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MAIINPAILE ITOIIJIAB/BEHUX IMOAPYYJA IPUMJEHOM JAJBUMHCKE JETEKIIUJE
HA TTPUMJEPY PUJEKE CAHE

Jlyka Ca6/buh'?" u Jlapopun bajuh?

'Tucren, bamwa Jlyka, Penybnuka Cpricka
*Yuusep3uret y bamwoj Jlyuu, [IpuponHo-marematnuku daxynret, bawa Jlyka, Penyonuka Cpricka

Caxxerak: Y OBOM pajay IpHKa3aH je MOJEN Malupama IOIUIaBJbeHUX MOoJpydja Ha npumjepy pujexe Cane. YiazHe
TI0/1aTKe, KOjU ce KOPHUCTE 3a MOJIe 00paJie Imojiaraka, MpeACTaBibajy CaTelIUTCKH CHUMIHU JI00MjeHH ca paJlapcKe IiaT-
¢dopme nox HasuBoM Centunen 1, EBporicke cBemupcke areniuje. Mozel ce cacToju n3 HeKOJIHMKO Kopaka o0pane, Tije
KJby4YHE KOpaKe IPe/ICTaBIbajy npeaodpaa v nocrodpaia NpOCTOPHUX MTOAATaKa, TE BU3yeIH3allija KOHAYHOT pe3y/ITara.
[IpenoOpana u mocToOpaaa MPOCTOPHUX MOATAKa CACTOj€ CE U3 BUILE MabUX KOpaKa, YMju MPEriesl ayTopH ajy y CKIIO-
Iy aJropuT™Ma Koju IpeJIcTaBiba Mojiel 00pasie rnoaartaka. Banmpanuja mpumjemeHOT MojieNa H3BPIICHA j€ KOMITApaliijoM
o/Ipy4ja 3a Koje je BPILICHO Marupame IoIUIaBa 1 opyyja Ha KoMe ce Hajla3u Beha BojieHa moBpiInHa, a koja je oma y
JIaTOM BPEMEHCKOM IepHo/y 0e3 roruiaBa. Pa3BujeHn MoJiesl MOXKe ce MPAKTHYHO NMPUMjEHNTH y MallMpamy MOILIABIbe-
HUX ITOJpYY]ja, Kao LITO je TO Y CIy4ajy OBOT paja Tok pujeke CaHe y bocHu n Xepueropuau.

Kibyune pujeun: reorpadckn MHGOPMALMOHN CUCTEMH, JTAJbUHCKA JIETEKIUja, IPOCTOPHU TIOAIH, MalUparhe, IOIIaBe,
CaTeJINTCKHA CHUMIIH.
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YBO/

[Nornase npeacTaBibajy jeHy o Hajuehux u
HajIeCTPYKTUBHU]UX IPUPOITHHX KaracTpoda y cuje-
Ty. Y TPeHyTKy KaJia ce JJOro[y MPUpoIHa KaracTpoda
TIOIYT TIOTUIABE, BEOMA jy j€ TEIIKO 3aycTaBUTH. OHO
ITO je Moryhe ypajuTti y 1atoM TpeHyTKY OHOCH
CE Ha CMabUBAKLE IITETA KOje HACTajy Kao MOCIbEU-
11a OBAKBE MPUPOHE KaracTpode. Y TOM KOHTEKCTY
BeoMa OMTaH €JIEMEHT yIpaBibarba MoIIaBaMa jecte
JIOCTYITHOCT TPAaBOBPEMEHHX MH(OpMaLHja o Moj-
py4juMa Koja cy 3axBaheHa rorsiaBama.

Kaxko 6u mpocropae nndopmanuje 6mie npa-
BOBPEMEHO JIOCTyIMHE U oOpal)eHe HeommxomHa je
ynorpeda caBpeMeHUX WHPOPMALMOHUX TEXHO-
JOTHja Kao mTo Cy reorpagcku HHPOPMAIMOHH
CUCTEMU U JaJbUHCKA JIETEKIIN]a.

Wupopmarpione TeXHOIOTHje TOMYT reorpad-
CKUX MH(OPMAIMOHNX CHUCTEMA TPENICTaBIbajy H3Y-
3€THO 3aXBaJHE CUCTEMe y GOpOM MPOTUB PUPOITHHX
KaracTpoda, Kakse cy 1 came noruiase. OBH CHCTEMH
omoryhagajy npeBrhare MOTeHIMjaTHIX KaTacTpo-
¢a, amu ¥ careaBamke eKOHOMCKHX, IPUBPEIHNX U
JPYTUX TOCIHEINLA HAKOH HACTAHKA UCTHUX.

VYnoTpeba najbUHCKE JETEKIMje Ka0 METOe
MPUKYTUbaka MMoJaTaka 0 3eMJbUHO] OBPILIUHH
y reorpadckuM HHPOPMAIMOHUM CHUCTEMHMA
n3y3eTHO je outHa. CaBpeMeHa TeXHOJIOTHja KOjy
nocjenyjy mehyHapoaHe u eBpOICKe OopraHu3a-
1yje, Te 6ecriaTal NpUCTyIl U KopHuiheme mpo-
M3BOJIa KOJU HACTajy Kao pe3yaTar ynorpeoe Tex-
HOJIOTHja OBUX OPraHU3aIH]a, IPEICTaBIba BETUKH
3Hayaj 3a JIOMEH HayYHOT HCTPAXXUBAbA.

CBaka o1 MHPOPMALIFIOHHX TEXHOJIOTH]a cama 110
ceOu BeoMa je 3HaJajHa M BakHa. MehyTum, BUXOB
TIOTITyHH 3Ha4aj U TOTEHIHjall OIJIeNia Ce Y HHXOBO]
3j€THIYKO] YIIOTPeOH y IJBY pjelliaBamba opeleHor
KOHKPETHOT Mpo0IieMa, Kao IITO Cy TO IPUPOIHE Ka-
TacTpode, y KOHKPETHOM CITy4ajy MOTLIaBe.

HcTpaxxuBame MPUPOIHKX KaracTpoda Kao I1ITo
Cy TOIUIaBe MyTeM MH(POPMAIMOHUX TEXHOJIOTH]ja
MPEe/ICTaB/ba BEOMa aKTYeITHy TEMY JaHAIIbHIIC.
CxomHo Tome, Moryhe je n3nBojuTu onpeheHa HayaHa
HCTpaXKMBama Koja cy ce 0aBUIa OBOM TEMATHUKOM.

Hay4Ho ncrpaxuBame Be3aHO 38 MOHUTOPHHT
MoIuIaBa ca yrnorpedom reorpadckux uHpopma-
LIMOHHMX CUCTEMA U JAJBHHCKE JETEKIHje BPIIHO

110

INTRODUCTION

Floods are one of the most common and
destructive natural disasters in the world. The
moment a natural disaster like a flood occurs,
it is very difficult to stop it. What can be done
at a given moment refers to reducing the dam-
age that occurs as a result of such a natural
disaster. In this context, a very important ele-
ment of floods management is the availability
of timely information on the flood affected
areas.

In order for spatial information to be avail-
able and processed in a timely manner, it is nec-
essary to use modern information technologies
such as: geographic information systems and
remote sensing.

Information technologies such as geographic
information systems are extremely grateful sys-
tems in the fight against natural disasters, such
as floods themselves. These systems enable the
prediction of potential catastrophes, but also the
perception of economic and other consequences
after their occurrence.

The use of remote sensing as a method of
collecting data on the Earth’s surface in geo-
graphic information systems is extremely im-
portant. Modern technology owned by interna-
tional and European organizations, as well free
access and use of products that result from the
use of technologies of these organizations, is
of big importance for the domain of scientific
research.

Each of the information technologies in it-
self is very significant and their own potential is
reflected in their common use in order to solve a
certain specific problem, such as natural disas-
ters, in the specific case floods.

Researching of natural disasters, such as
floods, through information technology, is very
often topic today. Accordingly, it is possible to
single out certain scientific researches that have
dealt with this topic.

Scientific research related to flood monitor-
ing using geographic information systems and
remote sensing was conducted by Maxim Arseni
and his associates. For the purposes of this re-
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je Makcum Apcenu ca capagHuiMa. 3a rnorpede
OBOT UCTPaXKMBab-a Kao YIIa3HH MOJaly KopuiheHn
cy carenuTcku caumuy Landsat 5 mucuje, a ucrpa-
KHBAHE CE 3aCHUBAJIO HA HAMIICIAHO] KIacu(pu-
Kallju 3eMJBHINTA, T€ Y KOHAYHUIM KOMITapalyju
BPEMEHCKHX Iepro/ia KaJja HUCY Ouiie 1 Kajia cy ce
noromaute noruiase (Arseni et al., 2017).

HcTpaxuBare Koje je IMaJIo 3a b Malupambe
TOIIABJEEHUX TOZPYYja y OJIMCKO peaTHOM BPEMEHY
m3Bpumo je Kenao Xyar ca cBojUM capaaHHUIMA.
Merononoruja uCTpaXxuBama 3aCHUBANA C€ Ha YIIO-
TpeOu mojaraka JOOHjeHUX Ja/bUHCKOM JIETEKIH]jOM
U ,,JOOPOBOJBHIM'* MH(OPMAITMOHUM crcTeMoM. OBaj
CHCTEM TI01 HA3UBOM ,,TOOPOBOJBHU MTH(POPMAITMOHH
CHCTEM 3aCHHBAO CE€ HA BOJIOHTEPCKOM MPUKYTLUbAbY
nioriataka ca tepeHa myteM GPS ypehaja. Kibyu wic-
TpayKMBam-a OTHOCH ce Ha yroTpely ¢rirepa Koju 3a
IJb UMA M3TPaIiby MHIEKCA AUCTPUOYLIHjE Bjepo-
BaTHONhe Ha OCHOBY JIUTUTAJTHOT MOJieJIa TepeHa. 3a
CBAKH CJI0j MHJIEKCA, PA3BH]EHO j€ je3rpo MoJ] Ha3UBOM
Gaussian Jta 61 ce BpyjeTHOCT BITare W3IBOjHIIA 13 UH-
nexca NDWI. Y konauHMIH ynorpedoM mporpamcKor
jesuxa Python mpou3BomM ce pe3yirar y BUIy Marie
norasJkeHuX nopydja (Huang et al., 2017).

Mareeyn Xak ca capaJHHIIIMa BPILIHO je Ha-
YUYHO UCTPaKUBALE YIIOTPEOOM reorpadckux vH-
(hopMaIOHUX CUCTeMa U JTaJbUHCKE JETEKIIH]e,
a 'y CBpPXY Mamupama MOIUIaBJbEHUX MOJpydja U
MPOLIjeHe IITeTa Koje HacTajy Kao pe3yaTar rnoria-
Ba. 3a morpede OBOI UCTpaXKHBamba KopulrheHn
cy MODIS Aqua u caTenuTCKi CHUMIIA KaHa/ICKe
KoMmaHwuje mox Ha3uBoM Terra. Han carenurckum
CHMMIIMMA U3BpIICHA je CTaHIap/Ha HarielaHa
kinacu(uKamja ca MpoIjeHoM THIa maximum
likelihood. [lasbe ucTpakuBame UIILIO je Yy TPaBILy
BU3yeJIHE MHTEpIpeTalrje 1 KoMIaparuje 100uje-
Hux pesynrara (Haq et al., 2012).

AyTopu Moziena 3a Malupame MOIIIaB/bEHHX
noapydja (Serco Italia SPA, 2018; UN-SPIDER,
n.d.), KOju ce KOPUCTH Y OBOM Pajy, IPBOOUTHO CY
TIPUMjEHIIIA MOJIEI 32 ITOTpeOe MarMpara MorUIaBIbe-
HOT rozipy4ja Manasu y uctounoj Appuim. Yiasse
TIOJIATKE Y TpOLIecy 00pajie YMHE CaTeTMTCKU CHUMLIH
Centunen 1 mucuje, EBporicke cBeMHpCKe areHIyje.
Han ynazaum noparima M3BpILIeHa je MpBO Mpeioo-
pajia, a OToM U roctodpaa nofaraka. Kiby4nu cer-
MEHT y 00paJil CaTeIUTCKUX CHUMaKa MPEe/ICTaBIba

search, satellite images of the Landsat 5 mission
were used as input data, and the research was
based on a supervised land classification, and
ultimately a comparison of time periods when
there were no and when floods occurred (Arseni
etal., 2017).

The research, which aimed to map flooded
areas in close real time, was conducted by Xiao
Huang with his associates. The research meth-
odology was based on the use of data obtained
by remote sensing and a ,,voluntary* information
system. This system, called the ,,voluntary* in-
formation system, was based on the voluntary
collection of data from the field via GPS devices.
The key to the research relates to the use of a
filter that aims to build a probability distribution
index based on a digital terrain model. For each
layer of the index, a core called Gaussian was
developed to extract the moisture value from the
NDWTI index. Ultimately, using the Python pro-
gramming language produces the result in the
form of a map of flooded areas (Huang et al.,
2017).

Mateeul Haq and his associates conducted
scientific research using geographic informa-
tion systems and remote sensing, for the pur-
pose of mapping flooded areas and assessing
the damage caused by floods. For the purpos-
es of this research, MODIS Aqua and satellite
images of a Canadian company called Terra
were used. Satellite imagery was subject to a
standard supervised classification with a max-
imum likelihood assessment. Further research
went in the direction of visual interpretation
and comparison of the obtained results (Haq
et al., 2012).

The authors of the model for mapping flood-
ed areas (Serco Italia SPA, 2018; UN-SPIDER,
n.d.) used in this paper, originally applied the
model for the purpose of mapping the flooded
area of Malawi in East Africa. The input data
in the processing process consists of satellite
images of the Sentinel 1 mission, the European
Space Agency. The input data was first prepro-
cessed and then postprocessed. A key segment
in the processing of satellite images is the cre-
ation of a binary mask, which is an integral part
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u3pajga OMHApHE Macke, KOja YMHH CacTaBHH MO
nocToOpaje noaaraka. thena m3pasa Bpim Ha OCHO-
By TpaHUYHE BPHjEIHOCT IIpara, a Ha OCHOBY KOje ce
13/1Bajajy BOJICHE MOBPIIMHE Y OJTHOCY Ha OCTAJIE 10~
BpILMHE. Y KOHAYHUIM METOJIOM KOMITapaliyje BPIIN
ce BU3YeIHO nopehere pesyirara, Koju ce OHOCE Ha
TIEpUOZIE TIPHje, TOKOM U TIOCIIHjE TIOTUIaBa.

I[TOAPYYIJE NCTPAXNBAIbA

[Toxpydje ucTpaxuBama OBOT paja MpeacTa-
BJba MO ToKa pujeke Cane y bocuu u Xepriero-
BuHH (Cn. 1), koju je O6mo 3axBaheH moruiaBama
2019. rogune.

Cana je necHa IpUTOKA pUjeKe YHE U MpUIia-
Ja ciuBHOM Tozipyyjy pujeke Case. Pujeka Cana

of postprocessing data. Its construction is based
on the threshold value of the threshold, and on
the basis of which water surfaces are separated
in relation to other surfaces. Finally, the method
of comparison is used to visually compare the
results, which refer to the periods before, during
and after the flood.

STUDY AREA

The study area of this paper is a part of the
flow of the Sana River in Bosnia and Herzegovina
(Fig. 1), which was affected by the 2019 floods.

The Sana is a right tributary of the Una River
and belongs to the Sava River Basin. The Sana
River originates from three strong karst springs

Cn. 1. ITonpyuje Toka pujexe Cane y bocHu n XeprieroBunu
Fig. 1. The area of the Sana River in Bosnia and Herzegovina
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HacTaje U3 TPH jaka Kpalllka U3Bopa Koja ce HaJjiaze
Ha rpaHuiy omutrHa Pubnuk n Mpkowuh I'pan,
onHocHo u3Melyy cena Bposbanu u Ilenka. yxu-
Ha HCHOT TOKa je oko 145 km, a y HoBowm I['pany ce
yvjeBa y pujeky YHy. M3Bopuiire je cMjemTeHo
Ha 414 m HagMOpCcKe BHCHHE, a yiihe Ha 122 m
HaaMopcke BucuHe. [loapyyje ciusa Cane o0yxBa-
Ta cjeBepo-3anaiHe kpajeBe bocue u Xepueropune
ca noBpimmHoM oko 3470 km? (Temimovié, 2007).
[Ipema ciyxOeHMM ToOgAIUMa MOCIHEAHE
TOTUIaBe Ha NOApyYjy Toka pujeke Cane y bocHu
1 XepleroBuHu aorouie cy ce y majy 2019. ro-
JMHE. YIIPaBo OBaj MEPHOJ y3UMa Ce Kao T3B. ,,pe-
nep* 3a MpoBjepy BaJIMIHOCTH MOZIENa 3a 00pay
nojlaTaka, Te¢ y KOHaYHHUIM carjeaBamba o0uma
TIOTUIaBa U3 OBOT MEPUOA HA AATOM HOAPYY]y.

KOPUIIIREHU TIOJIALIA

OCHOBY CBaKOI' HICTpa)KHBamba, aHAJIM3E, IPOLIe-
ca, pUMjeHe WM pa3Boja MOJIENa YMHE YIa3He HH-
(hopMariije OTHOCHO YIIa3HU Mofany. Y CBPXy OBOT
WCTPaXXHUBAHA, OTHOCHO MPHMjEeHe MOJIeNa 32 00pajty
ToJIaTaKa, KOju y KOHAYHHIM UMa 32 LIJb Pe3yJTare
y (hopMu MarmMpaHuX MOIUIABJLEHHX MONPYYja, Kao
ynazHe uHpopMaLmje, To JeCT YIa3HH MPOCTOPHH
TOJTALH, KOPHCTE CE CATETUTCKUA CHUMLIH.

CaTenuTCK CHUMIIM TPEy3eTH Cy ca 3Ba-
HUYHOT cajta KonepHukyc nporpama, yuju ocio-
HaIll TpesicTaBiba EBporicka cBeMHUpcKa areHuuja
(moctymHo Ha https://scihub.copernicus.eu/dhus/#/
home). Pujed je o carenuTckuM CHUMIIUMA KOJH
Cy 3a0UJbeKEHH O]l CTpaHE CaTelIuTa KOju YMHE
cactaBHu quo Cenrunen 1 mucuje. OBa Mucuja
CacToju ce Of JIBa CaTeJHTa, pUjed je O paaap-
CKHMM Iu1aT(hopMama Koje MOry J1a OMIbexke CHUMKE
3eMibe, Oe3 0031pa Ha BpEMEHCKE yCIIoBe U J100a
nana (Filipponi, 2019; Malenovsky et al., 2011).

3axBasbyjyhu IpeTXoHO HaBEJICHNM KapaKTe-
PUCTHKaMa, CaTeIUTCKU CHUMIIM I00UjeHH 01 CTpa-
HE OBE MHCH]e, NPEACTaBIbajy a/IeKBaTHE yla3zHe
MPOCTOPHE MOAATKE 38 CBPXY OBOI' HCTPAXKMBAA.
3a otpede UCTpaKUBama MPEY3ETH Cy CATETUTCKH
caumuy CeHtunen 1 MucHje, Koju Cy 3a0UsbexKeHH
Tokom 3, 15. u 27. maja 2019. ronune.

[Ipey3eTn caTeIMTCKU CHUMAK KapakKTepHuIle
GRD (Ground Range Detected) Tur nmpocropHOr

located on the border of the municipalities of Rib-
nik and Mrkonji¢ Grad, i.e. between the villages
of Vrbljani and Pecka. The length of its course is
about 145 km, and in Novi Grad it flows into the
river Una. The spring is located at 414 m above sea
level, and the estuary at 122 m above sea level. The
area of the Sana basin covers the north-western
parts of Bosnia and Herzegovina with an area of
about 3470 km? (Temimovié, 2007).

According to official data, the last floods in the
area of the Sana River in Bosnia and Herzegovina
occurred in May 2019. It is this period that is taken
as the so-called ,,benchmark* for checking the va-
lidity of the data processing model, and ultimately
considering the extent of floods from this period
in the area.

DATA USED

The basis of any research, analysis, process,
application or development of the model is the
input information or input data. For the purpose
of this research, i.e. the application of the data
processing model, which ultimately aims at re-
sults in the form of mapped flooded areas, sat-
ellite images are used as input information, i.e.
input spatial data.

The satellite images were taken from the of-
ficial website of the Copernicus program, sup-
ported by the European Space Agency (available
at https://scihub.copernicus.eu/dhus/#/home).
These are satellite images recorded by satel-
lites that form an integral part of the Sentinel
1 mission. This mission consists of two satel-
lites, radar platforms that can record images of
the Earth, regardless of weather conditions and
time of day (Filipponi, 2019; Malenovsky et al.,
2011).

Thanks to the aforementioned characteristics,
the satellite images obtained by this mission rep-
resent adequate spatial input data for the purpose
of this research. For the purposes of the research,
satellite images of the Sentinel 1 mission were
taken, which were recorded during 3, 15 and 27
May 2019.

The downloaded satellite image is charac-
terized by the GRD (Ground Range Detected)
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noxatka. GRD ce cacroju on SAR noparaka xoju
Cy JCTEKTOBaHHU U MPOJEKTOBaHU Ha 3eMJbY YIIO-
Tpebom 3emsbuHor enurcouaa. [lopex GRD tuna
M0/IaTKa, PEY3eTH CATEeIUTCKH CHUMIIM 3a0HIbe-
xenu cy ca IW (Interferometric Wide swath) mo-
noM paga. OBaj MO pafia KOPUCTHU Ce 32 KOITHEHa
nozpydyja. tberoBa mpocTopHa pe3onyiuja H3HOCH
5 x 20 m, a mupuHa 3axBara u3Hocu 250 km.

METOJIE

Mopern 3a MarMpame MOoIJIaBHUX HOJpyYja pas-
BHjeH je u umiuieMeHTrpan y ESA SNAP codrep-
ckoj arumnkarju. CodTep je Gecruiatan U moap-
’aH je of cTpaHe EBporicke cBeMUpCKe areHIje.
[uss pa3Boja oBor codTBepa je 0obe30jehuBame
OecruiaTHOT anara 3a 00pay MPOCTOPHHX IMojaTa-
Ka (CaTeNIMTCKUX CHUMaKa) JOOWjeHUX Off CTpaHe
carermura (Foumelis et al., 2018).

Mopern koju je kopHiiheH 3a Manupae Moria-
BJBEHHX IOZIPYYja y OBOM Pajly pa3BHjeH je oI CTpaHe
WHctrTyTa 32 CBEMUPCKA UCTPAKHUBAA M3 YKPAJUHE
u Serco Italia SPA y ckiommry RUS Copernicus mpoje-
kra (Serco Italia SPA, 2018; UN-SPIDER, n.d.). Pa3-
BHJEHU MOJIEN CacTOjU Ce U3 BUIIE KOpaka o0paje,
071 KOJUX CY KJbYUHH: TIPEY3HMarbe TOAaTaKa y BUIy
CaTENUTCKUX CHUMaKa, penodpaza u mocroopazia
TrofiaTaka ¥ BU3yenusaiyja pesynrara. [Ipema ayto-
prMa Mojienia, Kopaly npenodpaje U nocroopase
CacToje ce U3 BUIIIE MambUX KOPaKa, & FbUXOB MPEITIE/]
u ormc he 6utu aar y ckiorny oBor Haciosa (Cir. 2).

type of spatial data. GRD consists of SAR data
detected and projected onto the earth using the
Earth’s ellipsoid. In addition to the GRD data
type, downloaded satellite images were record-
ed with IW (Interferometric Wide swath) mode.
This mode is used for land areas. Its spatial res-
olution is 5 x 20 m, and the width of the project
is 250 km.

METHODS

The flood area mapping model was devel-
oped and implemented in the ESA SNAP soft-
ware application. The software is free and is sup-
ported by the European Space Agency. The goal
of developing this software is to provide a free
tool for processing spatial data (satellite images)
obtained by satellites (Foumelis et al., 2018).

The model used to map flooded areas in this
paper was developed by the Space Research In-
stitute of Ukraine and Serco Italia SPA as part of
the RUS Copernicus project (Serco Italia SPA,
2018; UN-SPIDER, n.d.). The developed model
consists of several processing steps, of which the
key ones are: downloading data in the form of sat-
ellite images, preprocessing and postprocessing
of data and visualization of results. According to
the authors of the model, the preprocessing and
postprocessing steps consist of several smaller
steps, and their overview and description will be
given under this title (Fig. 2).

Cx. 2. Anropurtam 00pajie CaTeIMTCKUX CHUMaKa
Fig. 2. Satellite image processing algorithm

Cn. 3. Anroputam nipenoopajie CaTeIMTCKUX CHUMaKa
Fig. 3. Satellite image preporcessing algorithm
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Hakon npey3umama CHUMaka IPUCTYIIIIO Ce
BHX0BOj npenoOpamu. [IpenoOpana nasbHMHCKA 1e-
TEKTOBaHMX CHUMaKa y BUJTy IPOCTOPHUX TO/IaTaKa,
OJTHOCH C€ Ha OHE TIOCTYIIKE 00paJie KOju MPEeTXoe
IJIABHOj aHATIM3HU. Y OBOM MOJIEITY 3a 00paTy mozara-
Ka, peao0pa/ia 00yxBara HEKOJIMKO Kopaka o0pajie.
CBaku of1 Kopaka U3BpIIiaBa ce 1o yHarpujes aehu-
HHCAHOM PEOCIHjely 3a CBE CaTeJIMTCKE CHUMKE
KOjHU MIPEeICTaBIbajy MPEIMET aHAJN3E.

[TpenoOpana y Mozeny 3a Manupame Moruia-
BJbEHUX MOJpYyYja MOAPA3yMHUjeBa U3BPILABAHE
cibeniehnx Kopaka y CKJIOMmy o0pajie caTeuTCKUX
caumaka (Ci. 3):

—  WCjelame CaTeTUTCKOT CHIUMKA,

—  I[pUMjeHUBamkE JaTOTEKE OpoOUTe,
—  YKIamame IyMa,

—  KanmuOpanmja,

—  (unrpupame u

—  KOpEKLHja TepeHa.

[Ipey3eTu caTenTUTCKU CHUMIU 3aXTH]jEBajy
BEJIMKE KOJIMYMHE PauyHApCKUX pecypca, Te ce U3
TOT pazjiora y CKJIOIy npeaodpasie BpIIU BUXOBO
WCHjellamke Ha TIOZIPYYje O] HHTepeca, KOje y OBOM
Clly4ajy mpecTaBiba TOK pujeke Cane y bocHu u
XepLeroBuHH.

JlatoTeka opOuTe caapH peleBaHTHE TIeo-
rpadcke nHpopmalje koje he ce mpruMjeHUTH Ha
uHpopmarwje o mukcenuma. GNSS carenutu pare
TIOJIO’Ka] ¥ HAZIMOPCKY BUCHHY carenuta CeHTHHEN
1 mucHje, a oBe HH(OPMALIH]E CE MOTY KOPUCTUTH 32
MOCTU3abe OOJBHX pe3yIITara y ToIIeny peaTHBHE
JadrHe U TOJIOKaja MOBPATHOT CHIHAJIA KOJU cate-
auT npyumMu. Yeryra KonepHHKycoBOT peLy3HOr Ofl-
pehuBama opoute (POD) npy»ka npermsHe gartorexe
op6ure. Kopaxk ,,IIpumjena garoreke opoure™ y ESA
SNAP nporpamy he npeyseTu 0By JaTOTEKy U MpH-
MjeHUTH je Ha roziatke. CTaHap/Ha mpakca je 1a ce
JlaToTeKa OpOUTE MPUMjEHH Kao MPBU KOpaK y OMIIo
KOjFIM MeTofIama Tpeoopajie moaarTaka J00HjeHUX
ca pamapckux margopmu (Weil3, 2018).

CarenuTCKH CHUMIM KOjH Cy TIPEY3€TH ca pa-
napcke ratdopme caapike HIym, KOju Ha OBHM
CHUMIIMMA TPEJICTaBIba EHEPrHjy MO3aMHE, a Koja
je reHepricana cama of cede. YrpaBo U3 OBOT pas-
Jiora 1 otpeode 3a J00ujamkeM KBAJIUTETHHUX PE3YIl-
Tata 00paJie BPILH Ce YKIIAmhahe TOMEHYTOT IITyMa.

After downloading data, their preprocessing
was started. Preprocessing of remotely detected
images in the form of spatial data refers to those
processing procedures that precede the main
analysis. In this data processing model, prepro-
cessing involves several processing steps. Each
of the steps is performed in a predefined order
for all satellite images that are the subject of
analysis.

Preprocessing in the model for mapping
flooded areas involves performing the follow-
ing steps as part of satellite image processing
(Fig. 3):

— subset of a satellite image,
— applying orbit file,

— thermal noise removal,

— calibration,

— speckle-filtering and

— terrain correction.

The downloaded satellite images require
large amounts of computer resources, and for
this reason, as part of the preprocessing, they are
cut into the area of interest, which in this case
represents the flow of the Sana River in Bosnia
and Herzegovina.

The orbit file contains the relevant geo-
graphic information that will be applied to the
pixel information. GNSS satellites track the
position and altitude of the Sentinel 1 mission
satellite, and this information can be used to
achieve better results in terms of the relative
strength and position of the feedback signal that
the satellite receives. The Copernicus Precise
Orbit Determination (POD) service provides
precise orbit files. The ,,Apply orbit file* step
in the ESA SNAP program will download this
file and apply it to the data. It is standard prac-
tice to apply the orbit file as the first step in any
data processing methods obtained from radar
platforms (WeiB3, 2018).

Satellite images taken from the radar plat-
form contain noise, which in these images rep-
resents the energy of the background, and which
is generated by itself. Precisely for this reason
and the need to obtain quality processing results,
the mentioned noise is being removed.
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Panmomerpujcka kanuOparyja mperBapa pa-
JapcKy peuIeKTUBHOCT, TIPEICTaBIbEHY ,,CUPOBUAM '
OpojeBrMa CaTeMTCKHX M0/1aTakKa, y (pU3HIKe jeau-
HuLe MjepeHe y nermoenima (dB). dynkumja kamm-
Oparje To paau moMohy Joraputamcke (yHKIHMje
KOja CTaHapuM3yje MojiaTke 1 HOpMai3yje AUCTpH-
Oy1Hjy BpHjEIHOCTH TIO/IaTaKa, YAnHEhy UX JIako 9u-
TeuBUM padyHapuma u [ YIC codrsepy. OBa pyHK-
1I1ja He MUjerba MoJIaTKe, alii 1ioBehaBa KOHTpacT y
(pexBeHIMjamMa xuctorpama, omoryhasajyhu 0osbe
pyxoBame nofarmma (Miranda & Meadows, 2015).

Quntpupame Tadaka (MpJba) je KOpak Koju
NoMaske yKJamamwy HacaujeheHor nryma (anero-
PHjCKUX THMKCeNa) U3 noaaTtaka panaapa. [locroju
HU3 PA3IMYUTUX aJIrOpUTaMa Koje 0Baj aaT MOXe
KOPUCTHUTH 32 TO. Y OBOM CIIyuajy KopucTH ce Lee
¢uTep, Koju NMpeicTaBiba AXyPHPaHy BEp3ujy J10-
6po no3Haror Lee mporieca (Yommy et al., 2015).

Ilomany y Buy careMTCKUX CHUMAKa Hajlase ce
Y paiapcKoj reOMETPHjH, TIOpe]] Tora 300T Bapujariije
ClLIeHa ¥ Haruba CeH30pa CarelyiuTa yIabeHOCTH MOTY
OUTH 3aKPUBJBEHE U Y CHUMIIUMA. 300T OBUX YHH-C-
HHIIA, HEOITXOIHO j€ J1a TIOCIBE b KOpaK y Mpeoo-
paM caTeMTCKOT CHUMKA Oy/ie KOPEKIIHja TepeHa.

[TocToOpana na/bUHCKU AETEKTOBAHUX CHUMA-
Ka OJIHOCH C€ Ha OHE MOCTYIIKe 00pajie KOju YMHe
3aBpiIHy (azy anammse. Orcer OBUX aKTHBHOCTH
00yxBara HEKOJIMKO KOpaka KOjH Ce 3BpIlIaBajy Ha-
KOH Ipe1o0pazie moaarTaka.

[TocTobpana y Moneny 3a Manupame Moruia-
BJbEHUX MOJpYyYja MOAPA3yMHUjeBa U3BPILABAHE
cipeniehnx Kopaka y CKIIomy o0paje caTeIuTCKOT
caumka (Con. 4):

— OuHapuzanwja,
— u3paja OMHapHE Macke u
—  (punrpupame GMHApHE MacKe.

Radiometric calibration converts radar reflec-
tivity, represented by ,,raw* satellite data num-
bers, into physical units measured in decibels
(dB). The calibration function does this by using
a logarithmic function that standardizes the data
and normalizes the distribution of data values,
making them easy to read by computers and GIS
software. This function does not change the data,
but increases the contrast in the histogram fre-
quencies, allowing better data handling (Miranda
& Meadows, 2015).

Speckle filtering is a step that helps remove
inherited noise (allelic pixels) from radar data.
There are a number of different algorithms that
this tool can use for this. In this case, the Lee
filter is used, which is an updated version of the
well-known Lee process (Yommy et al., 2015).

Data in the form of satellite images are found
in radar geometry, in addition, due to the varia-
tion of scenes and the tilt of the satellite sensors,
distances can also be curved in the images. Due
to these facts, it is necessary that the last step
in the preprocessing of the satellite image is the
correction of the terrain.

Postprocessing of remotely detected images
refers to those processing procedures that make
up the final phase of the analysis. The scope of
these activities includes several steps that are per-
formed after data processing.

Postprocessing in the model for mapping
flooded areas involves performing the follow-
ing steps as part of satellite image processing
(Fig. 4):

—  binarization,
— creating binary mask and
— sieve filtering of binary mask.

Cn. 4. Anroputam nmocto0paje caTeTUTCKUX CHUMaKa
Fig. 4. Satellite image postprocessing algorithm
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Kako 61 Ha caTelMTCKOM CHUMKY BOJICHE TTOBp-
IIMHEe OMIe BUJJBUBE Y OHOCY Ha OCTaJIe TIOBPILIH-
He, HEOIXOHO je JeuHucaT! oxrosapajyhu mpar
BpujenHoct. OBaj mpar BpujeIHOCTH OJHOCH CE Ha
HYMEpPHUKY BPHjEIHOCT THKCeNa Ha CHUMKY, a Koja
3ampaBo TpeacTaBjba aTpUOyT pacTepcKOr ThIa
nonatka. Aytopu mozena (Serco Italia SPA, 2018;
UN-SPIDER, n.d.) Hymepu4Ky BpujeaHOCT Ipara
no0ujajy U3padyHaBambEeM CTATUCTHYKKX MTapameTa-
pa yHyTap pagHor okpyxxewa ESA SNAP nporpama.

W3pana OuHapHE MacKe BPIIM c€ Ha OCHOBY
MPETXOMHO Me(PUHUCAHOT Mpara BPHjEeAHOCTH, a
Ha OCHOBY KOT'a C€ BOJICHE TMOBPIIMHE W3/1Bajajy y
OIHOCY Ha OCTaJie MOBPIIUHE. Y KOHAYHUIU KPEH-
pame OMHapHe MacKe Moapa3yM1jeBa Kpeupame Ho-
BOT' pacTepa y KoMe he IHKCeNn Koju ce OHOCE Ha
BOJICHE TIOBPILIMHE UMATH jeHY BPUjeIHOCT, 10K he
MIMKCEJH KOJH C€ OTHOCE Ha JApyTe MOBPIIMHE UMaTH
JPYTY BPHjEIHOCT.

MeTtoznomnoruja y k0joj ce 3a morpede UCTpasKu-
Barba M MICHTH(DMKOBAH-A BOICHUX TIOBPILIMHA, KOPHC-
TH onpel)eHu mpar BpyjeIHOCTH MMa ceOU CBOjCTBEH
Hezocrarak. Hanme, 300t onpeheHnx kapakreprucTrka
Kao IIITO Cy Pe30iTyliyja CAaTeUTCKOT CHUMKA HITH TUTIA
ar(hopMe CaTeNTMTCKOI CHUMKA J0J1a3H JI0 M3BjeCHE
TIOTpeIIHE KIIacu(pUKaIje Y CKIOITy OMHapHE MacKe.
[orpemHa k1acudukaryja oxHOCH ce Ha TO Ja Ofl-
pehene moBpIMHE Koje HUCY BOJCHE, Oyny WICHTH-
¢ukoBaHe kao TakBe. Kako OM ce OBaj HeoCTarak y
1o Behoj Mjepy HeyTpaicao, Te KOHAYHH Pe3yIiTar
OO IITO KBATMTETHH]H, TIPHOjeraBa ce MOCIbeImheM
KOpaKy KOjH Ce OITHOCH Ha (pUITpHpars-e OMHapHE Mac-
ke. Ounrep Koju ce KOPHCTH 33 HEHO (PUIITPUpALE
OJTHOCHO ,,[ipourIithaBame’* HazuBa ce Sieve (T0CTyTI-
Ho Ha https://docs.qgis.org/2.8/en/docs/user manual/
processing_algs/gdalogr/gdal analysis/sieve.html), a
Moryhe ra je ynorpujeOuTH yHyTap paaHor OKpyKera
QGIS mporpama. OBaj Kopak punrpupama, yjeaHo
TIPEZICTaBIbA U MIOCIBEIIH-H KOpaK y 00pajiy, T ce Ha-
KOH Fhera BpILIM BU3yeln3alyja T0OMjeHHX pes3yIrrara
Yy aJIeKBaTHOM IPOrpamy.

PE3VIITATU

Omnwucanu nocTynak oopazie MPOCTOPHUX TI0-
JlaTaka, U3BPIIIEH j€ Ha MPETXOIHO MPEY3ETHM Ca-
TEJIMTCKUM CHUMIIUMA o 3, 15. u 27. maja 2019.

In order for water surfaces to be visible in
relation to other surfaces on the satellite image,
it is necessary to define an appropriate threshold
value. This value threshold refers to the numeric
value of the pixels in the image, which is ac-
tually an attribute of the raster data type. The
authors of the model (Serco Italia SPA, 2018;
UN-SPIDER, n.d.) obtain the numerical value of
the threshold by calculating statistical parame-
ters within the working environment of the ESA
SNAP program.

The production of a binary mask is per-
formed on the basis of a previously defined
value threshold, and on the basis of when wa-
ter surfaces are separated in relation to other
surfaces. Ultimately, creating a binary mask
involves creating a new raster in which pixels
related to water surfaces will have one value,
while pixels related to other surfaces will have
another value.

The methodology in which a certain thresh-
old value is used for the needs of research and
identification of water surfaces has its own de-
ficiency. Namely, due to certain characteristics
such as the resolution of the satellite image or
the type of the satellite image platform, a certain
misclassification occurs within the binary mask.
Misclassification refers to certain areas that are
not water being identified as such. In order to
neutralize this deficiency as much as possible,
and the final result to be as high quality as pos-
sible, the last step related to filtering the binary
mask is resorted to. The filter used to filter or
»purify* it is called Sieve (available at https://
docs.qgis.org/2.8/en/docs/user manual/process-
ing_algs/gdalogr/gdal analysis/sieve.html) and
is possible used within the working environment
of the QGIS program. This filtering step is also
the last step in the processing, and after it the
visualization of the obtained results in the ade-
quate program is performed.

RESULTS
The described procedure of spatial data

processing was performed on previously
downloaded satellite images from 3, 15 and
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TOJIMHE 3a nojpyyje Toka pujeke Cane y bocHu u
XepueroBuHu. M3BpiieHa je koMmaparuyja pesyii-
Tara u3Mel)y BpeMEHCKHUX Ieproyia KOju ce OTHOCE
Ha TeproJ Mpuje noriasa (3. Maj), TOKOM IoIuIaBa
(15. maj) u HakoH moriaBa (27. Maj).

Cn. 5 ca nujeBe cTpaHe TpHKasyje pesynTare
Marmpama MOIUIaB/bEHUX MOJpyyja TOKOM 3. Maja
2019. ronune. Ha 0oCHOBY BU3yelTHE MHTEPIIPETAII]e
pesyanrara, Moryhe je 3aKJby4HTH J1a ce Y JJaToM Tie-
pHOIy HHCY Joroausie moriase. Mako je KoHaqYH!
pe3yaITar HacTao Kao MPOU3BOJL IIPETXOIHO OIHCAHEe
METOZIONIOTHje 00pajie moaaTaka, IpUMjETaH je u3-
BjecTaH Opoj MOTrPEIIHO KIACH(PHUKOBAHNX MTHKCEA.

Cn. 5 y cpenuHu mpukasyje pesyiarare ma-
nUpama MOIJIaB/bEHUX MOJpYyYja TOKOM 15. Maja
2019. ronune. Ilpema cinyxO6eHUM moAaMa
y OBOM BPEMEHCKOM MEPHUONy IOTOIUIE CYy Ce
TIOTUIaBE, T€ j€ JOIUIO 10 U3JIHjeBamba U3 KOpuTa
kako pujexe CaHe, Tako U HEHUX IpuTOoKa. Ha-
KOH IPUMjEHE MPETXOIHO OMKUCaHE METOOIIOTH]E,
TE BU3YyeJIM3alllje pe3yiTara KOjH je HacTao Kao
MIPOM3BOJ] PUM]jEHE OBE METOZI0NIOTH]e, Moryhe je
MOTBPAMTH J1a Cy CE Y 1aTOM BPEMEHCKOM Iepu-
Ofly JIOTOZIMJIE TIOIUIaBe HAa OBOM Hozpy4jy. OBUM
pe3yiraroM NoTBphyje ce U BATMIHOCT MIPETXOIHO
KpeupaHor Mojena 3a 00paay MpoCTOPHUX MOjIa-
TakKa y BUJIy CaTeJIMTCKUX CHHUMAaKa.

Cn. 5 ca necHe crpaHe mpukasyje pesyirare
Marparma MorIaB/beHUX MOJpydja TOKOM 27. Maja
2019. ronune. Ha ocHOBY Bu3yenHe HHTEpIpeETa-
LHje pe3yarara, Moryhe je 3akJbydnuTH J1a je y OBOM
MIEPUOTY JOILIO IO CTAOUIIHM3AINje CUTYaIH]e, TS
Bpahama pujeke CaHe 1 lbeHUX MPUTOKA Y HUXO-
Ba KOpUTA, HAKOH TIOIUIABa KOj€ Cy C€ JIOTOAUIC
15. maja ucre rogune. Mako je KOHAYHU pe3yiTar
HACTa0 Kao MPOU3BOJ MPETXOAHO OMHMCAaHEe METO-
JI0JI0THje 00pajie mojaraka, IpuMjeTaH je u3Bjec-

27 May 2019 for the area of the Sana River
in Bosnia and Herzegovina. The results were
compared between the time periods related to
the periods before the flood (May 3), during
the floods (May 15) and after the floods (May
27).

Fig. 5 on the left shows the results of map-
ping flooded areas during May 3, 2019. Based
on the visual interpretation of the results, it is
possible to conclude that no floods occurred in
the given period. Although the final result was
the product of the previously described data pro-
cessing methodology, a number of misclassified
pixels are noticeable.

Fig. 5 in the middle shows the results of
mapping flooded areas during May 15, 2019. Ac-
cording to official data, floods occurred during
this time period, and the Sana River and its tribu-
taries overflowed its banks. After the application
of the previously described methodology, and
the visualization of the results that emerged as a
product of the application of this methodology, it
is possible to confirm that floods occurred in this
area in a given period of time. This result also
confirms the validity of the previously created
model for processing spatial data in the form of
satellite images.

Fig. 5 on the right shows the results of map-
ping flooded areas during May 27, 2019. Based
on the visual interpretation of the results, it is
possible to conclude that in this period there was
a stabilization of the situation, and the return of
the Sana River and its tributaries to their beds,
after the floods that occurred on May 15 of the
same year. Although the final result was created
as a product of the previously described data
processing methodology, a number of incorrect-

Ca. 5. Manupame BoACHUX MMOBpIIMHA pujeke CaHe Ha OCHOBY CaTeUTCKUX CHUMaka of 3. Maja
(;tujeBo), 15. maja (y cpenunn) u 27. maja (necuo) 2019. ronune
Fig. 5. Mapping of Sana River water surfaces based on satellite images from May 3 (left), May 15
(middle) and May 27 (right) 2019
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TaH Opoj MOTpemHo Kiacu(puKoBaHUX MHUKCeENa,
KOJH C€ Y JIaTOM pe3yNTaTy MOTy 3aHEMapUTH.

JUCKYCUJA

Banmuparmja mpumMjemeHor Mojiesnia U3BpIIeHa je
KOMITapaLijoM Mopyyja 3a Koje j€ BPIIEHO MAITPabe
TIOIIaBa U TIOZIpYYja Ha KOMe ce Hasla3u Beha BozieHa
TIOBPILIMHA, a K0ja je OWIa y 1aToM BPEMEHCKOM epH-
ony 6e3 norutaBa. Kommapariyja je u3BpliieHa 3a ucre
BpEMEHCKe Teprozie, oMHOcHO 3, 15. u 27. maj 2019.
rofiHe. AHAIM3UpaH je Ao Toka pujeke Case Koju
Jj€ BU3YeJTHO KBaJIUTETHO MHTeprperupan Ha Google
CaTENIUTCKUM CHUMIIMMA, KaKo OU ce MOIIa yTBP/U-
TH Ta4HOCT KIacupukarmje. [IpoBjepa TadHocTH Kia-
cruduKaIyje U3BpIICHA je TIPEKIIanambeM TOOHjeHUX
pesyirrara ca Google carenurckom nozoroM. Hakoxn
W3BpILICHE KIIaCU(PUKAIHjE 32 KOHTPOIHO TOApYYje,
Te MpeKIIaIama JOOMjEHUX Pe3yJITarTa ca CaTe/TMTCKOM
TIOZIOTOM, YTBPhEHO je /1a ce JOOUjeHH pe3ylTarH y
TIOTITYHOCTH TPEKJIanajy ca Bepu(pUKaIMOHOM BOJIe-
HOM TOBPILIMHOM, M3 Yera Ce MOKE 3aKJbYUNTH J1a je
npuMjersenn Mozien Barmas (Co. 6).

3AKJbYYAK

CaBpemene nH(pOpMAIMOHE TEXHOIOTHje Kao
mTo ¢y reorpadcku MHGOPMAIIMOHU CHCTEMH,
JAJBMHCKA JIETEeKIUja U CIMYHO, J1ajy MoryhHOCT
BeoMa Op30T U KBAJUTETHOT J1jeJIOBaba Y MOIIIETy
crpeyaBamba NPUPOJHUX KaracTpoda, Kao IITo Cy
noriaBe. [Tomohy oBux TexHomoruja moryhe je
MIPaBOBPEMEHO M a/IEKBAaTHO YIIPaBJbaTH ca Mpoc-
TOPHUM HH(pOpMaIKjama TO jeCT MOAALNMA.

[IpencraBibeHU MOJIET 32 MalMpame MoIUIa-
BJbEHUX MOJpPYyYja MOpEJ] HAy4YHOT MMa U CBOJ

ly classified pixels are noticeable, which can be
ignored in the given result.

DISCUSSION

Validation of the applied model was per-
formed by comparing the areas for which flood
mapping was performed and the areas where
there is a larger water surface, which was flood-
less in a given period of time. The comparison
was performed for the same time periods, i.e.
May 3, 15 and 27, 2019. A part of the flow of
the Sava River, which was visually well inter-
preted on Google satellite images, was analyzed
in order to determine the accuracy of the classi-
fication. The accuracy of the classification was
checked by overlapping the obtained results
with Google satellite. After the classification
for the control area, and the overlap of the ob-
tained results with the satellite substrate, it was
determined that the obtained results completely
overlap with the verification water surface, from
which it can be concluded that the applied model
is valid (Fig. 6).

CONCLUSION

Modern information technologies, such as
geographic information systems, remote sens-
ing, etc., provide the possibility of very fast and
high-quality action in terms of preventing natural
disasters, such as floods. With the help of these
technologies, it is possible to manage spatial infor-
mation, i.e. data, in a timely and adequate manner.

The presented model for mapping flooded ar-
eas, in addition to the scientific one, also has its

Cn. 6. Manupame BOJIeHUX NOBpIIMHA pujeke CaBe Ha OCHOBY CaTEIMTCKUX CHUMAakKa o1 3. Maja
(nrjeBo), 15. maja (y cpenunn) u 27. maja (necuo) 2019. ronune
Fig. 6. Mapping of Sava River water surfaces based on satellite images from May 3 (left), May 15
(middle) and May 27 (right) 2019
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alTMKaTUBHU Kapaktep. Mozaen u neduHucanu
asroputaMm omoryhasajy oOpaty IpOCTOPHHUX T10-
JlaTaKa y BUJLy CaTeIUTCKUX CHUMaKa 3a OMJI0 Koje
MOZIPYYj€ ¥ BPEMEHCKHU TEPUOI.

Mopen Koju ce OTHOCH Ha MalHpame MoIia-
BJbCHUX TOZIPYY]ja, HyM BeoMa Op30 U KBAIUTETHO
carjieJjaBae ITeTa ca TePeHa, Te Moxe moMohu
HaJUIEKHAM OpraHUMa J1a TIPAaBOBPEMEHO [jelyjy
y TIPOCTOpPY M BpeMeHy Kako Ou ce m3ljerse Ka-
tactpode Behux pasmjepa.

applicative character. The model and the defined
algorithm enable the processing of spatial data
in the form of satellite images for any area and
time period.

The model related to the mapping of flooded
areas offers a very fast and high-quality assess-
ment of damage from the field, and can help the
competent authorities to act in a timely manner
in space and time in order to avoid large-scale
disasters.
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