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Anoranisi: JlocmikeHHss B poOOTi CIpsMOBaHI Ha BUSABIEHHS Ta IPOCTOPOBY CErMEHTAILiIo,
knacu@ikalliro ta reoinGopManiiHui aHai3 1eQeKTiB IeMEHTOOETOHHUX MOKPHUTTIB 3 MApOM 3HOIYBaHHSI.
MeTtoarka NOKIMKaHa CIyTyBaTH OCHOBOIO Uil (opmyBaHHS UM(GPOBOI MOIENi CTaHy IOKPUTTS SK
IHCTPYMEHTY NPEJUKATUBHOI A1arHOCTHKU. B sKOCTI simpa MeTonuku oOpaHo HelipoHHy Mepexy YOLOvS-
seg, ONTHUMI30BaHy JJIs 3a/ia4y IHCTAHC-CErMEHTAllll B peajibHoMY 4aci. Po3po0iieHO MOBHUE TEXHOIOTTYHUH
JAHIOT, 10 BKMoyae: 1) MoOOUTbHY 3HOMKY 3 cuHXpoHHOIO GNSS-npus'szkoro; 2) ¢opMmyBaHHS
CHELiaTi30BaHOI0 1aTaceTy 3 M'AThMa KJIacaMH, aJJallTOBAHUMH 10 OCOOJIMBOCTE KOMOIHOBAaHOTO IIOKPHTTS;
3) aKTHBHE HaBYAHHS MOJIENI HA PO3MIUEHHX TONIrOHABHIX Mackax; 4) moctoOpoOKy Ta 00'e THAHHS MacOK
3 pi3HUX Ka/piB; 5) renepailito BekTopHuX mapiB aedektiB y GeoJSON-dopmari ta ix inTerpanito B ['IC;
6) aBTOMATHYHKI PO3PAXYHOK KIIFOYOBHX MOKA3HHMKIB TEXHIYHOrO CTaHy (iHIEKC pyHHYBaHHS, HIUIBHICTH
nedekTiB). AnpoOarlist npoBeaeHa Ha AUISTHKaX aBTOMOO1IBHOI JOPOTH 3araibHOro KopuctyBanHs M-07 Kuis
— Kosenb. Cucrema 3abe3mneuniia mKCeIbHY CerMeHTamio AedekTiB i3 cepenuporo TounicTio (MAP50-seQ)
0,87 na TecroBiit BuOipii. KinbkicHuii aHaji3 BusBuB, 110 juiie 58,2 % IUIOINII MOKPUTTS 3HAXOAUTHCSA Y
CTIpaBHOMY CTaHi, TOJI SIK YaCTKOBO 3pYHHOBaHI AUISIHKH CTaHOBIATE 32,6 %, a MOBHICTIO 3pyiiHOBaHi — 9,2 %.
I'muboKMiA MPOCTOPOBHIA aHANi3 BHUSBHUB CTATHCTHYHO 3HAYYILy KOPEISIII0 MK 30HAMU KOHIIGHTpAIIil
NedeKTiB THITY «3pyHHOBaHE MOKPUTTSD) Ta TOUKAMHU TUHAMIYHOTO HABAHTAXCHHS (3YITUHKH, 3'I3]1, JIITHKA
ranbMyBaHHs). Lle no3Bonmno knacudikysatu 92 % Bcix 3HAUHUX PyHHYBaHb SIK «HaBaHTaKEHHO-3aJICKHI.
Po3pobiena meronuka [oBela MOMIMBICTH TOBHOI aBTOMAaTH3allii Mpolecy OTPUMAaHHS 00'€KTUBHHX,
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METPOJIOTIYHO BaNiJHUX JIaHUX MPO CTaH MOKPUTTS. Pe3ynpTatn mociipkeHb HE JUIIE KiUTBKICHO OMUCYIOTh
CTaH, aje i Yepe3 MPOCTOPOBUI aHalli3 BKa3ylOTh Ha Horo mpuuuHH. lle mo3Boiise mepedTH Bij MIaHOBO-
3armo0KHUX PEMOHTIB JI0 LIJIbOBUX, TEXHOJOTIYHO OOTPYHTOBaHUX BTpy4aHb. Cuctema Gopmye mudpoBuit
ciig 00'ekTa, MO € KPUTHIHO BAXKJIMBHUM IIEPIITHMM KPOKOM IO CTBOPEHHS HOTO MpEeIUKaTHBHOI ITH(POBOL
moxeni. [lomamemi mociimkeHHS OyAyTh CIPSMOBaHI HA IHTETPalil0 JaHUX Bi3yaJdbHOTO OOCTEXEHHS 3
pe3yabTaTaMu Oe3KOHTAaKTHHX AC(EKTOCKOMYHUX METOJIB (HalpHKIaA, TeopaJapHOro 30HAYBaHHS) AJIS
OIIIHKY CTaHy He JIMIIE TOBEPXHIi, a i BHYTPIIIHIX MAaPiB KOHCTPYKIII.

KuarouoBi ciioBa: aBTOMaTH30BaHE OOCTEKEHHS, IIEMEHTOOETOHHE IMOKPHUTTS, IIap 3HOIITYBaHHS,
HeilponHa wmepexxa, YOLOv8-seg, iHcTaHC-cerMeHTamisi, reoiHdopmamiiiHa cHcTeMa, MpeIuKaTHBHE
ynpaBiiHHs, HUQPOBUH NBIHHHUK, TPOCTOPOBHUI aHANi3, HABAHTAKEHHO-3aJIC)KHUH JeEeKT.

Beryn. EkcmnyararniiiHa HagilHICTH Ta JOBrOBIYHICTH aBTOMOOUIBHHX JOpPIr Oe3MmocepeHbo
3aJe’KaTh BiJl CBOEYACHOCTI Ta aJeKBaTHOCTI OLIHKU iX TEXHIYHOro craHy. OcoONMBOi yBaru moTpeOyIOTh
TUISTHKH 3 IEMEHTOOCTOHHUM MOKPHTTSIM, OBEPX SIKHX JJISI TIOJIINIICHHS eKCIUTyaTalliiHIX XapaKTePHCTHK
HAaHECeHO TOHKWH 3HOIITYBaJbHHH map 3 acdambroOeToHy. Taka KOMOIHOBaHA CTPYKTypa CXHWIJIBHA 0
cnenuiyHux IedeKTiB, cepel SKUX HalOUIbII KpUTHYHUMH € BiJOUTI TPIIMHY, 10 BUHAKAIOTH YHACHIJOK
nedopmariiii OETOHHUX IUIUT 1 MPOSIBISIOTBECA KPi3h BEPXHIA IIap, a TaKOX JelaMiHaiis Ta JOKalbHi
pyiiHyBaHHs acdanproderonHoro mapy [1, 2]. JliarHocTuka nux Ae(exTiB TpaguliiHUIMHA METOJaMH, IO
0a3yloThCcs Ha BI3yalbHOMY OISl (axiBLUsAMH, € TPYJOMICTKOI, KOIITOBHOK Ta HE I030aBJICHOIO
cyO'extuBiaMy. KpimM TOro, pe3yapTaToM Takoro OIJIsAy 3a3BUYail € SKiCHHIA omuc abo rpy0i eckisu, Mo He
JO3BOJISIIOTE  OTPUMATH TOYHI KUTHKICHI TMOKa3HWKW (TUTOMII, JiHIWHI PO3MIpH, MIIJIBHICTH PO3MOILIY),
HEOOXiZHI AJIsl MPIOpHUTHU3Alil PEMOHTIB, KABKYJSIII pecypciB Ta MPOTHO3YBAaHHS 3AJUIIKOBOIO PECypcy
KOHCTPYKIIii.

CBITOBUH MJOCBiJ OCTaHHBOT'O IECSATHIITTS CBIMYNTH NMPO IHTEHCHUBHE BIPOBAKEHHS METOIIB
KOMITIOTEPHOTO 30py Ta TIMOOKOTO HaBYaHHS B Tally3i MOHITOpWHTY iH$pacTpyktypu [3, 4]. Mopeni
cimeiictBa YOLO (You Only Look Once), 30kpema octanns Bepcist Y OLOVS, mio Bkitodae GyHKIIIO iHCTaHC-
cermenTanii (YOLOVS-seg), moBer CBOKO €PEKTHBHICTH Ul 3aBIaHb BHSBICHHS JIOPOXKHIX Je(EKTIiB y
peaslbHOMY dYaci, TOEAHYIOYH BHCOKY TOYHICTH 3 JOCTATHBOIO IMIBUAKOIIEIO s BOYIOBYBaHHS B MOOITBHI
cucremu [5, 6]. He3pakaroun Ha HAasBHICTh MyOIYHUX JaTAceTiB Ta JOCII/PKEHb, MPUCBIYCHHUX aHAJI3Y
acdanpTo0eTOHHNX TOKPHUTTIB [7—10], mHTOMa METOAWKA, IJIICHO aganToBaHa caMe J0 OCOOIHUBOCTEH
JIarHOCTHKY I[IEMEHTOOSTOHHUX ITOKPHUTTIB 3 IIapoM 3HOIIYBaHHS, Y HAYKOBIii JiTepaTypi po3poOieHa
HEJO0CTaTHRO. [CHyIOUi pillIeHHs 9acTo 30cepe/pKeHi nuie Ha ¢a3i AeTekIlii, He 3a0e3neuyrdn TOBHOI[IHHOTO
TEXHOJIOTIYHOTO JIAHIIOXKKA BiJl 300py JaHUX 10 OTPUMAaHHS 1H)KEHEPHO-3HAUYIINX Pe3yJbTaTiB Y MPUB'A3III
JI0 MICLIEBOCTI.

Mera poboTm — po3poOKa, TeXHIYHa peani3allii Ta KOMIUIEKCHA arpolarlisi METOINKU
ABTOMAaTHU30BaHOIO Bi3yaJIbHOIO OOCTEKEHHS, 1110 3a0e31euye He JIUIIE BUSBJICHHS, ajie i TOUYHY CerMEHTAIIII0,
KJacuQikallio Ta MPOCTOPOBHN aHam3 AC(PEKTIB IEMEHTOOCTOHHUX IOKPUTTIB 3 IIApOM 3HOIIYBaHHS.
3anponoHOBaHUI MiAXiA MOKIMKAaHWN CIYTyBaTH OCHOBOIO Ul (opMmyBaHHS LudpoBoi iH(opmamiiHol
MOJIENIi CTaHy IOKPUTTA, IO € KPUTUYHUM TMEPIIMM KpPOKOM JI0 CTBOPEHHS CHCTEM MPEIUKATHBHOL
JIarHOCTHKHY Ta YIPaBIiHHS PECYpCOM IOPOKHBOT iHPPACTPYKTYPH.

Bukaan ocHoBHOro martepiamy. Po3poOiieHa MeTomuka siBiisie cOO0I0 MOCIIIOBHUN TEXHOIOT1UHUH
TMIpOIIEC, IKUH MOJKe OYTH TOJTIJICHUI Ha BiCiM B3a€EMOTIOB'SI3aHHX €TAIliB, 10 3a0€3MeUyI0Th IEPEeXi/l BiJl CHPUX
MOJILOBUX JIAHUX JI0 CTPYKTYPOBAHUX 1HKECHEPHUX BUCHOBKIB.

36ip nepeunnux oanux. IloyaTkoBUM eTarioM € oprasizauis 300py HEpBHHHUX IaHHX. 3HOMKa
MPOBOJUTHCS 3 PYXOMOTO TPaHCIIOPTHOTO 3aco0y, 001aJHAHOTO KaMepOI BHCOKOI PO3IiUIBHOI 34aTHOCTI,
YKOPCTKO 3aKPITUICHOI0 TAKMM YHHOM, 100 3a0€3MeUnTH MOBHE OXOIUICHHS CMYTH PYXY IiJ] ONTHMAIbHUM
KyToM. KpUTHYHO BaXXJTHBUM € CHHXPOHHA (iKcarlis BiIeonoToKy Ta gaHnx GPS 3 MOXIIMBICTIO 101aTKOBOTO
BUKOPHUCTaHHS JAaHWUX iHepuiitHoro Omoky (IMU) mis tounoi npus's3ku. [IBUAKiCTE pyxy oOMeEKyeThCs
nianazoHoM 40—60 KM/roj, 10 T03BOJISE OTPUMATH JIOCTATHIO PI3KICTh 300paXkeHHs IS aHali3y ApiOHUX
nedekTiB pu 3a0e3redeHHi BUCOKOT MPOAYKTUBHOCTI OOCTEKEHHSI.
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Dopmysanna nasuanvHozo oamacemy. HactymHa ¢aza BKirouae momepeqHio oOpoOKy Bizmeo Ta
(hopMyBaHHS HABYAJILHOTO JaTaceTy. BieomoTik po3aiiseTscst Ha OKpeMi Kaapu 3 9acToToro 5—30 kaapis Ha
cekyHay. OTpumani 300paKeHHsI TPOXOJATh KOPEKIIO SICKPAaBOCTI Ta KOHTPACTY U KOMIICHCALlii BIUIUBY
3MIHHHX YMOB OCBITJICHHS. {151 HaBYaHHS Ta MOJANBIIOI POOOTH MOJENi OYI0 po3pO0JIEHO Creliali30BaHy
cucremy Kkiacudikarii, aganrtoBany Ao cuenudiku 00'exta qociimkeHHs. CrcTeMa BKIIOYAE M'SITh OCHOBHIX
KJIACiB: «CITpaBHE MOKPHUTTS, «IaCTKOBO 3pyHHOBaHE MOKPHUTTSD (APIOHI TPIIUHI, TOYATKOBA JAeJaMiHaIlis),
«3pyHHOBaHE MOKPUTTS» (BUOOIHM, CiTYACTI TPILMHM), «IO3IOBXKHIN IIOB» Ta «IONEepedHuil moBy». Taka
JeTaJtizallis JO3BOJIsiE He TUTBKH 1IeHTU(IKyBaTH QakT HasIBHOCTI AeeKTy, ane i qudepeHIitoBaT! CTyIiHb
HOT0 TSHKKOCTI, 10 Ma€ KITIOYOBE 3HAUCHHS JUIS TUIAHYBAaHHS PEMOHTHHX 3aXO0/IiB.

SxicTb poOOTH OyIb-K01 HelpoMepekeBoi MoJieli (GyHAaMEHTAIBHO 3aJIEKUTh BiJl SIKOCTI PO3MITKH
naHux. ToMy eram aHoTaIii (Py4HOT pO3MITKH) € OJTHUM 3 HaiO1JIbII Bi/IOBina bHUX. J[J1s MoIeni cermeHTanii
YOLOvV8-seg Oynmu CTBOpEHI MOJITOHANBHI MAacKd, IO TOYHO OKPECHIOIOTh MEXi KOXKHOro 00'€eKTa Ha
300pakeHHi. [lig 4ac po3MITKH AOTPUMYBAIMCS CYBOPHX IPaBUJI: TOUHE BIATBOPEHHs TeoMeTpii JedeKTy
(0cOONMMBO 1T TOHKMX TPIIIUH), OJHO3HAYHE BITHECCHHS J0 Kjacy Ta OOOB'SI3KOBE BpaxyBaHHS
0COOIMBOCTEH MPOSIBICHHS BIIOUTHX TPIMINH, SIKi MOXKYTh MaTH MEHII BUPaXEHHUI KOHTYp depe3 HasBHICTh
BepxHbOTO Imapy. HaBuanus momeni YOLOvV8-seg mpoBoamiiocst 3 ypaxyBaHHSIM BHMOT 10 TOHAIBIIOTO ii
BUKOPHCTaHHA B MOOUIbHOMY KOMIUIeKci. byma oOpana apxitekrypa yolov8m-seg, 1o 3a0e3meuye
ONTUMANBHAN 0aJaHC MK IIBHIKOMIEIO Ta TOUHICTIO. 1 ITiABHUINEHHS y3araabHIOI0Y01 3AaTHOCTI MOJIENI Ta
i cTiikocTi A0 pI3HOMaHITHHX YMOB 3WOMKHM (pi3HE OCBITJCHHSA, TOTOJa, HAasABHICTh TiHEH) aKTUBHO
3aCTOCOBYBQJIMCS TEXHIKM ayrMEHTallli JaHWX: BHIIQJKOBI 3MIHM SCKPaBOCTi, KOHTPAcCTy, JOJaBaHHS
rayccoBOIoO IIyMy, He3HauHi aiHHI IEpEeTBOPCHHSI.

Banioauia na okpemomy nabopi oanux. Ilicist HaBYaHHS MOJEIH POXOIUIIA PETENHFHY Bai A0 Ha
OKpeMOoMy Ha0opi JaHuX, IO He BAKOPHCTOBYBABCSI i1 4ac TpeHyBaHH:I. OCHOBHOIO METPUKOIO OILIIHKU Oyiia
oOpaHa cepeHs TOUHICTh cerMeHTanii (mAPS50-seg). [Ticns miaTBepaKeHHS SKOCTI MOJIENb MEPEBOIUIIACS B
pexnM iHdepeHcy — aBTOMaTHYHOI 0OPOOKH HOBHX BiZIeONOTOKIB. [lJI KOXKHOTO KaJpy cucTeMa TeHepyBaia
MOJIITOHM (MacK¥) HAaBKOJO BUSBICHHX AE(EKTIB, KOXKEH 3 SKUX MICTHB MITKy KIacy Ta KOOPJHHATH
00MEKyBaJbHOTO TPSAMOKYTHHKA. OCKUIBKHA MOJIENb aHAII3YE KOXKEH KaJlp OKPEMO, HACTYITHIUM KPUTHYHHM
KPOKOM € MOCTOOPOOKa OTPUMAHUX Pe3yNbTaTiB. Ii MeTa — TpancdopmyBaTu Habip pO3pi3HEHHUX MOTIrOHIB 3
Pi3HHX KaJpiB y milicHy nudpoBy kaptu AedexTiB. Ha npoMy erTami BUKOHYEThCS 00'€ JTHAHHS MAaCOK OJHOTO
KJlacy, M0 HajexaTh OJHOMY (QizuuHoMy aedekTy, ¢imbTparis IpiOHHX HOIYMOBHUX KOHTYpPIiB, a TaKOX
arperamist 1aHux Ha ocHOBI GPS-koopaumHat. PesymbraToM moctoOpoOKu € BeKTOpHMHA map y dopmarti
GeoJSON abo Shapefile, ne xoxxeH 00'eKT-IONIrOH MICTHTH aTpuOYTUBHY iH(opMalio: TUN AedeKry,
pO3paxoBaHy IUIONLy, MOBXWHY (U1 TIiHIHHUX OO0'€KTIB), CEepelHI0 UIMPUHY Ta TOYHI Teorpadidsi
koopauHatu. Lleii map Oe3mocepenHbO IMNIOPTYeThcs B reoindopmaniiiHi cucremu (Hampukinaa, QGIS,
ArcGIS) abo BisyamizyeTrbcsi B BeO-Opay3epi 3 BHUKOPUCTAHHSIM KapTorpa(iuHHX CEpBICiB, TaKUX SIK
OpenStreetMap.

dDomozpamempuune Kaniopysauus kamepu. J1jis po3paxyHKiB po3mipiB Je()eKTiB 3aCTOCOBYBaIACS
Teopis MamuHHOro OaueHHs [11-13]. Ilpuxiagu peamizaifii mojioKeHb Il TEOpil IS MPAKTHUHUX
po3paxyHkiB HaBeaeHo B makeri OpenCV [14]. [lns ycyHeHHs BIUIMBY paJiajibHOI Ta TaHTEHLiaIbHOI
nucropcii o0'ektrBa OyJio MpoBeAeHO (GoTorpaMeTpryHe KalliOpyBaHHS Kamepu 3a MetonoM Yxana [13].
Byno Bukopucrano HaOip i3 20 300pakeHp KamiOpyBadbHOI MIAXiBHUI 3 BiIOMHM pPO3MIpOM elieMEHTa
(mosxxmHa croponu kBaapara — 50 mm). Ilpu kamiOpyBaHHI KaMepu BHKOPHCTOBYBAJIACS MPABOCTOPOHHS
cucreMa KoopauHat kamepH (puc. 1), ne Bick Z cipsiMOBaHa B3JIOBK ONTHYHOI oci, a oci X Ta Y — BOpaBo Ta
BHU3 BiJIIIOBIJIHO, 1[0 Y3TOPKYETHCS 3 MIKCEILHO CUCTEMOI0 KOOPJHMHAT 300pa)KeHHsI X—Y 3 TOYaTKOM Y
JiBOMY BEPXHBOMY KYTi.
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Pucynox 1 — dotorpaMeTpuuHe KaniOpyBaHHs KaMepu 3a MeToJoM UkaHa
Figure 1 — Photogrammetric camera calibration using Zhang's method

[Ipouiec ¢ororpamMmeTpryHOro KamiOpyBaHHS MOXKHA TIPEICTAaBHTH SK JIAHIIOKOK IEPETBOPEHb
(puc. 2) Mi>K TAKUMHU CUCTEMaMH KOOPJIUHAT:

— cBitoBa cucrema koopaunat (World Coordinate System — WCS);

— cucrema koopauHat kamepu (Camera Coordinate System — CCS);

— cucrema KoopauHart mikcenis 300pakeHHs (Image Pixel Coordinates — IPC) 3 aucropcieto.

Brnactusocti WCS Baactusocti CCS Bunactusocti [PC
FEs X Br[p.z.mo . ‘ Bice X: Bripaso Bics u(x): Bripaeo
B IUIOLHHI IIAXIBHHIIL floakep cron
[ IMpoexuis + aucTopcis nikces
Bicb ¥: Buus Iepersopenns XR. ¢ : s
i ; . | ™1 3oBwimEs opicxTami Ed Bice Y: Buns = BuyTpimni >
B MUTOTLHHI ANIBHIL OpIEHTALIA DT D S
. = I Howmep cto
Bice Z: HasosHi ‘ e Mep CToBMLLl
NEPICHINKY IIDHO Bicb Z: Bnepea miKcems
DICEAHEY D | B310Bk ONTHYHOI OCi
ILIOLIHHL |

Pucynok 2 — JlaHI110’K0K IepeTBOpeHb NMpu (OTOrpaMMETPHYHOMY KaniOpyBaHHS KaMepH
Figure 2 — Transformation chain for photogrammetric camera calibration

KoedimienTn mucropcii po3paxoByBaucs JUIsi HOpPMaTi30BaHUX KOOPIMHAT HA OJJUHUYHIN QoKanbHIH
wiomuHi miei cucremu. 3a gonomoror 6Oi0miorekn OpenCV Oynu oOuHMCleHI MaTpUls BHYTPILIHIX
napameTpiB KamepH Ta KoedilieHTH auctopcii. Yci moiabpoBi 300paXkeHHs, OTpUMaHi MiJ 4ac OOCTEXEHHS,
MIPOXOJIMIIN TIOTIEPEIHIO KOPEKII0 AUCTOpCii 00'ekTHBa. BUKOPHUCTOBYIOUM OTpHUMaHi TiJl Yac KamiOpyBaHHS
xoedimientu Ki, Ky, Kz, Py, Pp Ta matpuio BHyTpimmHix napametpiB kamepu K , 0 KOXKHOTO Kajpy
3aCcTOCOBYBaJIach (DyHKIiA BUNpaBiieHH aucTopcii 3 6i6miorekn OpenCV (cv2.undistort()). st minBuinenHs
MPOJAYKTUBHOCTI OOPOOKH BiJIEONIOTOKY B PEXHMi, ONM3BKOMY JI0 peaibHOTO Hacy, OYyJH IONepeIHbO
obuncieHi Ta BUKopucTaHi Manu neperBopeHHs (cv2.initUndistortRectifyMap() ta cv2.remap()). [licnsa
KOPEKIIil 300pakeHHsI KaJpyBalUCh 3a 00nacTio moBHOI BuauMmocTi (ROI) mans ycyHeHHS 4opHHX KpaiB, a
KOOPJAWHATHU YCiX BUSABICHUX 00'€KTIB KOPETYBAINCH 3 ypaXyBaHHSIM IIbOTO 3CYBY Ul 30€peXEHHs TOUHOCTI
TEOIPUB'SI3KH.

Po3paxynky xoopounam 6y3noeux mouok 3a mooennro nepcnekmueu. PeanbHa kamepa 3 KyTOM
HaxXWily peaji3ye MepCleKTHBHY IMPOEKIilo, SKa OMUCYEThCS roMorpadiero — JiHIMHUM MEPETBOPEHHSIM Y
OJTHOPIHMX KOOpAMHATAX, L0 BiJoOpa)kae TOYKY Ha IUIONIMHI JOPOTH (X,Y) B MIKCEJIb Ha 300pakeHHI

(u,v).
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Martpuus romorpadii H po3mipom 3x3 Bu3zHauae Lie NEPETBOPEHHS:

wu X1 (b hp g X
WV | = H . Y = h21 h22 h23 . Y ’ (1)
w 1] [ha hgp hg |1

ne W — macmtaOHMi KoedilieHT.

0

px

v,y

Pucynok 3 — Po3rairyBaHHs €TaTOHHOTO KBaJpaTa Ha KaJapi AUITHKH JOPOTH
Figure 3 — Location of the reference square on the road section frame

KanibpyBanus Ta Bu3HaueHHs MaTpuui romorpadii H 3xilicHroBamocss HACTYMHHM YHMHOM. Jlns
PO3paxyHKiB IPUHMAEMO HACTYIIHI CHCTEMH KOOPIUHAT:
— MIKCENBbHY CHUCTEMY KOOpIUHAT U, X—Opy -V, Yy (po3rairoBaHa Ha Kajpi, 300paxkenHi). [loyarok

CHUCTEMU KOOPJIMHAT 3HAXOAUTHCS y BEPXHBOMY JIIBOMY KYTi Kajpy. KoopauHATH TOYKH JTOBIIBHOT TOYKH —
(u,v), me U 3pocrae mpaBopyd, V 3poctae yHu3. OIXMHHII BUMIpIOBaHHS — IIikcenm (ITOpsIKOBU HOMep

eneMeHTa pactpy). KoopamHaTti po3paxoBYHOTBCS 3 CYyOIMIKCENFHOK TOYHICTIO i 30epiraroTbes sK IiHCHI
quciia, aje (Pi3uUYHO TaKe MOJIOKEHHS BCEPEIAMHI IIKCENs BiITBOPUTH HEMOXJIMBO, OCKUIBKH TKCEM — (il
qHCIa;

— NIoKanbHy cBiToBY cuctemy koopaunar X, —0,, —Y,, . [louaTok cucTreMu KOOpAMHAT 3HAXOIUTHCS

y BEPXHBOMY JIiBOMY KyTi KBajpara Ha aoposi. Bice X, cnpsmosana mpasopyuy, Bich Y,y — yHH3 (s
BIJIMOBIAHOCT] TiKCeNbHIM cucTteMi). OauHHUII BUMIpIOBaHHS — MeTpu. lle jokajibHA i yMOBHA CHUCTeMa
KoopauHat. BoHa ifeanbHO MigXOAWTH JUIsl OOYMCICHHS BIZHOCHHUX PO3MipiB Ae(eKTiB (Mo, JOBXUHH)
BcepenuHi Kanapy abo BigHOCHO kBajapaTa. OgHak, BOHa He € aOCONIOTHOK TIJIOOAIBHOI CHUCTEMOIO
(manpukiian Takoro sk, UTM a6o WGS 84).

Ha puc. 3 nmokaszaHo po3rairyBaHHS €TaJIOHHOTO KBaapaty 3 Gi3udHUM po3MipoM cToponu L = 4,5 m.
[lepeBaramu Takoro BUOOpy KOOPIANHATHUX CHCTEM €:

— IIPOCTOTa, 00 KOOPAMHATH 1HIIKX KyTIB KBaJparTa CTal0Th TPUBIaJIbHUMH;
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— 3pO3YMLIICTh, OCKLTBKHU Oy/Ib-sIKa TOYKA HA JOPO31 TeTep Ma€e KOOPAUHATH (XW,YW) , IK1 IHTYITHBHO

3po3yMili. A came, Ha CKUIBKH METPIB ISl TOUKA 3HAXOIUTHCS MPAaBOPYY 1 HIKYE Bij JIBOTO BEPXHBOTO KyTa
€TaJIOHHOTO KBaJIpaTa;

— (i3UYHUHA 3MICT — IPSIMOKYTHA CiTKa CBITOBHX KOOPAWHAT «HAKJIAIE€HA» HA AOPOTY TaK, IO ii JIiHii
mapanenbHi CTOPOHAM KBajapara. TakuM YMHOM, KBAaapaT CIYXKHTh HE TUIBKHM €TAJOHOM JIOBXKHHH, a H
STAJIOHOM Opi€HTAIll.

[Tpn poMy KOXKHA TOYKA Ha IUIOMIMHI TIOBEPXHI TOPOTH MOXKE OyTH 3a7aHa BEKTOPOM KOOPAHMHAT y
CBITOBIH cHuCTeMi BIAJIIKY SIK:

Pv=| Yw |- )

Ilepexix Bim TiKCENPHUX KOOPAWHAT CETrMEHTOBAHHMX Ne(eKTiB MO iX aOCONIOTHHX PO3MIpiB Ha
TUIOIIMHI AOpOru OYJO 3aCTOCOBAaHO TNMPOEKTHBHE IMEpeTBOpPeHHs (romorpadiro). OOUuCieHHs § BiIbHHX
napameTpiB Matpuil romorpadii H (1) smiicaeHo meTonamu JiHitiHOT anreopu (Direct Linear Transform —
DLT) 3icraBneHHSIM CHCTEMH PiBHSHB, IO BIJMOBIa€ KyTaM E€TATIOHHOTO KBajpara Ha 300paKeHHI y
METPHUYHIN cHCTEMi KOOpAWMHAT JOPOTH Ta IMKCEIbHOI CHCTEeMH KOOpAHWHAT Kaapy. Jes'stuil mapametp
MAaTpHIIl TPUHMAEThCs 3a «1» st HopMyBaHHS. L MaTpuilst yHiKanbHa A1l KOHKpETHOT KOH(iryparii kamepu
— TOJIOKEHHS, KYT HaXHJIy OCi 00’ €KTHBA, OKyCHA BiICTaHb.

[Ticist woro KOXKHa BEpIIMHA TOJITOHAIFHOTO KOHTYPY AedexTy TpaHchopMmyBaiacsi B METPHUHY

CHCTEMY 3a JOIIOMOr 0K 06epHeHoi Marpuri H -1 [Tnomra nedexty obumCIIOBaNACh OE3MOCEPEIHBO B METPaX
3a popmynoro ["ayca mist oTpumaHoro moiirona. /lanwii MeTos, Ha BiIMiHY BiJ MPOCTOTO MAacIITa0yBaHHS
4yepe3 cepelHiil MiKCeIbHUN KOSIIiEHT, T03BOJISIE i 00 €KTIB, SIKi PO3TAIIOBaHI B TUIOIIMHI €TAIOHHOTO
KBaJpaTy, TOYHO KOMIICHCYBAaTH TMEPCICKTHBHI CIIOTBOPEHHS, BUKJIMKAaHI KyTOM HaXWIy KaMmepH, IO
3a0e3redye iHBapiaHTHICTh BUMIPIOBaHb JI0 MTOJIOKEHHS AS(PEeKTY B Kapi.

IleperBopeHHsT Mex AeeKTy 3 MIKCENbHOI IUIONMHHE y CBITOBI KOOPAWHATH 3MiHCHIOBajacs 3a
HacTynHowo Jorikoro. Hexalh momens YOLOvV8-seg Bu3Haumia nedekt sSK moyiroH 3 N BeplIMHAMH B

mikcemsax:  polyp, ={(ug,v1),(Uz,V2),....(uy, vy )} - ToOTO, a1t ToukM Ha J10po3i 3 ONHOpiAHHMH

KOOpJMHATaMU 11 MKCEJIbHI KOOPJAUHATH 3HAXOIATHCS SK:

w-u Xw
w-v|=H-| Yy | 3)
w 1
[Ticnst HopMaTi3alii OTpUMY€EMO:
H-R H-R
U=( W)l,Vz( W)2’ (4)
(H-PRy), (H-PRy),

Jie iHIeKe 100yTKa (H . PW) [M03HAYAaE BIAMOBIIHY KOMIIOHECHTY BEKTOpA.

[lepexin Bix mikceniB 70 KOOPAMHAT HA A0PO3i BiAOyBaeThCA 3BOPOTHIM YWHOM. [[11st TOUKH nedexTy

i T . . . T
3 MIKCEJIbHUMH KOOpJMHATaMU P, = [u ox  Vpx 1] ii peabHi KoopauHaTH Ha A0po3i Py = [UW Viy 1]

00YHCITIOIOTHCS 32 00EPHEHOK roMorpadiero:
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Wy - Xy Upx
Wy - Yy =H L Vox |- (5)
w 1

. . T .
PesynpraTom po3paxyHKiB 3a (5) BEKTOp OJHOPIAHUX KOOPIHHAT I:WX Xy Wy Yy w] , @ e

y
X moijeHHs1 Ha MacITaOHUH KoediieHT W OTpUMYEMO i KOOPIMHATH B JIOKaJIbHIN CBITOBIH cUCcTEMI:
-1 -1
(H™ P, (H™ P,
XW = 1 Ta YW = 1 : (6)
(H ‘ppx)3 (H ‘ppx)3

Dopmyna (6) € QyHIAMEHTAIBHOIO Ul OTPUMAHHS METPUYHO KOPEKTHHMX AAHUX 13 300pa’keHb
00’€KTiB Ha KaJpax, 110 PO3TaIlIOBaHi B MJIOMIMHI TIOBEPXHi JOPOTH.

Po3paxynky posmipie Oeghexmie 3a mooennro nepcnexkmueu. Po3paxyHoOK miomli nedekty 3a
anroputMoM «shoelace» [11, 12] 3a ¢popmyinoro I'ayca 31ilCHIOETECSI B HACTYITHOMY MOPAAKY. BuxigHuMu
NaHUMHU € pe3yabTatd podotu mozeni YOLOv8-seg mns omHoro aedekTy y BHIUIAII TOJITOHY, IO
MpecTaBIeHUI 3aMKHYTHUM JaHIoroM 3 N BepmuH (puc. 4). KoxxHa BepiuHa i micis nepeTBopeHs (6) Mae

koopauHatu B = ( Xi ,Yi) B METPax y CBITOBii CHCTEMi KOOpIWHAT.

Pucynox 4 — Cxema ob6xomy HOB,Z[OB)K KOHy 3a popmyoro ["ayca
Figure 4 — Scheme of bypassing the circuit using the Gauss formula

Anroput™m «shoelace» o0umcnioe mIomyy MpocToro (HE CaMONEPETHHAIOYOTOCs) TMOJIroHa,
MOCITIIOBHO «00XO0/IsT4M» HOTO BEPIIUHH. [ €OMETpHYHO BiH IPYHTYEThCS Ha CyMi IO Tparelii, yTBOPEHHX
KO’KHOIO CTOPOHOIO TIOJIITOHA Ta i MpOeKLiero Ha oxHy 3 ocedl. OOXia BEpIINH 3MiHCHIOETHCS B OJTHOMY
HanpsIMKY 3a TOJMHHUKOBOIO CTPUIKOIO, ajie JOMYCKAEThCsl 00XiA 1 MPOTH TOAMHHUKOBOIO CTPiNKor0. Toxi
TUIOIIA TTOJIITOHY (3aMKHEHHH KOHTYP JeeKTy) OOUHCITIOEThCS 32 (OPMYIIOL0:
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1IN
5=3 2 (X5 Yigg = X Y. 7

i=1

®opmyna (7) mepenbauae, mo BepmMHa 3 iHAEKCOM N +1 30iraeTscs 3 BepmuHO0O 1, TOOTO:
XN+ = Xq ta YNy =Y). Takum unsOM, cymMa GakTHIHO 0GUMCIIOETHCS ISt IOCIITOBHOCTI peGep cerMenTa

BignoBigHoro nedekra. @opmyna [Mayca («shoelace») € yHiBepcaabHOIO, TOYHOIO Ta €(EKTHUBHOIO IS
MOJIITOHIB TOBUTBHOT (DOPMH, SIK IS OMYKJIMX, TaK 1 Uil yBITHYTHUX ()OPM CETMEHTIB, HaBiTh AJISl CKIAIHUX 1
Heomykiux Gopm [17]. [{s1 3a6e3nedeH st 9ucebHOT CTIHKOCTI 00YHCIIeHD 13 YHCIaMH 3 IIABAI0Y0I0 KOMOIO,
0CcOoOIMMBO TIpH 0OpOOI BETMKUX TONIrOHIB, OylM MOTpHUMaHi peKOMEHAalii MoI0 MiHiMi3alii MOXUOKH
okpyrneHss [18].

OO0uncinenHs JNiHIKHUX PO3MIPIB Ne(eKTiB (IOBKUHU Ta IIUPHHH) 3MIACHIOETHCS B HACTYHHOMY
mopsaKy. BUKOHy€eThCS TIEHTpYBaHHS TOYOK ITOJIITOHA (CErMEHTa JIIHIHHOTO JIeeKTy):

1N o 1N Xj'-X
N j2 N =1 Y=Y

hing j:].N . (8)

OO0uncnIoeThCs KOBapialiiiHa MaTpHIIs PO3MOALUTY TOYOK BEPIIHMH MOJITOHY:

o 1N 4 |:COV(X,X) Cov(X,Y)] ©)

:N—lglcjcj | Cov(Y,X) Cov(Y,Y)

P03B’I3aHHSM XapaKTEPUCTHYHOTO PiBHAHHS (9) OTPHMY€EMO BIACHi 3HAYEHHS ISk MATpuI C SIK A

Ta /) (npu ubomy npuitmaemo 4 =4, 20). Toxi noBkuHa Ta mUpHHA Ae(EKTY BiANOBIIHO:
Ly =224 .Ta By =2./24, . (10)

MHOXHUK 2\/5 ~ 2,83 BinnoBigae npaBuily « 2¢ » [Uls alipoOKCUMAIlii po3MipiB elirica po3CiroBaHHS
TOYOK TOMIrona. J{ist OuIbIl KOHCEPBATUBHOI OLIHKM MOXHA BUKOPHCTOBYBATH MHOXXHUK 4 (MPaBUIIO « 3o
»). 3actocyBanHs 3anexHocted (10) n03BoJsiE 3MIWCHUTH CTATUCTHYHE OI[IHIOBAHHS PO3MIPIB JIHIHHHUX
nedeKTiB 1 ypaxyBaTH iX CKIagHy popmy.

Ouinka noxubok Kaniopysanmns. 3aranbHa MOXMOKAa BU3HAYCHHS JIIHIMHUX PO3MIpiB Ha IUIOIIMHI
JOporH (BiCTaHi, pO3MipH, KOOPAUHATH) K (OPMYETHCS 3 HACTYITHHUX CKJIAI0BHX:

— O| — NOXUOKHU PO3MITKH €TANOHY;

— Opyx — MOXUOKM BU3HAYCHHS MEX Y MIKCEIsIX;
— Oplane — MOXHOKH uepes3 HelJlealTbHICTh TUIONIMHHU (HaXWJI, HEPIBHOCTI).

[Ipu YoMy, 3HaYEHHS CKJIAAOBUX TTOXUOKH IS TUIIOBHX YMOB MOX€E 3HAXOIUTHCS B MEXax JUIS:

— MOXUOKH po3MiTKu etanony +0,01 m;

— MOXMOKH BU3HAYEHHS MEX y mikcessix +0,5 nkc.

[MoxuOku "epe3 HellealbHICTh TUIONIMHN MOXKYTh OyTH OI[IHEHI 32 JIOIIOMOTOK KoeilieHTa piBHOCTI
noporu IR, nanpuknanm, 4-5 mm/m.

Sk mo A YMOB BHMIpIOBaHHS JIe)EKTiB [IEMEHTOOCTOHHHUX JOPOXKHIX IOKPUTTIB 3 LIapOM

3HOLIYBaHHsS  (IMB. pUC. 3) NPHUIHATH JOBXHHY CTOPOHM €TaloHHOTO KBampaty Lgt =4,5 m, cepemmro
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JOBXKUHY HPOEKIii cTopoHH KBaapaTy Ha Kaipi Py ~300mkc, To BimHOCHa moxmuOka koedimieHTa k Moxe
OyTH OlliHEeHa fK:

2 2 2 2 2 2
5
Ak o o Sex +(—'R') _ [ +(—0'5j +(—5 j =0,00572, (11)
k Let Pyt 1000 4,5 300 1000

a60 0,572 %. OtprmaHa oriHKa TOXHOOK KamiOpyBaHHS € MPUHHATHOO TSI BAKOPUCTAHHS PH KiIJTBKICHOMY
OLIIHIOBAaHHI CTYIEHI TMOMIKOMKEHHS IOPOKHBOIO MOKpUBY. HaBenmena mponenypa — KamiOpyBaHHS Ta
BHMIPIOBAaHHS € MPAKTHYHO PEaTi30BaHUM IHKCHEPHUM KOMITPOMICOM MiX TOYHICTIO Ta CKJIamHicTIO. BoHa
JO3BOJISIE OTPUMATH METPHYHO MPUB'SI3aHI JaHi, JOCTAaTHI U 3a7jad MOHITOPHUHTY Ta MAacMOPTH3Aallii, 3 SBHO
OLIIHEHOIO T2 KOHTPOJILOBAHOIO TOXUOKOIO.

Pesynomamu ma o00z06openns. AmnpoOaiisi po3poOiieHoi MeTonukd Oyria TIpoBelcHa Ha
aBTOMOO1ITBHIN TOpo3i 3aranpHOTO KOopucTyBaHHS M-07 KuiB — KoBenp Ha minstami Big kM. 84 mo kM. 117
npu OOCTE)KEHHI CTaHy HEMEHTOOCTOHHOTO IMOKPWBY BIIAIITOBAaHOTO Oinbiie 12 pOKiB TOHKOIIAPOBUM
nokpuBoM tuny Slurry Seal. 3aranbHa ruioma o0cTexxeHoro mokpuTTs ckiana 25430 m2. Moaens YOLOvS-
seg MPOJIEMOHCTPYBaJIa BUCOKY e(eKTUBHICTh pOoOOTH. 3araipHe 3HaYeHHS MeTpukd mAPS50-seg Ha TecToBii
BuOipmi ckiamo 0,87, mo CBiAYMTH MpO HamifHE pO3IMi3HABaHHS Ta CETMEHTAIlilo 00'ekTiB. Baxxmmso
BiJJ3HAUUTH TU(EPEHIIHOBaHY TOUYHICTh: KJIACH «CIPaBHE MOKPUTTS» Ta «IIBW» OYyJiH ieHTU(IKOBaHI 3
TouHIicTIO ToHaK 0,95, M0 MOSACHIOETHCS IXHBOIO Bi3yalbHOIO YIiTKICTIO. J[J1s KTaciB AedeKTiB ToOUHICTh Oyia
neto Hk4oro (0,83-0,84), 1o moB's13aH0 3 IXHHOI0 CEMaHTUYHOIO Ta Bi3yaJIbHOI HEOTHOPITHICTIO, 0COOIHNBO
B YMOBax cJ1a0Koi KOHTpacTHOCTI. J{J1sl iH)KeHEpHUX pO3paxyHKIB KpUTHYHOIO € TOUHICTh BU3HAUEHHS TUIOIII.
[NopiBHsTBHMIA aHAaTi3 aBTOMAaTHYHO BUMIPSHHUX IUIOII i3 pe3yabTaTaMy PydHOi 00pOoOKH IMOKa3aB cepeIHIO
BIJHOCHY NOXMOKy Ha piBHI 4,7 %, 10 LIJIKOM NPUHHSATHO Ul MOTpe0 TEeXHIUHOi iHBEHTapu3auii Ta
KOIITOPHCHOTO TUIAHYBaHHS.

KinpkicHuii aHami3 craHy HOKPHUTTS Ha OCHOBI pe3yNbTaTiB aBTOMAaTH30BaHOI OOpOOKH BHSIBHB
He3a10BUIbHY cutyauiro. Jlume 58,2 % Bix 3aranpHOi miomi Oyji0 kiacu(ikoBaHO SIK CIIPaBHE MOKPHUTTS.
YacTkoBO 3pyiiHOBaHI IUIAHKU CTaHOBHIM 32,6 %, a MOBHICTIO 3pyHHOBaH1 (BUOOTHH, CKYITYEHHS TPILlIMH) —
9,2%. 11i mudpu 00'eKTUBHO OOIPYHTOBYIOTh HEOOXITHICTh MPOBEICHHS PEMOHTHHUX POOIT HA JaHI AUIAHII
Ta J03BOJISIFOTh PO3PAaXyBaTH MOMEPEIHI 00CITH HEOOXITHIX MaTepialliB.

Haii0inpury npakTu4yHy LiHHICTP Ma€ He 3arajbHa CTaTUCTHKA, a MPOCTOPOBHH aHali3 OTPUMAaHOI
KapTh aedekTiB. BizyanbHa iHcmekmis Manu (puc. 5), moOyJ0BaHOI Ha OCHOBI BEKTOPHOTO IIapy, Bipasy Xk
BUSIBJISIE HEOIHOPIIHICTh PO3MOAUTYy JedekTiB. [l KINBKICHOI OLIHKH ILOTO PO3MOAUTY Ta BHUSBICHHS
3aKOHOMIPHOCTEH OyJ10 3aCTOCOBaHO METO OIliHKH siepHoi mibHOCTI (Kernel Density Estimation — KDE).
Amnaniz KDE pmns knmacy «3pyiHOBaHE MOKPHUTTS» BUSBUB YiTKi CTATHCTWYHI MikH. ['eorpadivHo mi miku 3
BHUCOKOIO TOYHICTIO 30irajucs 3 30HaMH JIWHAMIYHOTO HABAaHTAXCHHS HA JIOPOYKHE TOJIOTHO: JUISHKOIO
3ynuHKH niepen; 6mok-moctoM (80-100 M), 3onamu 3'i31iB (200-240 M Ta 480-520 M) Ta MiISTHKOO aKTHBHOTO
raneMyBaHHs riepen nepexpectsM (1120-1140 m).

Posnoxin MeHm KpuTHYHUX JedekTiB kimacy | («4acTKOBO 3pyHHOBaHE») BUSBUBCS OLIBII
PIBHOMIpHHM, IO MOKE CBIAYUTH NPO BILIMB HE TIJIbKU HaBAaHTAXKEHHs, aJie i 3arajJbHUX (akTopiB cTapiHHS
MaTepiaiy, BIUIUBY KJIIMaTy Ta MOKJIMBHX TEXHOJIOTYHUX HEOTHOP1THOCTEH MPpH YKJIaAaHHi NOKpHUTTs. [Ipore
HEBEJIMKEe 3pOCTaHHs iX IIIIBHOCTI TAKOXK CIOCTEpIiranocsi MoOIU3y 30H KOHIIGHTpAIll Kiacy 2, Mo MOXe
BKa3yBaTH Ha IPOTPECYIOUNHT XapaKTep MOIIKOKCHb.

JunHamika cTaHy HOKPHUTTS B3OBXK TPacH AETALHO BioOpakeHa Ha NpodinbHIN aiarpami (puc. 6),
noOyaoBaHiil 3 kpokoMm 10 merpiB. BoHa Ha04HO JEMOHCTpYE, SIK BiICOTOK CIIPaBHOI IUIOLII Pi3KO Majae B
30HaX, iIeHTU(IKOBaHKX 3a gonomoro KDE, BogHoYac 3pocTaroun Ha iHIIKX AUISHKAX. Taka geramizariis
JI03BOJISIE JIOKAJII3yBaTH MPOOJIEMHI 30HH 3 TOYHICTIO A0 JAEKIJIBKOX JIECSTKIB METPIB, IO € KIIOYOBUM IS
IUTaHYBaHHS HE KaliTalbHOTO PEMOHTY BCi€l JUISHKH, a HIJIbOBUX JIOKAIBHUX BTPYYaHb.
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TNereHaa AecpexTis
M spyiiHosane_nokputTa

4aCTKOBO_3pyiHOBaHE_NOKPUTTA ® ¢ ®
B crpasie_noxputta

NOB3A0BXHIN_LLIOB
| | nonepeyHmii_Lwos

Pucynox 5 — Jleranizauist po3noainy qedeKTiB B KOHKPETHIN TOUI TTSTHKA
Figure 5 — Detailing the type of defects in a specific point of the plot

Po3nopain BiAHOCHOI NAOLL NPOI3HOT YaCTUHK:
cnpasHa - K1ac 0; YaCTKOBO 3pyMHOBaHa - Knac 1; 3pyiMHoBaHa - Kiac 2
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Pucynok 6 — JliarpaMu CIiBBiJHOILICHHS IUION] TOHKOIIAPOBOTO MOKPHUTTS ISl KPOKY MOOYI0BH
(ycepemueHHs IIUTBHOCTI po3TantyBaHHs aedektiB) — 10 m:

M — y CIIpaBHOMY CTaHi; N CYMapHO y CIIpaBHOMY CTaHi Ta YaCTKOBO 3pyHHOBaHe
Figure 6 — Diagrams of the area of the thin-ball coating for the surface of the surface (average thickness
of defect removal) — 10 m:

M — at the inquiry station; N summarily at the reference station and partly destroyed

3 IpakTUYHOT TOUKH 30PY, PO3po0IIeHa MeTOIMKa 3a0e3edye paiuKaibHe MiIBUIICHHS e(eKTHBHOCTI
poOiT 3 MoHiTopuHry. OOCTeXeHHS AUISHKH B 1,2 KM 3aiiMae XBUJIMHH, a HE TOAWHU, a 00poOKa IaHuX
BifOyBaeThCs aBTOMaTH4HO. OTpUMaHi HU(POBI AaHi JO3BOJISIOTH TOYHO PO3paxyBaTh 00CSATH MaTepiajiB A
SIMKOBOTO 200 KapTHOTO DPEMOHTY, OLIHUTH HEOOXiJIHYy KUIbKICTh TE€PMETHKY JJIsi TPIIIMH, a TaKoX
OOTpYyHTYBaTH OOMEXYBAIbHI 3aX0JU (HANPHUKIAJ, TUMYACOBE OOMEXKEHHs MBHIKOCTI g0 60 KM/rom) Ha
HaOLIbII aBapiiHUX AIJISTHKAX 10 BUKOHAHHS PEMOHTY.
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BucHoBku. Po3po0neHO KOMIIEKCHY METOAMKY aBTOMAaTH30BAaHOTO BI3yalbHOTO OOCTEXEHHS
[IEMEHTOOETOHHUX ITOKPHUTTIB 3 IIApOM 3HONIyBaHHA. MeTonuka 0azyeTbcs Ha HEWpoOMepe)keBid Mozeni
YOLOV8-seg Ta 0XOIUTIOE OBHUM TEXHOJOTIYHUHN JTAHIIOKOK BiJl MOOUIBHOI BiZICO3HOMKH 3 TEOIPHB'SI3KOI0
10 reHepanii nM(POBUX BEKTOPHUX KapT Ae(]eKTiB, TOTOBUX A0 BUKOPUCTAaHHS B reoiHpOpMaLidHUX
cucTeMax.

Arpo0arrisi METOAWKH Ha peabHIH MUISHIN Ha aBTOMOOIUTEHOI TOPOTH 3arajbHOT0 KOPUCTYBaHHI M-
07 KuiB — Koseunb Bix kM. 84 10 kM. 117 npu 0OCTe)eHHI cTaHy EMEHTOOETOHHOTO MIOKPHUBY BIALITOBAHOTO
Oinpie 12 pokiB TOHKOMAPOBUM NOKprBOM THIy Slurry Seal minrBepanna i TexHiuHy edeKkTUBHICTh. Momens
3a0e3nedye cepeqHio TOYHICTh cermeHTarii (mAP50-seg) ma piai 0,87, a moxmOKka BH3HAYEHHS ILIOIII
NeeKTiB CTAHOBUTH OJIN3bKO 4,7 %, 110 33]J0BOJIbHSIE BUMOTAaM iHXEHEPHOI iarHOCTHKU. KilbKicHa OIliHKa
nokaszana, o jumie 58,2 % Mol MOKpUTTs nepedyBae y CIpaBHOMY CTaHi, 110 € 00'€KTHBHUM MiAIPYHTSIM
IUIsl TUTAaHYBaHHS PEMOHTY.

3acTocyBaHHSI METOZIB MIPOCTOPOBOTO aHaIi3y (OLIHKA SACPHOI LIITBHOCTI) A0 Pe3ybTaTiB pOOOTH
METOAMKH JIO3BOJMJIO BHHTH 32 PaMKM IMPOCTOI iHBEHTapH3allii Ta BCTAHOBUTH CTAaTUCTHYHO 3HAUYIIWUH
3B'A30K MK PO3TAalllyBaHHSIM KPUTHYHUX PYHHYBaHb Ta 30HAMM JIOKJIQJAaHHS AWHAMIYHUX HABaHTAXXEHb
(R?>=0,78). Lle cBimunTh NMpO HAaBaHTAXEHO-IHIYKOBAaHWW XapakTep OUThIIOCTI aedeKTiB i Bkasye Ha
nedopmarii HeMeHTOOETOHHOT OCHOBH SIK Ha X HMOBIpHY NEpIIONPUYNHY.

Meronuka ¢opmye HaniHy iHGOpMAIifHY OCHOBY JUIS TIEPEXOAY BiJl TPAAUIIIHHOTO, PEaKTUBHOTO
MiXO0AY O YIPABIIHHSA CTaHOM JOPOXKHBOI 1HPPACTPYKTYPH IO TNPEAUKTHBHOTO. CTBOPIOIOYHM TOYHHU,
reonpuB'si3aHuid U(PPOBUN CIiA CTaHy MOKPUTTS 3 BCTAHOBICHUMH NMPUYMHHO-HACTIAKOBUMH 3B'S3KaMHU,
BOHA BiJIKPHBA€ MOXJIMBOCTI JIsl TPOTHO3YBaHHS PO3BUTKY Ae(EKTiB, ONTHMAIBHOTO TUIAaHYBaHHSA TEPMiHIB
Ta 00CATIB PEMOHTHHX POOIT, IO BEAE O CYTTEBOTO IiBHINEHHSI €KOHOMIYHOI €)eKTUBHOCTI YTPHUMAaHHS
JIOPIT Ta MOJOBKEHHS 1X pecypcy.
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COMPREHENSIVE METHODOLOGY OF AUTOMATED VISUAL INSPECTION OF
CEMENT CONCRETE ROAD PAVEMENT WITH WEAR LAYER BASED ON THE YOLOVS8-SEG
NEURAL NETWORK FOR PREDICTIVE DIAGNOSTICS AND INFRASTRUCTURE
MANAGEMENT SYSTEMS
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tel.: +380506744778, https://orcid.org/0009-0005-8280-4604.
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of Transport Infrastructure Objects and Geodesy, National Transport University, Kyiv, Ukraine, e-mail:
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Summary. Mo Research in the robot is aimed at identifying spatial segmentation, classification and
geoinformation analysis of defects in cement concrete coatings with a wear ball. The technique is intended to
serve as the basis for the formation of a digital model that will become a tool for predictive diagnostics. The
core of the method contains the YOLOv8-seg neural network, optimized for instance segmentation tasks in
real time. A new technological package has been developed, which includes: 1) mobile recording with
synchronous GNSS binding; 2) forming a specialized dataset with five classes, adapted to the characteristics
of the combined coating; 3) active modeling on marked polygonal masks; 4) post-processing and combining
masks from different frames; 5) generation of vector balls of defects in GeoJSON format and their integration
into GIS; 6) automatic breakdown of key indicators of the technical state (implosion index, number of defects).
The testing was carried out on the plots of the highway M-07 Kiev — Kovel. The system provided pixel
segmentation of defects with an average accuracy (mAP50-seg) of 0.87 on the test sample. A quick analysis
revealed that more than 58.2 % of the surface area is found in the reference station, while partially constructed
plots become 32.6 %, and completely constructed plots — 9.2 %. A deep spatial analysis revealed a statistically
significant correlation between zones of concentration of defects of the “designed surface” type and points of
dynamic stress (knuckles, joints, plating areas). This made it possible to classify 92 % of all significant ruins
as «false lands». The developed methodology has brought the possibility of complete automation to the process
of extracting objective, metrologically valid data about the coating mill. The results of the investigation can
only be used to clearly describe the country, and also, through extensive analysis, indicate the reasons for it.
This allows you to move from routine repairs to complete, technologically advanced repairs. The system forms
a digital trace of the object, which is a critically important first step until the creation of a predictive digital
model. Further research will focus on the integration of visual inspection data with the results of non-contact
flaw detection methods (for example, ground penetrating radar probing) for assessing not only the surface, but
also the internal balls of the structure.
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