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ABSTRACT

Lubskyi M. S. Method for infrared aerospace imagery informativity
enhancement based on subpixel signal processir@ualified scientific paper as
manuscript copyright.

Dissertation ér the degree of candidate tdchnicalsciences (PhD) with a
degree in 05.07.12 (D 26.162.03 Remote Sensing Aerospace Research) Stat
Institution fiScientific Centre for Aerospace Research of the Earth of Institute c
Geological Science of National Acadg of Sciences of UkraimeKyiv 2017.

Urgency of the research

The longwavelength infrared remote sensing data adlovo exend
significantly the range ofsatellite monitoring applicatiam However, physical
constraints, which are determined by the matwf infrared radiation, greatly
complicate thalesignof spacebased thermal infrared imaging systenfisnoderate
and high spatial resolution.

At present, the most common Iem@gvelength infrared data has spatial
resolutioncoarseof 1000 m. The datacqured by the infrared scanners with better
spatial resolution available in free access are represented by archived images del
by TM sensor of the Landséat satellite with120 mspatial resolution, the ETM+
sensor (60 nspatial resolutionof the Landsa? satellite TIRS sensoronboard the
Landsat8 satellite andhe ASTER five-band infrared spectroradiome{®) m spatial
resolutior) of the EOS satellite systefut the LandsaB only is currently functional
and provides data in the 1012.30 m s p ewsgewitlma 100 mspatial resolution
interpolatedupto 30 m.

This spatial resolution igsinsufficient to study areas with highspatial
heterogeneity, for example, an urban environment, which is rapidly dedeiop
recent decadesThis circumstancancreases theneed of obtaining thermal fields
imagey with relatively higler spatial resolution. It is physically impossible to
upgrade the remote sensing systems that have already been launched.

Thus, the actual scientific task is the development of new adstland

technologies for the longavel ength infrared datads
4



of i n order to increase the informgt.i
based on satellite infrared data. The application of the La@ddata $ substantiated
by combining on one platform of visible, naafrared bands, which allow deriving
the emissivity distribution and longave infrared radiation sensor, on the basis which
allow derivingland surfaceéemperature distribution.

A comprehensivetwo-stage methodfor long-wavelength infrared data
informativity enhancement has been developed: at the first stage an advan
technology for calculating the spatial distribution of kwed surfaceemissivity based
on the data of visible and neafrared bandsof higher spatial resolution is used, and
at the second stagdhe spatial resolution enhancemeist achieved througtihe
subpixel processing of separate frequedoynain componerg of subpixelshifted
image pairs.

Also the effciency of the devedped spatial resolution enhancement method is
estimated, also performed a comparative estimation of the infortyativinput and
processed data, and determination of the minimum resoltailgeraturalifference
and emissivity detected difference

Keywords. Remote sensing of the Earth, lemgve infrared radiation, spatial
resolution, Planaks law, subpixel processing, emissivity, modulation transfet

function.
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ARMA
ATSR-1
AVHRR
DN
EOS
ERS
ETM+
FWHM
GCV
GED
HNN
IBD
IBP
IDL
JPSS
ML
MMD
MODIS
MODTRAN
MRTD
NASA
NDVI
NEM
NETD
NOAA
OLI
POCS
SQM

brtrJws wsftlyr1?

Auto-regressive moving average

Along Track Scanning Radiometer

Advanced Very High Resolution Radiometer
Digital number

Earth Observing System

European Remot8ensing Satellite

Enhanced Thematic Mapper Plus

Full width at half maximum

Generalized crosgalidation

Global Emissivity Dataset

Hopfield neural network

Iterative blind deconvolution

Iterative backprojection

Interfacedefinition language

Joint Polar Satellite Sysin

Maximum likelihood

Min-max difference

Moderate Resolution Imaging Spectroradiometer
MODerate resolution atmospheric TRANsmission
Minimum resolvable temperature difference
National Aeronautics and Space Admirasion
Normalizeddifferencevegetationndex
Normalizedemissivity method

Noiseequivalent temperature difference

National Oceanic and Atmospheric Administration
Operational Land Imager

Projection onto convex set

Singlechannelmethod
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Split-window

Temperatur@missivity separation

Taggedmagefile format

Thermal Infrared Sensor

Thematic Mapper

United States Geological Survey

Visible Infrared Imaging Radiometer Suite

Worldwide reference system
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tdrrwf 1

J1Jcr waprvoyrmwl rpftrf1srR uvorhuer IR
wy Aftfosdbuow oy RrRm 1 JRAUIMYH
w Atoyrtlivd1Lhdnwodl ¢

0jesCsmMds Yydai L dz' B3Odedzy bk HE9 Etsh o d-dz
14 B B) HGBLoBMY' lteddilze Od HOd H dw
LjRidn fsCtede' o O BO' Clk' o @O s jizc g s

3] . 1B SOCdAa LOOHOdZ sy dzO o Hdzj Misd
[39] , ¢ s dzls t ts dz jStdkse yksets s Odk
#ZOo Csdzdh dz' se¢ts MjtejHsadh O, Odz0 dz' L 1
dz' MsdzOMOH Y J dz' d3ts da'  Isfipdfiols| kP * d2® y[L 24z a| O dzdex
Ciydd o ' IkjfdsslsteOls & Hk ' I @is dgd fdse
5j B jteOske® L jBds’ (e jtnd’ ‘W lkda
W'rdydedn, ' @ yddes ' B Sdztse' ydedn 400 tetsi

HOdzd 2 HjIOf)' MefkzbddStss' MmdMmlsj dgd dzdL !
tetsL to' L dz dzdats s’ LOBJ LY jykzs Is! stf jteOlsdo
fco jtcrndgd ©® HBoGeBroddz otz " dWtcOyj tco t
OkzOdz' Lo Old ftsfisstigpy'j doB @t © tof
Jtod Y! @Bz &0y dde  hdd § ¢ OL dd € s5d
odd3 s 0 Odz Isj ki jtOkkzted L j Rt o jtsr
fsHOd hts° tdelsj e tejlsOy” ‘ B H | dz¥ 9 Odad
COdz' Btolzo Odadaw b daWsts@| j ede®Wasdzdss MY ‘damd y dzd
ZOf ted S &ZOH , fls © dzkz Ol B j ted, dzj 5B °
odSstedMmistsolzo Odzgdr dBjIssH' 9 * Odz@lstedlsdz’ o
1Ji ®jidh o90ydzdotss HOEOCIkjtedmisds st
totsL to' L dzj dzdg LNdBO YO Us@ Gyw o W C i3 dz' d3Odz' dzO
sBO‘ ClsOdBd dz0 L sBtcOy j dedz , weOo HiSL 9 s
HdMisOdzy' 2 dzetsc ®3] L s dziclsdBdgdgts o 0 totsL to' L dzj dz

WOCItste' 8 wC fwsfzMCdzO L HOISd Misd ¢ @ disd -
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L dz2' B30 dz! dzts” fmMd milsj d&3d , tcOH ' Bdfls,ted Ydz dzj 8¢
9 Hftseo HOE Is! ftosMisstetso " 2 HdMCtejIsdL Oy
tesL di3' tesdg o) Odz dztsets fosmsstekz, hHits ontst
ZOf ted S dzOH, ‘fAcd o LCwtpBdEEdiE 53 H oslstscse
My M BIRE Mz 2ls dahds@8100d3 f tosmiststcso © HJMEt
MisOdzso fils* W €30 HBMWGEO' Is+ Mw h dzw s sd3 ' dzls
oqdedzz’ Is! v Hdzw By dzde tsMmis® Mddzlsp L dz@ Mt
Hsoy dded ~oddz d dzf ClstesdsOGcdz’ Isdzscts o d { t
osdHdBSEts O Bddyd SEts ' dWtcOyYjtco sdesE s
Co0Odzls’ o odt esd3’ dz¥ 9 O dzdzw L dzO y dzts Zm¢ dz
HylsOdz' L se Odzdr HOdzd = W te O wjdmoctaiZtodgialz! Hs'o Biff:
o' M jdedgw L dzOydets EME &zOH dg¥ & Is L dz2' d30dz! dzlz

ZzOtcOL Hizy J OCIszOdz' dzd dzq ‘ tetsL totsB € d
ftosmMtstetse 5° tetsL to' L dzj dzdets s’ ftesd3 X dzd n
IsJ § dzts o ts G 5120 tff sV zO H L sBtOY J dz tctsL f SH

odftotsd3’ dz® 9 Odzdzy L Jd3dzd = f 59 j tonr t5dz sO f
sjfdsets fodv, tbttdd@dOd §sid yded 3 e
" dWtcOyjtcosdesdsz HY Of OL sdz' .

1.1 ¢ dzW H "t mdzkz s yd A fn d Mdztg a3Fs H L] tdzHO
Hsoectsnoddz sotsets ' deWtcOyJj tco tsdztsets H' O

1 Jtod 9 Oy dzO B' dz h ' Mis! H Odzd n Is J § dzts
LtsBteOY j dzdzw fsd f tetsfiststetso s totsL to' L dgj dzdz fr
Isj §f dztse se 5 L Addvaiedydzy High R&alutionRadiometerAVHRR),
wed?2 LOMsmMseakze s MW dz0 Mz kzlsdzd € On My &
) 1978 tw©BBY ‘ sted o O Hism® . 1 OtcOL
ftcj HMISOo dzj dzd 2 Istc! S d3c 5f, dzAISBY SeB ALY dgON OVA
3- f s5Ctsdz' dadzy Mg deipsSic” oh SHVjHIRIRY f sMisOyO
sjtedlstste ~ 1 j ddz 'L fesistteso sy oL t6
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tdWtcOyjtcosdesdzsz H' Of OL tsdz dz0 tMmdeso L
COtelsd L J dgdzts”’ ftse j ton dg' sO - BROtcdetsc tq € Hff &
i dzMVHRR Y tc j HMIsOQo dzj dets & OB dZ. 1. 1.

v OB dzd yvw
gl JjSIstceOdzr d22 H® Of OL tsdzd S OdzOdz' 9

| sjtojrHdd ) st
goac:?gizng Ml jClteOd L t6' L dz
H' Of OL ts5dz C 3

1 0,581 0,68 0,63

2 0,727 1,00 0,862

3a 1,587 1,64 1,61

3b 3,55 3,93 3.74 11

4 10,301 11,30 10,8

5 11,501 12,50 12

1 028" dz' h s@Ets f s dtc] dedzw dzO B Iz dzd H Odz'
oMmMisOdztse dzj dztsets dzO0 M klsdzed ¢ ©~ MdMmisj d3d
d My &z OIsOy* & 9o 2008 " Hsd2s.2 010 Q dzde?s § P~ dzfipts t
Htsogtsnoddz tso sz CdaW e Oy oo tsdats 3iz H' Of
ftesmMiststetso 58 tetsL o' L dzgj dedz' fplse 1 Cd3 SO f6
fsolststcs 9 Odz'” Missn ' B .dz° gAnddatsd dzP d3d " odaW s te 30
Isj § dzts o sdzg®dzdewdz ° LadddRubfate Tegmperatureand Emissivity) 1
Isj BYf j cOsktcO® tso jtcn dz s CjW' y' ‘ dals |
(Thermal AnomaliegFire) T © W o dzj dzdz¥ Isj f dztso d -~ Odzts BOY
smdztso HOdzdr MODI S odC tdzlz’ sstsmdzs 'C Offcts dz
smdzets o ° CteBlsC AR dg) tsolss@ ts H t§ 836G ORL2d dz/ 36 @
P deW e OYJ o sdzsE s L dz d3Odzdzy . v j CIlstcOdz' dz
odff tsd3’ dHODIOHaflz j dz' yj dzts &z sOBdzdy'™ 1. 2.
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v OB dzd yvw
g j ClstcOdz' dz' H' GfjClefMMBEE ¢ 0OdzO0dz' o

I kil efjSco aijtsoiHo[c ltstsfplststg
CORzO( H' Of 0Lt MIdsbeOgLEL 6 L d
H' Of OL tsd C 3

20 3,66 3,84 3,750

21 3,929 3,989 3,959

22 3,929 3,989 3,959

23 4,02 4,08 4,05

24 4,433 4,498 4,4655

25 4,482 4,549 45155

27 6,535 6,895 6,715

28 7,1757,475 7,325 1

29 8,40 8,70 8,55

30 9,58 9,88 9,73

31 10,78 11,28 11,03

32 11,7412,27 12,02

33 13,185 13,485 13,335

34 13,485 13,785 13,635

35 13,785 14,085 13,935

36 14,085 14,385 14,235

vjtejH MjdBte!d o9dmMcslitcs fshmMscso s
fj deste NSITERE]C so 57 MdMmisj &sd EOS, w¢d2
H' Of OL-isdlz’ Mtz GlstcOdzr dzgd- H' Of OL sdzOr "L
cOH ' td3j sted Ydats® tetsL o' L daj ddda] Mds ¢ ) Jl & tsHc'C
ZzOo jHjdes & IsOBdzdy'™ 1. 3.

v OB dzd3y v
g jCltceOdz dz2@ H' Of OL A8IER C OdzOdz' o

JHdg 1 tesmiststd
steOd tetsL to' L dz]
OL =sd d3

90

L 5Bt uf jClste0O m:}'jf
Coao¢ n' oyous M

10 8,125 8,475 8,3
11 8,475 8,825 8,65




12 8,925 9,275 9,1
13 10,25 10,95 10,6
14 10,95 11,65 11,3

sO0CBYy MjtediH HORI-r Ijfdtestcts ' daW tcO1
totsL o L dzaj dedf fig?2 B Hzr W L OfflssMtse Odzd d&3d
1 5BtOY jdedgv Mmj deftstc’ @ TM O &OMREkzY k2 B-&d ¢
50 7, ®&Osl! fshistiots bl tof LHA" & odzjHdzdE | f st
L to' L dzj dedz’ Mls! 8 B' Is Is-@2,589 gzC Is to P @reztlzd B
Mz zZlsded ¢ B LdgO¥dssatf esfmiststesolz ttsL to' L dzj ¢
totsL to' L dzj dgdz'lsfyls ' & jldfntste TI1 RS tlsted f3kz° H
H' Of OL SUzO&ZO OBDL3kS o5, 117 LIEWGBES ). | O
o' & degsBz HEMlskzfk Ht HOddR, lsted d3Odzdn
st j tOls s to ts $5O d.if tds § @Rt € Sy dats | SPGB B 58  dzd

028" dz b Yshdjdzddsd HdzW odte’ h j dzdav
LOjStsdgjdzHzo Odzd Miej Htd S Otclskzo Odadz
18] O L O ©ORkdsS ftohmsstsot’ bkLGEESHY]
MfblsdedC' © HBLOBAEY' BEHEZoOld d@. ' 5 ftf

12f jlssHd ©EL©EOREdSE Isj&fjwOskzed L
HOdzedr HMIsOdzy' 2 desets L tsdzH &z 9 O dgdav

I dL dzOyj dzdgv Isj B jteOlskzted L j didats’ f tse
sy’ dzt 9 Odzdzy Ml € @' dzg dzj 'ce j Isd ydes™ v fi
LOMistsMmMize Odadzs L OC tsdz’ 9 Is4] f dztf sHtszO€ |, 9 d Ote tOd
LsBteOY J dzdzv tsLfBH dz Isj Bf jtcOskzted L j &
L dz' d30 dzdzv I Htsocdtrmnoddz otz ' tzy ©Bdep tc:
BOIs j B3OIs d y dzts dzd 8]d.L dzQuijodetssdzO [ j4dz' M ls )
Isj BB jcOlskzted L jdgdedr Ctcdeo & L "7 CjW

MY J ¢ ks Oz dis A3 . v OC 5y L dzO y dz' fsad
h' dzt detsfls® j dzd te G jasdipgdss ~ oW fipiEdie O oCdsfighds fn Woj te
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sO0Cddis yddesdz, o© L OcOdz desd3dz o G dzv H'
Ljd@Bdes’ oo jterndgd LoBHJIS! MW Hts odt' h j dad

i Blsted d3Odzdz?y HOdzd s MY J CIsteOdzt dats’ h ' dz
Hsodtsmnoddz smoatsd3sz H ' Of Qatstskiz dzt " odeWdmt®y j tc o tsd

i Mmilse stej dadzw BsH j dzf ttOH' Oy’ 2 dzgsg ts 1
odL dzZOYyO' Is! Mw o jdzdS s €' dzr €' Mis! WOCIBk
otz Mis! ftso ' Stew, dOWodz Mis! OldismMW j t
MmdMmlsj i3d O ° da

TodLdeyjtleSL fBH g Ctsj W' y' " daels'" & Isjf
fsCtedo ' o.

lteddzydf so s " BjIstsH( o dL dzOyJ dzda¥
fsH' dzve s Mw dzO HO O twsHd © L Odzj y detsfls
CsjW' ' y' ' dzZlsO Isjfdzsotsets oadif tosd3’ dzs 9 Odadz” .

1028 dz b dish fep s sd3 o d L dzOyj dzdzv I
9 HitsMmis' Csj W' y' ' dals’ o Is jinfjle@hanset Method d {
SCMiT ftewddd?2 fJijttjtcOnkdst MfjSltcOd dzs’
dzO Isj B j cOlskztclz L O H Odzd dzd L dz' d30 dzdzv
HBG R o ddz s sz CdeW e Oy d oo tsdats Bz H' Of Ol
1 z0dz®&060) [ 8 oadedzv H'

eL(T)- L7 - (- g)Lt, o

T, =Bl¢g" 0 (1.1)
é el (

HiTeilsj B j ©OkO L Bdiass j 1 dsjodp@ 7 itis 6 5T O )
Ny jClteOd ds@  hj'dafitedz' jfis d y dzts -dBlzv M A e O HLE fits tiz
Ny jChteOd dO h' d d M’ jdzj e lsdydes’ v
Oy j tod o zOf kS G jClshtiE @ ls 8 O dz' dzO

jdzj tec jIsd wdadijls ' W igda R ' HdesE s o df tesds dz¥ o C
fsojnld oEbddst ' GO LLEEEZOd dzd?2 CmjW oyl
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OssMWjtdi W' y' ‘ds kjfhsssects odf{ tctdk dz
H' Of OL sdz .

I L dzOyj dedz® s 3 jtcObkted i @ lssDls off
o dMBsS Blssyds’ dBsHjd fosibkzms Odadzy/ tetsL i
Ol Ml j &' , stsYdztse s o L dzOY  dzdz” L
odftotsds dzs 9o Ocgdz? HdZW MY jClteOdz degsets
s5j B j eOktcO, O o g8 LiWQdds" sls &Y HEUg BWS
o df OHCkE, Ityds M’ &sHjd odL dOyj dedv
LOdZiNdlk! o' H LOCOM dts’ dBsHjdz Olsishy,
dzj o L dzOy j desfls j 2 CsjW' y' “ das' o Ols o3
f 5¢ dzddeOatisz i)' 51o.Odad®2 ' dz' " k¥ do Odg (BSH
5O¢' w¢ NBJDTRANAG3/, OP (esCts L OMlsshse s
Cstej Cy' -’ H Odzd n CmMds’ Yydesets L dz' d30 dzdz”
H' Of OL tsdz .

] Bz Ists s L dzd 3 4 dzdzv L Odzj ogflzs nts fc s dzts G
tCcOH' tSLBdzZHEZo Odgdz? OlsdiBsMW j tcd Bt L Of o
sCtej s HAESHORPZOAZE L[ an dsdltstcd fils O dzadzy d3
sj B jcOkktcd fo' Istew SO o Mk otHWYd
Ol dists it j odetsd v i O sz © Odzdzy o5 j B ' tod ydad
My j ClstcOdz! dets¥ ' dzv dg' Mlss jdad 66§ Isd ydzts”’
O dBsM¥ jtod O §COLddSBE M jCeOd disc
MjtejHdy 5% Isj & j cOktcss Ol B fidd kO

T :é{a(l- C- D)+[b(l- C- D)+C+D] T, - DTaﬂ}, (1.2)

S

HiC=et,, D=(1-tJ1+[1-e),].,als®i CsdzMmisOdzlsd ¢ Odz' B to
(Hdzw ] oEy6az86535M 04589, i v MC 0o ' MdzO ISy
H' Of O Bfdde j HdzW Isj i3 j cONEWO o@fls dEOMWO) tisd fyw
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T,.=1601+0926 T, , (1.3)

Hjool ftedL j &BdzO Isj B3 J cOlskztce® 9 " Istew . W dzv
04.1, 6 Gt y' ' dals MY jClstcOdz dzgsets f totstf Iz
dz' dz’dgyfdzq Odzj y detslsw d3d .

sOCtsY BlRzddzs L tetsBdzj des kL Oc Odz' dzfulkd 2
width at half maximum (FWHM) wed?2 9 Cdz¢t yO ) mJ E
CegW' ' y" " dzls'" 9 Isjtfidzsotsets od{f tcsEPOdzs o O dzdzw

T.=ge lv,L(T)+y,)+y|+ad, wi (1.4)

eéC,L (T )e/* 2l
g:\l 2 IZ( I)éil—i (T)_'_/—ll;lu ’ (15)
i T ev“1 Wy

d=-g(T)+T, , (1.6)

HpiMitdHd' L dgOyj dedz Mo'<F &Sls € @aizOdiizg 8 9 £ 0 @
I AT BJehizl 4387, 7Ty,BS MADIsBsMY j odz €5
odL dzOy0Os Is! mMw  JjHAHO Istejcpdelzts LWdzjeds s o ' H

[ Odzgd 2 dBjIstsH lstcjBlz & d' BBzd3 o~ " H
HtS to' Ldzdm L dz d3O0Odzt dedm MdMisy o3 5@ ¢ d ind dz
Mfsm'" B oCdzs yjdedz" o tsHdzj to' o dgV dgdg? ff to
o3 Mistsdz o SH W dats’ f Otcd , wed?2 tmtsBdzde s
otsHWdgs™ f Oted © OlbdismW jtc' .

[ dbtsHd odL dzOyj dzdzv Isj B J e OIslzted L J d3dz
L dz d3Odzdzy o BHdesBZz € O0dzOdz Htseo Gfsn 8 ddz ¢
fslstej Bzt s olgftsated dedz? S84 W' y' " dels’” 9 Isjt
BsHjdz2 ©WOH' Oy' 2deséts f jtoj desfz OBt H Oz
OBsMW jted SO IsdMSkz otsHwdts' f Otcd.

[ dz2v BOGCGOLBS OOz dzd~ MJ dzMStc’ 8 HBOGE B
tcsL totsB dzj dztse teov L A pjsdzdzy Isj 3 J tcOlskzted L |
f OtcOdzj dz' dz' 2 GBtesBY' HOdedr © EkfMm' " €COdz
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H' Of OL tsdz' odf tetsd3’ dzt o Odadz , hts o' Hf 5o
M j ClstcOdz! dets@ ts ftetstf M Odada” Ols d3ts fiigiejtste
odftetsds dz¥ © Ocdzdzy L jd3sdedn HtsCtedo' & °  t6
OlsditsmMW jted k M jSlteOdz dgz h ' dz' dg' fyls+ j dz
CsjW' ' y' "delsd bjfdzsotsets odftetsdy dzt o Odzdaw
BjlstsH  tsls te d dg@ibwindoa® (SW)kz, o' dz L OfMmdzse Odad -
{f sfydzOB dzj dzdz Ol BsMY jtetss o df tesd dzs o O dzdz
1 4 Bz, fesfstey” 2dzj ' Lddy’ B % Mmyjs
WS teOo tsls® 20 M dhst' , L dg) Isd dgdO dzed 2 &
LOfMstsMokzdzOo M sL e OF & dzl Iz sj B j tOlskzted
9o CstedMs Otz - BEOUZdR ftos OlsdsmW | tcds
odCtstedmMstsokz s MW o HIMIsOdy ' 2 detsBz L 5z
[59-61].

VL Mftsh j dts Bz BWHCEVEH ‘Is ! digjvls "' o dzV dzdzV o3:

L(T,) =a, +a,L,(T,) +a,(L (T)- L(T;)) (1.7)

HJiE@ivwmCteOo ' MdeO Isj &Y ijlsQETE E@(T)E MT @ &6 tzO:
h ' dzt dzgsfls' | daj 66 j Isd ydatsls Quady 66 @asg sy ' k dz
o dL dzOyOs Is! Mmw ‘L M JClstcOdzy dats’ Y lz Istzzd ¢
sjf dzsoséts oadftetsds’ dg* @ Ocecdlzy, o B Miskz o szt
1 9" W@

T, =a, +aT +a,(T - T), (1.7)
{MC" dz €d dzf dz' 2dej to" edavdadew (1. 7) |
o dL dzOyJ dzdz' Isj &3 jteOlskzted ftod jts'tsitdz ' Hoots
ssydetsmils® BhRdzs L Of tetsif tsdzts o Guittwindayv.dz' dz' 2 dzd

T.=c, +¢T +6,(T - T, )+c(T - T ), (1.8)

33



Hifg.M T St W' y' * dalsd, hts odL dzOyoOs Is+ w1
otcOnBolzZ" ObdsMW jtcdz § OOd3dIsted {sO Crdd@ak
‘'‘@..aH AV tc' o dBR-GdHzy 1. 7 |

l Otc' Oy' ‘' 8 SWdsJ Istgyp ®tsH o dL dzOyJ dzdaw Isj d
Ldz i3Odedzy o GHdtsBz M j ClstcOdz? desdBz € O dzO «

sHdz ‘' Ibjtedlstste’ ™ ' H t'Ldddid S kzEs®j d
9 GHdsKBz M jSlsttOd dsdkkz H' OfOLtdz , O
teOn zdats € to' L dats’ Hd MisOdzy* ftoshatsHY j dz

L 5B tc O 6h-6ZHzw

Kji2 ilstsH Bk tLtesedj dzd?2 Hd&v M
Mz zlsded Slz. EMRSTR LHGdepd@ls d ) sHdzz Isj ted
ftotsn SHY J dedz?  dzOH  dzj ® Heo " ' f .21, H6AS)d:
fjtemMfjClsdots .5&A)OH )} (EH2AY' iz oLOnBo
CE®BEE dzdz Mls! Obdshy¥jted kO °°  fkOs'
L 5B tc O $6lzdatz’ 1df O dzdzw I dzOH' ' te LOBjLY jyk"
Hsoetsnoddz sotsdik ' deWtcOyJ tcosdzdzse H ' Of O
1¢d3, ftod §jtemfjCilsdo desdsz L dz' 5O dzdz’ 1S df. )
v tcsB@sL Of[ctsf Sdzso Odets 9o His5ME 5 dzOdz]s dzdf ? (
f5COLd&zdCd CStjW ' y' “dzgsO jf dsotsets odif ok

Ts =Tn +pl(Tn - Tf )+ P, + p3(1_ en)+ p4(en - & )’ (19)

Hipkk=1.4) 1T CsjW" y' ‘ dalsd, w e otcOntso lzb Is!
ftesf EMC Odzdzy OlsdBEsMw jted SO Mmjte] IBdzs 54 3
s W RiTk T WMCtcOo ' Mdz Isj B j cOlskztced §tsoj
fjtemtf jClsd ajpi CazQiOny, ‘ desd Isjf izsoatsets o d
CklsO BedzvHE o jtn dz .

4G &zOH dg' Mis HOdEes jIstHE ftsdwe O |
fesjtcrnd ' H €' dz ¢sBO CklsORRd, hts EMC d
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lted Y! skBz floshMststess O tetsL o' L dzj dedz fls !
L d3j dzh j dzdz" d3 S kZIsO® tsEdzW H Iz,

[fdMOds djlssHd fOyssils! o bdise On ¢
odftotsds dz @O dedetlz" sgts kdiflz &jksH' o fisls
o dL dzOyj dzdzv .

1.3[ JIstsH o dL dzOydJ dzdzv tetsL f sH ' dziz
oditotsd3’ dzv 9 Odzgdzy L jJ d3dets™ ftso j ton dz L O
L sdzH Iz 9 O dzdaw

it "L desdzOdz Islsw HOdzd r , h ts f smisOyOs |
L Bidg © Odzdzy 1 j dgdz’ HSL otsdzddzd MmlseatstedlIlsd o
HOdzedr ftots teLfBH dz CtjW"  y' ' dals’ o Isj
fseojtornttdy . I tsdzd ftsH" dzwe s v dzO@ Hoe' §C

i 3B IssHd, L Ofmdzs o Odz' dzO dzj L Odzj ¥ dzts 3z
o didfts 3" dz® o O dzdz" ;

i i3dj ssHd BHAdsyOmMdsets odL dzOyJ dedz?v Isj
CsjW' ' y' ' dzZlsO Isjf dzsotsets oadif tosd3’ dzs 9 Odada” .

] " HE®BE BjlstH tELEONEdSE L doyjd ¢t
LOMdetseo Odzd 2 dz0 C zOMdW " S Oy"' ° L J dgdets ™ off t
s f dzsotse s o df etsd3’ dzt 9 Odzdzy o T12,3d65Yd® Lds@Z 5
Istc! tsA te' L ded m Hotsf tesd3j dzj © d ~ WizdeS y' 2
My jSClstcOdz dgddlzgd S I W' y' ‘ dzgs OB, L6BTHE » dgd @
My jClstcOdz! dzgj 9" HABzflflsMs | ZsE§tsgth’ g df tetsd3
CklsO L dz d3Odzedzv, odL d&zOyOs Is! hdzwatsd3 OH Ot
My demtstedatss MdMmisj dBss . v adf OHCEZ 9 ¢ dzs Yyj
LOMssMmMtsolz' Is! MW dBsHjdz2 L d&3 " ko Od®dS dzOdz

wdzh ddz diBj ssHisds o9 dL dzOyjdedey Ctsj W' y'*
BBj stsH, L Offdzso Odzd 2 dzO0 MisOIsd mlisd ydzNDVI, L (
Slted BOdzse s dz0 B©idztse ' wBtetsBSd HOddR o
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H' Of OL sdzkz, 15O € 5 dit s d5' dess@ Olsigda dzs o1 t8adsO
Ctej vy ' ¥ & ¥ CSsj¥' y' ‘ dbssd Isj{ dsgts ds
GOkt Od dzd 5 dzts ¢ NDWIABS o5 ' dzH j € fkz

e=a+bIn(NDVI), (1.10)

HR bICdMisOdzlsd, "t Gltcdi@lzs s MWz dZ20 Mdss

L tesB[BIss dMOdzets odfi lsld®ORy j dzdzw Csj W'y
odfetsd3’ dz® 9 Odzdzgw f ts9 j t6n dz' wWeO dO0 tOfl
WOCIsduydets 30" MG zOHdzz MlstekzS skztelz. [ H dz2OS
MstczClskztelz Isjtedistste’ = dedodgdids® dz' frijdz ,H . G) Iz i
¢ dzOH dzts s L OMistsmMizeo Odzdz? HOdSEeBE 3 Istst
fsojtondy MECEZOHO' Is! Mw  dzdh j "L ' HC tod
C W'y ‘"dzs Isjfdztsotsets oadfftetsdy’ dgs o Odzedzy d
9" H Jj ChidtcOdz! detsce 5 9" HBdIslsWw z YJ tco tsdzts A3k
odftetsd3” dg¥ 9 Odzdz? dz' dzg' 2dets " HodN k2° IS 7THW
s O¢Cdd3 yd dzts d3, HOdzd 2 d3j IstsH 9 C dzs yoO* o fr
odt esd3’ dz¥ 9 O dzdzw H dzw 9 "' HC todusasdz s Is & tc zedf
tetsmdzd dgdz' Mls SO L 3 h Odets’

6 a+hr,, NDVI < NDVI_
e =1e,P, +e,(1- P)+De NDVI, <NDVI<NDVI,, (1.11)
1 e, +De NDVI > NDVI,

Hja'bi CtsdemMlsOdzsd, "5 slteddize s v  dp@i s
Ny jSlstcOdz? dzgj o  HBdllsw PET g tcp Sleabazlzj ¢
totsfdzd detletdsifllg ‘7, C 5 j W "y b dzso se s o df otsd3’ o
“tokzdzsz SO Yo jtends , f tsoldEHp 4O IsE Iste dols tf St
odL &ZOYyo* Is! v h steflsS " Mlss o jten dz' .

v O¢C 5y LOf tetstf sdztso Odzts d3j stsH o dL dzO
o dftotsd3 dz¢ o Odedz" , L Ofdzts of Bde§ &S dalzO L de'sdz@d
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MjtejHdy snoddz soatsdBz H' Of OL sdzOF * daW¥ tc Oy
[73] . 1 G Hdzts L H Odzd A3 d3j IstsH 5 d3, o d
odftesd3 dzt o Odzdz® L j Bz’ ftso jten dz £ HT
sB &zOMilsw 7 SdalicisO Yt p S Istelz o desy' (LO kd
odftesd3 de¥ 9 Odzdz? ) SO 9 HJ da' .

t sLtetsBdzj d20 9 jdzdC O €' dzr €' Mls! dgj IstsH
wWe tsLftsH dz SjWT Yy fdels' e Isjff dzscetscts o
Isj B3 jtcOlskztelz ' L QOEEGY jHtcds] - CHitdplscCizy * 2
hdzw A tsd3 L dgj dgh j dedgvy €' dz' CsMis dzj © ' Htsdd n

f OtcOd3j sted ftseojtrnds , OB hdzwatsd3 LB dz¥ !
HEMWwWeO' Is! Mw OBt BOGCOILBKOL tBoddy L ddaso c
fsojtcrndz, OBt LOMIstsmkzo Odzdz" &3 B O OIsts€ Od

[ otsls] &3 j cOlsztedzd?2 d3j IsStSH HBSL o tsSdzW o d
s f zsoatse s o dff etsdy dzf 9 Odedzg? M dzW ntsd3 tSB 6 fS
BOGCOIBtOL sotsets L dz2' dzOdzdz" d ds Hizdp' S A3z I j digvftd
H' Of OL tsdzg' fted Ytz S jiW"  y' " das Isj{
dzj L o3 ddfed o5 [ 7

1 sHOdZ hses tiLoadIlsCkz dzOB Lz 3y sSBH 9
odftotsdy dzt¥ 9 Odzdz?" L O HOdzed i3 dF5ydesbfs isOL
SOCtsy0qdlsdz Isj B j cOkztckz L jd&ddes §tsCtcdo
dz2' yded s L tsBteOy jdz@ BHA *° sjtedlststc’ ’ L O
L sBGOY J dz B Iz dzd 9" HMEkzlsdz WOCIssted, h 1
LHOIdz Mis! o jtendsd ( Mde'tsmW jHos ) ;2 diisks lgf
dzj L o3 dzdzed o3 .

1 0 Bhdetsofin' s gdcdsls ‘odf@z] dzts d3j IstsH o * H dzt
LO HOddd3d BOCOLS OdzOdz! desets L dz' 30 dadaw
odftesd3 dz¥ © Odadzy *  5H dzOM]5[oHJAAD CH, dzWin St HAdZ' ¢
CHLSH dz o Cj% 'y ‘dsO bkjfdsesects odftets
ftso jterntsde dBtsyj HO0OIsd L dOyd §ftsadeCd.

37



[ jIstsH st stcdats @b ( OB &Intso[lz’ Is! Mw H
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Yy! sz € OdzOdz' Cstedekze st mMw L dzOyj dzdzy o3
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"deh d R COHOEADO R destc B3O dz' L s Odesets S Wt oyt
HdzVW BOGOIBE OdOdz dzdr MdMlsj 3 BOL EZ* Is+ Mw
odfteselDdzadzY HA&Y HjWCtset GBEOdset §° Cf
[7879.1 Odz" L O Old@smW jtocdes MEtsted ¢ tso Odzd di3d
" deW tc Oy tco tsdz' 2 sB dzOMIis tcsL tcOnBOlz’ Is! Mw
COdzOdzOR . [OCMddBBzds L Is J dgtf] Ot lgidiztc ISt td3
ftse jton dz' |, O fdeso wes 9 HBEkZzoO' Is!
odittsd3” dz¥ 9 Odzdz? o " dghdrm C OdZOdZO~R .

[ jIstsH sted@ZOdz' L so Odese s Ctsi W' y' ' dzlso
shdztso 5 Hdzv  (FgmpetuEmisBitEty Separatiop [80]. 1| tsdzts o
BjlssHE (¢ dZOH jdets j 3 " tedydzsz L Odzj 3 dz' fiyl
B3 d2 Bzdisds SV Yy f dEZsO Isjfdzsetsets odfi te
LB dz' M jdadgw €' dz Ctsfpls® to' odgwdg! . [ jlstsH T

1) RBsNEMdE Hdzv oL teOrkdlEz fjk) &F stc ik
ftseo jten dg SO dstedzOdz’ L tso Odzdma Ct5J W' y' '
BOS Nd Bz Gz ;

2) BBsRaiodd' H dzv L OrzdzS 2 o " HdzsMmdzd A
odf tetsd3’ dz¥ 9 Odzdz” ;

3) BsHEZdAH EZMMBDJdL dzOyj dzdzgv MY J Clstc Odz' dats
HOdzd RrdzOvpjddedzy 3" dz2' dsk gz S =4 W " y' * dz2s© Isj f
COdzOdz' 9, tBLtOREZdsS CtjW' y' "' dzls' @ Isjffd
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1 OMmistsmizo Odgdz? Oz stedlsdge TES Hts 1006w
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odftotsds dz¥ 9 Odzdz? NO, 001 Hdzw Ctydesets H' C

10 HBY cdi3tse SASTER jedidsdcz Miso St dzts 6 dzts B
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Mo L OcOdz dzsHtsMistelf dzgf B HsOREED,Is da’ * B2 A
20002008tctc. Bldzts TMlsotstej dets ¢ dztsB Oz dzj ff &
odftesd3 dz¥ 9 Odzedzy "L foshisRicts st s LL© Ld
MODI S Blkdzts tsHjtoy Odets teWH G dzsB Odz! dzd n
o dff tetsd3’ dzt o jOElzday H T 202536 A0 "L yYyoOmseddz * dzlsj
ftosmMiststetso 58  totsL to' € dfljfizdz’ Mls¥ BdzdL ! Ct5 5

14f jlstsHd Mmkef' SMjd des’ tj° MsteOy' ~ L

1 " Hodh jdzdzw ftosMmisttetse 5° tetsL to' L dzj dzdzl
fslstcj BIz' ' HodhN j dzdgv C'jdgj Casfhle ' WHsislsl e
ftcdMmlstets s | hts ftedL otsHdIs! HtS ' Hedh j da
ftcd?2 30dz! degts™ Of OtcOIlskzted. v odfOHCE f sl
Ckls SEdzV HEz M dehtstcdats”’ mMd mlsj d&zd L dzd ) Iz
st jtcOlsdo dfOfdsizy mwIOdaff r L O tOrkzdatsS L d3j dzh
SO Lokyjddzw fdzdkecd tsedzvHIEz.

l S tsted MlsOdedzy MmEze " CMjdzt des’™ o Mistc O
HS Isjnrnds ydes®™ MS dzOH desMmils® Wislstsf ted 2 d30dz! d
tej MlstcOy"' °’ Is @ dzH dzdz€ ts6 ' B@OEdafas®™ MdMmisj o3
Ltsofm' &3 dzgj ftsltcjBlz’ Of OtcOlsdedr BsHIW ™ € C
sBtosBY' HOddr o' H MEzfklddStsoadr Mmdmlsj d

gkt CMjdzt dzgO toj ' MisdcCdyd d§ 'LLts B tiz0Q gedizilz
Y se Hodh j dzdz?v ftetsfiststotso s’  totsL te' L dzj ©
odf OHC Iz, Ctsdzd BB 4 d2 we ¢ de € fMls!
Wislstsfted?2 d30Odz! desstg stz d s tiets i 7 s @S 3O dz! dats’
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LOBjL jyuyk' &jlstsH Mmkef' Cijd ds’ t©j @k
82] . PO H BilssH' & wodvwsls! MmseEY Isjrda
ftosmiststetsots’ tosL to' L dzj dedetsyls * .

[ 4 Isd ydzj B CtetsMC Odzzo Ocdzgdz? B Ldzts  ff j
' Hoedh j dzdzv ftosMiststetso 5° tesL o' L dzj dzdzts M le
oS stedflsco o Odkztsw WEisY we & BOtrr dz®' € B ¢
' HdzsMmdzts SHdzets’ Wislstsf tod 2 dsOdz! dzd n dz* dz'
Ho tsC tc Ols dzj f" " Hodh jdedz? 1 tctBinls tstd s o dzgO ) Istdztdf L
Mysm' s Bke Isjst]lsd s ' B dadtwflsts o © d@dik
0j tets § tsfipds' L \izlz=R® dzdz’ .

UOCtY Hdw '  Hodhjddz" to' LS&MIs' SO
ftcd LBy & CtsmMSsyf' yds' Ikjod Cd
sfye ' lsdzjSdesmls® [ 8

sk CMmjd dzj L dz BOdedz t6j Ocz' L 2° Istifpw
LO HEY sipEigsf B ftsLstedn M jtedydds
Wsssy ted 2 BOd dzBzdzY Retw(dy) Istetisf dz' [H S0 dgs € 5 j §
YyofmlsSd e jtcrn dz Wslstsf tod?2 d30dz! dgd n | dzj d
ftod Mis@ss sh .

[jlssHd & St Odlz o Otleizs d lkzdits dz@ets H o 'dis b
9 ' Hnddzj dadav dz' dz' ' L zo Odada” j dzj € Istots o
jdzj B dZsOBd, O LMke Mo sksodi ftdj
ftodfmlstes’ ® Cjteko Odadzy. styjdz L ydan o]

o' LkzoOdzdzv ©B j @3§ |5 Y dzdzv B CtesMS Odzlz 9 Odzc
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odSCtsdzkz’ Is! MW Wtd jHECEIRBe ' Oy W stcdiz o Odzdew o
odMsC sy tLte' L dzj dedz flss .

[ " CtesmMC Odzz o Odzdzy dBtsy 4 L H' 2fdzs 9 Olsd mw
Jdzy Slstetsd3i » Ode’ yded B3d f to Cfieisstasts Wisgfff Iz  W2w ¢ friy
dz' dzL d Htsftseodzgs 8 Is' Mw flsdydeddz W' dz' Istetsd3
HL JteCOdz, ftodLd3, OBB HEBSHOIsCtseodnm dz' dzL H

liHBdE SR Mdmisjd L jdzjShesdj s 0d yd
COBUOdMO dzj 8BR' Hdz MiIs! L OMissmize Odzdzy ¢

v OCtsy HAzw "  Hodh jdzdzw fesMmiststetso 5’ o
LOd&ZzEZyj dedzgv a3 ¢ " dz? ¢ sR L sBtOY jda , G jtsdij st
dzj o HsdBz YyOMmisSE ' ¢ Mj ddOO ' d20 frrdziz HAsA dz! LdBE
oS stcdmMisOdedzy dz Odze stcd s gz B ,dz' &b 5O g 'dzO M«
sBO" CISO L odL dzOyJ dede? 38%.J CIststelz tkzrlz L &

[Istcdd30Isd LtsBteOy jdzdzy L " Hoadh jdets¥ to
HjC' dz 58 ¢ j ) 5B HEQERE d2t B'L0j dePR Fizs S to
Of OteOlkzted, ‘'L L OMlssMmkze Odzadz” d3 fsotstetsls
o' HdzsMdes dzOf tew BS EIsteB ' sSOd desEts kRl |

sO0CBYy fdmMoOdsts Mfsm' B Mkl ' ¢Mj d detse
Cklstso j L a3’ M j dzdzt dz'ts @3B dzny dizgts O] tcd L O
Mlssof yds¢ ' 8 &BOtedydese s W it s df B dz'L dzts g
wed?2 LOdzjydlsy o' H d dFf 2desets L B
9 ' HfMlsOdz' tBO' Clsdedn. L dz 3Odz' dets™ C Oy tod

]l tots @ tc O d3dz' f ' HondHjddzdzH 5 H M iV tclzo Odz! dz
OjtesS smd3" yded L sBtcOY j d& tcj Odz' L 59 Odats
Wstedzgzdzd rdodyddz© Hdzw BOcOIstsMmy j ¢ IstcOdz
LdzdIslsw HOdzdr, BGltedd®B3Oddr X' H t' Ldzd~ MmJ

ltcd GBEtsBYyRBOmBHZdE bHBEocsrmnodd SO 2
H' Of OL tsdzlz H dzw tsls tc d d30 dzdz" L SBtcOY j d&
tetsL o' L dzgj dgdesls’ Bsydzdej L OfistsMmize Odzdgy |

SH&EYOMds®BE L d EOdd b ¢ d ¢s5 ¢ cho
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L dz' 30 dzdz’ S H dzts ¢ O dzQdzic tzts elzts Yipdiitple j d3tse 5B t6 O
Cj%' y' ' O kjfdsetscs odfsd dzf o Odadzw
By dzdots sy ddlsd hdvoisd S & ds’ seEss

15[ JIstsH ( M " CMmJj dzv dzts’ sBttsB Cd s
fHodh jdes® tetsL to' L dzj dgdetsfls
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BOMde L sBtOy j dz dzd L+ € 5° totsL to' L dzj dzdzts M
sBtetsBY' ' Ldzdd3d d3j IssH O] .

JHddz "L fsshdtejdedms ' sl ddr d3OeF &
sBtetsBCd LtsBiOYjd@ ° d3ddIstsH 93202 dzy " { OB
odMmMsCk Issyds Mmlis! ' Bsyd LOMsMmtsozo Olsc
H' Of OLtsdz 8. 1 JHBdZ Std@3 d&Bj ssHEz dzj tsB n
o' adzvdzr odMmMtsits’ tL @3 todatsfils’ .

vsOC sy o' Htsdzd 2 BB3j ssH " Isj tciergtive? datk
projectioni IBP) wCd?2 OHOfIlsseoOdzs HEts " Headh j

Mezed " CMmjd des L g " jdedn MmMezflkzlsddStssdn L
hts o' Htc' Mdzv ' Is! fyw |

uf jy' Odz ded 2syfflasfg'Odzdzy O Cstej S y'
ydWtesoadnrn LBBLOYjd dO shdse' 0dOd Lk
My j SlsteOn § tslskiftgifldstc OB O ufspigMsizs ¢ SL ot
f OteOd3j Isted ydz® BtsH j dz W stedzzo Odzdz? , B jhLtdy
SBtctSB dzt 8 Is! fyw . ] OO sted  dBsH | dz sy
f 5H' Bdztsfyls " .

ltejHMIsOo dzj dats tewH jWjClkdodedn Odzc st
t6j ' MOy LBBLOYjd L BOdd BdH qrs tedp Iste
f4tdlsotste] dedz)’ A Uz Gzsdzls 2 ds96].0y "~ |

| tsBH' LOftesfsdtso Odzd?2 M tsfm' B ke g
ZO0 thdtse odw o dzj dzdaw Gt Odzd Yy dz' dz' 2 dz
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L sBtOY J dz sBydmdzs 6 Is+ Mw h dzvwotsdz OdzOdz' Is
f18.

r dzv ¢ ' f J tc ikl eus@zf'Cdechf » L 5B OY § dz
f " Hodh jdzdzw fJtesmisstetso s’ tesL o' L dzj dzdzts s

98] . ¢detstedlsd BOLE'  Is' v d2@ odStstedMmls
sCtcj d3d d3d L 5dz0dz! dzd dzd L 5B tc Oy j dadzv d3qd 1
Of Olcts: . 1 OW 9 dz mMze " CMJ dz dzg Ld&3" hj dz

AW sted3Oyt 5, hts HtsLetdzw' MW tstodze Olsd L ts
Il dqwedzj dedz?w fftotsmisstesodr L Odzj Y detsflsj 2
HjhdWictsoOdes L O HBftBses ) dg mi &6 ted dzt§ dz
Mfsm' B § Hodh jdadzw { tctsHfls.ts toAsdrsn ts dp 6 Hoth 6 B
Mz ' ¢ MJj dz' dats L d&3" M dzd m L 5B tcOy J d& dzd |
ftosmsstetse j tisL SO 2o Odzdz?Y WteOC Yy 2. | Ofl
(Hopfield neural network i HNN) HELo sdzd &zt ttsL tesB dIs(d
CdzoOmdW " oy 2. [MsBdzde ' MIss dJjIssHEZz C

ftoesmMtstetso s’ L to' L daj dedetsls * .
rdzv  fjted i i3 dz @ Oz yjtedL YsadeCd
f OtcOdRj Istc’ 9 tsB t€HsEstcf] 1SS t'ONs'j tcWld) klso tstej
Csd3f J dzZlhOy" w wCdn ‘ o Oy dzdoddzs OMmf j SIsts
totsL to' L dz]Ofkdzts frulsdzS tddzd HtsOotsSHdIS! MW L OMssms
HdzW EmMikdzj dedg? dzg@2B " dz' h L O Oy O ydgrn Otclsj
[ Mdzs 9 dz' Ldz M d tzezWzts df dgj dzdz’ L 5Bt Oy J d&
on Hdzdr LBBOYJjdr dzwWcOsIs! d&O BOSCMdd3 L
[ ilstsH o' HdztBo dzj dgdzv L sBtGOY jdzt, hts dzgj
tesL t6' L dzJ dzdzsls * L Odzj 3 dIs! i Jtcjey ' fglitc @y
oL O dBdesE s tetsL IsOM Izo O dadzw f' CMmj dz2 ded |
tetsL ' L dzj dzdzts s * . [Ctoj d@3s tsL e dzv H OB s Mw
CkmCHaspus jtojtcodz f Jjto]lseotste] dedgw, di0lHz 2 dz'
) Yyofmlstsisdz 2 tsB dz®flj) I©'dz" L@ dzd B &z IsCdts t j

sy’ dz¥ 9 Odzdzy Mk ' CMjdz detsets L d3' " j dadgw
43



' Hodh jdedzgw ' L CBMi’ . [MsBdZde ' Mis! d
fjtcjlse stej dzg L dzj ©  HsdBd d&zd L d3' M j dzdz" d3( .
YOfiplelzsf d3d Mt j CIstcOdBd f tslslzy desmils® o7 " Hdzd R
dzd d&sd o dL dzZOYyO"‘ Is4 mw LO d3j IssH A3 np@suipd d
likelihood1 ML) [102].

fibtsH (s Cy' ~ dzQrojastipizrontdzonvekgsiaty PO AF
sBydmdzse * MmMdmke] gddzY dz' dzl Ddaetfeiso d ¢ 2 dzd -
sB d3j y JO8. [uv © dzOMmd ydzts diizz dzBjyls & H * te SR e Spdzdy
M demMtstcO® o Cdzt yo' Is! M HB MdMmlsj igd tc' o dgv
L SBtcOY J dzdzv  dzd L OL dzO° oL B3 Isls W .z dzfv tfc A d
o' hj dzlzlB@C a9 j Hj d2O ' IsjtcOlsdo dzO B j L ftasdftive tc j
blind deconvolutioni IBD) [104] . A J dz02 B "' dz' h f sh dtcj
W'dz ey dzO [sfpdetse " 1A, 1" dz LOBj LY j Yyt
9 ' H dgts ndztsB Wedin.dzsCo' OdB dz2' o dIstc Ols dBD * p i et &z dzd
COtcQdBs "y desfls® " IsjtcOy’ 2detsets ftetsyj Miz.

[ jIstsH OQolststcj oy M 2 dzts ¢ tsautceegressivmovisg T
averagei ARMA) tcsL EdzV H O sted ¢ dzOdz! dzj L 5B to
Hosd3' tcded dgj @O Btlefgsc f tesyj Msds L At v E 9
MjtejHdy séts. | kOSBBE oadfOHCE dadL ' C5C T
w g L Oh & d3dzj dzj M sMmisj toj 3 j dzadz™ sted ¢ ' dzO
L SBOY Jdedzg" " Hoadh jdes’™ tefsL to' L dzd fdfds@sd Is

ARMA [106] . 2w Y+ st L OMlssmso kze Is! MW  t6° L
d3j IstsH BOSC Md 3O dz' dzts’ ftcOoHBY SH ' -B Getiznis O
(generalized crossvalidation 7 GCV) |, dzj 2 tots dzdz’ 3 o ',
fsteWHEC & O " dz" " .

[y j, tds@ te@z@jydz® €' dz ¢ fMls! BjlsBH"
LjBdedr fCtcdo’' o ° (o jtentdy SO o' Hdzs
odyf tesd3’ dz¢t o Odzdz" . [ dzw Codsf § dzlm Oy " dzd

toj L kzdz sk¥ ydna L SBt.Oy J dz sy dzd 9 5 & ¥OUIHsAt

mMftsmtse" &8 " " Hodh jdedzew HtetsisBtcso s’ tetsL t6°
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Ol s MW jdgtaf Ho' OLOMBEHE SLOd O ¢ kMl df&® 0y d

odMmn' Hdzsets o dftetsds’ dg* o Odede” O 'lsdglgts fih' j QAHO Le
i M jClteOdz dzg@ ckMmisddz® jdzgjtecjilsdydets’ W
OldizsMmW jtod o dzOf oW BBl o SO OseRD dy daf® gl
ftotsf EMC Odzdzy U@ ISCagsiifW' jus d;dzls  Isj f dztseo sE s 9
{50 j tflglz HS Of OL tsdz' .
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df jCtOd d20 ckimisddz® jdzjteejlsdydes’ W
(2.3) odtOy 0’ Is! v dzOMskY ded &5 Y d dzts d3:

Lol e e (2.4)
et. é

L

S

1 20y jldzde®, (UL Odzj 3 Ols 9'H HBoayddzd =R~
odftotsd3” dz¥ 9 Odgdzv, hts fesratsHdIs! YjtjL OIs
My deMtstcO® L O HBH sBse sy BsMQDERANLE-. MdMmisj

10 6fMdss HOOREGGEs LGt § j Y dedzy o
f OORjlste" 9 Ctcdclzo Odzdzy Ol dBsMY j todzsE s
o Otc' Odzls"' o tcj Oz’ L Oy"* ° ‘ COdz Cazv Istste
L totsB dzj dzd 2 M * o thips://atsndet SR ogba. VA S A Ofezs €
totsL totsB dzj dets dzO tsfdetso ftesctecORd MODTR
fsCOLddSd Sttej Sy’ ofdkzdok Oldismy jtod
® Hfso HOEIs! L O HOd Hteoectsmnoddz oG
My zlsded § 70 L nSleOME ed2* oH Oz, YO, h dtct
sdf Ob®sh jttdsects W' &8 o L Odjy dsfils
OBts ' sts E fMjtejHds B hdeslsOR) O ft5EBH

widzzs yd?2 dOwOL " ' desjteW j2fm (tdikze @dz
Ol dB3sMY jtedetsets of dzdolkz dzO@ o df tetsdz dzt o Odzd
My s ded S ® (18,3lnld s3a tBS &3) biskz HsY' d dzs o
i tsdzw L OMmMssMtsozs yd dzdh j H Odzd 2 C OdzO az.
L ftsH" dz C W' yo d dusts ' das p Pdadzy 5 GHSO dz'
HisflsOlsdz &8 &3 dz' Bzitsds HdzW tesL 6OREdS 2 Isj
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Year: 2015 Month: 8 Day: 13

GMT Hour: 10 Minute: 31
Latitude: 50 Longitude: 30
+ is North, - is South + i[5 East, - is West

@ Use atmospheric profile for closest integer lat/long help
Use interpolated atmospheric profile for given lat/long jelp

@ Use mid-latitude summer standard atmosphere for upper atmospheric profile heip
Use mad-latitude winter standard atmosphere for upper aimospheric profile fsip

@ TUse Landsat-8 TIRS Band 10 spectral response curve
Use Landsat-7 Band 6 spectral response curve
Use Landsat-5 Band 6 spectral response curve
Qutput only atmospheric profile, do not calculate effective radiances

Optional: Surface Conditions
(If you do not enter surface conditions, model predicted surface conditions will be used.
Ifyeu do enter swrface conditions, all four conditions must be entered )

Altitude (km): 0.1 Pressure (mb): 1013

Temperature (C): 21 Relative Hurmdity (%) 61

Results will be sent to the following address:

Calculate
Clear Fields

td®.3. wdlsjtWj2Im COdz CEdzvIsstcO® Ols BB

Email:

Il twjLikzd sOl L OMlssmize Odzdz?y € Odz' € z dzv
My j CtcOdz dats’ G Iz fly dndede O g 84y ls'c j I df dpdets 'H dats
OsdizsmMW jtod o O v S 2 Mmj st O, ) dzC
CsjW' ' y' " dzls ftesf M Odzdzgy Ol dzsmW j tod .

tdOdz" LOY' v wLORkdSEZ H&v " dhds M
CdWtecOyjtcosdatsdzz H' Of OL sdaes  CLOHRAag Iz 1 Qqdegw
Landsai8 |, Bsydzdo O L O tOrkzdtse L OMistsmize Odz
Ol dzsmMW j tod, slstcd 3O dzd n ' fjtemtf j CIstcOdz
CdeWtcOyjtcosdese s o df tetsd3 dzf 9 Odadzw [ 14] .
Myd SCteOd dz¢n My dDFE@®uUagd’ MdMisy B3 ( dzOf ted ¢
Ml M stc®O0BA S| 5 RBEBSOC DO &mdsalz§ L2, 5 o3
Ctedo' L tH' dz Ol dBsMW jtcded s f OtcOd3j Istc"

mMf jSlstelz, Hdzw wWCtset dzj 5B ntc dHipzts 20. d4L) dzO y d Is
70



L(A)
__Br ]
MIMKMCP

ll

[l

0

8 9 10 " 12 13 A i
[ dB4ul jCtcOd dd?2 oL fsH' UARMENY | &

2.2.2) L dzO@ | dadzw L f SH' &b L dzO Y| dz
odftosd dz o Ocedz” L j Bded S §&Stdo ' o

{ Mdztso dzts® M dz® o dz'dd@ls| dzdz'te d s j digdets tc O K kst g
M zlsdedCtsp @y HIDdzj CSE 5 ' dalt He' O Gw sz i
dzj o d L dzOQYp giat Mg’ fodisd sc s o d {f 1§ Eixaifisdz® of adplc
dzj © L dzOtpjsde'dfisls @ L OB HOEREYjMERSH d 2O Y dats’
BOIs j 30 Istz] \§ detis j: ¢ Us' dats's Cdzjfipls'! H B BAE " o dae EzeZ @G
{4 te dz®fbpaOd tsH dfdgdeyre d " 2° 6L 6 dav & dffffds]y o3’

6 jClstcOd dz R O©OCIkjtedmsdsd t' L dedn
SHdts ' SO "~ odftetsdy dz¥ 9 Odz? dzO L H Olsdg
f OH O Yysets dzO0 dz' sc s o ftdc Ldzlz@izt ovOizEg |, ¢ ws)C
GO jt' Oz BO' 9C10O2 MSEOHdE Ctdobk L Od
Htsoydded rmroddz . 1 dzv Mtetsh j dedaw tsilstecd B30 da
Hsf Si3s@ 8 H Odzd HdMisOdzy' 2 detsG ts L t5 dzH

h dtectsC tisfgdfl2 ¢ Csj W' y' ' das Isj f dzso tsG 5
odSstedMistso ' ! s’ EHfr@®HBjOdz' € Is O, odf esd3’ dg¢
wCt@ts dzd L Odzj ydlIs! 9" H Htso X ddzd ~nod

s @37 J W[tk & tc d
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l dL dzOyJ dzdzw totsL f sH ' dziz Crsd Wdzyd Odeizh o
Hsf Sd3ts@ 58 HOdzd s HMIOdzy' 2 desG s L sdzH Iz o
LsBtcOY jda@ odHdBsEts SO Bdzdy dz' séts ' daW tcC

1 0Lodyo?2 odeéstdmbssolkz’ Is! Mw 26t Y

" 'dgH j R\, e NDV I s ' da , L O fmalisie O'dafz] deid®  did
fsStedolk o' H o' HStdldh ~“twbkdls' &= ° hisky
yds " dHiSh'e [17]. uvtsdkz HdEv hlskzydd

te sfmdzd dzdz’ Mmise odL dzOyJ dzdz? Ctedots’ IND\tzj
o dCsdzlzs Is! jimgdzjodzsi. 5 € to

2221 SLEOSNEdsS oL H' &k SsjW' y' ' dls
fso jenittdy , oStdldn totsfmdddedz flse

lteddzydy oL tOokdSkE SjW' y' ' dals' o Isj
o CtedlIsdn tcts mdzd dzdz’ Mls & L Ofdzts o Odzd 2 tc
o df totsd3' dzt o Grdeizfls s @d” tkzdzls' o .

l otsd3' 3 dz' B Y ftstesc OBPVIS ' HIE doafdptisdds
t 15 fr) dzdf dzdDMiplsis dzO Y NS t OC Iskz¥ Is! fqw  w ¢ 9" H
ftetsj Clsdo dzsEts f tsCFod Isflswyls ttoysdiigiozdfts fiflsh) j dz°

_&NDVI- NDVI, §

éﬁ\lDwm - NDV|O§ ’ (23)

HNDVIT L dzOyj dedz? detstcdzgOdz’ L so Odetsets 9 j G jlsOy
L 5B tc Oy NDRKEEY ;B30C Md i30dz! dzj L dzOyd dedzy  dzts to d3C
“dgH j S Mk 9 HCtodltsets ~twkzdisk (OBt " dg"
to ts fr) dzd dzdD¥fjds ? 3, dz' dzO dz' dzj L dzOys ed@iazts ¢ dzts todier
"dgH j SMME e jternds , fsods Mist JCtodlsss fe

Oz fosotHdl! MY L ORbkdsS Mikzdkokd
Hdzw L 3" hOdedr ftso jten Sdz :
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e =g, F+e, (- F)+De,, (2.6)

Higl SBJW"  y' " dzls Isj Y dzeso ©dztlzy o f § tytety’ i ts
f' Cpj,de,i;S W' y' ‘'desd bjfdztsosets oadf tetsds
Jdzj SstesdzOG dz' Isdes e s odff tetsd3’ dz¢ 9 O dzdz™ H d
tesmdzd dgdz' Mis sO o HCwbBgEenr RBickdzBl QBB
tetsfdzd dzdz' ls' Do 'THY Y CDdzE O, hts otcOR ok
o' HtSBtOy Jdedz?" N stemlsC s s jtorndz ( Mls OdzH
9 H' Of OLtsdz’ Isj ff dztspess®B05)0 d f totsd3’ dzs o O dada”

r dzw f o jton tsdz fsodz Miste oCtdky -3 tod
(10S OdzOlzd & Mz s EQY EOh ds dzOYj dzdg? 0, 9 ¢
0, 985 Hdw fcd25d y,j twdedj te(jtadA).dzj L dzOy, «
odJtendz 2 f stcOGMdudste@N] jJed2 LdzOyj dedzvy Ctsj W "
odftotsd3’ dzg¥ 9 Odzdz? Hdzv o jtorntsdy oCtedlsdn

-
=
—

-

=]

=1
"

e

©

©
"

0.98 1

0.97 4

0.96 1

0.95 1 —&—Conifers
0.94 —a— Grass
80 85 90 95 100 105 11.0 115
[oBxKnHa xBuii (MKm)

td®. 5. wdgmlstelzdzj dzlsOdz' dets o dL dzgOyj d2@ L
oditotsd3’ dzv¥ 9 Odedzy H dzw f sdzvw  dz¥ yJ te dzd
sdise | L dzOyJ dazdzv 9 J 8O Uz Bdztsc SNBE drieid» ¢

o' HCtodlstsets “tokzdzsz MEC ZOHO' 0, 78 0O dzdy d
o 0tc’ 8 90OIsdMm! o L Odzj  detsls " H WwWEtsMls' |
Bdzd ydzg" 2 " deWtcOyJtotsde 2 SO vy teotsdz 2 H B O

KoediuieHT Tenn0Boro BUNpoMiHIOBaHHA
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totsL tc O ANDWES Iz Hisy' dzt ded o5 ° o Ml Odzts 9 dzj dzdz’
[MS dz € o HOdets Bz Htsfydz' H Y j dadz’ 9jGjls
o 4 dzd yd dzO, o' HdztMdzO HEts CtsjW' y' ' dzskz
oS tcdMmlsso z¥ Is! Mmw f stetsclspY € ° L dZOwyg tslzdz€ s C
L Odzj 3 detsfls ® "' H wetsmls® H Odzd sO ' dgh
HsfMisse ' tedz" Mis tcjLlzd k¥ ysets L isBtOY J d
odyf tcsd3’ dz¢t o Odzdz" .

1dyde 2 s’ @6 CtsiW' y' ' dzZsO Isjff dzso s¢G
" dgH j NDiIzL OH O Is! W §f 5C OL dzd € 5, wed?2 o
16" Hdzets "L " Mmdzzs ydd&3d My Jj ¢ Is tc © d&STER BectraB
Library, 9 H' Of-T3dgYzz H@Y 3 sdftsedm HAv v
Mollisol (L © € d&zOMmdUBDAS[O40 | ) € Wi Cs t¢ Qidls dzts G t
M ZOHB' %, 2. "G5 o Hfs9 " HO' CtsdWw' y' " dzlsiz [
0,97 (tedf. 2.6).

) YOpHWA CYITNMHOK 3 Cipo-bypwi cyrnMHoOK
= =
E | Eq“
(T Y
8 3\ [
— M [ ™,
[ . o .
=, -

z 25 - - T 3
E _‘.\."‘ E N -.H'\-\.
E 2 ';-_' 2 H""m
a C
S 10.5 11 1.5 12 s 10.5 11 11.5 12

DoemuHa xeuni (MKm) DoemxuHa xeuni (MKm)

tdfm.s@8dH". M JjCIlstcOdz? descts o  H B JMollisbl Mz c

[HdzOC, bkdfise' MfjSkted Mmlso sty ¥ Is dgd s
o5 Mssds otdsed, o Iss2 Yo w¢ Mmdhlsj

SHJjteykzs Is! mw L SB tc Oy J dadaw fso jton dz' T te
odf etsd3’ dzs 9 Odadaw olstcOYO’ B' dz h Iz Yomls
Isj § dzts‘ dzdz’ fMls Ttz dzls z Ldzdy &° Isfpiqw , L H Ols.
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odftctsdz’ dg® 9 Olsd Isjfdzts [21]. wdzmis te z d3j dz
odiftotsd3’ dz8 9 Odzgdz? HEtsL O BdZd dZzO o MisO®bo dilsd 2

1 OO0z dgd?2 tsLftsH' dz L dzOyj dg Ci W'y
o' odgWdgdgv d@3 2. 6 f RJHMIsOo dzj des dzO ted M.

0.00 +

T TenAoBOro EMI‘IpﬂMiHI‘OEaHHﬂ

o
= o.o3

]
2 et ;
0z 03 04 05 0a 07 08 s
NDVI

tdf. ) @QizZy dz' fils! tesLftSH' &z SjW' y' * dals¢
9JGCjlsOy’ 2 OVIE dZvdzn jj Ufdds™ @ tso jtendz , o

[Odz o' HEBCE) ddzj des oS tsdzz’ 5! Mw o'
odftosds dz* o Ocdedz® Hw o@p & ' d"dT Isdf' o f

2222 SLtcOrkzdesC oL ftsH dz2 S j W' y' ' dals
ftsojtntsdz , o' Hd3 dzgdedrm 9 ' H tetsfdzd dzdzed -
BjlssHEB®E toj ¢ te -tk fzs i s iy wO? dz

[ dzw fsCtcde ' o, 9" H & deded ~ ® "' H tctsL G
Wlkzdz€ ' s dze@diz] detsiZzis My ls By CjgW' y" f delstsdz |
9JGJIsOy’ 2 dzd NPVI'ddgH j & oz’ . J HA&OC , ftcd

odL dOyjddr JSMYfjtcddgj dzelsOdz dets L dzOyj dg
MisOlsdmisd ydzd 3d B4 stsH OB .
[ dzv  f tots-d3¢CHNOVECNDVI, ovists ftodf 2 j dzdzw ,

s f zsoatse s o dfitetsdy’ dg®¥ 9 Odzdz?" BEZHJ L MOl
His L dzOyj dzdzy 0, QDVI=flgd O SYMENRY Csj W " 4"
Isjf dzsotsets odftetsdy dz¥ 9o Odzdz?y H B HRE s Dis
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ftotsds’ YNDWI, ¢NDVI¢1 ftodtf zh j dats, h 5 Csg W'
df tetsd3’ dz¥ 0o Odzedz" B EkzHj ND¥Iisls Alstafts dg' t5 dBf , 999t~
HdzW Btsn H' OfOLtd 8 odL dzOyoOe Is! Mw  dzO
Ok tcdzd s HdzW HtsMdz HY ko Odets”™ Isjtedlistste’
ASTER SpectralLibrary o * H 8¢ 0OL dd¢ O o j 8IDMIOQ ' @3¢zt €
e LdOyjdzr, hts o' Hftse ' HOE Is! totsfdzd ded

stsy jdz 'L st d B30 dz4dSTERMSerthalsibedrydn € ‘sitc tsa| @ L
Hs d3j ¥ HBeayddz mneaddz JjdzjSlstetsd@3OG dz' Isdzis@ ¢
L dz BOdedz?y HtsoeBrnoddz soatsets ' daW tc Oy j too tsdats

[ Odz' slstcd 3O dz' My JSCted L Oc Odz' dgb ¢
My jClstcOdz! deséts o' HBdEbB®Gtz &dstfjthtsdg" dzsdasO
SHjtey Odzd - L dz2Oyjdz2 EfMke O’ Is! Mw. | dzv y! |
My toj H tSaldb(OtsH Ol9.s5C |

10 Ghmdse slstcd BOdzedr M JCIste” © Misot
EmjteiHdz] degse s S W' y' ' dzelsO Iy Afsdztise s'Gis L
M j Clste’ o 9 "' H 9 J G NBVMD 9 'dlcdy d Hzs G sizH Jy§ fislg L
Yykzlsdzd o * fls My deMtstc® bk yYjtweotsdskkz IO
(te@B).y OdzO0 ftesYyjHEZCO OCEY toj Od' L 50 OdzO

1

()

11

0.95

+ =

0.9
0.85

0.2

-0.2 o 0.2 04 0.6 oa 1

KoediuyieHT Tennoesore eMnpomiHioBEaHHA

MNDVI

tdm. 2.8. mibPkONEsYSE] % O® ‘ ds' o Isj
sdfsodr fcojtoNBd o' H ' dgHj S
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1doiddScO ¢ d ¢ fMis:Uls BIDVI, B difHL j! t€Y O de' dz@ny
fiocdqtocsHdzdr IsO hilskydedr § o j tcn tsdz HiSL 8 tS¢
n tjcete) it 2dzlz 2 dzBdz) X dptefiple ) H edzB  uj e L
oL dzso stsy¢ d. [sted BOXRO ~ BOLO Istsytes
CegW' ' y" " dels' 9 Isjff dzso tsc ts NP teots dglz jdz @ A0, dzdaw
LO tORSCd twtsLfH dzz2 o jcjlsOy’ 2 dzts st j toog®
EmjtejHdzgjdzg IstsySd ° ° okzLdsaddikd Istsys Oc
M za@Ydets ¢ nd B3Oy * W W dDYI ' HL 0%y w2 i'ls' dzls
odfetsd3’ dg® 9 Ocdzdz? (tdfmy. 2. 9) .
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h

Poznogin koediuyieHTta
TENAOEOro EMMNPOMIHIOEaHHA
pPOCAMHHMUX NMOKpPUEIE Ta

1.15 1 EigKpPHUTOro rpyHTY
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Poznogin koediuyieHTta
TENAOEOro EMNPOMiHIOBaHHA
1.05 iHWHX TMNIE NOEBEPXOHB
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KeagpatWuHa $yHKLUiA

sanemHocTi KoediuyieHTa
ngs TENAOBOro EWMNPOMIHIOBAHHA
' Bif NpoeKTUMEHOro

BereTayiiHOro MOKpUTTA

iy
|
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i

1 .08 -0 04 02 0 ©0Z 04 06 08 1
NDVI

td®. 9. (BLYBH dZ LOdzj ydesmls®™ ¢t Wdsdgd n
fsCGtcdeo" @9 9" H 9©]6J]JIlsOy’ 2dztsegts

KoediyieHT Tenaoeore EMNpomMiHKOBaHHA

[ BO' HAzOdzdz" tsBftsm tSLiBH" d2'eo CjW' Yy’
Btsy dzd 9 * Mls tesLtcOrRzoa Olsd kL OcOdz' dzj dzz %
s f dzsotse s o df tetsdy dz¥ © Odzdzg?w NPVI w dzd § & jnl5 @
fsCtedpl® osMmdetso slstcd B3O dzts Wikds y' L O
L 5B tc Oy j dzdz™ tetsL f sH ' dzlz NOVE s wdddesc 5 d
L tcORrzdesC oL ftsH dz S j W' y'  dzlsO Isj 1 «
tcj Odz' L s9a OdzO E 9 d @ dzv H ' titctg ts1cste @ds das &St i it Catd
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223t BL©OR Zdzts§

sStd W
HSL 9 sdzw
L dzOyJ dz

5B J todzj dzdzV d3 tc°
) (2O daSdfiy | tedisd O

) jteh O

asL O lzdzC O,
L tOR s Odzd A

t u t

" dzls

fjtej2ld o' H
Wi By uEasR . e fdzO fy § dzdz"
o diEMfdicgwls teeOdfize Q@iafsj dzdg'tz fyls d dzd
(2.

T =

sjf Zco sc s f tsdzv

2)

C,

HitclzG O
Is 5 3z
H dzw

e(/)c 18

¢ s dzfls O dzls

5jf dzso 56 6 s azt§ § tlpth '
L dzOyd dz

ZzOB StcOIststcdzsdzz ¢ Odz' Btolzo Odaedz”

HJT T

jdzj tec jIsdydsts’
Ol BsMW j tdels @ 15

s BB | Okt
wiCtcOo tsMlis
ofdzdo 2 dzO

Hisfdz' (Ho)lz;d Ondptg 'C s th @ dzj D
Of jtelskzte"
odff tctsd3’ dz® o O dzdaw

dzO

L O

(2.7)

1 dzOdeS ©  dzd
(2L Of @O b Iz stds™ o dzt d@da

C 5 dzC oIS dgfs ¢ o Mfip OdiEbists tdA
H Yyofm tt

(2.8)

H O dz

df ®SOak
N jSlscO
sj & j 6Ok

1 20y j dzdzv K{ SKiRldE® dzlo ' - CdeW e Oy tcosdzd n
LandsatdzO o j H j dz5' 924D B [dZ Y
v OB dzqy W
stsdzhs@das L tcOr &z dz€ &z |19y deffnj=tddO Iokz tdipfz f Larislstd € °
Landsat TM| Landsat ETM+| Landsat ETM+| Landsat TIRS Landsat TIRS
(band 6) (band 61) (band 62) (band 10) (band 11)
S1 607,76 666,09 666,09 774,89 480,89
S, 1260,56 128271 128271 1321,08 1201,14
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tdOdz LOY' v wsLteOrnkzdilkz Isj B J cOlsBis Gts
st Jjtcd HdzV sBtotsB ¢ O, COdz' BtcOYy"' v sO ¢t
odftesd3 dz¥t 9o Odzdz?" L O OlsdiIsMW j todets® dZsH j dzdz
tcOMstcE DEE S Zdzv s 516 O, wed?2 oBRZHBO O o
fsobdwL Odg L sBictsB ¢ B¢ H O dzdHarris G eobpiatidiizy
ENVI, ArcGIS, QGIS, ERDASImagind . 1 dzv flsoe tstej dzdz? e Of
esLftsH dz2 S W' y' ‘ dels’ oW Isgithztzd s fgls jo X
tcOMmMlsteso drn COdz! CEdzwiststc’ & dz] HisMIsOIlsdz 5,
LOMissMize Odzgdzy Sty B3dr ff totsc tSCLdged OB g tEjSH
HBHOIsCtsoadr flBetcORdzdr BBHEZAd 8 H&Y Mk
cts H'zadz d3ts 9 ts ¥ Halrifdeospatak ENVI).

1 OfmissMmMizeo Odzdz? HOdzd = L dzg' d3O0Odedz £ o dHd
H' Of OL tsdz' HdzZw teLteOrkzdCE toL fH' &z ¢
HSsLotsdzw ' dgj dzdhj fitj2Ilsd o' H tOH 'Is@ye d-

LJdBddr o jtertsdz SO fsCtcdeo’ o, O ° L dal
L sSBtOY jJdadz" Isjf dzsotsets fsdzv L O teORkzdats€
Z § stc' o dzgv dzdz’ ‘L HOdddBd HBoGetsmoddz tsotse

231 90V L 8¢ ' daW st @Y o dEgifiidIs S smdy’ yYdzs G s
ftosMisstetso 58 totsL o' L dgj dzdz’ fls s

) sdzv sksw dzW stedsOlsdo desmilst  dzj BO'  SH(
LOdzjydlk: o' H kdfikz HOdIZ, ' distkOlkds d

)" H By d€ ¥  dW stekOlsdo desfls'  dzdts fdssiL
My jShkteOd descts COdzOckz (OBt Stk dZOY'
"W steBOY' 8 HAw eodt’ hjdgdzv S tsdeStej Isded A
Sitse ddo ' flssh tsytodz q2EYH@* ISy dgs o Odzdzw ' ¢
HOdzd R Sty ydesets L dz 5P dg@s d Wdmldm  eLdQsi O
sfdtOkdh dO sy' &tk ' dse' wdshls' od:
OjteC e yddr Ld BCOR. 1 kjtst' ° ° dW st
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sB MW @ OBts YyoOmlsCk Cted Mdzts CdeW st dzO Y
ol st B3O YIS Ishfiey dF L tsBtOy jdedz , 9 L dzOY O
CodzStojlsdets’ Isj BBOIsdydets’ L OHOY' . udik
"l stedRBOY' T SO odd3 ter ‘st fqgw E o  Hitse ' Hd
uilstsmso dzts tOMmistctso d A Gjftotsmiststetso
" deW st 30 Istfftevdalzt)ls L Odzj ) d Is ¢ 9' H ftoshMststetso
MdmsReRd v 0S¢, ftod (CLOh jdd fsmststets
ydWtetsp $E tc O paletste BOIs d o dz' fls L B ' dzd 1 b5 ‘Olelzct

B sEdROY' 2ds’ C Bdesfls' H Odzd B 2V § & 6
[26,27).
wdzt stedOlsdo dz fls! CjLbkd kO o 5B &

Tl e Oy o tsdese s L dz d3Odedzy 9 " HdzsMmdzs L OH
s5j B jOlskted o jtentsdy cjljtscj disdts
W stedOy' T, WCO sdiBydw sfdp s dafsigdes tots L
Wsde 9, ROwOSIkjtdzdr HAEY HOMSEE &OdHh O
50C0O0 ' distedBOy' W &O' HiHOY O Mis O-f 6 &
[fMdzso ded 8 tj L bdz SOl tBEESECd cOMls
‘Wac Oy j tco sdats G s H' Of OL tsdzlz ‘ L dzOy j dzdzv
L SBtcOy jldmigy . L Odzliz yj dadz' H Odzd A totsL f SH "
odftetsd3 dzt 9 Ocdzdz" B ' ' W o dMBiB’ Hlshssist
B' dz' b sydssets Ctj Mdj dedz® H jOY@HEEN Is 820
odflotsds dz o Oz dats’ L HOdesfls' fojtel sdy ,
stsydzj odL dzOyj dzdz® o ZOMdzj Isj B jOlktsc
o' o3 ez Bz BLYGSH' &z HBoGBRodd ot
fjodats’ H' dzv dOfgls JozOB ' dfiEs Y H' v dzSd o d
Bsyj BbRlsd ' Ldss, s ftd dOWo dsls
odf tesd3’ dz¢¥ o O dzdz™ ftotsH | i3 demistclz dzOw 9 dz'
5j B jtcOlskzted d5' ¥ HOd] B H' dzv &S Okd tod
wdzh s Oy dzd o ts 8 MC &ZOH s 9 58 CdeW sted3OIs d o

jCo' o00Odz dzlsdzj o '-MibaEd | Hzdz® O WG C dz® jiz' s tc O
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W s dzlz wg odL dzOyo* , L 5C tej 30, y d fdzts
tesL e’ Ldg¢ " Ist Mmw.

1 0 todfm. 2.10 -imbpdkdy J dedel B Hpgle dzOdz' o
Hd MC toj Is dats BBz "t deW ste 3Oy 2 dzts 3z COoOzOAz' ,
zOf ted ¢ dzOH , tesLf sH' dztdz Isj B j eOlslzted L
sjf dzsotse s o dif tesd3’ dzt o Odadz" .

5u0) | EQ > | Mamtr) | 22> [ o) | =@ | 2

S out

Ou On

tdm. 2.-MD) GO dfs€ss SHY J dede” M ¢ dzOdz

v tdf. 2. 40 dp@ifREdrds’ SE)si dz@n jodedzdz]
f totsfyls mOEdsts s dzd 2 -] C dap te O dzf § ee@zMg®s) @ fd
BsHjd ©BOH' Oy' 2 dats @ 5 Fellh) ji tdn)jlzddtOnaaizO O 13V dgtsia§ iy
BsHEzdY Yy~ sflsdydss’  fd s dipli o ©dz Vo lo sy
L dzOyj dzdzv v d Ml ijte] H ik 6&ZO @B 1cOlsd ydzj L dzC
Siou3) ISCh o3 T T tetsis m@Mmasts Is dz' M F1<C Isdigidtc Om * fipiEfuce
hzdz o' Hitse' Hdzs dz2@ i B OOz dijddds | 36 s M

(v=V2+v2, mgnifshlsstse yDdybtlsd ot HEd" d
wdzeW Sted3Oy’ 2dz@ L 2@ y@s 6 mMw dXIMmiskzf ded &3
Suout(v)()"

Re 3
C,=p fyvlog,a+ Qlv, (2.9
' 0 ’ ? Sn out (V) a

HjR« T ftetsiststctsa © totsL to' L dgj dzdz’ fyls Hdzw G
sB O ‘sCIsO
] deOL Hdv Mmjtej HaED B 2 detsigjtic ¢ ) d ¢ dzQiattls tod

weO Lydlk' k! v Of jlskiess, t' odgs® f dztsh
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fdzshdqdzgz ©BO6  CIs" 98 LO fjodzed?2 yofm J<my
odGedzWwH"

Sy = (dym)? CXCHLZ (/) O2(/ )l =K? Cdom)? GRLA() O2())d/ . (2.10)

HjS owl MJ 6 HdzW dgWdmidakO YW 2'dese s fd ¢ dzOpas i da
& dz 2dzd? LB tt Weksfod? BOd ds e @
JCMYsL digt/ )] Lo(/) i M j StcOd 2O W MS @ g 'S fiplsO
WSO ' Mis! &O@ie s WaskekkzY dzg' * dls ; /e e a3k
Mz BOtedzd?2 Cj¥' y' “dls M jClsteOdis@Bsctsy st
jdzj Cltetsdzdzs’  fd M lsi/esd d3fp ‘et @ C st Odz dats @
fj delsitOdz0dj dzdzd & &OMP sOBE L dz' O dzdz”

[ dzj 66 W h Iz dftc joa@n lsoCpadig Hi2O 2 dzOfls Iz f dazts d

Shou = (dom)* QI DX, (2.11)

HiS o Mdted Hdew Jjdzjteeg' W h Ed3kz di@uiaf Stewzoyhd
odL dZOYO  Is! Mw W kS bz OiT 1 & § EBMH e &' Mmd

wL ' oadavde (2.109 ) kkPydded 1ffd ¢ de@dzlriztsls
mMdMmlsi &3d MY 99 HdesMmwis! mw "L § dztsh j & WSl
f dzsh ddzgz tsBO' CIs' 9. v H Odzd n o dtcOL OR
MjtejHdy 5C 9 OHEOIsd ydz Wz S IszOoy"® w ¢ tcO
offOHSCE vwimCteOo " MIs! * ORBYdz IskzHs M2 dgdc
odfoOHCBBoadr ftosyjMmM © oadtcOy O' Isi-IIfwdzvt6€0O,0
mMezl™ ° MmyjSk@PB] HdMmyfJtemn 2

| eOdzd ydz©O ftosfmiststetso O totsL to' L dgj dzdz’ fls
s=1 0 - f d&ztsh d dz sBO6' CIs' o LG  Hdzs 'L
dZzOMiszy ded o3 Y d dzts 03:
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2d,m’

Ryo = (2.12)

Il JteOL Hoshiststesots’ thLte' L dzj dzdztsflss
Histe' g2as

R =R, G/K (2.13)

4K
2d,m’

O odL dzOyj dzdzv ‘dal¥ tzte BO s dddgisfzlf ‘dzs ¢ 5 o d ¢ dzv

S, on @
UOUtQ

(2.14)

&
C =R Oog, 2+

C n out —

[lsyi, By d€0O ' d¥ stcdkOls {27 dusdgls ' L &8s O
L H' &z Isj & jtcOlH@d zp PRAzdDMEE Y s & sd

C @Llogz(lﬂ/) (2.15)

4(dom)’

HJK T Isj &3 j cOlskztedzd 2 W detisCzls bt @ ls dzOR ‘odf h ts &
Isj B3 j cOlskztcOdBRd od idyfjtyOfls sfiptppdd ;tctsL to' L dzj
fd flsy idepd"; H dzts Wiy fiazeGds L i3 todz Mis! * idaW u&td dg |
s O0¢Cdd3 yd dzts ds, " deW stcd3OIlsd o dz' Mls ! d3ts
f OOl sted Mmyd dad :
ilsj B jtcOlsztcdzed?2 CtdzlstcOMmls HoeBA H' dzW dz
s &3 J cOlskzic,” HdzEdM @IS ddL ' Sk (HOZO =~ Ot
sM¢"  dz ¢€d LOdZzixdlk! ©'H ~OtOCIjtk Yo ,j
fste' adgvdz dg' 2 sy’ dzy' o desShis N HdedzL L dzB otE
fstc' adgW dzgdzv L OfmssMtseokze Is' Mw tsHde ° 8" Yy
iftosmiststetso O tetsL to' L dzj dedz’ fMils+ L dz' dzOdz'
9" H dzts iy dlaizdiz@ diz
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v BYf j tOls iz tcdzd 2 Cdzlstc OMlis odL d&zOyo' Is
Isj B j tcOlskztc HotsAn s HHsjc fij'dad =L O Wigvddzts Cls j ¢
weda dai Ld3" dgs “ Is! Mw  ftod o dzj M  dzdz HtSH
CJW' y' " dzZls0 bjfdsotsets odftetsdy dzt 9 O dzda®
Isj B j eOlskzted B dz' hsfyls’ H' dzwdesC, fted Yy
mMde®@ds, O dzgj hkd3. 1 0ftedS dzOH, HB HBMISOIs
o sHAZO 5o j ton dav, OB s L Stc Odg' ' dz s €
CsdzlstcOMls oadL dzOYO*' Is* mw dzOMiIskzy dzd &3 yd dzts d

DT
T,

(2.16)

HyTigie' Ldedyvw Isj BB jtcOF kg 69 BHY H s gzelstizis € O I
odh 8 Isj B e Qlsfg jotis ¥ 1 dzv Isj B j tOlskztc© H
Isj B j eOlskztcss .

gdz” H LOEZoOYdIsd, hts o' Ldzdyw Isj &3 J to
Blzlsd w¢ dzO2 d3j dzgh ts¢ Odzj fted yY!' sz GO’
B salzy 20 O . e d I to j2H. frills O dzj dets f tod € dzOH o d L
CsdalstcOMislz  d3" ¥ H' dzv¥ dg€ s o Ctodlstss " Mg
odH"  dzj dedr k2 t00O2tded " dzlsjtej Miz.

—

tdfm.l 2f Qtej Mdzj dgdg® ©O2tdz o ' dasjtej iz H
C s dzls t6 O ) ls@y jdzlpdz'L Slsjief BBy 5B &1 6 d2f s dzv &

s5j B j cObkictss
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szOfmdyudzd 3 diBj ssHisd tsy' dz2¢d feshstsit
LBBKOY J dz' , 9 Itz T wg(ffjde'tse  ~ H ( FAshdatpksis
OdzOdz' L , L Ofmdzts o O dzd 2 O Wikzdsty' WwES § sl
fJtcj HOY' sflsduydese s Mde dzOdzlz . 4 2 30 tc dzO
o zOMisdo sMmis’™ * Ctsdz” yded sz mdMmilsj &3 SO [3HQP 'O t
shdztseo ' L sBOY jdzr, lstedBOdzdms 9" HYtSO ' HC
o' HBdd d3d o df Ot dpjtds tc @ df s dzOIs d dBts H J dz¥
L dz' &30 dz! dets31]. Md Misj d3d [

l " Hdztsh jifgzfiavdz@ds dz0 2 tshdatso L 5B tc Oy J dzdz"
odL dZOY0O’ Is! mMw dG@Miskzy dd &3 yd dats o3

2
y':agjag’ (2.17)
HihifmMjtcjHd B8COOHOISdyYydzj o H A d dgjOBdzWH * LAEEG
odh 8 Is § o3t J U Oils g teéj ;H dz! 5C 9 OH 6 OIs d ydzd )
Isj BB j cOlskzted dow dzBjdy O dzdy yts® Isj B j cOlszt
t ° o dzv HAdzY BD) sy dzdots OHOfIskzo Olsd IsC
esLyYtsH dzz2 StsjW ' y' " dzsO kjff dzsoatsets o dff ot

wdzW tstc d3@ls d o g0 i3 CdeW tc Oy oo tsdzd n L SB to
totsL o' L dzj dzdzts s HSHOISCtse s sy’ dg¥ ' IMRTipwW
(minimum resolvable temperaturedifferencg wed?2 ‘ L dzOyJ dz

tesL 6’ L dz¥ o Odz! dats’ e’ L dzdy’ Isj o3 j 9 @Is Bts dac
o zOMIsdo tsMmisj 2 L dBId@3Odz' dzets’™ MdMmilsj d3d [

5P, NETD

J/m,

MRT (2.18)

H j NETD (noiseequivalent temperature differengei tc' L dzd yw Isj d

J S99 9 0Odzj dEGMECY EhdEdglz W f jtej HOY  dBBsHEZEZY Y
NETDL © ydWwttseoddy ' dztv e Oy tco HHd dzO =g O >
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NETD=./0? +d? . (2.19)

sOCdd yddsds, L bicODHdc®@dzdzVHdez" 2 MRID dzC
zOB ko O dzOMskzyf dzse s o9 de dzv H Iz:

_PRDT* @ +d8 pg DT 3§
MRTD 0 0 (2.20)
ARl +a;  Fl)  A%F(n). /o2 + ok Q

]l tosBtsls' dzgj EZHBSMStsdOdzE 8 Is! v IsOC 1
M MiCimfh iz’ ydesets B OL Z9o OdzdgY , -h B0 , 8 ' "Hlzdsd g
sedz"HEZ IO ' da vtz " Hedh j dadaV CodaW s
HSf siis@ s f“  Hodh j dzdzw fiosMisstetso 5° 1
ftoesctcORded 3 dBj IssH ORI, dzOff ted ¢ ZOHB 8 B G
LsBtcOY J dz' .

1 sCOL METD HisL o tsSdzv ° odL dzOydlsd &3 dz' d3
Isj &3 j tcOlskzte, wWCO wWodw' ftsBts® to' L dadys
hzdgz et s’ odeWdedz" HdzW L BBWOY J dz
totsL to' L dzj dzdatsHifdsH O it sotts dryv " ded s f ted e’ fMls
ssydesmils® o dL dzOyj dzdzy Isj B j tcOlszted L © HC

24 j IstsH ' Hodh J dzdaw fiocsMlisstetso 5° tc s
M " CMmj dz dats L d3" N j dzd = L s5BtcOy j d&
odff etsd3’ dz¢ 9 O dzdz™

lHodh jdzdz? fJesflstcsots’ L to' L dzj dzdztsr
Bsydzdoj hdwatsd3 L Odzkzyj dzdgvw Mmke " ¢ M dz
sSBtesBC O LOMsmMsolz’ Is' MW HEs ¢ dz Cts- L SB
9 ' H dzts M dzts SH dzs G ts dzO H et B EzslE 5 y ®&fipls dizdzla
1 " Hodh jdzadzw ftesMmisstetse 5° tetsL to' L dzj dzdztsfls
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Of OtceOlslzte( .

10Loadyo?2 " Hedh jdzdzw ftosissteso B’ f6fs
JIsOPel:e |

i sy’ dz€ O Ml CMj dz¥ detsc ts L a3 h jodgdew
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T Ldzdlslsw L iBtcOy j d& dzdL ' ¢’ totsL to' L dz
LsSBteOy J dedlz? 2O ' Hddesdzsz Mk i " € MmJ dz¢ des Bz

i ©' Hdztso dzj dzdaW ftcdC ' dzyj o s@gts L SBtcOY |
hdzw nsd3  sCteON jdzdgw to' L Stsls'devy j toj i o3¢ dz

241N stcdzz o Odzdey  f Ote Mk f ' ¢Mj dzt des L d3* N
CsjW' y' "dals' 9 Isjfdzsotsets oadfftetsdy’ dzs 9 O

1 5BteOY jdgdgv Hdzw Mkl CMjdz des’ BtcsB
L sBteOY J dz , silsted i30 dzd - tSHdz ‘¥ L dz' d30 dz
o' HBdtcOlsdsB O g dz L B de 3O dz' dets  d3ts ) dzd
L d2 3Odedzy dzd -8 Higl6HL @anpdsdttcd yY' sdiBz o d¢ dz¥
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mMydde 'L to' L dzdPeiftf Rawdz®@ RjsdedrORE tsstcH d dzO Is dzO
Muydd & MmdhHBRIIE BHCESd ¢d d& 309 dgiAsBdsd
Bsy z1s Blzlsd dOweodzddidd CEklstse' L d&3' N j dzdzw
weda ftedLojH] HE (e’ teh jdedgy wCtshis®
fzef ' Cfjd dsets L Mjdgdgn. 1 tedC kzOH 1§ SH
© d B12.

tdm.2. 285 sSHdzJ 9 H
H' dzv dzC d o WNRSdzd = Mmdszce ORF

vOCtsy BB OVWL (st ks tss 9 HMEIs
H' dzv dzgC Odsd dzO@ tsBBSA L tsBOY jdadz" n. [ BdHO
SHdZOSC tso ts6 5 tdfts LCdh) jtadlz dsE 9 5B tcOY) 2o Olsd H dz
f' ¢ d&zO.

1 Oted L tsBtcOy j dz " dzo Ote’ Odzlsdzd = H Odzd m
o d d&3ts ¢ O3, ‘ ftcdHOldddd H&v Mk f " ¢ MJ d
L SBOY Jdedg" "  Hodh jdzs’™ tetsL te’ L dzj dedzsfmls” .

242] j SEHIL@GOE Ld2S 2 My ' Cijd ddi L &

ubkst " CMmjdz dzj L a3 hj dadav B ¥ LBBELOY]
tc' L dzd 2 Y 0of, dzOvW 9 dz' LOoayHd vyYjtejlL dzj
5B J tols Odedzy | § d3dz’ s© ° dgh ftcd yd dzd . U Q
M Bzds o Olsd WwOEGEOsstoddn Edse OF " d&v 5 s
OBts MO’ L d' B6Bz datd’  ISHQALAYS) BF 3o ©OF L
W CMsoOded 3 kO o' Hs®RJd. o¢dzj o bkdsso OR
fsojtends 7 Jd3dz’ L &g Mjdzdzy ° fls tisd QsiPls dzizRd
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100w d e ' sd MezfbkbddSsests’ mdmlsjd
Mzt ™ ¢Mjdz? dzaj L A3 M jdzdgy Bsydzdots twtsL 6 dzw |
BJL Cbklsoadms LB Mjdz . vOCdd3 yddazsd3 L OHC
RO oW Bz § Ot Odzj d detsc s § jtoj desflz.

IBLtOR Zdats € Ml " CMj dz detsc ts L d3' M j dzdz
dzj © j dzd € d = H' dzW dzts & L 5B tc Oy j dadzv , w gt 9
CodzstcORBd ' odmsSdd StdlstcOmssd o' H
odMmskyfdlsd Ctdlskted o Myjo s Is'edf dzd 9s'.

[jlssHdCO odL dOyj ddv Mmkef' $fjd datsa
ZOMlszf dzgdr BRLESoadm EZditse |

i odL ZOYO¥ Is! W  SOC' L dgOyj dedzv L g h
Mzds " jded 3] L sBOY j dedz” B *° RBOSC Md BOdz dats

i sdStdmissok’ Is' MW HdMC ' Isdajdzy  jtakjls
sByYdmdzs o Odzr dzd5 o dlstcOls;

i odCstdMmissalk’ 5! M fodcd yj dedz® o ¢
P delsjef sdzvyt T HdMCtjlsdes L OHOdSES L sBt6C

iodetsdzkz’ Is! Mw " dsjtefsdvy v y' dz sots’
HdMStejlsdzdn L dzOyj dzdzw AL 3" M j dzdz? His OB Misd

1 OHOdE Ho O MEkef' CMj ddkd, L& 65y ote &
stsySx@kx=( 0, mily=6, hil.é, 0 tHdddy® HO )
Msstesdd ' $Mj O, ket oL & © §' §Mj dC

[ Oz odSCtdkz’ Is! Mw HdMSitejlsdzgy f jtojlsots

m1

¥(q.q,) =4 y=0"te @laxa), (2.22)
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Oz odStdzz’ Is! v EfMkzda dzdz? o dzdo k2 o
hdzw Aty dgdatsy § dede? ff j o lso kg ulgdey A ztcd '  dzC

€, (2.9,)=¥(a.q,)a.)g,) (2.22)
H jlg)=1 - 0,25¢ g ¢ 0,25
mg)=2- 4q, 0,25¢|g/ ¢ 05,
mg)=0 g2 05.

] " HYto Hdzi fjtjlottej dd"i W {f tedsldnjststt

L 5B tc Oy J dzdz"e sshtedz"C Ats dg m&ﬂnkﬁ&‘bsgg‘- bdﬁm%o%- cosoyg
¢ ¢ -

[ HdzOC Y fjtojlso stcj dada" dz4 ‘ Is ts y dats ©
L Ofstsfize Odzdz’ L a3 dzt ' Is! v L dzOyj dedzy % kz dz
stséts, htsB L dzOyj dedz? WhkdzeCy' dzj L B dzs o C
1 1
= -—C¢Cg¢—;
wg)=1, L
1 2
=2- 3q, Z¢lgie s
mg)=2- 34 Jtles
2
I/I/(q)=0, ‘Q‘Zg-
J tjLEzd ISOIS" f OtcOdzj dz' dzetscts  {D§ By, dzi

Hd MS tej Isdzd A mMeef ' SMjd o f ' Cddz) zO  Isth
Yw(x,y):Y(x+Dx, y + Dy), 2 5¢ - jatdzjtdDde sto j dadzy L d3'

y d dzts d3:

-

¥ ) (a.3) =Yg, g, ) @), (223
)ted yY!' sBz §'CMjd , it LdORSHWIS! MW
1 jtoj lse st j dadzs ANzted ', odL d&zOYj d2®)RBEz o ‘G fH

LMze 'L LEeBlsOdzdz" &3 L 5B Oy § dzdaV : s O y_cC

e By, fjtjdshds: MY His 2et sl
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[ &zv B ydmdzj dzdzgv G tstej dzv y*' ° d3' ¥y L BB tsl
) Otefyj o OdE(g,q ) CME toj Iso 5o j itrzSix 9) £ @B O dzd =
O¢x¢m OCyc¢n, IssBIsts

mm

-

¥, (2.4.) = i7E 22, (x, y)dxdy (2.24)
00
5 5
mm 1.
Y. (% y)Ya(x y)dxdy=—r  § 4 YHaa)sa.e) @25
00 mn, 11 1t

l jtojlsotstej dedg Abktd' Hickesc B Dyt o
fted G ds g dzdzv o d fPta Gste O i) ls5O15 dzts ' & i oz :

-

¥ o) (003) =¥, (1, )67, (2.26)
AdC Y'Y Cmtejdvy' S LGBEOYjd O d&O
Q(DX,Dy)z a. a. Yllo(ql’qzjlzm (‘71’672)
%:%O% = %0%

ami2g e/ 2( (2.27)
CHEC A ak, k, o ak, k sl
= A8 YE 28y, 4 K exyapgiX VG
ky=- &M/ 2(k,=- &/ 2(j Qm n -+ (;m n + | (;, m n —y

10 HdMStjlsdzgy L d3" hjdedgw tSHdztse 5 LxiisEtc O
fted2 gOs 5! Mw s OB Oy, @dp@yj @dRiddda L dR(Rd9)\
BOC fnd B3O dz! dzd o3

[ Odz' odCtsdzz’ Is! Mw Ekilstsydaj dzdz? L dzOyj dz
fsCOLddSd WkdCy 2 Cttjdkvy' ™ k& fMmkef " !
BOS Bz ' dzsj tof sdz' 5o Odats’ WkzdeS oyt )
HdMCtejsdetsats Mke ' ¢Mj &zO0 QxDBEOS fd &30 dz' dzg
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sOCdd yddesds, fted fjtejotsH' HEB ' dlsjte
Slsted d30Isd OB MBsdzs Isdzj L dzOyJ dedzv L d3" h j cdzdzgW

ddzestedlsds o dL dzOyj dedzy iz B " tCofrigjtods & dztdse
HyC ' dz Cs7 Ot ftttdds LtsBtOyJ dz ‘ L
odB ¢ O Ld&OYjd, MjtejuHdd "L wets' ftcod?
SHAdEEEE LisBteOY jdzdzd o  Hdzsfdes ' dzh s6 5.

243] " Hdzgtso dzj dzdz? L sBtcOy jdz@ L cd d tlzj dadzis

Il L dzOyj dzdz? L dzOyj dz@ MmMkef§ ' SMjdz' 9 XtsB
(vecX =X) LotsHdIs' Mw Hts MdMisIBBd WL @ XdzddiC
odedzvH" LOfdME® Is+ mMw w(

AX=y+e (2.28)

HiyT §Jted M &3 dz' s9 Odzj oL @& HA$ dzlz IssjB Aciterly' g ditzei2isct
st jtcOlstste ' Hodh j déide Goldsts tdc * LL @rpdiadestngsd 7

[dzv o' Hdzgso dzj dedz? L tsBEOY jdade ' Hodh,
B4 stsH cOkMmM’ o ! A" ey eet&z@ jledfdz"Oyf " H o d " j§
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/I Spectrum sorting & filtering

/l SciLab 6.0.0 script (C) 2002 - 2017

clear();

Y=read('Oxidized_Galvanized_Steel Metal2.dat’, -1,2); Il raw
spectrum

Z=gsort(Y,'Ir','i"); // sorted spectrum
[F,K]=unique(Z(:,1)); // uniqgue wavelenghts

M=diff(K) - 1; // non - unigue samples number
for i=1:size(M,1),
if (M(i)>0) then
U(@i)=mean(Z(i:(i+M(i)),2)); // non - unique samples averaging
else

U(i)=Z(i,2); // unigue samples translation
end;
end;

U($+1)=2(K($),2);

dat=mopen('OXIDI ZED_GALVANIZED _STEEL_METAL.DAT','wt");
for i=1:size(F,1),

mfprintf(dat,'%.4f %.6f \ n',F(>i),U(1));

end;

mclose(dat);

clf(); plot(F,U,' -g);
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// NDVI => land surface emissivity (LSE) relationship estimation
/l SciLab 6.0.0 script (C) 2006 - 2017
clear();

function [ndvi,epsil,epsi2]=NDVILSE(A,B,X,Y)
D=splin(Y(:,1),Y(;,2 ),"natural"); // interpolating cubic spline
R=interp(A(:,1),Y(:,1),Y(:,2),D,"linear"); // red band
interpolated reflectance
N=interp(B(:,1),Y(:,1),Y(:,2),D,"linear"); // NIR band
interpolated reflectance
T=interp(X(:,1),Y(:,1),Y(:,2),D,"linear" ); // TIR band
interpolated reflectance
E=1- T/100; // TIR band interpolated emissivity

I clf(); plot(X(:,1),E,’ - 9 X(:,1),X(:,2), - 1 X(5,1),X(:,3),'
m’);
red=sum(A(:,2)/sum(A(:,2)).*R); // red band integral
reflectance
nir=sum(B(:,2)/sum(B(:, 2)).*N); // NIR band integral
reflectance

ndvi=(nir - red)/(nir+red); // OLI bands NDVI

epsil=sum(X(:,2)/sum(X(:,2)).*E); // TIRS band 10 integral
emissivity

epsi2=sum(X(:,3)/sum(X(:,3)).*E); // TIRS band 11 integral
emissivity
endfunction

mpri ntf"  \'n NDVI and land surface emissivity speclib

estimation \n";

A=read('E: \PHD NDVI-LSE\ L8- OLI- Red.dat', -1,2); // red band
spectral response

B=read('E: \ PHD NDVI-LSE\L8-OLI- NIR.dat', -1,2); // NIR band
spectral response

X=read('E: \ PHD NDVI-LSE\ L8- TIRS.d at', -1,3); // TIR bands spectral
responses

S=mgetl('E: \ PHD NDVI- LSE\ EMISSLIB.LST"); // emissivity spectra

files list

n=size(S,1); // number of emissivity spectra

mprintf("  %u land surface spectra used for estimation \ n',n);

progress=waitbar('spectra e stimating : '+string(n));
Ist=mopen('NDVI - LSE- Estimation.csv','wt’);
for i=1:n,
Y=read(S(i), - 1,2); // current reflectance spectrum
[ndvi(i),epsil(i),epsi2(i))]=NDVILSE(A,B,X,Y);
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mfprintf(Ist,'%.6f %.8f %.8f \ n',ndvi(i),epsil(i),epsi2(i));
waitb ar(i/n,'spectra estimating : '+string(n - 1),progress);
end,;
mclose(Ist); close(progress);
mprintf('  NDVI and land surface emissivity of %u spectra
estimated \ n',n);

clf(); plot(ndvi,epsil,'sg',ndvi,epsi2,'dc’); // NDVI - LSE
relationship visualizing

low=fi nd(ndvi<0.34); // low NDVI estimated emissivity, mean =

0.0091313, 0.8740463

high=find(ndvi>0.9); // high NDVI estimated emissivity, mean =

0.9817490, 0.9842091
plot([mean(ndvi(low)),1],[mean(epsil(low)),mean(epsil(high))+0.005]
,+r',[mean(ndvi(low)),1], [mean(epsi2(low)),mean(epsi2(high))+0.005
1,’xm’);
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// L8 NDV | to LSE recalculating by relationship approximation
/l SciLab 6.0.0 script (C) 2006 - 2017
clear();

mprintf'  \'n Landsat - 8/OLI NDVI to land surface emissivity
approximating \ n’);

|=2100; n=2800; // image size, lines, samples

ndvi=read('L8 - OLI- NDVI- KR 2016 - 09- 17.dat',l,n); // OLI bands 4, 5
NDVI transform

mprintf(' 2 bands of %u x %u size image was loaded \ n',l,n);
threshv=evstr(x_mdialog('NDVI and land surface emissivity threshold
values',['non - vegetated area NDVI';'full - covered area NDVI';'non -

vegetated area emissivity';'vegetation emissivity';'surface

roughness emissivity']+' :',[' 0.14";' 0.86";' 0.9";' 0.985";'

0.0057));

if isempty(threshv) then halt(" NDVI and LSE threshold values are

not defined \ n’); abort; end;

K10=[ - 1,0.98;0.057596,0.955701;thr eshv(1),threshv(3)+threshv(5)];
// TIRS band 10 low NDVI approximating knots

K11=[ - 1,0.98;0.057596,0.944584;threshv(1),threshv(3)+threshv(5)];

// TIRS band 11 low NDVI approximating knots
C10=splin(K10(;,1),K10(:,2),"clamped",[0;0]); // TIRS band 10 low

NDVI interpolating clamped spline
C11=splin(K11(;,1),K11(;,2),"clamped",[0;0]); // TIRS band 11 low

NDVI interpolating clamped spline
D10=splin([threshv(2);1],[threshv(4);0.981749]+threshv(5),"clamped"
J[2*(threshv(4) - threshv(3))/(threshv(2) - threshv(1));,0  1); // TIRS
band 1 high NDVI interpolating clamped spline
D11=splin([threshv(2);1],[threshv(4);0.9842091]+threshv(5),"clamped

" [2*(threshv(4) - threshv(3))/(threshv(2) - threshv(1));0]); // TIRS
band 2 high NDVI interpolating clamped spline
mprintf(" appro ximating relationships parameters was defined \ nY);

mprintf( NDVI to LSE calculation ...");
progress=waitbar('NDVI lines processing : '+string(l));
for i=1:1, for j=1:n,
if ndvi(i,j)<threshv(1) then
epsil0(i,j)=interp(ndvi(i,j),K10(:,1),K10(:,2 ),C10); // TIRS
band 10 low NDVI interpolated emissivity
epsill(i,j)=interp(ndvi(i,j),K11(;,1),K11(:,2),C11); // TIRS
band 11 low NDVI interpolated emissivity
elseif ndvi(i,j)<=threshv(2) then
epsilon=(threshv(4) - threshv(3))/(threshv(2) -
th reshv(1))"2*(ndvi(i,j))"2 - 2*(threshv(4) -
threshv(3))*threshv(1)/(threshv(2) -
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threshv(1))*2*ndvi(i,j)+(threshv(4) -
threshv(3))*(threshv(1))*2/(threshv(2) -
threshv(1))"2+threshv(3)+threshv(5);
epsil0(i,j)=epsilon; epsili(i,j)=epsilon;
else

epsilo( ij)=interp(ndvi(i,j),[threshv(2);1],[threshv(4);0.981749]+t
hreshv(5),D10); // TIRS band 1 high NDVI interpolated emissivity

epsill(i,j)=interp(ndvi(i,j),[threshv(2);1],[threshv(4);0.9842091]+
threshv(5),D11); // TIRS band 2 high NDVI interpolated e

end;
end; waitbar(i/l,'NDVI lines processing : "+string(!
end;
close(progress);
mprintf(' complete \ nY);

datl0=mopen('L8 - OLI-LSE10- KR 2016- 09- 17.dat','wt’);

datll=mopen('L8 - OLI-LSE11l- KR 2016- 09- 17.dat','wt’);

for i=1:1, for j=1:n ,
mfprintf(dat10,'%10.6f',epsil0(i,)));

mfprintf(dat11,'%10.6f ,epsili(i,)));

end; mfprintf(dat10,’ \ n"); mfprintf(dat11, \ n"); end;

mclose(dat10); mclose(datl1l);
mprintf('  Landsat - 8/0OLI LSE output complete \ nY;
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function [dx, dy] = align_Young_MV3(Y1, Y2)
[m, n] = size(Y1);

[m2, n2] = size(Y2);
assert_checktrue((m==m2) & (n==n2));
COEFSR =[50, 50];

FT1 = SWFT(Y1);

FT2 = SWFT(Y2);

FT =FT1 .* conj(FT2);

half_m = ceil(m/2);

half_n = ceil(n/2);

arr_m = [0:(half_m - 1), (half_m -m):( -1)]'/m;
arr_n = [0:(half_n -1), (half_n -n):( -1)] /n;

maxabs = - %inf;
/ffor sdx = (0 : (COEFSR(1) -1)) / COEFSR(2);
for sdx = ((1 - COEFSR(1)) : 0) / COEFS R(1);
mull = exp(2 * %i * %pi * sdx * arr_m);
FT1 =FT .* mull(;, ones(1,n));
for sdy = (0 : (COEFSR(2) - 1)) / COEFSR(2);
/I for sdy = ((1 - COEFSR(2)) : 0) / COEFSR(2);
mul2 = exp(2 * %i * %pi * sdy * arr_n);
FT2 =FT1 .* mul2(on es(m,1), 3);

EHR = ifft(FT2);

[Imprintf("max_imag %210.7f \n", ...

/I max(abs(imag(EHR(:)))));

EHR = real(EHR);

IImprintf("%7.4f %7.4f %10.7f \ n", sdx, sdy, max(EHR())));
[ME, nE] = size(EHR);

[maxpsus, im] = max(EHR(Y));

if maxpsus > maxabs,
[ix, iy] = ind2sub([mE, nE],im);

if 2*ix<=mE,

dx =(ix -1)+sdx;
else

dx = (ix - 1 - mE) + sdx;
end
i f2*iy<=nE,

dy =(y -1)+sdy;
else

dy = (iy - 1 - nE) + sdy;
end

maxabs = maxpsus;
end
end
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end

[dx, dy] = fmaxsearchFour( FT , dx, dy);
endfunction

function FT = SWFT(Y)

[m, n]=size(Y);

FT = fft(Y);

wifi = transfer_window_fiter(m,1);
FT = FT .* wifi(:, ones(1, n));

wifi = transfer_window_fiter(n,1);
FT = FT .* wifi(;, ones(1, m)).";
endfunction

function wifi = transfer_window_fiter(n, k)

wifi = min(1, max(2 - 4%0:(n*k  -1)) /n, 0));
wifi = max(wifi, wifi([1, (n*k) : ( -1):2]);
wifi = wifi(:);

endfunction

function [ x, y ] = fmaxsearchFour( FT , X, y)
//ISearch sum(F .* exp(2i*pi*(x*t1+y*t2)) for maximum

[m, n] = size(FT);

half_m = ceil(m/2);

half_n = ceil(n/2);

arr m=[ O:(half_m -1), (half_m -m):( -]/ m;

arr_n = [0:(half_n -1), (half_n -n):( -1)] /n;
/loo = optimset('Hessian', 'user - supplied’, ...
/I 'GradObj', 'on");

20 = [x; yI;

Iz = fminunc(@QGH, z0, 00);
[MinQ, z] = optim(QGH_fmaxsearchFour, z0, "gn");
x =z(1);
y =2(2);
endfunction
function [Q, G, ind] = QGH_fmaxsearchFour(z, ind)
M = FT .* exp(2 * %i * %pi * ...
(z(1)*arr_m(:, ones(1,n)) + z(2)*arr_n(ones(m,1),)));

reM = real(M);
imM = imag(M);
= - sum(reM(’));

G1 = 2*%pi*sum( arr_m' * imM );
G2 = 2*%pi*sum( imM * arr_n’);

G =[G1,; G2];

/if nargout>=3,

/[ H1=sum( (arr_m."2)' *reM );
/[ H2 =arr_m'*reM * arr_n",

/[ H3 =sum( reM * (arr_n."2) ");
Il H=4%*%pi"2*[H1, H2; H2, H3];

/lend

ind = 1;

endfunction
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