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JOKAJI3AIISA TEXHIKA TA ®OPTUPIKAIIIMHUX CIIOPY/]] HA 306PAKEHHI
3ACOBAMMA HITYYHOI'O IHTEJIEKTY

B po6omi HagedeHo pe3ysbmamu docaiddxceHb o0Kkaizayii gilicbkogoi mexHiku, a makoxc dopmudikayitiHux
cnopyd i 06’ekmie Ha 306padicenHi 3 BIIJIA, 3a donomozoto 3aco6ie wmyvHozo iHmesekmy, a came memody YOLO.

Kaiouosi csaosa: snokanizayis, mapkysaHHs, kKomn'romepHull 3ip, 32opmkoea HeUpOHHA Mepedxcd, aHali3
306padcens, YOLO.

BASYSTIUK OLEH, RYBCHAK ZORIANA, BURAVENKO OLEH

Lviv Polytechnic National University

VEHICLES AND FORTIFICATIONS LOCALIZATION ON THE IMAGE BASED ON ARTIFICIAL
INTELLIGENCE APROACHES

Warfare, especially defensive warfare, is based not only on strategy and tactics, but also on the ability to quickly analyze the
situation and adapt to constantly changing conditions. The effective use of intelligence data, including the accurate identification of enemy
positions, is crucial for the successful planning and execution of defensive or offensive operations. Therefore, the development of advanced
image analysis methods capable of automatically localizing military objects is becoming one of the priority areas of modern military
engineering.

Developing a model that identifies objects through a UAV camera lens, especially for military purposes, poses some challenges and
nuances that need to be overcome. One possible problem is the lack of data for quality model training, as previously described, although
significant, it is not the only one. Initial task for the research will be to collect dataset of images from UAV of vehicles and fortification
structures. This paper presents the results of research on the localization of military equipment, as well as fortifications and objects in UAV
images, using artificial intelligence tools, namely the YOLO method. The main goal of the study is to achieve high accuracy and efficiency of
object segmentation in combat conditions. To ensure optimal speed and accuracy of detection, the YOLOv8 model is used, which allows to
effectively classify equipment and fortifications in images. The object of research is the processes of localization of military equipment and
fortifications using artificial intelligence. The subject of the study is the methods and algorithms used to localize objects in the image from
UAV.

The study introduces a novel application of artificial intelligence, specifically leveraging YOLO technology, for the detection of
military equipment and fortifications in UAV imagery. This approach integrates advanced deep learning techniques with innovative
algorithms to enhance the precision and dependability of identifying and categorizing military objects.

Keywords: localization, labeling, computer vision, convolutional neural network, image analysis, YOLO.

IHocranoBka npodaemu

OCHOBOIO BEJECHHS BifHH, 30KpeMa OOOpDOHHOI, € He JIMIIE CTpaTeris Ta TaKTHUKa, ane M 37aTHICTH 10
NIBUKOTO aHaNi3y CHTyamii Ta ajanTamii 0 yMOB, IO MOCTIHHO 3MIHIOIOTHCSA. E(eKTHBHE BHKOPHCTaHHS
PO3BiJlyBaJIbHUX JIAaHUX, BKJIFOYAIOUM TOUYHE BH3HAYEHHS BOPOXKHX MO3UIIIH, € KPUTHYHO BAXIIUBHUM JJISl YCHIIITHOTO
IUTAaHYBaHHS Ta TPOBEJCHHSA 0OOpOHHMX abo HacTtymanmbHHX omepariii [1]. Tomy po3poOka mepenoBHX METOIB
aHalizy 300paXkeHb, SAKi MOXXYTh aBTOMATHYHO JIOKAJi3yBaTH BIiHCHKOBI 00’€KTH, CTa€ OJHHUM i3 TIPIOPUTETHUX
HaNpsMKIB y Cy4JacHil BiliCbKOBIN iH)keHepii.

s poGora cmpsMOBaHAa Ha TOKPAIICHHA SKOCTi aepopo3BiAKM Ta 30iTbIIEHHA IIAHCIB YCHIIIHOTO
BUKOHAHHS LITYpMy Ha BOPOXI IMO3MIIT 3aBISIKM peaiizamii cuctemMu nomyky Qoprudikamii uepe3 cydacHi
QITOPUTMH  MAlIMHHOTO HAaBYaHHA. Y HaIIOMy BHUNAJAKYy BaKIMBI THIM YKpIJIEHb Ta TEXHIKH, SKi
BUKOPHCTOBYIOTbCS B Cy4acHHMX BiifHax. Came TOMY OCHOBHHMM JpKepenoM Juisl 300py nanux Oyne pocificbko-
yKpaiHChKa BiiHa, siKa 32 MacTaOHICTIO € HalO1IbIIOO 3 yaciB J[pyroi cBiToBOI BiifHM B €BpoTIi.

Takox HaM HeO0OXi1THO BU3HAYMTH, IKUMH MalOTh OyTH 300paKeHHs TeXHIKH Ta GopTH(IKALIHHIX CIIOPYA.
OckinbKky mporpama Bu3HauyaThuMe ykpimieHHs 3 BIIJIA, motpibHO 30cepemutucs Ha (OTO, 3pOOJIEHHX 3BEPXY.
Bbaxxano, mo6 300paxeHHs Oynu 3po0IieHi 3 po3BilyBaILHOTO Oe3miIoTHUKA a00 HaBiTh FPV-apona Ha BiamoBigHii
BHCOTi, OTHAK TPH HMOBIpHIM HecTadi 3i0paHUX JaHMX MO’KHA BHKOPHCTOBYBaTH (ororpadii 3 cymyTHHKIB abo
HaBiTh JIITAKIB.

Hacrineku cnemmdivamii Bux 00’ekTiB, Takuil Ak (opTudikamiiina cropyna, MO XapaKTepU3yeThCS
pi3HOMaHITHICTIO (GOpM, MaTepialiB Ta MacKyBAIbHHX TEXHIK, YCKJIQJHIOE iX aBTOMAaTHYHE pPO3IMi3HaBaHHS Ta
JIOKAJTI3aIliio 32 JOIIOMOTOI0 CTAaHAAPTHUX METOIB aHali3y 300pakeHb. BHACHIIOK IIbOTO0 BUHUKAE HEOOXiTHICTH
PO3pOOKH cCIIeliani3oBaHUX aJTrOPUTMIB, SIKi 3/laTHI BpaxoByBaTW Li OCOOJIMBOCTI Ta 3a0e3ledyBaTd BHCOKY
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TOYHICTb 1 HAMIHHICTD JoKamizamii [2].

Ha mincraBi mpoBeAeHOro aHaizy OyJio BCTAHOBJICHO, IO ICHYIOYI TEXHOJIOTII JIOKai3alii 00’€KTiB,
0co0IMBO LMBIUIBHI Bapiallii, He € 37aTHI e()eKTHBHO BHKOHYBATH HACTIIBKM CreludiuHy 3a1ady, SK BU3HAYCHHS
NoJb0oBUX (hopTHdiKalii Ta BiICEKOBOT TEXHIKH.

AHaJti3 0CTaHHIX JzKepeJt

[IpoGnema posmizHaBaHHS 00pa3iB Ha 300paKEHHSX € HaJ3BHYAIHO aKTyaJbHOIO B 0ararbox raiy3six Ta
aKTHBHO nociipkyerbess octaHHi 20 pokiB [3]. Cdepa 3actocyBaHHS BKiIIO4Yae B cebe Oe3leKy, MEIULUHY,
aBTOMOOLTPHY HPOMHCIOBICTh Ta BICBKOBI TexHOJOTil. Po3mizHaBaHHS BIHCHKOBOI TEXHIKH, 30KpeMma, HE Oyio
JIOCTaTHBO JOCIIKEHE 1 OMUCaHe 3a MUHYJMI JeKaJH, OCKUIPKA HE CTaHOBHJIA TAKOTO CYCHIIFHOTO Ta HAyKOBOTO
iHTepecy. daktopamu, SKi JOJATKOBO YCKIAQJHIOIOTH PO3IMi3HABAHHS, € BUKOPHUCTAHHS MAacKyBaHHS Ta aKTHBHI
3aX0J¥ MPOTHIII ITiJ Yac PO3BIOKM Ta OTPUMAaHHS PE3YNbTATIB IPO TEXHIKY [4]. 3HaTHICTh TOYHO pO3Mi3HABATH Ta
Kkiacu(ikyBaTH TEXHIKY MOKE€ MaTH KPUTHYIHE 3HAYCHHS TS TAKTHYHUX Ta CTPATETIYHAX PillleHb.

MeTo10 podOTH € JOCHIPKEHHS aJrOpUTMY Ha OCHOBI METOZIB ILITyYHOTO IHTENEKTy, sSKuil Oyne
JIOKaJIi3yBaTH TeXHIKY, poprudikarii ta ii popmu Ha 300paxeni 3 BIIJIA.

HaykoBa HOBM3HA JaHOTO JOCII/DKEHHS MOJSATae y BUKOPHCTAHHI MiAXOIB IITyYHOTO IHTEJEKTY, a came
texHoorii YOLO 10 posmizHaBaHHsS BiificbkoBOT TexHIKM Ta QoprudikaniiiHnx crnopya Ha 300pakeHHI
orpumanomy 3 BIIJIA. 3anpomoHoBaHa MOJAETbh TMOETHYE CydYaCHI METOMH TJIMOOKOr0 HABYAHHS 3 HOBHMH
NTOPUTMaMHU JJIs MTiIBUIIEHHS TOYHOCTI Ta HaiHHOCTI BUSIBJICHHS Ta Kilacudikauii BiicbKOBHX 00'€KTIB.

Le#t miaxix MO3BOJHUTH MOKPANINTH POOOTY PO3BIAYBANBHUX CHCTEM, 30KpeMa OC3MUIOTHHX JiTalbHUX
amapatiB (BIIJIA), Ta 3a6e3meunTty OinbIn eeKTHBHE BUSABICHHS 3arpo3 B YMOBaxX OOHOBUX Hii.

Bukisag ocHOBHOIo MaTepiany

Juns mokamizarii BificbKOBOi TexHIKH Ta QopThdIKamifHIX CIOpPYy iCHYe IUPOKUI BHOIp HeHpoMepek.
BpaxoByroun ckiagHiCTh 3aBAaHHA Ta 0OMEXEHUI 00CAT NaHWX AJISI TPEHYBAHHS, BAPTO 30CEPEANTHCS Ha THX, SIKi
HalfKpare miaxonasaTs 1 miei 3agadi. Cepen HUX:

e 3roprkoBi Heliponni Mepexi (CNN): HaiimomynspHimmii THm HeWpomepex, IO YCHIIIHO
BHUKOPHUCTOBYETHCS JJIs OaraThboxX 3aaad, 0COONMBO sl Kiacudikaiii. BoHH ciyXaTh XOpOIIOK
OCHOBOIO JJIsl 1HITUX Mojeneit [S].

e R-CNN: MoaudikoBana Bepcis 3ropTKOBHX IIapiB, CTBOpPEHA JJsl OUIBII TOYHOTO BHUSBICHHS
00’ €KTIB 3aBJSIKH BJIACHIH npoLenypi 00poOKu 300paXkeHHs Ta BUTATYBaHHs O3HaK [6].

o Fast ta Faster R-CNN: I[okpameni Bepcii R-CNN 3 OL1pII ONTHMI30BaHAM MPOIIECOM 00pOOKH
300pakeHb 1 IHTerpamiero HelpoMmepeki IS CTBOpeHHS oOiacTeil iHTepecy 3 WMOBIpHIMH
MiCIIE3HAX O KCHHIMH 00’ €KTiB [7].

e Mask R-CNN: Momunoikamiss Faster R-CNN, ycHilmHO BHKOPHUCTOBYETBHCS MJISI CETMEHTAIl
00’€KTiB HA 300paXKEeHHI.

e R-FCN: Konkyperntnuii ananor Fast/Faster R-CNN, 1o BHKOPHCTOBYE ITOBHICTIO 3TOPTKOBI
miapy Jisi Kpamoi onTuMmizauii mix yac eTekiii, YHUKHYBIIM I[OBTOPHHX iTepaliil perioHiB
300paxkeHHs [8].

e YOLO (You Only Look Once): Oaun 3 HaileeKTHBHIIINX i HAHMOMYJISIPHIIINX aJTOPUTMIB
3aBIKA BHCOKIH TOYHOCTI, IIBUAKOII Ta IHHOBAIIHHOMY CIOCOOY OOpPOOKH 300pakeHb, IO
poOHTH HOTO OLIBII KOHKYPEHTOCIIPOMOXKHHUM ITOPIBHSHO 3 IHIIMMHU MeToAamu [9].

VY BumagKy BUKOPHCTAHHS MOJENb B OOMEXEHHX OOYMCIIOBAIBHHX pecypcax, 3okpema Ha BIUIA,
moTpeOyIOTh 3aCTOCYBaHHSA ONTHMIi30BaHUX Ta iHHOBalidHUX pimeHb. YOLO Bupi3HAETHCS BiJ HABEOCHHX BUIIEC
METOJIB OJHOCTAITHNM CIHOCOOOM OOpOoOKH 300pa)KeHHS, JMO3BOJITIOYM OJHOYACHO BH3HAYATH O0'€KTH Ta
BCTAHOBIIOBATH iXHI paMKH JIOKaJli3alii 3a oauH mpoxia yepes Helipomepexy. Lle 3abe3medye BUCOKY MIBHUAKICTb,
IO JI03BOJIIE BHMKOPHCTOBYBAaTH 1i B pealbHOMY daci JUId TakuX 3aBllaHb, SK aBTOMAaTHYHE BOJIHHSA,
BiZIEOCIIOCTEPEKEHHS Ta 00pOOKa MEANYHUX 300pAKEHb.

IlepeBarn YOLO:

e [lIBuakicTs: 3abe3medye BUCOKY IIBUAKICTE POOOTH 3aBASKH OZHOCTAITHOMY IPOLECY, IO POOUTH
i1 i1eaTbHOIO JUIS 3aCTOCYBAaHb B PEAILHOMY Yaci.

e  TouHicTh: BUCOKA TOYHICTH y pO3Mi3HABaHHI 00'€KTIB 103BOJISIE BUKOPUCTOBYBATH ii B 3aa4ax, e
BaXXJINBA TOYHICTH PE3yJIbTATIB.

e  VHiBepcaJbHICTh: €()EeKTUBHO PO3ITi3HAE Ta JOKaJi3ye 00'€KTH Pi3HHUX KIACiB, HABITh y CKIJIAIHUX
CIIeHax.

e JlerkicTh BUKOPHCTaHHS: MPOCTa apXiTEKTypa, IO JIETKO IHTETPy€eThCs 3 Pi3HUMHM IIaTGOopMamMu
Ta MOBaMH IpOrpaMyBaHHS, poOOWTH ii JOCTYMHOIO JUI IIHUPOKOTO KoJIa PO3POOHHMKIB 1
JOCITiTHUKIB.

Sk Bxke OyJI0 omMcaHO B PO3JisIax BUINE, BU3HAYECHHS BiHCHKOBOI TEXHIKHM Ta MOJILOBUX (QopTUdIiKaliil Ha
300paxkeHHsx 3 BIIJIA € Ham3BHYaHO KOMIUIEKCHUM 3aBAAHHAM depe3 OaraTHil CIIEKTp YMHHUKIB, SIKi BIITMBAIOThH
Ha SKiCTh POOOTH MOJENi, TaKuX SK (hopMa MacKyBaHHS, IIOTOAHI YMOBH Ta ocoOnuBocTi MicrieBocti. HaGip manux
CKIIQIAaTUMEThCS JIMIE 3 JEeKIIbKOX Kiacy, a came: tank, mlrs, trench, ToMy OCHOBHOIO METOIO MOeNi Oyne
BH3HaueHHs1 Gopmu popTudikarii ta ii mokamzaris Ha 300paxenHi. s TpeHyBaHHs Oyiia BUKOPUCTaHA MOJIENb
YOLOv8m 151 3amaqi iHCTaHTUBHOT cerMeHTarlii. ' padiky pe3yabTaTiB Ta MATPHUIIO TOMHUJIOK MOYKHA TIO0QYNTH Ha
PUCYHKY 1.
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Contusion Matrix

350

Puc. 1. Matpuus nomuiok moaenai YOLOv8m-seg

BucHoBku

[izcymMkamu 1aHOTO JOCIIKEHHS € CTBOPEHHSI MOJIEJi KOMIT I0TEPHOTO 30pY, SIKa JOCTOBIPHO JIOKANi3y€e
Ta CETMEHTYE YKPIIUICHHS Ha SKICHUX 300pa)XCHHSX 3 HE3HAYHUMH Ae(EeKTaMU, J0CATalodr TOYHOCTI noHazn 70%.
IlepBunHO, Oyi0 3i0paHo HaOIp MaHWX JJI1 HABYaHHS HAMIOI MOJEi Ta OOpaHO HAMOLIBII ONTUMAIBLHUM THII
HelipoHHoi Mepexi — YOLOv8. Bubip came wiel apXiTeKTypH MOSCHIOETHCS ii MPOCTOTO0, BUCOKOIO MIBUAKICTIO Ta
TOYHICTIO PO3ITi3HABaHHS O0'€KTIB MOPIBHSHO 3 IHIIMMH BapiaHTamu. Mopenb Oyna HaTpeHOBaHa IJisi BUKOHAHHS
3a/adi cerMeHTalii BiiChKOBOT TeXHIKH Ta pOopTH(IKAIITHIX CTIOPYI.

3anponoHOBaHUH MiIXi[ 10 BHPIIICHHS MOCTaBJICHOI 3a[adi YCIIIIHO MPOSBUB ceO¢ HaBiTh MPU 3HAYHIX
0oOMeXXEeHHSIX B HAaOOpi JaHWX, MOBa HPO HEJOCTATHIO KUNBKICTh Ta SKiCh 300pakeHb U1 HABYAHHS, OCKUTBKA
OTpHMMaHI BOHH TIEPEBaXHO 3 BIAKpUTHX mkKepen. [Ipore, me He 3aBajwiio JOCATHYBIIM BHCOKOI TOYHOCTI
po3mi3HaBaHHA Ta KiIacuQikarlii pi3sHUX THIIB 300pakeHb.

OCHOBHHII BHCHOBOK 1 if€i 10 TOAQIBIIOrO YAOCKOHAJICHHS IPOIOHOBAHOTO MIAXOAY TIOJSTae y
PO3LIMPEHHI HAasBHOrO HAaOOpY MaHMX Ta MOAAJBLIOMY JOHABYaHHI MOZENI, TAaKOX HPOBEACHHS IOJATKOBHX
eKCIIEPUMEHTIB 3 TineprnapaMeTpaMy J03BOJIUTH MOKPAIIUTH pe3yJIbTaTh MOJEN, sKa IOIMoMOXe e()eKTHBHO i
HaJIWHO BH3HAYATHME TEXHIKY Ta (oprudikarii Ha mosi 60t0. J[01aTKOBOO MepeBaror Moxe OYTH BHKOPHCTAHHS
JIOJATKOBUX JpKepen iHdopmallii, a caMe MyJIbTUMOJAIBHHX JJaHUX PI3HOTO THITYy, 30KpeMa TEIUIOBI3iHHUX,
MYJIBTHUCIICKTPAILHUX Ta 1HIIHX.
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