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Caixerak: IlonoxajHa (reoMeTpHjcka) TauHOCT reorpa)ckux HHQopManuja je BakaH KBAHTHUTAaTHUBHHU €IEMEHT
BUXOBOT KBAJIMTETa, HE3aBUCHO OJ] TOIA 1 JIM Cy OHE y JWTHTATHOM MM aHAJIOTHOM OOJIHKY. Y paiy ce ykasyje
Ha 3Hayaj ¥ NMoTpely OlLCHUBaKka MOJOXKAjHE TAYHOCTH reorpadckux MHGOpPMAIMja Yy CaBPEMEHHM YCIOBHMA,
ONMCYjy 1Ba aKTyelHa CTaHJapAa 3a OLCHUBAKHE TAYHOCTH M IPUKA3yjy pPe3ydTaTH HHUXOBE NPHMEHE Ha
pacrepckoj Tonorpadckoj kaptu BojHoreorpadckor uncruryra y pasmepy 1: 50.000.

Kbyune peun: I'eorpadcke uapopmanuje, Kpanurer, [Tonoxajaa taanoct, NSSDA, STANAG 2215.

YBoxa

Kopuuihemwe reorpadckux (reonpocropHux) uHbGopmaluja y mpoiecy JAOHOIIeHa
OJUTyKa y BOjCIIH, IPUBPEAHN, AP>KaBHO] aAMHUHUCTPAIU]H H JPYTUM O0IaCTHIMa HEIPEKUIHO
pacte, MoceOHO Off TI0jaBe W MIHMPOKE MPUMEHE AUTUTATHUX TEXHOJIOTHja. YIIOPEIOo C THM,
pacTe W 3Ha4aj O3HaBama KBAJUTETA TUX MOJIaTaKa, jep ako OjJIyKe IMOYMBajy Ha Mojanuma
YMjU je KBAIUTET HEJOBOJbAH — WIJIM je HEMO3HaT — IMOCIEAMIEe MOTy OWTH 3HauajHe
(Bopucos, 2001). OBo ce mocedHO omHOCH Ha reorpadcke HHPOpMAIHje Ha OCHOBY KOjUX
ce JIOHOCE OJUTyKEe KOje Ce THYy JKMBOTa M 3/paBjba JbYAH, KOje yTUUy Ha JIOKAIHY
E€KOHOMU]jY WK UMajy onpelene npasae nMmiuinkanyje (Pamojunh, 2008).

Ipema craumapay ISO 19113 Quality principles - Hpunyunu xeanumema (ISO,
2000), xBamurer Treorpadckux (reopedepeHImpannx) wuHPOpPMANHja CE ONHCyje Ha
KBAaHTHTaTUBaH HA4YMH MOMONYy IIeT eleMeHaTa: MOTIYHOCTH, JIOTHYKE OCICTHOCTH,
MIOJIOXKAjHE TAYHOCTH, BPEMEHCKE TaYHOCTH M TEMATCKE TAYHOCTH. 3ajeIHO ca eJIeMeHTHMA
KOjU OMNHWCYjy KBaJHTET Ha HEKBAHTHTATHBAH HA4YWH, Kao INTO Cy: HaMeHa (purpose),
ynotpeba (usage) n nopekio (/ineage), oBaj MPUCTYN HA LEIOBUT W CBEOOyXBaTaH HAYHMH
JneduHume kBanuTer reorpadcekux nHGopmanmja.

ITox monoskajuoM TauHomihy ce moapasyMeBa MOAYAaPHOCT I0JI0XkKaja HEKEe TauKe
y ckymy reorpadckux wuHpopManuja (OJHOCHO MOJENY TeolpocTopa - KapTH, 0a3u
nojiataka, opTopoToy M Jp.) ca CTBAPHUM IOJIOXKAjeM Te Tayke y mpocropy. Moxke Outn
aricoiyTHa (CIioJballlkba) WM pelaTUBHA (YHYTpallikha), y 3aBUCHOCTH OJ TOTa Ja JIM ce
MOy TAPHOCT TMOJIOKaja YTBphyje y OMHOCY Ha KOOPIUHATHU CHUCTEM (aICOJyTHA TAYHOCT)
WK y OJIHOCY Ha Ipyre TauKe cKymna (peaTHBHA TAYHOCT)

" E-mail: stradojcic@sezampro.rs
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Tpeba mpuMeTuTH Oa Cce MOJOXKAajHA TAaYHOCT, MAKO CaMmoO jelJaH OJ] eleMeHara
KBaJIUTETa, TOCEOHO M3/1Baja y OJHOCY Ha OCTajie eleMEHTEe, KaKo 10 CBOM YTHWIIAjy Ha
yInoTpeOHy BpEIHOCT TOTOBOI IPOM3BOJA, TAaKO W II0 €r3aKTHOCTH yTBphuBama H
KBaHTH(UKOBama. Y KIACHYHO] KapTorpaduju, oHa je Omia TOTOBO CHHOHHMM 32 KBaJHTET
kapre (Peterca i dr, 1974).

3a onemuBame KBaluTeTa reorpadckux uHpOpMalMja JaHac ce KOpUcTe OpojHe u
paszmuuure Mmeroxe. Craumapn ISO 19114 Quality evaluation procedures - Ilpoyedype
oyene keanumema (ISO, 2003) nmenu merojlie OICHE KBAIUTETA Y JBE OCHOBHE Kiace, Ha
JIUPEKTHE W WHAWUpPEKTHe. [IMpeKTHHMM MeToZaMa ce KBaIUTET olemwyje mopehemem c
oJroBapajyhum HHTEpHUM /WM eKcTepHUM pedepeHTHHM HHpopManujama. Y 3aBUCHOCTH
o M3BOpa MH(pOPMALMja HEOMXOJHUX 32 OLCHHUBAKE, TUPEKTHE METOAE Ce Jajbe Jelie Ha
UHTEpHE U eKcTepHe. VIHTepHe MeToze Cy OHe Koje KOpHCTe MojaTKe Koju ce Beh canpxke y
CKyIly KOjH ce OlEemYyje, TOK eKCTepHEe METOAE 3aXTEBajy IOAaTKe KOje CKyln KOju ce
OIICEYj€ HE CaIpIKH.

WuaupekTHIM MeTofaMa ce KBaJHWTeT MoJaTaka yTBphyje WiIN Olemyje Ha OCHOBY
onpeheHNx casHama O CKyIly IOJaTaka, Kao LITO Cy HHXOBO IOPEKIIO, Npou3Bohau u
CIIMYHO.

CTtanaapam 3a oLeHy MoJI0KajHe TAYHOCTH

Kana je pe4 o olieHH MOJIOKajHE TAYHOCTH reorpadckux nHbopmaiuja, hamuimja
ISO cranpapna neduHuIe caMO OCHOBHE INPHHIMIIE M OMIITE mporenype. thuma ce He
yTBplyjy moceOHE Mepe TauHOCTH, Ka0 HHM CTaTUCTHKE Koje Tpeba KOPHCTHUTH IPUINKOM
OLCHUBAKa WM HW3BCLITABAKba O KBATUTETYy (Kao LITO Cy, Ha MOpPHMEp, CTaHIApAHO
OJICTyTIaFh¢ WIIM BEPOBATHA TPEIKa), HUTH MPONHCYje MUHIMAaTHA METOIOJIOTHja KOjy Tpeba
MIPAIMEHUTH 3a JOOHjame OlleHe KBauTeTa. 1o je ocTaBibeHO KopucHUImMMa /SO craHmapaa,
KOjH HaBeJICHO Je(HUHUINY Yy CKIaLy C MOCTAB/bCHUM IMJbEBHMA U O TOME M3BEITaBajy Ha
onrosapajyhu mauns (Pamojunh, 2008).

Curyanja Huje OoJjpba HHM Kaga ce paad O ,MHAYCTPUJCKUM® wWiH ,.de facto*
CTaHOapA¥Ma Ha TJI00AJHOM HUBOY. Tek Ha HAIMOHAIHOM HHBOY jaBJbajy C€ II0jeIUHH
CTaHmapau Koju Ommwke ypelyjy OBy mpoOiaemMaTtuky, Maga Cy 3eMJbe C OBaKBUM
CTaHgapAuMa jorn yBek perke. CHakaH yTHIIAj HAa CTaHAApAU3aIKjy Y OBOj 00JacTH MMajy
JIBa aMepuuKa cranaapaa: Hanmonanuu cranmapa tauHoct kapata (United States National
Map Accuracy Standards - NMAS) w3 1947. roquae u HanmoHanHu cTaHmap] 3a TAYHOCT
nojataka o mpoctopy (National Standard for Spatial Data Accuracy- NSSDA) u3 1998.
roauHe. IIpBu ce OIHOCH Ha UCIUTHBAIE IOJIOXKAJHE TAYHOCTH AHAJIOTHUX (NOHEKaJ] |
JIMTHTATHUX ) KapaTta U HUje CAaCBUM MOT0JIaH 3a KOpHIheme y CaBpEeMEHNUM YCIIOBHMA, JTIOK
ce JpYyTHd, aKTyellaH M CaBpEeMEHO MPUMEHJBUB, OJJHOCH HA CBE JUTHTAHE TI'€ONPOCTOPHE
nojatke (y pacTepckoM U Y BEKTOPCKOM OOJIHKY).

OBuM cTaHAapAnMa CBaKako Tpeba JOJaTH M BeoMa JeTajbaH M OMIUYHO pa3paleH
NATO craumapn STANAG' 2215 - Evaluation of Land Maps, Aeronautical Charts and
Digital Topographic Data (Oyena konnenux u 6az0yXONJIOSHUX KAPAMA U OUSUMALHUX
monoepagckux nooamaxa) nz 2002. rogusHe.

Amepuuku Haumonajauu cranaapa 3a TA4HOCT MO/IaTaKa O MPOCTOPY
OnemuBame mosoxkajae TagHoctd momohy NSSDA (FDGC, 1998) moumBa Ha

ynopehemy KoOpauMHAaTa Tadaka H3MEpPEeHHX Y CKyIly dHja Cce TayHOCT OLemyje U
onrosapajyhux pedepeHTHHX (,,MCTHHUTHX') KOoopAWHATa. Tauke dHje ce KOOpIMHATE

! ckpahennua ox Standardization Agreement - Cnopasym o cmandapousayuju
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ynopelyjy Tpeba OupaTé Tako Ja ce MOTY JaKO W HEJBOCMOCICHO HUIACHTU(DUKOBATH U Y
CKYITy KOjU ce ouemyje u y pedepeHtHoM ckyny (Hajuenthe, y npuposu). O6GHYHO Cy TO
MpecevyHe TadyKe JIMHUjCKUX oOjekara (IyTeBa, mpyra, KaHajla UTA) KOjU ce CeKy MOJ yIIoM
ox oko 90°, ycamsbeHo npBehe, CIOMEHHIIH, U CIL.

Cranpmapn nponucyje na ogabpaHe Tauke MOpajy OMTH paBHOMEpHO pacropehere y
CKYITy moJiaTaka u JeduHuIIe KpUTepHjyMe 3a Taj paciopes 3a CKyIl [ojaraka o IMpocTopy
KOjH TIOKpHBa MOApYYje 00JIMKa MPaBOyraoHUKa (IOIMyYT JHUCTa KapTe), y3 MPETHOCTaBKY Jaa
je ToJIoKajHa TauHOCT Ha pa3MaTpaHoM nojpydjy yHudopmua. [Ipema Tom kpurepujymy, y
CBaKOM KBaJpaHTy pa3MaTpaHor mojpydja Mopa outu 6ap 20% ox yKymHor Opoja Tadaxa,
NpH 4YeMy ce OHe Hayaze Ha MehycoOHoM pacrojamy koje m3Hocu Oap 10% myxuHe

nmujaronane (cimuka 1).
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Cauka 1. Kputepujymu pacnopeia tayaka 3a TeCTHpPame

[TonoxxajHa TayHOCT CKyIOBa MoJaraka KOju Cy TPOAMMEH3HMOHAIHO reopedepe-
HIMPaHU yTBphyje ce KOMOMHOBamEM pe3ynTaTa UCIUTHBAKA T3B. XOPUZOHMAIHE MAYHO-
cmu (TA4HOCT TIOJIOXKAja Yy OIHOCY HA XOPH3OHTAIHH JAaTyM, Tj. ABOAWMEH3HOHAIHE
KOOpJIMHATE) U T3B. 8epmukaine maunocmy (TAYHOCT TI0JI0XKAja Y OJHOCY HA BEPTUKAIHH
JaTyM, Tj. jeTHOANMEH3NOHAIHE KOOPIUHATE).

Cranmapn NSSDA 3a oueHy MONOKajHE TAaYHOCTH Kao IMOJIa3HY OCHOBY KOPHCTH
KOPEH CpeAme KBaJpaTHE Tpelke, Koja ce o3HadaBa kao RMSE (Root Mean Squared Error).
I'pemkxa RMSE je npyru KOpeH cpelie BpelIHOCTH 30Mpa KBajapara pasjinka KOOpIUHATa
Tayaka M3MEPEeHHX y CKyNy 4YHja Cce€ Ta4HOCT Olewyje M onaroapajyhux pedepeHTHHX

L,ACTHHUTHX) KoopauHaTa. TadyHOCT Ce CaolIlTaBa y OHHM jeJMHHUIAMA Y KOJUM CY
U3paXEHe KOOpAWHATE Yy Npupond (Merap WiM CToma), mTo omoryhaBa IMpeKTHO
ynopeheme paznuuuTX MPOU3BOa, HE3aBUCHO O] Pa3jIMKa y pa3Mepy WM pe3oilyluju. 3a
HUBO MOBEPEHA CAOMIITEHEe TAYHOCTU KOpHUCTHU ce 95%.

OuemuBame XOPHU30HTAJHE TAYHOCTH

n 1 n
RMSE,, = flzdyz W RMSE, = |- dv*
neq n-y

rzie ¢y dy ¥ dx pa3iavKe MEpeHUX U pe()epeHTHUX KOOpIMHATA y PaBIy KOOPIMHATHHAX 0Ca
yHux.

Hexa je:

XOpH30HTaAIHA I'PEIIKa Y TAuKH i je:
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RMSE, = \/dy? +dx?

ma je xopm3oHTamHa RMSE 11enor y3opka:

RMSE, = \/lzn:dyz P JRMSE? + RMSE?
nS n4

Vxkonuko je RMSE, = RMSE,, Baxu:

RMSE, =[2RMSE? =\|2RMSE? =14142RMSE, =14142RMSE,

Axo cy rpemke MelycoOHO He3aBHCHE UM HWMajy HOpPMalaH pacropern,
XOPU30HTAIIHA TAYHOCT Ca HUBOOM IOBepema 01 95% ce padyHa rpema:

Accuracy, = 1,7308- RMSE ,
C npyre ctpane, ykonuko je RMSE, # RMSE,, Tana je:

Accuracy, = 2,4477- 0,5- (RMSE, + RMSE,)

Oueu;m;an;e BEPTUKAJTHE TAYHOCTH

RMSE, = /lZdzz
no

e ¢y dz pa3iiKe MepeHnX U pe)epeHTHUX BEPTUKAIHUX KOOpANHATA (BHCHHA).
Ako cy rpemike mel)ycoOHO He3aBHCHE M MMajy HOpMaJlaH pacriopen, BEpTUKATHA
TA4HOCT ca HUBOOM TOBepema o 95% ce padyHa npema:

Heka je:

Accuracy, = 1,9600- RMSE,
NATO STANAG 2215

Ogaj cranmapn (NATO, 2002) nedunulie ancoayTHy W pellaTHBHY (point-to-point)
tayHocT. [lox amconmyTHOM TayHollly CTaHAapH MOJpa3yMeBa HECHI'YPHOCT TPOIUMEH-
3MOHAITHOT T10JI0Xkaja Ta4yKe y ofHocy Ha natyM WGSS84 m monen reonna EGM96 (xoju ce y
NATO xopucte npema STANAG-y 2211). AnconyTHa XOpHU30HTaJIHa TAYHOCT MPEACTaBIba
HECUTYPHOCT JBOAMMEH3HOHAIHOT T0JI0Xaja (Y OJHOCY Ha XOPH30HTAIHHU JaTyM) W U3pa-
JKaBa ce Kao Kpyr rpemke ¢ 90%-THIM HUBOOM MOBEpeha. AICOTYTHA BEPTUKAIHA TAYHOCT
j€ HECUTYPHOCT BHCHHE Ta4yKe y OJJHOCY HA BEPTUKAIHH JaTyM M U3pakaBa ce Kao JIMHeapHa
rpemka ¢ 90%-THUM HMBOOM IOBepewa. PenaThBHA XOpHU30HTaNHA (BEPTHKAIHA) TAYHOCT
MIPECTaBIba HECUTYPHOCT pa3jIMKe MOJ0kaja (BUCHHA) IBE TAauKe, a M3pakaBa ce Kao KpyT
rpemke (OJHOCHO Kao JIMHeapHa rpemka) ¢ 90%-THIM HIBOOM ITOBEPEHA.

OuemnBame XOPU30HTAIHE TAYHOCTH
3a OBO OLCHHBAKE CTAaHAAp] 3aXTeBa y30paKk oOJ HajMame 167 Tavaka IO

ucnutuBaHoM ckymy. Kao u xox NSSDA, 6upajy ce jacHO neduHHCaHE TayKe KOje MOpajy
OuUTH paBHOMEPHO pacmopeljeHe Ha MOAPY4jy UCTUTHBama. Kama ce paam o mraMmaHuM
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KapTaMa, CTaHIapA 3aXTeBa Ja Y30pKoM Oyny oOyxBaheHe Tauke y CBHM KOPHIINEHUM
6ojama.

VY NOCTYNKY OlLleHe XOPH3OHTAIHE TA4HOCTH, HajIpe ce padyHa Kpyr CTaHIApJHOT
oncTynama (TpelKe) o, Ha OCHOBY IHMHEAPHHUX CTaHTAPIHHUX OJCTyIama Mo y—och (y
cTaHmapay o3HaueHe ca F, on Easting) u x—ocu (y cTangapay o3HadeHe ca N, ox Northing),

Tj.:
_Jorvon _ 1| Zler, - oE) <3 (v, -av)
TN 2 T2 n—1
rzie cy:

OE,, ON; — nojenuHauHe pas3ivke MEpeHnX U peepeHTHUX KoopauHaTa 1o ocama £ u N, u

OE, SN — apuTMeTHUKe CPEIHHE PA3/IuKa [0 KOOPIMHATHHM 0CaMa.

3aTuM ce TpHCTyNa TeCTUpamy CKyla I[ojaTaka Ha MPHUCYCTBO IPyOMX Ipellaxa.
Tectupajy ce nonpaske (pesuayanu) R uuja je BpegHoct Beha oa rpaHmvHe BpeIHOCTH
M;-o,, tj:

R=(oE, ~GE) +{ov, ~aN) > M, o,

OpH YeMy ce BPEAHOCT M, padyHa y 3aBHCHOCTU Of BEIMYMHE y30pKa (OJHOCHO CTEleHa
cinobone, n—1) mpema:

M, =4/2,5055 + 4,6052 - log,, (n—1)

3a pasnuky ox mperxoxHor crtanmapaa, STANAG 2215 mpomucyje u oapeheHo
TECTHpamkE MPUCYCTBA CHUCTEMATCKUX Tpelllaka, OJHOCHO YTBphHBame na nu ce cpeame

BPEAHOCTH pa3iuKa KoopauHata OF U ON 3HayajHO pasnuKyjy ol Hyne. Pasnmka ce
CMaTpa 3Ha4YajHOM yKOJIMKO je HyJia 3BaH MHTepBaia ( x — i, O-) 1 (x+ Ly, - O-)> THE CY:
o O 0O

o- =—=

T

X - cpenma BPEAHOCT y TIPABILY jEIHE MM JIPYTE OCE, Tj. OE nmu SN
0, — KOPEH cpelilhe KBagpaTHe TPeLlKe 110 OAroBapajyhoj KoopAuHATHOj ocH, £ miu N
ti0v, - BDEMHOCT KOja ce y3uma u3 Tabauia 3a Ctynentos (¢) pacropen

¢ HUBOOM 3HauajHocty ox 10%, 3a n—1 crenena cnobone

Ha «kpajy ce pauyna kpyr rpemke ¢ 90%-THUM HHBOOM TMOBEpCHa, Y
aHTJIOCAKCOHCKO] JINTEpaTypH TPaTUIMOHATHO o3HaueH kao CMAS (ckpaheHuma o

Circular Map Accuracy Standard). YKOIHKO TecTHpame TOKaxke aa ce oEu ON He
pa3nuKyjy 3HadajHO of Hyne, CMAS ce pauyHa nmpema:

CMAS=2,1460 - o,
a 'y CYyIpOTHOM MpeMa:

CMAS =0, -1,2943 +

2
J +0,7254

e je:
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d=(GE) +(av)

Ha ocHoBy Bpennoctu CMAS, kapTorpad)CKu MPOU3BOAHM CE, IPeMa OBOM CTaHIAPIY,
CBPCTaBajy y je[Hy Of IeT kiaca (Tabena 1).

Ta6ena 1. Knacupukanuja kaprorpadcKux npous3Bo/a 1no XOpu30HTAJIHOj TAYHOCTH

Kiaca CMAS Pa3zmep KapTe WM eKBHBAJEHTHA pe30Jynuja
1:25 000 1:50 000 1:100 000 1:200 000 1:250 000
A 0,5 mm 12,5 m 25 m 50 m 100 m 125 m
B 1,0 mm 25m 50 m 100 m 200 m 250 m
C 2,0 mm 50 m 100 m 200 m 400 m 400 m
D >2,0 mm Jloumje ox kace C
E be3 onene

OnemnBame BEePTUKAJIHE TAYHOCTH

3a 0BO olLEHMBaKE ce Takohe 3axTeBa y30pak o] HajMame 167 Tayaka u neduHuLLy
CIIMYHM YCJIOBM M MPUHIMIK KAa0 U 33 OLCHUBAKE XOpH30HTaNHE TayHocTH. OBIE je,
MelhyTum, MOTpeOHO BOAUTH padyHa [ia je y30paK pernpe3eHTATHBAH U Y BUCHHCKOM CMHCITY,
Tako Ja Tpeba na oOyXBaTH Tadyke ca pa3dMYMTHM BHCHHAaMa, a MOCEOHO Tauke ca
eKCTPEMHHUM BPEAHOCTHMA BHCHHA HA Pa3MATPAHOM MOAPYH]y.

V MOCTYIKY OLICHE alCOoNyTHE BEPTUKATIHE TAYHOCTH, Hajpe ce GopMupajy pasiuke

MEpeHHX U peepeHTHNX BUCHHA OH; ¥ Pa3JIMKe O] CPEIbe BPEIHOCTH CBHX pa3inka oH , a
3aTHM padyHa JINHEAPHO CTaHAApIHO OJCTyNamke, IIpeMa:

3aTHM ce Ha MCTH HA4YMH Kao W KOJ ariCoJIyTHE XOPHU3OHTAJIHC Ta4YHOCTH, CKYII
TECTUpa Ha MOCTOjarbe IPYOUX U CUCTEMATCKHUX IpeliaKa.

Ha kpajy ce pauyna nuHeapHa rpemka ¢ 90%-THUM HUBOOM IIOBEpeHa, Y
AHIJIOCAKCOHCKO]j JINTEPaTypH TPaAUIIMOHATIHO o3HaueHa kao LMAS (ckpahenuna on Linear
Map Accuracy Standard). YKOIUKO TecTUpame MOKaxe 1a ce oH He pasiuKyje 3HayajHo
on nyne, LMAS ce pauyHa npema:

LMAS = 1,645 - oy,

a y CyIpOTHOM IIpeMa:

sl sHY
LMAS = 0,,|1,645+0,92- ) ~0,98- ) |

Oy Oy

Ha ocnoBy Bpeanoctu LMAS, kaprorpadcku Npou3BOJIH ce, IpeMa OBOM CTaHapay,
CBPCTaBajy y jeAHy OX IeT kiaca (Tabena 2).
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Tab6ena 2. Kinacupukanuja kaprorpadpcKux npousso/a no TaYHOCTH BUCHHA

Knaca Pa3mep kapTe WiiM eKBHBAJEHTHA Pe30JIyIHja
1:25 000 1:50 000 1:100 000 1:200 000 1:250 000
0 2,5m 5m 10 m 20 m 25m
1 Sm 10 m 20 m 40 m 50 m
2 10 m 20 m 40 m 80 m 100 m
3 Jlomwje ox xiace 2
4 Be3 orene

Hama nckycTBa y npuMeHH pa3MaTpaHUX CTaHIapaa

Cranmapmu NSSDA wu STANAG 2215 cy xopumheHH TpU HCTIIUTHBABKBY
XOPHU30HTAIHE TMOJI0XkKAjHEe TAYHOCTH AUruTaiHe (pactepcke) Tomorpadeke kapre 1: 50.000
Cpbuje wu3mama Bojaoreorpadcxor wunctutyta (JTKS50). XopusoHTanHa MooxajHa
TAYyHOCT je aHalu3MpaHa Ha y30pKy ojn 48 mucroBa, mro je oko 25% ykynHor Opoja
muctoBa. Kao KOHTpoiHE Tauke cy y3ere, HajBehMM IeiIoM, TPUTOHOMETPHUjCKe Tauke. 3a
IIECT JIMCTOBA W3 HCTOT y30pKa OICHUBAME j€ M3BPIIEHO W MoMohy jacHO AedUHHCAaHUX
Tauaka, 4dje Cy KOOpJuHaTre mMepeHe Ha TepeHy GPS meronoM. YKymaH Opoj Tayaka Ha
OCHOBY KOjHX j€ BpIICHO HCIHTHBAKE W OlemuBame M3HOocH oko 8.500 (Bume ox 170
Tadaka I10 JIUCTY).

[Ipumenom NSSDA ytBpheHo je nma ce BpemHoct mepe Accuracy, (95%-THU HUBO
MOBEpema) Hamasu y uaTepBainy of 10,9m mo 23,6m (0,22mm mo 0,47mm), 0oIHOCHO A2 je
BeHa Tpocedna Bpeanoct 15,8 m (0,32mm). C npyre crpane, npumeHoM STANAG-a 22135,
nobujena je spenHoct Mepe CMAS (90%-THU HMBO HOBEpema) y rpaHuIiamMa ox 9,6m o
20,5m (0,19mm no 0,41mm), ogHocHo y mpoceky 14,0m (0,28mm). HaBenenu nmomanu ce
OJJHOCE Ha aHaNM3y XOPU3OHTAJHE IIOJNIOKajHE Ta4yHOCTH palleHy Ha OCHOBY
TPUTOHOMETPHjCKUX Tayaka. [loka3zaTesby JOOUjEHH Ha OCHOBY jaCHO JAe(MHUCAHUX Tadaka
Cy, HapaBHO, HEIITO JIOMIUjU: TPOCEYHA BPeTHOCT Mepe Accuracy, nznocu 23,6m (0,47mm),
a mepe CMAS 24,4m (0,49mm). Vnak, npema xnacudukauuju kojy naje STANAG 2215
(tabena 1), recrupanu muctoBu JITKS0 npunanajy nHajoospoj kiacu, xiacu A (Bozic &
Radojcic, 2011). O BUCOKO] TONIOXKAjHO] TAYHOCTH CBemode W BpenHocTn RMSE, koje 3a
TadKe TeoJeTCKEe OCHOBE, MpeMa MPeTX0aHOj oneHu TayHocTh (Peterca m ap, 1974), tpeda
na m3aoce oko 0,1 1o 0,2 mm. Y3 3aneMapJpuB Opoj M3y3eTaKa, OBJIE j€ TO U IIOCTUTHYTO.

Paznuke MepeHnX U pedepeHTHHX KOOpIMHATa cy HCKopuiiheHe u 3a OpojHe mpyre
aHanM3e Koje HUCY IpeiBHul)eHe HaBEIECHUM CTaHAapauMa. Tako je, HIp., aHATU3UPaHO 1a
JU Cy pa3iMKe Y BpEIHOCTHMA II0Ka3aTesba IOJIOXKAJHE TAdyHOCTH u3Mely JmcTOBa
XOMOTeHe, J1a JIU je OAHOC BpemHoctd Accuracy, 1 CMAS 1m0 MCIUTHBAaHUM JIMCTOBHMA
caryiaH TeOpPHjCKOM OJTHOCY, CBAaKHU JIMCT j€ TECTUPAH OCHM ca cBUM Taukama (oxo 170) u ca
20 Tayaka M3 MCTOT cKyna (MMUHUManHU 3axTeB NSSDA), pagu ynopehema nobujeHnx
pesyJirara, uTa.

To je paheHo ca mmipeM na ce He camMO 0OJbe MCIIUTA M OLEHH XOPWU3OHTAJHA
monokajHa TagHocT HATKS0, Beh m nma ce mohe mo mTo ersakTHHjUX mapameTapa 3a
yTBphHBamke ONTHMAIHE METOMOJIOTHjE HCIHUTHBAMKA IMOJI0KAjHE TAYHOCTH TOMOTrpadCKux
KapaTa M JpyruX CKyIoBa reorpadckux mHpopManrja, koju he ce mpuMemuBatu yoyayhe,
Ha HajHOBHjUM Ipomn3Boauma BI'U.

Nmajyhu y Bumy 00uM MOCIIOBa, TPOIIKOBE HCIUTHBAKkA M HUBO MOY3aHOCTH OLIEHE,
yTBpEHO je Ia TOoJI0oKajHy TadyHOCT Tpeba HMCIUTHBATH HAa CBUM JIFCTOBMMAa (a HE Ha
PEeIpEe3eHTAaTUBHOM Y30pKy) W TO 1o craHmapay NSSDA, y3 J0omyHy Koja ce OJHOCH Ha
3aXTeB Ja jacHO Nc(HMHUCAHE TayKe Ha OCHOBY KOJHX C€ OICHYje TauyHOCT MOpajy
peTpe3eHTOBATH CBE elieMeHTe Teorpadekor caapikaja kapre. [lokasao ce aa je oBaj 3aXTeB
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KOjH, MHa4e, HUje y CYIPOTHOCTH ca CTaHAApAOM, BeoMa BakaH 3a 00jeKTHBHO OICHHBAHE
XOpPHM30HTAJHE II0JI0OKajHE TAuyHOCTH, I1a CE€ CTOra MHCHCTHPA Ha HETOBOM HCIIYHCHY.
Takole, pasnmke MepeHHX W pedepeHTHHX KoopAWHaTa Tpeba, oaMax IO FHHIXOBOM
¢dbopmupamy, OABPTHYTH TECTUPakY Ha rpy0de U cucTeMarcke rpeuike, nako NSSDA to He
3axTeBa CKCIUTMIMTHO. 300r MOTyliHOCTH J1a HEKe pasiuke He mpoly TecT, moTpeOHO je ma
Opoj KOHTPOJHUX Tayaka Oyze mano Beh oI MUHHUMAIHOT M Ja M3HOCH OKO 25 mo 30 mo
JIACTY.

You4eHo je U TO Ja ce UCIUTHBAE MOJI0KajHEe TAYHOCTH KapTe Tpeda YCKIQAUTH ca
JMHAMHUKOM IheHe Hu3pane (0OHOBe), Tako Ja ce oaMax M0 IyONHKOBamy JIHMCTa — a
HajKacHHje y TOKY HapeJlHe T'OJIMHE — U3BPIIN U HCIUTUBAbE HEroBe TAUHOCTH.

3akbyyak

I'eorpadcke mHpOpManuje MMajy cBe Behn 3Hadaj y MpoIecy MOHOMICHA OMIyKa,
npahemy cHuTyandja ¥ IDIAHUPAKY Yy TPHUBPENH, NPKAaBHO] aIMHHUCTPAIHMjH, BOjCIH M
JIPYTHM CErMEHTHMa JKHBOTa W pa3Boja. IIpuMeHa IUTHTANIHUX TeXHOJOrdja je yeehana
TpxkuiTe reorpadcekux nHpopmanuja no HecnyheHnx paMepa M HENPEeKUAHO ra ypehasa,
KaKO Ha CTpaHU KOPHCHHKA, TAKO ¥ Ha CTpaHM Npou3Bol)ada 1 1aBaoLa yciyra.

Y TUM OKOJHOCTHMa, pacTe U 3Hayaj MO3HaBamka KBATUTETa THX HH(pOPMAIHja, Kao U
morpeba 1a ce MokasaTeJbu KBaJUTeTa YTBPhyjy W caomiiraBajy Ha CTaHIApIAW30BaHU
HAYMH, KaKOo OW KOPUCHHIIM MOIJHM ojxabpaTu Oall OHaj MPOHM3BOJ KOjU Nie CHTYpPHO
3aJI0BOJBUTH HHHXOBE MOTpeoe.

[MonoxajHa Ta4yHOCT, Kao TPAJULIMOHAIHO HAj3HAYAjHUjH €JIEMEHT KBaJHTeTa
reorpadckux nHQpopmanuja, 3aJpkaBa BEIMKH 3Ha4a] U y caBpeMeHnM ycioBuMma. Crora je
Behy /€0 caBpeMeHNMX HAIMOHAIHHUX, PETHOHAIHHX M HMHTEPHALMOHAIHHX CTaHIapua —
WHAaYe, jOII PEIATUBHO MAIIOOPOjHUX — MPETEKHO MOCBeNeHO UCIIUTHBAY M CAOIIITABAKY
TOJI0KajHE TAYHOCTH KapaTa /WK APYTHX CKYIIOBa reorpadckux nHpopMarmja.

Crora u BojHOreorpadckii MHCTHUTYT, jeIWHH H3aBad TOHOrpadCKUX KapaTa y
Cpbuju, oBoM muTamy mocBehyje MyHy Maxm\y W Mpemy3uMa oAroBapajyhe mepe pamu
MOTITyHE TIPUMEHE KOHTPOJIE KBAJIUTETa CBOjIX KapTorpad)ckux u reorpad)CKux Mpon3Bo/a.
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Abstract: Positional accuracy is important quantity element of quality of geographical information in digital as
well as in analoguos form. This paper points to importance and necessity of evaluation of positional accuracy in
recent conditions, describes two modern standards for positional accuracy evaluation and shows the results of its
implementation on raster topographic map at scale 1:50.000 made by Military Geographical Institute.
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Introduction

Using geographical information within the decision making process in armed
forces, economy, state administration and other areas is permanently increasing, specially
from appearance and wide application of digital based tehnology. At the same time, the
importance of knowing its quality is also increasing; if decisions are based on information
with insufficient — or unknown — quality, the consequences could be huge (Borisov, 2001).
This is particularly true when geographic information are related to decision which are
associated to people life and health, local economy or some legal consequnces (Panojunh,
2008).

According to ISO 19 113 standard Quality principles (ISO, 2000), quality of
geographical information is described in quantitative way with five elements: completeness,
logical consistency, positional accuracy, temporal accuracy and thematic accuracy. Together
with unquantitative elements (i.e. purpose, usage and lineage), this approach defines quality
of geographical information in an universal and complete way.

The term positional accuracy means compliance the position of a point belong to
some space model to its thrue position in space. The positional accuracy may be absolute
(external) or relative (internal), depending if compliance is established related to the
coordinate system (absolute accuracy) or to other points of space model (relative accuracy).

It has to be noted that the positional accuracy, although just one of the quality
elements, is specially distinguished among them, by this influence to the final product
utilitiy as well as by its manner of evaluation and quantification. In classical cartography,
the positional accuracy was almost a synonym for map quality (Peterca at al, 1974).

Nowadays, there are a lot of different methods for geographical information quality
evaluation and assessment. The ISO 19114 standard Quality evaluation procedures divides
those methods into two main classes: direct and indirect. Direct methods determine data
quality through the comparison of the data with internal and/or external reference
information. The direct evaluation methods are further subclassified by the source of the
information needed to perform the evaluation to internal and external. The internal method
uses data incorporated into space model, while external model uses external data.

" E-mail: stradojcic@sezampro.rs
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Indirect methods infer or estimate data quality using information on the data, such
as lineage, manufacturer, etc.

Standards for positional accuracy evaluation

The family of ISO standards defines just basic principle and procedures for
positional accuracy assessments and evaluation. There are no particular measure of
accuracy, neither statistics for calculations or quality reports (such as, i.e. standard deviation
or probable error). It is a matter of ISO standards user who those things defines according
his objectives and about positional accuracy reports as they wish (Pamojuuh, 2008).

The same is valid for "industrial" or "de facto" standards on international level. Just
on national level there are some standards which detail elaborate this matter, although there
are only few such countries. The two America's national standards have strong influence on
standardization in this area: the United States National Map Accuracy Standards (NMAS)
from 1947., and the National Standard for Spatial Data Accuracy (NSSDA) from 1998. The
first one is related to assessments of mainly analogous maps (sometimes of digital maps,
too) and is not quite appropriate for using in nowadays conditions, while the second one,
modern and nowadays usable, is related to all digital spatial data (in raster as well as in
vector form).

To those standards one have to attach very detailed and excellent elaborated NATO
standard STANAG? 2215 - Evaluation of Land Maps, Aeronautical Charts and Digital
Topographic Data from the year of 2002.

US National Standard for Spatial Data Accuracy

Assessment of positional accuracy with NSSDA (FDGC, 1998) is based on
comparation the coordinates of the several points within the data set to the reference ("true")
coordinates of the same points. Those points are chosen in that way that it can be easily
visible or recoverable into the data set and into the source of reference coordinates (usually
on the ground). Suitable well-defined points represent right-angle intersections of roads,
railroads, canals, etc, then lonely trees, monuments and so on.

The standard prescribes that check points have to be equally distributed and defines
criterion for distribution, for a dataset covering a rectangular area that is belived to have
uniform positional accuracy. Acording to this criterion, check points may be distributed so
that points are spaced at intervals of at least 10 percent of the diagonal distance across the
dataset and at least 20 percent of the points are located in each quadrant of the dataset (Fig.
1).

Positional accuracy of data sets with 3D coordinates is determined by combining
results of horizontal accuracy assessments (accuracy related to horizontal geodetic datum,
i.e. 2D coordinates) and vertical accuracy assessments (accuracy related to vertical geodetic
datum, i.e. 1D coordinates).

Fig. 1. Criterion for check points distribution

The NSSDA uses root-mean-square error (RMSE) to estimate positional accuracy.
RMSE is the square root of the average of the set of squared differences between dataset
coordinate values and reference coordinate values for identical points. Positional accuracy
values are reported in ground distances (metric units or feet), what allows users to directly

? Standardization Agreement
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compare datasets of differing scales or resolutions. Accuracy is reported at the 95%
confidence level.
Horizontal accuracy

RMSE, = |~ 3 ay* and RMSE, = /lzarxz
nq n-y

where dy and dx are the differences between measured and reference coordinates along y
and x axes.
Horizontal error at point i is defined as:

RMSE, = /dy? +dx}

Let:

so, horizontal RMSE is:

RMSE, = \/IZdyz + 13 @ = [RMSE? + RMSE?
n4 n<
If RMSE, = RMSE,,
RMSE, = \2RMSE? =\[2RMSE? =1,4142RMSE, =14142RMSE,

Supossed that errors are normally distributed and independent in each the x- and y-
component, the horizontal accuracy at the 95% confidence level is:

Accuracy, = 1,7308- RMSE ,
On the other hand, if RMSE, # RMSE,, then:
Accuracy, = 2,4477- 0,5- (RMSE, + RMSE,)

Vertical accuracy

RMSE_ = /1Zdz2
n-y

where dz are the differences between measured and reference vertical coordinates (heights).
Supossed that errors are normally distributed and independent in each the x- and y-
component, the vertical accuracy at the 95% confidence level is:

Let:

Accuracy, = 1,9600- RMSE,
NATO STANAG 2215

This standard (NATO, 2002) defines absolute and relative (point-to-point)
accuracy. Under the absolute accuracy standard assumes the uncertainty in the 3-
dimensional position of a point with respect to the WGS84 reference system, combined with
EGM96 geoid model (which are used in NATO according to STANAG 2211). Absolute
horizontal accuracy is uncertainty in the horizontal position of a point with respect to the
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horizontal datum and it is expressed as a circular error at the 90% confidence level.
Absolute vertical accuracy is uncertainty in the height of a point with respect to the vertical
datum and it is expreessed as a linear error at the 90% confidence level.

Horizontal accuracy

For horizontal accuracy evaluation, STANAG 2215 expects at least 167 check
points per data set. Like NSSDA, the STANAG 2215 uses well-defined points with even
distribution within data set. In the case of maps, the sample should include a representative
selection of features from each colour plate.

In evaluation procedure, the first step is to calculate the circular error o, from the
linear standard deviations among x (or E, from easting) and y (or N, from northing) axes:

_ F _ | Zler - ) 3 (v, - avf
T = 2 2 n—1
where:

OF,, ON; — discrepancies of i-th check point in the E and N directions respectively, and
OE, SN — arithmetic means of all discrepancies per axes.

Then the outlier detection is performed. The residuals R with value higher of M,-c,
should be tested
according to:

R=1(cE, ~E) +(ov, ~aN) > M, -0,

where M, is computed depends on size of sample (i.e. degree of freedom, n—1):

M, =/2,5055 +4,6052 - log,, (n—1)

In contrast to the previous standard, the STANAG 2215 regulates a test to
determine whether or not a computed bias is significant, by compare values of OF and 6N
with zero. The bias should be considered to be significant at the 90% confidence level if
zero does not lie in the range (x — L, -O-) M (x+ t, - O- )» Where

oO- =

© A

X - mean value along axis E or N, SE and SN
o, — root-mean-square error per coordinate axis, £ or N
tw, - value wich ensures a confidence level of 90% based on a ¢ distribution for n—1
degrees of freedom.

Finaly, one have to evaluate circular error with 90% confidence level, in English
language traditional noted as CMAS (Circular Map Accuracy Standard). If SE and SN are
not significantly differ from zero value, CMAS is:

CMAS=2,1460 - o,
and in opposite case:
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CMAS =0, -|1,2943 + (—J +0,7254
O-L‘

d=+(GE) + (6N ]

By the value of CMAS, the STANAG 2215 divide all cartographic product in five
classes (Table 1).

where:

Table 1. The cartographic products classification by horizontal accuracy
Vertical accuracy

For vertical acuracy evaluation, STANAG 2215 demands at least 167 check points
per data set, like for horizontal accuracy evaluation. In this case, however, the sample have
to be representative not only in planar sense, then in vertical sense, too. It means that there
have to be check points with different heights, specially points with extreme heights within
data set.

In vertical accuracy evaluation procedure, the first step is to calculate the height
differences between
measured and reference height 6H,, then its differences from mean value of all differences

OH and calculate the lineare standard deviation:

SH, —oH )
o = Z( nl—l )

Then, the tests for blunders and sistematic errors is performed, in the same way as
for horizontal accuracy evaluation.
Finally, one have to evaluate linear error with 90% confidence level, in English

language traditional noted as LMAS (Linear Map Accuracy Standard). If SH is not
significantly differ from zero value, LMAS is calculate as:

LMAS = 1,645 - oy,

—\2 2
LMAS =0, [1,645 +0,92- [MJ ~0,98- [éH] } :
O_M O—M

By the value of LMAS, the STANAG 2215 divide all cartographic product in five
classes (Table 2).

and in opposite case:

Table 2. The cartographic products classification by vertical accuracy
Our experiences in those standards implementations

The NSSDA and STANAG 2215 standards were used for horizontal accuracy
assessment of digital (raster) topographic map of Serbia at scale 1: 50.000, issued by
Military Geographical Institute (DTK50). The horizontal accuracy evaluated for 48 sheets of
DTKS50, i.e. approximately 25% of total sheets number. The check point were mainly
trigonometric points. For six sheets from same sample, the evaluation was done by well-
defined points, with coordinates measured in the field by GPS method. The total number of
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check point for assesment and evaluation were about 8.500 (more than 170 points per sheet).

Using NSSDA, it founded that Accuracy, (95% confidence level) were within an
interval from 10,9m to 23,6m (from 0,22mm to 0,47mm) and that its average value was 15,8
m (0,32mm). On the other hand, using STANAG 2215, it founded that CMAS (90%
confidence level) was within an interval from 9,6m to 20,5m (from 0,19mm to 0,41mm),
and that its average value was 14,0m (0,28mm).

Mentioned data are related to horizontal accuracy evaluated with trigonometrical
points. The data got from well-defined points are, of course, some worse: the average value
for Accuracy, was 23,6 m (0,47mm) and for CMAS was 24,4m (0,49mm). But, according to
STANAG 2215 classification (Table 1), the tested sheets belong to the best class, class A.
The same could also conclude from RMSE, values based on trigonometric points, which
should be about 0,1mm to 0,2mm (Peterca et al, 1974). With minor exception, those values
are realized.

The differences between measured and reference coordinates were used for a lot of
other analyses which are not parts of those two standards. For example, it was analised if the
differences of Accuracy, and CMAS were homogeneous from sheet to sheet, if the
computed relation betweens Accuracy, and CMAS were equal to the teoretical values, each
sheet is evaluated not only with all check pooints (around 170) but with only 20 points
(minimum request of NSSDA) because of results comparations, etc.

It was done not only in order to assessment and evaluate horizontal accuracy of
DTKS50 as better as possible, but also to get parameters for establishing an optimal
methodology for evaluation horizontal accuracy of topographic map and other space data
sets, usable in future investigations.

Having in mind lasting and costing as well as the reliability level of evaluation, it
found that horizontal accuracy is to be evaluated for every single sheet of map and using just
NSSDA, supplemented with demand that well-defined points have to represent all
geographic elements. This demand is very important for objective evaluation, and it has to
be implemented. Also, the differences between measured and reference coordinates have to
be tested for blunders and sistematic errors. Finally, the number of check-points per sheet
should be slightly larger, about 25-30 instead of 20. It was notices that horizontal accuracy
evaluation has to be done parallel with map making, within an time interval of maximum
one year after printing a sheet.

Conclusion

Geographical information have more and more importance within decision making,
monitoring and planning processes in armed forces, economy, state administration and other
areas of public life. Using of dogital tehnologies is significantly increased geographical
information marketplace, and still increase it, on the side of user as well as on the side of
producer.Under those circumstances, the importance of knowing quality of geographical
information permanently rising, as well as needs to assessment, evaluate and report the
quality in a standardized way, in order to help users to make proper selection and to choose
an adequate product. Positional accuracy, the most important element of quality in
cartographic tradition, nowadays has still very large importance. This is why the most
modern national, regional and international cartographic quality standards are — which are,
by the way, still poorly adopted — mainly oriented to assessment and report justpositional
accuracy of data sets.

Because of that, the Military Geographical Institute, as the single topographic maps
maker in Serbia, pays great attention to this question and takes proper measures to fully
implement quality assessment of its cartographic and geographical products.
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