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SHUTTLE RADAR TOPOGRAPHY MISSION
- JOCTYINIHOCT NOJATAKA U OCTBAPEHA TAYHOCT

MUIIEBA CAMAPIIR ! , MUJIYTUH MIJIEHKOBUR'
'Yuuepsumem y Beozpady — I'pahesuncku gaxyrmem

Casxerak: L{wb oBOr paaa je ma ce OJpeny TAuHOCT JUTHUTAIHOT Mojena TepeHa (JIMT)
(opMupaHOT Ha OCHOBY IOJjaTaka HIaTIIOBe paaapcke romorpadceke mucuje (Shuttle Radar
Topography Mission — SRTM), 3a noapyuje PemyGmuke. CpOuje. Y pany he Outn
npezicTaBibeHe TiaBHe Kapakrepuctnke CPTM-a kao M KpaTak OmMC caMor HOCTYIKa
onpehuBama JIMT-a Ha ocHoBy CPTM moparaka u onpejuBame Ta9HOCTH Tako JTOOUjEHOT
JHMTUTATHOT MOJIela TepeHa.

Kibyune peun: CPTM, gururanau monen TepeHa, TagHocT, P. Cpouja

Shuttle Radar Topography Mission - CPTM

CPTM mpencrasspa 1mpo0oj y obnactu aajbuHCKe nerekuuje. OBa MucHja je uMania
3ajarak Ja npoussene tonorpadeky kapty 3emibe koja he Outn 30 myra mpeunsHHja o
rIo0aTHUX KapaTa Koje cy ce il Tajga KOPHCTHIIE
(http://www.shuttlepresskit.com/STS%2D99). CPTM cazapxu crenujaiHo MoAH(UKOBaHH
pamapcku CUCTeM Koju ce Hajgasu Ha cBemupckom Imatity ENDEAVOUR  Ttokom
jenaHecToJHEeBHe MucHje peann3oBane y pedpyapy 2000 rox.

CPTM nmpexacraBjba HWHTEpHALMOHANHM TIpojekar BoheH on crpane National
Geospatial-Intelligence Agency (NGA), National Aeronautics and Space Administration
(NASA), National Imagery and Mapping Agency (NIMA) m Uranujancke m Hemauke
ceemupcke areHnmje (Deutsche Zentrum fur Luft und Raumfahrt - DLR). I'maBan musm
CPTM je 6no mpuKyIUbame MojaTaka 3a u3paay AWTHTAIHE Tomorpad)cke Kapre 3eMJbHHE
KOpe y BHCOKO] PE30NyLHjH M TECTUPAEme HOBE TEXHOJOTHje 32 HCIUTHUBAKE BEIHKUX
KPYTHX CTPYKTYpa M lbUXOBHUX IHCTOP3Hja

Ilpunyunu CPTM-a

InSAR cucrem CPTM-a KopUCTH [IBE pa3iHyHUTe TajJacHE Ty)KUHE. AMEPHUKU CHCTEM
C-oricera, Spaceborne Imaging Radar SIR-C, koju onepuie ca TagacHUM ayknHama ox 6.0
cm u Hemauko/Uranujanckum cucteMoM X-orcera, TanacHe ayxkune on 3.1 cm (Heipke et
al. 2002.). /Ise antene unne CPTM untepdepomerap ca jeqHuM nposazom. [ naBHa aHTeHa
Koja je ayradka 12 m, cMemiTeHa je y YHYTpaIllbOCTH TOBapHE IUIATPOpPME CBEMHPCKOT
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mamia ENDEAVOUR. Ona emuTyje W mpuMa MUKpoTanacHe umiryjice. [Ipyra anreHa
(criospainma aHTeHa) je (PUKCHpaHa 3a BpX IIE3/IeCeT MeTapa Jyror japboia M MMa caMo
¢yHKUH)jy prjeMHuKa. Japoou peannsyje nHTEpHepoOMEeTpUCKY Oa3HY THHH]Y.

Jla 6u ce u3paanna kapta 3eMJbHHE MTOBPIIN HEOIXOJHO j€ YPAAUTH IBE CTBAPH:

1. V3MmepuTH yoaJbeHOCT IIaTia A0 HeKe pedepeHtIie;
2. H3meputu pacrojame o] maTia 10 MOBPIIMHE OKO KOje IIaTII JIETH.

3a MpBU J1€0 HEOMXOHO je MO3HABATH HAJAMOPCKY BHCHHY Yy CBaKOM TPEHYTKY. Taj 1eo
3a7aTka je pemieH Tako mTo NASA KOHCTaHTHO MepH IO3MIM]jy Iamia ca tauHoirhy ox 1
m.

3a gpyrd Jeo KOpUCTH ce HHTepdepoMeTpuja 3a Meperme BUCHHE WIaTiIa H3HAJ
3eMJbHHE TOBPIIH. 3a T€ OTPeOE je KIbYUHO MMO3HABAKE AYKUHE U OpHjeHTaluje japbosa y
CBaKOM TpeHYTKy. IIpoMeHe OBUX BENMYMHA MOTY MMAaTH 3HavajaH yTUIA] HA BUCHHCKY
Ta4HOCT (KpeTame Bpxa japOosa y paaujycy oa 2 cm y OHOCY Ha IIATI MOXKE pe3yaTHpaTH
ca BUCHHCKOM TpeIlkoM Ha 3emJbuHOj moBpmuHu o 120 m). Takohe, nmpomene y ayxuHu
japboma Mory pe3yiaTUpaTH JONATHUM Tpemkama. M3 Tux pasnora HeonxojaH je
KOHCTaHTaH MOHMTOPHHT OpHjEHTaIlHje 1 Ay>KUHE japOoa.

I'mo6anan nosummonn cucreM — ['TIC ce xopucTi na OM ce NPUKYMMIN NPELU3HH
noJany O TMO3MLMjH mamia Tako mro ce Bpmum ynopehusame ['TIC mepema koja cy
n3BpureHa Ha camoM mraTiny u ['TIC Mepema npujeMHHIKa KOjU ce Haja3e Ha 3eMJbH U Koja
ce 0JJHOCE Ha MHTEPHALMOHAIHY MPEXy. 3a oJpehiBme opHjeHTanyje mamia y oAHOCY Ha
3emiby KopHcTe ce co(TBEpH 3a ymopehuBame ciMke Heba ca 3BE3IaHMM KaTaJloroM H
KHPOCKOIIOM.

360r poramuje 3emibe, AT je MPUKYIUBAO HogaTke mo Tpakama. Ca C-omcerom je
6mno moryhe mokputu ueny 3emsbnHy mnoBpmi. WHTepdepomerap C-omcera je pagwo y
tako3BaHoM ScanSAR wmomy (Bamler, 1999.). Y oBoM MoOay aHTCHCKH japOoi ce
€JIEKTPOHCKH YIpaBiba MO PA3IMYUTUM €JICBAI[IOHMM HaruOMMa y MOHOBJHEHOM IIPOJIA3y.
Ha Taj Hauun uyetupu ycke aynu npekianajyhe Tpake oOyxBaraie cy HpOCTOp IIMPOK 225
km.

AnTeHnoM X-orcera ce He MOXKE yIpaBibaTH eyiekTpoHckH. OHa onepupa ca (GpUKCHUM
Harubom ox 38 ° u mmpunoMm Tpake on 45 km. IlpexHoct X-omcera je BUIla penaTHBHA
TAYyHOCT, KOja je pe3yaTar KpaTke TajacHe JayxuHe. Ciaboct oBOr orcera Koju je kopuiihen
Ha IIaTGOpMH IIaTiIa je HeMOTIyHa MoKpuBeHoCT 3eMibe. [locToje mpa3uuae n3mely Tpaka
CHHUMJBEHOT MPOCTOpPa Koje ce cMamYyjy ca mopactoM jatutyne (Heipke et al. 2002.).

/Jlenosu 3embe Koju cy manupanu:

CPTM wmucHjoM cy TPHUKYIUBEHH ITOJAIM 32 CKOPO Iy 3eMJBHHY IOBPII Koja ce
Hanaszu n3mely 60° ceBepHe 1 54° jy)HE ITaTHTYE, IUTO MpeAcTaBiba OKo 80 mporeHaTa of
LIETIOT KOTIHA.

Ha xaptu npuka3anoj Ha ciunu 1, 6ojama cy 03HadeHe 00JIaCTH y 3aBUCHOCTH 0f Opoja
canmatba CPTM-a. Ha komHy, moBpmM 3a Koje Cy C€ MOJalM NPHKYIUbAIH Y jEJHOM
npoJia3sy O3HaueHe Cy 3elIieHOM 00joM, y JiBa MpoJjia3a Cy O3HaueHe 3eJeHO-)KYTO UTI., Kao
HITO je TMPHUKA3aHO Ha JICTCHIU KOja ce Hala3W Ha caMoj CIUIU. BojeHe MOBpIIMHE Cy
MpHKa3aHe pa3INYUTHM HHjaHCaMma IuiaBe 0oje, IMTO je Takohe MPUKA3aHO JIETCHIOM Y
JIOlEeM JIeCHOM yrity ciauke. O0nacTu Koje Cy IpHKa3aHe [PBEHOM 00jOM ce HUCY MOrJe
Mmarnupary. Tonorpadcka mucuja CPTM je yriaBHOM mpuKyIubana MOAaTKe W3HAJA KOIHA.
Mana KosmYMHA MoOJaTraka O IOBPIIM BOJE IPHUKYIUbEHA je Yy KaJIMOpalHoOHE CBpXe
(http://www2.jpl.nasa.gov/srtm/datacoverage.html).
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Caunka . Kapra nokpueHoctu
KAPAKTEPUCTUKE MUCUJE
Jlancupame: Jlancupan: 11. 02. 2000. roa.
Mecto nancupama: Kennedy Space Sentar
Opo0ura: Bucuna: 233 km

WNuxnuuanmja: 57°

Tpajame mucuje: 11 nana

Burhe cratucruke: Texwuna martna: 13.600 kg

Jyxuna ynorpebspeHor japbora: 60 m
Cuara: 902800 W

MucrpymenTu: X-SAR

SIR-C

T'TIC BlackJack npujemnnk

Ilpumena CPTM nooamaka

Ceemupcku mari ENDEAVOUR je nancupan, uzmel)y ocranor u na OM HpUKYITHO
BHUIIIE [IOAATAKa O IPOMEHJBMBUM IUIAHETHHUM I1€j3a)KHMa, O KapaKTEePUCTUKAMa OKPYKerba 1
EKOCUCTEMY.

Panap je takohe mpuKym/bao mogaTke O MyCTH-aMa, 3ajicheHuM TyHIpaMa, JyOOKuX
JIOJIMHA ca TiieYepuMa, Kao oHe Koje ce Mory Hahu Ha AJpacuu u Ananma. Pernctposao je
MOJIATKE O TPAroBHMa JAPEBHUX JbYACKHX HACCOOMHA M MPEOUBAJIMIITA YITPOKECHUX BPCTA.

Mucrja Hyau TOpHMEHY MOjaTaka y pa3HHUM O0JacTUMa: TeONIOTHjH, Teo(pH3HUIIH,
XHUJIPOJIOIIKOM MOJICIHPaky, CKOJIOTHjH, TEPEHCKE KOpPEKIHUje 3a pacTepe I00HjeHE
JAJbUHCKOM JIeTEKIHjOM, aTMOC(EPCKOM MOJENUpamy, YpOaHOM IUIaHHpamy, ITPOIEHH
MOCJIeNUIA MPUPOIHUX KaTacTpoda, MOJeINMa IHPekha IoXKapa U INIaHUpaky TPaHCIIOPTa,
HHPPACTPYKTYpH.

Heke on nMBHIHHX NpUMEHa Cy: TpaljeBHHA, NPOCTOPHO IUIAHUPAHE, HPOCTOPHO
IUTAHUPAHE 338 CHCTEMe KOMYHHKaIHja, HIIP. MOOWIHH Tele(OHH. ..

Moryhe BojHe mpuUMeHe Cy: CHMYyJAIfja JIeTa, JOTHCTHYKO IUIaHUPAke, YIPaBIharbe
aBuo caoOpahajeM, cucremMu 3a pakeTHy M OpyKaHy HaBHTalujy, IUIaHHpame OopOwu,
TaKTHUKe.
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Taunoct IMT

Onena kBanutera JIMT-a Hajuemhe ce H3BOAM MPEKO INpopadyHa BpPEIHOCTH
rapamerapa MOBpLIM TepeHa (BUCHMHA, Harub® TepeHa, mpasal HajBehar majga TepeHa) y
n3abpanum taukama JIMT-a, u ynopeljuBameM Tako JOOHMjEHHX BPEIHOCTH Ca MO3HATUM
BPEJHOCTUMA.

Cranjap/aH 1ocTynak 3a oueny kpaiaurera JIMT-a u oTkpuBame rpemaka y nojanama
je ynopeheme BucuHa uHTepnonoBanux u3 tor JIMT-a ca BucuHama natum 3a oxpeheHu
6poj kontponmHux Tadaka (LlBujetmnoBuh, 2005.). IlogpazymeBa ce na je 3a OleHY
kBanuTera JIMT-a HEONMXOAHO Ia Cy BUCHHE KOHTPOIHHUX Tadaka oapeheHe ca tauHomhy
KOja je BUIIa oJ o9ekuBane TauHocTH [IMT-a.

Ha ocHoBy popmupannx pasnmka:

A =zF-7!, i=12,..,n

rue je:

VA I-T - 1aTa BUCMHA KOHTPOJIHE TauKe,

Z; - BUCHHA Ha KOHTPOJIHO] TaYKH JOOUjeHa uHTepnonanujom u3 JMT-a,
n - OpOj KOHTPOJIHHUX Tayaka,

MOry ce HO6I/ITI/I CJ'IG,HGhI/I CTaTHUCTHUYKH IIOKa3aTCJbU:

— 1 n
==2A - Cpebe OACTYIIambE
n =1

1 n
Ap = " Z|Ai| - IPOCEYHO OJCTYTAmbE
i=1
- cpelba KBaJpaTHa IpelKa

-CTaHJap/iHa JieBrjalnuja

ITopen pavyyHama TOpPHUX IOKa3aTeJba BEOMa je BaKHO mNpaheme MaKCHMajHe H
MUHUMAaJIHE BPEIHOCTH OJCTyNama, Tj. AMin m AMax , Ha OCHOBY KOjUX ce I0OHjajy
mmapaMeTpy KojuMa ce olemyje ancoryTaa tagsoct JJMT-a.

VYnpaBo Ha 0Baj HAYMH je BpIIeHa oleHa kBanuTera JIMT-a y okBHpy oBOT pama. 3a
KOHTPOJIHE Tayke Kopumhpme Cy Tadyke TeONeTCKHX Mpeka (TPUTOHOMETPHCKHX,
NOJINTOHCKUX, HHUBEJIMAHCKUX), U3 mpemepa P. CpOuje. MaeHTnyHa MeTojonoruja oueHe
KBaJUTeTa NpuMemyje ce u koa JIMT-a koju ¢y HOOHMjeHH Ha OCHOBY JWUTHTAIH3AIIHN]e
U30XHUICcH Ha Tomorpadckum momiorama (bajat u llltp6arr, 2005).

Tectupama Taunoctd CPTM IMT-a na noapyujy Cpouje

Kao mro je Beh nmoMmeHyTo y abCcTpakTy, LIHJb OBOT paja je OHO l1a ce OLIEHH TaYyHOCT
JIMT-a ¢opmupanor Ha ocHoBy momataka CPTM-a 3a mompydje P. CpoOuje. Ipunrkom
CrpoBoljema ekcrepruMeHTa Omio je nmotpedHo mponahu nomatke CPTM-mucuje koju cy
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JOCTYNHU (U3MYKUM JnnMa. HakoH Tora je Tpebajio mporecupary mpeysere IojaTKe H
MIPUNPEMHUTH WX 3a KOpUIIheme y HEKOM OJf KOMEpIHjaHMX co(TBepa 3a JUTHUTAIHO
Mozenupame Tepena. Takohe je Tpebamo kpeuparu JJMT Ha 0CHOBY Kojer Ou ce oIperrie
BHCHHE KOHTPOJHUX Tadaka M yrmopenwie ca mocrojehum (MCTHHUTHM) M HAa OCHOBY TOTa
omeHmwna TtayHocT JIMT-a kpewpanor xopumhemseM CPTM momataka. Y Ty CcBpXy
CIIPOBEJICH j€ eKCIEPUMEHT KOjH C€ CacTOju U3 TpH (paze:

I da3za: [Ipuxymssame u npunpema CPTM mopmartaka

II daza: Kpeupame JIMT-a u onpehuBame BICHHA KOHTPOIHUX Tadaka

11T daza: Ornena Taunoctu kpeupanor JJMT-a.

3a crnpoBoljeme excriepuMmeHTa kopuiiheH je coptBep ArcGIS, dbupme ESRI. Osaj
nporpam  INpeicTaB/ba  WHTEIPHCAHy  KOJEKLUWjy  CO(TBEPCKMX  IPOM3BOJAa  3a
uMmIuieMeHTanyjy cinoxenux ['MC pemema. OCHOBHH HUBO KOpHUITNCHA 0J1 CTPAHE KPajiber
kopucHuka je ArcGIS Desktop koju cagpku naker amikanuja, a HeKe of HajOUTHHjUX Cy:
ArcMap, ArcCatalog, ArcGlob, ArcTool, utn. Kopucrehn oBe amnmukamnuje u uaTepdejce
3ajenHo, Moxe ce pemmtd Owno koju ['MC mpoGmem (mammpame, 3D Busyenmzanmjy,
pacTepcko M BEKTOPCKO EANTOBAamE, reorpad)cKy aHalM3y, Teolponecupame, GopMupame
JAMT-a,...). YopaBo cy oBo Omiti pa3ino3u 300T KOjux je n3adpaH oBaj copTBep.

1 paza: Ilpuxyn.werwe u npunpema CPTM nodamaka

IMomarmn CPTM wmucwuje cy moctynHu Ha MIHTEpHETY U MOTY ce mpey3eTu ca cienche
anpece http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp. Ilpey3nmame mnopmaTtaka je
BEOMa jeJHOCTABHO M MOXKE CE€ U3BECTH Ha BHIIIC HAUMHA. ManupaHo MoApydje je noJesbeHO
Ha OokoBe U 3a monpy4dje CpOuje Omio je moTpebHo mpey3eTn yetupu O1oka. [lomamu cy
npey3et y ASCII (American Standard Code for Information Interchange) ¢opmary y
JIeBEIECETOMETapCKOM IpUly. Y 3ariaBijby OBOT (hajiia Halasu ce KpaTak OIMHMC U OCHOBHH
MmoJaly Kao ITO Cy: Opoj KOJIOHa M PEaoBa, KOOPAMHATE T'OPEHEr JEBOT yria OJoKa,
BenuuKMHA hienuje Koja je maTa y JyYHHM CeKyHIama M BPeIHOCT KOja ce HCIHUCYje Y CIydajy
na Hema Bucune. (Ciuka 2.).

ncols )

nrovs 000

xllcorner 15

ylleorner 40

cellsize 0.00083333333333333

HODATA _wvalue -9999

642 811 772 778 793 795 803 807 803 790 774 754 739 724 709 696 601

Cuauka 2. Ilopann CPTM-a y ASCII ¢opmary.


http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp
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Haxon npey3umama CPTM nozaraka ciiefnia je \bUXoBa IPUIPEMa 32 TECTHPABE 32
KOjy je Takohe xopumteH ArcGIS, u koja ce cacTojana U3 HEKOJIUKO KOpaKa:

— KoHBep3uja nonaraxa; [lomrTo ce mpeyserd mojanu ca MHTepHera Hamase y *.
ASCII popmaty Tpebaso UX je KOHBEpTOBATH Yy pacTepcku popmar (*.rst), kako Ou
Ce MOIJIM YCIENIHO KOPUCTHUTH.

— Tpancdopmarmja pacrepa; Bucune m3 ASCII ¢dajma ce omnoce Ha TemeHna 90 m
rpuaa M BUXOB OaTyM je neduHmcaH enmrncounnoM WGS84, mok ce xoopauHare
KOHTPOJTHHX Ta4yaka OJHOCE Ha JAp)kaBHH KoopauHatHH cucteM ([ayc- Kpureposa
npojekuuja). Jlakie, moTpeOHO je YCKIaAWTH IMpOjeKlrje MOMEHYTHX MOojaTaka.
Pemieno je ma ce u3Bpmiu tpanchopmaiiija pacrepa uz WGS84 cucrema y I'ayc-
KpurepoBy npojeximjy.

11 paza: Kpeupare JIMT-a u oopedjusarve gucuna KOHMPOJIHUX MAYAKA

360r came crnemuduanoctd ¢opmara CPTM monaraka, mpWIMKOM KOHBEp3Wje W3
ASCII dpopmata y pactep yjenHo je u nooujex koHauan JIMT 3a nasbe aHanuze 6e3 nmoceOHe
notpebe 3a mocebruM hopmupamem JIMT-a.

ITomto je kpeupan JIMT, morpeOHO je OMIO Ia ce HA OCHOBY HbEra OJIpec BHUCHHE
KOHTPOJIHMX Tayaka.

[Nongany KOHTPOJIHMX Tavyaka Cy Hajlpe MPHUIPEMIbEHH 3a YB03 Y ArcGIS, Tako mTo cy
KpEeHpaHU TEKCTyallH! (ajlIoBH KOjH Cy caJlpKajlk TPU KOJIOHE Yy KOjuMa Cy Oujie cMelITeHe
KoopauHaTe KoHTponHuxX Tadaka (Y, X, H). HakoH Tora je m3BpIlueHa KOHBEp3Hja OBHX
TekcTyanHux ¢ajnosa y *.SHP ¢gopmar.

[Tomro cy cBM momalyl NpUNPEMIBEHN MPUCTYIIIO ce olpeluBamy BUCHHA KOH—TPO—
mHEX Tadaka u3 JIMT-a kpeupanor Ha ocHoBy CPTM moparaka, ynorpeboM onrosapajyhmx
ArcGIS-oBux anata. Kpenpas je HOBU aTpuOyT y Tabeiar KOHTPOIHHX Tadaka y OKBHPY Kora
cy 3amucane BucuHe. OBa Tabena je excroproBaHa y Microsoft Excel matoreky koja je
KacHHje KopHIIheHa 3a padyHame mapaMerapa 3a oreny kBaiurera JJMT-a.

11 ¢paza: Oyena maunocmu kpeupanoz /IMT-a.

[Momamy HEOXOJHH 32 OIIEHY TAYHOCTH Y MOTIIYHOCTH Cy oapehenu y3 momoh ArcGIS-
a u kacHHuje cy obpalenn y Excel-y. Konaunu pe3ynratu cy npukazaHu y Tabenn 1. 1 Moxe
ce NMPUMETUTH Aa Cy Pa3BpPCTaHU MO TpazoBuMa. HamMe, KoopanHaTe KOHTPOIHUX Tadaka
Cy Ousie rpynucase 1o rpasioBuMa Ia Cy ¥ pe3yJITaTu IPUKa3aHu Ha 0Baj HAYMH.

3a moapyuje beorpaga m KpasbeBa, KOHTpONHE Tauke NPEACTaBIbajy IMOIUTOHCKY
MpEeXy, ¢ TUM ITO ¢y Y ¥ X KOOpPAMHATE 3a0KPY’KEHE 0 Ha METap TaKo Ja jé HUXOBa
aricoNlyTHa BHCHHCKa Ta4HOCT paHra +1 dm. Takohe y oBuM mnopamuma ce Hanmaze u
TPUTOHOMETPHjCKE TauKe YHja je BUCHHCKa TauHOCT =0.5 m. 3a ocrana nmojapydja KOHTPOJIHE
Tayke Cy 00MjeHe Ha OCHOBY CHUMama (OTOrpaMeTpHjCKOM METOZOM M HBUXOBa BUCHHCKA
Ta4HOCT je pexpa 1 dm.

Kao mTo ce Mo)ke NPUMETHTH, MpeXe KOHTPOJIHUX Tadaka Cy pa3jIM4uTor THma. Y
3aBUCHOCTH 0J1 OZIpYYja Cy paziIM4uTe TAYHOCTH M 00irka. OBO HHje 3HAYajHO yTUIIAJIO Ha
pesynrare Tecta ¢ 003MpOM Ja ce y JUTepaTypH Koja je KopuinheHa IpH U3paan OBOT paja
3a ancoyyTHy BUCHHCKY TaqyHOCT CPTM JIMT-a HaBoau BpegHOCT o1 16 m, 3a penaTUBHY
BUCHUHCKY TauHOocT 10 m W 3a amcomyTHy Xxopu3oHTanHy TadHocT 20 m. Hasenene
BPEIHOCTH 3a Ta4HOCT IPEICaBibajy TpaHMIE orcera y kome ce mopa Hahm 6ap 90%
monataka (Bamler, 1999., Bernhard et al. 2003, Yastikli et al. 2006., L{sujernnosuh, 2005.,
Ozah&Kufoniyi, 2006.). M3rien u Tun Mpeska KOHTPOJHUX Tadaka IMPUKa3aH je Ha CIHIH 3.
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Kraljevo
Krufevac

Sjenica :
Novi Pazar

Ciuka 3. Pacnopea KOHTPOTHHX NOAPYYja.

VY tabenu cy npukazanu cieaehn moganu: 6poj KOHTPOIHUX Tadaka - N, MUHUMAITHO H

MaKCHMAJIHO OJICTYHame - Amin H Amax, Cpe/iie OJICTYNambe - A , TIPOCEUHO OJICTYHAME -
Ap, cpenma kBaaparHa rpenika — RMSE u crannapana nesujanuja - & .

Ta6esna 1. Ouena taunoctn JAMT-a.

Amin Amax A Ap | RMSE 6

[m| |m| [m] |m| [m| [m|
Beorpax | 86283 | -19548 | 148,87 | 035 | 429 8,39 8,38
Mamaeso | 30234 | -49,02 | 38,19 | 225 | 86 11,14 10,91
Kpasmeso 3009 | 91,05 | 67,54 1,96 | 1549 | 2036 | 20,27
Kpymesan, | 3467 | -11,42 | 9,82 -1,55 | 2,00 2,64 2,13
Hosu ITasap | 30234 | -49,02 | 38,19 | 225 | 8.6 11,14 10,91
Hoeu Can | 2284 | -95,69 | 40,01 3,12 | 631 9,09 8,54
Cjennma 354 | -52,67 | 42,73 831 | 1734 1997 18,15
BasseBo 4118 | -88,44 | 4566 | 21,64 | 2695 | 32,25 | 2391
Spemanma | 2092 | -94,07 | 307 421 46 5,77 3,94
3BOpHEK 2619 | -587,55 | 170,47 | 831 | 19,05 25,79 | 24,41

[Monpyuje n

U3 nperxoxnne Tabene ce Moxe 3akibyuuTu cienehe:

- Ha moapyujy KpymeBuna cy nobujeHu HajO0JbHM pe3ysTaTd, IITO HPETCTaBIba
n3HeHaljeme ¢ 003MPOM Jla Cy KOHTPOJIHE TauyKe TOT MOJpyyja, TauKe IOJUTOHCKE
Mpexe, Koje ce Hajase y yKeM LEeHTpy Tpaja ca rymhom HH(pacTpyKTypoM.
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Taxohe paau ce U 0 TepeHy KOju HUje U3Pa3UTO PaBHUYAPCKH TAKO J1a je 0Baj pel
BEJINYMHE TPELIKEe HEOUEKUBAH.

[Toxpyuyje 3pewannHa 1 Hoor Cama KapakTepuile paBHHYAPCKH TEPEH H HCTH
TUT KOHTPOJIHUX Ta4aka. Y3pok yodeHe paznuke y Taunoctd CPTM JIMT-a moxe
OIpaBIaTH THME ILITO je CETOM KOHTPONHHX Tadaka 3a monpydje Hoeor Cana
3axBahen u peo ®pymke l'ope a Takohe mocroju u oxpehenm yrtumaj Behe
nzrpahenoctu Hosor Cana.

Ha monpydjy beorpana cy nobujern moOpu pe3yaTatd aiau Tpeba HaIlOMEHYTH J1a
je To moiapydYje ca BeoMa I'YCTHM M JOOpHUM pPAclopeloM KOHTPOJHUX Tadaka
nosuroncke Mpeske. IlIto 3Haun aa je moysaanoct oapehupama kpamutera JJMT-a
Ha OBOM HOAPYYjy jako BHcoka. Takohe ce MOXke YOUHTH Ja ce Ha TOM IOJAPYYjy
jaBibajy HajBeha MHMHUMalHA W MaKCHMallHA OJICTyNama. Ha OCHOBY oBora ce
MOXe€ 3aKJby4uTH Ja mocroje Mecra rae AMT-a Huje moysjaH, OJHOCHO HMMa
rpy0e morpemnike y mpeauKiujm.

3a moapydja ca mpaxeHujuM pesbeom (Cjennna, Kpameso u BasseBo) nobujenn
Cy JIOILIMjH Pe3yJITaTu IITO je ¥ OYEKHBAHO C 003MPOM Ha TO Jia Cy paHHje BpIICHA
HCTpaXkuBama Mokasana na ce rpemka CPTM JIMT-a pacre ca mosehameM Harnba
(Sefercik&Jacobsen, 2006.).

Ha monpydjy BameBa cy mobujern Hajmomuju pesyntatu. KOHTpoIIHE Tauke TOT
NoJipy4ja NPEACTaBJbajy JIENOBE CTPYKTYPHHX JIMHHja TepeHa, Koje cy
NPUKYIJbeHE (OTOrpaMETPUCKUM MepemuMa (CEJIeKTUBHHM oJabup Tavaka).
Camum M [IMT Ha OBakBHMM MOJpydYjUMa je HAjOCETIHUBHUJH TAaKO Ja NOOHjeHU
pe3yaTaTi He MPEeICTaBibajy Belauko u3HeHaheme. Takole, Tpeba HAMIOMEHYTH 1a
caMa Ta4HOCT OBHUX KOHTPOJHUX Tauyaka HUje MOTIJia 3Ha4yajHO Ja yTH4e Ha OLCHY
kBayinteTa JIMT-a.

JassoM aHanm3oM J00MjeHHMX IojaTaka (OTKiIamame rpyOux rpemiaka) moryhe je
nobut 6osbe pesynrare. Y HapenHoj Tabenu (Tabena 2) cy mpukazaHu pe3yiTaTH KOjU CY
JnoOujeHH HakOoH u30anyBama IOJaTaka 4Hje je OACTymame Omio Tpu myta Behe on

BPEIHOCTH CTaHJap/AHE JEeBHjalMje HaJ [EJOKYITHIM y30pKOM jeHOT MoApyYja.

Ta6ena 2: PesyaraTn 100MjeHn HAKOH U30alUBaKba rpyOUX rpemaka.

. Ondasena |\ | Amax A Ap | RMSE o]
[Moxpy4je n Mepema

[%] [m] [m] [m] [m] [m] [m]

beorpan 85331 1.18 -25.99 25.97 0.33 3.64 4.99 4.98
ITanueBo 30081 0.51 -32.99 32.92 -2.13 8.45 10.86 10.65
KpaspeBo 3000 0.30 -59.78 58.50 2.04 15.34 20.05 19.94
Kpymiesary 3403 1.85 -6.96 6.99 -1.43 2.00 2.40 1.93
Hosu Ilazap 30081 0.51 -32.99 32.92 -2.25 8.45 10.86 10.65
Hosu Cag 2221 2.75 -25.97 25.07 4.06 5.48 6.79 5.45
Cjenua 351 0.28 -40.62 35.35 42.73 19.99 17.88 16.68
BasbeBo 4086 0.78 -70.82 45.66 -21.20 26.55 31.63 23.47
3pemaHuH 2047 2.15 -11.41 11.93 4.05 4.26 4.66 2.23
3BOPHUK 2606 0.50 -70.43 72.15 8.07 18.40 21.76 20.21
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C 003upoM Ha Maju TpoOIEHAT oa0adYeHUX Mepema, kBamuter IMT ce 3HauajHO
mo6oJpIao Ha monpy4jy beorpana, mok je 3a moapydje BasbeBa u najpe ocTao HajIoOMIAjH.

Jaree, n3abpano je mozapydje yxer IeHTpa beorpana 3a aerabHUjy aHAIM3y M OIHC
KapakTepa rpellaka Koje HacTajy Kao IOCIeIuNa pajapcKor CHHUMamba, OJHOCHO y OBOM
ciyuajy SAR unreppepomerpa C-omncera. Ha ciunm 4 nprukasaHo je aHaATH3UPaHO MOpYYje
ca BHU3YENHO HAIJANICHHM BPETHOCTHMMA TIpellaka Ha KOHTPOJIHMM Tadkama. | perike

MpPE/ICTaBIbajy pa3iuky u3Mmel)y HMHTEpIIONOBaHE BHUCHHE KOHTPOJHE Ta4yke H00ujeHe Ha
ocHoBy CPTM mnonataka u meHe ,,TagyHe"* BpeTHOCTH.

@ 671--1500
@ -14.99--10.00
@ -5.99--5.00
= -499-0.00
. 0.01-500

@ 10.01-1500

@ 501000

Canka 4. Yxu nenrap Beorpana ca npukasom rpemaka

OBo moJipy4je TOKPUBEHO je ca 1664 koHTpoHE Tauke. HakoH cpadyHaTHX OJCTyIama
Ha KOHTPOJIHUM Taykama JOOHjeHH Cy clieehin CTATUCTHYKY ITapaMeTpH:

- MHHHUMAITHO OJICTyname = -16.71 m

- MaKCHMAITHO OJICTymame = 22.50 m

- cpenme oacTymame = 5.90 m

- IPOCEYHO OATyIamke = 6.95 m

-RMSE=7.83 m

-cTaHaapaHa nesujanmja (o ) =5.15 m

Bpoj nojaBsprBama (y4ecTanocT) cpadyHaTuX OJCTYyNarmba y OKBUPY MHTEPBAJIA TPEIIKE
on 50 cm mpukazan je xuctorpamoM. Ha ocHOBy noOujeHor xucrorpama (ciuka 5) u
CpauyHaTHX CTaTHCTHYKHX IlapaMerapa MOXe c€ 3aKJbyYWTH Ja y IOoJaluMa IOCTOjH
onpeljenn BeprukanHu nomepaj (eurn. shift) om 5.90 m. Takohe, youaBa ce wu3BecHa
aCHMETPUYHOCT JOOHjeHOI XHCTOrpaMa y OJHOCY Ha CpPeJHIbY BPEIHOCT. Y3pOK TOra je
HarOMWJIaBamke IO3UTUBHUX BPEJHOCTH JNoOMjeHuX rpemaka. Haumme, ykymaH Opoj
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JNOoOMjeHHX Tpelaka Koje MMajy MO3UTHBHY BpeqHocT (yKymHo 1468) je 3HauajHo Behu on
HeraTHBHUX (yKynHO 196).

Xuctorpam

100 .5 0
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o
2
.
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BucuHcKo OOCTVTIAMsE

Ciauxka 5. YdecTanoct cpauyHaTHX OJCTyNama y OKBHPY HHTepBaJja oa 50 cm.

C o03upom Ha TO na ce reHepucameM JJMT-a Ha ocHoBy CPTM moparaka y cTBapu
no6uja DSM? (Digital Surface Model-DSM), noGujenn pesynTati cy GHIIM W OYEKHBAHM.
Haume, SAR cucrem C-oncera (A=5.6 cm) emutyje paauo Tajace KOju HEMajy ClioCOOHOCT
npobujama Beretanuje (Sefercik&Jacobsen, 2006.). SAR cucremu peructpyjy ranace Koju
ce oabujajy W OJf Pa3IUYUTHX o0jekara Ha TepeHy (3rpajae, ayTOMOOWJIH, KPOIIHE
npeeha...). [Toapydje koje je AeTajbHO aHATM3UPAHO j€ JIOLUPAHO Y YIKEM IICHTPY Tpaja rie
ce Hanas3u BeNMHMKU Opoj oBakBUX oOjekara. Takole ako ce UMa y BHIY IOMEHYTa arncoylyTHa
tayHocT CPTM-a y xopuzotanHoMm cMuciay of 20 m 1 caMm pacnopes NOJUTOHCKUX Tadaka
Moxe ce pehu na cy u oBM (hakTOpu Takohe MMaiIM BEIMKOT YTHIaja HAa BPEJHOCT
JNOOWjeHNX CTATHCTHYKUX ITapameTapa.

HakoH Tora y oKBUpY OBOT TECT HOZpYyYja youeHe Cy ojpeljeHe KOHTPOJIHE TauKe Ha
KOjUMa Cy ce MaHU(ecToBale MOMEHyTe Tpelike. Y HapeIHUX HEKOJIHMKO CJIHMKAa JaT je
MIPUKAa3 THX Tayaka.

Ha cmmmm 6 mpukasaHo je 7 TOJWTOHCKHX Tadaka pacropeheHnx y TOTHOX]Y
ceBepoHoO-3amagHe cTpaHe Kanemernmancke tBphase. Jlokamuja oBuxX Tadaka Ha ciuii 4 je
ropmu JIEBU yrao u jaCHO CC MOXC NPUMETHUTU da Cy OJCTyllalba Ha OBHUM TadKaMma
HO3UTHBHA U TO 3a paHr Beha oIl CBHX OCTalUX IO3UTUBHUX OATCYNAama y OKBHUPY OBOT
nozapy4vja. Oncrynama Ha OBUM Taukama cy oko +20 m. Cama KoH(HUTypalyja TepeHa jacHO
MHJUIMpA J1a Cy HacTalle Ipellke MOCIeIila PErucTpoBamka paapCKix Tajaca oJ0ujeHnX
oIl Bpxa TBphaBe a He OX KeEHOT MoaHOXKja. Takohe oBa rpemika je yOimaxeHa MPUMEHOM
OWJIMHEapHe WHTEPIIOJAlNje MPHIMKOM HHTEPIIONOBakha BUCHUHA KOHTPOJIHUX Tadyaka Ha
ocHoBy CPTM-oBor 90 m rpuna.

I[I/IFI/ITaJ'IHI/I MOJEI MOBpIIN



Canka 6. [Ipuka3 jJokanuje ca HO3UTHBHUM OJCTYNaKkeM

Ha cmumm 7 npukasano je 16 KOHTpOJIHMX Tayaka pacnopeheHHX IO TOpHUM
miarpopmama Kamemernancke tBphaBe. OBe Tauke cy u3abpaHe ympaBo 300T CBOjUX
KapaKTEepUCTUYHUX JIOKallja, HauMe OHE ce Haja3e Ha MBHIlaMa Oexema TBplaBe OKO KOjux
ce MpocTHpy AyOOKM IIaH4YEBH. 3a Pa3iHKy O Tadaka KOje Cy NPEeTCTaB/bEHE Ha CIHIM 6,
OBJIE Cy yOU€Ha HeraTHBHA OACTyIama y pacrony ox -10 m go -17 m. Kao u y nperxoxnum
3aKJbY4I[IMa U OBJIE CY TPEIIKe ITOCIeANNA PETHCTPOBakha PalapCKUX Tajaca ¢ THM LITO CY
HeraTHBHE BPEIHOCTH Tpelllaka IMoCIeanna og0ujama Tajaca o] JHa KaHaua (IIaHna), a He
on mnaroMe Ha KOjoj ce Hajla3u KOHTPOITHA Ta4yKa.

Canka 7. [Ipuka3 jJJokanuje ca HeraTHBHUM O/JCTYNameM
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HajkapakTtepucTHYHUjU TIpUMEp OBAaKBHX HETaTUBHUX OJCTyNama C€ jaCHO MOXKeE
YOUHUTH KOJ KOHTPOJIHE TauKe Koja ce Haja3u Ha bpankoBom mocty. Kao mro je Ha civnu 8
MPUKAa3aHO, OJICTYIakbe U3HOCH -13.37 m 1 OYUIIIEHO je Ja je OHO MOCIEANIA TOTa IITO CY
ce PalapCKH 3paly oA0WIN O] TEpeHa UCIIO MOCTa a He 0]l caMe Iu1aTdgopme MocTa.

Cauka 8.

3akbydak

NASA oapnocHo, CPTM je npyxwnna IMT 3a Bume ox 80% 3emspune nospiu. OBU
nmojany ce TPEeHYTHO aucTpuOympajy OecrutatHo mnox HamnexkHomhy United States
Geological Survey - USGS-a u moryhe ux je mpeyseru ox National Map Seamless Data
Distribution System nnu ca USGS-oBor cajra.

[Mogauu CPTM-a cy, kao 1ro je Beh o0jaimeno, foctynHu Ha IHTepHETY 1 Ha BeoMa
jeAHOCTaBaH HA4YMH MOTY Ja ce mpey3my ca oapehennx Murepuer aapeca. [Topanu JIMT-a
ca pe30JynrjoM oJ1 3 iydHe cekyHae (mpuoamkHo 90 m) ¢y TOCTYIHH 3a CBE 3eMJbE, IOK Cy
nogamu JIMT-a ca pe3onyiujom ox 1 yuHe ceKyHAe JOCTYIHH CaMO HEKUM 3eMbama. OBH
MOJIAlY Cy KPEMpaHU OJ CTpaHe HenmpopuTaOWITHUX OpraHu3aluja ca Iu/beM Ja o0e30ene
JOCTYIIHE M KOpPHCHE HMH(pOpMalMje 3a JpKaBHE OpraHu3aluje 3a pa3Boj. AKTHBHO ce
oxpabpyje ynotpeba oBUX MpoW3Boja y Hay4yHe cBpxe. OBo mehyTum Huje cirydaj u 3a
KOMEpIIHjaIHy yIoTpeoy.

Kopuniheme ArcGIS-a je y HOTIIyHOCTH OIpaBIaHO Y MU3PaaNd OBOT CKCIIEPUMEHTA.
OBaj co(TBep mpyka BeoMma INHPOK crekrap MoryhHoctu kaza je ymurtamy JMT. On
KOpPHCHHKA C€ WIIaK OYeKyje Ja MMa Npel3Hame O OCHOBHHMM HPHHIMIIMMA Iporpama,
MpojeKIijaMa M KOOPAWHATHHM CHCTEMHMa, Kako OW y TOTIYHOCTH MOrao Aohm 1o
KEJBCHUX pesynraTta. [Ipm peanm3andju eKCIepUMeHTa KOpHIMheHO je BHIIe anara
codreepa: Conversion, Data Management wu 3D Analyst.

Toxom m3paze pana nokasaiuo ce 1a CPTM JIMT uma pazinuduTe HUBOE TAYHOCTH 3a
paBHUYApCKe U OpPIOBUTE TEPEHE LITO je MOCIeauNa YTHIaja Harnba TepeHa Ha TIOMEHYTY
TayHoCT. [IpuiMKOM JAeTajbHHjEr pa3MaTpara JOOHjCeHUX Trpellaka Ha TYCTO HAaCe/bCHUM
noapyyjeM (yxu neHrap beorpana) neTekToBaH je BEpTUKAIHM CUCTEMATCKU IIOMEpaj, LITO
HaBOAM Ha TO Jia C€ OJKJIAmambEeM OBOI YTHIAja MOXKE MOOOJHIIATH allCOMyTHAa TayHOCT
CPTM [IMT-a. OcuM y rycTo HaceJheHUM TOJpydjuMa OBaj CUCTEMATCKH YTHUIIA] CE MOXKE
OUCKMBATH W Ha TepEHHMa MOKPUBCHUM TycTuM mymama (Bourgine&Baghdadi, 2005.). 3a
onpehuBame OBe BEIMYMHE IOTPEOHO je Jla ce Ha IOJApYdYjy OJ MHTEpeca Ioceayje
onpeleHn ceT Tayaka ca IMO3HATHM BHCHHAMa. 3aTHM, yodeHe cy M oapeleHa ,KpuTudHa“
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Mecra CPTM JIMT-a koja ce 0OMYHO Halla3e HAa MECTUMAa HarJIUX IPOMEHa pebeda TepeHa
HIIp.: CTPME JIMTHIIE, KaHallM, BUCOKM HACHUIIM, MOCTOBH nTH. Ha oBMM MecTHMa 3HauajHO
omaga taauHocT CPTM JIMT-a ka0 1 HeroB MOP(OIOIIKH U XUPOJIONIKH KBAIUTET.

HctpaxkuBamem 3a motpede oxpehuBama tauHoctn JMT-a Ha ocHOBY mopmaTtaka
JMOOMjeHNX TUTHUTAIN3aIjoM KapaTa pasmepe 1:25000 3a mompydje P. Cpbuje nobujena je
eKCIIepUMEHTAIHA OIleHA TAYHOCTH KOja ce KpeTaja y pacmoHy on 1-2 m 3a paBHHYapCKe
Tepere 10 5-10 m 3a 6pmosure tepene (LpujernnoBuh, 2005). OBako moOujeHe BpeOHOCTH
MOJKIa HICY HajOOJBH PENPE3CHT TAYHOCTH aKO Y3MEMO y O003HUp J1a BUCHHCKE pa3iinke (Ha
pacrojatbuMa on 90 m Ha kojuma je nedunucan CPTM) y paBHHYapcKuM Mpeaenuma
BEJIMKUM JIeJIOM He Tpelia3e HeKOJIMKO MeTapa, 0K Y OpAOBUTHUM TEpEeHHMMa OHE U3HOCE
HEKOJIMKO JIeCeTHHA MeTapa.

Ha ocHoBy noOujeHnx pesyiraTa y OKBUPY OBOT pajia, Kao M YMHEHHIE Ja je 3a
notpebe u3paje kapata pasmepe 1:25000 BpIICH OPUTHHAIHU TPEMEP, MOXKE CE 3aKJbYUUTH
na je taunoct CPTM JIMT-a 3nagajao snommja on tauHoctd IMT moOujeHOr HAa OCHOBY
JUruTanusanyje kapara pasmepe 1:25000. Mehytum, kapre pazmepe 1:50000 nobujene cy
reHepanu3anyjoM kapata 1:25000, ma ce Ha OCHOBY TOra MOYKE OYEKHBATH HEKOJIMKO ITyTa
Jomvja BUCHHCKA TadHOCT (2-20 m) [IMT-a moOujeHOr murHTamm3amijoM KapaTta pasmepe
1:50000 (mTO je HEeOmXOAHO eKCIepUMEHTalHO u fokasaru). C TOora, MOXe ce
mpermoctaButu 1a CPTM JIMT moxe Outu mobpa antepHatuBa JIMT-a moOujeHmM Ha
OCHOBY Kapara pa3zmepe 1:50000.

Tpeba mpumeTuTH A2 je y OBOM EKCIIEPUMEHTY J00HjeHa TauHOCT Ha onpelheHum
noJipy4jumMa 3Ha4ajHo 00Jba 011 Aekiaapucane y cnenudukanujama CPTM-a.
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Abstract: This paper aim is to determine accuracy of digital terrain model (DTM) formed
upon Shuttle Radar Topography Mission (SRTM) data, for the region of the Republic of
Serbia. Main characteristics of SRTM will be introduced, along with short description of
determining DTM based on SRTM data and accuracy of such derived digital terrain model.
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Shuttle Radar Topography Mission — SRTM

The Shuttle Radar Topography Mission represents a breakthrough in the science of
remote-sensing. This mission had the task that produce topographic maps of Earth 30 times
as precise as the best global maps in use today
(http://www.shuttlepresskit.com/STS%2D99). SRTM consists of specially modified radar
system that was placed on ENDEAVOUR space shuttle during the eleven days mission
realized in February of 2000.

SRTM is an international project managed by National Geospatial-Intelligence
Agency (NGA), National Aeronautics and Space Administration (NASA), National Imagery
and Mapping Agency (NIMA) and Italian and German space agency (Deutsche Zentrum fur
Luft und Raumfahrt - DLR). SRTM main goal was collecting data for high resolution digital
topographic map of Earth surface and testing new technologies for exploring of large rigid
structures and their distortions.

Principle of SRTM

The InSAR system of SRTM used two different wavelengths. The American C-band
(Spaceborne Imaging Radar SIR-C) operated with a wavelength of 6.0 cm and the
wavelength of German/Italian X-band was 3.1 cm (Heipke et al. 2002.). SRTM’s single pass
interferometer was consisted of two antennas. 12 m long main antenna that emitted and
received microwave pulses was placed inside of ENDEAVOUR space shuttle cargo area.
Second (outdoor or slave) antenna was fixed on a tip of a 60 m long mast, and had the
receiver only function. The mast realized the interferometric baseline.

In order to create map of Earth’s surface, two things were necessary:

1. Measuring the shuttle’s distance to the reference;
2. Measuring the shuttle’s distance to the surface below the shuttle.
For the first part, altitude needed to be known at all time. NASA solved it by
constantly measuring shuttle position with 1 m accuracy.
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For the second part, interferometric measurement of shuttle’s height above Earth’s
surface is used. For this purpose, knowing of mast’s length and orientation at any time is
crucial. Change in these values can have significant influence on height accuracy. 2 cm
radial movement of mast peak in reference to shuttle can result in 120 m height error on
Earth surface (changes in mast length can cause additional errors). For this reasons,
continuous monitoring of mast orientation and length is needed.

Global Positioning System (GPS) is used for determining shuttle precise location by
comparing GPS measurements on the shuttle and GPS measurements on the Earth.
Determining shuttle orientation in regard to the Earth is done by using software for
comparing sky image with star catalogue and gyroscope.

Due to Earth rotation shuttle gathered data by strips. Using C-band it was possible to
cover the whole Earth’s surface. C-band interferometer worked in so called ScanSAR mode
(Bamler, 1999.). In this mode antenna beam is electronically navigated by different
elevation angle in every next pass. This way four narrow overlapping strips cover area 225
km wide.

X-band antenna can not be electronically navigated. It operates with fix elevation of
38° and 45 km strip width. The advantage of X-band is higher relative accuracy due to short
wave length. The disadvantage of this band used on the shuttle platform is incomplete Earth
coverage. There are gaps between the swaths which became smaller with growing latitude
(Heipke et al. 2002.).

Parts of the Earth that are mapped

SRTM collected data for almost entire Earth surface between 60° north and 54° south
latitude, which represents around 80% of mainland.

Picture 1 shows different colored areas depending on the number of times the area was
imaged by SRTM. For land, one-time coverage is green, twice is yellow-green and so on, as
shown in the key at lower left. Over water, the color code is in shades of blue as shown in
the key at lower right. Areas in red could not be mapped. SRTM, a topography mission,
mostly acquired data over land. Small amounts of data were collected over the water for
calibration purposes (jpl.nasa.gov/srtm/datacoverage.html).

Picture 1. Coverage map

Characteristics of mission

Launch: Launched: February 11, 2000
Launch Site: Kennedy Space Center
Orbit: Altitude: 233 km

Inclination: 57 degrees
Mission duration: 11 days
Vital Statistics: Wight: 13.600 kg

Deployed mast length: 60 m
Power: 902800 watts
Instruments: X-SAR

SIR-C

GPS BlackJack receiver

SRTM data application

ENDEAVOUR space shuttle was launched, among other things, to collect data of
changeable planetary landscapes, surrounding characteristics and ecosystem.
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Radar also collected data for deserts, frozen tundra's, deep glacier valleys such those
on Alaska and Andes. It registered traces of ancient human settlements and habitats of
endangered species.

SRTM offers data application in various fields of interest: geology, geophysics,
hydrological modeling, ecology, terrain corrections for remote sensing images, atmospheric
modeling, urban planning, natural hazard after effects assessment, fire expansion models,
transport and infrastructure planning.

Some of civil applications are in: civil engineering, land use planning, and disaster
recovery efforts; and line-of-sight determination for communications, etc.

Possible military applications are: flight simulation, logistic planning, air traffic
management, missile and weapon navigation systems, battlefield tactics etc.

Accuracy of DTM

Assessment of DTM quality is often done by estimation of terrain parameters (height,
slope, direction of greatest fall) in selected DTM points and comparing such derived values
with known values.

Standard procedure for assessment of DTM accuracy and data error detection is
comparison of heights obtained by interpolation in DTM with known heights of certain
control points (Cvijetinovi¢, 2005). It is implied that for this purpose heights of control
points are determined with accuracy higher than the one that is expected in DTM.

Based on formed differences:

A =27 -Z!, i=12,..n

where:

ZiT - given height of control point,

Zil - interpolated height for control point based on DTM,
n - number of control points,

following statistical indexes are given:

A= -, A - simple mean

n
Ap = EZ|Ai | - averaged mean
- root mean square

- standard deviation
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Besides above mentioned indexes, tracking the maximal and minimal value of residuals
Amin and Amax is important for determining parameters that represent DTM absolute
accuracy.

All above mentioned indexes was used in this paper to estimate and explain DTM
quality. Points of geodetic networks (trigonometric, traverse, height benchmarks) that were
used in survey of Republic of Serbia (acquired from Geodetic Authority of Republic of
Serbia) were used as control points. Identical methodology is used for quality assessment of
DTM generated from digitized contour lines from topographic maps (Bajat and Strbac,
2005).

Testing the DTM accuracy for theregion of R. Serbia

As mentioned in the abstract, the aim of this paper is to determine accuracy of digital
terrain model (DTM) formed upon Shuttle Radar Topography Mission (SRTM) data, for the
region of Republic of Serbia. To conduct this experiment it was necessary to acquire SRTM
data that were available to physical person. Afterwards, acquired data needed to be
processed and prepared for use in some of commercial software's for digital terrain
modeling. Also, DTM was to be created, upon which the height of control points would be
calculated and compared to existing (true), based on what the SRTM DTM accuracy would
be assessed. For that purpose, three phase experiment was conducted:

Phase I: Acquiring and preparation of SRTM data.

Phase II: DTM creation and control point height determination.

Phase III: Created DTM quality assessment.

For conducting this experiment ArcGIS (ESRI) software was used. It is integrated
collection of software products for implementation of complex GIS solutions. Basic usage
level for end user is within ArcGIS Desktop which contains a package of applications such
as ArcMap, ArcCatalog, ArcGlob, ArcTool, etc. By using these applications any GIS
problem can be solved (mapping, 3D visualization raster and vector editing, geographic
analysis, geoprocessing, DTM creation ...). These were the very reasons that this software
was chosen.

Phase |: Acquiring and preparation of SRTM data

SRTM data are available on Internet and can be downloaded from
http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp. Download is very simple and can be
done in several ways. Mapped area is divided in blocks and for the region of Serbia four
blocks were needed. Data were delivered in twenty meter grid in ASCII (American Standard
Code for Information Interchange) format. Header of this file contains short description and
basic data such as number of columns and rows, coordinates of upper left corner of block,
cell size in arc seconds and value shown in the case where no height is given (picture 2).

Picture2. SRTM datain ASCII format.

After downloading, SRTM data were prepared for testing by using ArcGIS, which
followed few steps:
— data conversion; Since the data downloaded from Internet are in *. ASCII format,
they were needed to be converted in raster format (*.rst),
— raster transformation; Heights from ASCII file are referred to 90 m grid in WGS84
datum, whereas coordinates of control points refer to state plane system (Gauss-
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Kruger projection). Thus, it was decided to perform datum transformation from
WGS84 system to Gauss-Kruger projection.

Phasell: DTM creation and control point height determination

Due to specific configuration of SRTM data format, the result of conversion from
ASCII format to raster format was final DTM for further analysis with no need for separate
DTM creation.

After the DTM was created, control point heights had to be determined based on that
DTM.

Control points data were prepared for import to ArcGIS by creating textual files
consisting of three columns — coordinates of control points (X, Y, H). After that, textual files
were converted to *.SHP format.

After all of the data were prepared, heights of control points were determined by using
DTM created from SRTM data by using appropriate ArcGIS tools. New attribute in control
points table was created for storing interpolated heights. This table was exported to
Microsoft Excel file, which was later used for calculation of DTM quality parameters.

Phaselll: Created DTM quality assessment

Data needed for quality assessment were determined using ArcGlSand later processed
in Excel. Final results are shown in table 1, and one can tell that they are classified by
towns. Namely, coordinates of control points were grouped and results were shown for
every town independently.

For region of Belgrade and Kraljevo, traverse network was used for control points.
Their Y and X coordinates were rounded to full meter, so their absolute height accuracy is
about +1 dm. Also, this data contain trigonometric points, whose height accuracy is about
+0.5 m. Coordinates of control points for other regions were determined by
photogrammerty, so their height accuracy is about £1 dm.

It can be noticed that control points networks are different type. Depending on region
they vary in accuracy and shape. This didn’t influence the test results significantly regarding
that, in the literature used for this paper, stated absolute height accuracy of SRTM DTM is
16 m, and relative height accuracy 10 m and absolute horizontal accuracy is stated to be 20
m. Given accuracy values represent range boundaries for at least 90% data (Bamler, 1999.,
Bernhard et al. 2003., Yastikli et al. 2006., Cvijetinovi¢, 2005., Ozah&Kufoniyi, 2006.).
Appearance and type of control points networkc is shown in the picture 3.

Picture 3. Disposition of control regions.

Table 1 shows following statistical information: number of control points — n, minimal

and maximal bias — Amin and Amax, simple mean — A, averaged mean — Ap, root mean
square error — RMSE and standard deviation — & .

Tablel. DTM quality assessment.

Results from previous table refer to next conclusions:

- Best results come from region of KruSevac, which come as a surprise given that
control points from that region are traverse points located in strict downtown
with dense infrastructure. Also, terrain of this region is not meaningly plain, so
this result is unexpected.
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- Region of Zrenjanin and Novi Sad is characterized by plain terrain and same
control point's type. The cause of detected difference in SRTM DTM quality can
be explained by the fact that set of control points for Novi Sad is located on
mountain of Fruska Gora near Novi Sad, and there is also the influence of Novi
Sad’s dense infrastructure.

- Region of Belgrade is characterized by good results and it should be mentioned
that this region has dense and good disposition of traverse control points. That
means that DTM quality assessment for this region is highly reliable. Also, this
region is characterized by highest minimal and maximal biases. This indicates
that some locations are not reliable, that is there are gross errors in prediction.

- Regions with distinct relief (Sjenica, Kraljevo and Valjevo) are characterized by
bad results, which is expected, given that earlier tests and explorations shown
that SRTM DTM error grows with increase of slope (Sefercik&Jacobsen,
2006.).

- The worst results in means of accuracy are in region of Valjevo. Control points
for that region are terrain structure lines acquainted by photogrammetry
(selective sampling), therefore DTM created upon that kind of structured data
has low reliability. Also, it should be mentioned that accuracy of this control
points could not significantly influence DTM quality assessment.

By further data analysis (gross errors elimination) it is possible to achieve better

results. Next table (Table 2) shows results attained after elimination of data whose bias was
three times bigger than the value of standard deviation over entire sample of one region.

Table2. Resultsattained after grosserror elimination

In regard to small percent rejected measurements, DTM quality has significantly
increased for region of Belgrade, whilst for the region of Valjevo it stayed the worst.

Further more, Belgrade downtown area has been chosen for detailed analysis and
description of character of errors that appear when radar measurements are involved, or in
this case SAR C-bend interferometer. Picture 4 shows analyzed area with visually
emphasized error values on control points. Errors represent difference between interpolated
control point height calculated upon SRTM data and its “accurate” value.

Picture 4. Belgrade downtown with error representation

This area is covered with 1664 control points. After the differences on control points
have been calculated, following statistical parameters have been determined:

- minimal error =-16.71 m,

- maximal error = 22.50 m,

- simple mean = 5.90 m,

- average mean = 6.95 m,

-RMSE=7.83m,

- standard deviation (& ) =5.15 m.

Frequency of calculated differences within the 50 cm error range has been displayed
in histogram. Based on attained histogram (Picture 5) and calculated statistical parameters, it
can be concluded that data comprehend 5.9 m vertical shift. Also, certain asymmetry in
histogram in regard to simple mean can be noticed. Cause of that asymmetry is
accumulation of errors with positive value. Namely, total number of errors with positive
value (1486) is significantly larger than the number of negative value (196).
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Picture 5. Frequency of calculated differenceswithin 50 cm error range

Regarding that by generating DTM based on SRTM data, DSM (digital Surface
Model) is actually created, obtained results were expected. Namely, SAR C-bend system
(A=5.6 cm) emits radio waves which don’t have the ability to penetrate vegetation
(Sefercik&Jacobsen, 2006.). SAR systems register waves reflected from different field
objects (buildings, cars, tree tops ...). Area which is subject of detail analysis is located in
downtown Belgrade where significant number of such objects exists. Also, if keeping in
mind absolute horizontal SRTM accuracy of 20 m and displacement of traverse points, one
can say that these factors had large influence on attained statistical parameters too.

Within test area, it is noticed that above mentioned errors have manifested on certain
control points. Next several pictures display those points.

Picture 6 displays 7 traverse points located on the bottom of the north-west side of
Kalemegdan fortress. Location of these points on picture 4 is in the upper left corner, where
can clearly be seen that the biases on this points are positive and a class higher than all other
positive biases within this area. Biases on this point are around +20 m. Terrain configuration
itself clearly indicates that all errors come as an effect of radar wave registration reflected
from top of the fortress instead from its bottom. Also, this error has been reduced by
applying bilinear interpolation during control point height interpolation based on SRTM 90
m grid.

Picture 6: Display of a location with positive bias

Picture 7 displays 16 control points located on upper platforms of Kalemegran
fortress. These points were chosen due theirs characteristic locations. They are located on
the edge of the fortress bulwark and are surrounded by deep trenches. In contrast to points
shown in picture 6, negative biases raging from -10 m to -17 m are present here. Similar to
previous conclusions, errors come as a effect of radar wave registration, only this time
negative values come from radar waves reflecting from bottom of trenches instead from
platform where control points are located.

Picture 7: Display of alocation with negative bias

Most representative example of such negative biases is control point located on
Branko’s bridge. As shown on picture 8, bias is -13.37 m which is obviously result of radar
waves reflecting from terrain below the bridge, not from bridge platform where control

point is located.
Picture8.

Conclusion

NASA, that is SRTM offered DTM for more than 80% of Earth’s surface. This data are
currently being distributed free of charge under the authority of United States Geological
Survey (USGS) and can be downloaded from National Map Seamless Data Distribution
System or from USGS web site.

SRTM data are, as mentioned before, available on Internet and can be easily
downloaded from certain web sites. DTM data with 3 arc second resolution (cca. 90 m) are
available for all countries, while the DTM data with 1 arc second resolution are available for
certain countries only. This data are created by nonprofitable organizations with goal to
provide available and useful information's for national development agencies. Usage of this
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product for scientific purposes is constantly encouraged. It is, however, not the case for
commercial usage.

Usage of ArcGIS for completely of this paper is completely justified. This software
provides wide specter of possibilities regarding DTM. User is, however, expected to have
prior knowledge of basic software principles, projections and coordinate systems in order to
achieve wanted results. During the experiment realization, several software tools were used:
Conversion, Data Management and 3D Analyst.

Realization of this experiment shown that SRTM DTM has different accuracy levels
for plain and mountainous terrain which is result of effect that terrain slopes have on
mentioned accuracy. During detailed investigation of attained errors over densely populated
areas (Belgrade downtown) systematic vertical shift was detected, which indicates that by
resolving this influence absolute accuracy of SRTM DTM can be improved. Apart from
densely populated areas, this systematic influence can be expected in areas covered with
thick wood vegetation (Bourgine&Baghdadi, 2005.). For identification of this influence set
of points with known heights should be available on interest area. Also, certain “critical”
SRTM DTM spots are detected which are usually located on places with sudden relief
changes such as steep cliffs, canals, high embankments, bridges etc. At this places SRTM
DTM accuracy and its morphological and hydrological quality rapidly decreases

During research for determination of DTM accuracy created on data acquired by
digitizing maps of scale 1:25000 for region of Republic of Serbia, experimental accuracy
evaluation that was in range from 1-2 m for plain terrain and from 5-10 m for mountainous
terrain was attained (Cvijetinovi¢, 2005.). Perhaps these values are not the best represent of
accuracy if we consider that height differences (on distances of 90 m for which SRTM is
defined) on plain regions mostly don’t exceed few meters, while in mountainous regions
they can be couple of tens of meters.

Based on obtained results within this paper, along with fact that for purpose of
production of maps of scale 1:25000 survey was conducted, it can be concluded that the
SRTM DTM accuracy is significantly lower than the accuracy DTM created on data
acquired by digitizing maps of scale 1:25000. However, maps of scale 1:50000 are created
by generalization of maps of scale 1:25000, so based on that we can expect several times
lover height accuracy (2-20 m) of DTM created on data acquired by digitizing maps of scale
1:50000 (which needs experimental proof). Therefore, we can assume that SRTM DTM can
be good alternative for DTM created upon maps of scale 1:50000.

It should be noticed that obtained accuracy in this experiment, on certain regions, is

significantly better than the one that is declared in SRTM specifications.
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