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Caxerak: Y paly je ommcaHa MMIUIEMEHTAllWja TeolopTaja 3a MOHHUTOPHHI KIM3HMINTA KOjH OOyxBaTa [Ba
MOJICHCTEMA: CHCTEM 32 aKBU3HLM]Y, CKIaANIITeHe U AUCTPHOYLH]Y [OaTaka O KIM3HIITHMA ¥ alapMHU CHCTEM Yy
peaHoM BpemeHy. CHCTeM 3a aKBHM3WLM]y, CKIQIUINTEHEC M AUCTPUOYLHjy I0JaTaka O KIM3HIITHMa yOXBaTa
pacTepcke U BEKTOPCKE IPOCTOPHE MOJATKe O YIPOXKEHHM 00JIacTHMa KIM3UIITHMA, Ka0 M METarofaTke. AJapMHH
CHCTEM y PEaIHOM BPEMEHY IPEKO CEH30pa 3a JETEeKIUjy ToMepaja BPILK CTalHa MEpPEha i CUTHAIH3HPA YKOINKO
Jobhe 1o npekopauema pedepeHTHHX BpenHoct. CHCTeM je pa3BHjeH y Ckialy ca cranaapauMa u3 odnacru I'MC-
a: cepujoM ISO 19100 u cranmapauma OpenGIS koH30piMjymMa M Ga3upaH je Ha CEPBHCHO OPHjEHTHCAHO]
apXUTEKTypH M puHIMIIMa HH(pacTpyKType MPOCTOpHHX MojiaTaKa’.

KipyuHe peuM: KIM3MINTA, TeONOpTali, MHPpacTpyKkTypa HpocTopHuX mnoaartaka, OGC, cepBuCH, aKBH3HIM]ja
rojiataka

YBoa

IMojam Uudpactpykrype mnpocropuux mnomaraka (MIIII) obOyxeara ckym
TEXHOJIOTHja, TIOJINCAa W MHCTUTYIMOHATHUX CIIopa3yma Koju 00e30el)yjy makmm mpucTym
reonpocTopuuM nojanuma (Nebert, D., 2004). UTIIT ce kopucTyu 3a npeTpary u eBajiyanujy
TeONpPOCTOPHHUX [OJaTaKa, M JIpyre INpUMeHe y OKBUpPY Biame, xomepuujamHor wu
HEenpo(UTHOT CEKTOpa, aKaJIeMCKUX MHCTUTYLHWja, UTA. ['eonopranu cy BeO mopTaiu Koju
00e36ehyjy npuctyn UIIII. Cteknu cy 3Ha4ajHy HOIMYJIapHOCT HOCIEIBUX TOANHA U BUXOB
Opoj cBe BUIIIC pacTe.

Kana ce cnenudummpa apxuTekTypa reomH(pOpManuoHOr cHCTeMa HOTpeOHO je
pa3jacHUTH TJIaBHU LWJb KOjU apXUTEKTypa Tpeda Jia MOCTUTHE, a TO j€é HHTEPONepabuIIHOCT
n3Mel)y paznmmunTHx reomHpopManMoHMX —cucrema. Ilojam  MHTEponepaOHIHOCTH
MoJjpa3yMeBa CIIOCOOHOCT TEOMH(OPMAIMOHOT CHCTEMa 3a pa3MEHy TIeONpPOCTOPHUX
rojiaTaka M cepBHca. 3a MOCTH3amke MHTEPONepadMiIHOCTH, CAaBPEMEHN TeOMH(OpManoHH
CHCTEMH Cy 3aCHOBAaHHM Ha CEPBHCHO-OPH]CHTHCAHO] apXUTEKTYpU M CTaHIapANMa KOjH
00e30ehyjy unTepomepabmmHOCT. TakBa apxwTekTypa TEOHMH(OPMAIIOHOT CHCTEMa
omoryhaBa ¢opmupame HUHPpacTpykType mnpocTropHux moxmaraka. WIIII obyxBara
TEONpPOCTOpHE TMOJAaTKe, MeTalofaTKe H CepBHUCe Koju Tpeba Ia ce 3acHHWBajy Ha
cranpapauma cepuje ISO 19100 u OpenGIS koH30p1HjyMa.

*
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CepsucHo-opujentucana apxurektypa (COA) je auctpuOyupana padyHapcka
apXUTEeKTypa ciab0 CHPEerHyTHX HHTEpaKIHMja TeocepBHCa Y KOjUMa MOJET HHTEPaKIHje
cepBuCa WIYCTpyje HHTEpakinujy usMelly pasjiuyuThX areHata 3a o00jaBJbHBAaIC,
NpOHANIAKE-E, M TMO3MBAKE TI'COCEPBHCA, TaKO3BaHH "00jaBU-TPOHAlU-TIOBEKH "MOICIT
(publish-find-bind model) (Erl, T., 2005). OBaj Mozmen ykjpydyje: MyOJUKOBaWmE OIUCA
TEOMPOCTOPHHUX Pecypca, Tako Ja Cy NOCTYNMHH MOTCHLHWjaJHUM KOpHCHUIMMA (00jasu),
MPOHANAXKEHE Pecypca 0/ HHTepeca IpeMa HeKOM CKYITy KpUTepHjyMa npetpare (IpoHalhu)
U WHTEPaKIHjy ca IpoBajIepoM pecypca 3a IPUCTYIl >KeJbEHOM pecypcy (nogeoicu).
CepBHCHO OpHjEHTHCAHA apXHUTEKTYpa reorpackux HHGOPMAIMOHUX CHCTEMa 3aCHHBA Ce
Ha CepBHCHMA 3a MpETpary, NPUCTYI, BU3YeIH3alHjy U 00paly reonpoCTOPHUX MoJaTaKa
KOju MMIUIeMeHTHpajy cnenudukanuije OpenGIS koH30pIMjyMa U NpeACTaBibajy rpanBHE
6sroxoBe 3a pazsoj UIIIIL.

UIIIT ce cacToju 01 TEONPOCTOPHAX MOJATaKa, IPUXOBUX METaIoaTKa, CepBUCa U
onroBapajyhux cranmapaa. Ilpocropuu mnomamu cy y cpxu HIIIT nok meranopanu
00e30¢ehyjy ommce o momaiuma W Tpyxajy uHbOpMalUje 3a OTKpUBAmbE, CBaIyalldjy,
eKCTpaKkuujy ¥ Kopumheme reonpocTopHuX noxaraka. OHU Cy KIBYYHH Pecypc 3a CepBHC
KaTaJjiora 1 mpeTpare reornpocTopHux pecypca. [Iperpara pecypca myTeM cepBuca Karauora
je KJbY4HH ejeMeHT 3a pa3Boj Omno kxor WIIIL. Jlpyre Bpcrte cepBuca omoryhaBajy
KOPHUCHUIIMMa J1a TIPUCTYIIE MoJalliMa Koje Cy IMPOHAILTH MPEKO CepBHCa 3a MpeTpary, u aa
obpane mojaTke y CKIaly ca HBHXOBHM morpedama. Jlakie, ca CTaHOBHMIUTA KOPHUCHHKA
CepBHCH MpAaTe MPOLIEC KOjU W O MPOHANAKEHA, NMPEKO eBalyaluje U MPHUCTyna Ka
eKcruioaTanju 1 Kopuinhemy nogaraka. C o63upom Ha cBe Behu Opoj mpousBohaua u
KOPHCHHKA T'€ONPOCTOPHHX II0JIaTaka W CepBHCa, CTAHIApAH3alhja je HEONXOAHA Y OBOj
o0nacTH y IHMJbY NMOCTH3aEka MHTEPOIEPaOMIIHOCTH PA3NMYMTHX pellemha U oMoryhaBama
epuKacHHje pa3MeHe pecypca. be3 HHCTUTYIIMOHAHUX ciopa3yMma, To He Ou 6mino moryhe,
TaKo J1a je 0 CYLITHHCKOT 3Hadaja 3a YYeCHUKE Y OBOM IIPOLIECY J1a IIOCTHIHY KOHCEH3YC O
CTPYKTYPH U GopMaTy mojaTaka v HHTEpQejcuMa cepBuca.

UIIIT cepBucu ce peamnsyjy kopumhememM OGC crnenndukanmja mHTEpdejca.
Busyenuzaiuja momataka ce moctmxe npumenoM OGC Web Map Service (WMS) (de la
Beaujardiere, J., 2006) cnenudukaigje, a MpUCTyI HoJauMa e MOCTHKE IpuMeHOM Web
Feature Service (WES) (Vretanos, P., 2005) u Web Coverage Service (WCS) (Baumann, P.,
2010) cnenudukanuje 3a Npey3uMame BEKTOPCKUX M PACTEPCKHX I10/1aTaKa PECIEKTUBHO.
[perpara reonogaraka ce umruieMenTupa ynorpedom OGC Catalogue Service Specification
(Nebert, D., et al., 2007). OGC Sensor Observation Service (SOS) (Na, A., et al., 2007)
npyXa NPUCTYN HHpOpManujaMa O MepemHMa, Ka0 M CEH30pMMa KOjH BpIIE Mepema.
Pa3Boj reomoprana ce 6a3upa Ha OBUM CTaHAAPAUMA.

Kama je y mnmramy pasBoj reomoprama u MUII 3HauajHo MecTo 3ay3nMma
HudpactpykTypa mpocTopHHX HH(pOpMAaIHja y €BpOICKO] 3ajemHurtd (Infrastructure for
Spatial Information in European Community — INSPIRE) koja ce omHOCH Ha monmce U
aKTMBHOCTH KOje uMajy yTHnaj Ha kuBoTHY cpeauny. INSPIRE nepunume 34 rteme
MIPOCTOPHUX IOJIaTaka u3Mel)y Kojux cy u Teme ,3eMJbHIITE U ,,30He pusnka“. OBe JBe
TeMe Cy Of 3Ha4aja 3a pa3Boj reonoprajia IPe3eHTOBAHOT Y OBOM pazy.

INSPIRE ne¢punumie 3eMibHINTE Kao ,,JIOBPIIMHCKH CJIOj 3eMJbHHE KOpE,
dopmupaH o0J] UecTHIIAa MHHEpana, OPraHCKHX MaTepHja, BOJE, Baslyxa H IKHUBHX
opranu3amMa Koju MpeacTaBiba uHTepdejc n3mel)y 3eMibe, Ba3yxa U BOAC Yy KOM CE Hajla3u
HajBehn nmeo Owmocdepe”. C 003upoM na je HEroBo (OpPMHpaEme BPIO CIOP MPOIIEC,
3EMJBHUIITE CE MOXE CMaTpaTH HEOOHOBJHHMBHM pECypcOM. 3eMJBHIITE je MPEAMET HH3a
JerpagaioHuX Npoleca KOjH yKIbY4yjy epo3ujy, CMambehe OPraHCKe MaTepHje, JIOKAIHY
muhy3Hy KOHTAMUHALIW]Y, HaOujame, CMambekhe OHOTUBEP3UTETA, 3acialbiBabe, IOIUIABe U
KJIA3UILTA.
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OmnacHocT ce aeduHHUIIe Kao MOTEHIUjaTHO IITeTHH Gu3ndku gorahaj, rojasa win
Jby/ICKa aKTUBHOCT KOja MOXeE Ja H3a30Be T'yOWTaK >XMBOTAa WJIM MOBpeay, omreheme
UMOBHHE, JPYIITBEHE W EKOHOMCKe nopemehaje, win aerpanaiujy >KUBOTHE CpPEIMHE.
OnacHOCTH MOTY Ja YKJ/bY4yjy JIQTCHTHE YCIIOBE KOjU MOTY Ja MpeACcTaBibajy Oymyhe
NpeTHhe W MOTYy Ja HMajy pa3iIMyMTO IIOPEKNIO: TPHPOIAHO MM H3a3BaHO JbYJICKUM
nporecom. [IpupopHEe OMACHOCTH C€ MOTY KIACH(HUKOBATH IO MOPEKIy Ha TEOJIOLIKE,
XHIPOMETEOpOIIoNIKe Wik Ouomnomike. OnacHu aoral)aju MOTY BapHpaTH y BEIHYHHU HIIH
MHTEH3UTETY, YUYECTaIOCTH, Tpajamy, o0O0yxBaheHO] NOBPIIMHM, Op3WHH UIHpEHa,
NPOCTOPHO] IHCHEP3HjU M BPEMEHCKOM pa3Maky. [ eolioIike ONMacHOCTH Cy NPHPOIHH
(eHOMEHN WM Tpolecd 3eMJbe KOjH MOTY H3a3BaTH TI'yOUTaK J>KHBOTa WM IIOBpEe,
omrehera HMOBHHE, COLIMjaHE U EKOHOMCKE PEKHE WM JAeTpajalirje )KHBOTHE CPerHE.
I'eomomrke omacHOCTH 00yXBaTajy 3eMJbHHE YHYTPAIIbe MPOIece TEKTOHCKOT IMOpeKiia, Kao
IITO Cy 3eMJBOTPECH M BYJIKaHCKE AKTUBHOCTH, KaO M CIIOJbHE Ipolece Kao IITO Cy
KIIM3UIITAa, JIABUHC UTH.

YrpoxkeHa nopydja ce KapakTepulilly npemMa NpUpoIHUM KatacTpodama koje, 300r
CBOj€ JIOKalWje, 030M/PHOCTH M YYECTAJOCTH, MMajy MOTEHIHjal Ja O30MJBHO yTHYy Ha
JPYIITBO, HAa MpPUMEp, MOIUIABe, KIM3WINTA W CJEramba 3eMJBHINTA, JaBHHE, IIyMCKH
MOXKapH, 3eMJbOTPECH, BYJIKAHCKE epyIirje. 30He MPUPOAHOT PU3UKA Cy 30HE y KOjuMa ce
yrpoKeHa MOJpydYja YKPIITajy ca TYyCTO HaceJbeHUM obiacThMa M / WM obnacTuMma of
noceOHe eKoJIonIKe / KynTypHe / ekoHoMcKe BpeaHoctH. Pusuk npema INSPIRE nupekrusu
je nedunucan xao: ,,Pu3rMk = onmacHocTH X BepoBaTHONA HETOBOT HACTAHKA X PAHHBOCTH
M3JI0KECHOT CTAHOBHHMINTBA, KA0 U JKUBOTHE CPEIMHE, KyJITypHE U CKOHOMCKE MMOBHHE Y
norof)eHoj 30HKA". 3HamE O YTPOKEHUM MOAPYYjUMa je BakaH (PAaKTOp y UICHTH(DUKAIU 1
MOZIC)TM 30Ha pu3HKa. [logamy 1 cepBUCH Cy OTPEOHU U 3a MPOLICHY PU3UKA Y BaHPEIHHM
curtyauyjama. [ToceOHH cepBUCH YII030peha MOTY OMTH PEJICBAHTHH.

Y wHapemuuMm ognepimMa he OutH paspalleHa KOHIENTyalHa apXUTEKTypa
reonopTaia 3a MOHUTOpPHHT Kimm3mmTa. Omerpak 2 maje mperiien mocrojehux pemema y
obmactu. Tpehu onmespak maje KpaTak Mperviea TEXHOJIOTHja 3a MPHUKYIJhamke Mo/aTaKa Ha
km3umTy. YeTBpTH ofesbak o0yxBara HWMIUIEMEHTAlMjy CHCTeMa 3a aKBHU3HWIH]Y,
CKJIQMUINTCIhe W AUCTPUOYIMjy TMoJaraka O Kiu3uinTuMma. lletw omesbak o00OyxBata
UMIUIEMEHTAIIHM]y CUCTEMa KOjU y PEaHOM BpeMeHy Oelexu Meperma U OrcepBallrje IpeKo
CEH30pa IMOCTaBJbEHUX HA TEPeHy M ajlapMHpa y Cily4ajy NOTEeHIMjalHe omacHocTH. Ha
Kpajy je aT 3aKJbyvaK.

Ipergen nocrojehux pemema

[Mocnenmux ToAMHA CBEIOLIM CMO pa3Boja cBe Beher Opoja reomopTana KoOju Cy
CBOjy TOIyJIapHOCT CTEKIM 300T MPOMOBHCama HIEje HHTEPONEePaOMIIHOCTH H IeJbeHha
reonpoctopHux pecypca. (Tait M.G., 2005) u (Maguire D.J. et al. 2005) obpazmaxy
HCTOPHjaT pa3BoOja TeONOpTaia, Jajy OCHOBHY IMOJENy TEOlOpTalia W HaBOIE MpuUMepe
reonoprana. [Ipumepu reomoptana cy EBporicku reomopran mon okpusbeM INSPIRE
mupextuBe (Bernard, JI., et al., 2005), I'eomopram MMHHCTapCTBa 3aIITUTE >KUBOTHE
cpenune PenyoOmuke Cpb6uje (Govedarica M., et al., 2011) u I'eomopran I'eocpOwuja.
[Ipumena OGC cepsuca y caBpemenum auctpubynpanum ['IC cucremuma (Bulatovié V., et
al., 2010) u xaranora meranoxaaraka (Govedarica M., et al., 2010) urpa Kby4Hy yJory y
pa3Bojy reormopraia.

C apyre cTpaHe TEMOM KJIM3HIITA M OMACHOCTUMA W PU3MLMMA OJ KJIM3HUILITA CE
6aBe (Glade, T. et al, 2005). (Oosterom P. et al, 2005) HnarmamaBajy Ba)KHOCT
reomHpoOpManja 3a ympaBibamke Katactpodama. (Broring A., et al., 2011) ananmsupajy
pa3Boj ceH3opckor Beba HOBe TeHeparyje Oasupanor Ha OGC crangaparMa KOju CKpUBAjy
XETePOreHOCT CeH30pa W HbUXOBUX KOMYHHMKAMOHHX MPOTOKOJA, a 4Ydja CBpXa je
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Hajarnename kuBoTHe cpenune. (Maué P., et al, 2011) pasmarpajy mopene Be3aHe 3a
JKHUBOTHY CPEAMHY HWMIUIEMEHTHpPAHE YMOTPeOOM CEPBHUCHO OpPHjEHTHCAaHE apXHUTEKType,
ykipyuyjyhin momen wimsumTa, a (Granell, C., et al., 2010) pa3marpajy CEpBHCHO
OpHjEHTHCaHE alUTMKalMje 32 MOJieJIe )KUBOTHE CPEANHE.

TexHoJioruje aKBU3NIHje MOJATAKA 0 KJIUZHIITY

VY Hajeehem Opojy ciryyajeBa momepaj Tj. IpOMEHa MO3MIHje je BeJIUYMHA YHja ce
BPEOHOCT MepH Ha Kmm3HIITy. [loMepaju ce MOTy OJpequTH WHIMPEKTHO, HA INPUMEp
aHanmu3oM (Qotorpamerpujckor Marepmjana (Baldi et al., 2008), mpumeHOM pamapcke
narepdepomerpuje (Colesanti and Wasowski, 2006) mu nacepckum ckenupameM (Ristic et
al., 2012). Y oBom pany he ca acmexra akBU3HUIje OUTH MPHKa3aHE TEPEHCKE MeToAe (,,in
situ measurements®) xKoje yciiea BEIHKE Pa3HOBPCHOCTH JOCTYIIHHX CEH30pa oMmoryhaajy
Mepema Y peaJHOM BPeMEeHY Kao U IIUPOKOM OTCETY TaYHOCTH.

Il'eomercke Metone mnpahiema aeopmaiidja ce HHTCH3WBHO NPUMEHY]y H 32
npaheme moMepama kiusuinta. OHe YKbY4yjy KOPHUIINeHe TOTATHUX CTAaHHUIA KOjUMa Ce Y
oJpeheHrM BpeMEHCKMM HMHTEpBaJMMa Mepe IMO3MLHje CTpPaTellKu oJa0dpaHuX Tadaka Ha
TeNly Kiau3umTa. Tadke Cy CHrHanucaHe ogoroBapajyhum mpusmama. JemHa wiu BUIe
TOTAJTHUX CTAHMIA C€ MOCTaBJba Ha MPETXOJHO CTabWincaHe Tayke y OJM3MHH KIIM3UILITA
Tako Ja je Moryhe Bu3uparH cBe mpu3Me. 3a OBy HaMEHy Cy Ce€ ayTOMaTH30BaHE TOTAJIHE
CTaHHIC Ca TEXHOJIOTHjOM ayTOMAaTCKOI Ipeno3HaBama mpusMe (Automatic — Target
Recognition — ATR) nokazane Banpeano xopucHuM (Savvaidis, 2003). One cy onpemibeHe
eNIeKTPOMOTOPUMA KOjH OMOryhaBajy KpeTame OKO XOPH30HTaJIHE U BEPTUKAIHE OCe Kao U
yHIpaBJbaukuM CO(TBEpOM KOju omoryhaBa ayToHOMaH pan HHCTpyMeHTa. lloTpeGHO je
nehuHUCATH BPEMEHCKH HWHTEpBal H3Mel)y IBe cepuje omakama M HOTOM MaHYeIHO
M3BPIINTH HYNTy cepHjy Mepema. [Ipu cBakoj cienehoj cepuju Mmepema TOTalHA CTaHMIA
ayTOMAaTCKU BU3Upa IPH3ME U PETHCTPYje ONaKaHe BPEIHOCTH.

HesaBucHO min y KOMOMHAIMjU ca TOTAJHUM CTaHUIIAMa MOTY C€ BPLIMTH H
onakarba rI00aTHUM HaBHraruoHuM catenutckuM cuctemoM (THCC) (Gili et al., 2000). Y
Ty CBpXy C€ Ha caMOM KIM3MINTY W Yy HemnocpenHoj OnusuHu mnocrasiba)y ['HCC
MPHUjEMHHUIIM BHUCOKE TAaYHOCTH KOjU 00aBJbajy KOHTHHyaJlHa oOmnaxkama. OOpagoM u
anamzoM THCC mepema ce Mory J00UTH MoJialy O KpeTamy KIM3HIITA BUCOKOT CTEIeHa
tauHocTH (5-10mm). IlpujemHMIM ce mNOCTaBJbajy Ha pacTojaa M OJf 1O HEKOJHKO
Krniiomerapa 0e3 jaerpananyje TauHOCTH, Tako Jia ce M30erHy mpenpeke koje O omerane
TIpUjeM CUT'HaNa, ajly ce He Mopajy Melycobno nornenaru (Malet et al., 2002).

Taxohe, THCC mepema je Mmoryhe HCKOPHCTHTH 3a KOHTPOJTY ITOJIaTaka J00HjeHUX
U3 Mepema TOTATHHM CTaHHWIaMa (3a ciydaj [a je IONUIO O IoMeparma HHCTPYMEHTA).
Kopumheme momataka ca Mpexe MepMaHCHTHHX CTaHWIA Y Mepemy W oOpaan moBehaBa
TayHOCT MOJIaTaKa.

Ilopen mopmaTaka NMPUKYIUbEHHX I'€OAETCKUM METOJaMa W MHTPYMEHTalWjoM, 3a
aHAIN3Y KpeTama KIM3UIITA KOPUCTe ce M MOojaly A0O0HMjeHH I'€OTEXHHUYKHM MeETOoAama,
KopuimhemeM pa3nuuuThx cenzopa (Barla et al., 2010). ¥ ToMm cmuciay Ha KIM3HIITa ce
NOCTaBJbajy  MHKIMHOMETPH, ITHE30METPH, CKCTEH30METpU U  JPyTd  CEH30pH.
WuknmHOMeTpruMa ce MepH OJICTyIame O BEPTHKAJIHE PaBHH IO jeIHOj WM BHIIE Oca, ca
BpJyio BHCOKOM Taunomihy (pena 0,05mrad). ExcTeH30oMeTpu CliyKe 3a MEPCHE aKCHjaTHOT
oJICTynama pe)epeHTHNX Tavyaka JyXK jelHe oce. YOOH4ajeHo Cy ce KOPUCTHIN MEXaHUIKH
EKCTEH30METPH Ca METAIHOM JKHMIIOM, aJli Cy Ce Y HOBHjE€ BpEME IIOYENIM KOPUCTUTH
ayTOMAaTH30BaHU €KCTEH30METPH Ca ONTHYKUAM BIIAKHUMA KOjH Pajie Ha eeKTPO-ONTHYKOM
npuHouny (Savvaidis, 2003). 3a Mepeme NpHUTHCKAa YHYTap Tia KJIN3UIITA KOPHCTE Ce
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MHe30MEeTPH. YKOJIMKO HPUTHCAK IopacTe (HIp. ycien OOMIHMX MafaBHHA) U JOCTUTHE
onpeljeHy BpeIHOCT TO je HaroBelTaj Moryher nmomepama teia KIH3HIITa.

PasHonMKoCT ceH30pa M Mpou3Bohaua JioBeNa je O XETEPOreHOCTH y HauMHMMa
MOBE3MBaka CCH30pa U mpeysumamy mogaraka. Crora je OpenGIS Consortium (OGC)
nokpenyo wuHuigjatuBy Sensor Web Enablement (SWE) y okBupy koje je aedunucano
BHIIC CrieU(pUKaIHja KOje UMajy 3a I[Wb CTaHAAPANU3ALHN]y Y OKBHPY CEH30PCKHX MpEKa
(Broring et al., 2011). ¥V okBupy uspane ['eomoprana jeman o mubeBa je U HopMHUpaEsE
CEH30pCKE MpeKe 32 MOHUTOPHUHT Kim3uinTa 6asupane Ha OGC cnenndukannjama u3 SWE
VHHLMjaTUBE.

3a motpebe pa3Boja reornopTajia CIpOBEJCHA je KamIlamba NMPoOHUX Mepema. Kao
TeCT-JOKaIija oabpaHo je Majlo KIM3HINTE KOJl BUKCH] Hacesba borke, y Oxm3man HoBor
Cana (cnuka 1). Osa sokanuja npumnanga Behoj 30HM 1€ MOCTOjU PHU3UK OJ TIOjaBe
kmm3umrTa. V3spmeno je mer cepuja mepewa ['HCC npujemuuxom Leica GS15 wu
ayroMaTtn3oBaHoM ToTanHoM craHuioM Leica TCRP1201+. Pesynratu wmepema cy
UCKOpUIINEeHH 3a CUMYJIalKjy TIo/1aTaka Koju ce 100ujajy Mmpu peaHoM pajy.

Canka 1. TecT-10Kauuja

Mepema cy cadyBaHa Kao BPEMEHCKE CepHje CHUMJbCHMX no3uuuja y cranzapaaom OGC
O&M ¢opmary (Cox, 2011) npukazanom y nuctunry 1. Ilomepaju ce pauyHajy y
KIIMJEHTCKOM cO()TBEpY Ha OCHOBY BPEMEHCKHUX CEepHja CHUMJbEHUX MO3UIIH]a.
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<om OM _bservation gn :id="11">

<om typexlink: href="http://ww. opengi s. net/def/ observati onType/ OGC-
OM 2. 0/ OM _Measurenent "/ >

<om phenonenonTi ne>

<gm : Tinel nstant gm :id="ot1lt">

<gm : timePosition>2012-05-11T16: 22: 25. 00</ gml : ti mePosi ti on>

</ gm : Ti mel nst ant >

</ om phenonenonTi ne>

<om resul t Ti mex| i nk: href ="#ot 1t "/ >

<om procedure xlink:href="http://gitis3/register/process/gnss.xm"/>
<om observedProperty xlink: href="urn:ogc: def: phenonenon: OGC: | ocati on"/>
<omresult xsi:type="gm:Point" uom="nl>

<gml : Poi nt gml :id="SanplingPoint">

<gm : pos srsName="urn: ogc: def : crs: EPSG 31277" >

7407235.298 5008090.135 137.074

</ gm : pos></gnl : Poi nt >

</omresult>

</ om OM _Cbservation>

Jluctunr 1. @opmar 3anuca mepema Jokauuja F'HCC npujemHukom

HMmmiieMenTanuja reonopraia 3a MOHUTOPHHT KJIW3HIITA

Pa3Boj reomoprana 3a MOHHUTOPHMHI KJIM3WINTa NpaTH IOpPLEC O] aKBU3UIIH]jE
nojiaTaka, MPEeKo pa3Boja Mofeia MmojaTaka W meme 0a3e mojaTaka, crenupukaiuje u
UMIUIEMEHTAlIM]je apXUTEKTYpe U Kpenpama Karajora Meranojaraka. AKBU3MIIMja 1o1aTaka
yKJbydyje HalpeIHHje TEXHUKE Kao IITO Cy (hoTorpamMeTpuja U JaJbUHCKa JIETEeKIHja, Kao 1
JUTHTANN3alMjy IITaMIIaHUX Kapara W INpHKyIUbame IojaTaka Ha TepeHy. lllema 0Oase
nojaraka ce kpeupa mnpema INSPIRE nupextuBH — cnenudukanuju Tema ImojgaTaka y
[punory III: 3emsputire u 30He pusuka. [lomamm ce ceMmernrajy y oBy 0a3y mojaraka.

I'eomopran 3a mpaheme KIM3UIITa CE CAacTOjU OJ Karajgora MeTarojaraka H
AIUTMKaTUBHOT reornopTaia. Karanxor meranomaTaka ce KOPUCTH 3a IPOHANIAKEHhE M0JjaTaKa,
a aIUIMKaTHBHH T'€ONOPTaJ] ce KOPHCTH 3a BU3YENH3alHjy, IPUCTYI U 00pamy reormopaTaka
(amp. Tpancdopmanmja koopauHara). Obe amumkaiyje ce peannsyjy kopumhemseM ERDAS
Apollo codtBepckor makera W 3aCHHBAjy c€ Ha TPOCIOJHO] CEPBHCHO OpPHjEHTHCAHO]
aApXHUTEKTYpPH KOja Ce CacToju OJ MPE3CHTALMOHOT, alJIMKaTUBHOT CJI0ja U cjloja Mojaraka.
[IpeseHTalMOHM C€JI0j j€ HAjBHIIM HHBO AalUTMKAIMje KOJU MpPE3eHTYje HH(pOopMaInje
KopucHumMa. OH KOMYHHWIIMpa ca JpyrdM CJIOjeBUMa, a pe3yiTaT je NpuKasaH Yy
npeTpaxuBady / KIMjeHTy. Pa3nuuure KIMjeHTCKE alulMKalMje MOTY Ja KOpUCTE HCTH
AIUTUKaTUBHH, OJHOCHO JIOTWYKH CJIOj. ATUTMKaTUBHU (JIOTMYKH) CJIO] KOHTPOJIHIIE YKYITHY
(YHKIIMOHAIHOCT aluIMKalyje IyTeM M3BpIlaBamba II0CIOBHE JIOTHKE atumKkanyje. Konauno,
cl10j moaTaka oOyxBara cepBep 0a3e IojaTaka 3a CKIAJUIITEHE U Npey3uMame MoJaTaKa.
OBaj cnoj 4yBa M Ofp’KaBa IOJaTKe HE3aBHCHO O] alNIMKATHBHOI CepBepa HIIM IOCIOBHE
noruke. YyBame MmojaTaka y MmoceOHOM HHBOY mobospmaBa mepdopmance. Kimjertcka
alKanyja jeé OJAroBOpHAa 3a TyMaueHmhe 3aXTeBa KOPHUCHHMKA M ClIake THUX 3aXTeBE Ka
cepBepy Koju Tpeba na oOpaau 3aXTeB W MOMIAJbe OATOBOP Ha3al KIHjEHTY. 3a MPHUCTYI U
NMpeTpaXnuBame IMOoJaTaka, CepBepcka arumkangja ce oOpaha 0a3sm momaraka.
KoMyHHKaIMOHN TPOTOKOJIM M MHTEp(EjCH KIHjEeHTa M CepBepa Cy MMIUIEMCHTHPAHU Y
cknany ca OGC crarnapanma. M3rien reomopraia je npuKa3aH Ha CIUIN 2.
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Cauxka 2. U3rien reonoprana

AKBI3WIHja MMoJIaTaka YKIbydyje TeXHUKE (poTorpamMeTprje u JaJbHHCKE JeTEKI)e
¥ IATHTAIH3ANN]y TANUpHUX KapaTa. Jururannsanyja manupHUX Kapara je kopumherna 3a
Jno0ujambe TUruTaIHor Mojena TepeHa 3a CpOujy. JIururanHu MoJien TepeHa je AaT y BHILY
KOHTYpHHX JIMHHja U JeurtanHor mozena sucuna (JJEM). M3oxumnce cy npousBeneHe Ha
OCHOBY IUTHTaNu3aIje Tomorpapckux kapara pasmepe 1:25000. Ha ocHoBy wuzoxwurcu,
kpeupan je JIEM ca miaHMMeTpHjCKOM pe3oayidjoM on 25 Merapa u 10 Metapa
BepTHKATHOM pe3onyiujoM. JIEM Behie TauHOCTH, IUIAHUMETPHjCKE pE30JyHHje o1 5
MeTapa M 2 MeTpa BepTHKaJHE pe30jylHje, JOOHjeH je O CTepeo MmapoBa CHUMAaHHX M3
aBUOHa, 3a monpyuje Dpymke rope, ynorpedboM ¢ororpamerpuje. Temarcku CIoj
"3emspuInTe" caIp’Ku TUTHMTaTIU30BaHe KapTe 3emubuiiTa pazMepe 1:50000 y BekTopckom
¢dopmary. CBaKM JUTUTATN30BAHU MOJIMIOH je IMOBE3aH ca oAroBapajyhum arpubyTuMa kao
LITO je ThH 3eMJpbHmITa. [lajbHHCKa IeTeK1Hja je KopuinheHa 3a KIacu(pHUKAIH]y 3eMJbUITHOT
MOKpUBaya W ojpehuBama WHJICKCA Bereraldja, Kao M 3a JCTEKIHjy NpOMEHa W3
PasIMYUTHX HEPHOJA.

Ha ocHOBY npuKymubeHUX ToJaTaka JeHHHCAHA je CTPYKTypa ClojeBa ImojaaTaka
Ha reonoprairy. CTpyKTypa cliojeBa MmoJaTaka Caap KU BEIHKH Opoj CllojeBa MOJACIbCHUX Y
TeMaTcKke LeNnuHe, YKbydyjyhu: agMUHHCTpaTHBHE TpaHMIC, TUIIOBE M KBaJHUTET
3eMJBbHIITA, (OTOreojoruja u reoMopdosoruja MW TEOoJOIIKKA Xa3apiu, Xuaporpadujy,
KIacu(UKALMjy 3eMJBHUIIHOT MOKpUBaya, AUTHTAIHA MOJEN TepeHa, pacTepcke MoJaTke y
BUJly aBHO U CATCIUTCKUX CHMMaka u Tomorpadcke kapare pasmepe 1:100000 3a CpOwujy.
Hexu o7 cnojeBa nmoaaraka cy npukasaHu y tTademnu 1.

Tabena 1. TemaTke neMHe H CJI0jeBH NOAATAKA

Onuitu cnojeBu AJZIMUHUCTpATHBHE I'PaHUIIE, HACEIha

3eMJBHIIHI Krnacudukanuja 3eMIbUIIHOT IOKpHBaya, HHIEKC BereTalje, IeTeKIja IpOMeHa

OKpHBAY

Xugporpaduja Pexe, je3epa, U3BOpH, aKyMyJIallyje, IIOJ3eMHE BOJIE, CIIMBOBH, IIOJICIHBOBH. ..

[eonoruja Dororeonoruja, ['eomopdosnoruja, I'eonomku xa3apau, TexHoreHa pynTypHH CKION

3emspHLITE TunoBu 3eMJbHIITa, NPO(UIN 3eMIBUIITA, (HU3UYKO XEMHjCKa aHAM3a CEUMEHATa,
epo3uja 3eMJbHIITA. .

Pactepcku nmopanu JIUruTaHU MOJIEN TePEeHa, CaTeIUTCKU CHUMIM, OPTO(OTO MIaHOBH, Tororpadcke
KapTe...
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Katamor Meramonaraka je NOCPEOHHMK y KOMYHHMKanMju usMmeby cepBuca u
Mpe/ICTaBba KJbYUYHY KOMIIOHEHTY y CEpBHCHO oOpujeHTHcaHoj apxutektypu u WHUII 3a
yIpaBJbakhe JAEJbeHUM pecypcuMa M oMoryhaBa IpoHaJaXKeme pecypca y OKBHPY
OTBOPEHOT, JHUCTpuOyHpaHor cucrtema. Karamor weramojnaraka je HWMIDIEMEHTUpPaAH
ynotpedom ERDAS Apollo CSW. Takolje je mata mompuika 3a INSPIRE npodwi. Jetassuu
OIIMCH MeTaroJlanyMa Cy JaTH 3a CBaKH CJIOj OJHOCHO TeMy nopjaTtaka. V3rmen karanora
MeTarnojaraka je mpuKazaH Ha CIIAIH 3.

o e o
wserdas ERDAS APOLLO

B [

~WES #mogucs, kst

1 - ol verioe

e

Cuauka 3. ERDAS Apollo karasor

HMmnnemMeHTanmja ajJlapMHOT CHCTEMA Y PeaJJHOM BpeMeHY

Konmenr cen3opckor Beba je BpcTa Mpeke ceH3opa Koja je moceOHO moroaHa 3a
MOHHUTOPHHT >KUBOTHE CpeAMHE M Koja y Benukoj Mepu kopuctu World Wide Web. OGC
Sensor Web Enablement (SWE) oxBup nedunume ckyn uHTepdejca BeO cepBuca H
KOMYHHUKAI[MOHUX IPOTOKOJA KOJU aIlCTPaxyjy XeTepOreHOCT CEH30PCKUX MPEKHUX
komyHukamja. OGC SWE wuHunujatiBa mMa 3a OWJb Ja CTaHAApIU3yje I[E0 IPOIec
CCH30pCKOr Beba: ONMC CeH30pa M IIOCTaBJbAKE pErHcTapa CEH30pa W Mepema,
MpoHANAXXeHe W KOopHIIheme CeH30pa, Kao M MPUCTYI IOJaluMa J00WjeHHX IMoMohy
CeH3opa.

OGC SWE wuHnnmjatuBa JeduHUIIE HEKOIWKO CTaHIapAa Ha KojuMa ce Oa3mpa
ceHzopcku Beb. Sensor Observation Service (SOS ) omoryhaBa npuctyn nHpopmanujama
(SensorML) u u3mepenum cenzopckuM nocmatpamuma (O&M). SensorML cneundunmpa
mogene U XML komupawme koju 00e30elyjy okBup y kome Mory Outu neduHHCaHe
TeOMETpHUjCKe, IUHAMHYKE M OICEpBAllMOHE KAPAKTEPCHUTUKE CEH30pa M CEH30PCKUX
cuctema. Sensor Alert Service (SAS) omoryhasa ymo3opaBame y pealHOM BpeMeHy. Sensor
Planning Service (SPS) ciryu 3a rulaHupame 3a7aTaka CeH30pa WM CEH30PCKUX CHCTEMA.
Web Notification Service (WNS) noap:kaBa acnHXpoHa obaBemiTema o forahajuma ceHsopa
(3amanm, mocMarpame GpeHoMeHa).

Crmuka 4 mpukaszyje UMILDIEMEHTHPAHO pellekhe y AUCTPUOyHpaHoM OKpyxkemy. OHO
oMmoryhaBa KOPHUCHHITUMA Ja KOPUCTE Pa3HUUTE aIUTHKaIHje, KaKo KOMEPIHjaHe Tako U
OTBOpPEHOT KoJia YKonko uMinieMeHTrpajy OGC cnenndukanmje 1 1a ce moBeXy Ha HCTOM
aIIMKaTHBHOM HHBOY. TakBe aluTMKallfje ce MOTY KOPHCTHTH 3a IPHKa3 M BH3YEIH3aLHjy
IOZIaTaKa ca cepBHca, a Takohe Moxe la oMoryhe axypHupame U NpeTpaXkuBambe IoJaTaKa.
Iopexn pa3MeHe nopaTaka Ha alNIMKaTBHHOM CJIOjy, OZHOCHO M3Mel)y pasnnunTux cepBuca,
Mmoryhe je pasmemuBatu nojatke kopucrehm GML, SensorML wnun O&M, cranpapase
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(opmare 3a pasMeHy BEKTOPCKHX IMOJaTaKa WM I0JIaTaKa O 3arakamhMa U MepemuMa ca
CeH30pa, Ha HUBOY T0/1aTaKa, OJIHOCHO M3Mely pa3nuuuTux 0asa mojaraka.

OcHOBHA IPEAHOCT OBAKBOT CUCTEMA j& J1a KOPUCHHIIM HE MOPajy Ja MEmhajy CBOje
HABUKE Y MOTJIeAy COQTBEPCKUX anara Koje KOPHUCTE y CBAKOIHEBHOM pamy. KopucHuiu
kopucte pasmuuute GIS u CAD amare. OBu anatu cy y MoryhHOCTH Ja ce MOBEXKY ca
CepBEPOM MPEKO 3ajeMHUUYKUX HHTepdejca U Ja Mpey3My MoJaTake 3a BU3YETH3aIH]y WK
axypuparme. Ha Taj HauMH KOPUCHHUIIM MOTY Ja KOPHCTE pa3inuuTe ajare, 6e3 Opure o
JIyrOTpajHUM KOHBEp3HjaMa MmoJaTaka.

Y

A
v

A
\ 4

( )

Cianka 4. UMniieMeHTHPaHO pelierse y JUCTPUOYHPAHOM OKPY:KeHY

3akipyuak

Pax mnpukasyje pazBoj l'eomoprasia 3a MOHHUTOPHMHI KIIHM3MIITA, KOJH j€ Y
nornyHocTn yckimahena ca  OGC  crammapauMa  codTBepckux — uHTepdejca
KOMYHHKAIIHOHHX MTPOTOKOJIa. OBO pelleke je MPaKTHYHO y CMHCITY [TOBE3UBabha M pa3MeHe
nozxataka m3mely pazmmunrtux [MC cucrema, U y MOTIYHOCTH je Pa3BUjeHO y CKIamy ca
npunnuniMa UIII. 1oOUT 0o MMIUIEMEHTHPAaHOT pelieiha je OlepaTHBaH CHUCTEM KOjH
oMmoryhaBa MHTerpaiujy mojaraka O 30HaMa pU3MKa OJ KiIM3uIuTa y HamuoHanHy WIIIT
Cpbuje. OBo he 06e36enuTn jeAHOCTaBHY AUCTPUOYIH]jY MoJaTaka Koja he, y KoMOMHAHju
ca mojamuMa W3 JpYyruX o0jacTd, OMOTYNWTH NOTHYHHjy MPOCTOPHY aHAIH3y U
No0OoJbIIAE TTO/IPIIKE OJUTYYUBAY y Be3U NMuTama 0e30enHocTH. OcuM TOra, KOPUCHUIH
HE MOP3jy Jla MEHajy ajare Koje Cy HaABHKJIM Ja KOPUCTE y CBAKOAHEBHOM palay U Ja yde
HOBE BELITHHE, jep CTaHAapIu30BaHM MHTepdejcu omoryhaBajy NMOBe3UBamE Pa3IMuUTHX
anata 0e3 HernmoTpeOHNX KOHBEP3Hja I0IaTaKa.
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DEVELOPMENT OF GEOPORTAL FOR LANDSLIDE MONITORING
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Abstract: The paper presents the implementation of geoportal for landslide monitoring which which includes two
subsystems: a system for acquisition, storage and distribution of data on landslides and real time alert system.
System for acquisition, storage and distribution of data on landslides include raster and vector spatial data on
landslides affected areas, as well as metadata. Alert system in real time is associated with a sensor for detecting
displacement, which performs constant measurements and signals in case of exceeding the reference value. The
system was developed in accordance with the standards in the field of GIS: ISO 19100 series of standards and
OpenGIS Consortium and is based on service-oriented architecture and principles of spatial data infrastructures.

Keywords: landslides, geoportal, spatial data infrastructure, OGC, services, data acquisition
Introduction

The notion of Spatial Data Infrastructure (SDI) comprises a collection of
technologies, policies and institutional agreements that provide an easier access to
geospatial data (Nebert, D., 2004). The SDI is suitable for usage in geospatial data
discovery, evaluation, and also various applications within government, commercial and
non-profit sectors, academic institutions, etc.

When specifying the architecture of a geographic information (GI) system it is
necessary to make clear the main objective such architecture should provide, and that is
interoperability among different GI systems. The notion of interoperability implies the
ability of GI systems to share geospatial data and services. To achieve interoperability,
modern GI systems are based on service-oriented architecture and standards that provide
interoperability. Such architecture of GI systems enables forming of the Spatial Data
Infrastructure. SDI comprises geospatial data, its metadata and services which should be
based on standards from ISO 19100 series and OpenGIS Consortium.

A service-oriented architecture (SOA) is the distributed computing architecture
based on loosely coupled interactions of geo-services in which the service interaction model
illustrates the interaction between different agents for publishing, discovering, and invoking
geo-services, so called “publish-find-bind” model (Erl, T., 2005). This model involves:
publishing resource descriptions so that they are accessible to prospective users (publish),
discovering resources of interest according to some set of search criteria (find) and
interacting with the resource provider to access the desired resources (bind). Service
oriented architecture of geographic information systems is based on services for geospatial
data discovery, access, visualization and processing that implement the OpenGIS
Consortium specifications and are the building blocks for the development of the SDI.

SDI comprises geospatial data, their metadata, services and appropriate standards.
Geospatial data are at the core of SDI whereas metadata provide descriptions about data and
provide information for discovery, evaluation, extraction and use of geospatial data. They
are the key resource for catalogue and discovery services. Resource discovery through
catalogue services is the key element for the development of any SDI. Other types of
services enable users to access data they discovered via discovery services, and to process
data according to their needs. Therefore, from the user's point of view services follow the
process that goes from discovery, through evaluation and access to exploitation and use of
data. Considering a growing number of producers and users of geospatial data and services,
standardization is needed in this area in order to achieve interoperability of different
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solutions and thus enable the effective sharing of resources. Without institutional
arrangements and agreements, this would not be possible, so it is essential for the
participants in this process to reach consensus on the structure and data formats, and service
interfaces.

SDI services are implemented using OGC implementation specifications of
interfaces. Data visualization is achieved by implementing OGC Web Map Service (WMS)
specification (de la Beaujardiere, J., 2006), whereas data access is achieved by
implementing Web Feature Service (WFS) (Vretanos, P., 2005) and Web Coverage Service
(WCS) (Baumann, P., 2010) specifications for retrieval of vector and raster data
respectively. Data discovery is implemented using OGC Catalogue Service specification
(Nebert, D., et al., 2007). OGC Sensor Observation Service (SOS) (Na, A., et al., 2007)
provides information about observation and measurement as well as sensors that measure
them. Development of geoportal is based on these standards.

Considering the development of geoportal and SDI, it is important to mention
Infrastructure for Spatial Information in the European Community (INSPIRE), which refers
to the policies and activities that have an impact on the environment. INSPIRE defines 34
spatial data themes among which are "soil" and "risk zones". These two data themes are of
importance for the development of geoportal presented in this paper.

INSPIRE directive defines soil as following. “Soil is generally defined as the top
layer of the earth’s crust, formed by mineral particles, organic matter, water, air and living
organisms. It is the interface between earth, air and water and hosts most of the biosphere”.
As soil formation is an extremely slow process, soil can be considered essentially as a non-
renewable resource. Soil is subject to a series of degradation processes or threats which
include erosion, local and diffuse contamination, decline in biodiversity, salinisation, floods
and landslides.

Hazards is defined as a potentially damaging physical event, phenomenon or
human activity that may cause the loss of life or injury, property damage, social and
economic disruption or environmental degradation. Hazards can include latent conditions
that may represent future threats and can have different origins: natural (geological,
hydrometeorological and biological) or induced by human processes (environmental
degradation and technological hazards). Each hazard is characterised by its location,
intensity, frequency and probability. Geological hazards are natural earth processes or
phenomena that may cause the loss of life or injury, property damage, social and economic
disruption or environmental degradation. Geological hazard includes internal earth
processes or tectonic origin, such as earthquakes, tsunamis, volcanic activity and emissions
as well as external processes such as mass movements: landslides, rockslides, rock falls or
avalanches etc.

Vulnerable areas characterised according to natural hazards that, because of their
location, severity, and frequency, have the potential to seriously affect society, e.g. floods,
landslides and subsidence, avalanches, forest fires, earthquakes, volcanic eruptions. "Natural
risk zones" are zones where natural hazards areas intersect with highly populated areas
and/or areas of particular environmental/ cultural/ economic value. Risk according to
INSPIRE directive is defined as: ,risk = hazard x probability of its occurrence x
vulnerability of the exposed populations and of the environmental, cultural and economic
assets in the zone considered”. Knowledge about the affected areas is an important factor in
the identification and allocation of risk zone. Data and services are needed for risk
assessment in emergency situations. Special alert services may be relevant.

"Natural risk zones" are zones where natural hazards areas intersect with highly
populated areas and/or areas of particular environmental/ cultural/ economic value. Risk in
this context is defined as: risk = hazard x probability of its occurrence x vulnerability of the
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exposed populations and of the environmental, cultural and economic assets in the zone
considered.

The paper is structured as follows: Section 2 provides related work. The third
Section provides a brief overview of technologies for collecting data on the landslide. The
fourth Section presents the implementation of a system for acquisition, storage and
distribution of data on landslides. The fifth Section presents the implementation of the real-
time alert system based on observations and measurements which are recorded by sensors
placed in the field and alerts in case of potential danger. Finally, a conclusion is given.

Related work

There is a growing number of geoportals in recent years. Geoportals have gained
their popularity because of the idea of interoperability and sharing of geospatial resources.
(MG Tait, 2005) and (Maguire DJ et al. 2005) explain the history of the development of
geo-portal, provide the basic division of geoportals and provide examples of geoportals.
Relevant examples of geoportals are the European geo-portal under the INSPIRE directive
(Bernard, L., Et al., 2005) Geoportal of the Ministry of Environmental Protection of Serbia
(Govedarica M., Et al., 2011) and Geoportal GeoSrbija. Application of OGC services in
modern distributed GIS systems (V Bulatovic., Et al., 2010) and metadata catalogues (M
Govedarica., Et al., 2010) play a key role in the development of geo-portal.

On the other hand, (Glade, T. et al., 2005) consider the subject of landslide hazards
and risks. (P. Oosterom et al., 2005) emphasize the importance of geoinformation for
disaster management. (A Broring., Et al., 2011) analyzes the development of a new
generation of sensor web based on OGC standards that conceal heterogeneous sensors and
their communication protocols, whose purpose is environmental monitoring. (Maué P., et
al., 2011) discusses environmental models implemented using a service-oriented
architecture, including a model of landslides, and (Granell, C., et al., 2010) consider service-
oriented applications for environmental models.

Data Acquisition Techniques On Landslides

The displacement, that is the change of position, is a value being measured on a
landslide. It can be determined indirectly, by analyzing photogrammetric data (Baldi et al.,
2008), using radar interferometry (Colesanti and Wasowski, 2006), laser scanning (Ristic et
al., 2012), or some other method. In this paper, special attention is on field techniques (‘in
situ measurements’) which, due to large variety of available sensors enable real-time
measurements and wide accuracy range.

Geodetic methods for deformation monitoring have extensive application in
landslide monitoring as well. They involve the use of total stations which, in predefined
time period, measure the positions of strategically chosen target points on the landslide
body. The points are marked with prisms. One or more total stations are placed on points,
previously stabilized with monuments in the vicinity of the landslide so that all target points
can be observed. Automated total stations, with built-in technology for automatic target
recognition (ATR) proved to be rather useful for this purpose (Savvaidis, 2003). Built-in
electro motors which are used for rotation around horizontal and vertical axes, together with
software enable autonomous operation. It is only necessary to define time interval between
two observation sessions and manually execute first session (‘session zero’). In following
sessions the total station surveys prisms automatically and registers observed values.

Independently or combined with total stations global navigation satellite systems
(GNSS) can be used (Gili et al., 2000). For that purpose, on landslide body and in its
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vicinity, high-accuracy GNSS receivers are mounted, conducting continuous observations.
Processing and analysis of GNSS measurements can produce high accuracy data (5-10mm).
The distance between receivers can be several kilometers, without degrading accuracy.
Location of the receiver needs to have no obstruction to sky view, but intervisibility between
location is not necessary (Malet et al., 2002). GNSS measurements can be used to control
the data from total stations (in case the movement of total station occurred). Using data from
the network of permanent GNSS stations can lead to more accurate data.

Besides data from geodetic survey, for landslide movement analysis are often used
data collected by geotechnical methods using various sensors, such as inclinometers,
piezometers, extensometers etc. (Barla et al.,, 2010) Inclinometers are used to measure
displacement from the vertical plane with respect to one or more axes, with high accuracy
(~0.05mrad). Extensometres are used for measurements of axial displacement of reference
points along one axis. Mechanical sensors with wire were usually used, but automated
extensometers with fiber optics working on electro-optical principle recently became widely
used (Savvaidis, 2003). To measure the pressure in the landslide body piezometers are used.
If pressure raises (for instance, due to heavy rainfall) and reaches some threshold it is a
warning signal that the landslide movement may occur.

Vast variety of sensors and manufacturers resulted in differences in connection
protocols and data exchange. Therefore Open Geospatial Consortium (OGC) started the
initiative Sensor Web Enablement (SWE). It includes a number of specifications for
standardizing the networks of sensors (Broring et al., 2011). One of the goals in building the
geoportal is to implement a SWE-based sensor web for landslide monitoring.

One step in the development of geoportal was the campaign of test measurements.
Small landslide near location Bocke, in the vicinity of Novi Sad, was chosen to be the test
site (Figure 1). This site is situated in a larger landslide-hazardous area. Five series of
measurements were done using GNSS receiver Leica GS15 and automated total station
Leica TCRP1201+. Results were used to simulate the data wich could occur in real work.

Figure 1. Test-site

Listing 1. Format for measured positions by GNSS receiver
The implementation of geo-portal for landslides monitoring

Development of Geoportal for landslide monitoring followed the process from data
acquisition, development of data model and database schema, specification and
implementation of its architecture and cataloging. Data acquisition involved
photogrammetric and remote sensing techniques, digitalization of paper maps and field data
collection. Database schema is created according to the INSPIRE directive Annex III data
theme specifications: soil and risk zones. Data are stored in this database.

Geoportal for landslide monitoring consists of metadata catalogue and application
geoportal. Metadata catalogue is used for discovery of data whereas application geoportal is
used for data visualization, access and geo-processing (such as coordinate transformations).
Both applications are implemented using ERDAS Apollo and are based on three-tier service
oriented architecture consisting of the presentation, application and data tier. Presentation
tier is the highest level of the application that presents information to users. It communicates
with other tiers and the result is shown in the browser / client tier. A variety of client
applications can use the same application, i.e. logic tier. Application (logic) tier controls the
overall functionality of applications through the execution of the business logic of the
application. Finally, the data tier comprises database server for data storage and retrieval.
This tier keeps and maintains information independently from application server or business
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logic. Storing data in a separate tier improves performance. The client application is
responsible for interpreting user requests and sending those requests to the server which
needs to process the request and send back a response to the client. For access and retrieval
of data, the server application addresses the database. Communication protocol and
interfaces of the client and server are implemented in accordance with OGC standards.

Figure 2 illustrates client application of the geoportal.

Figure 2. ERDAS Apollo Client Application

Data acquisitions includes photogrammetric and remote sensing techniques and
digitalization of paper maps. Digitalization of paper maps is used to obtain digital terrain
model for Serbia. It is given in the form of contour lines and digital elevation model (DEM).
Contour lines were produced by digitizing topographic maps scale 1:25000. Based on the
contour lines, DEM was created with planimetric resolution of 25 meter and 10 meter
vertical resolution. DEM of greater accuracy, planimetric resolution of 5 meter and 2 meter
vertical resolution, was obtained from aerial stereo-pairs, for the area of mountain Fruska
Gora, using photogrammetry. Thematic layer “Soil” contains digitalized soil maps scale
1:50000 in vector format. Each digitized polygon is associated with the appropriate
attributes such as type of soil. Remote sensing was used for classifying land cover and for
detecting changes from different periods.

Based on acquired data, data layer structure has been defined. Data layer structure
contains large number of layers divided into thematic units including: administrative
boundaries, soil types and quality, photogeology, geomorphology, geological hazards,
hydrography, classification of land cover, digital terrain model, raster images including
aerial and satellite images and topographic maps scale 1:100000 for Serbia. Some of the

layers are shown in Table 1.
Table 1. Thematic units and layers

General layers Administrative boundaries, settlements...

Land cover Classification of land cover, vegetation index, land cover change detection...

Hydrography Springs, rivers, lakes, reservoirs, underground waters, river basins and sub-basins...

Geology Photogeology, geomorphology, geological hazards, technogenic rupture

Soil Soil types, soil condition, physico-chemical analysis of sediments, soil profiles, soil
erosion...

Raster data Satellite images, topographic maps, digital elevation model, orthophoto plans...

Metadata catalogue as service brokers that represent a key component in a
service-oriented architecture and SDI for managing shared resources and facilitating the
discovery of resources within an open, distributed system is also deployed using ERDAS
Apollo CSW. Support for INSPIRE profile is given. Detailed metadata descriptions were
given for each layer. Figure 3 illustrates ERDAS Apollo metadata catalogue.

Figure 3. ERDAS Apollo metadata catalogue

Implementation of the real time alert system

The concept of the "sensor web" is a type of sensor network that is especially well
suited for environmental monitoring and is also associated with a sensing system which
significantly utilizes the World Wide Web. OGC Sensor Web Enablement (SWE)
framework defines a suite of web service interfaces and communication protocols
abstracting from the heterogeneity of sensor (network) communication. OGC's Sensor Web
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Enablement (SWE) initiative aims at standardizing the entire sensor web process:
description of sensors and the setup of sensor and measurement registries, discovery and
sensor tasking mechanisms, and access of data observed by sensors.

OGC SWE initiative defines several standards on which sensor web is based.
Sensor Observation Service (SOS) provides access to sensor information (SensorML) and
measured sensor observations (O&M). SensorML specifies models and XML encoding that
provide a framework within which the geometric, dynamic, and observational characteristics
of sensors and sensor systems can be defined. Sensor Alert Service (SAS) enables real-time
alerting. Sensor Planning Service (SPS) tasks sensors or sensor systems. Web Notification
Service (WNS) supports asynchronous notification of sensor events (tasks, observation of
phenomena).

Figure 4 illustrates the implemented solution in the distributed environment. It
enables users to use various applications, both open-source and proprietary if they
implement OGC specifications and to connect to the same application tier. Such applications
can be used to display and visualize data from the map service, and may also allow editing
and searching for data. In addition to the data exchange at the application tier, i.e. between
different services, it is possible to exchange data using GML, SensorML or O&M, standard
formats for the exchange of vector data or measured and observed data from sensors, at the
data level, i.e. between different databases.

The main advantage of such system is that users do not have to change their habits
in terms of software tools they use in their everyday work. Users use different GIS and CAD
tools in their everyday work with spatial data. These tools are able to connect to server via
common interfaces and to retrieve data for visualization or editing. In that way users may
use a combination of tools without worrying about tedious data conversions.

Figure 4. Implemented solution in distributed environment
Conclusion

The paper presents the development of geoportal for the landslide monitoring,
which is fully compliant with OGC standards of software interfaces and communication
protocols. This solution is practical in terms of connectivity and the data exchange between
different GIS systems, and is fully developed according to the SDI principles. It also shows
how large amount of legacy data can be imported into the system by applying automatic
conversion rules. The benefit of the implemented solution is the fully operational system
that enables integration of data about landslide risk zones into national SDI of Serbia. This
will provide seamless distribution of data which will, in combination with data from other
domains, enable more thorough spatial analyses and improve decision support concerning
safety issues. Furthermore, users do not have to change tools they are accustomed to use in
their everyday work and to learn new skills, since common interfaces allow binding of
various tools without unnecessary conversions of data.
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