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XapkiecoKuil HAYIOHATLHULL ABMOMOOITLHO-00POJICHIL YHIsepcumem, Yxpaina

OIITHKA TOYHOCTI METOJIB ITIOBYJIOBH IIU®POBOI MOJIEJII PEJIbED®Y HA
OCHOBI ITIPOCTOPOBOI IHTEPHOJIAIIII (YacTuna 2)

Y cmammi nposedena oyinka mounocmi memoodie nodyoosu yu@pposoi modeni penvedhy HA OCHOBL
npocmopoeoi iHmepnoaAyii, Wo € aKMyamibHuUM OOCHIONCEHHAM Yy 8IOMBOpeHi Oinbll 0emdani308aH020 perbeQy

micyesocmi. [l oyinku, OVau 631mi KOHMPOLbHI MOYKU 3HAYEHb NPOCMOPOBOL 3MIHHOT Z, | mi ¢ cami KOHMPOIbHI

MOYKU 3HAUEHb NO KONCHOMY i3 Memooig. Ananiz pe3ynvmamie no6y0osu yughposux mooeneii penveghy npoeoouscs y
npoepami Excel. I[Ipogedena oyinka mouHocmi nokazana He miibKu HAUKpawyi Memoou nooyoosu yugposoi mooeui

penvedhy eopbucmoi OinAuku, a wje i NIOKPecauna 6adx3CIUBIiCmy AKICHUX BUXIOHUX OAHUX, AKI € HAO038UYAUHO

BANCTUBUM €IeMEHMOM 0711 QOCACHEHHs. DLIbUWL MOYHO20 Pe3Yabmamy npu Gi0meopenui micyegocmi y yugdpoesuil

8U2TIAO.

Knrouosi crosa: yugpposa mooeinv penveghy, memoou nobyoosu, npocmoposa ihmepnoayis, 2eoiHgopmayiuna

cucmema, Surfer.

ITocTanoBka npoodJiemMu

Hudposa moxens penpedy (LIMP) € HeBix'emHOIO
YacTHHOI0 0aratboX Treofe3ndHux podit. Bona nae
MOXIIMBICTh TOYHO BiJTBOPUTU IOBEPXHIO 3eMJi Y
uudpoBoMy BHIUISAI 3 PI3HUM pIiBHEM JeTaiizarii.
OpHi€ero 3 HalOLIBII BaroMux MpoOJeM TP CTBOPEHHI
IMP € TouHICTH BimoOpaxeHHs penbedy. 3aNexKHO Bijg
mijled  BHUKOPHCTaHHs, HEOOXiHA pi3HA TOYHICTH
MOJEII. Hdns  tranyBaHHA ~ OyaiBHMIOTBA a0
MIPOEKTYBaHHs JOpIr HeoOXilHA BUCOKA TOYHICTH, MI00
YHUKHYTH ITIOMHUJIOK Ta JOJIATKOBUX BUTpaT. OAHAK, JUIs
3arajbHUX
TOYHICTb.

reo/Ie3UYHUX pOOIT MOMKIJIMBA MEHIIa
3apa3 BUKOPHCTOBYIOTbCS PIi3HI MeTOAH
moOymoBu 1HdpoBoi Momenm penbedy, 30Kkpema, Ha
OCHOBI IIPOCTOPOBOI  IHTEPIOJISIIII, SKa TO3BOJISIE
OTpHMAaTH TOYHINIY MOJEINb.

VY mepmriit yactuHi poOOTH Bke OyB MpPOBEICHUIMA
aHali3 METOMiB, sIKI MOXYTh OUIBII JeTaji30BaHO
BimoOpasutu pembed. s mux minedt OyB oOpaHwmid
reoinpopmaniiamii maketr Surfer, KWl TMpOIOHYE
JIOCUTh BEJHMKY KUIBKICTH METOMIB NOOYIOBaHMX Ha
QITOPUTMI MPOCTOPOBOT IHTEPIOJIAIIT. X0U Il METOMH i
BiZIOOpa3uiM OJHY 1 Ty K JIUISHKY JOCHTH 13 BUCOKOIO
JIeTalli3aiie€lo, BCe OJIHO BWHHMKAE IMOTpeda B OIHII
TOYHOCTI KOKHOTO 13 METOITY.

AHaJi3 OCTAHHIX JOCTITAKEHb | myOaikamii

[MuTaHHSA OIHKK TOYHOCTI MOOYZOBH LH(POBOL
MOJIeT penbedy 3aBXKIU 3AIUINAETHCS aKTyaJbHUM Y
Te0JIe3NYHIN Tamysi.

IMepmr 3a Bce, y OOCTIMKEHHSIX 10 miil Temi [1-4]
3BEpPTAIOTh yBary Ha BIUIMB pi3HUX (aKToOpiB Ha
tounictb [IMP. OntumansHuii Bubip mapamerpis

3aJIXKHUTh BiJl KOHKPETHHX YMOB BUMIPIOBaHb Ta 3ajadi,
IUIs IKOi cTBOproeThest LIMP.

Ocranni gocmimpkenns [5, 6] Takoxk mokasanu, 110
30UTPIICHHS OOCSATY BHXINHHUX JaHUX,
[UIIXOM

HallpuKJIana,

BHUKOPUCTAHHS OinpIIo1 KUTBKOCTI
re0/Ie3UYHUX BUMIPIOBaHb BUCOKOTOYHHUMH MPUIAaMH,
Moke mokpamuTa TouHicTh LIMP. Ilpote, Bemmkwmii
o0cCsT NMaHWX MOXKE MPHU3BECTH A0 30iIbIICHHS Yacy
00pOOKH Ta CKIIAIHOCTI aHaIli3y JaHUX.

Opuum 3i croco0iB migBuiieHHs TouHocTi [IMP e
BUKOPHCTaHHS  0araToOMOJEJICBOTO  IIAXOAY, SIKHH
noJsira€ B mo0ynoBi Kibkox [IMP 3 BHKOpHCTaHHSIM
pI3HHX MapaMeTpiB Ta METOJIB, a MOTIM KOMOiIHYBaHHI
ix y emuny wmogens [7-9]. Lleit minxix mo3Bosisie
migiOpaTé ONTUMANBHI MAapaMeTpH IS KOXKHOI TUISHKH
TEpUTOPIl Ta MiABHUIIUTH TOUYHICT MOJEINI B LIIJIOMY.

Kpim Toro, Oyno mnpoeneHo mociimkenus |10,
11], ske 30cepemKyBajocs Ha MOPIBHIHHI TOYHOCTI
LIMP,
MIPOCTOPOBOT

OCHOBI METOJIiB

Oymno
METOnH, sKi 0a3ylThCS Ha
KOPHUT'YBaHHI, JalOTh OLIBII TOYHI pe3yabTaTH, HIXK

METOJIH, SIK1

OTPUMaHUX Ha pi3HHUX

inteprioysinii. B pesynbrarti

BCTaHOBIJICHO, 1o

BHUKOPHUCTOBYIOTh 6araToBy3JIOBI
iHTepnosniiHi popmynu. Takox Oysio BHSABIEHO, L0
touynicte LIMP 3anexuth Bixg po3mipy BHOIpKH, IO
BHKOPHUCTOBYETBCS Ui TOOYZOBH  MOJEIMI.
OimpIIKit po3Mip BUOIPKH, THM TOYHIIIA Oyae MOJENb.
OnHak, HEOOXIHO 3a3HAYMTH, IO TouHicTh [IMP He
3aJIeKUTh TIUTBKH BiJl METOXy MOOYyIOBH, aje W Big

Yum

SIKOCTI BHUXIOHUX IaHWX. SKIO BUXIOHI JaHI MICTATH
MTOMIJIKH a00 HEOJHOPITHOCTI, TO [e MOXE IPU3BECTH
no HerouHoctedt y IIMP. Tomy, mepen moOymoBoro
[IMP, HeoOXiTHO MPOBECTH aHAJi3 BUXIIHUX JaHHWX Ta
X OYHIICHHS BiJl TOMIJIOK.
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@®opMyBaHHSI METH CTATTI

Meroro nmaHOi cTaTrTi € TPOBEACHHS OLHKH
TOYHOCTI METO/iB MOOYIOBH IU(POBOT MOETi perabedy
Ha OCHOBiI TmpocTopoBoi iHTepmomii. OcKiTbkH
TOYHICTh MOJIEJNI € KIIFOYOBHM (haKTOPOM JJIsi OaraThox
re0IC3MYHIX POOIT, HEOOXITHO 3'ICYBATH, SIKi 3 METO/IIB
HAfiOUIPII TOYHI Ta BIANOBIHAIOTE BUMOTAaM PI3HHUX
uited  BukopuctaHHs. OIiHKa TOYHOCTI METOJIB
JIO3BOJIUTh MIZBUIMUTA €()EKTUBHICTh TI'EOJC3UIHUX
pOOIT Ta YHUKHYTH MOMUJIOK Ta JOJATKOBUX BUTPAT.

BuxkJiag ocHOBHOro martepianiy

VY mepuriii gacTHHI poOOTH OYyJI0 IPOBEIEHO aHATI3
MeToIiB moOymoBM nuppoBoi Moaemi pemsedy Ha
OCHOBI  MPOCTOPOBOi  iHTepmoiAlii. B skocti
IHCTpYMEHTY Ui BHUKOHAaHHS JOCITI[UKEHHS OyB
BHOpaHMii reoiHpopMamniiHuil maket Surfer, skuit Mae B

['padix-nopiERAHER pesyasTaTiE nodyaoen [IMP
meTogonm «Krigingy
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B)
I'padik-mopiEHAHEA pesyneTaTiE moGygoen IMEP
merogoM «Modified Shepard’s Methods
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)1) «Modified Shepard’s Method»

CBOEMY apceHami JeKilbKa METOMiB
udpoBoi Mozeli penbedy.

VY mporpami Surfer micns nooynosu LIMP koxHIM
i3 MeTojiB, MOXXHa OTPUMATH 3BIT, SKUH MICTUTh
BHXIiJHI 3HAYEHHS TOYOK Ta 3HAUEHHS, OTPUMAHI MiCIIA
iHTepHoNAmii KOXHMM i3 MertomiB. Lleit 3BiT € myxke
KOPUCHUM JUIS MPOBEJCHHS OLIHKH TOYHOCTI KOYKHOTO
METOJy, OCKIIbKH BiH Ja€ MOXIIUBICTH 3pO3yMITH,
HACKUTBKH 100pe Mojenb BimoOpaxkae peambHHHA
penbed.

JUis OIIHKK TOYHOCTI KOXHOTO METOdy, OyJo
B3STO KOHTPOJBHI TOYKH IPOCTOPOBOI 3MIHHOT Z, 1 s
KO>KHOT'O METOAy OyJIM IHTEepIIOJIbOBaHI 3HAYEHHS B LIUX
Toukax. Taka OIlIIHKA Ja€ MOXJIUBICTh OTPUMATH
YHCIIOBY XapaKTEPUCTHUKY TOYHOCTI UL KOXKHOTO
METOJy Ta MOPIBHATH iX Mix coOoto. [IpoanamnizyBaBmm
pe3yapTaté oOynoBU U(POBUX Monened penbedy y
mporpami Excel, mo moxa3ani Ha pucyHky 1, Oymo
BCTaHOBJICHO, II0 HE BCi Tpadiku IITABHO 3MIHIOIOTHCS.

o0y IoBI

Ipathix-mopiersssEs pesyaeTaTie nobyaoss IIMP
meroom «Triangulation with Linear Interpolationy
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«Triangnlation with Linear Interpolation:
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meTogoM «Natural Neighbors
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r)
I'padix-mopiEHAHHEA pesynsTaTiE modyaosn [IMP
wmetogoM «Minimum Curvatures
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Puc. 1. Ouinka TouHocTi MoOYn0BH HU(POBUX Moenel penbedy pisHUMH METOJaMU
a) — Kriging; 6) — Triangulation with Linear Interpolation; B) — Radial Basic Function; r) — Natural Neighbor;
1) — Modified Shepard's Method; e) — Minimum Curvature
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Ha ocHOBi mpoBeneHOTo aHaji3y MOKHA 3pOOUTH
BHCHOBOK, IO Ha QparMeHTi TomorpadidHoi KapTh
Oymu BusBIEHI mpoOieMHI JinsHKM, Jnae  Oyio
HEJIOCTaTHHO BHUXITHHUX JaHUX JJISl TOYHOT IHTEPITOJISIIIT.
30kpemMa, KOHTPONBHI TOYKH 2, 5 1 6 Oymnm
MIPOIHTEPIIONEOBAHI MPOTPAMOI0 HAa OCHOBI HAasBHHUX
JaHUX, ajie pe3yjbTaT HEe € TOYHUM 1 Mir Ou OyTH
KpAaIllUM IIPH HasiBHOCTI BHXIJHUX TAaHHUX, OTPHMaHUX 3
BHMIipIOBaHb Te0Ae3MIHIMHA TIprjIafaMu i
TEXHOJIOTiAMU, TakuX sk GPS, minap Ta iH.

Iami toukw, 30kpema 1, 3, 4, 7, 8 1 9, Oynu
MIPOIHTEPIIOIEOBaHI HA TOBEPXHi, MIO JOCHTH OJHM3BKO
BIJINIOBiJ]a€ BUXIJHUM JaHMM. 3aCTOCYBaHHS METOJIB
«Kriging», «Triangulation with Linear Interpolationy,
«Natural Neighbor» i «Radial Basic Function»
3a0e3nmeymIo  JOCHTh TOYHY IHTeproismifo. Takox
MoxxHa BuaiuTi Meton «Modified Shepard's Methody,
OJIHAK, TOYKa 8 Yy TMOPIBHAHHI 13 IHMH METOIAMH,
BUSIBWIACH IPOOIIEMHOI0. TaKoK CMparouuch HA aHai3
METOJIB Yy MEepIliii YacTHHI Ta HA OI[HKY TOYHOCTI
BHsBIIEHO, MmO Merod «Minimum Curvature» He €
epeKTHBHUM Yy BHIAAKy TOpPOHMCTOI MICIIEBOCTI,
OCKUIbKH HE 3a0e3Meuye TOYHY IHTEPIIOJIAIIFO.

Haii0inpin Kpaie crpaBuBCs i3 BiATBOPEHHIM
mudpoBoi Mozeln penbedy Ha Hid TOpOHCTIH MUTAHII,
meton «Natural Neighbor». Takox, HeoOximgHO
BIZIMITUTH, 110 y MOpiBHSHHI 3 Meromamu «Krigingy,
«Triangulation with Linear Interpolation» i «Radial
Basic Function», merox «Natural Neighbor» kpamie
MPOIHTEPIIOIIOBAB MICIIEBICTh TPETHOT TOUKH.

Bsaraimi, 3 MeTOr0 BiATBOpeHHS IH(poBOI Mojaemi

IHTEPIIOTIOBaHHS, a e i arpOKCHMAIIIFO.
ATIpoKcHMAITisl — 1€ MAaTEeMaTUIHWA METO/, IO TIOJIsATae
B 3aMiHi ckiaaHOi (QYHKUII OUIBII TPOCTOIO, sKa €
JOCUTh OJM3bKOIO 3a 3HAa4YeHHSIM. Pi3HUIA MiX
IHTEPIOIOBAaHHAM 1 aIpOKCHMAIli€I0 HaBeACHA Ha
pucyHky 2. VY paHOMYy BHIIAOKy, 3aMiCTh TOYHOI
IHTepIoJsALii, MporpaMa BUKOPHCTOBYE METOAH, SIKi
HAOIIDKEHO BiATBOPIOIOTH ITOBEPXHIO MiCIIEBOCTI, IO
3a0e3medye HACKUIBKM II€ MOKJIMBO HAHOUIBII TOYHY
iHdopMarito po pensed TepuTopii.

X

Anpokeumayia IHTepnonaya

Puc. 2. BiaminHocTi anpokcuMarii ta inteprossii [7]

HapmanHs TO4YHOI ampokcuMarii AaHux — [e
Ba)XXJIMBUHM eTan B 0araThbOX HAayKOBHMX Ta IH)XXEHEPHUX
3amavax. IcHye Oe3yid METOMIB Al MOCATHCHHS ITiel
METH, KOXKEH 3 SKUX Ma€ CBOT MepeBaru Ta OOMEKECHHSI.
VY Tabnuui 1 HaBeqeHO MOPIBHSIHHS LOAO arnpoKCHMAIlii
JIAHUX 32 KIIbKOMa KPUTEPiSIMHU, TAKUMH SIK CKJIaHICTh
0o04YHCIIeHBb, 3ale)KHICTh BN MAaHWX, alpoKCcHMaIliifHa
TOYHICTh Ta JaNTHUBHICTH 0 PI3HUX THIIB MiCIEBOCTI,
TaKUX SIK TYCTO 3aceiieHi, ropOoucTi abo HEepiBHOMIPHO
PO3TOAINICHI TUISHKH.

penbedy Ha OCHOBI HasBHUX BHUXITHHX JaHUX,
reoiHpOpMaNiiiHi CHCTEMH BBOIATH y Hif0 HE TUIBKH
Tabmuus 1
[opiBHSHHS METOIIB
Meroau Triangulation Radial Modified .
A . . g_ . , Minimum Natural
Kriging with Linear Basic Shepard's -
. . Curvature | Neighbor
[Mapamerpu Interpolation | Function Method
CxJytagHicTh OOYHUCIEHD Bucoxka Hwuspka Bucoka Husbka Cepennst Cepennst
3aIeXHICTh Bl JaHUX CunbHa Cnabxa CunbpHa Cnabxka CunbHa CunbHa
AnpokcuMaIliiHa TOYHICTb Bucoxka Hwusbka Bucoxka Hwusbka Bucoxka Bucoxka
AanTUBHICTG 10 TYCTUHHU .
A oLy Tak Hi Tak Tak Tak Tak
JTAHUX
ITigxoauTe 171 IyCcTO-
A0 A . Y Tak Tak Tak Tak Tak Tak
3aCeJICHUX IUISTHOK
ITigxoauTh U1 JiASHOK 3 .
JIXOMTD A .Il . Tax Hi Tax Tak +/— Tak
TOpPOUCTOIO MiCIIEBICTIO
ITligxoauTh 1UIst JIJASHOK 3
HEPiBHOMIPHHM PO3ITOJILIOM Tak Tak Tak Tak Tak Tak
JAHUX
CxinagHicTh 0O04YMCICHh BHU3HAYA€, HACKIIBKM  ATNpOKCHMAaIlliiHA TOYHICTh OIIIHIOE TOYHICTh, 3 SKOKO

CKJaJHO OOYMCIIOBATH METO. 3aJ€KHICTh BiJ JaHUX
BKa3y€e Ha Te, HACKUIBKH CHJIBHO METOJ[ 3aJIC)KHUTh BiJ
TOYOK JIaHWX, SKi BUKOPHCTOBYIOTBHCS [UII OOYHCIICHB.

METOJI amnpOKCUMY€ JdaHi. AJAaNTHUBHICTh JO TYyCTHHU
JAHUX BKa3ye, HACKIIBKHA J00pe METOJa IMpalioe Ha
TyCTO-3aCeNIeHHUX TIITHKAX.
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Bucnosxu

[Micns mpoBeneHOl OIHKM TOYHOCTI MOXKHA
CTBEPIUKYBATH, IO SKICHI BUXIOHI JaHi € HaI3BUYANHO
B)KJIMBHM €JIEMEHTOM JISI OCSATHEHHS OUIBII TOYHOTO
pe3ynbTaTy Ipu CTBOPEHHI HM(POBOI MOAENi penbedy.
Binpur Toro, mpoBeeHi HOCTIKEHHS TaK0X TOKa3ally,
1[0 YMM OiJbIIe HAsABHUX BUXIAHUX JaHUX, TUM OLIBII
TOYHOIO € pe3yibTyioua LU(ppPOBa MOAENb pENbEDY.
Tomy, Ui NOCSTHEHHsI HAHOLIBII TOYHOTO PE3yJIbTaTy
iHTEepIONALii, pPEKOMEHIYEThCS 30HMpaTH  SKOMOTa
Oinpllle SKICHUX BHUXiAHMX nmaHux. Lle 3a0e3meuuThb
01T TOYHY MOZEND pebedy Ta TOMOMOKE 3MEHIINTH
BIUIMB IIOMWJIOK  amlpoKCUMalii Ha  pe3ylbTaTH
THTePIOJIALLii.
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EVALUATION OF ACCURACY OF DIGITAL TERRAIN MODELING METHODS BASED ON SPATIAL
INTERPOLATION (Part 2)
I. Hunko
Kharkiv National Automobile and Highway University, Ukraine

Digital terrain model (DTM) is an integral part of many geodetic works. It allows accurately reproducing the
earth's surface in a digital form with varying levels of detail. One of the most significant problems in creating a
DTM is the accuracy of reflecting the relief.

In the first part of the work, analyses of methods that can more detailed reflect the relief was already
conducted. For these purposes, the Surfer geoinformation package was selected, which offers a considerable
number of methods based on the spatial interpolation algorithm. Although these methods have represented the same
area with high detail, there is still a need to assess the accuracy of each method.

The purpose of this article is to assess the accuracy of methods for constructing a digital terrain model based
on spatial interpolation. Since model accuracy is a crucial factor for many geodetic works, it is necessary to
determine which methods are the most accurate and meet the requirements of different purposes of use. The
accuracy assessment of methods will improve the efficiency of geodetic works and avoid errors and additional costs.

In the Surfer program, after constructing the DTM with each method, a report can be obtained containing the
input values of points and the values obtained after interpolation with each method. This report is very useful for
assessing the accuracy of each method since it allows understanding how well the model reflects the real relief. To
assess the accuracy of each method, control points of the spatial variable Z were taken, and the values in these
points were interpolated for each method. This assessment makes it possible to obtain a numerical characteristic of
accuracy for each method and compare them with each other.

Based on the analysis conducted, it can be concluded that problematic areas were identified on a fragment of a
topographic map, where there were insufficient input data for accurate interpolation. The result is not accurate and
could be better with input data obtained from geodetic instruments and technologies such as GPS, lidar, etc.

The "Natural Neighbor" method performed the best in reproducing the digital elevation model on this hilly
terrain. The application of the "Kriging,” "Triangulation with Linear Interpolation,” "Modified Shepard's Method,"
and "Radial Basic Function™ methods provided fairly accurate interpolation. However, the "Minimum Curvature”
method was found to be ineffective in hilly terrain as it did not provide accurate interpolation.

After conducting an accuracy assessment, it can be concluded that high-quality input data is an extremely
important element in achieving more accurate results when creating a digital elevation model.

Keywords: digital elevation model, construction methods, spatial interpolation, geographic information
system, Surfer.
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