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Caxerak: [locrojehe Tomorpadcke xapre M reofeTckd IUIAHOBH OMBLIMX peryOinka JyrociaBuje Hamase ce y
T'ayc-Kpureposoj mnpojexuuju becenosor emuncoupa. [la 6u ce momaum mnpukymberd [TIC texHonorujom,
ycariacuii ca nocrojehumM kapTorpad)ckuM MaTepujalioM, moTpedHo je 00e30eauTn TpaHchopMaLoHe mapamerpe
ca emunconna WGS84 na enuncouy becena u, mpema HpHHUIMIIMA KapTOrpad)CKor MpPECIUKaBamba, W3BPIIHTH
npecivkaBame y pasaH JlpxaBHor koopauHatHor cucrema (JIKC). Llwb oBOr ucTpakuBama jecTe INpHKa3
HEOIXOJHUX T'COACTCKUX aKTHBHOCTH MOTPEOHHX 3a yCIIOCTAaBJbAKEC M OAPXKABAKE JUIMTATHHX KapTorpadckux
MOJUIOTa y jEAMHCTBEHOM TIEOJETCKOM pPedepeHTHOM CHCTEMY, ca IOCCOHMM OCBPTOM Ha METOJOJIOTHjY W
moryhnoctu npumene I'TIC rtexHomoruje y oOenexaBamby IPOjEKTOBAHMX HIYMCKHX IOJMIOHA M CHUMAY
KapaKTePHCTHYHUX ICTA/bHUX Tadaka. AHauu3a OBe MpoOJieMarHke je MpHKa3aHa Ha TECT MOAPY4jy Mpenena
n3ysetHux omnka "BPIIAYKE TTJIAHMHE". [la 6u ce ycnocraBuia Be3a u3Mely mocrojehnx nonaraka Koju cy
MPUKYIJbaHU KIACHYHUM TEPECTPUUYKHM MeTojama U mnojaraka pobujenux ['TIC mepemuma notpedHoO je, Hajmpe,
u3padyHaT napamerpe tpancpopmanuje cucrema WGS84 y JIKC. HakoH BekTOpu3alyje MpojeKTOBaHUX IPaHUIA
ca nocrojehux mommora koje cy ypahene y JKC, Bpmm ce Tpancdopmamuja BEKTOPH30BaHHX KOOPIHHATA
rpannynux JuHuja w3 JIKC y cucrem WGS84 u mpenasu Ha obenexaBawme rpanuna. [la 6u ce pasymena
CYLITHHCKA Pa3jiMKa y METOAOJIOTHjU U mpuctyny koxa ynorpede I'TIC mpujemHuka, motpeOHO je ucrahm ma ce
KOHIIENT ofipeluBama kooparHaTta tayaka, npumeHoM I'TIC TexHHKa, TeHepaIHO ACNH Ha: allCOIyTHO M PeaTHBHO
no3uoHupamwe. Pasnuka nzmely aBe Meroje Mo3uIMOHUpPAka MOXKE W3HOCUTH M 70 200 m, y 3aBUCHOCTH O]l
yclloBa OKpYyKema. M3BeneHnm cy 3akipydnu O u30bopy Merone oOeiexaBama, ¢ OO3HPOM Ha HPUMEHCH
MHCTPYMEHTapHj U KOHKPETHe TepeHcke yciose. JlaTe cy mporeaype 3a oberexaBame y CKIagy ca MPUHIHUINMA
T€0/ICTCKOT MO3HI[HOHNPAbA.

Kmyune peun: RTK (Real Time Kinematic), rpanune IIyMcKuX IHoOapydja, oOenexaBame, TpaHchopMmanuja
KOOp/JMHATa

YBoa

Jo 1960. romune ctpareruja ypelhema W TazfoBama HIYMCKAM MOIPYYjeM
UCKJbYUYHUBO je Omia 3acHOBaHa Ha ruiaHoBuMa pasmepe 1:5000 u Tomorpadckum kaprama
pasmepe 1:10000 no 1:50000 (Kuhosuh /. u parosuh P. 2000). CHumama u obenexaBama
rpaHMIa IIYMCKOI TPHUBPEIHOT IMOJpYyYja, IIYMCKHX Ta3[JUHCTaBa, OJCEKa U OJeJbeiba
BpIICHA CY Y BUAY MOJUIOHCKHX BJIAKOBA KOjU HHCY TOBE3MBAaHU Ca TE€OJICTCKUM MpeKama
TPajHO CTAOMIM30BaHUX Tadaka. [loueTkom JeBeneceTnx roaumHa mnponutora Beka [UC
[IOCTaje He3a00MIa3HO CPEACTBO 3a IPUKa3, OLEHy CTama M JIOHOIICHE OAIyKa 3a
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yrnpasieambe mpoctopoM (Anexcuh u ap. 2010.). [la 6u ymnpaBspame OWIO KOH3UCTEHTHO,
moTpeOHO je CBEe TeolpOCTOpHE MojaTke mpukazatu y okBupy JIKC 3a xopu3oHTamHO U
BepTHKAIHO no3unuonupame. Jepunncame JIKC je memaTHOCT reomeTcke CTpyKe Koja ce
BpIIIM Ha HUBOY JIp>KaBe W MPaTH HOBE TeXHoyoruje u ctanaapae. Ilojasa rexnomnoruje I'TIC,
u3a3BaJia je 3aCUTypHO HajBelin CKOK y re0IeTCKOM MMO3UIHOHHUPAaRy, allk U JI0BENa 10 HHU3a
npobiiemMa yKianama MocTojelinx momaraka ¥ eBHICHIMja MIpeMepa IMIYMCKOT Moapydja ca
NoJIallMa KOju ce MPHUKYIUbajy npumeHoM [ TIC-texHonoruje.

IMocrojehe Tomorpadcke kapTe W TEONCTCKH IUIAHOBH, OWBINUX pemyOiinKa
JyrocnaBuje Hamaze ce y [ayc-KpurepoBoj mpojeknmju becenoBor emumconnma, Koja je
ycBojena mapra 1924 (bopucos u ap. 2011.). [Ipumenom I'TIC texnuka mepema oapelyjy
ce koopauHate yHyTap pedepentHor cucrema WGS84. I'TIC-meTone mMepema, ca aclekTa
reo/IeTCKe TPUMEHe, Jielie ce Ha CTaTHUKy M KnHemaTnuky merony (bopucos u np. 2010.).
Cratyka MeTO/la C€ HCKJbYYHBO KOPHCTH IIPU pealu3alijH TIeoJeTCKUX Mpexa a
KHHEMaTHYKOM METOJIOM ce oapelyyjy KoopAnHaTe IeTajbHUX Tayaka. KnHematnuka Metona
mospa3syMeBa: KHHeMaTHdKy Mmeroay y peamnoMm BpemeHy (RTK-Real Time Kinematic) u
KHHEMaTHYKEe METOJIOM ca HakHagHoM oOpamom mogaTaka (PPK-Post Processed Kinematic).
Onpema koja moxmpxaBa RTK naje mMoryhHocT AuMpekTHOr ouHTaBama KOOpAWHATA H
nozaraka 3a npahemwe u koutposry Mepewa (Hoffman-Wellenhof i dr., 2008). RTK merozna
Mepema ce MOXKE peajlM30BaTh y KOMIUIETY onpeMe 0a3a-M-poBep WM Y CUCTEMY aKTHBHE
I'TIC mpesxe koja ce pa3Buja Ha HUBOY jpxkase (boxuh u np., 2005). Kommier onpeme 6a3a-
u-poBep y cebM mma mMHTerpucaH paamo mojaeMm mwimm GSM mozneM kojuMm je omoryhena
KOMyHHKarja wu3melly ©OasHOr ¥ TMOKpeTHOT TmpujeMHuKa. KomyHukamuja wm3mel)y
mokpertHor I'TIC mpujemanka u aktuBHe ['TIC Mmpexe je omoryhena materpucannm GSM
MOZEMOM. 3axBajbyjyliil YMEbEHULIM J1a Cy TPSHYTHE KOOpAMHATE UCIUCaHe HAa KOHTPOJIEPY
MOKpeTHOT TmpujeMHuKa, ompema RTK Moxe ce kopuctut m y (a3u TEOHETCKOT
obenexxaBama, Tj. IPEHOIICHA MPOjeKTOBaHNX objekara Ha TepeH. Ompema Koja moapkasa
PPK nema moryhHOCT noOmjama pe3ynTara Mepema oIMaxX Ha TepeHy, Beh y kaHmemapuju
MOCJIe lUXOBE HaKHAIHE 00pae.

Ha 6u ce npuxymwbenu ['TIC nopamu ycariacuiu ca mnocrojehinm kaprorpadckum
MaTepujaioM, MOTpeOHO je 00e30equT TpaHc(hOpMAIMOHE MapaMeTpe ca eIUICOHIa
WGS84 na enunconn becena n no npuHIMIMMa KapTorpad)cKor MpecirKaBamba U3BPIINTH
npecinukabame y paBan JIKC.

IIpo6aemaTnka ncTpaKuBama

[InaHupame W aHaNM3a YHYTap LIYMCKOI Ta3OHHCTBA, BPIIM C€ HENOCPESTHUM
MepemeM Ha TepeHy M yrnoTpeOoM BeKTOPH30BaHHMX rpaduukux momiora. BekropuszoBane
IpaHULE IIYMCKUX OJCEKa U OJIeJbeiba Ce TeOACTCKUM TEXHUKaMa U MeTo/laMa 00eNexKaBajy
Ha TepeHy y BUIy IoauroHckux Biakosa. I'TIC TexHuke, ce y3 IOMITOBEkE YCJIOBA IIPU paLy
U y3 aJeKBaTHy METOJy pala, KOPHUCTE 3a MPEHOLICHE MPOjeKTOBAHUX I'PAHUNA IIYMCKUX
OJiceKa M ofieJbera y IMIyMcKoM moapyydjy. IIpobiem obenexaBama mpeacTaBiba YNEHCHUIA
Ja ce mojanu mocrojehinx Kaprorpackux Marepujasia M nopau npukymbeHun [TIC
TEXHHKaMa Haja3e y pa3IMyuTUM pedepeHTHHUM CHUCTEMHMa 32 XOPH30HTAIHO H
BEPTUKAIHO MO3UIMOHKpame. Tpanchopmanujy koopaunara u3 cuctema WGS84 y JIKC u
00pHyTO, HHje Moryhe ypaauTtu 6e3 mperxonHo oapeheHnx mapamerapa TpaHcdopmanyje.
Haxon onpehennx napamerapa TpaHcopMalnyje 3a KapaKTEpPUCTUYHO IIO/pYydje, Ipernasu
ce Ha U3pajy IulaHa o0elekaBama MPOjEeKTOBAaHUX (BEKTOPU30BAHUX) IPAHHLA M T€OAETCKO
CHUMabe.

VYcien HeXOMOTeHe TaYHOCTH T€OIETCKE OCHOBE 38 XOPU30HTAIHO MO3ULHOHHPAHE,
npumena I'TIC texuuka u TpaHcdopmanmja KOOpAWHATA HPEACTaBIba MPOOJIEM T'€OAETCKe
JETAaTHOCTH y CBUM OMBIIIMM jYTOCIOBEHCKHM peIryOIrKama.
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Huwb u MeToae UCTPaKMBabA

Wmajyhn y Bumy 3Ha4aj M BPETHOCTH IIYMCKOT TPHUBPEIHOT MOIAPY4ja, KOHIIETIT
3alITUTE, BPEIHOBAha, CTPATECLIKOT TUIAHUPAkha U YIpaBJbalba HE MOXKE Ce OCTBapuUTH 0e3
u3paze jeIMHCTBEHOI HH(GOPMAIMOHOT cHUcTeMa wesnor mnoapydja. OCHOB CBakor
I/IH(I)OpMaI_II/IOHOF CUCTEMA YMHE NToJaly O IMPOCTOPY NPUKYIIJbEHU I'COACTCKUM METOJaMa U
texHukama (ManojmoBuh u gp. 2010.). da Ou T mojauu OwiM WHTEPHIpPETHpPAaHU Ha
Haj0OJbM HAYMH, TOTPEOHO je M3BPLIMTH HHXOBO MPUKYIJbAlkE Yy CKIATy ca MpaBHIIMMa
reojercke aenarnocty (Mycraduh u qp. 2009.).

Lluse OBOr WCTpaXKMBamba jecTe IPHUKA3 HEONXOAHHX TE€OJCTCKHX AKTHBHOCTH
MOTPeOHNX 32 YCHOCTaBJbaEk€ M OAPXKABAKkE AWTHTAIHHUX KapTOrpa)CKUX IOATOTa Y
JEIMHCTBEHOM T€0/IETCKOM peepeHTHOM CHCTEMY, ca TOCEOHNM OCBPTOM Ha METOIOJIOTH]Y
n Moryhrnoctn mpumene I'TIC texHomoruje y oOenexaBamy IMPOjeKTOBAHUX ITYMCKHX
MOJINTOHA W CHUMamby KapaKTepHUCTHYHHX JIeTaJbHUX Tadaka. Jla Ou ce ycmocraBmia Besa
u3Mely nocrojehnx moxaraka Koju Cy NpUKYIUbaHH KIIACHYHUM TEPECTPHYKUM METoJaMa U
nogaraka pnooujennx ITIC MmepewmrMa noTpeOHO je mpeABUAETH cliieieche reomercke
AKTUBHOCTH:

1. OnpehuBame napamerapa tpanchopmanuje cucrema WGS84 y IKC u o6pHyTO,
2. Bekropusauujy npojekToBaHux rpaHuiia ca nocrojehux mojora xoje cy ypahene
y AKC.

3. TpaHchopmanujy BEKTOPH30BaHMX KOOpAMHATa TpaHnyHux juHHja u3 JJKC y
cucreM WGS84.

4. ObGenexaBame TPaHUIIA IIYMCKUX Ta3JHHCTABA, OJCEKa W OJEJbEHa MPUMEHOM
I'TIC Texnuka

1) Oopehusarwe napamemapa mpancgopmayuje cucmema WGS84 y AKC u obprymo,

3a oxpehuBame cemaM mapameTapa TpaHchopmanuje (¢, ¢, ¢ -TpH TpaHCHaluje, o, f, y-Tpu
poraiuje u s- (akTop pazMepe) YHyTap HEKOT JIOKAJTHOT MoIpydja MOTpeOHO je 00e30eauTu
HajMame TpH Tadke rocrtojehe reopercke ocHOBE Koje MMajy KoopauHarte ofpelene y paBHH
JKC n y cucremy enuncouna WGS84.

3a cBaky Tayky i 4Hje Cy KOOpauHate mo3Hare y cucreMy WGS84 (X;
U HETEOIEHTPUIHOM bBecen-0BOM EeNUIICOU Ty (X,-B”‘“”, Y,-B“SE/,Z[BE‘“E’), MOXE CE€ HAIUCATH

uspas (Leick i van Gelder 1975 i Grafarend, Knickmeyer i Schaffrin 1982):

WGS84 WGSSs4 WGS84
Y Zi )

tx
iy
X[Bessel X[WGS84 1 0 0 0 _ ZiWGSS4 Y[WGSB4 X[WGSS4 ‘.
iBessel _ iWGS84 o1 o Zl_WGSE4 0 _ XiWGsx4 iWGS84 o
Z[Besxel ZI_WGS84 00 1]- Y[WGSS4 XI_WGSS4 0 ZI_WGS84 B
4
L s =
,
i=l.n,n>3 (€8]
H3 KOra cjie€ JTMHeapHe jeHHa‘lI/IHC nompasaka:
Vs =y~ ZI_WGS84 B+ Y[_WGSS4 7+ X[WGSB4S . X[WGSS4 _ X[Bessel
Vyso =1, Ziwc;sx4 - XfWGSX4 v+ YiWGsszt o+ YI_WGsx4 _ YiBexer i @)
Vs =1, )’,WGSX4 a+ XiWGS84 B+ Ziwcsxzt o+ ZjWGSS4 _ ZiBessel

OYHKIMOHAIHN MOZET (2) y MAaTpUIHOM OOJIHMKY TIIacH:
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v=Ax+f 3)
re cy:
—  BEKTOp MOMpaBaka:

T _
vV = [ VX]Evm'I VYIHew/ VZIEvm'I e vaurv('l VY”BW»/ szmer ]

—  MarpuIa KoeduiujeHara:

0 0 0 _ZlGS8 yWGSSA yWGSse ]
0 1 0 zVoss 0 _x[ross yGss
0 0 1 —yross  yWGss 0 ZIvosss
A= P : : : :
0 0 0 _ZVGSs yHGSsA yWGSse
01 0 7' 0 _xasss yhGssa
01 - YnWG584 X";VGS84 0 Z::VGS&‘

—  BEKTOp HEMO3HATHUX ITapaMeTapa:
X'=[t t, . o B y sl
—  BexkTop cio6ogHMX YiIaHOBa

= [ XlWGSS4 _ XlBessel YIWGS84 _ YlBessel ZlWGS84 _ ZlBesxel

wGS84 Bessel WGS84 Bessel WGS84 Bessel
X n -X n Yn - Yn z n -Z n ]

Meron HajMambMX KBalpaTa IpuMmemyje ce Ha (yHkumoHanHu mojen (3). OueHe BekTopa
HEIIO3HATHUX IapaMeTapa caja ce Mory JOOWUTH U3 jeJHaYHHE:

X =—(ATA)'ATf 4)
Kagma ce omene x yBpcte y jenHaunHy (3) noOmjajy ce MOIpaBKe OJHOCHO OJCTyIIama, Ha
Taykama 3a padyHame Iapamerapa Tpanchopmanuje:

V=A% -+ )

KonTtpona paduynama MOXKe Ce U3BPIIHUTH IPOBEPOM jeTHAKOCTH

viv=f"f+n"x. ©)
ExcniepumeHTanHa BpeJHOCT peepeHTHE CTaHAapAHe AeBHjaIuje 100uja ce mo GopMyu

O'O:VVTV/r N (7

rae, Opoj cereHu ciaoboze u3Hocu » =3n — 7.

Koopaunare y JIKC cy onpeheHe kinacuuHUM TepecTpHUYKMM MeTojama M 3a
nojpyyje OMBIIMX jYrOCIOBEHCKMX pemyOivka wuspaxasajy ce y Ilayc-Kpureposoj
NPOjeKIMj MEpUIMjaHCKUX 30HA, HereoleHTpUyHor becemoBor enunconpa.  OHa
NpeNICTaBba IIONPEYHY LMIMHAPHYHY MPOjEeKIHjy KOJ KOje ce MepHIHjaHCKe 30He
enmunconaa (mmpuHe 3 cTemeHa) mpecnukaBajy Ha paBaH (OKuskoBuh 1972). Jla 6m ce
n30era padyHama ca HETaTUBHUM BPEIHOCTUMA Y-KOOPIHMHATE, MOYETAaK KOOPIHHATHOT
CHCTEMa MMa BPEIHOCT T0 yV Y TauKH 3a Kojy je: Opoj 3oHe yBehan 3a 500000 m. (amp. y
ceamoj 30HU TO je 7 500 000 m). IIpencraBipame Tauaka y CUCTEMYy KOOpAWHATA Y pPaBHU
NpojeKLrje BpIIM ce MNpaBOyIJIMM KoopAuHatama y, X. MuBepzna Gauss-Kriiger-oBa
MPOjeKIFja Mmoapa3yMeBa IPOjeKTOBamkEe TauKe M3 PaBHH MPOjeKidje ca KoopauHaTama (Y,
X) Y TauKy Ha eMICOMIY ca KoopauHaTtama (X, yFesd = 75y (Kupkouh 1972).

Koopaunate mocrojehe reonmercke omHoBe y cucremy WGS84 ce Mory oxpenuTu
MIPUMEHOM CTaTHUKe MeToJie onaxama U npuMeHoM RTK cepsuca 3a teputopujy npxase y
K0joj je pa3BujeHa aktuBHa [ TIC Mpexka. AKO je 32 YUTaBy TCPUTOPH]Y ApKaBE PeaTn30BaH
ceppuc RTK y OKBHpYy akKTHBHE Mpexe, Mepema Ce BpIe ca HajMambe jSTHHM
nBodpexBeHTHHM [TIC mpHMjeMHHUKOM, T€0JETCKOr TUIMa, ca MoryhHomlhy HCTOBpeMEHOT
IpujeMa CHTHaja ca HajMame ocaM carenuta. MUHHMAaTHO BpeMe palia YCIOBJBCHO je U
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MOCTU3A-EM TAYHOCTH O] 2 CM Y XOPH30HTATHOM H 3 ¢m Y BEpTHKAIHOM CMHUCITY. bpojHI
MoKa3zateJb KBAJIWTETa TeoMeTpHjckor pacmopena carenuta (PDOP), mpunukom mepema
Mopa OuTH MamH 011 6.

2) Bexmopusayuja npojexmoganux spanuya

Jlo mojaBe AWTUTAIHUX Kapara, yIpaBJbaibe MIYMCKHM IOJpPYYjeM BpIICHO je
WCKJbYYMBO Ha aHAJOTHUM rpaduukuM noanorama paszmepe 1:5000, 1: 10000, 1:25000 u
1:50000. JIa ©u ce ypaheHM TNpOjeKTH IUIAaHWpama W Ta3/ioBama IlyMama MOTIH
pea30BaTy y CKJIaly ca HOBUM TE€XHOJIOIIKUM HAIPETKOM IOTPEOHO je N3BPLINTH BUXOBY
BeKTOpH3anujy. Bekropuzanuju nperxone ckeHupame 1 reopedepenippame. CKeHUpame je
npeTBapame rpaguyukux IUIaHOBAa y AWTUTAIHH OONHK. ['eopedepeHuupame je mocTymnak
MOCTaBJbaha MPETXOJAHO CKECHHPAHHMX TIpaUUKUX IUTAHOBA y TEOPUjCKH KOOPIHHATHH
CHCTEM Tj. cHCTeM y Kome je ypahena rpadmuxa mommora. [locmemmm Kopak je
BEKTOpH3allHja KOjOM ce CKeHHpaHe U reopedepeHIpaHe HOoIore 3 pacTepCKOr MPeBoe
y BeKTOpcKH 00HK. 3a 00pary CKeHHpaHUX IUIAHOBA y yIoTpedbu cy npodecnonaran CAD
arnaru 3a u3pagy 2D u 3D mozena.

3) Tpancghopmayuja eexmopuzosanux xoopournama us /JKC y cucmem WGS84
I'paHnuHe NWHMjE YMje Cy KOOpIUHATE BEKTOPH30BAHE Ca IMOCTOjeUMX IUIAHOBA Y OKBUPY
JKC, ymorpedbom ITIC TexHosiorHje MOry ce OOCIEKHUTH Ha TEPEeHy. 3a HHHXOBO
obenexxaBambe MOTPEOHO je M3BPIIUTU TpaHc(opMalujy KOOpAMHATa BEKTOPH30BAHUX
rpannyHnx guaKja U3 IKC y WGS84. Tpanchopmaryja ce Bpii Ha OCHOBHY ojpeheHnx
napaMerapa TpaHchopmalyje y ABa Kopaka:
L WuBep3na ["ayc-Kpureposa mpojexnmja (OKuskoBuh 1972), kojom ce Tauke ca
koopamHaTama (v, x) y paBHH [ayc-KpurepoBe mpojekuuje IMpojekTyjy y Tauky ca
KOOpAWHaTaMa (X,—B assel -y Bessel 7 B m"l) Ha CITUIICOU/TY.
IL. Pauyname mpaBoyrnux JlekapToBux koopawHata onpeheHux y cucremy WGS84
(X708 y, WGS8E - 7 MOS8 "Ha ocHOBY ompeljeHrx mapamertapa TpaHcdopMalimje.

4) Obenesicasarwe epanuya npumernom I'TIC mexnuka

OobenexaBame MPOjeKTOBAHNX TpaHUIA U 00jeKkaTa Ha TepeHy, 00aBJba ce Ha OCHOBY
ypal)eHor reoseTcKor mpojeKTa M cacToju ce O] NMpHIIpeMe MNojaTaka 3a olelexaBame H
Mepema Ha TepeHy. KBannTer obenekaBama 3aBUCH O/ TAYHOCTH IPUIIPEMIBEHUX MOAATaKa
M O]l TaYHOCTH MHCTpyMeHaTa M mpubopa ca kojoM he ce M3BpHIMTH OOelekaBarme Ha
TepeHy. Ta4HOCT MPUNPEMIBCHUX TOJaTaka je y TUPEKTHO] BE3W ca pa3MepoM Y Kojoj je
moyiora ypahleHa m oHa ce Moxke cpauyHatH kao +0,2 mm-M, rme je M- mMeHWMia
pasmepe. Y ckiaxy ca MOMEHYTHM TadHOCT O | m ce MOKe OYeKHMBATH 3a KapTe pa3Mmepe
1:5000.

TadHOCT MHCTpYMEHTa M MPUOOpa KOjUM Cce BPIIN O0elie)kaBame MPOMHCaHa je Ol
cTpaHe Mpou3Bohava U By NePUHUITY YCIOBH MPH paxy W METoHIa paaa. 3a odenekaBame
ynotpebom ITIC TexHuka, MOTPeOHO je 1a Ha TEpPEHY IOCTOjU MMOy3[aHa MPOCTOPHO
onpeljeHa Mpeka Te0JeTCKUX Tadaka. Y OKBHPY OBE aKTHBHOCTH TpeOa MpEeNBUICTH H
JOIyHY IOcTojehe reogercke Mpexe 3a XOPH30HTAJIHO M BEPTHKAIHO IO3UIMOHHPAE
co03MpOM Ha TEXHWYKE crieruduKalrje MHCTpYMEeHTa U npudopa koju he ce kopuctutu y
npotecy obenexxaBama. [1aH reogeTcKUX aKTUBHOCTH y OKBHUpY oOelexaBama ce uzpalyje
npeMa 3a1aToj TAYHOCTH.

IHoapyyje ucTpaxuBama

ITo cBOM MOJIOXKA]y, U3IJIELY, KApaKTEPUCTHKaMa Ka0 U MHTEPECAHTHOM OUJBHOM U
JKMBOTHELCKOM CBETYy Bpillauke IIaHHHE MNPEACTaB/bajy BeoMa CHEMU(PHYHO MOAPYYje
Bojsoaune (P. CpoOuja). 3aBox 3a samrtutry npupoae CpoOuje je okrodpa 2005.romuue
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npunpemuo Ctyaujy 3amrure: [Ipeneo msyszeranx omnuka "BPIHAYKE ITJIAHUHE", kao
MPUPOIHO JOOPO O]l M3Y3eTHOI MpHUpojAHOr 3Hayaja. CTyAMjoM 3alITUTE je npeaBubjeHa
u3pazga reorpadckor MHGOPMAIMOHOT CHCTEMa M YCIOCTAaBJbaké MOHMTOPUHIA PETKHX
OupHMX BpacTta U 3ajequuia. O npeseny u3y3eTHUX olunka "Bpinauke nnanunHe", crapa ce
JaBuo npenyxehe "Bapom". Ommruna Bpmar je 2009. rogune mo0uia AOHAIHjY O
EBporicke komucuje 3a m3pamy NpojeKkTa 3allTUTE IyMa Ha BpInaukuM IiaHMHaMa Of
noxapa. Y OKBHUpY IPOjeKTa, Ha0aBJbEHHU Cy M CATEIMTCKH CHUMIM pe3oiyunuje 0.6 m, u3
yera je U3BeJCH OpTO-(pOTO CHUMAK INIYMCKOT Tojaca y pazmepu 1:5000 (Cruka 1).

Cauka 1. Carenurcku cHEUMak noapydja ucrpaxusama "BPIIAUKE ITJTAHUHE"
Pesynratu ncrpaxknpama

VY mwby craBipama MPUPOTHOT 100pa y (YHKIM]y 3aIUITHTE HOTPEOHO je ypaauTH
obene)xxaBame CHOJBHUAX TPaHMIA 3alITHNEHOT MPUPOJHOT 100pa, Kao M IpaHHIa pPeXKuMa
samrrute 1, I m 11 crenena. ¥V moapydjy mox pexxumom 3amrture | cteMeHa ce HCKIbYTYjy
cBM 0OmMIM Kopumhema M aKTHBHOCTU M3y3€B HAayYHHUX HCTPaXXKMBamkba M aKTUBHOCTH
KOjlMa ce chpedvaBa Jerpajaldja U HecTaHaK OCETJ/bMBHX ekocucTema. To cy moapydja
3HAYajHUX LOIYMCKUX €KOCHCTEMa, CTAaHMINTA 3alITHNEHUX OMJBHHMX U KMBOTHESCKHX BPCTa
ca creu(pUYHUM TeoIOKUM, TeoMOPGOIONIKUM U APYTUM OOJIHIMMA U IojaBama. Pagose
Ha o0eJje3aBamy NIPOjeKTOBAaHUX IPAHUIIA pe3UMa 3aIITUTe, U3BOAM MHCTHTYTa 3a reoesnjy
u reounpopmaruky, I'paheBunckor daxynrera YHusepsurera y beorpany y ckiamy ca
METOJIOJIOTHjOM H3BOhjera TeoNeTCKUX AaKTUBHOCTH W NPUHLIMIHMMA YCIOCTaBJbakha
MH(OPMALMOHOT CUCTEMA.

1) Hapamempu mpancgopmayuje cucmema WGS84 - JIKC

Ha mnoapydjy mnpupomnor pnodpa Bpiiauke mmanune, 3a moTtpebe oapehuBama
mapaMeTapa TpaHchopMaldje, U3BOJEHO je 8 TPUTOHOMETPHUjCKUX Tadaka. KoopauHate
tayaka y JAKC cy npeysere U3 TeXHHUYKE JOKyMEHTaIlMje 3a I'PaJCKy TPUTOHOMETPHjCKY
mpexy K.O. Bpman. I'TIC mepema Ha Taukama 3a onpehuBame TpaHCHOPMAILMOHUX
nmapamerapa ypahena cy meromom RTK y mpexun mepmanenTHux cranuna PemyOmimke
Cpbuje (ATPOC). Mepema cy peanm3oBana npujemaniuMa Tprmoie 5700. Omaxame Ha
CBUM Taukama pal)eHo je ca 1eHTpa, y Tpajamy ox 30 ¢ 3a mHTepBan peructpanyje 1 c y tpu
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noHaBJbama. JlepuHuUTHBHE BpemHOCTH KoopauHara, (Tabema 1) moOmjeHe cy mpocTom

APUTMETUYKOM CPEJUHOM U3 TPU MEPEHA
Tabena 1. KoopauHate Tauaka 3a padyHambe apamerapa tpancgopmarije
K.C. JKC WGS84

TauKa y [m] x [m] H[m] | x7GS84 ) | y7O5% [m) | 26884 )

386 7526952.58 | 4999889.20 | 93.14 4197538.798 | 1639696.101 | 4498671.177
114 7536284.35 | 5001026.86 | 158.41 || 4193454.470 | 1648125.020 | 4499487.511
832 7539125.80 | 4999998.68 | 183.06 | 4193121.783 | 1651041.128 | 4498767.893
750 7528509.10 | 4998236.69 | 348.01 | 4198237.700 | 1641632.971 | 4497681.241
735 7526004.48 | 4997632.10 | 399.38 | 4199576.175 | 1639463.993 | 4497298.483
753 7529333.49 | 4993047.92 | 160.45 | 4201248.448 | 1643671.040 | 4493882.907
57 7534689.00 | 4993841.83 | 219.17 | 4198825.242 | 1648478.088 | 4494466.338
497 7532876.07 | 4999254.80 | 640.58 | 4196177.341 | 1645522.045 | 4498592.142

Cenam mapamerapa Tpancopmanuje je oapeherno mo meronn MHK 3a cuctem onx 24
jennaunHa obsuka (1), y nporpamy GeoTrans nporpamckor nakera WizardSoft BETA 1.0
(Bozinov, 2010). Bpegnoctu Tpancdopmannonud napamerapa cy:

*  Tpancmammja (t, = -566,13607 m, #,=-159,12400 m, ¢ =-761,22731 m)
* poramuja (o= 5,30343", f= 8,60525", y=-9,16316")

*  pasmepa (s=31,73752 ppm)

*  cranpapna jenunuie Texune ( oy = 0,090 m).

CpadyHaty mapameTpu Tpancopmaliyje rokasyje oJcTynama Mama of +1 dm mro je
y TpaHHI[AMa TAYHOCTH MpeIBHNEHHX T'COAETCKUX AKTHBHOCTH Y KapaKTePUCTHYHOM
HOAPY4jy.

2) Bexmopusayuja npojexmoganux spanuya

CkeHupann Kartacrapcku IutanoBu (pasmepe 1:2500), 3a mpupomnHo 106po Bprmauke
IUIAaHWHE Cy npey3eTH of HazyesHe Karacrapcke ciryx0e. Hakon npey3nuMama cKeHUpaHUX
MoJytora M3BpIIEHO je TeopedepeHnupame M BEKTOpH3allMja TPaHUYHUX JIMHUjA TI0]
pexxuvuma 3amTure. O6pana je m3BpineHa y codprepckom makery AutoCAD.

3) Tpancghopmayuja sexmopuzosanux epanuynux aunuja us JKC y cucmem WGS84

3a TpaHchopMalnjy KOOpIuHaTa TPaHUYHUX JHHHUja mon pexkumuma 3amrute n3 JKC y
WGS84, ymorpebireHH Cy TNPETXOTHO CpadyHATH TpaHC(HOPMAIMOHH MapaMeTpH.
Tpancpopmanuja je ypahena y codreepckom makery WizardSoft BETA 1.0. (Boxunos
2011)

4) Obenesicasarve epanuya npumernom I'TIC mexnuka

[Tnan oGenexaBama Tpeba Ja caipku: M300p MHCTpYMEHTa M NPHOOpa W HayMH
BUXOBOI WCIUTHBama; JIe(QHUHUCABE KPUTEPHjyMa TauyHOCTH Mepema M JeduHHCcame
napamerapa 3a npaheme 1 KOHTpOJy oOenexaBarma. Y CKIaay ca CHTYallljoM Ha TepeHy H
nocrojehom orpemoM (koja je y BnacHumTBy VIHCTUTYTa 32 reoie3njy U reonHpopMaTuKy),
OJUTy4YeHO je Jla ce reosieTcko obenexaBama u3Bpiu [ TIC Texnnkama mo metoan RTK y
cucreMy 0a3a-m-poBep. Kommurer ompeme, 6a3za-u-poBep je ¢upme TOPCON u wmma
moryhHoct mpujema curaaga GPS/GLONASS. Ilpe m3macka Ha TepeH H3BpIICHO je
METPOJIOIIKO HCIUTUBAKE M NPOBepa paga CBHX KOMIIOHEHTH CHUCTeMa 0a3a-H-poBep Y
akpeauToBaHoj Metpodorikoj tadoparopunu MJI160 y cknany ca cranaapaom ISO 17123-
8:2002.

V3 kymwseny ITIC ompemy mnpomsBohau je HCIOpydno U CO(TBEPCKH MaKeT
Integrated Controller Software TopSurv, koju mpeko KoHTposepa aAehUHHINEC W MIPATH Paj
KoMmIuieTa 6aza-u-posep. [Iporpam nma yrpalene momayie u npouepype 3a aehuHUCeHE:

*  KOOPJHMHATHOT CHCTEeMa (EJIEMEHTE SIUICONAa U KapTorpad)CKUX MPOjeKITHja),
*  KpHTEpHjyMa TaYHOCTH Mepema (Survey Parameters) u
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*  KpuTepHjyMa 3a npaheme u KOHTpory obenexaBama- Stakeout Parameters .

Mepeme y GPS-RTK pexxumy 3aBuCH U 0J1 KOMyHHKaIlFje u3Mel)y npujeMHnKa 6asze u
posepa. Komynukarija je ycrmocraBisena moaemoM (Pacific Crest PDL, 450-470 MHz) u
OTpaHMYCHA je OOJIMKOM Tomorpadrje 1 METPOJIOUIKUM YCIOBIUMA Ha pacTojame 10 6 km. C
003upom Ha TexHuuke cnenudukanuje nocrojehe I'TIC ompeme, y OKBUPY OBE aKTHBHOCTH
ypaljena je u gomyHa moctojehe reogercke mpexe. Ha TepeHy cy pekorHocuupane u
crabunmszoBane Tauke (Bl i B2). KoopauHarte HOBO IMPOjeKTOBAaHUX Tadaka Cy ojpeljeHe
I'TIC TexHuKama.

[TnaH reofeTCKUX aKTHBHOCTH Y OKBUPY o0elekaBama ce u3palyje mpema 3a1aroj
tauHocTH. VMajyhm y BUIy mOpekio M TayHOCT KOOpAWHATa Koje Tpebda OOENeKHUTH y
mrymckom noapy4jy BPITAUKUX ITITAHUHA, nedunucanu cy cnenehu:

» IlapameTpu mMepema:

0 IIpemm3HOCT: XOpH30HTAHA U BEpTHUKAIHA Iperu3HoCcT — 0,5 m,
0 Ilpukympame momaTaka: Kopumrheme caMo (HUKCHX (a3HIX Mepema ca
0a3e u poBepa

+ Ilapametpu obenexaBama:

0 TonepaHuuja XOpU3OHTAIHUX IyXKMHA (Ipeia3ak Ha TpaUukd pPexum
obenexaBama IpH yaacky y kpyr ox 1,0 m ox oxpenumra)

[To 3aBpiIeHNMM NPUIPEMHUM DPAJOBHUMAa HAIPaBJbCH je IUIaH obenekaBamba I'PaHUIlA
pekuma 3amture | crenena no noapyyjuma (Cuka 2):

*  Kamenonowm (baza:B1),

*  Bpmauka kyna (baza: 735),

*  Jlucuuwmja rnasa (baza:B2),

*  DBaxos Bpx (ba3a:750),

*  Mapkogarn (baza:832) u

*  Tynypuuku Bpx (baza:497).

OoenexaBame je BpuieHo HaBolheweM ['TIC poBepa y ckiany ca yHETUM KOOpAMHATaMa
3a CBaKy JIOKALHjy moceOHO. 300T TEIIKKUX YCIIOBA pajia, 3a HaBUTAIlHNjy Tadaka Yy HOjeIHHUM
(azama on Benmke momohn GO je KaTacTapCKH IUIaH M UCKycTBO pamauka JIT Bapomr xoju
OpHHY 0 Ipezelly U3y3eTHHX OJUIMKa Bpinauke manuse.

Y ToKy oOenexaBamba HHCY PETMCTPOBaHU HEHOCTAlM y (QYHKIMOHHCAY paauo Bese
u3meljy 0a3HOT ¥ MOKPETHOT MPHjeMHHKa. Pasiior 3a To mpeacTaBiba YHHCHUIIA Ja j€ BHXOB
MelyycoOHu mosoxkaj 0o 100po MPOjeKTOBaH U Y CKIIAJLy Ca yCIOBHMA KOje 3aXTeBa POJIUO-
KOMYHHUKaIMja (MakCUMAJIHO pacTojambe of 0a3e um3Hocwio je 2,5 km). IIpobnem je
NpEe/CTaBba0 HENOBOJbAH Opoj caresiuTa, YWju Cy CHUTHAIM y HWCTO BpeMe OWiH
pEerHCTpOBaHU y NMpHjeMHUKY Oa3e W poBepa. Ha mucruiejy KoHTponepa ce MOrjia yOuUHuTH
HeomeraHa Be3a ca catenutuMa GLONASS toxom mepema. Komynukanmja ca I'TIC
carenuTuMa je Omna HecraOwiHa. Y NIWJBY MOCTH3ama 3aJaTUX KPUTEPHjyMa TauHOCTH
obenexaBama, mpujem curHama ca ['TIC carennra y Behem ey Mepema je HCKIbYINBaH.

Jla Ou ce pazymerna CyIITHHCKA Pa3jiMKa y METOAOJIOTHjH U MIPUCTYIY KOJI yrorpede
I'TIC npujemuuka, notpedHo je ucrahu aa ce koHuent oxpehuBama kKoopaMHATa Tadaka,
npumenoM I TIC TexHMKa, TeHEPAIHO e Ha: arllCOMYTHO U PEIaTHBHO MO3UIIMOHUPAILE.

ATICOITlyTHO TO3MLIMOHHMpame IojapasymMeBa Mepeme mnomohy jemnor [ITIC
npujemHuKka. OBaj peXUM paja HE 3aJ0BOJbAaBA I'€OJIETCKE NPHMEHE M IPBEHCTBEHO j€
npensuleH 3a HaBHUTALH]y. Y alCOTYTHOM IO3HIMOHUPAKY MOXKE ce MOCTUhH TayHOCT 2 m
-30 m.



Cimmka 2 I'pannna pexxuma 3amrute 1 crene

Hduckycuje

PenatuBHUM no3unpoHupameM ofipelyje ce Monokaj y OJHOCY Ha TayKy reoIeTCKe
OCHOBE, KOja Ce yCBaja Kao MMOYeTaK. PelaTHBHO MO3HI[MOHUPAE [OAPa3yMEeBa, MEPCHE Y
HCTOM BPEMEHCKOM HHTEpBaJly Ha 0ap /iBa NMpUjeMHHUKA Y KOMIUIETY 0a3a-u-poBep WU Y
oxsupy nepmaneHeHtHe I'TIC Mpexe. Y3 HOLITOBamE YCIOBa pajia y OBOM PEKUMY MOXKE
ce nocTrhu IEHTUMETAPCKa TaYHOCT.

T T T
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Cnuxa 3. [Ipuka3 nuauje obenexene MerogoM anconxyTHor I'TIC mosunuonupama
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o 0 200 m

3Hayvaj IpeuIokeHe METOJ0NIoTHje ofenexaBama I'paHuNa, npukazaheMo Ha Jemy
Jlucuuuja rnasa.

Topune 2009, y pexuMy arcolxyTHOT MO3UIIMOHUPAha M3BPILIEHO je 00enexaBame
Ha OCHOBY ri1o0amHKX napamerapa tpancdopmanuje oapelennx 3a ueny Penyonuky Cpoujy
(emoxa 2003). YkymnHa ay>xuHa o0elexeHe JIMHuje je oko 2 km.
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Hapemne rommmue, y3 ymotpeby ['TIC mpujemHmka reomercke TauHocth u RTK
METO/Ie, U3BPIICHO je 00eekaBambe LEeNOr 1ojaca, YKbyuyjyhu u Jeo o0enexeH npeTxoHe
roauHe. Pesynraté cy mokasanu BeNMKO Heclarame usMmelhy nBe emoxe Mepema. Opa
pa3nuka ce Moxe youuTH Ha genmoBuma 1, 2, 3 u 4 (Cmuka 3.). ¥ memy | u 3, jacHO ce
youaBa rpy0ba rperika o0elie)kaBama, Koja ce MOXKE 00jaCHUTH MOTPEIITHOM OPH]jCHTAIM]OM
ocobe Kkoja je BpiIwiIa oOelekaBamke M Koja ce KpeTada Kpo3 moapydje. Ca acrekra
T'€0JIETCKOT TIO3MIIMOHUPAMIba, MEpeha ca TPyOHM Tpellkama ce HCKI/bYdyjy W abe He
aHamm3upajy. 3a neo 2 u 4, y AutoCAD-y je u3BpIeHO rpa)uuko OUYUTaBamE OJICTYIamha
obenexeHe JMHUjEe 01 pojekroBaHe. Hecnarame ce mpouemyje 10 50 m. Ako ce y3me y
003Mpe TayHOCT TEOJETCKUX MOJJIOra, OBO HECJarame MPEACTaB/ba YTHUIA] MOTrPEIIHO
n3abpane merone I'TIC Mepema W yTHLA] HENpaBWIHO onpeleHHX mapamerapa IaTyMcKe
tpanchopmannje WGS84-IKC

3akibydak

IIpupomno mobpo BPIIAUKE TIJIAHUHE, ca cBuM cBOjUM KapaKTepHUCTHKama
MOKPHBA TIPOCTOP Y KOME HAWJIA3MMO HA BEJIMKY Pa3HOJMKOCT Y CMHUCIY: MOP(HOIOLIKOT
W3IIIea, reosomke rpahe, M3BOPHUX JKUBOTHUX 3ajeJHHUIA W OYyBaHH (DOHI ayTOXTOHE
¢rope n dayne. llyme na moapyyjy "BPIIAUKE ITUIAHMHE" cy mumhapcke u mo
MOpEKIy ydecTByjy Kao: Bucoke (1,72%), mzpanmuke (89,54%), BEmITaYKH MOAUTHYTE
(6,12%) u mmxape (2,62%). Bucoke myme (Xpact (Qyepiyc), Jluna (Tunma), Byxsa
(®aryc), JaBop (Arep)) Kao HajKBATMTETHUjE MPHUPOIHE MIYME CYy JIOUUPAHE y PEKUMY
3amTHTe | cTeneHa, Koju je Tpedaao 00eIe)KUTH TeOAeTCKUM MeToaMa 1 TexXHuKama. Kon
IIpaBJbemba IJIaHa 1 IporpaMa oderexaBarma Ha pacroyaramy cy Ouie JBe MOryhHOCTH:

*  KJIaCHYHHMM TEPEHCKHM METoJaMa y3 IIOMOh ToTalHe cTaHuIe U
» ynorpebom texuuka ['TIC.

VY cknany ca reMHNCaHUM KPUTEPHjyMUMa TaYHOCTH, Y 00€ BapujaHTe MOTpeOHO je
00e30epuTH T'e0JIeTCKY OCHOBY M HAaIpaBUTH IUIaH oOenexaBama. [IpojeKToBambe TeoaeTcKe
OCHOBE 3a TOTpede Mepera KIIACHYHUM TePEeHCKHM MeTo/iaMa H 3a npuMeHy TexHuka RTK-
GPS/GLONASS ce npHHIIUIHjEITHO pa3HKyje.

VY cnyuajy ako ce muranmpa ynorpeba meroge RTK, Ha TepeHy je mpeBacxomHO
HOTpeOHO  caryieflaTh  OKpYXKele,  HCIOMTaTH  IIPUjeM  CaTEeIUTCKUX  CHUTHaja
(GPS/GLONASS) u xomyHHKauujy usMmel)y 0a3HOr ¥ TOKPETHOT TpHjeMHHKA WIH
KOMYHHKaIljy ca KOHTpoiHUM ueHTpoM aktuBHe [TIC wmpewxe. Kpamurer ITIC
MO3HUIIMOHMPAha 3aBUCH O] YUTABOT HU3a U3BOPA CHCTEMATCKUX M CIIy4ajHUX Ipellaka Koje
YTH4y Ha Ta4HOCT Mepemwa. IbHX0oBO MOpEKI0 MOXXe OWTH y HAaBUTAIMOHMM MOJalUMa,
cpeauHM npoctupawa curiana, win camoM I'TIC npujemuuky. Edekru mojenuHux msBopa
rpeiiaka BeoMa Cy pasiH4yuTH, U Kpelly ce y pacroHy o HEKOJMKO AeluMeTrapa ma Jo
HEKOJTMKO JICCeTHHA MeTapa.

OHO 0 YeMy ce MOpa BOJWTH pavyHa je yKJIamame NPUKYIUBCHUX MOJaTaka ca
nojalyMa KOju ce Haiase Ha MmocTojeliiM reoleTCKHM mojiorama. Tu monauny npumnanajy
PasIMYUTHM peQEepeHTHMM CHCTEHHMMa M Ja OW ce MOINIM TOPEOUTH IOTPEeOHO HX
napaMeTapcKoM TPaHC(HOPMALHjOM JIOBECTH y UCTH CHCTEM M IIOTOM aHAJIHM3UPATH EHUXOB
kBayureT (Munanosuh M. n Mpkma M. 2007.). Haunn onpehuBama cemam mapamerapa
TpaHc(hopMaIHje je U3I0KEH Ha KOHKPETHOM TIPHMEPY ca MUJBEM Ja Ce yKaxe Ha HMOoTpedy
HOIITOBaKka MPUHLMIA T€OAETCKOT MO3UIHOHUPaka Y OKBUPY yCIOCTaBJbaba Ieorpad)cKor
uHpopmanmoHor cucteMa. HexoMoren KBaJuTeT MocTojeue reoIeTCKe OCHOBE Ha MOJIPYYjy
P. CpbOuje namehe motpeOy mnapiujasHor oapehuBama mapamerapa TpaHchopManuje u
CTaJIHy MPOBEPY yCaraleHOCTH MPOjeKTOBAHUX U OBEJISKEHUX KOOPIHHATA.

Kana ce roBopu 0 TauHOCTH TpaHHYHE JIMHHUjE, KOjy je MOTpeOHO 0OeNexuTH y
IIYMCKOM OKpYXEly, Hajipe Tpeba y3eTm y o003up Ha KOjUM MoJJloraMa je OHa
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NpOjeKToBaHa. AKO je TO IIYMCKO HPHPOIHO MOAPYYja U NMPEACTaBIba TPAHUILy Ta3JIUHCTBA
KOja je mpojexToBana Ha Tonorpadckum kaprama pazmepe 1:50000, cBakako ja je 3a HEHO
obenexasame Moryhe xopuctut Metoxy ['TIC ancomyTHOT MO3UIIOHUpaka ca TI00aTHUM
napamerpuMma TpaHcopMmanuje. Mehytum ako ce o reomere 3axTeBa lla Ha TEpPeHY
obernexe rpanuile cacTojuHe (HOpecT CTaHI) U TPAHUIC KaTacTapCKUX mapiiena oapeheHux
ca KaracTtapckux IuiaHoBa pasmepe 1:2500, oHzma ce MOpajy MOIITOBAaTH MpPOLEAYpE H
METOIOJIOTH]ja U3JI0XkKEeHa y TpehieM moriaBiby. ¥ CympoTHOM, 300T HEXOMOI'€HE TaYHOCTH
nocrojeher kaprorpadckor Marepujana Moxe ce 100uTH oacrynawme u 1o 200 m. Cnuka 3).
[Ipukazany merononorujy Tpeba IMOLITOBATH KO YCIIOCTaBJbamba I'€OJIETCKE OCHOBE 3a
notpede obenexkaBama I'PaHUNA, IUIAHUPamba IIYMCKHX IyT€Ba W JAPYIMX aKTUBHOCTH Y
okeupy m3pane ['MC. ¥V ckiagy ca akTHBHOCTHMA M 3aXTEBHMa Ta4HOCTH, MOTPEOHO je
nedununcatn, I'TIC Mmeromy npukymsbama Iojaraka Kao M IapaMerpe 3a mnpaheme u
KOHTpOJY Mepema u obenexasama. Kopucauk I'TIC onpeme y mIyMCKOM OKpYXemy, Mopa
Outn mpunpeMIbeH M Ha Ipyre mpobieMe Koju ce jaBpasby y (yHkmmonmcamy [TIC
CHCTEMa, TaKO J1a KOJ| TPOjeKTOBama T'e0IEeTCKE OCHOBE, Tpeba IIaHWpaTH u MOTyhHOCT
IbeHe yIoTpeOe 3a KIIaCH4YHE METOie Meperba Oa3upaHe Ha Meperby yriia U Iy>KHHE.

CaBpeMeHO ra3lOBame IOJpa3yMeBa, aHaIW3y MOTyhHOCTH MpUMEHE CBHX
PACIONIOKUBHX TEXHUKA IIO3MLHOHUpAama, Ha IIyTy Ka YCIOCTaBJbamkbe jEAUHCTBEHOT
I'eorpadckor MHpOpPMAIMOHOT cHcTeMa 3a HIyMcKo mnpuponHo mnozapydje (Kyprosuh-
®onuh, 2009). YuumeHn NporycTd Ha MOYETKY MOTY NPOU3BECTH BEIHKE MpOOieMe Y
KaCHHUjUM aKTHBHOCTHMA ra3oBama.
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Abstract: The existing topographic and cadastral maps of the former Yugoslav republics are in Gauss-Kriiger
projection on Bessel ellipsoid. For the collected GPS data to comply with the existing cartographic material, it is
necessary to provide the transformation parameters from WGS84 to Bessel ellipsoid and according to the principles
of cartographic mapping, to make mappings in the plane of the State Coordinate System (SCS). The aim of this
research is to present the surveying activities necessary for the establishment and maintenance of digital
cartographic basis, which is shown in the test area of “VRSAC MOUNTAINS”, a Serbian region with outstanding
characteristics. In order to establish a connection between the collected data, it is necessary to primarily calculate
the parameters of transformation from WGS84 into the SCS. After the vectorisation of projected boundaries from
bases made in the SCS, the transformation of vectorised boundary lines from SCS into the WGS84 is carried out,
followed by staking the boundaries. To understand the fundamental differences in the methodology of using GPS
receivers, it is important to emphasise that the concept of GPS determination of the coordinates is generally divided
into absolute and relative positioning. If the correct procedure of GPS positioning, applied to certain environmental
conditions, is not followed, the error up to 200 m could be expected. Conclusions are drawn about the selection of
staking methods, related to the applied instruments and specific field conditions. The stakeout procedures are given
in accordance with the principles of geodetic positioning.

Key words: RTK (Real Time Kinematic), forest boundaries, stakeout, coordinate transformation

Introduction

By 1960, the strategy of designing and managing the forest area was based solely on
the cadastral maps at 1:5000 scale and topographic maps at 1:10000 to 1:50000 scale.
Surveying and staking the boundaries of forest management areas, forest management units,
compartment and sub-compartment were made in the form of traverses that were not
associated with the geodetic network of permanently monumented points (Aleksi¢ at all
2010.). In the early nineties of the last century, GIS became an indispensable instrument for
reviewing, assessing and decision making related to spatial management. In order for the
management to be consistent, all the geospatial data should be presented within the SCS for
horizontal and vertical positioning. Defining SCS is the geodetic activity, which is
performed at the state level and follows new technologies and standards. The appearance of
technology of GPS was certainly the biggest breakthrough in geodetic positioning, but has
also led to a series of problems in matching the existing data and forest area survey records
with the data collected with the GPS technology.

The existing cadastral and topographic maps of the former Yugoslav republics are in
Gauss-Kriiger projection on Bessel ellipsoid, which was adopted in March 1924 (Borisov,
2011.).. The GPS measurement techniques determine the coordinates in the WGS84
reference system. In terms of geodetic application, the GPS measurement methods are
divided into static and kinematic methods (Borisov, 2010.).. The static method is
exclusively used in the realisation of geodetic networks and the kinematic method is used in
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surveying. The kinematic method includes Real Time Kinematic (RTK) and Post Processed
Kinematic (PPK). The equipment that supports RTK provides the possibility of direct
readout of coordinates and data for monitoring and control of measurements (Hoffman-
Wellenhof et. al., 2008). The RTK method of measurement can be realised in the set of
Base&Rover equipment or in the system of active GPS network developed at the state level
(Bozi¢ et al., 2005). The Base&Rover equipment contains an integrated radio modem or
GSM modem, which enables communication between the base and rover. The
communication between the mobile GPS receiver and active GPS network is enabled by the
integrated GSM modem. Due to the fact that the current coordinates are displayed on the
mobile receiver controller, the RTK equipment can be also used in the stakeout phase i.e.
transmission of projected objects on the terrain. The equipment that supports PPK cannot
obtain the measurement results immediately in the field but later on, after their subsequent
processing in the office.

If the collected GPS data complied with the existing maps, it is necessary to provide
the transformation parameters from the WGS84 ellipsoid to Bessel ellipsoid and perform
mappings in the plane of the state coordinate system (SCS) according to the principles of
cartographic mapping.

Research issues

Planning and analysis within the forest management unit is carried out by direct
measurement in the field and using the vectorised maps. With the use of surveying
techniques, the vectorised boundaries of forest compartments and sub-compartments are
marked in the field in the form of traverses. With an adequate work method and in
appropriate working conditions, GPS techniques are used for transferring projected
boundaries of forest compartments and sub-compartments in the forest environment. The
stakeout problem is the fact that the data of the existing cartographic materials and the data
collected by GPS techniques are in a different reference frame for horizontal and vertical
positioning. The transformation of coordinates from the WGS84 into the SCS and vice versa
is not possible without the previously determined parameters of transformation. After the
transformation parameters for the characteristic areas are determined, a plan for staking the
projected (vectorised) boundaries is developed, followed by the geodetic survey.

Due to the inhomogeneous accuracy of geodetic networks for horizontal positioning,
the application of GPS technology and transformation of coordinates is the problem of
surveying activities in each former Yugoslav Republic.

Research objective and methods

Given the importance and value of forest economic areas, the concept of care,
evaluation, strategic planning and management cannot be achieved without the creation of a
single information system of the whole forest area. The basis of any information system
consists of spatial data gathered by geodetic methods and techniques (Manojlovi¢, 2010.)..
In order for these data to be interpreted in the best possible way, it is necessary to perform
their collection in accordance with the rules of surveying activities (Mustafi¢, 2009.)..

The aim of this study is to present the surveying activities necessary for the
establishment and maintenance of digital cartographic maps in the unique geodetic reference
system, with special emphasis on methodology and potential applications of GPS
technology in staking the projected forest boundaries and surveying characteristic features.
In order to establish a connection between the existing data, collected by classical terrestrial
methods, and the data obtained by GPS measurements, it is necessary to provide the
following surveying activities:
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1. Determining transformation parameters from the WGS84 into the SCS and vice
versa,

2. Vectorisation of projected boundaries from the existing maps made in the SCS.

Transforming vectorised boundary lines from the SCS to the WGS84.

4. Staking the boundaries of forest management units, compartments and sub-
compartments using GPS.

W

1) Determining transformation parameters from the WGS84 into the SCS

In order to determine seven transformation parameters (%, £, . - three translations, o,
p, v - three rotations and s- scale factor) within a local area, it is necessary to provide at least
three points of the existing geodetic network that have the coordinates determined in the
SCS plane and in the system of the WGS84 ellipsoid.

For each point i with the coordinates known in WGS84 (X;
and the non-geocentric Bessel ellipsoid (X esselyBessel 7 Bessely " the following expression
can be written (Soler, 1976; Leick and van Gelder, 1975 and Grafarend et all., 1982):
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followed by the linear equations of adjustment model:
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The functional model (2) in the matrix form is:
v=Ax+f 3)
where:
— Residuals vector:

T .
v = [V X]Bu\.\z[ vlea\\'e/ VZ]BEW/ . X:?a\wl vy’f?a\\'e/ szmel ] 5

—  Coefficient matrix:
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—  Vector of unknown parameters:
x"'=[t, t, . o By sk
— Vector f:
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The least square method is applied on the functional model (3). Estimates of vectors of
unknown parameters can now be obtained from the following equation:

X = —(ATA)'AY. @)
When the estimates X are included in the equation (3) residuals are obtained at the points
for calculating transformation parameters:

v=AX+f. )
Calculation control can be made by checking the equation
viv=fTr+nTx. (©6)

The experimental value of the reference standard deviation is obtained by the formula

O'O:VVTV/r, )

Where the number of degrees of freedom is » =3n — 7.

Coordinates in the SCS are determined by classical terrestrial methods and for the
area of the former Yugoslav republics they are expressed in Gauss-Kriiger projection, on
non-geocentric Bessel ellipsoid. It represents the transverse cylindrical projection in which
the meridian zones of ellipsoid (width of 3 degrees) are mapped to the plane (Zivkovié,
1972). To avoid calculations with negative values of y-coordinates, the beginning of the
coordinate system has the value according to y at the point which: the number of zone is
increased by 500.000 m. (e.g. in the seventh zone it is 7.500.000 m). Presentation of the
points in the system of coordinates in the plane of projection is done with rectangular
coordinates y, x. The inverse Gauss-Kriiger projection implies the projection of the point
from the projection plane with coordinates (y, x) to the point on the ellipsoid with
coordinates (X,-Be‘“e’, yBessel | zBesely (Zivkovi¢, 1972).

The coordinates of the existing geodetic networks in WGS84 can be determined by
using the static method of observation and applying the RTK service for the territory of the
country in which the active GPS network is developed. If for the entire territory of the
country the RTK service is implemented within an active network, the measurements are
made with at least one dual frequency GPS receiver of geodetic type, with the simultaneous
reception of signals from at least eight satellites. Minimum operating time is also
conditioned by achieving accuracy of 2 cm in the horizontal and 3 cm in the vertical sense.
Numerical indicator of the quality of the geometric distribution of satellites (PDOP), during
measurement must be less than 6.

2) Vectorisation of projected boundaries

Until the development of digital maps, the forest area management was carried out
exclusively on analogue maps at 1:5000, 1: 10000, 1:25000 and 1:50000 scales. To realise
the projects of planning and forest management, in accordance with new technological
development, it is necessary to perform their vectorisation. Vectorisation is preceded by
map scanning and georeferencing. Scanning is the conversion of graphical plans into the
digital form. Georeferencing is the process of setting up previously scanned graphic plans in
a theoretical coordinate system, i.e. the system in which the graphics base was made. The
last step is the vectorisation in which the scanned and georeferenced bases are converted
from the raster into the vector form. For processing the scanned plans the professional CAD
software is used for drafting 2D and 3D models.

3) Transforming vectorised coordinates from the SCS into WGS84
The boundary lines whose coordinates are vectorised from the existing plans within
the SCS, using the GPS technology, can be marked on the ground. To stakeout the
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boundaries it is necessary to transform coordinates of vectorised boundary lines from SCS to
WGS84. The transformation is realised based on certain transformation parameters in two
steps:

I. Inverse Gauss-Kriiger projection (Zivkovi¢, 1972), with which the points with
coordinates (y, x) in the plane of Gauss-Kriiger projection are projected to the

point with coordinates ( xBesse! yBessel zBessel y on the ellipsoid.

II. Calculating the rectangular Cartesian coordinates determined in the WGS84 system
( XWGS84 YWGS84 ZWGS84 )

4) Staking the boundaries using GPS

The stakeout of the projected boundaries and objects on the ground is performed
according to the surveying project and is comprised of data preparation for the stakeout and
measurement in the field. The stakeout quality depends on the accuracy of the prepared data
and the accuracy of instruments and tools. The accuracy of the prepared data is directly
related to the scale in which the map is made and it can be calculated as +0,2 mm-M, where
M is denominator of the scale. For example, accuracy of 1 m is expected for the map in
scale 1:5000.

The accuracy of the instrument and tools is prescribed by the manufacturer and
defined by the working conditions and working methods. For the stakeout with the use of
GPS technology, a reliable spatial network of surveying points is needed on the field.
Within this activity it is necessary to foresee the supplement to the existing geodetic
network for horizontal and vertical positioning related to the technical specifications of the
instrument and the tools that will be used in the stakeout process. The plan of surveying
activities within the stakeout is created according to the given accuracy.

Research area

By their position, appearance, characteristics and interesting flora and fauna VrSac
Mountains are a very specific area of Vojvodina (Republic of Serbia). In October 2005, the
Department of Environmental Protection of Serbia prepared a Protection Study “VrSac
Mountains, the area of outstanding features, a natural property of outstanding natural
importance”. The protection study foresees the development of geographic information
system and establishment of monitoring of rare plant species and communities. The public
Enterprise “Varos” maintaines VrSac Mountains. In 2009, the VrSac Municipality received a
donation from the European Commission for the project on forest fire protection in VrSac
Mountains. Within the project, satellite images with resolution of 0,6 m were obtained, from
which an orthophoto image of the forest belt has been derived at 1:5000 scale (Figure 1).

Figure 1 Satellite image of research area "VRSAC MOUNTAINES"
Research results

In order to protect the natural resource it is necessary to perform stakeout of the
external boundaries of the protected area, as well as the boundaries under the protection
regime of [, II and III degree. The area under protection regime of the first degree excludes
all forms of exploitation and activities except for scientific research and activities to prevent
degradation and loss of sensitive ecosystems. These are areas of significant forest
ecosystems, habitats of protected plants and animals with specific geological,
geomorphological and other forms and manifestations. The works on staking the projected
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boundaries under this protection regime are performed by the Institute of Geodesy and
Geoinformatics of the Faculty of Civil Engineering, University of Belgrade, in accordance
with the methodology for conducting surveying activities and principles of establishing the
information system.

1) Parameters of WGS84 — SCS transformation

In the area of the natural resource Vrsac Mountains, for the purposes of determining
transformation parameters, 8 trigonometric points were singled out. Coordinates of the
points in the SCS were taken from the technical documentation for the town trigonometric
network. GPS measurements at the points for determination of transformation parameters
were performed using the RTK method in the active network of GPS permanent stations of
the Republic of Serbia (AGROS). Measurements were carried with Trimble 5700 receivers.
Observation on all points lasted for 30 s for the registration interval 1 s in three replications.
Definite values of coordinates (Table 1.), were obtained by simple arithmetic mean of three
measurements.

Seven transformation parameters were determined by the Gauss-Markov model for
the system of 24 equations of the form (1), in the GeoTrans programme of the WizardSoft
BETA 1.0 software package (Bozinov, 2010). The calculated transformation parameters are
as followed:

e Translation ¢, = -566,13607 m, f,=-159,12400 m, ¢, =-761,22731 m)

e Rotation (o= 5,30343", f=8,60525", y=-9,16316")

e Scale (s=31,73752 ppm)

e Reference standard deviation ( gy = 0,090 m).

Calculated parameters of transformation show deviations of less than = 1 dm, which is
within the limits of accuracy of planned surveying activities in the characteristic area.

Table 1. The coordinates of points to compute the transformation parameters

2) Vectorisation of projected boundaries

The scanned cadastral maps (1:2500 scale) for the natural resource VrSac Mountains
were taken over from the relevant Cadastral Office and followed by georeferencing and
vectorisation of boundaries under the protection regimes. The processing is done in
AutoCAD software package.

3) Transformation of vectorised boundary lines from SCS to WGS84

For the transformation of coordinates of boundary lines under protection regimes, from
SCS to WGS84, transformation parameters from subsection 5.1 were used. The
transformation is performed in the WizardSoft BETA 1.0 software package (BoZinov,
2010).

4) Staking the boundaries using the GPS techniques

The stakeout plan should include selection of instruments and tools and the way of their
testing, defining criteria of measurement accuracy and defining parameters for the stakeout
monitoring and control.
In accordance with the situation in the field and the existing equipment (which is owned by
the Faculty of Civil Engineering), it was decided to perform the stakeout with GPS
techniques according to the RTK method in the Base&Rover system. The set of
Base&Rover equipment by the TOPCON Company is capable of receiving GPS/GLONASS
signal. Prior to going out in the field, metrological testing was carried out as well as
verification of all components of Base&Rover system in the accredited Metrological
Laboratory ML160 in accordance with ISO 17123-8:2002.
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Along with the purchased GPS equipment the manufacturer also delivered Integrated
Controller Software TopSurv, which defines and monitors the work of Base&Rover. The
program has built-in modules and procedures for defining:

» coordinate system (elements of the ellipsoid and cartographic projections),

+  criteria of measurement accuracy (Survey Parameters) and

»  criteria for stakeout monitoring and controlling - Stakeout Parameters.

Measurement in the GPS-RTK regime also depends on the communication between the
Base and Rover receivers. Communication is established with the UHF modem (Pacific
Crest PDL, 450-470 MHz) and limited by the shape of the topography and metrological
conditions within the distance of up to 6 km. Given the technical specifications of the
existing GPS equipment, the supplement to the existing geodetic network is carried out
within this activity. Points B1 and B2 were located and monumented in the field.
Coordinates of the newly projected points were determined by the GPS techniques.

The plan of geodetic activities within the stakeout was created according to the given
accuracy of applied maps. Having in mind the origin and accuracy of coordinates in the
forest area of VrSac Mountains, the following is defined:

*  Survey parameters:

0 Precision: Horizontal and vertical precision values set to 0,5 m,
0 Data Logging: use only fixed carrier phase measurements from base and
rover receivers.

»  Stakeout parameters:

0 Horizontal Distance Tolerance (sets when the graph will switch to a bull’s
eye in Stakeout): 1,0 m.

Upon the completion of preparatory work, the plan of staking the boundaries within the
protection regime of the first degree was done by regions (Figure 2):

« Kamenolom (Base: B1),

e VrSacka kula (Base: 735),

*  Djakov Vrh (Base: 750),

e Markovac (Base: 832) and

*  Guduric¢ki vrh (Base: 497).

The stakeout was done by navigating the GPS rover based on the entered coordinates
for each location separately. Due to the difficult working conditions, the cadastral maps and
the experience of workers from the Public Enterprise “Varos* were of great help for the
navigation of points in certain phases.

During the stakeout there were no shortcomings registered in the functioning of the
radio link between base and mobile receivers. The reason for this is the fact that their
respective positions were well designed and in accordance with the conditions required by
radio communication (maximum distance from the base was 2,5 km). The problem was the
insufficient number of satellites whose signals were registered in the base and rover receiver
at the same time. The controller display showed undisturbed connection with GLONASS
satellites during measurement. Communication with GPS satellites was unstable. In order to
achieve the given criteria of stakeout accuracy, the reception of signals from GPS satellites
was turned off in most of the measurement.

Figure 2 Boundaries of I degree of protection
Discussions

In order to understand the fundamental difference in methodology and approach in
the use of GPS receivers, it is important to note that the concept of determining the
coordinates with the GPS techniques is generally divided into absolute and relative
positioning.
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Absolute positioning involves the measurement with one GPS receiver. This mode
does not satisfy the surveying needs and is primarily intended for navigation. The achieved
accuracy in absolute positioning is from 2 m to 30 m.

Relative positioning determines the position in relation to a geodetic control point,
which is taken as the start. Relative positioning is measuring in the same time interval on at
least two receivers in Base&Rover system or within permanent GPS network. If the working
conditions for this mode are respected, it can achieve centimetre accuracy.

The importance of the proposed methodology for staking the boundaries will be

In 2009, in the mode of absolute positioning the stakeout was performed according to
global transformation parameters determined for the whole Republic of Serbia - Epoch
2003. The total length of the marked line was about 2 km.

Figure 3 Boundary line stakeout by absolute positioning method

The following year, using GPS receivers of geodetic accuracy and RTK method, the
stakeout of the entire belt was performed, including the part that was staked out the previous
year. The results showed a large discrepancy between the two epochs of measurements. This
difference can be seen in shares 1, 2, 3 and 4 (Figure 3). In shares 1 and 3, a gross stakeout
error is noticeable, which can be explained by the wrong orientation of the person who
performed the stakeout and who was moving through the area. From the point of the
geodetic positioning, measurements with errors are excluded and not further analysed. For
shares 2 and 4, graphic reading of deviations of the marked line from the projected one was
carried out in AutoCad. The assessed deviation was up to 50 m. If we take into account the
accuracy of the maps, this discrepancy is the result of the wrongly chosen method of GPS
measurement and improperly determined parameters of data transformation WGS84-SCS.

Conclusion

Natural resource management includes breeding, economic and technical measures
applied in planning and designing the space in order to achieve maximum protection and
strengthening of useful functions of natural resources. The natural resource Vrsac
Mountains, with all its features is covering the area in which we find great diversity in terms
of: morphological appearance, geological structure, environmental communities and
preserved native flora and fauna. The forests in area of VrSac Mountains are deciduous and
by origin they are: high (1.72%), burgeon (89.54%), artificially raised (6.12%) and shrubs
(2.62%). The high forests - Oak (Quercus), Linden (Tilia) Beech (Fagus), Maple (Acer), as
the most valuable natural forests, are located in the protection regime of the first degree,
which should have been marked by the surveying methods and techniques.

In developing the stakeout plan and programme two possibilities were available:
1. Classical field methods using total stations, and
2. GPS techniques.

In accordance with defined criteria of accuracy, in both variants it is necessary to
provide a cadastral map and make a stakeout plan. Designing the surveying base for
measurements with the conventional field methods and for implementation of RTK-
GPS/GLONASS techniques is different.

In case the use of RTK method is planned, it is primarily necessary to consider the
environment, examine the reception of satellite signals (GPS/GLONASS) and
communication between base and rover receivers or communication with the control centre
of active GPS network. The quality of GPS positioning depends on a range of sources of
systematic and random errors affecting the measurement accuracy. Their origin may be in
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the navigation data, the signal propagation environment, or the GPS receiver. The effects of
some sources of errors are very different, and range from a few decimetres to several tens of
meters.

What must be taken into account is the integration of the collected data with the data
on the existing surveying bases. These data belong to different reference systems and in
order to compare them it is necessary to bring them to the same system and then analyse
their quality (Milanovi¢ M. and Mrksa M. 2007.). The way of determining the seven
transformation parameters is presented in the concrete example in order to emphasise the
need to respect the principles of geodetic positioning within the establishment of geographic
information systems. Inhomogeneous quality of the existing maps in the area of the
Republic of Serbia imposes the need for partial determination of the transformation
parameters and continuous verification of compatibility of the projected and marked
coordinates.

When it comes to accuracy of the boundary line, which is necessary to mark in the
forest environment, first it should be taken into account on which bases it is designed. If it is
a natural forest area and presents the border of a forest management unit projected at
1:50000 scale topographic maps, it is certain that the GPS method of absolute positioning
with the global transformation parameters is possible to use for the stakeout. However, if
surveyors are asked to stake the boundaries of the forest sub-compartment and the
boundaries of property units determined from the cadastral maps at 1:2500 scale, then the
procedures and methodology presented in Chapter 3 should be followed. Otherwise, due to
inhomogeneous accuracy of the existing cartographic material, a deviation of up to 200 m
can be obtained (Figure 3). The presented methodology should be followed in the
establishment of geodetic base for staking the boundaries, planning forest roads and other
activities within the development of GIS (Pentek et al., 2004). In accordance with the
activities and accuracy requirements, it is necessary to define the GPS data collection
method and the parameters for monitoring and control of measuring and stakeout. The user
of the GPS equipment in a forest environment must be prepared for other problems that
occur in the functioning of the GPS system, so that when designing geodetic base the
possibility of its use for classical methods of measurement based on measuring the angle
and length should also be planned.

The contemporary forest management encompasses the analysis of potential
implementation of all available techniques of positioning on the way to establishing a single
Geographic Information System for forest natural area (Kurtovi¢-Foli¢, 2009). The initial
omissions and shortcomings may produce serious problems in future activities of the forest
management.
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