TOIIYK MoAiIOHOCTeH 300paskeHb y 0a3ax NaHuX, YCYHEHHs €eKTy YepBOHUX OYel MpHU
3MOMIII 31 cHajmaxoM, BiJICTeKEHHS pyXy O4el, po3Ii3HaBaHHS CLEH Ta BCTAHOBJICHHS MapKepiB AJS BIUIUBY
HA MOBEJIIHKY aJrOpuTMy. 3 CIUIBHOTOK KopucTyBauiB noHayn 47 000 Ta omiHeHUMU TioHa) 18 MisbliOHAMU
3aBaHTaxeHb [10], OpenCV crana 6a30BUM iHCTPYMEHTOM, SIKHH BUKOPUCTOBYIOTh KOMIIaHi1, TOCITITHUIIBKI
YCTAHOBU Ta YPSAIOBI areHuii mo BChOMY CBITy. BiibIIicTh mporpam KOMO'IOTEPHOTO 30py BKIIOYAIOTh
BBEJICHHSI Ta BHBEJCHHS 300pakeHb. |HTEPaKTHUBHI 3aCTOCYHKH MOXXYTh BHMAaraTtd KaMmepy sIK JKEpeso
BBEJICHHS 1HQOpMAIl Ta BiKHO BiioOpaxkeHHs sk Micie npu3HadeHHs. Dainm 300paxkens, Bigeodainu ta
HeoOpoOJIeH1 0alTOBI JaHI MOXKYTh CIIYKHUTH JPKEPEJIaMH BBEJICHHS Ta BUBEACHHS, 1110 JI03BOJISE Peali3yBaTH
PI3HOMaHITHI cClieHapii 3acTOCYBaHHS, BKJIIOYAIOYM MEPEKEBY Iepenady a0o TeHepalliio IpoleIypHOl
rpagiku.

OctaHHIM 1 BHpIIIAIEHUM KPOKOM Y PO3poOli 3aCTOCYHKIB € TecTyBaHHA. BOHO m03Boisiec Ham
BUSIBIIAITY Ta BUIIPABISTH TOIIMPEHI MOMWIIKM Ha PaHHIX eTamax po3poOku. 3a3Buyail 1edl BUA poOOTH
BUKOHYIOTh TECTYBAJIbHHKH. BOHM TOBHMHHI CHMYJIIOBAaTH BCi MOXIHWBI CIIEHapii poOoYoro mporecy
KOPHUCTYBaua, IO A03BOJISIE MPOUTH Yepe3 yci (QyHKII, sIKi MPOMOHYE 3aCTOCYHOK, Ta MPOTECTYBAaTH iX.
TectyBaHHS MPOAYKTUBHOCTI PO3POOIICHOT IPOTpaMyl BUMArae CrerialbHuX iHCTpyMeHTiB. OIHUM 13 TaKux
inctpymentie € Desktop Studio Profiler, skuii momermrye MoHiTOpwHT BuKOopucTaHHS pecypciB LT,
CMIOKMBAHHS OIEPAaTHBHOI TMaM'dATi, MEPeKeBOi aKTHBHOCTI Ta ii BIIMBY Ha yac poboTtm Oatapei [11].
OCHOBHOIO XapakTepucTukol Monxeri HM mis posmizHaBaHHS Iijied € oOcAr mam'sTi, SKUi TOBUHEH
ctagoButH 110 20 I'b 3aranpHOrO BUAUJIEHHSA TaM'SITi.

3. IlocraHoBka 3ajayi
Y KOHTEKCTI CHCTEM pO3IMi3HABaHHSA IIUIEH ICHye KpUTHYHA TMOTpeda peTensHO aHaji3yBaTh
MIPOTYKTUBHICTH Pi3HUX THITIB MoAeiel HelpoHHNX Mepex (HM). OCHOBHIM IIpeIMETOM ITHOTO JOCIIHKCHHS
€ TIPOBEACHHS MIMOOKOTO BUBYCHHS €(DEKTUBHOCTI Ta MPOMYKTUBHOCTI pi3HUX apxiTekTyp HM nis 3aBmaHb
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po3mizHaBaHHs 1inei. Lle BUMarae cucreMaTHYHOI OLIHKM XapaKTEPUCTHK MPOAYKTUBHOCTI moxaened HM,
BKJIIOYAIOYH Taki PaKTOpH, K TOUHICTh, BUKOPUCTAHHS PECYpPCiB Ta 00UNCIIIOBaTbHA €(PEKTUBHICTB.

PosrnsnyTa mpobsiema monsrae y BuOopi Ta ontumizaunii moneneit HM nist mocsirHeHHST BHCOKO1
NPOIYKTUBHOCTI B 3aCTOCYBaHHSX PO3ITi3HABAHHA LiJIeH. 3 OTJIsly Ha PI3HOMaHITHICTD JOCTYITHHUX apXiTEKTyp
HM, BincyTHe moBHE po3yMiHHS IX MOPIBHAIBHOI MIPOAYKTHBHOCTI B pealIbHUX CLEHAPiax. ToMy OCHOBHOIO
METOIO [[LOT'O AOCIIPKEHHS € YCYHEHHsI 1i€i MPOTaIrHU IUUISIXOM MPOBEICHHS 1€TaJbHOTO aHali3y MoJiesei
HM, 30cepemxytounce Ha iX TpOIyKTUBHOCTI Ta IPUAATHOCTI A0 3aBAaHb PO3IMi3HABAHHA IILICH.

OCHOBHI BUKJIMKH BKIJIIOYAIOTh ONTUMI3alli0 PO3MOALLY PECYPCiB, TAKHX K BUKOPUCTAHHS HaM'sTi Ta
HaBaHTakeHH: Ha L1, 06 3a6e3neuntu edextrBHy podboTy Moaeneit HM y cuctemax po3mi3HaBaHHS LiIeH.
Kpim TorO, HEOOXiTHO BCTAHOBWUTH €TaJOHHI TMOKAa3HHWKH JUISl OI[IHKK MPOXYyKTHBHOCTI, BPaXOBYIOUH TakKi
(hakTopH, SK TOYHICTH BUSBJICHHS, MIBHAKICTH OOpPOOKM Ta MacmTabOBaHICTh y PI3HUX CEPEIOBHIIAX.
CucreMaTHYHO OLIHIOIOYHM Ta MMOPIBHIOIOYH MPOIYKTHBHICTH pi3HUX Mozene HM, me mociipkeHHs mparae
HAJaTH iHHY iH(OpMAIIiio, SKa AOMOMOXKE B IPOIecax MPUHHSTTA PillleHb 00 BUOOPY Ta pO3rOpTaHHS
CHCTeM po3mi3HaBaHHA 1iyiell Ha ocHOBI HM. Metoto € Bu3HadeHHs HaiOUIbI eheKTUBHOI Ta MPOYKTHBHOT
moneni HM mns posmizHaBaHHS IIiIed, IO CIPHUSATHME TPOTPECY B Taly3i CIIOCTEPEKEHHS, OE3MeKd Ta
CYMDKHUX cepax.

4. Mera podoTu

Mertoro 11i€i poOOTH € CHCTEeMaTHYHA OIIHKA Ta MOPIBHIHHS ¢(EKTHBHOCTI Ta MPOIYKTHBHOCTI PI3HUX
Moaenel Heitponuux Mmepex (HM) y chepi posmizHaBaHHS ITijIei. 3aBIaHHS TOJIATAE y BU3HAYCHHI HAHOUTBITT
pecypcoedekTrBHOI Ta mieBoi momeni HM mns 3aBmans po3mizHaBaHHS Iiijieit. Ile mocmimkeHHS mparHe
HaJaTH [MIHAY 1HGOPMAIIIIO PO XapaKTEPUCTUKH MTPOTYKTUBHOCTI pi3HUX apxiTekTyp HM, Takux sk yolov8n,
yolov8s Ta yolov8m, 30cepe/pkyrounch Ha iX 3MaTHOCTI TOYHO Ta €()EeKTHBHO PO3IM3HABATH I B PI3HHUX
CcepeloBHINaX. 3aBIJKH PETEILHOMY aHajli3y Ta EKCIIEpUMEHTaM METOI0 € 1H(GOPMYBaHHS IIPOIIECIB
MPUAHATTS pillIeHb 010 BUOOPY Ta posropTanHg mozeneit HM y peanpHHX 3aCTOCYBaHHSIX pO3Ii3HABAHHS
ITiJIeH, 0 B KIHIIEBOMY TiICYMKY CIIPHSTHME IPOTPECY CHCTEM CITOCTEPEIKEHHS Ta OC3MEKH.

KpuTnaauM acrieKToM AJIsS CHCTEMH € OTITHMI3allis IIPpOoTrpaMiu, 0COOTHMBO Yepe3 IHTEHCUBHI O0YHMCIICHHS
Ta BIATBOPEHHS BiJIEONIOTOKY. BHKOpHCTaHHS OmepaTHBHOT MaM'ATi, pO3MOIii MaM'sTi Ta HAaBaHTAKEHHS Ha
HLIT yacTo CTaHOBISTH BUKJIMK Y TaKUX CIEHApisX. 3a3Buuail craHgaptHa mojenb HM aiis po3mizHaBaHHS
uinei Buainse go 20 I'b nmam'sti. Kpim Toro, mBuaKuil 4ac 0OYUCIICHHS € CYTTEBUM, TIPU [IbOMY BHUSIBJICHHS
pyxoMux 00'eKTiB 3a3BHuail 3aiiicHIO€ThCs TpoTsiroM 0,1 mc. Pe3ynbpraroM HaykoBO-IOCHIIHOI POOOTH €
3HAXOJKCHHS HaWKpamoro pimeHHs moxaeni HM, ska BignoBimae BCiM BHINE3a3HAYCHUM BHMOTaM 1
3a0e3neuye HAWKpaIuii pe3ysbTaT PO3Ii3HABAHHS I[iJICH.

5. Omnmc aaropuTMis, 110 BUKOPHCTOBYBAJIMCH B PAMKAX PO3p00JIeHOI CHCTEMHU

[onoBHOIO METOI0 Ta KEpiBHHM MPUHIMIIOM PO3POOKH peai3oBaHoi MpOorpamMHoi cucteMu Oyio
BUKOPUCTaHHS Cy4acHUX TEXHOJIOTiH KOMIT I0TepHOTo 30py. Python OyB oOpanuii sk MoBa mporpaMmyBaHHs
T po3po0OKu Beiei cuctemu, a PyCharm IDE cnyxuts cepenoBuiieM po3pooku. [Ticis peTensHOro BUBYSHHS
mepeBar Ta HEIOJNIKiB Pi3HUX TEXHOJOTiIH Oylo BUpINIEHO MPUHHATH HACTYMHHHA CTEK TEXHOJOTIH s
peamnizanii mozeneli Heliponaux mepexx (HM): Python, OpenCV, YOLO ta PyCharm.

ANTOpPUTM IEPETBOPEHHS BiJIeO HA OCHOBI TOTOKY MOJIeIi HEHPOHHOI MEepexi MOXKHA OTIUCATH 110 CXeMi
npezcTaieHii Ha Puc.l. Ha cxeMi BUHO HIIsX 10 KOHBEpTAalii MOTOKY B JaHi Ui MOAANBLIOT 00poOKH 3a
HACTYIMHUMHM TOCIiJOBHUMU KPOKaMH: MiATOTOBKa AaHuX s TpeHyBaHHs (Custom Dataset), TpeHyBaHHS
HEHPOHHOI Mepexi yis 0O0poOKM Bieo MOTOKy Ha 0a3i miaroromnenux nanux (NN Model Training),
BukopuctanHs orpumanoi NN Model ans posmizHaBanHs Bigeo noroky (Video Stream), sike B mporieci
00po6ku (CV Video Capture) nepetBoproeThbest B 00'ektrt OpenCV (CV Out) ai1st o1aibIioro po3iisHaBaHHS
LUIEH.

TumoBmii ajaropuT™M HaBUaHHA Mojeni HelpoHHoi Mepexi (etam Ha cxemi NN Model Training)
pO3MOYMHAETECS 3 300py Ta MoOMepenHboi oOpoOKHM pi3HOMaHITHOrO Habopy 300pa)keHb, IO MICTAThH
peneBaHTHI MUTbOBI 00'€KTHW 171 3aBAaHHS po3Mmi3HaBaHHSA. HacTymHUM KpokoMm TOTpiOHO nomaTw
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PO3Ni3HABaHHA Yineu
00MeXyBambHI paMKH 110 HA0Opy MaHWX, MO0 BKa3aTH MiCIIE3HAXOHKCHHS Ta KJIACOBI MITKH IUIBOBUX

00'exTiB. [licist 9oro HEOOX1THO PO3MITUTH HaOIp TaHWX HAa TPEHYBAJIBbHI, BaJliJAIliifHI Ta TECTOBI HA0OPH IS
OITIHKM HaBYCHOI MOJIeNIi HEHPOHHOT Mepexki. B paMkax mpoBeieHuX AOCTiKEeHb O0yiI0 Mo0yI0BaHO MOIEITH
Ha 6a31 YOLOvVS8 — 8-1 Bepcii 6a30Boi apxiTektypu YOLO.

KacTomHWi garacet

v

TpeHyEaHHA
HeRpoHHOT Moaeni

v

HelpoxHa Mepexa

v

Bigeo noTik

v

Bineo-zaxonnexHs
KOMM IOTEDHKM
zopomiHa Dasi mogeni
HeApOHHOT Mepexi)

v

Peaynsrar
KOMM KOTEpHOMD Z0pY

Puc. 1. Cxema xonsepmayii 6ioeo nomoxy.

Hactynnuii eran — ne iMOopT HMonepeAHbLO0 HABUEHUX Bar B MOJENb, 1100 CKOPHCTATHCS BUBUCHHUMU
0COOJIMBOCTAMHU 3 BEIMKOro Habopy nanux. [loTiM HacTymae mepioA TOHKOTO HaJalITyBaHHS Ta ajanTaril
nornepeanbo HaBueHoi Moaeni YOLO no 3aBaaHHs po3mi3HaBaHHS KOHKpETHHUX 1iJiei. [loTpiOHO BU3HAYMTH,
Y1 NOTPiOHO 3adikCyBaTH MEBHI Mapu HA 300pakeHH] a00 BUKOHATH NIOBHE HaBYaHHSI.

[ToTpiOHO BHOpaTH BiANOBiAHY (YHKLIIO BTpAT, HAJAIITOBAHY JIsl 3aBJaHHS PO3Ii3HABAaHHSA LiJEeH Ta
HaJIAIITYBaTH QYHKIIO BTpaT, 00 MiAKPECIUTH MEBHi acleKTH po3mi3HaBaHHs 1inei. s nporo noTpioHo
MIEPETJISIHYTH MiHi-TIAKETH 300paXCHb Ta BIAMOBIAHI aHOTAIlii 3 TPEHYBAJILHOTO HA0OPY.

[Ticns yoro moTpiOHO BUKOHATH MPSIMUE MPOXia: mogaiTe 300paxkeHHst B Moaens Y OLO ta o0uuciith
nependadyBaHi OOMEXYBalbHI paMKM Ta KJIacoBli WMOBIpHOCTI. [Ilicias oOYHCIIGHHS BTpaTH Mik
nepeadadueHUMH Ta (PaKTHIHUMH aHOTALISIMHU, TOTPIOHO BUKOHATH 3BOPOTHUH MPOXiJ: OHOBUTH Bard MOJIEIi,
BUKOPHCTOBYIOUH ONTUMI3AIliI0 TPAJTIEHTHOTO CITYCKY.

[Iponec HaBYaHHS HEOOXiAHO TOBTOPIOBATH MIPOTSTOM KiJIbKOX iTepaliil. B mporeci skux BinOyBaeThCs
BJIOCKOHAIOBaHHs TimeprmapaMeTpiB, Taki SK IIBUAKICT, HAaBYaHHA, pPO3MIp TMaKeTa Ta TapameTpu
omTtuMizaropa. Y MiACYMKY HPOBOIUTHCS EKCIEPUMEHT JUIS BH3HAYEHHS ONTHMAaJbHUX KOHQIryparii
rineprnapameTpis.

B pesynbTari mpoBoauThcs orinka HapdaeHoi Monenmi YOLO Ha BamigamiitHoMmy Habopi JaHUX, sKi OyI10
3aJMIIEHO Ha TMOYaTKy BimOopy AaHuX. lIpoBOMUTHCS OlliHKa METPHK MPOJYKTUBHOCTI, TAKUX SK TOYHICTH
(accuracy), mpenmsiitHicTh (precision), moBHOTa (recall) Ta cepemnst Tounicth (MAP). IlpomykTuBHICTH
OIIIHIOETBCA Y PI3HUX CIEHApisX po3mi3HaBaHHA Minel. B paMax mpoBemeHUX TOCTiKEHb Oyio
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MIpOaHaji30BaHO MPOIYKTUBHICTD Pi3HUX BapiaHTiB Mojened YOLO amns nmopiBHSAHHSA iX poOOTH. AKLEHT pH
BHMIPIOBaHHI BiIOyBaBCs Ha TAKUX METPHKAX, K IIBUAKICT BUBEICHHS, BAKOPUCTAHHS ITaM'sITi Ta TOYHICTb.

6. CTBOpeHHsI KOPHCTYBANLKOI0 HA00PY AaHNX HA 0a3i peaabHUX GoOTO

CTBOpEHHS KOPUCTYBAIBKOT0 HA0Opy JaHUX Ha OCHOBI pealibHUX (oTorpadiii Ta HOro iMIIOPT Y IpoLec
HaBYaHHS MoJeni HeiipoHHoi Mepexi (HM) € KpuTHYHUM KPOKOM B aHaJli3i MPOAYKTHUBHOCTI KiIBKOX TUIIIB
mozeneit HM juist po3nisHaBaHHS 1iieid. Y 3B’ 43Ky 3 OOHOBHMU JiIMU BCE TIOMYJIIPHIIIMMU CTalOTh METOIH
po3mi3HaBaHHS KJaciB Ta BUJIIB BIICBKOBOI TEXHIKH, a CaMe BHUSBJICHHS Ta CYIPOBIJ IIJICH 32 JIOTIOMOTOO
HEHPOHHUX MEPEK, a AJIsl HbOTr0 HEOOXiAHO CTBOPHUTHU J1aTaceT 300paKeHb.

PosnounHaeTbcsi 3 30MpaHHs pi3HOMaHITHOro Habopy peanbHHX (oTorpadiil, O BiANOBIAAIOTH
3aBIaHHSAM PO3ITi3HABAHHA Iiei. HeoOXinHO mepeKkoHaTHCh, M0 300paKEHHS OXOILTIOIOTh IMUPOKAN CIIEKTP
CIieHapiiB Ta yMOB, 3 SKUMH Moaenb HM Moke cTukaTucsi B peanbHHX 3acTtocyBaHHsX. [loTpiGHO
BUKOPHCTOBYBAaTH IHCTPYMEHTH aHOTAIIi IJIs TO3HAYeHHsS O0'€KTIB a0o mijieil, o CTaHOBIIATH IHTEPEC Ha
KOXXHOMY 300paKeHHI.

Heo0xixHO0 MpU3HAYUTH BiATIOBI AHI MITKH 200 KJIacl aHOTOBaHWUM 00'€KTam, 100 IMOIETTIINTH HaBYaHHS
M 49ac TpeHyBaHHA. BaxiwBHM € 3MiHa po3Mipy ycix 300pakKeHb /0 CTaHIapTHOTO po3mipy 640x640
TKCEeIIiB [t 3a0e3nedeHHs OTHOPITHOCTI Ta CYyMiCHOCTI 3 apXiTekTyporo Monerni HM. Y manoMy gocmimkeHHi
Oyno Bukopucrano noHan 300 peanbHux (ortorpadiii BilicbkoBOI TeXHIKH, a caMe Qororpadii 3 pi3HHX
pakypciB BTP-3, Ha 6a3i sskux Oyn0o CTBOPEHO JaTaceT sl TPEHYBaHHS MOJIEIT.

Kpim Toro, moTpiOHO BUKOHATH ONIEpETHIO 00POOKY 300pakeHb 3a MOTPeOH, Taki sIK HopMai3arlis abo
ayrMeHTalist, 00 MiABUIMUTH HAIIWHICTH MOJENi Ta 3JaTHICT N0 y3araJibHeHHS. Po3nmimutu aHoToBaHi
300pakeHHs] Ha TPEHYyBAJIbHMN, BaNiJallifHUi Ta TecToBWH Habopu. BuainmnTi 3Ha4YHYy YacTHHY IS
TPEHYBAIBHOTO HAaOOpPy, 00 3a0e3MeunTH JOCTATHIN JOCTYI A0 pi3HOMAaHITHUX MPHUKIaAiB. BamimariitHmmii
Ha0ip BUKOPHUCTOBYETHCS ISl HANIAIITYBAHHA TilepriapaMeTpiB Ta OIIHKKA MOJEINi, TOMl SK TECTOBHN Habip
OIIIHIOE KiHIIEBY MPOIYKTUBHICTh MOJIET Ha HEBUANMUX JTAHUX.

HacTtymHaum KpokoM € oprasi3allisi aHOTOBaHHX 300paXeHb Ta BIATIOBITHUX MITOK ¥ CTPYKTYPOBAaHOMY
(dopmari, cymMiCHOMY 3 MOMyJsIpHUME (HpelMBOpKaMH TIIMOOKOTO HaBuaHHS, TakuMHu sk TensorFlow abo
PyTorch. 3a3Buuaii 11e mepembadae CTBOPEHHS OKPEMHX TUPEKTOPIH AJIs TPEHYBAIBHOTO, BaJiIallifHOTO Ta
TECTOBOTO HA0OpiB, MPUYOMY KOXKHA IUPEKTOPiS MICTHTh MiITUPEKTOpii A pi3HUX KiaciB abo MITOK.
Heo0OxigHo peanizyBaTh 3aBaHTa)KyBadi AaHuX ab0 reHepaTopH AJs e(peKTHBHOTO 3aBAHTAXKCHHS TMAKETIiB
300pakeHb Ta MITOK IIiJl 4ac MpoIlecy HaBYaHHS, a TAKOXK MEPEKOHATUCH, 10 KOHBEEP 3aBAHTAKECHHS JaHUX
ONTHUMI30BaHUH JIJIS POYKTUBHOCTI, I00 3MEHIIUTH KiIBKICTh BTPAT KaJIPIB IIiJ] 4aC HABUYAHHS MOJICII.

[Ticns yoro mMokHa HaB4aTtu Mojens HM 3 kopucTyBanbkuM HaOOpOM JIaHUX, CTBOPEHHM 3 pealbHUX
tdortorpadiii. J{i1st 1bOro BUKOPUCTOBYIOTHCS HalicydacHinn apXiTekTypH, Taki sk YOLO (You Only Look
Once), 111 e)eKTUBHOTO Ta TOYHOTO PO3Mi3HABAHHS IiJIeH, IEMOHCTpallisl CTaHy pO3Mi3HaBaHHs BIIICHKOBOL
TEXHIKH 10 300pakKeHHIO 3 BiJIc0 OTOKY MOXKHa mobaunTu Ha Puc. 2.

Puc. 2. Bizyanizayis cmany po3niznaeantsi pyxomux yinei 3a oonomozorw YOLOvVSS modeneil.
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Tonke HamamTyBaHHS MMapamMeTpiB (KamiOpyBaHHS MOMEINI) Ta apXiTEKTypH Ha OCHOBI METPHK
MPOIYKTUBHOCTI, OTPUMAHWX IIiJl YaCc HaBYaHHA OAWH 3 (IHATBLHUX CTaliB, SKUH TOTpeOye OIlIHKH
MPOyKTUBHOCTI HABYCHOI MOJEJ Ha BalligaIlifHUX Ta TECTOBHX Habopax, MO0 OTpUMAaTH ii TOYHICTS,
MPEIN3iiHICTh, TTOBHOTY Ta iHIII peleBaHTHI MeTpuku. IIpu moTpedi mpoiec HaBYaHHS MOYKHA ITOBTOPUTH,
o0 MiABUIIATH MPOAYKTUBHICTH MOJENI Ta ii 3[aTHICTh A0 BHpINIEHHS MpakTHYHOI 3amadi. MeTpuku Ha
OCHOBI pi3HHUX Moeneit yolov8 ams posmi3HaBaHHS Itel peacTasieHi Ha Puc. 3.

YOLOSN YOLOEM
metrics/mAPS0(8) metries/mAPSOB)
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Puc. 3. Mempuxu netiponnux mepexc YOLOVSS modeneil.

7. HanamrTyBaHHS HeHPOHHOI MoeJi Ha 6a3i OCHOBHMX METPHK

[Iponiec HanmamTyBaHs MOYMHAETHCS 3 BHOOPY BIAMOBIIHUX METPHK MPOXYKTHBHOCTI IJIsl OLIHKU
po6otu mozaeni YOLOVS y posmizHaBanHi wineid. [TomupeHi MeTpruky BKIIOYAIOTh MPEUU3iHHICTD, TOUHICTD,
noBHOTY, F1-Mipy Ta cepennio Tounicts (mAP). Lli MeTprky HagaloTh ySBIEHHS PO 3AaTHICTh MOJEII TOYHO
BUSIBIIATH Ta KiacuQiKyBaTH Lidi B pi3HUX cepenoBumax. [lpoBoautscs HaBuaHHs 6a30Boi Moaeni YOLOVS,
BUKOPUCTOBYIOUHM CTAaHAAPTU30BaHUH HaOlp JaHMX Ta TimepmapaMeTpu 3a 3aMoBuUyBaHHsM. Lle ciry>kuTh
MOYaTKOBUM €TaJIOHOM JJISl OLIIHKH MPOILYKTUBHOCTI MOJIEN MEpe eTar TOHKOTO HajlalllTyBaHHS.

[IpoBoauThCsl OWiHKA MPOAYKTHBHICTH 0a30BOi MOJEIi, BUKOPUCTOBYIOUM 0OpaHi MeTpuku. [lig wac
SIKOTO BU3HAUAIOTHCS 00J1acTi IS MOKpAIIEHHsI Ta KOHKPETHI clieHapii po3mi3HaBaHHs LiJIeH, e MOJIEIb MOXKe
OyTH HEIOCTATHHOIO. 3TiTHO OTPUMAaHUX PE3YJIbTATiB OLIIHKH Ta aHaJli3y, BUKOHYETHCS TOHKE HAJIAIITYBaHHS
[iNel 3a BU3HAYEHUMH clieHapisaMu. Lle Moke BKIIOYATH HaJalITyBaHHSA TaKUX MapaMeTpiB, sIK IIBUIKICTh
HaBYaHHA, PO3MIp MMaKeTa, BUOIp ONTUMI3aTopa, po3Mip 3B'A3yI0UUX OJIOKIB Ta METOIN ayTMEHTAaIlii.

Hactymmaum kpok — peanizarfisi crparterii ayrMeHTamii JaHWX U1 MOKPAImIeHHS 3JaTHOCTI MOl
pO3Mi3HABaTH HEYITKI KOHTYPH Ta YaTKOBO HEBHIUMI 00’ €KTH, IO JO3BOJIAE ITiIBUIIUTH MPOIYKTUBHICTH B
PI3HUX CIIeHapisx po3mi3HaBaHHA mijieil. [lommpeni MmeToan ayrMeHTallii BKIFOYAa0Th BUITAIKOBE 00pi3aHHS,
o0epTaHHs, MacITabyBaHHS Ta Bapiallii KoibopiB. PeKOMEHI0BaHO BUKOPHCTOBYBATH TEXHIKH ITIEPEHECEHHS
HaBYaHHA A iHimiamizamii momeni YOLOVS 3 momepesHb0 HaBUSHUMHE Baramu 3 OUTbIIIOr0 HabOpy JaHWMX
abo CcropimHEeHOro 3aBJaHHs. Ba)IMBO MPOBECTH TOHKE HAJAIITYBaHHS (KamiOpyBaHHS) ILTHOBOI MO
HEHPOHHOI Mepexi Ha Habopi JaHWX PO3Mi3HABaHHS LiJeH, 00 aganTyBaTH ii 0COOIUBOCTI 10 criennigHIX
XapaKTePUCTUK MIThOBHX 00'ekTiB. CIifi BUKOPHUCTOBYBATH TEXHIKHM IMEPEXpecHOi Baiimamii IS OLiHKH
cTifikocTi ToHKO HamamrToBaHoi Mozeni YOLOvVS Ha pizHuX miaMHOXKHAX Habopy maHux. lle momomarae
3a0€e3MeYnTH MOCIiAOBHICTh Ta HA/AIHHICTH MOJIEN B PI3HUX PO3MOIiiax JaHUX.
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[Ticns Woro MoXKHa OIIIHUTH TPOMYKTHUBHICTH HajamToBaHoi mojeni YOLOVE, BUKOpPHCTOBYIOUH
oOpaHi MeTpUKH Banigauii Ta TectoBi Habopu AaHux. [lopiBHATH pe3ynbTatd 3 0a30BOI0 MOAEIIIO, LI00
KUTBKICHO OL[IHUTH MOJINILIEHHS B TOYHOCTI PO3Mi3HABaHHSA 1IiJIeH Ta IHIIMX peJeBaHTHUX METpuKax. Itepamii
npolecy TOHKOTO HAaJalITyBaHHS NPOJOBXKYIOTHCS, B JONOBHEHHI 3 HaJalITyBaHHSM TilleplapamMeTpis,
cTpaTerii ayrMeHrtamii Ta iHIIUX (aKTOpPiB HAa OCHOBI OTPUMYBAaHUX pE3YJIbTAaTiB 3MiHM OLIHOYHOL
MIPOAYKTUBHOCTI. J[11s 1boro moTpibHO MOCTIHO MOHITOPUTH MPOAYKTUBHICTH MOJIEN Ta BAOCKOHAIIOBATH 11
KOHQITYPAIIiO ISl OCATHEHHS ONITUMAaIbHUX PE3YJIbTATIB.

BaxmBuM € KpoK TOKYMEHTYBaHHsI IPOLIEAYPH TOHKOTO HAJIAIITYBaHHSI, JeTalbHO ONHUCYI0Ui 00paHi
rinepnapameTpu, METOJIM ayTMEHTallii Ta METPUKH MIPOAYKTHBHOCTI. Pe3ybTat 1iboro etamy — AeTalbHU 3BIT
3 BHUCHOBKAMHM Ta TONIMIICHHSMH, IOCATHYTHUMH HUIIXOM TOHKOiI HacTpoiiku mozeni YOLOVS mns
pO3IMi3HABaHHS ITiICH.

8. Pe3yabTaTu 10CTiTKEHDb

71 OIiHKK MOTOYHOT cucTeMH 0yJi0 0OpaHO pydHE TeCTyBaHHS Yepe3 HOro rHy4YKiCTh Ta HaAiHHICTB,
IO JO3BOJIE BCEOIYHO BHSABIATH Ta YCYBaTH IOMWJIKH. TeCTyBaHHS HpPOTYKTHBHOCTI IPOBOXMIIOCS 32
nmoromororo iHcTpyMeHTy Studio Profiler, inTerpoBanoro B cepenoBuine po3poOKH, M0 BUKIIOYAIO TOTPEOy
B 30BHIIIHIX IHCTPyMEHTAaX.

st BceOGi9HOT OIiHKY IPOAYKTUBHOCTI 3aCTOCYHKY OYJI0 TTPOBEIEHO CTPEC-TECTYBaHHS, METOIO STKOTO
OyJ10 OIIHKUTH CTaOIBHICTh CHCTEMH IPYU MaKCHMAIBHOMY HaBaHTakeHHi. Lle# Tum TectyBaHHs niepenbadae
BUKOHAHHS Omepallii, o MTOBXal0Th BUKOPUCTAHHS PECypCiB 3aCTOCYHKY 10 MEXI.

Ilim wac cTpec-TecTyBaHHS PECYPCOMICTKI oOmeparlii BKJIIOYAIH OOYMCICHHS MiCIIe3HAXOKEHHS
PYXOMHX 00'€KTiB Yy BCHOMY 300pa)K€HHI Ta MEPETBOPEHHS JKMBHX KaJpiB 3 BiIEONMOTOKY. MakcuMaibHe
HaBaHTaxxeHHS Ha {1 cranoBuno 75 %, a Bukopucrtanss onepatuBHol nam'sti nocario 20 I'b (aus. Puc. 4).
Kpim TOTO, mIBHAKICTH TiepeTBOpeHHs KaapiB mocsrama ao 0,0125 mimicexynn Ha kazap. llIBuakicte Ta
e(eKTUBHICT, IHMX MOAeNell Oynan Maike INEHTHYHHMH, TOMY 3arajlbHa e(QeKTHBHICTh 3BOJUTHCS IO
e(heKTUBHOCTI BUKOPHUCTaHHS PECYPCIB.

YOLOS8N YOLO8M YOLOS8S
' . CPU [ ] CPU TR
62% 4.00 GHz 67% 3.97 GHz T6% 3.99 GHz

Memory . | Memary Memory
] 165/31.96GB(52%) [* 18.6/31.9GB (38%) |\~ vvv| 15.6/31.9 GB (49%)

Puc. 4. Buxopucmanns pecypcié nHeupoHHUMU MOOeaMU IO YaC cmpec-mecimyGaHHsL.

Edexrunicts 111 Mo>kHA 3HANTH, BITHSIBIIH BiJl 1000% BiZICOTOK HaBaHTaxkeHHs Ha L1I1:
E =100%-L (1)
b

ne Lepui — e HaBanTakenns L[, mo cnpuunnHsie mozaens i. Bukopucroyroun HaBanTaxkeHHs Ha L1y
BIICOTKax, TMpeACTaBICHMX Ha Puc. 4, OTpUMyeMO HACTYNHI 3HA4YeHHS 11 Moxeneir HM:
Ecsn =100 - 62 =38 %, BianoBigHo: Ecsm = 100 - 67 =33 %, i ananoriuno ais Tpetboi monenmi: Ecss = 100 -
76 =24 %.
EdexTuBHICTE BUKOPUCTAHHS TIaM’ T MOYKHA BUPA3UTH HACTYITHOIO (DOPMYJTIOI0 aHAJIOTI9HO:
e o
EMi =100 /O_LMEMi (2),

ne Lmemi — IIe BIiICOTOK BHKOPHMCTAHHS IaM’ATi, 0 MoTpeOye Moaenb i. Bigmosimuo no Puc.4, mu
MOJKEMO TPEACTAaBUTH HACYTIHI 3HA4eHHA Jis mochimkyBanux mozaeneit HM: Emgn= 100 - 52 =48 %,
Emsm = 100 -58 =42 %, Ta Emss = 100 - 49 = 51 %, BIIITOBIAHO.
[NopiBHANBHY €(EKTUBHICTH BUKOPUCTAHHS PECypCiB MOXKHA 3HAWTH, 3HAMIIOBINM PIi3HHUINIO MIiXK
edexTusHicTiO 3a L1 Ta mam'saTTIO 1O HaCTynHiﬁéboghﬁ/ni:E
1 1

! ),
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ne Ei — e edextuBHICTh MOACHI 1, a E; — e edekTuBHICTS MOEi j. BUKOpHCTOBYIOUH TECTOBI MaHi 3
Puc. 4, oTpuMyeMo HACTYIHY TODPIBHSIIbHY €(DEeKTUBHICTh BUKOPUCTAHHS pecypciB: Ecgnm= 38 - 33 =35 %,
T00TO Yolo8n € Ha 5 % Oinbm edextuBHUM 32 LI Hixk Mozens yolo8m. B Toii sxe uac Ecsns = 38 - 24 = 14 %,
Ta Ecgms= 33 - 24 =9 %. CrocoBHO crnoXuBaHHA maMm’ATi: Emsam - Emsn - Emsm = 48 - 42 =6 %, Emsns = 48 -
51=-3 %, Ta Emsms= 42 - 51 =-9 %, omxe Mojenb yolo8m € Ha 9 % MeHI eeKTUBHOIO 32 CTIOKUBaHHIM
nam’sTi Hik Mozenb yolo8s. TTopiBHsuIbHA eEeKTHBHICTD € JBOHANPABICHOI0, TOMY yolo8s Takox Ha 9%
OB eEKTUBHUI y BUKOPUCTaHHI mam'sTi, HiXK yolo8m. Takum 4yuHOM, IIi 3HAYCHHS € BCIM, IO HaM
MOTPiOHO IS CKIIaJaHHs TIOBHOT'O HA0Opy JaHUX.

[NopiBHSIBHY e(hEKTUBHICTH BUKOPUCTAHHS PECYpPCiB MOYKHA 3HAWTH, ycepeaHHUBINU edekTuBHicTh LIIT
Ta MaM'sTi: E. +E

L Mij

! 2 @),

ne Ecij — ne mopiBusHs edexrurHocti 3a LT mozeni 1 mo BigHOmEHHIO 10 Moxelni j Ta Ewmij 1le MOpiBHAHHA
e(heKTHUBHOCTI 32 MaM’SITTI0O MOJEII 1 MO BIAHOIICHHIO 0 MOAENi j. Sk pe3yapbTaT MOXKEMO OOYHCIHMTH MOPIBHIHHS
posristayTHX Mogeneit HM: Egnm = (5 +6) /2 =5.5 %, Egns = (14 +3) /2 =5.5 %, Egms = (9 +-9) / 2 = 0%. Tobt0 Momemi
yolo8m Tta yolo8s MatoTh IpaKTUYHO iIeHTHYHY €(EeKTUBHICTH, B TOH Jac sIK MoJesb yolo8n € Ha 5.5% 3aranom O
e(heKTUBHOIO y TMOPIBHAHHI 3 iHIIMMH JBOMA MOJACIISIMHU.

9. BucHoBKH

B pesynbraTi miei podotu Oynu npoBeaeHi BceOiuHI JOCTIHKEHHS Pi3HUX MOZeeld HEeMPOHHUX MEPEx
(HM) nnst posmizHaBanHA minel. 3okpema, yolov8n, yolov8s ta yolov8m Oynu peTenbHO MpoTecToBaHi, 100
BU3HAYUTH iX MPOIYKTUBHICTB y LiK cdepi.

IBuaKicTh Ta eeKTUBHICTh UUX MOAENel Oy Maibke iI€HTUYHUMHU, TOMY 3arajibHa e()eKTUBHICTh
3BOAMTHCS /0 €(EeKTUBHOCTI BUKOpHCTaHHA pecypciB. Yolov8n B wmimomy OyB Ha 5,5% Oinblm
pecypcoedeKkTBHIM, HiX iHILI BapianTu Moaenell. Bin Takox Mae Ha 5% Kpally eeKTHUBHICTh BUOPHCTaHHS
HIT nopiBusiHO 3 yolov8m Ecgnm = 5 %, Ta Ha 14% kpanty nopiBasHO 3 yolov8s, Ecsns= 14 %. Mopens
yolov8m BHKOpHCTOBYE 3aHaATO OaraTo MHaM'sTi s HE3HA4yHOro mokpameHHs edextusHocti LIT:
Ecsmn= -5 %, Ecsms=9 %, Emsmn = -6 %, Emsms = -9 %, 1 Ma€ TaKy > 3arajipHy epeKTUBHICTD, K yolo8s. Y Toi
yac 5K yolo8s € HaiOuIbIn e)eKTUBHUM 32 BUKOPHUCTAHHAM IaM'sITi BapiaHTOM, ajie MPorpae B e()eKTUBHOCTI
3a BukopuctanasaM L1 inmmm Moaensm: Emssm=9 %, Emssn = 3 %, Ecgsm = -9 %, Ecssn = -14 %.

Cepen nux moxeneii yolov8s BUsSBHIIacS ONTHMAaILHUM BHOOPOM B paMKax JAHOTO JOCHIKEHHS,
TOJIOBHAUM YHMHOM dYepe3 ii e(eKTHBHICT, BUKOPHUCTaHHS maM'aATi. OCKUIBKHM TECTH TPOBOAMIIACA Ha
yHiBepcanpHOMY LII1, pizuuta y Bukopuctansi L1 Oyna Oinsioro, Hixk Oyna 6 Ha cremianizoBanoMy LIT 3
Kpamor 0araTomoTo4HicTIO. HaBnmaky, OHOBJIEHHS THITY IaM'aTi HE BIUIMHYJIO O Ha 3arajibHE CIIOKWBAHHS
mam'sati. Omxe, YOLOVS Oyma Bu3HaHa onTHUMainbHUM BHOOpoM Han yolo8n, ska mama Ha 5,5% kpamry
3aranbHy eeKTUBHICTD. [IpUIHATTS KpociaThOPMEHHOTO MiAX0Ly Ta BUKOpHCTaHHS (peiMBopkiB Python
cripusio Oe3moTaHHIM iHTerparlii Ta B3aeMoil 3 kopuctyBadeM. [HTerpartis cepsiciB OpenCV po3mmpuia
(hyHKIIIOHATBHICTB, JO3BOJISFOYN BUKOHYBATH aBTOPH3AIII0 Ta MOHITOPHHT Y PEXXHMI PEaTbHOTO Hacy.

KitouoBuM acmiekToM am3aifHy cucteMd Oyia i1 aJanTHUBHICTh, IO JO3BOJIIE KOPHCTyBadaMm
HAJIAITOBYBaTH CBOi KOH(QIrypamii MOHITOPHHTY Ta BiAcTekeHHS. L[ THydKicTh MiAKpECIoe KOPHCHICTh
CHCTEMH Ta OPIEHTOBAHICTh Ha KOpHcTyBada. Kpim Toro, Oynu BIpoBaKeHI CyBOpI 3aX0IU ONTUMI3aIii IS
YCYHEHHSI OOMEXEHb PecypciB, OCOOIMBO MO0 BHUKOPWUCTAHHA OMEPATHBHOI MaM'siTi MPH BIATBOPEHHI
BiJICOTIOTOKY.

ITorouni momemi HM BiAmoBimaroTh BUMOTaM 10 CTAaHIAPTHUX MOJCIICH pO3Mi3HABAHHS ITiICH.
3aranom, yci Mozeni yolov8 BiAIOBiat0Th OCHOBHAM BHMOTaM IIOJI0 BUKOPUCTAHHS MaM'sITi, aje HaiOLIbII
e(heKTUBHOIO /IS IFOTO 3aBAAHHS € MOZEIb THITY yolov8s.
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The objective of this research is to conduct a comprehensive performance analysis of various
types of neural network (NN) models for target recognition. Specifically, this study focuses on
evaluating the effectiveness and efficiency of yolov8n, yolov8s, yolov8m, and YOLO models in
target recognition tasks. Leveraging cutting-edge technologies such as OpenCV, Python, and
roboflow 3.0 FAST, the research aims to develop a robust methodology for assessing the
performance of these NN models. The methodology includes the design and implementation of
experiments to measure key metrics such as accuracy, speed, and resource utilization. Through
meticulous analysis, this study aims to provide insights into the strengths and weaknesses of each
model, facilitating informed decision-making for practical applicationsl. This paper presents the
process of designing and conducting the performance analysis, highlighting the rationale behind
the selection of specific technologies and methodologies. Furthermore, the study discusses the
implications of the findings for future developments in target recognition systems.

Keywords: yolov8, YOLO, OpenCV, NN model.
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