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IMPUMEHA GOOGLE MAPS API CEPBUCA 3A U3PA/1Y WEB KAPTE
NHO®OPMANINJA U3BEJJEHUX U3 CORINE BA3A ITIOJATAKA O
3EMJ/bUITHOM ITIOKPUBAYY
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"Yuugepsumem y Beozpady — I pahesuncku gaxyimem, Odcek 3a 2eodesujy u 2eoungpopmamuxy, Bynesap kpama
Anexcanopa , beoepao, Cpouja

Caxerak: [lanac crangapaau web cepsuc, Goole Maps APl amumkanuja, 3acHoBaHa Ha AjaX TEXHOJIOTHjH,
KOPUCHHUKY Ha jeJIHOCTaBaH Ha4MH oMoryhaBa myOiMKalMjy HHTEPaKTUBHUX Web Kapara, 4YuMe ce OTBapajy HOBE
moryhHocti y oxHocy Ha kiacuuHe aHanorse kapre. CORINE 6ase mopmaraka 0 3eMIJBHIIHOM IOKPHBAady CY
nperno3HaTe kao (GyHIaMEHTAIHH pedepeHTHH CKYIIOBH IIOJaTaka 3a MHOIe IPOCTOpHE aHanu3e. TeopHjcka U
armnkatiBHa npuMmeHa Goole Maps API kaprorpadcekor cepBrca pa3MOTpeHa je 3a u3paay web kapre mpomeHa
ypbanux nospmmaa beorpana u oxomune ox 2000. 1o 2006. roqune no6ujeHa Ha ocaopy CORINE 6a3a mogaraka.

Kibyune peun: CORINE, web kapra, Google Maps API, JavaScript
YBoa

Wurepec pasBUjeHHX IpyliTaBa je Ja pa3Buja 0asze Iojaraka O 3eMJBHIIHOM
MOKpUBadYy W Ja UX Kaprorpadcku mpeseHtyje. Y Ty cBpxy je EBpomcka Kommcuja y
nepuoxy u3Mmehy 1985. m 1990. rommure wnmmuiemernupana CORINE (Koopamnarmja
nHpOpManKja O JKUBOTHO] cpeauHH) mporpam. IIpojekaT KkapTupama 3eMJBHIITHOT
nokpuBada y okBupy CORINE mporpama nma 3a nusb ga kpo3 CORINE 6a3e monataka o
3emsprimiHOM TokpuBauy (CLC) o00e30equ KOH3UCTEHTHE JIOKaIW30BaHe reorpadcke
uH(popmanmje 0 3eMIBHUIIHOM ITOKpHBauy eBporickux 3emasba.(Hecropor u [Iporuh, 2009).
Hums CLC 6a3a nopataka je na 06e30enu nomic ocodrHa 3eMJbHHE MMOBPIIUHE, ITPE CBEra
pazu MpaBUIIHOT yIpaBJbatba )XKUBOTHOM cpeanHoM (Heymann u np., 1994).

Nwmmementanuja CLC2000/CLCI90 mpojekra y Cpouju nodena je 1. jyma 2005.
roavHe W 3aBpuieHa je 15. okrobpa 2006. rogune. Y cenremOpy 2007. roguHe mouena je
nmmeMenTtanuja CLC2006 mpojexTa Koju je 3aBpIleH TOJMHY JaHa KacHHje. 3a u3pamy
oBHX Oa3a nozjaraka kopumhena je crangapaHa CORINE metomornoruja, koja rmoapasymMmena:
padyHapCKH MOJpKaHy BU3YENHY HHTEPHpETalHjy CATeIMTCKUX CHHUMaka ca yHoTpeOom
moMohHuX mozaTtaka (Tomorpadckux Kapara, aepooTo CHEIMaka, TeMaTCKHX KapaTa ...) U
teperckux nposepa (Perdigao u Annoni, 1997). Pesynrar kaprupama je BEKTOPCKH CET
MTOJIUTOHCKUX IOJIaTaka 3eMJbMIIHOT mopuBada 3a 1990., 2000. u 2006. roguny. Taxobe,
Jo0ujeH je ceT mpoMeHa 3eMJpHIIHOr nokpusaya o 1990. mo 2000. rogune u ox 2000. 1o
2006. rogune 3a Teputopujy Pemyonuke Cpouje.

I[Mpumena CLC 6a3a mnomaraka y CpOuju Om Morja OWTH BeIHMKa, jep OHE
NpeACTaBibajy BpelaH HM3BOp MHQOpMaluja 3a: MUTamka >XKUBOTHE CPEIUHE, MPOCTOPHO
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IUTaHUpamke, IIIyMapCTBO M yIIpaBJbake Bomama, eHepretuky u ci. CLC 0aze 00e36ehyjy
JOCTYyIIHE M KOpHUCHE HMHQpoOpMamuje 3a Ap’KaBHE OpraHu3amuje, a Takohe ce aKkTHBHO
oxpabpyje ynorpeba OBUX U CIMYHUX INoOanHux nojaraka (Hop. SRTM nonaum) y HayuHe
cpxe (Camapuuh u Muneunkosuh, 2010).

Ocraje, mehyrtum, murame kaprorpadcke Buszyenusaiuje CLC uH(poOpmanmja.
Jenny ox moryhHoctn npencrtaBiba MHTEpHET Kao cBe pa3BHjEHHMjU KapTOrpacku Menu;j.
Haume, pa3Boj web kaprorpadckux amara MpyXHO je BeIHKe MOTYNHOCTH 3a MacOBHY
kaprorpadcky komyHukanujy. Google Maps n Google Earth cy 3nauajHo yTumamu Ha
pa3Boj web kaptorpaduje. Google Earth/Maps ce Moxe cMaTpati KJby4HHM Y pa3Bojy web
Kaprorpadcke aluIMKalMje y HajMame IeT KaTeropuja: JOCTYIHOCT —aIuIMKalyje,
M033/IMHCKE KapTe BHCOKOT KBAJIMTETA, JEJMHCTBEH KOOPIMHATHU CHUCTEM, web-0a3upaHo
JieJberbe Mojaraka, rnomyiaapau uarepdejc u qocrynaoct AIIN cepsuca (Hengl, 2009). ¥
jyay 2005 romune, Google je 3BarmuHO mpenctasuo Google Maps API , koju je omoryhmo
na ce Kopucrte m komouHyjy Google-oBu mojgamm ca MPOCTOPHUM ITOJalliMa KOPUCHHKA.
TaxaB kapTorpadcku campkaj MOXKe OUTH UMILUIEMEHTHpPaH y OMiI0 Kojy web cTpaHuiy 0e3
JIOJIATHUX TEXHWYKHX 3axTeBa. Goole Maps Api amimkanuja, 3acHOBaHa Ha Ajax
TEXHOJIOTHjH, KOPUCHUKY Ha jelHOCTaBaH HauuH oMoryhaBa ImyOIMKalfjy WHTEPAKTUBHUX
web kapaTa, ynMe ce 0TBapajy HOBe MOTYRHOCTH y OJJHOCY Ha KJIACHYHE aHAJIOTHE KapTe.

VY 0BOM pajy je mpeacTaB/beHa MOTYRHOCT M3pane web KapTe mpoMeHa ypOaHHX
nospirHa beorpama ox 2000 mo 2006. rogune koja je modujeHa u3 CLC 0a3a momataka
kopuiithemem Goole Maps Api.

Pagno noapyuje u nopanu

Pagro mompydje je moBpmmHa nucta 430 tomorpadceke kapre 1:100 000 koju
obyxBara Teputopujy beorpamga ca okolMHOM. YKyNHa IOBPIIMHA IOIPYYja U3HOCH OKO
2200 km? . LlenTpanna Tauka UMa reofeTcKy mupuHy 44°45° i reonercky myxuny 20°15°.
Kapte CLC 3eMJbHIIIHOT MOKpHBaya pagHor nojapydyja aare cy 3a 2000. roauny, 3a 2006. 1.
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Canka 1: Kapre 3eM/bHIIHOT OKpPUBaya pajHor noapy4ja aarte cy 3a 2000. ronuny, 3a 2006. ronuny n
KapTa npoMeHa ypoaHux noppumuHa y neguoay ox 2000. 1o 2006. ronune. Ha kaptu ¥Ypoanuzauuja 2000-
2006 npomeHe ypOaHUX MOBPLIMHA MPUKAa3aHe Cy IPHOM 60joM.
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Takole, kopumhena je W Kapra IpOMEHa BEIITAYKMX NOBpmHuHa koje mo CLC
HOMEHKJIATYpH uuHE: nenoBuTa rpaacka moapydja (CLC kox 111), HerenoBuTa rpajcka
noapydja (CLC xon 112), uanyctpujcke wim xoMepuujainae jenunune (CLC konm 121),
MyTHA M OJKEJe3HWYKa Mpeka ca mnpumnagajyhum mompyujuma (CLC kom 122), myuke
nospimHe (CLC xox 123), aepogomu (CLC xox 124), MecTa ekcIuioaTanuje MHHEPATHUX
cupouna (CLC kox 131), ommaramumra otnana (CLC xon 132), rpagmmumra (CLC kox
133), rpancke 3enene noppimHe (CLC xox 141), cioptcko pekpearuBhu o0jextu (CLC ko
142). Jleraspan ommc HaBeneHuWX knaca je pat y MoHorpaduju CORINE xapmuparve
semmuuinoz noxpusaua y Cpouju (Hecropos u [Iporuh, 2009). Kapra npomena BemTaykux
nospirHa m3BeneHa je u3 CLC 6a3e mogaraka o mpomernama 2000-2006.

VYkynaa moBpmuHa BemTadykux mospmmHA 32 2000. roxuHy je 31096.1 ha xojy
yuae 183 momurona y 6azm CLC2000 mok 3a 2006 roamny moBpmmHA H3HOCH 31907.6 ha
Kojy unHe 178 monurona y 6asu CLC2006. CymapHa CTaTHCTHKA 3a BEIITAYKE MOBPIIHHE
3a 2000. u 2006. roJuHy Ha TeCT MOApPYyYjy AaTa je y tabenu 1.

Tab6esa 1. Cymapna cratuctuka 3a 2000. u 2006. roanHy BemITaYKUX NOBPIIMHA (YPOAHUX MOBPLINHA)
3eM/bHIIHOT MOKPHBAYA.

Kon 2000 | Bp.noimrona MoBpmuHa Kon Bpoj IMospunHa Paziuka Onuc kjiace
2000 2000 [ha] 2006 MOJHIOHA 2006 [ha] NMOBPUIHHA
2006 2006 u
2000 [ha]
111 1 355 111 1 355 0.0 IemoBura
rpajcka
nojipyyja
112 93 23182.4 112 91 24060.2 877.8 Heuenosura
rpajcka
nospyyja
121 46 3185.3 121 47 3340.7 1554 | Hugycrpujcke
A
KOMepIIHjaIHe
jenuHuIe
122 7 305.2 122 7 305.2 0.0 IytHa n
JKEIe3HHIIKA
Mpexa u
MPHIIaJajyLe
3EMJBUIITE
123 1 81.6 123 1 81.6 0.0 Jlyuke
MOBPIINHE
124 2 1129.7 124 2 1129.7 0.0 Aepoapomu
131 3 127.4 131 3 144.8 17.4 Mecra
eKCIUIoaTanmje
MHUHEPAITHUX
CHPOBHHA
132 2 814.0 132 2 814.0 0.0 | Opmaramumra
oTmazia
133 3 151.1 133 1 28.4 -122.7 I'pagummTa
141 17 1529.6 141 15 1428.2 -101.4 I'pancke
3eIeHe
TOBPILUHE
142 8 554.2 142 8 539.1 -15.1 CrniopTcko
peKpeaTUBHI
oGjexTn

Jakie, kapra IpOMeHa BEIUTAYKHX IOBPIIMHA II0Ka3yje IpOMeHe ypOaHux
noBpmrHa usmely nBa pedepenrana nepuona. JlerasbHujy aHanmu3y WM BepubHKaLUjy
TEMaTCKe M I'€OMETPHU]jCKH TauyHOCTH je Moryhe HM3BpIIMTH KOMOHMHAIMjOM OBE KapTe ca
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CaTeNTCKAM CHUMIIIMA BHCOKE pe30Nylidje KOjU Cy [OCTYITHH 3a Kopumiheme
nocpeactBoM Goole Maps Api kaprorpadckor cepBuca.

Goole Maps Api

Google Maps npezncrassba cet Kaprorpadckux nogaraka (Kako IpOCTOPHUX TaKo U
aTpUOyTHUX) KOMOMHOBAaHHX Ca CaTCJIUTCKUM U aepo)OTOrPaMETPUjCKUM CHUMIIMMA.
[MoueTHu koHIENT, MpeacTaBibeH je 2005. roauHe ce 6a3upao Ha KapTUpamy yiuna. [lopen
KapTupama ynuia Google Maps je mpeacTaBro ¥ HOB KOHLIENIT Y CMUCIY CaapkKaja y BHIY
nHTepakTuBHOCTH. CucreMm je OasupaH Ha Ajax (Asynchronous JavaScript and XML)
TEXHOJIOTHjH, KOjU ITOIpa3yMeBa HOB HAUYMH KOMYHHKAIlHje Ha peJlalliju KIHjeHT cepBep y3
MoryhHOCT Be3uBama JOAaTHUX MH(OpPMAIMja Ha KapTH, a IIPU TOM je YAoOHOCT U Op3uHa
pama ca xaptoM 3HadajHO yHampehema. [lopex nHaBemenor, Google je omoryhmo
mporpaMeprmMa crodo1aH MpUCTyT BUX0BOM kKoxy v popmu API (Application Programming
Interface). daxire, API cagpxmu cetT pyTuHa B QyHKIHja KOje MOTY OWTH TIO3BaHE O CTpaHe
nporpamepa Kopuctehu HEKH OJ] CKPHIITHUX MPOrPaMCKUX je3HMKa Kao mrto je JavaScript,
php unu vexor apyror. Google Maps, 3ajento ca npojekrom Google Earth xoju je Hactao u3
Google Maps npojekra je 3Ha4jHO MPOMEHHO TPHUCTYIl MHTEPHET Kaptupamwy (Xiaojun u
Ip., 2008; Gibin u ap., 2008).

Ajax (Garret, 2005) je uMe n0mE/LEHO MOJCPHUM WeO arUiMKalujama, paHuje
nosHar nox HasuBoMm jauHamMuuHn HTML (DHTML) u ynasseHo ckpunroBame. CyririHa
OBE TEXHOIIOTHjEC je y TOME INTO wel ammkanuju oMmoryhyje Op3WHy CIM4YHY OHOj KOjy
MMajy CTaHJapjHe JISCKTOIl amukanuje. TpanunnonanHe web ctpane kpeupane y HTML
(HyperText Markup Language) cy Owune crarnuHe, He(UIEKCHOMIHE W  TEIIKO
NPUJIAroAJbMBe TMHAMUYKOM caapikajy. Ajax, kao TeMesb Web 2.0 KoHIenTa, HAMEHCH je
web cTpaHMIaMa Koje Cy JUHAMHYHE, WHTCPAKTHBHE M e(UKACHE y CMHUCIY Op3HHE H
yaoOHOCTH KOopHUIIhema.

Google Maps APl je cer mpenepmnncanmx JavaScript kmaca Koje ce
MMIUIEMEHTHPA]y y OKBHPY OMiI0 Koje web cTpaHe y IUbYy H3pajae HWHTepakTHBHE web
kapte. CBe TO je Moryhe ocTBapuTH, a Ija IPH TOM KpeaTop HHje eKciepT y obiactu web
nporpamupama, Majia je HEOIXOIHO BiaJame ocHoBaMa JavaScript mporpamckor jesuka,
XML-a, Ajax-a u XHTML je3uxa.

Google-oBu kaprorpadcku mojany ce axypupajy camMo Ha 3aXTeB KOPHUCHHKA
MIPWIMKOM NTAaHOBama MpHKasa. Jlakie, OCHOBa KapTe KOjy MpeCcTaBiba CaTeIMTCKA CHUMAK,
XMOpU/IHM TIpHKa3 CHUMKAa Ca TONOHMMHMMa, KapTa yimuna win Google-oBa  omiute
reorpadcka kapra, He onrtepehyje pamgHy MEMOpHjy y CBaKOM MOMEHTY HPHIHKOM
kopuinhema web kapre. [uaBHmM ,J10cao™ ce mpemycra browser-y, ako KOPHUCHHK
MaHUITyJIHIIE ca JOAATHUM, KOPHCHHYKUM cajapxajeM. Ha ciuim 2 nmar je cxeMarcku
mpuka3 pyHKIHOHKCama Web cTpaHe Ha K0joj ce KOPUCTE COTICTBEHH MPOCTOPHHU MOIAIH Y
koMOuHaImju ca Google-oBuM moganuMa. 3a MHTETPaIHjy CONCTBEHUX TOJATHHUX TOJaTaKa
y Google Maps API najuenthe ce KML ¢opmar.

KML je XML ¢opmar nopataka Koju ce KOPHCTH 3a IpHKa3 HH(oOpManuja y
reorpadckoM koHTekcTy. Kao mro web browser-u uurajy u npukasyjy HTML dajnose,
Tako geobrowser-u kao mro je Google Earth unTajy u mpukazyjy KML ¢ajnose. KML je
JIAKO YUTJBUB MPOTPAMCKH j€3UK CACTaBJbEH O]l TEKCTa U 3HaKOBa. Moke OMTH KpeupaH H
CAUTOBAH Ca CTaHAAPAHUM TCKCTYaJIHUM €IUTOpHMA, CauyBaH U HAKOH TOra rnocCTaBJbEH Ha
HekoMm ox Earth browser-a (Wernecke, 2008).

Jlpyru npucTyn MHTETpalyje CONCTBEHHX I0/]aTaka, y KOMe Ce He KOpUCTE I0Jaln
y KML ¢opmaty, je xopumheme Google Maps APl npenedunucanux JavaScript kiaca
o0jexata 3a BEKTOpPCKE IOJATKE, Kao IITO je Kiaca o0jekaTa 3a TaykacTe, JUHHjCKE U


http://search.barnesandnoble.com/booksearch/results.asp?ATH=Josie+Wernecke
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MIOJIMTOHCKE TofaTKe. TakaB MPUCTYN KOpHIINEH je ¥ OBOM paxy 3a Kpeupame web KapTe
nporieca ypbanuzamuje ox 2000. zo 2006. ronune.

GIS/Opyra Google
6azanogaTak cepeep
Momaumn ce ekcnopTyjy
y XML nnmn KML
Web cTtpaHuua
ynTa
XML vnn KML
n BU3yanusuje Web
<mar ker s> L CTpaHa
<marker lat="X" |long="Y"
id=*1" />
<marker lat="X" |long="Y"
id=*2" />

Ciuka 2. IlojennoctaB/ben npuka3 GyHKIHOHHCAMAa Web cTpaHe Ha K0joj je KpenapaHa HHTePAKTHBHA web
kapTta kopucrehu Google Maps API . HHTerpanuja concrBeHux nojaTaka ca nojanuma xoje odesoebhyje
Google.

Pe3yaratun

BexkTopcke kapre ce Mory ekcrnioproBatn y KML ¢dopmar kopuctehn pasmuuurte
GIS codrBepcke amare xao mro je SAGA GIS, R (http://www.r-project.org/), ArcGIS 9.3,
WK HEeKe CTapHje Bep3uje kao mro je ArcView y xomOunanuju ca Shape2KML ckpunt
¢dajmom. Taka KML ¢ajn 3agpxaBa cBe reoMeTpHjCKe W aTpHOyTCKe MOAAaTKe, Kao M
W3BOPHU BEKTOPCKHU (aji M Kao TakaB Moke Outn yuntan y Google Earth. [Toertupamem
Ha OWJIO KOjU TEOMETPHjCKH EHTHTET H00Mjajy ce aTpuOyTCKM IOJAIlM 3a Taj CHTUTET.
ATpubytcku nogauu cy noxpawenn y KML enementy ExtendedData. MehyTtum, kaz ce
oBakaB KML ¢ajn nnnnementupa y Google Maps API arumkaimjy, aTpuOyTCKy NOAAIH
HUCY BHIJBUBU IPHIMKOM IOCHTHpPamka Ha TeoMeTpujcku eHTuTer. [la Ou aTpuOyTCcKH
nojany OWiIM JOCTYIHHM Ha HMHTEPaKTHBHO] wed KapTH HEONXOJIHO je Ja C€ HW3BPIIH
npedopmatupame KML dajna u ga ce noganu u3 tara ExtendedData nmpemecte y Tar koju
OTIHCYje TCOMETPH]CKH EHTHTET, Description Tar.

OBakaB NpPUCTYN TpHUIPEMa NOAATHUX IMOJaraka 3a web KapTy MMa M HeEKe
HeJocTaTke Kao mTo je orexxkad pax ca KML ¢ajmoBuma xoju mMMajy BennuuHy o Oko 1
Mb, nok ce ¢ajnosu Behu o 1 Mb He MOT'y HM KOPUCTHTH 32 JU3ajH KapTe. Y TOM CIy4ajy
6m Ommo HeonmxomHO ox jemHor Beher (hajina HampaBUTH ceT MamUX (ajiIoBa, KOjU ce OHIA
KopucTe Kao cornctBeHu moxamu y Google Maps API ammkanuju. Mehytum, Taj mpuctyn
JOHOCH TIPHJIMYHO CIIOP OJ3UB aTPHOYTCKUX IIOJaTaka MPUIMKOM MOSHTHpamka Ha reoMe-
TPHjCKH €JIEMEHT, 1a je y OBOM paxy KopuuiheH mpuctym Gopmupama JavaScript objexara.


http://www.r-project.org/
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To mpakTU9HO 3HAYM 1A je cBaKW moiuroH nmpoMeHa mmeljy 2000. u 2006. rogune, Koju 1e0
jennor shape ¢ajna noceGHO M3/IBOjeH U HEroBa reoMerpuja je kopuirheHa 3a Kpeuparmbe
nonuroHckor JavaScript objekara. Jla Ou ce J0ILIO O MOjeHMHAYHE IE€OMETPHUje CBAKOT
noauroHa kopuiiheH R codreepcko okpyxeme y komOuHaiuju ca rgdal u sp makeTom, Koju
Cy IeTajbHO oOjanimeHu y kiu3u Applied Spatial Data Analysis with R (Bivand u mp.,
2008). Jlox cy aTpuOyTCKM IMOJalK 3a CBaKd IIOJUIOH KOHBepTOBaHH y JavaScript
InfoWindow oGjexkar, koju ce akTBUpa MOESHTUPamkeM Ha oaroBapajyhu monuroH. Jlerasan
omuc Google Maps API JavaScript cunrakce ca mparchum oOjektuma u nmorahajuma je
nmoctynan Ha Google Maps API cajry mocBelieHOM OHUMa KOjU JKele Ja KOPHCTE U
pasBujajy kaprorpadcke (QyHKigje moapkaHe ox crpaHe Google koMmaHHje
(http://code.google.com/apis/maps/documentation/javascript/reference.html) .

HaBexeHu mnpolriec KOHBEPTOBama TEOMETPHJCKMX W aTpUOYTHHX HoxaTraka y
JavaScript xiace objekata mpeacTaBjba OTPOMAaH IIOCA0, TaKO Ja cy ayropu kopuctehm R
co)TBEepCKO OKpyXkeme y3 mocrojehie makere koju omoryhaBajy pajg ca HpPOCTOPHUM
rmoJlaIfiMa  ayTOMaTH30BaNIK Tiporiec gopmupama JavaScript ¢ajma Koju mpeacraBba CeT
(YHKIMOHAJIHOCTH U IojaTaka 3a naty web kapry. Taksa kapra Ha ocHoBy CLC monaraka
MoKasyje npoMeHe ypOanux nospurHa y nepuony ox 2000. mo 2006. roause.

Hobujena web kapra npuKazaHa je Ha ciuiy 3. 3eJeHOM 00jOM HCIYH-eHH
MOJMTOHU  TPE/ICTaBJbajy TONMIOHEe TIpoMeHa BemTaukux mospmmHa mo CLC
KJIacU(HKaLKj1 TOOPOjaHNX IPH OMHUCY PaJHOT MOAPYY)a.

| b b
C D S0 WEB % 20k ar gy s 0predavana s onne 3 2% 20GSE0 R rbaractia it A
Ll e | Py Bed ) el e - Fren . bl [ L T ‘ Y - Eochmks

) MPICATAORAA x = [+ BT

Canka 3. Web kapra koja mokasyje mpoumec mpomeHe ypéanux mospmmuna og 2000. go 2006. roaume,
nodujene Ha ocHoBy CORINE knacudukanmje moauroHa npoMeHa y ToOM NepHoay.

Ha cnnmu 4 nat je yBennvaH npukas 3a IpuMep HOBOM3Tpal)eHOT TP XKHOT IEHTpa 1
crambenor Omoka Ha HoBom beorpamy, xoju je 2006 roamHe OHO TpaliiuIITe, IITO
MpeZicTaBsba jeqHy O YKYIHO 77 MOJUroHa KOju ce ojHoce Ha mpomeHy u3 Heke ox CLC
Kllaca y Kiace Koje IMpeicTaBibajy BemnTauke (Tj. ypOane) mospiuune. [lopen mnpukasza
reoMeTpHje MOJIMroHa IPOMEHE JaT je U aTPHOYTCKH IIPUKa3 MOAaTaka Ha KapTH.


http://code.google.com/apis/maps/documentation/javascript/reference.html
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Ciamka 4. YBeqlM4aH NpUKa3 3a npuMep HoBousrpaheHor Tp:KHOr meHTpa M craméeHor 0.10xa Ha HoBom
Beorpany, koju je 2006 romuHe 6uo rpaauiauiurte, Aok je 2000. roguHe NpeacTaB/ba0 IPAACKY 3eJeHY
TOBPIIHHY.

3ak/bydak

CLC kapre cy npero3Hate Kao (pyHAaMEHTATHH pe()epeHTHH CKYTIOBHU T10/1aTaKa 3a
npocTopHe ananu3e. QUekyje ce Ja ap)KaBHE U jaBHE MHCTHUTYIMjE NMPEACTaB/bajy HUXOBE
npuMapHe kopucHuke. 3Hadaj CLC 0a3a mogaTaka 3a MHOTe TUCHHUIUIMHE yiyhyje Ha jacaH
HWHTEpEC 3a BUXUBO KOpHIIhemhe y UCTpaKUBambIMa U eayKaruju. 30or pactyhe morpede 3a
TaYHUM M XYpPHUM HH]oOpManujamMa y CBUM JbYACKHM M JAPYIUTBEHUM aKTHBHOCTHMA,
MpUBAaTHE KOMIIAHWje W TOjEJMHIM CE MPEMo3Hajy Kao KOPHCHMWYKA rpyma koja he ce
Hajopke pasBujatu y Oymayhnoctn (Hecropor u Ilporumh, 2009). Melytum, kBanmreran
KapTorpa)cKy NpuKa3 OBUX MH(OpMAIMja jelaH je O eleMeHaTa HHUXOBOT e(EeKTHBHOT
kopuinhema.

VY pany je xao npuMep kaprorpadcky npukasa GU3HYKH pacT ypOaHHX HOBpIIMHA
ox 2000. do 2006. m3Benen w3 CLC 6a3a mogaraka Ha MHTEpHETY KopuimhemeM Google
Maps APIL. Google Maps API kao Oecrmmatan amatr 3a web kaprorpadujy He 3axTeBa
JI0ZIaTHA TEXHUYKA PelIekha 32 UMIUIEMEHTAlU]y, HUTH 3a Kopuiheme web kapara. Takohe
npezcTaBiba mwiathopMmy 3a jepTHHO Kpeupame eeKTHBHHX web Kapara, Koje Cy Beoma
jemHocTaBHE 3a Kopulnheme, Tako 1a KOPUCHHK 0e3 1oJaTHe 00yKe MOXKe KOPUCTUTHU KapTy.

Kganurer n mu3aju Googl-oBUX NpOCTOPHUX MOAATaKa KOjH MPEJCTaBIbajy OCHOBY
3a JoJaTHU KapTorpadcku caapikaj NpPeACTaBJbajy NOJaTaHW KBAJIUTET OBOI pelICHa.
KopucHuim xapre Tako MOTY KOPUCTUTH CaTEIMTCKE CHUMKE Kao OCHOBY nomohy koje he
ce OpjeHTHCATH PaaM EKCIUIoaTallje JIOJaTHOT caapikaja WM KOPUCTUTH JpYTe caapikaje
MOIYT KapTe yJMIa. YJHIEe Cy T'eOKOAMpaHe, Tako jaa je Moryhe akTUBHpaTd M OINLHje
MIPOCTOPHOT MPETPAXKNBAHA.

Ananmza W HMHTEpIpeTalnyja NpoMeHa HHje OO TpenMeT OBOr paja, almnd y
komOuHanju ca Google Maps API mopmammma, mopen WHTEpIIpeTanyje OBHX IOJaTaka,
MoOrja Ou ce M3BPLINTH TEMIIOpPAJHA aHAIW3a MoJaTaka y CMHCIy aXypHocTH. Ha ciuuan
HAYUH MOrJia Ou OUTH U3BpIIEHA TeMaTcKa U reoMeTpujcka ananusa Taqanoct CLC kapara.

OBakaB KOHIICTIT FeHEPAIHO HyIUd HOBe MOTyhHOCTH y moJby Kaprorpaduje, mro
he 3HAa4ajHO MPOMEHUTH BUAUKE Yy INPHUKYIJbaly M NyOJUKOBamy TIeorpa)cKux
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nHpopMmanmja, Takohe he yTumaTm Ha akageMcKe KpyroBe 1a IPOMEHE MpPUCTYI Y
n3yuyaBamwy kaprorpaduje. Moxe ce OuUeKMBATH M pa3Boj HOBHX web kaprorpadckux
aluiMKanja Koje he cBe BHWINE YKJBYYMBATH M caMe KOPHCHHKE Kapara y HHXOBO
yHanpeheme, Kako Y CEeMaHTUYKOM Tako M Y (yHKIIMOHATHOM CMHCIY.
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Abstract: Today, Google Maps API application based on Ajax technology as standard web service; facilitate users
with publication interactive web maps, thus opening new possibilities in relation to the classical analogue maps.
CORINE land cover databases are recognized as the fundamental reference data sets for numerious spatial analysis.
The theoretical and applicable ascpects of Google Maps API cartographic service are considered on the case of
creating web map of change in urban areas in Belgrade and surround from 2000. to 2006. year, obtained from
CORINE databases.
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Introduction

The interest of developed countries is developing spatial data bases of land cover and
cartographic presentation of the data. For that aim the European Commission (EC) implemented
the CORINE program (Coordination of Information on the Environment), during the period 1985
to 1990. The land cover mapping project as a part of CORINE programme is intended to provide
consistent localized geographical information on the land cover of the European countries
through creating the CORINE Land Cover (CLC) databases (Nestorov and Proti¢, 2009). The
aim of the CLC databases is to provide an inventory of the Earth surface features for managing
the environment (Heymann et al.,1994).

The CLC2000/CLC90 project implementation in Serbia started on July 1st 2005 and was
completed on 15th of October 2006. CLC2006 project started in September 2007, and it was
finished year later. For production of CLC databases was followed the standard CORINE
methodology: computer-aided visual interpretation of satellite imagery supported with ancillary
data (topographic maps, airborne imagery, thematic maps...) and field checking (Perdigao and
Annoni, 1997). The result of the mapping is vector dataset of land cover polygons for the years:
1990, 2000 and 2006. Also, land cover changes from 1990 to 2000 and from 2000 to 2006 are
obtained for the territory of Republic of Serbia.

There is significant need for the application of the CLC databases in Serbia in many
fields, as they are important source of information for: environmental issues, spatial planning,
agriculture, forestry and water management, energy, ext. CLC databases provide an important
available and useful source of information for the state institutions, but also users are encouraged
to use it and similar datasets - like SRTM data- in the research purposes (Samardzi¢ and
Milenkovié, 2010).

There is, however, the issue of cartographic visualization of the CLC information.
Internet, as a developing cartographic media, is one of the solutions. Namely, development of
web cartographic tools has brought significant possibilities for mass cartographic
communication. Google Maps and Google Earth have had significant influence in developing of
web cartography. Google Earth/Maps is a ground braking software in at least five categories:
availability of application, high quality background maps, a single coordinate system, web-based
data sharing, popular interface and availability of API services (Hengl, 2009). In June 2005,
Google is officially presented Google Maps API which provided combination of user’s data with
Google’s spatial data. This cartographic content could be implemented in any web page without
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any technical requirements. Google Maps API application based on Ajax technology as standard
Web service; facilitates users with publication interactive web maps, thus opening new
possibilities in relation to the classical analogue maps.

In this paper possibility of creation the web map of CLC change in urban areas in
Belgrade from 2000 to 2006 by using Google Maps API cartographic service is presented.

Case study

The case study contains territory of Belgrade with surroundings; it is area of the
topographic map of 1:100 000 scale, unit 430. Total area of the case study is around 2200 km’.
Central point coordinates are geodetic latitude 44°45° and geodetic longitude 20°15°. The CLC
maps of the case study area are given for 2000 and 2006 year. Also, the map of change of
artificial surfaces from 2000 to 2006, obtained from the CLC data, is used. According to CLC
nomenclature artificial surfaces are represented by the following classes: Continuous urban (CLC
code 111), Discontinuous urban (CLC code 112), Industry- commercial (CLC code 121), Road
/rail network (CLC code 122), Ports (CLC code 123), Airports (CLC code 124), Mineral
extraction sites (CLC code 131), Dump sites (CLC code 132), Construction sites (CLC code
133), Green urban area (CLC code 141), Sport and leisure facilities (CLC code 142). Detailed
description of indicated classes is presented in a book CORINE Land Cover Mapping in Serbia
(Nestorov and Proti¢, 2009).

Figure 1: The land cover maps of case study are given for 2000 and 2006; the map of change in urban areas
from 2000 to 2006 year. The changes on the map of urban changes from 2000 to 2006 are colored in black.

Total area of artificial surfaces for the year 2000 is 31096.1 ha, which contains 183
polygons in CLC2000 database, so as for the year 2006 total area is 31907.6 ha, which contains
178 polygons in CLC2006 database. Summary statistics of the artificial areas for the case study
is given in the table 1.

Table 1. Summary statistics of the artificial areas for the year 2000 and 2006.

Therefore, map artificial areas change represents changing of urban areas in the referent
period. Detailed analysis or verification of thematic and geometric accuracy is possible to be
implemented by using combination of this map and satellite imageries of high resolution which
are available from Google Maps API service.

Goole Maps Api

Google Maps represents set of cartographic data (spatial and attribute data) in
combination with satellite imageries and/or aerophotogrammetric images. Basic concept
introduced in 2005 was based on the street mapping. Immediately after street mapping concept,
Google Maps presented new concept in sense of content and interactivity. The concept is based
on the AJAX (Asynchronous JavaScript and XML) which implies new way of client server
communication with possibility of adding additional information on the map; the speed and
commodity of map manipulation were significantly improved. Furthermore, Google provided
free access to the programming code in form of API (Application Programming Interface).
Therefore, API contains set of predefined routines, classes and functionalities which are available
for use by programmers in form of coding in some of scripting programming languages like
JavaScript, php or some other. Google Maps and Google Earth project derived from Google
Maps project, were changed approach in web cartography significantly (Xiaojun et al., 2008;
Gibin et al., 2008).

Ajax (Garret, 2005) is the name given to a set of modern web application development
technologies, previously known as dynamic HTML (DHTML) and remote scripting. The core of
this technology is that web application has similar speed like standard desktop application.
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Traditional web pages created in HTML (HyperText Markup Language) were static, nonflexible
and hardly adopted for the dynamic content. Ajax as base of Web 2.0 concept is addressed for the
dynamic, interactive and efficient web pages with high performance.

Google Maps API is set of predefined JavaScript classes for implementation in any web
page with aim of creation interactive web map. It is possible to realize even if creator is not
expert in web programming, although the basic knowledge in JavaScript programming language,
XML, Ajax and XHTML is required.

Cartographic data provided from Google is being reloaded only on the user’s request,
after panning of the view. Therefore, base map represents with some layers: satellite view, hybrid
layer with toponyms, street map or terrain view with basic topographic features, doesn’t ballast
RAM memory in any moment of use web map. The main “work” is left to the browser when user
manipulates with additional data, user’s data. Schematic representation of work flow of the web
page with user’s spatial data in combination with spatial data provided by Google is given in
Figure 2. Data format for integration of user’s, additional data is mostly KML format.

KML is XML data format for presentation of information in geographical context. Just as
web browsers display HTML files, Earth browsers such as Google Earth display KML files.
KML is easy readable programming language uses text and strings. KML can be created in a
standard text editor, saved and after that can be loaded in some of Earth browsers (Wernecke,
2008).

Figure 2. Simplified work flow of web page with integrated interactive web map created by using
Google Maps API. Integration user’s data with spatial data povided by Google.

An another approach for integration of the user’s data without using data in KLM format
is using predefined JavaScript classes for vector object data like objects for: point, line and
polygon data. This approach is used in this paper for creating web map of urbanization process
from 2000 to 2006.

Results

Vector maps can be exported in KML format by using different GIS software
applications like SAGA GIS, R (http://www.r-project.org/), ArcGIS 9.3 or some older version of
software like ArcView in combination with Shape2KML script. Such KML file is keeping all
geometric and attributes data like source vector file and can be loaded in Google Earth. Attribute
data are presented after pointing on the any geometric feature. Attribute data are stored in KML
tag ExtendedData. However, when KML file is implemented in Google Maps API aplication,
attribute data are not availble after pointing on the geometric feature. Attribute data can be
availible on the web map after preformating KML file; it is necessary to move containt of
attribute data from tab Extetnded Data to the Description tag which describe geometric feature.

This approach of preparation additional data for the web map has certain disadvantages
such as uncomfortable work with KML files with size around 1 Mb, while more then 1Mb sized
files are not appropriate to be used in web map creation. In that case it is necessary to create few
smaller files from the bigger and use it instead of bigger in Google Maps API application.
Therefore, this approach provide quite slow response of attribute data after click on the geometric
feature, consequently in this paper is used approach of creating JavaScript objects. Practically, it
means that every single polygon of change from 2000 to 2006 as part of the single shape file is
separated and its geometry translated in JavaScript object. The geometry of every single polygon
is provided by using R software environment in combination with rgdal and sp package, which
are detailed explained in the book Applied Spatial Data Analysis with R (Bivand et al, 2008).
Attribute data for every single polygon is converted in JavaScript InfoWindow object; its
activation is available by click on the related polygon. Detailed description of JavaScript syntax
for Google Maps API, related objects and events is available on the Google Maps API web site
devoted to those who want to use and develop cartographic functionalities provided by Google
company (http://code.google.com/apis/maps/documentation/javascript/reference.html).
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Exposed process of converting geometric and attribute data in JavaScript classes of
objects is huge work, so process of automated creation of JavaScript file with data and
functionalities for web map was accomplished by authors in R software environment with related
spatial packages. This map based on the CLC data presents change of urban areas from 2000 to
2006.

Resulted web map is showed in Figure 3. The change polygons of artificial areas
provided by the CLC, enumerated in the case study description, are filed with green color and
presented on the web map.

Figure 3. Web map shows changes in urban areas from 2000 to 2006 obtained from CORINE classification
of landcover changes in this period.

The example of the area of a recently built shopping mall and a residential block in
New Belgrade which was construction site in 2006 is zoomed in the Figure 4; it is one of 77
polygons of changes of artificial areas classified by the CLC nomenclature (urban areas in
the CLC). Besides, in this example, geometric and attribute data are presented on the web
map.

Figure 4. Zoomed view of example for recently built shopping mol and residential block in New Belgrade
which was construction site in 2006, while in 2000 it was green urban area.

Conclusions

The CLC maps are recognized as fundamental reference data sets for spatial and
territorial analysis. State and public institutions are expected to be their primary users.
Considering the significance of the CLC database for many disciplines there is clear interest for
using the databases in research and education. Finally, as there is a growing need for accurate
and up-to-date information for all kind of human activities, the private companies and individuals
are seen as the most rapidly developing CLC user group in the future (Nestorov and Proti¢,
2009). However, good quality cartographic presentation of the information is one of the elements
of their effective applications.

In the study, the physical growth of urban areas from 2000 to 2006 obtained from the
CLC databases is presented on Internet using Google Maps API. Google Maps API as a free tool
for web cartography doesn’t require additional technical requirements for the implementation and
use of web maps. It is a platform for creating inexpensive and effective web maps; they are easy
to use without any training for map users needed.

The quality and design of Google maps, which represents base map is additional
advantage of this solution. Web map users can use satellite or street view for orientation and
exploration of additional contents. A geocoded street allows possibilities of spatial search.

Analyses and interpretation of changes weren’t subject of this research, but it is possible
to do spatial and temporal analyses of CLC data which are combined with Google Maps API
data. Similarly, analyses of thematic and geometric accuracy can be done for the all CLC maps.

This concept generally offers new possibilities in the field of cartography; it will
significantly change the views in achieving and publication of geographic information,
consequently it will have influence on academic community to change approach in cartographic
studies. It could be expected the development of new web map applications which will include
users in their developing in semantic and functional sense.
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