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METO]I OTPUMAHHS OIIOPHUX TOUYOK JJII TEOMETPUYHOI KOPEKIIII
AEPO- TA KOCMIYHUX 3HIMKIB MICHEBOCTI

Merta. Y dororpammerpii pyHnaMeHTaIbHUM 3aBJaHHIM € BU3HAUCHHS €JIEMEHTIB 30BHIIIHHOTO IIPOCTOPOBOTO
OpiEHTYBaHHS 3HIMaJbHUX CHUCTEM HA MOMEHT OTPUMAaHHSI HHUMHU 300pakeHb. [IpHHIMIOBO Il 3aBIaHHS
PO3B’SI3yIOTH JiBOMa HuIsixamu. [lepuii nuisx — npsiMe MO3HIIIOHYBaHHS Ta BUMIPIOBAHHSIM HAIPSIMKIB OPiEHTYBaHHS
ONTUYHOI OCi KaMmep y reofesuyHoMy mpoctopi 3 gormoMoror GPS/INS amaparypu. pyruif Hmisx — aHaJTITHYHE
PO3B’sI3aHHS 3a/1a4i 3a JOMIOMOI'0K0 Habopy ormopHoi iHdopMaii (HaifuacTilie Takor iHpopMaIliero € Habip OMOPHUX
TOYOK, T'€0JIE3NYHE TOJIOKEHHS SIKUX BiJOME 3 JOCTATHHOIO TOYHICTIO 1 SIKI HAaJilHO 3YMTYIOTHCS Ha aepo3HIMKax
(hoTorpaMMeTpUYHOr0 OJIOKY). ABTOPH PO3IIAIAIOTH 3aBJaHHS 3a0e€3ICUCHHs OMOPHOI 1 KOHTPOJBHOW iHGOP-
Malli€lo caMme APYroro MiAXoay, sSKH Mae HU3KY IepeBar HION0 HaJAIWHOCTI Ta TOYHOCTI BH3HAYEHHS LIyKaHHX
rapameTpiB Opi€HTYBaHHS 3HIMKIB. OTpUMYBaTH 300pak€HHsI OIOPHUX TOYOK MPOIMOHYIOTh 32 METOJOM JO/ATKO-
BOro ix aeposHimanHs 3 nonomororo BITJIA B Ginbmomy maciitaOi MOPiBHSHO i3 MacmTaboM 3HIMKIB (oTorpam-
MeTpu4yHOro O1oKy. Mera LbOrO JTOCIHIPKEHHSI — peai3yBaTh METOJ CTBOPEHHs OMOPHHUX TOYOK Ta EKCIIepPUMEH-
TaNbHO MiATBEPJAUTH HOro e(eKTHBHICTh Is (OTOrpaMMETPHYHMX ONpalfoBaHb. MeToOWKa Ta PpPe3yJbTaTH
podoru. [[ns moBHOI peamizamii MOTEHIaly aHANITUYHOTO NUISXY BH3HAYEHHS EIEMEHTIB 30BHIIIHHOTO Opi€H-
TyBaHHS 3HIMKIB HEOOXilHa HAasBHICTh NEBHOI KUIBKOCTI OIMTOPHUX TOYOK Ta JOTPUMAHHS BU3HAUEHOI CXEMHU iXHBOT'O
PO3MIIIIEHHS B OXOIUIEHHI ()OTOrpaMMETPUYHOro OJIOKY 3HIMKIB YM KOCMIYHOTO 3HIMKa. SIK pKepeno ormopHOI
iH(opMaIlil aBTOPH BHOKPEMIIIOIOTH a€PO3HIMKH MICIIEBOCTI, SIKi OTpUMaHi aBTOHOMHO BiJi OCHOBHOI'O 3HIMaHHS
(HampuKIaa, 3 KBaJApPOKONTEPa), MAIOTh Kpallle TeOMETPUYHE PO3PI3HEHHs 1 Ha SKHUX 300pa)KCHO OMOpPHI TOYKH. 3
TaKUX JOMOMDKHHMX 3HIMKIB € MOMJIUBICTh aBTOMAaTH30BaHO IEPEHECTH 300pa)kKEHHs OIOPHUX TOYOK Ha 3HIMKH
OCHOBHOT'O (POTOrpaMMETPHYHOr0 OJIOKY. Y HAIIOMY TpPaKTyBaHHI IIi 300pa)kKe€HHS ONOPHUX TOYOK Ta IXHBOTO
OTOYEHHS Ha MICIIEBOCTI HA3WBAIOTh «OIMOPHI 00pa3m». OCHOBOIO POOOTH € PO3pOOJIEHHST CIIOCO0y OTpUMAaHHS
OITOpHUX 00pa3iB 3 JOMOMIDKHHX aepO3HIMKIB 1 IEpEeHEeCeHHs IIMX 00pa3iB Ha OCHOBHI aepo- ab0 KOCMIiYHI 3HIMKH
MICIIEBOCTI 3aC00aMHU KOMIT' IOTEPHOTO CTEPEOOTOTOKHEHHs. JIJIsi NOCATHEHHS! MOCTaBJICHOI METH MU PO3POOHIH
croci0 ompamioBaHHS Ui CTBOPEHHS ONOpPHHX O0pa3iB aepo3HiMKa YW cepii JONOMDKHHUX pi3HOMAacHTaOHHX
aepO3HIMKIB, OTPUMaHUX JIPOHOM i3 PI3HMX BUCOT HaJ ONOPHOIO TOoukoro. OmnepaTop Omi3HA€E TOYKY OJHMH pa3 Ha
JIOTIOMIKHOMY aepO3HIMKY HaBHIIIOTO po3pi3HeHHs. [laii BiOyBaeThCsS aBTOMATHYHE CTEPEOOTOTOXKHEHHS OIIOPHO-
ro o0pa3y Ha Bcili cepii JONOMIKHUX 3HIMKIB IOCIIIZIOBHO i3 3MEHIIIEHHSM PO3PI3HEHHS 1 B KIHLIEBOMY pe3yJbTaTi —
0e3mocepenHbO Ha aepo3HIMKax (GoTorpaMMmeTpuyHOro 0moky. Hiskux omi3HaBaHb/HaBEICHH Kypcopa OIEepaTopOM-
JIIO/IMHOIO 1 OB’ SI3aHMX 13 HUMH pO301KHOCTEH, IIpOMaxiB i MOMIIOK He BinOyBaeTbesi. KpiM Toro, BkazaHuil METON
IIPH 3aCTOCYBAaHHI JOCTaTHHO BEJIMKOIO PO3MIpPY 00pa3iB-€TaJOHIB MOXKHA 3aCTOCOBYBATH Ha MAJIOKOHTYPHIH
MICIIEBOCTI 1 TOMYy MO)XXKHa OOIMTHCH y OaraThox BumHagkax Oe3 ()i3MYHOrO MapKyBaHHS TOYOK. A 1€ HUIAX J0
CHPOUIEHHS 1 37e1IeBIeHHs (oTorpaMMeTpryHoi TexHonorii. Jlito po3po0ieHoro crocody nepeBipeHo eKcrepuMeH-
TAJNBHO JUIsl 3a0e3MeUeHHs] ONOPHOI0 iH(pOopMaIiero OIOKY apXiBHHX aepoOTO3HIMKIB MaJIOKOHTYPHOI MiCIEBOCTI.
PesynpTaTi qocnigHOI anmpoOarlii 3ampooHOBAHOIO CIIOCO0Y JAf0Th MiJACTaBU CTBEPDKYBATH, IO 3alPOIIOHOBAHUIMA
crnoci0 mae 3Mory eeKTHBHIllE BUKOHYBATH T'eo/ie3uuHe 3a0e3rneueHHs] pOTOrpaMMETpHYHUX TMPOEKTIB 32 PaXyHOK
BiIMOBH BiJ (hi3MYHOrO MapKyBaHHS MICIIEBOCTI Tepe]] aepo3HIMaHHIM. 3ampoONOHOBAaHMM CIIOCOOOM MO)KHA
CKOPHCTATUCh TAaKOX [UIsSi OTPUMAaHHS KOHTPOJBHOI iH(OpMAmii uis NepeBipKkd SKOCTi (OTOrpaMMETPUYHOrO
3HIMaHHS. ABTOPHU CTBEP/XKYIOTb, 110 3aCTOCYBaHHS AojaaTKoBoro obmaaHanHs — BITJIA HamiBnpodeciiiHOro kiacy
JUIs. OTPUMaHHS ONOPHUX 00pa3iB € eKOHOMIYHO oO0rpyHTOBaHMM. HaykoBa HOBM3HA Ta MPAKTHYHA 3HAYYLIICTH.
VYnepuie BUKIAJEHO pe3yibTaTd ampodaiii METoIy «OMOpPHOro o0pa3y» 3 OTPUMAaHHSIM CTEpeonap aepo3HIMKIB 3
BEPTUKAJIBLHUM PO3MIIEHHSIM 0a3ucy 3HIMaHHs. BUKOHaHE MOCHIKEHHS BJIaCTHBOCTEH TaKHX CTepeornap aepo3HiM-
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KiB JIJIsl OTPUMaHHS 300pa’keHb OMOPHHUX TOYOK. [10ka3aHO Ai€BIiCTh BKIIOYEHHS OMOPHUX 00pa3iB B OCHOBHHI OJIOK
Mepexi 1dpoBoi GoToTpiaHryIsLii 1uIst 3HIMKIB, oTprManux 3 BITJIA.

Kniouosi cnosa: reone3nyHe 3a0e3MedeHHs aepOKOCMIYHUX 3HIMaHb, NPUB’s3Ka BEIMKOMACIITAOHUX aepo-
3HIMKiB, MapkyBaHHs MicrieBocti, GCP (Ground Control Points) — nazemui Touku npus’sizku; CP (Control Points) —

KOHTpOJ'H)Hi TOYKH.
Beryn

nudpoBux  GoTOrpaMMETPUUHUX

TEXHOJIOT1H JIEMOHCTPYE PO3MIMPEHHS MPHHAOMIB

Po3Butok

OTpUMAaHHS Ta 3aCTOCYBaHHS OIOPHOI iH(pOpMAIlil,
sika HeoOXimHa ays ikcallii B reoe3nYHOMY TIPO-
CTOpi 3HIMKIB Ta B KIHIICBOMY paxyHKy — pe-
3yIbTATIB IXHROTO POTOrPAMMETPUIHOTO OIPAIIFO-
BaHHS. Sk omopHy iH(poOpMaIlilo, KpiM OMOPHUX
TOYOK, 3HAXOJATh 3aCTOCYBaHHsI i iHIIII €IEeMEHTH.
Hacamnepen #aerbcs npo IEHTPU MPOEKIH, Tpo-
CTOPOB1 KOOPJIMHATH SIKMX BHU3HAYAIOTHCS CYITYT-
HUKOBUMH METOAAaMH IIiJI 4Yac acpo3HIMaHHS, Ta
HaBiramiiiHi KyTH OpIEHTYBaHHS 3HIMKIB, IO IX
BHUMIPIOIOTH 1HEpIilHiI HaBiramiiHi cuctemu [Kono,
2000]. HabaraTo MeHIIIOro MOMIMPEHHS SIK OIIOPHA
iHopMaliss HaOymu JiHIMHI Ta KyTOBI BUMIpH Ha
MICIIEBOCTI, 300pakeHil Ha aepo3HiMKax. IIpuiio-
MU TIOBOIDKCHHS 3 TaKow iHdopMalliero ao0pe
BiJloMi B aHaNiTH4YHil (oTrorpammerpii i Ha cydac-
HOMY €Talli BIPOBAKYIOThCSI B OOpPOOKY OJIOKIB
nu(ppoBUX aepo3HiMKiB, oTpumanux i3 BIIJIA
[Gerke, & Przybilla, 2016; Stocker, & all, 2019;
Wiacek, & Pyka, 2019]. Okpemo ciif BHIUIMTH
JIOCITIJDKEHHS peali3alliii arnapaTHOro Ta mporpam-
HOT'O 3a0e3MeUYeHHs] TaKUX 3HIMaHb 3a PI3HOI KOH-
¢irypanii onopaux manux [Przybilla, & all, 2019;
Peppa, & all, 2019; Koros, 2018].

3 MOMIMPEHHSIM METOJIB KOMIT FOTEpHOI 00p00-
KH 300pakeHb pO3IOYANN aKTHBHO PO3POOISTHCH
METOJ BHUKOPUCTAHHS B SAKOCTI OMOPHOI iHQOP-
Mallii 300pakeHb, 110 MalOTh I'€0AC3UUHY PUB’s3-
Ky abo Ha SKUX 300pa’keHO MPOCTOPOBI 00 €KTH 3
BiIOMHMH KoopauHaTaMu. OCOOIHBO 1€ CTOCYETh-
Cs JBOX BITHOCHO HOBHMX HAIIPSIMKIB — BEJIHMKO-
MaciitabHoro aeposHimanHs 3 BILJIA ta kocmiu-
HOT'O 3HIMaHHS HaJBUCOKOT'O MPOCTOPOBOrO PO3-
pi3HEeHHsA. Y OUIBIIOCTI IUX METOAIB B SKOCTI
OTMOPHUX 300pakeHb MPOMOHYETHCS 3aCTOCOBYBATH
apxiBHi oprodoromnany, Marepianu (HoToTpiaHry-
JIALIT 3 TONEpeIHhO0 BUKOHAHUX 3HIMaHb Ta IUQ-
poBi mianm i kaptu [@emorkuu, 2000; Crocob
UACHTH(PHUKAINN OMOPHBIX ToYeK..., 2019]. s
aepo3niManHs 3 BIIJIA Ttakux po3poOOK BKpaii

Mano. 3 OCTaHHIX POOIT BHOKPEMHMO CTaTTIO
[Hamidi, & Samadzadegan, 2015], B sikiii aBTOpH
pO3IIIAAAIOTh SIK  BapiaHT OMOPHOI  iH(opMaIii
MoTepeHbo cTBOopeny 3D-Moenb MiCIIeBOCTi.

Orysin akTyalbHUX JIOCHIDKEHb 3 03HAYEHOT0
HanpsMKy BukoHaHO B ctatTi [Kolb, 2018]. Mu x
Y CBOIX JIOCIIJPKEHHSX 3BEPTAEMOCH caMe JIO OTop-
HOI TOYKHU SIK 6a30BOT'0 HOCIsI OMOPHOT iH(popMaAIlii,
a ONMOpHHUI 00pa3 — pO3rJILAaEMO JIMINE SK HaOIp
JaHUX, HEOOXIIHUH JIJIS 3aCTOCYBAHHS aBTOMATHY-
HUX (Y4 aBTOMATH30BaHWX) METOMIB HAaJIIHHOIO
Oli3HABaHHs 300pa)kKEHHsI TOYKH Ha IHIIUX 3HIM-
kax. OOrpyHTYBaHHSAM JUIs TAKOTO MIAXOAY € TOW
¢dakr [Konb, 2000; Stocker, & all, 2019], mo came
ONTUMAaJIbHA KUIBKICTH 1 SIKICTh PO3MIIIICHHS OIOpP-
HUX TOYOK Hacamriepe]] Mij 4yac BUKOHaHHS aepo-
TPIaHTYJALIT BETHKOI MIpOIO KOMIICHCYE HEIOMi-
K{ TaKHX MapaMeTpiB 3HIMaHHSI, SIK HEONTHMaJbHE
MEPEKPUTTST 3HIMKIB (OCOONMBO MDKMapIIpyTHE
MEPEKPUTTSL), BIZICYTHICTh YM HEMOXKITUBICTh 3aCTO-
CYBaHHS KapKacHHUX MapHIpyTiB Ta IHII YMOBH.
3pemTor0, MOXKIIMBICTh BIIKOPUTYBATH HIISXOM JI-
MOBHEHHSI ICHYIOUHX (POTOrpaMMETpUYHUX 3Hi-
MaHb HOBOKO OIOPHOK 1H(OPMAIIIEI0 € CYTTEBOIO
MepeBaror Mpu OTpUMaHHI TOJIOBHOI, SIK BUILTHBAE
3 orsimy [Wim van Wegen] mern doTtorpammer-
PUYHOTO OMPAIIOBAaHHS — CTBOPUTH TOYHY MOJIEIh
00’€KTa YU MiCIIEBOCTI.

Meta

Ineto omopHoOro o0pasy sik HoOCis BigeoiH(oOp-
MaIlii, MpU3HaueHOT sl TIepeoIizHaBaHHs OMOPHOT
TOYKH B aBTOMAaTH30BaHiil (oTorpaMMeTpuuHii
cucremi chopmynboBano B pobori [Kolb, 2018].
CyTh i 3BOAUTHCS A0 OTPUMAaHHS IUIIXOM JOMAT-
KOBOT'O acpo3HIMaHHS 3 KBaJPOKOINTEpa aepo3HiM-
Ka 4u cepii pi3HOMacIITaOHUX aepo3HIMKIB Oe3mo-
CEpEHbO HaJ OMOPHOK TOYKOIO MicieBocTi. Sk
OIOpHUH 00pa3 MU po3risgmaeMo chopMoOBaHE 3a
BiJJOMOI0 MAaTEMAaTUYHOIO MOJEIUII0 300paKeHHS
00’€KTa MICIIEBOCTI, IPOCTOPOBE MOJIOKEHHS SIKOTO
B Ie0/IC3UYHOMY IIPOCTOpi 3aJjaHe i3 TOUHICTIO, J0-
CTATHBOKO Ul BUKOHAHHS mpolenyp Qororpam-
MeTpuuHOro ompamtoBanHs 3HiMKiB [Kolb, 2018].
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OTpuMaHi TakUM YHHOM 300pa’KEHHS BHKOpPHC-
TOBYIOTH JJIsl HAJIIHHOTO Ta TOYHOTO B T€OMETPUY-
HOMY CEHCi OIMi3HaBaHHS 300pa)KeHHS OIMOPHOT
TOYKH Ha aepo3HIMKY HaWOiIbIIOoro macmraly Ta
ABTOMATHYHOTO TIEPEHECEHHS IhOro 00pa3y Ha
3HIMKH OCHOBHOT'O OJIOKY aepo3HIMaHHS 41 Ha KOC-
MiuHHH 3HIMOK. [lepeBipka MPUHIMIIOBOT MOMKIIH-
BOCTI Ta aHali3 e(QEeKTUBHOCTI 3aCTOCYBaHHS B
SKOCTI OMOpHUX 00pa3iB orpumanux i3 BITJIA-30-
OpaXkeHb OMOPHHMX TOYOK MICIICBOCTI, T'€0IE3UYHI
KOOPJMHATH SKUX BIZIOMI, HalmpHKJIAJ, BU3HAYCHI
Metogamu GPS 3HiMaHHsI), € METOIO ITI€T CTATTI.

MeTtoauka Ta pe3yJbLTaTU poooTu

dotorpaMMerpruHi METOAM TOOYAOBH aepo-
TPIaHTYJALIl, CTBOpPEHHS opTodOTOKapT, HUPPO-
BHX MOJIEJICH 00’€KTa Ta IHIIUX MPOAYKTIB Hepea-
0ayaroTh CTBOpEHHS INUTBHOI abo po3pimkeHol
Mmepexi onopaux (GCP, Ground Control Points) ta
koHTpOonbHUX To4YoK (CP, Check Points).

VY OiIbIIOCTI TEXHONOTIH CTBOPEHHS MEpEeK
OTMOPHHX Ta KOHTPOJILHUX TOYOK MPUCYTHI MMOJIHOBI
poOOTH 3 MapKyBaHHS IIMX TOYOK HA MICIIEBOCTI Ta
MPOBEJICHHS TEOJE3UYHUX POOIT 3 METOIH OTpPH-
MaHHS IXHIX MPOCTOPOBHX TCONE3NYHUX KOOPIU-
HaT. JIOCHTh YacTo SIK OMOpPHI TOYKH BHUOMPAIOTH
YiTKI KOHTYpH, po3mi3HaHi Ha aepo3Himkax [[o-
poxuHchKui, 2002].

Ili TexHomorii He mo30aBjieHI MEBHHUX HEIO-
JIIKIB, JIO SAKUX 3aPaxXyeMO:

®  HEOJHO3HAYHICTH PO3IMI3HABAHHS TOYOK Ha
acpo3HIMKax;

® CKJIQJHICTh aBTOMaTH3alii (oTorpammer-
pUYHUX BUMIpPIOBaHb 300pa’keHb OIMOPHUX/KOHT-
PONBHUX TOYOK Ha 0araThOX 3HIMKAX; MOMHJIKH
MepIIoro Oni3HaBaHHs OyJIyTh MOBTOPEHI MPH Po-
0O0T1 aBTOKOPEISITOPA;

® TIPaKTHYHO HEMOXIIMBO IepenaTtd B (oro-
rPaMMETPAYHHMNA ITPOEKT ITOJIOKEHHS OIOPHOI TOYKU
0e3 BTpaTH TOYHOCTI IXHIX Me0Ae3UYHUX KOOPIMHAT.

Jnst yCyHEHHsI 03HaUYeHHX HEOMIKIB 3aIporio-
HOBaHO npoBoaAuTH nonatkoBe BITJIA-3HiMaHHS i
OTPUMYBATH 300pakeHHs, MaclmTad SKUX € Oillb-
MM Bix Maciita0y OCHOBHOIrO (aepo- abo K Koc-
MiuyHOro 3HiMmaHHs). BITJIA-3nimanHs BinOyBa-
€TbCSL 0Oe3MocepeIHbO HaJl OMOPHOI0 TOYKOK 3
OTpUMAaHHIM cepii aepo3HIMKIB 3 Pi3HUX BHUCOT,
TOOTO 3 BEpTHKAIBHUM 0a3uCOM 3HIMaHHS.

PosrisHemMo BHMIAIOK, KOMM € HEOOXITHICTE
nepenaTy 300paKEHHS OMOPHOI TOYKH 13 3HIMKIB

BITJIA-3HiMaHHS Ha aepO3HIMKH, SIKI OTPUMAaHO J0
MOMEHTY 1 MapKyBaHHs. B TakoMy BHIIaJKy onop-
Ha TOYKA € BIPTyaJIbHOIO 1 HEe MOXKe OyTH Bi3yalbHO
imeHTH(]ikoBaHa Ha aepo3HIMKax. JIJsl BU3HAYCHHS
MOJIOKEHHS TaKol BIpTyaJlbHOI OMOPHOI TOYKH Ha
acpo3HIMKax 3alpONOHOBAHO MiAXid, 3aCHOBaHHMI
Ha BiToMUX y (hoTorpaMMerpii BIACTHBOCTSX LIEHT-
pAILHOTO MPOEKTYBaHHS 1 HA BUKOPHCTaHHI METO-
B 31CTaBJICHHS OCOOJMBHUX TOYOK Ha 3HIMKAX.

3ayBaKMMO, IO 300paKCHHsS OIOPHOI TOYKH
(Ha3MBaEMO HMOTO OMOPHUM 300pa)KEHHSIM, OTpPHU-
MaHHMM TiCIsI MapKyBaHHS TOYKH Ha MICIIEBOCTI i
BU3HAYECHHS 1i MPOCTOPOBUX TI'E€OAE3UYHUX KOOp-
JIMHAT), 32 YMOBaMHU OTPHUMaHHs 3HIMKa Oyzie po3-
MillleHe B IUIOHIMHI 3HIMKA B IOJOKEHHI, OIH3E-
KOMY J0 TOYKHA HYJIBOBHX CIIOTBOpeHb [[lopo-
xuHChKUH, 2015, crop. 21]. Bnmacrusictio i€l
TOYKH € Te, 0 KYTH 3 BEPIIMHOIO B Hill Ha 3HIMKY
HEHTPAILHOT IPOEKIIii He CTIOTBOPIOIOTHCS 1 BIIO-
BIJAIOTh JIACHMUM KyTaM Ha MICIIEBOCTI Ta Ha
opTo(hOTOILIAHI.

OcobnuBi Touku (32 O3HAKaMH SICKPaBOCTi) Ha
OMOPHOMY aepO3HIMKY Ta aepO3HIMKY, Ha SKOMY
MOTPIOHO BHW3HAYUTH TIOJIOKEHHS BIpTyaJbHOT
OTOPHOT TOYKH, BU3HAYAIOTHCS METOAaMHU KOMIT FO-
TEPHOI'0 3iCTaBJCHHS BiIMOBIIHUX TOYOK (puc. 1).
VY Tepminax poTorpaMMerpii 1ii TOUKH € 3B’ SI3KOBH-
MU I 000X 3HIMKIB, a IXHS KUIBKICTh € PI3HOIO
JUISL PI3HUX THUIIB JaHAMA(TIB 1 METOIUK KOMIT 10~
TepHOro 3icTaBieHHs. ONOpHA TOYKa B 3aralibHOMY
BHUIIQ/IKY HE € OCOOJMBOIO B I[bOMY CEHCI i HE MOXKe
OyTH aBTOMATHYHO 3iCTAaBIEHA. 1i TOMOXKEHHS
MOXEMO OTPHUMATH PO3PAXYHKOBUM IIUISIXOM.

OnuH i3 NUIAXIB BUPIIIEHHS 3aBIaHHS — 3aCTO-
CyBaTH BiJjoMe B Teojie3il BHpIlIEHHS 00epHEHOT
KyTOBOi 3aciuku. lleli UIsSX € MpUIaTHUM y BH-
NajKy, KOJW TpUB’sI3yBaHE 300pa)KEHHS € IUia-
HOBHUM a00 opToTpaHc(hopMOBaHUM.

Hexali maemo Tpu 3B’s13k0Bi Touku 4,B,C
KOOpJMHATH SKUX HAa BHU3HAYYBAaHOMY 3HIMKY
BIIMOBITHO (X4, Vi), (X6 Ve), (Xe V). [lo3HAUMMO
BHU3HAUyBaHy TOYKY OyKBOIO P; OykBOIO B — omHYy
i3 3B’S3KOBUX TOYOK, HalpsM Ha sIKy 3 TOYKH P
Onmu3pkuit 10 oci adcumc (X); OykBowo 4 — 3B’s3-
KOBY TOYKY JIIBOPYY BiJl TOUKU B (SKIIO TUBUTHCH
3 Touku P); OykBoto C — TpeTIO 3B’SI3KOBY TOUKY;
OykBOlO [ — IEHTpajdbHI KyTH 3 TOYkH P Ha
3B’s13KOBI TOYKH. [TOpsIOK po3paxyHKIB HACTYII-
Huii [CenuxanoBu4, 1981, crop. 398]: — oOumc-
JIIOIOTh AMPEKIIAHUN KyT X pg cTopoHu PA 3a dop-
MYJIOIO:
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B2

Puc. 1. I[Tonooicenns onopHoi mouxu ma 0coOaUBUX MO4OK
Ha ONOPHOMY (T8OPYY) Ma NPuUG s13y8aHOMY (NPABOPYY) AePOIHIMKAX

(Y, =Y, )ctgB, +(Y, =Y. )ctgf, +( X — X)) (1)
(XB’ _XA)Ctgﬁ] +(XA _XC)Ctgﬁz _(YC _YB)

tana,, =

— 00YMCIIOIOTh JUPEKUINHHI KYTH O ,; CTOPOHH
PB 1a a,. croponu PC 3a GpopMmynamu:
Opy =0lpy + By
Ope =0p,+ By (2)
—  OOYHCIIOITH BipTyaJbHOT
OIOPHOT TOYKK P Ha MPUB’I3yBAaHOMY 3HIMKY:
(XA _Xc)tanal _(YA _YC)

X,—-X.= ;
e tano, —tana,

KOOPAMHATH

Y, - Y. =(X, - X.)tana,.... (3)

VY 3aranpHOMY BHUIMAJIKy NPUB’ I3yBaHUM aepo-
3HIMOK € HaXMJICHUM (TOOTO Ha HhOMY TIPUCYTHI
MEPCIIEKTUBHI CIIOTBOPEHHS, 4 OTXKE, CIOTBOPEHO
HaTPSMKH) 1 BipTyaibHa OMOPHA TOYKA HA TAKOMY
3HIMKY MICTHTBCSI HE B TOUIIi HyJIbOBUX CIIOTBO-
peHb. Y TakoMy BHIIAJIKy 3aCTOCYBaHHs 00€pHEHOI
KYTOBOI 3aCiUKH HE € OOTPYHTOBAHHUM.
BpaxoByroun, 1m0 CHOTBOpPEHHS 300pa)KCHHS
Ha TpPUB’SI3yBaHOMY 3HIMKY MAalOTh HENiHIHHUN
XapakTep, JOLUUIBHO 3aCTOCYBATH CHCTEMY PiBHSHB
3 TMOJIHOMIB TPETHOTO TOPSIKY Ui TpaHC(Op-
MyBaHHSI 32 7 3B’SI3KOBUMH TOYKaMH, 3aJaHHUMH
KoopauHataMu (X,y). OnHa 3B’A3KOBa TOUYKa JI0-
3BOJISIE CKJIACTH JIBa PIBHSHHS BUIY:

2 2 2 2 3
Xxt=aotaix —a2y tazx tasxy tasy +a6x3+a7x Yy —agx ¥y tagy

Y, =bo+bix —byy +b3x*+byxy +bsy +bex +brx2y —bgx ¥ +boy’ 4)

Jist n 3B’S3KOBUX TOYOK (n>9) cKiamemMo
CHCTEMY PIiBHSHB, 3 PO3B’SI3KY SIKOT MOXKHA BH3HA-
YUTH KoeillieHTH mojiiHOMy a,b 1 Tomi, 3a
pIBHSHHSM (4) 3HAHIEMO KOOPJMHATH BipTyaJIbHOI
OTOPHOT TOYKH HA MPHUB’I3YBAaHOMY aepO3HIMKY. Y
BUIA/IKy BUKOPUCTaHHSA OUTBINOI KUTBKOCTI 3B’S3-
KOBHX TOYOK BUKOPHCTOBYEMO METO]] HAMMEHIIINX
KBaJ[paTiB, TOOTO PO3B 30K OTPUMAEMO 13 CUCTEMH
HOPMAaJIbHUX PiBHSHb

Y BUKOpHCTaHHI KOHTYPHUX TOYOK SIK OITOPHHUX
iCHye 0araTo CyTTEBUX 3aCTepPSKEHb. 30KpeMa, Iie
CTOCYETBCSl MICIIEBOCTI 3 BHCOKOIO 3a0ynoBoio. B
po6oti [Konb, 2019] Mu naemMo mporno3uiiito anoc-
TEpiOpHO OIIHUTHU SIKICTh Ha3eMHOI OMOPHOI Mepe-
K1 MUITXOM CTBOPEHHS KapTH BHUCOKUX 00 €KTIB
MicreBocTi. CriociO CTBOPEHHS TaKOi KapTH Mepe-

Oayae KopensiiiHe 3iCTaBJICHHS JBOX OPTOTpPaHC-
(hopMOBaHMX 3HIMKIB 0€3 3aCTOCYBaHHS KOB3HOI'O
BikHa. SIK BHIIIMBAE 3 HAIIMX OCHIIKEHB, Kilb-
KICTh TOYOK 13 HETATHBHUM KOPEISIIHHUM 3iCTaB-
JICHHSIM JIBOX OPTOTpaHC(OpPMOBAHUX 3HIMKIB €
CYTTEBO BHIIOK JUIS AUITHOK 13 300paKCHHSIMHU
BHCOKHX O00’€KTIB MICI[EBOCTI. 3arajibHa KapTHHA
HIUTBHOCT TOYOK 3 HETATHBHUM PE3YIbTaTOM 3i-
CTaBJIEeHHsS Ha BCiH TepuTOpii AOCHITKEHHS
MPEACTABJICHA Y BUIJIAAI KapTH BHUCOKHX 00 €KTIB
MicmeBocti. Taky kapry MokHa copMyBaTH SK
HaOIp MONIroHANLHUX 00 €KTIB, SIKI OKOHTYPIOIOTh
30HM 3 BHCOKOKO IIUIBHICTIO OTPUMaHHMX TOYOK 3
HEraTUBHUM KOPEJAIIHUM 3iCTAaBJICHHSIM 1 OIli-
HUTH PO3MIIICHHS BIAHOCHO LIUX MOJITOHIB OMOp-
HHX Ta KOHTPOJIBHUX TOUYOK (pHC. 2).
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Puc. 2. Ilpuxnao aemomamuunoco
BUOLIEHHsL 30H HA Kapmi MiCYe8oCmi, -
0e po3MIWeHH sl HA3eMHUX Ma ONOPHUX | °

KOHMPOJIbHUX MOY0K € HebaNCaAHUM

S& 00
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Puc. 3. [Ipuxnadu peanizayii asmomamuyno2o OMOmoNCHEHHs MOYOK HA PIBHOMACUWMAOHUX AepPO3HIMKAX
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[[o0 3abe3meuynTH pO3Mi3HABAHHSA OMOPHOL
TOYKHM 3 HANBHIIOK TOYHICTIO, MU IepeadadyaeMo
3aCTOCOBYBaTH JpPOH /ISl OTPUMAaHHSI 3 PI3HUX
BHCOT OJIHOTO UM KUIbKOX 3HIMKIB HaJl OIOPHOIO YU
KOHTPOJIbHOK TO4YKOI. KiIbKICTh IUX 3HIMKIB 1
iXHE TIPOCTOPOBE PO3PI3HEHHS BH3HAYAEMO 3 MOXK-
JIUBOCTI HAAIMHOTO MPOrPAMHOTO OTOTOXKHEHHS
BIANOBIMHUX TOYOK. [y HalinommwmpeHimoro B ¢o-
TOrPaMMETPUYHOMY IPOTrPaMHOMY 3a0e3reueHHI
METOJly OTOTO’>KHCHHS BIIMOBIIHMX TOYOK 3HIMKIB
crepeormapu Semi Global Mathcing BukopucTo-
BYIOTh IHBapiaHTHI (HE YyTJIMBi) 0 MacIITaOHUX
CIIOTBOPEHB JECKPHIITOPH TOYOK. 300paskeHHsI OTop-
HOI TOYKM Ha 3HIMKY HAWBHILIOIO pPO3Pi3HEHHS
BHKOHYE OIlepaTop, a Aalli 3IiMCHIOETHCS aBTOMa-
THYHE MTOYEProBe MPOrpaMHe OTOTOKHEHHS Biflo-
BIIHUX TOYOK Pi3HOMACIITAOHUX 3HIMKIB 3 CyO-
MIKCENBHOIO TOYHICTIO.

Sk npuKiIan NpaKTHYHOI peatizallii OImMcaHoro
MiX0My HaBEIEMO Pe3yJbTaTH ONPAIIOBAHHS JIBOX
cepifi 13 TPhOX aCPO3HIMKIB KOXKHA, OTPUMAHHMX 3
Bucor 50 m, 100 M, 150 M Hax TOYKAMH MICIIEBOCTI,
B skuXx Bu3Hadyaauch GPS-meromom mpocTopoBi
KOOpJIMHATH. PydHe omi3HaBaHHs onepaTrop BUKOHY-
BaB TUIbKM Ha 3HIMKax, OTPUMAaHUX 3 BUCOTH 50 M.
B ekcriepuMeHTI BHKOPHCTaHO IporpaMHe 3a0e3-
nedeHns Pix4D (puc. 3).

@ PhotoModeler Scanner; 1.pmr
Ele Edit View Marking Referencing Project Window Options DenseSurface Help

[IpoBeaeHO mocipKeHHs 3 (OPMYBAHHS IiTb-
HOI XMapH TOYOK JJIi MaJOKOHTYPHOI MiCIIE€BOCTI.
Jlis IbOTO MU 3aCTOCYBAllM CTEPEOIapH, CKIaJleHi
13 pi3HOMACIITa0OHUX aepO3HIMKIB. L[ MOKIMBICT
MOKe OYTH I[IKaBOIO 3a MOTPEOM YIIUILHUTH ICHY-
104Ul XMapu TOYOK JUIS BIATBOPEHHS ICTAIBHIIINX
MOJENIEeH MICIEBOCTI Ta 00’€KTiB. 3BHYANHO, CIIiJ
BpaxoByBaTH IiJ 4Yac TakuX Hid (akt, 1m0 Heoo-
XimHa ans sikicHoro 3D-MonentoBaHHS IIUTBHICTh
XMapyu TOYOK CYTTEBO BIJIPI3HSAETBCSA VIS PIZHUX
00’ekTiB. [l eKCIEpUMEHTAILHOIO JOCTIIKEHHS
IUEBOCTI IBOTO IIAXOAYy MM BKJIIOYUIN B OJIOK
aepo3HIMKIB, oTpuMaHuX 3 Bucotu 200 M, momart-
KOBUH aepO3HIMOK, OTPUMAHMI 13 BUCOTH 75 M s
HaJIHIIIOr0 MOJICTFOBAHHS MAJIOKOHTYPHOI 4aCcTH-
HU MICLIEBOCTI — JIyI'y B 3alliaBl piukd. 3acTo-
COBaHO mporpamHe 3a0e3neueHHs PhotoModeler
Premium  (https://www.photomodeler.com/products/
premium/) (puc. 4).

Ak 0auMMO Ha PHCYHKY, METOJ IIUIbHOI CTe-
peopekoHcTpykiii SFM, sikuil y Halmomy BHUIAAKY
peaiizoBaHuil y mporpamMHoMy 3ade3nedenHi Photo
Modeller Peremium, moBHICTIO peali3ye IOCTaB-
JieHe 3aBaaHHsA. JlomaTKoBUH aepo3HIMOK OyB
YCIIIIHO 3aHECEHUH 10 MEPEeKi 3HIMKIB 0a30BOro
MaciiTaldy 1 TaKoX 3aCTOCOBAHUM Y IIUIBHIN KOM-
T IOTEPHIN CTEPEOPEKOHCTPYKIIIL.

D C]| > (Slfa =S -0 | 2 Sl R e 5| (3 % R O[5 71T 1 il L i

[ 5 [ B]] = e O = E o L
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Puc. 4. Ilpuxnao exmouentss 0o0amro8020 aepo3Himka Oinvuio2o macumady
6 iCHyI0UUll OTIOK OCHOBHUX AEPO3HIMKIG
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Haykora HOBU3HA
i mpakTHYHAa 3HAYYIIiCTH

VYnepiie BUKIaACHO PE3yIbTaTh arpodariii Me-
TOJly «OMOPHOTO 00pa3y» 3 OTPUMAaHHSM CTEPEeo-
nap aepo3HiMKIB 3 BEPTHKAILHUM DPO3MILICHHIM
0asucy 3HiMaHHSA. BUKOHAHO TOCIIKEHHS BJIACTH-
BOCTEH TaKMX cTepeornap aepo3HIMKIB JUIS OTPHU-
MaHHs 300pakeHb OIOPHUX TOYOK. [linTBepIkeHa
J€BICTh BKJIFOUCHHS OMOPHHUX 00pa3iB B OCHOBHUH
0110k Mepexi TUQPOBOT POTOTPIAHTYIIALIT IS 3HIM-
KiB, orpuManux i3 BITJIA.

BucHoBku

Bucoka tounicte (oTrorpaMMeTpudHUX poOIT
€ HaHBaxJIMBIIMM (HaKTOPOM OIIHKH peani3oBa-
HUX TIPOEKTIB PI3HOrO MpHU3HAYEHHsS (Tororpa-
¢iuHi, iHXeHepHi Ta iH.). OHIE0 3 PUYUH HU3b-
Kol TOUYHOCTI (poTOrpaMMeTpUYHUX MPOILYKTIB €
He3aJ0BUIbHA SKICTh Mepexi GCP.

VY poboti BUKOHaHO aHai3 (paKkTOpiB, sKi BILUIK-
HYJM Ha TOYHICTh ()OTOrpaMMETPUYHKX MOOYIOB, i
chopMyIIbOBaHO TaKi PeKOMEH ALl

1. 3acTtocyBaHHS METONY CTBOPEHHS Ta BHKO-
pPHUCTaHHS «BIPTYaJIbHOI OMOPHOI TOUKH» JTO3BOJISIE
B aBTOMATUYHOMY DPEKHMI BHKOHYBATH il sIKiCHE
po3Ii3HABaHHS Ta BHECEHHS B (poTorpamMmerpud-
HUH OJIOK JUIsl MOJANIBIIOT0 BHCOKOTOYHOTO OIpa-
IIOBaHHSL.

2. 3acTocyBaHHS KOPEJSIIIMHOTO 3iCTaBICHHS
HAa JIBOX CYCIIHIX OpTO300paKeHHSX JI03BOJISE PO3-
mizHaTH 00JIACTI 3 BUCOKMMHU 00’ €KTaMH, e BUOIp
OITOPHUX 00pa3iB € yTPYAHEHUM a00 HeOaKaHUM.

3. Jlnst 3abe3nedeHHsT MAJIOKOHTYPHUX TEpH-
Topiil (Hampukian, ayr abo OOIOTO) MU MPOIO-
HYEMO BUKOPHCTOBYBATH OC3IUIOTHUKH ISl OTPHU-
MaHHS JI0JaTKOBHX 3HIMKIB pPi3HOro macmrady, a
notiM mepenectn nonoxkeHHs GCP 3 Benwkoro
MaciTady B MEHIIMK 32 HAalliBAaBTOMATUYHOO TIPO-
neayporo. g mis 06e3 yckiIagHeHb 1 J0JATKOBHX
HaJallTyBaHb 3IMCHIOETHCA CydacCHUMH (HOTO-
rpaMMETPUYHUMH ITPOTPAMHUMH KOMILJICKCAMHU.

[lepcriekTnBOIO MaHOYTHIX NOCTIIKEHb € BH-
3HA4YeHHs METOJIB Tepenadi omopHoi iHdopmarii
Ha Pi3HI aepo- Ta KOCMIiuHI 300pakeHHs Ta BH3Ha-
YEeHHS TapaMeTpiB TOYHOCTI PI3HUX METOJIIB.
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METHOD OF COLLECTION OF CONTROL POINTS
FOR GEOREFERENCING OF AERIAL IMAGES

Aim. Determination of the elements of external spatial orientation of the surveying systems at the moment of
image acquisition is the fundamental task in photogrammetry. Principally, this problem is solving in two ways. The
first way is direct positioning and measuring of directions of camera optical axis in the geodetic space with the help of
GNSS/INS equipment. The second way is the analytical solution of the problem using a set of reference information
(often such information is a set of ground control points whose geodetic positions are known with sufficient accuracy
and which are reliably recognised on aerial images of the photogrammetric block). The authors consider the task of
providing reference and control information using the second approach, which has a number of advantages in terms of
reliability and accuracy of determining the unknown image exterior orientation parameters. It is proposed to obtain
additional images of ground control points by the method of their auxiliary aerial photography using an unmanned
aerial vehicle (UAV) on a larger scale compared to the scale of the images of the photogrammetric block. The aim of
the presented work is the implementation of the method of creating reference points and experimental confirmation of
its effectiveness for photogrammetric processing. Methods and results. For the entire realization of the potential of
the analytical way to determine the elements of external orientation of images, it is necessary to have a certain
number of ground control points (GCP) and to keep the defined scheme of their location on the photogrammetric
block. As the main source of input data authors use UAV aerial images of the terrain, which are obtained separately
from the block of aerial survey, and have a better geometric resolution and which clearly depict the control reference
points. Application of such auxiliary images gives the possibility of automated transferring of the position of ground
control point into images of the main photogrammetric block. In our interpretation, these images of ground control
points and their surroundings on the ground are called "control reference images". The basis of the work is to develop
a method for obtaining the auxiliary control reference images and transferring of position of GCP depicted on them
into aerial or space images of terrain by means of computer stereo matching. To achieve this goal, we have developed
a processing method for the creation of control reference images of aerial image or a series of auxiliary multi-scale
aerial images obtained by a drone from different heights above the reference point. The operator identifies and
measures the GCP once on the auxiliary aerial image of the highest resolution. Then there is an automatic stereo
matching of the control reference image in the whole series of auxiliary images in succession with a decrease in the
resolution and, ultimately, directly with the aerial images of photogrammetric block. On this stage there are no
recognition/cursor targeting by the human operator, and therefore there are no discrepancies, errors or mistakes
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related to it. In addition, if to apply fairly large size of control reference images, the proposed method can be used on
a low-texture terrain, and therefore deal in many cases without the physical marking of points measured by GNSS
method. And this is a way to simplify and reduce the cost of photogrammetric technology. The action of the
developed method has been verified experimentally to provide the control reference information of the block of
archival aerial images of the low-texture terrain. The results of the experimental approbation of the proposed method
give grounds to assert that the method makes it possible to perform geodetic reference of photogrammetric projects
more efficiently due to the refusal of the physical marking of the area before aerial survey. The proposed method can
also be used to obtain the information for checking the quality of photogrammetric survey for provision of check
points. The authors argue that the use of additional equipment — UAV of semi-professional class to obtain control
reference images is economically feasible. Scientific novelty and practical relevance. The results of approbation of
the «control reference image» method with obtaining stereo pairs of aerial images with vertical placement of the base
are presented for the first time. There was implemented the study of the properties of such stereo pairs of aerial
images to obtain images of reference points. The effectiveness of including reference images in the main block of the
digital aerial triangulation network created on UAV’s images is shown.

Key words: geodetic referencing of aerospace survey, referencing of large-scale aerial images, matching, GCP
(ground control points); CP (check points).
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