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Casxerak: Y pany je OomucaHa aHauM3a FeOMH(QOPMALMOHMX TEXHOJIOTHja M CHCTEMa ca LIJBEM IIPHMEHE y
JIeTeKTOBaby Harmba TepeHa ca OCBPTOM Ha IIPaBOBPEMEHY IETEeKLHjy U Malupame JIOKalHja ca H3PaKeHHM
PH3HMKOM OJ MAJMHCKUX MOMepama W akTuBanuje KiusuiuTa. [loceOHa maxma je mocBeheHa TEXHOJIOTHjU
JTAJbUHCKE JICTEKIHje ¥ MPOLEeypH aKBH3MLMje nofaTaka. OCUM aKBU3HUIIM]E, U3BPLICHO je mpoLecupame 1 o0pana
HoJlaTaKa, u3paja JUIHTATHOT MOZeNa TepeHa, padyHame BereTaruoHor uujgekca HJIBU Ha ocHOBY catenuTckor
CHMMKa M aHaJu3a MoJjaTaka ca IeJ0NOMKNX Kapara. Onucana je mpoueaypa oOpajie CaTelIUTCKHX CHUMakKa ca
LHJbEM MJICHTU(UKOBAba JIOKAIMja BUCOKOT PH3MKa O]l HACTAHKa MAaJIMHCKHMX Hpoleca. AHAIN3UPAHO je BHUILE
¢dakropa U uaeHTHHKATOpa M H3BpIICHA je ayToMarcka oOpaga Kpo3 jeAWHCTBEH alropHTaM. Pesynratu
HCTpPaXKMBamba CY TIPE3CHTOBAHH y PacTepckoj popmu. JledUHICAHH Cy M TIPABIH JaJbeT HCTPAKHBAKHA.

KJ'by‘{He pedu: QUIdTaJIHU MOJAEC TEPEHA, NMaJAWHCKH NPOUECCH, KIMU3HULITA, JaJbUHCKa I[e're]cuuja, aKBI/ISI/IHI/Ija
IogaTtaka

YBoxa

[lo3nato je na je HacTaHAaK MaAMHCKUX IIpolleca Be3aH 3a YIPYXKCHU YTHIA]
pasnUYHTHX (haKTOpa — JISNIOBAE PA3IMUUTHX areHaca Ha IeoJIONIKY CpeluHy y oapeheHoM
BpeMeHy. OBH (haKTOpH Cy pa3IHMYUTOr KapaKkTepa: MOry OUTH MEXaHHYKH KOjH JIOBOJE JI0
NpPOMEHE CKJIONa WM (U3MYKUX CBOjCTaBa CTEHCKUX Maca, NMPOMEHE HAllOHCKOI CTarba
(momatHa onrtepeherma MK AMHAMHUYKY YTUIAjH) U IpoMeHe pesbeda (eposnja, abpazuja u
ci).

ITox axTHBaTOprMa mpolieca Kim3ama Hajuemhe ce moapa3zyMmeBajy (HhakTopu Koju
JoBoJie 70 Op3e NMpoMeHe OJHOCa aKTHBHUX M NAaCMBHHUX CHJIa Ha MaJuHU — y HajBehem
Opojy ciydajeBa Jojia3M O NMPOMEHE HAIOHCKUX CTamka M y BEJIMKOM Opojy ciydajeBa
MIPECYZHO j€ aHTPOIOI€HO AEjCTBO — OJl NPUPOJHUX (pakTopa TO cy Hajuemrhe CEM3MHUUKO
JIjCTBO W XUAPOJIOIIKU-KIMMATcKu (aktopu. Yecrto ce Kake Jga Cy Y3pOUYHUIH
NPUIPEMIIA TEPEH 3a KIM3ame, JOK Cy aKTHBAaTOpPU OMIM CaMO HEMOCPEIHU ITO0BOJ
Kin3amy. Temko je mpenusupartu Koju ¢y (GpakTopu OMIIM MPECYIHHU 3a IOYETaK KIIM3arba,

* Email: ivanabadnjarevic@uns.ac.rs

Pan npencrariba pe3ynrare HCTPaXKHBarba MPOjeKTa TEXHOIOWKOT pa3Boja TP37017 "Monenupame crama u
cTpyKType naauHckux nporeca npumesoM ' HCC u TexHOMOrMja CKeHparmba 1acepoM 1 reopagapoM”, Koju
(uHaHCMpa MUHUCTApCTBO 32 HAYKy M TEXHOJIOLIKU Pa3Boj.
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jep ce aHanmM3a OOMYHO BPIIK HAKOH aKyTHE (a3e moMeparma Te ce MOCeOHO NCTPAKUBAE Y
0BOM pafy nocsehyje ynpaBo IpaBOBpEeMEHO] aHAIN3H Y3POUHHKA U aKTHBATOpa.

Y oBOM paxy je aHanM3WpaHa INPHMEHAa TE€OMH(OPMAIIMOHMX TEXHOJOTHja Y
IpoleCy aHalM3e MAAWHCKUX Ipoleca M AETEKIHje JIOKaluja ca H3PaXKCHHM PH3HKOM
MaJMHCKUX Npolieca npe came ¢ase nmomepama. [1ozHaro je na Benuku 0poj akropa cBojum
JIeNIOBatbeM yTHYe Ha HecTaOwiHOCT Tomorpadceke mospiimHe (Munomresuh M., u np.,
2010). Mehytum 3Hauaj cBakor ox Tux (hakropa HEOH Tpebasio carjieaBaTd ayTOHOMHO Beh
YIpaBo Kpo3 YAPYKEHO IeJOoBame ca OocTauM (akropuma. Y OBOM HCTPaXHBamby je
aHaJM3MpaHa yJora JIaJbHHCKE JIETeKIMje Kao U 00pasa caTeUTCKUX CHUMaKa y NEeTEKIHjH
JIOKalMja ca M3paKeHUM y3pOYHMIMIMA U aKTHBAaTOPUMA KIIM3amha, ca MOCEOHMM aKIEHTOM
Ha Haru6 TepeHa. CUHEPTHjoM (pakTopa KOjU AOBOJIE IO MAJMHCKHX MPOLECca y jeJHHCTBEH
Mozen Moryhe je, Kao WITO je y OBOM HCTpakKMBamky IOKA3aHO, yKa3aTH Ha JIOKAaIHje Ha
KOjUMa CKYIl PHU3MYHUX (PaKTOpa yKasyje Ha Behn pH3UK MAAWHCKUX IpoIieca, T€ Cy HaMm
THM JIOKanxjama moTpedHa 1ajba Mepema i HCTPAKUBAbA.

I'eorpadcku nmoJioxkaj 06,1acTH MCTPAKNBAHA

Opymika ['opa ce Hanasu usmely 45° 00” u 45° 15° ceBepHe reorpad)cke MUPUHE U
usmely 19° 10" u 20° 06' ucroune reorpadcke ayxune. IIpoctupe ce m3mehy JlyHaBa u
Cage y ymopenHuukoM mpaBity. OBaj IJIAHUHCKU BeHall Ha jyry [laHOHCKe HH3Mje UMa
nyxuHy oz oko 80 km, u HajBehy mmpuny on 15 km.
®pymika 'opa je HuCKa ruIaHWHA, ca HajBUIIUM BpxoM oJ 539 m (LpBenu uor), a 300r Tora
IITO 3HATHO HaJBHCYje OKOJHM HUCKH TEpeH, u3riiena MmacusHo. Benar @pymke ["ope jako
j€ panrwiameH u pa3oujeH.

I'eonndopmanuoHe TexHoI0rMje

Kao mTo ce y ncTpaxkuBamuMa MMOKa3ano, OCHM AWTHTANIH3ANHje Y KapTorpaduju
(mocebHo y Tomorpaduju) cBe 3HAuYajHUjy YJIOTY MMajy (GoTOrpaMeTpuja M JaJbUHCKA
JeTeKNrja, Ka0 MeTone Koje oMoryhaBajy KOHTHHYHPAHO PETHUCTPOBAM-E-CHUMAE CTamba
Behux Tepurtopuja (boprucos, M. u ap. 2009).

JlaJbMHCKA JETeKIMja MPeICTaBiba Mpolec A00ujama nHpopMairja 0 00jeKTy MU

M0jaBU OJ1 MHTpeca alli 0e3 JUPEKTHOT KOHTaKTa ca caMHMM O0jeKTOM WM 110jaBoM Beh ce
nojpasyMeBa oOpaja M aHIN3a Pa3IMYUTUX TEPECTPUjaTHUX, aepo MWIM CaTEIUTCKUX
cHHMaKa. Y3 momoh NaJbUHCKE JETeKIHUje a aHAJM30M MYITHCIEKTPATHUX CATETUTCKUX
cHuMaka moryhe je younTtu oznpeljeHe mpomMeHe Yak M Mpe Hero IITO JbYACKOM OKY MOCTaHy
BUIUbMBE. Y CMHCITY AETeKLUje MAJMHCKUX Ipoleca, JajbHHCKa JEeTeKluja IoKasyje CBe
Behu 3HaYaj ¥ MPUMEHY Y MPOLICHH JIOKaIlKja Ha KOjiuMa Cy Moryhe maJnHCKe MPOMEHeE.
Ca 003MpoM Ha HCTpaXnBama KOja yKasyjy Zla je 3a JIeTEKLHjy JIOKaluja yTrpO’KeHHX
MIAAMHCKUAM TporieciMa OUTHO 00jeIMHUTH ToAaTKe 0 Harnly TepeHa, mpucyCTBY/OACYCTBY
BereTallje W THUIy 3EMJBUINTA, Yy OBOM HCTPAXHBamby Cy aHAIU3HPAHH MOMEHYTH
napameTpu.

Jueumannu mooden mepena

3a aHANU3UPAHO TONPYYje je W3BPIICHO FeHEPHCAmhEe AUTHTATHOT MOJela TepeHa
KOjH je TOCIY»XHMO Kao OCHOBa 3a Jajbe aHaju3e. [MruraiHu MOJeN TepeHa 3a IMoJpydyje
Opymke ['ope nobujeH je aepodoTorpaMeTpujckoM MeTonoM. AepodhoTorpaMeTpHjcKo
CHUMambe je
n3BpuieHo kamepom RC30 y pasmepu 1:20000. Ilompydje je mnokpuBeHo ca 369
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CHMMaKa ca IOIYXXHUM TpeksonoM oko 60% wu mompeunnm upexsoniom 20 mo 30%.
Pagu oOpasge Ha purutanHuM (QOTOTPaMETPHUjCKUM paJHUM CTaHHIAMAa CHUMIH Cy
CKeHHpaHH ca pesomynujoM 12.5 wm ImTO je pe3yaTHpano BEJIUYMHOM IIHKCETa
on 25 cm. YxymHo 24 tauke npxkaBHe I'TIC mpexe cy omabpaHe Kao KOHTPOJHE Tadke M
¢dorocurnanucane cy Ha oaroBapajyhu HaumH. Ha ocHOBy oBuXx Tayaka je
ompeheHa crmoJpallliba OpHjeHTalMja CHUMJbeHHX (oTorpaduja. Ha Taj HauunH
cy <¢opMHupaHH CTepeomapoBM U3 KOJUX j€ eKCTpaXxOBaH JUTHTaJHH  MOJAEI
TepeHa.

3a mpejacTaBibambe AWTHTATHOI MoOJena TepeHa u3abpaH je pacrepcku ¢opmar JEM
(murutanau eneBanmonu mojen) (Cnuka 1) jep je HajmorogHuju 3a aHanmse. JururamHu
MOJEN TepeHa je KpeHpaH ca XOPU30HTAIHOM IIPOCTOPHOM pE30JIyLHjoM OX 5 Merapa.
Konrpona JIEM-a je wm3Bpmiena Ha 74 KOHTpoiHEe Tauke Koje cy wusmepene [TIC
MIPUjEeMHUKOM Ha HaKHAZHO olabpaHMM JloKandjama. YTBphEHo je 1a je cpelrmbe KBaapaTHO
OJICTyTIaF-¢ HAa KOHTPOJIHUM Tadkama 1,85 m 1mITo je 3a7oBosbaBajyhie 3a IpuMeHy y aHaJIN3U
KIIM3UILTA.

Cauka 1. Iururannu moaes tepera (JEM)

Haeub

VY uctpaxuBamuma xao mro cy (Miner, A.S., et al., 2010), (Coe, J.A., et al., 2004)
u (McKenna, J. P., et al., 2008) je npukazaHo Aa je TUTUTATHKU MOJEN TepeHA jeJlaH Oj
OCHOBHHX TIOJIA3HHMX TI0/IaTaka 3a aHajiu3y Kin3uinTa. OCHM CaMOr JUTHUTAJIHOT MOjela
TepeHa 3a aHAIM3y KJIM3WINTA Cy 3HAYajHH W MOoJany Hactanu Ha ocHOBY JIMT-a kao mro
Cy: OCEHUYEHE CJIMKE TePeHa, CTEeNeH U cMep Haruba, npeHaxa tepena, uta. Y (Coe, J.A., et
al., 2004) je HaBexeHo na ce 96 mpoleHaTa KIM3MIITA Aoralja Ha MmajuHamMa ca CTEIEHOM
Haru0a usmely 16° u 44°. [lpema ToMe no3HaBame CTernieHa Harkuba TepeHa je ol KIby4HOT
3Ha4aja 3a MPOIICHY OMACHOCTH O]l MojaBe Kiaum3umTa. 300r Tora je Ha ocHOBy JIEM-a
TCHEpHCaHa CJHMKa KOja CaJapXH CTCICHE Haruba TepeHa pajau MPHMEHE Y allTOpUTMY 3a
ayTOMAaTCKO OTKPUBAaE 30HA Ha KOjHMa TIOCTOjU OMACHOCT O] TI0jaBe KJIM3HUIITA.

Iledonowke kapme

Kao jour jenaH yma3zHu mapamerap M MoKa3aTeJb PU3HKa 32 KIIM3ake Cy HOCIYKHUIe
neposomke kapre pasmepe 1:50000 oqHOCHO mofaTak O THITYy 3eMJBHINTA Ha JIOKALUJU O
HHTepeca.

Y MHOrMM HCTpaXKHMBambKUMa, Kao IITO je aHanu3a cpoBeaeHa y obnactu Crati,
Wranuja, yapyxyjy ce nojpaiu o HaruOy TepeHa u tuiy 3emspuinTa (Ciuka 2).
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Cauka 2. PelaTHBHA y4ecTAJIOCT KJIMZHIITA Y NOjeIHHUM JUTOJIOMKHM KOMILJIEKCHMA Y 0JJHOCY HA HAruo
nagune, (ooaact Crati, Uranuja)

Becemayuonu unoexc HJBHU (Normalized Difference Vegetation Index)

OcuM BeNMKOT 3Hayaja aHAJIM3e BErETAMOHMX MHAEKCAa M IPUMEHH Y
MOJHOTIPUBPEAHN, UCTH NOKa3MBAYH [I0KA3Yjy IPUCYCTBO U KapaKTep/KBAIUTET BEreTallHOHOT
MOKpHBaYa KOjU C€ jaBJba Kao jemaH o (hakTopa pU3MKa 3a CaM HACTaHAK MMaTHHCKHX
npoteca.

Hunexc HIBU (Normalized Difference Vegetation Index) ce mupoko KOpuUcTH 3a
MOHHTOPUHT, AQHAIM3y W MAalHpambe BPEMEHCKHX U TMPOCTOPHHX KapaKTePUCTHKA
¢u3noNOmKUX U OMOGU3NUKIX KapaKTepucThuKa Bereraiuje. OBaj UHACKC je Y AUPEKTHO]
BE3H Ca MapameTprMa 3eMJBHINTA jep KBAIUTET 3eMJBHIITA AUPEKTHO YTHYE HA 3/PaBJbe
Ousbaka. [1o1To je KBaTUTET 3eMJBUINTA je[aH ol (paKkTopa 3a HACTAaHAK KIIU3ama, Jajbe Ce Y
pany pasmarpa yrunaj H/IBU nnnexca Ha naJuHCKe Ipoliece.

IMox mpeTnocTaBKOM Ja MaIMHCKU MPOLIECH PE3YNTYjy KOMIUIETHAM HECTAHKOM
Bereraije y Toj obmactu, H/IBU mHAEKC Koju yKa3yje Ha OJCYCTBO BEreTarmje MOXKe, y3
JpyTre mapameTpe, yka3zaTd Ha aKTHBHO WIIM CTapo Kim3uiuTe. MehyTnm, Moxxe yKa3uBaTi U
Ha Jokauje riae je Beha BepoBaTHOha 3a HacTaHaK MaJMHCKOT TPOIECca, aKo je OJCYCTBO
Beretanyje ucnpalieHo ca THIIOM 3EMJBHMINTA W OCTAIUM (AKTOPHMa KOjH TOTOMY]Y
HACTaHKY NaJUHCKOT IpoIieca.

On momaTaka J00HMjEeHUX 00paZoM CATEIUTCKUX CHUMAaKa 33 aHajIu3y KBAJIUTETAa U
naeHTnUKaLMjy NpucyTHe Beretauuje yecto ce kopucth HJABU dakrop koju ce u3
CaTeIMTCKOI CHUMKa padyHa Kpo3 KpeupaHu mojen (crenuduyad u noceOHO KpeupaH 3a
cnemuduyne miarpopme) no dopmynu, usBnadehn oxromapajyhe on3uBe y IPBEHOM H
OHCKOMH(PALPBEHOM CIIEKTPATHOM KaHAIy:

HJIBU = (NIR - Red) / (NIR + Red)
HJBU = (Band 4 - Band 3) / (Band 4 + Band 3) - 3a Landsat caTenuTCKA CHUMAK, KOjH je
aHaJIM3UPaH y OBOM pajy

CarenmuTcKM CHUMak ce aHamusupa Kpo3 amatr ERDAS Imagine m Kpo3
omrosapajyhie mpoueaype U mMoxene ce m3pauyHa BpemHoct HJIBU. Opako moOujeHa
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BPEIHOCT Ce KOPUCTH Kao jedaH O] YJNa3HHX IapaMerapa Ha OCHOBY KOjUX ce JIOLHpa

MOTEHIMjaJJHO MECTO 33 aKTUBUPAHE MaJMHCKOT MPOoLIeca.

Pesynratn nerpaxkuBama U IUCKYCHja

CBu HaBeneHH mapametpu (Haruo, tum 3emspnmTa, HIBU) cy ynpyxernu y jeman
mozen (Cnmka 3) Kao TMOTEHIMjalTHH ITOKAa3aTeJbH JIOKAIlja TOTOJHUX 338 aKTHBHUPAE
MaJIMHCKUX POIIeca.
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Ciuka 3. Moges Koju cHHepruue KapaKTepucTHYHe (paKTOpe KOjH yKa3yjy Ha MOTeHIHja/IHe Xa3apaAHe
JloKanuje

Kao mirto je momeHyTO, JaJbMHCKA JCTEKIMja, aHajIM3a M padyHapcka oOpana
CaTeIMTCKUX CHUMaka oMoryhyjy u3paay pacTepCKUX NOAJOra y JUTHTaNHO] (OpMH Koje
HOCE 3HaYajHe WH(pOPMALHje 3a MPOIIeC ICTEKTOBamba Harnba MOBPIIUHE TEPCHA U MPOLICHY
aKTHBHpama IaJANHCKHUX Tpolieca Ha 00J1acTH of MHTepeca. JJururanHu eneBannoHN MOJIEN
(AEM) mpyxa uHpOpManujy o HaIMOPCKMM BHCHHaMa M3 4Yera ce JaJbOM HaIpeaHOM
oOpamom moOuja pacTepcku 3ammc o HaruOy Ttepena. Ilomarak o BpemHoctu HJIBU
BEreTallMOHOT HWHJEKCa, TeHepPHCaH TaKolje M3 aHAIM3UPAHOT CATEIUTCKOT CHUMKA Ce
YAPYKYje y KOMIUIEKCaH MOJIEN ca MoJjaluMa o TUITY 3eMJbHiiTa i Haruby. Kao pesynrar ce
noOHuja pacTepcKH MpHKa3 obJacTh Koje Clafajy y XaszapIHe 30He pH3HKa OJf HacTaHKa
MaguHCKUX Tporeca. OOpazoM pacTepcKor pesyinraTa ce MOXKe TOOHTH M BEKTOPCKH
npuka3. Ha cmumm ncnog (

Cnuka 4) je mat mpuka3 mpexiiona JIEM-a ca pactepckuM ciiojeM TojaTaka MpUKa3aHOT
pBeHOM 00joM (JIeBO) Kao U TpHKa3 npekiona nojgaraka o HJIBU, naruOy u nururanHom
MoOjieNly TepeHa (JeCHO).
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Kao moanora 3a mpuka3 HICHTHOUKOBAHMX PHU3UYHHMX IIOBPLIMHA MOTY IOCIYXHTH
Tororpadcke noaore paznuuntux pasmepa (bopucos, M., 2010).

Cauka 4. IlpBenom 60joM cy npuKa3aHe 30He PH3HKA 0 IATHHCKUX MpoLeca
y pacrepckoM ¢gopmary (JeBo); 00.1aCT 01 MHTepeca (1ecHo)

BaxHO je HAMOMEHYTH J1a CC Y OBOM HCTPaXKHBamy O MIOYETHOT CKyIa IojaTraka
na J0 FeHepHCaHUX pe3yliTaTa y pacTtepckoj (GOpMH BOIMIO pauyHa O OCHOBHUM Ipyrama
nporeca HajJ AWTUTATHEM TOHoOTrpadCcKuM Tomauuma koje ce onHoce Ha (Bopmcos, M.
2004): waummjanHOo QOopMHpame CKyla IojxaTaka, kaprorpadceko ypehuBame m oOpany,
ONIpKaBamke W aKypUpame IMoJaTaka, JUCTPUOYILH]y M PENpONYKIHjy W apXUBHPAme U
3aITHTYy TOAaTaka. Y CBUM THM (a3ama IOTpebHO je 00e30enuTn mporece KOji ce 0JHOCe
Ha: yJa3/W3na3 mojaTaka IyTeM KOHBep3Hje, MpHKa3 caapikaja mojaraka y oxapeherom
KapTorpa)ckoM OOJHKY, HCIpTaBame caapikaja y kaprorpad)ckoj (GOpMH U IOTOIHOM
(dopmary M cBe BpCTE aHAJNUTUYKUX IPOpavyyHa KOjU OJroBapajy Mepemuma HiH
npopauyHuma (bopucos, M. u ap. 2009).

[To3nato je na ce KM3UIITa HE MOTY NPENU3HKje aHAIN3UpaTH 0e3 OCBpTa Ha:

e  cacraB TepeHa (Teoyioruja),

®  TI0A3€MHE BOJIE U

e  OTHOPHOCT HA CMHUIIAIE y CTEHCKO] MaCH;
mTo OM OO aJbU MpaBall HCTPAKUBAKA.

CBakako je BaXHO Jajhe MpoydaBame oBakBuX mojaBa (Hemmwh, JI. m mp. 2004).
BepuduroBame pesynrara OM ce MOTIIO W3BPIIUTH TEXHOJIOTHjOM CHHMama TeopanapoM
(Puctuh, A. u np. 2012), (Puctuh, A. u gp. 2010).

[Tpumena reonHpOPMALIOHNX TEXHOJIOTHja U CUCTEMA y aHAJIM3HU Haruba TepeHa u
nparehunx dakropa koju Mory a yTudy Ha (JopMHUpame MaJUHCKHX Ipolieca IoIpa3yMeBa u
IIOCTyIIaK M3pajie aXypHe Kaprorpad)cke OCHOBE Kao M Ipomupeme moctojehe
KapTorpad)cke MOAJIOre M YCHOCTaBJbathe MHUIIMjAITHOT CHCTEMa 3a KOHTPOJIYy XazapIHHX
nokanuja. [TyOnukoBame OBakBHMX MOAATaKa y PacTepPCKOM M BEKTOPCKOM OOJMKY Ou ce
TpebaJo peas30BaTH KPo3 Te0NopTal, Kao IITO je MPUKa3aHo Y OKBUPY M3pajie reornopraia
MunucrapcTBa 3amTHTE XKUBOTHE cpenuHe Pemyomuke Cpo6uje (oBemapumia, M. u np.
2011). ¥V anamm3ama mnocBeheHMM NpOLEHM Haruba TepeHa ca OCBPTOM Ha IPOILEHY
NOTCHIMjaTHAX JIOKalja ca HM3paXeHHM (HaKTOpHMa IOTOJHHM 32 Pa3BOj MaJHHCKHX
npoleca BaKHO je aHAJIM3UPATH M IMOTSHLHjaHO Yrop)KaBame IyTHE HHQPACTyKType
noclienuuaMa MaJgiHCKUX Mpoleca, HIP. YrpoXkKaBambe CTAOHIHOCTH MOCTOBA MaAWHCKUM
mporecuma (boro, M., u ap. 2008) n Hahu HauKWH 32 TPAaBOBPEMEHO PEaroBame.



57

3akibyyak

VY pajy je u3BplICHa aHAIK3a reOMH(POPMALMOHNX TEXHOJIOTHja Ca HArJaCKOM Ha
NPUHLKIE JabHHCKEe JACTEKIHMje W MOTYHHOCTH HeHEe NpPHMEHe y aHalu3d Haruba
nospuimHe TepeHa Ppyuike ['ope u mpenapubarmy JoKaluuja ca H3PaXKCHHUM PU3UKOM O]
NaguHCKHX mpoueca W mpahemy HpoMeHa y mpoctopy. [lpuMmemeHa TexXHONIOTHja H
MeTtofosiorrja omoryhasa xopuinheme IPUKYIJbCHUX TT0JIaTaka ca CeH30PCKUX IaThopMu
3a NPEBEHTHBHY aHAIM3y MOTCHIMjaJIHE OMIACHOCTH OJ KIM3HOr Xasapna. Jar je u mpukas
TEXHOJIOIIKOT MOCTYIIKA U3pa/ie PACTEPCKOT M BEKTOPCKOT KapTOrpa)CKor MaTepujaia Kao
U CMepHHIE 3a ynorpedy HoOMjeHMX MojaTaka ca CTAaHOBUINTA FHHXOBOT MpPHKa3a M
muctpuOynuje. [lpemyor pemema 3a  CKIaQUIITEHE pe3yiTaTa, BU3yeNU3alHjy |
JUCTPUOYLINjY TI0/IaTaKa je OKpYKeHe reoroprajia i BUPTYEIHUX aTiaca.

OBakaB MPUCTYNl y NPUMEHH TeOMH(POPMAIIMOHMX TEXHOJIOTHja W CHCTeMa Ou
Tpebao aa 00e30equ Op3 mpolec akBH3HIUjE U 00pajie MoJaTaka YUjU Ce CTCIECH TAYHOCTU
MOXe€ BEepU(pHKOBATH TEPEHCKHM MEpEHUMa, Kako O ce 00e30e11i10 epruKkacHO yrpaBbarbe
JOKalMjaMa ca eBHICHTHPAHHUM allapMaHTHHM MapaMeTpuMa M NPEBEHTHBHO PEaroBambe.
Jomr jenna craBka Koja OM MOTJIa OBECTH 10 ToOoJblIama pesynrara je ynorpedba JJEM-a
BUIIIE PE30JTyLHje 1 YKIbYUHBAKE MOIaTaKa O TEOJIOLUIKOM CACTaBy TePEHa Y MOJCI.

Knmsumra, kao THI Xa3zapAa BHCOKOT PH3HKa 3aclyXyjy IeTaJbHE aHalh3e H
MIPOIICHY TMOTEHIIHjATHUX Y3POYHHKA M aKTHBAaTOpa Kako OM ce OMOTYhHIIo mpaBOBPEMEHO
JIEIIOBAhE U CaHAIlH]je, IUMe Ce CIIpedaBajy 030MJbHHje ITOCIeInTIE.
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GEOINFORMATION TECHNOLOGIES IN THE PROCESS OF TERRAIN SLOPE
DETECTION IN THE AREA OF FRUSKA GORA WITH REFERENCE TO
POTENTIAL DEVELOPMENT OF SLOPE PROCESSES

[VANA BADNJAREVIC!", MIRO GOVEDARICA', DUSAN JOVANOVIC!, VLADIMIR PAJIC!,
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"University of Novi Sad, Faculty of Technical Sciences, Dositeja Obradovica Square 6, 21000 Novi Sad

Abstract: This research aims to describe the analysis of geoinformation technologies and systems and its usage in
detection of terrain slope with reference to timely detection and mapping sites with a high risk of slope movement
and activation of landslides. Special attention is referred to the remote sensing technology and data acquisition. In
addition to acquisition, data processing is performed: the production of digital terrain model, calculating of the
vegetation index NDVI (Normalized Difference Vegetation Index) based on satellite image and analyses of
pedology maps. The procedures of processing the satellite images in order to identify locations of high risk of slope
processes are described. Several factors and identifiers are analyzed and used as input values in automatic
processing which is performed through a unique algorithm. Research results are presented in raster format. The
direction of further research is briefly defined. >

Keywords: digital terrain model, slope processes, landslides, remote sensing, data acquisition

Introduction

It is known that the formation of slope processes is related to the combined effect
of various factors - the influence of various agents on the geological environment in a
certain time period. These factors are of different characteristics: they can be mechanical
which leads to the changes in structure or physical characteristics of the masses, changes in
the stress state (additional loads or dynamic effects) and changes in the relief (erosion,
abrasion, etc.).

Actuators of the process of sliding usually include factors which lead to rapid
changes in the ratio of active and passive forces on the slope - in most cases it is visible by a
change of stress state and in many cases anthropogenic effects are crucial - natural factors
are often seismic effects and hydrological-climatic factors. It is often said that the agents
have prepared the ground for slope processes, while actuators were only the immediate
cause of the process. It is difficult to specify which factors are decisive for the start of the
slope processes, because the analysis is usually performed after the acute phase of the
movement and special attention in this research is paid to the analysis of causes and
actuators.

This research discusses the application of geoinformation technologies in the
analysis of slope processes and identification of potential locations with a high risk of slope
processes before the actual movement phase. It is known that many factors by their actions
influence the instability of topographic surface (Milosevi¢ M. et al., 2010). Even though, the
significance of each of these factors should not be analyzed independently, but through the
joint activity model with other factors. This study analyzes the role of remote sensing and
processing of satellite imagery for the detection of locations with outstanding agents and
slope process's actuators, with special attention to terrain's slope. The synergy of factors that
lead to slope processes in a unified model is possible to indicate locations where a set of risk
factors indicates a higher risk of slope processes, as demonstrated in this study.
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Geographic location of the area of research

Fruska Gora is situated between 45° 00' and 45° 15' of north latitude and between

19° 10" and 20° 06' of east longitude. It extends in length between the Danube and Sava
rivers in the parallel direction. This mountain range in southern Pannonian plain has a length
of about 80 km, and biggest width of 15 km. Due to its natural, cultural and historical
significance, Fruska Gora had been proclaimed a national park in 1960.
Fruska Gora is a low mountain, the highest peak is Crveni Cot, with height of 539 meters
above sea level and because much higher than the surrounding low ground, it looks solid.
Lower parts of this mountain are characterized by gentle meadows, wheat fields and
vineyards, while higher parts are covered with dense deciduous forest of linden, hornbeam,
oak, maple and other trees.

Geoinformation technologies

As the researches of the subject showed, besides the digitization in cartography
(particularly in the topography) the role of photogrammetry and remote sensing is increasing
in terms of methods which enable the continuous registration-imaging of the actual state of
larger areas (Borisov, M., et al., 2009).

Remote sensing refers to a process of collecting information of an object or
phenomenon of interest without direct contact with the object/phenomenon of investigation
which means the processing and analyses of various terrestrial, aero and satellite imagery.
Using remote sensing technique and analysis of multispectral satellite images it is possible
to detect some changes in monitored area even before the changes become visible to the
human eye. In terms of detection of slope processes, remote sensing shows the increasing
importance in the application and the evaluation of sites of possible slope processes and
landslides.

Considering the studies and researches which indicate the importance of synergy of data on
terrain's slope, presence/absence of vegetation and soil type in analyses of slope processes,
all mentioned factors were considered in this study.

Digital Terrain Model

The production of digital terrain model for the area of interest was performed and it
was used as a basis for further analysis. Digital terrain model for the area of Fruska Gora
was produced by using aerial photogrammetry. Aerial campaign was conducted by RC30
camera in a scale of 1:20000. The area is surveyed with 369 images with the overlap about
60% and sidelap of 20 to 30%. For the processing in digital photogrammetric stations
images were scanned in a resolution of 12.5 um resulting in a pixel size of 25 ¢m. The sum
total of 24 points of national GPS network were selected as control points and marked
appropriately. Based on these points exterior orientation was calculated by using bundle
block adjustment. The image pairs were formed from which digital terrain model was
extracted.

Digital terrain model is presented in raster DEM (digital elevation model) format
(Figure 1) as it is the most suitable for analysis.

Digital terrain model was created with a horizontal spatial resolution of 5 meters.
The control and verification of the DEM was performed in 74 control points which are
measured by the GPS receiver in subsequently selected locations. It was found that the root
mean square error (RMSE) in control points was 1.85 m, which is satisfactory for the
application in the analysis of slope processes.
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Figure 1. Digital terrain model (DEM)

The Terrain Slope

The studies such as (Miner, AS, et al.,, 2010), (Coe, JA, et al., 2004) and
(McKenna, JP, et al., 2008) showed that the digital terrain model is one of the main initial
data for the analysis of possible landslides. Beside the digital terrain model for the analysis
of slope processes, the data obtained based on DEM are also of great importance, such as:
the degree and direction of slope, shaded images of the terrain, drainage etc. The research
results by Coe (Coe, JA, et al., 2004) indicated that 96 % of landslides occur in slopes with
gradients between 16° and 44°. Thus knowledge of the degree of slope is crucial for
assessing the risk of landslides. Therefore, the image that contains the degrees of terrain's
slope is generated based on the digital terrain model in order to implement it in the
algorithm for automatic detection of areas with a high risk of forming the landslides.

Pedology Maps

As another input factor and an indicator of risk for slipping served pedology map in
a scale of 1:50000 from which the data on the type of soil at the area of interest are used.
In many studies, such as the analysis performed in Crate area, Italy, the data on the slope of
the terrain and soil type were merged (Figure 2).

Figure 2. Relative frequency of landslides in different lithological layers in relation to the terrain's slope,
(Crate area, Italy)

Vegetation Index NDVI (Normalized Difference Vegetation Index)

Apart from the great importance of analysis and application of vegetation indices in

agriculture, the same indicators show the presence and character/quality of vegetation cover,
which appears as a risk factor for the formation of slope processes.
Index NDVI (Normalized Difference Vegetation Index) is widely used for monitoring,
analyzing and mapping spatial and temporal characteristics of physiological and biophysical
characteristics of vegetation. This index is directly related to soil parameters due to the fact
that soil quality directly affects the health of plants. Since the quality of soil is one of the
factors for the forming of the landslides, further in this research the impact of the NDVI
index in slope processes is discussed.

Assuming that the slope processes result in complete loss of the vegetation in the
affected area, the NDVI index that indicates the absence of vegetation may, with the other
parameters, point to an active or an old landslide. However, it may also indicate the
locations where the higher the probability for the occurrence of slope processes, if the lack
of vegetation is linked to the type of soil and other factors that favour the occurrence of
slope and processes.

From the data obtained by processing of satellite images to analyze and identify the
presence and quality of vegetation, NDVI factor is often used and is calculated from the
satellite image using uniquely created model (a specific and specially designed for specific
platforms) according to the formula, deriving appropriate responses in the red spectral band
and near infrared band:

NDVI = (NIR - Red) / (NIR + Red)
NDVI = (Band 4 - Band 3) / (Band 4 + Band 3) - for Landsat satellite image, used in this
study
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Satellite image is processed using the ERDAS Imagine software tool and through
appropriate procedures and models the value of NDVI is calculated. This value is further
used as one of the input parameters based on which is possible to locate a potential site for
the activation of slope processes.

Research results and discussion

All the mentioned parameters (slope, soil type, NDVI) are combined in one model (Figure
3) as potential indicators of locations suitable for the activation of slope processes.

Figure 3. The model of specific factors that indicate potential hazardous locations

As previously mentioned, remote sensing, analysis and computer processing of
satellite images allow the production of raster data in digital form which carry important
information for the process of detecting the terrain's slope and assessing the activation of
slope processes in the area of interest. Digital elevation model (DEM) provides information
on elevations, from which in further advanced processing the raster image of terrain's slope
can be developed. The value of NDVI, also generated from the analyzed satellite image is
pooled in a complex model with data on soil type and slope. The result is a raster layer
which represents the locations in the hazardous zone of the risks of slope processes. The
further processing of raster results can result in the vector data format. The figure below
(Figure 4) presents the overlap of the DEM with raster data layer shown in red (left) and
overlapping data on NDVI, slope, and a digital terrain model (right).

As the basis for the presentation of the identified risk areas topographic maps of
different scales can be used (Borisov, M., 2010).

Figure 4. Red presents zones with high risk of slope processes in raster format (left); area of interest (right)

It is important to note that this study, from the initial data set to the results
generated in raster format, paid attention to the basic groups of the process of digital
topographic data relating to (Borisov, M. 2004): the initial formation of a data set,
cartographic editing and processing, maintenance and updating, distribution, and
reproduction and backup and data protection. In all these stages it is necessary to ensure the
processes related to: data input/output through the conversion, the display of the data in a
particular cartographic form, rendering in appropriate form and a suitable format as all kinds
of analytical calculations, which correspond to measurements or calculations (Borisov, M.,
et al. 2009).

It is known that landslides can not be accurately analyzed without reference to:

e the geology of the terrain
e groundwater and
e resistance to bedrock movements;
which would be a central point of further research.

It is certainly important to further study these phenomena (Nesi¢, D., et al., 2004).
Verifying the results could be made by GPR (ground penetrating radar) technology (Ristic,
A, etal., 2012), (Ristic, A., et al., 2010).

The application of geoinformation technologies and systems in the analysis of
terrain's slope and the associated factors that may affect the slope processes involves the
process of production of an up to date cartographic material and update of the existing
cartographic material in order to establish the initial system for monitoring the hazardous
locations. Publication of these data in raster and vector format should be implemented
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through a geoportal, as shown in the geoportal of the Ministry of Environmental Protection
of Serbia (Govedarica, M., et al., 2011). In the analysis devoted to the assessing the terrain's
slope with reference to the potential sites with distinct factors favourable for the
development of slope processes it is important to analyze potential effects of slope processes
to road infrastructure, for example the stability of the bridges in areas with high risk of slope
processes (Pogo, M., et al., 2008) and find a way for the timely response.

Conclusion

This study represents geoinformation technologies with the emphasis on remote
sensing principles and possibilities of its application in the analysis of the terrain's slope in
the area of Fruska Gora and predicting locations with a high risk of slope processes and
monitoring changes. Applied technology and methodology enable using the data collected
from sensor platforms for preventive analysis of the potential danger of sliding hazard. This
paper illustrates a technological procedure of producing the raster and vector format of
cartographic material and provides guidelines for the use of obtained data in terms of their
publication and distribution. Proposed solution for the visualization and data distribution is
the environment of geoportal and virtual atlases.

This approach in the implementation of geoinformation technologies and systems
should provide a rapid process of data acquisition and data processing which degree of
accuracy can be verified by field measurements, to ensure efficient management of the sites
with located alarming parameters and timely response to prevention. Another item that
could lead to better results might be the use of DEM with higher resolution and the inclusion
of more data on the geology in the model.

Landslides, as the type of high-risk hazards, deserve detailed analysis and
evaluation of potential agents and activators in order to enable timely action and repair in
order to prevent serious consequences.
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