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##4470338121: MAJOR SPATIAL INFORMATION SYSTEM IN ENGINEERING

KEY WORD: Change detection/ Radiometric correction/ LANDSAT /Sattelite imagery
THANATE JONGRUJINAN:ABSOLUTE RADIOMETRIC CORRECTION FOR
CHANGE DETECTION BY LANDSAT-5 TM IMAGES.
THESIS ADVISOR: ASST. PROF. DR. ITTHI TRISIRISATAYAWONG,

105 pp., ISBN 974-17-5446-9

The use of multi-temporal satellite images for change detection cannot provide accurate
result without some pre-processing procedure. The difference in DN values result from not only
land-cover changes but also from atmospheric conditions, sun angle, earth/sun distance and
variation of sensor calibration parameters over time. The absolute radiometric correction is an
approach used to eliminate these effects from non-land cover factor by converting DN values to
ground reflectance.

In this study various absolute radiometric correction methods have been applied on the
1990 and 2000 LANDSAT-5 TM images acquired of the eastern part of Thailand before detecting
changes by band differencing. These methods include simple Dark target subtraction, Dark Target
Subtraction with use of 6S Radiative transfer and Dense Dark Vegetation All of these techniques
have the significant advantage of being image-based and requiring no additional information on
atmospheric conditions. Assessment of the accuracy indicates that all absolute radiometric
correction methods can improve change detection s result. Simple Dark Target Subtraction can
produce accuracy comparable to those from the more complex methods. The result indicates that
the added effort of using the radiative transfer codes is not warranted. Simple Dark Target

Subtraction are recommended for change detection application:
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Am3saziouveIdalnaquAy (Ground Reflectance: Py ) ABBATIAINTZHINAING
1 1 d‘ d‘ 9 Q' a [ 1 [ 1 1 d‘ d‘
luudazynaungnazion lasdnaquaniummwainuluudazyenaununssny
v 9 v
dalnaguan IMAIUA 0-1 (Lillesand and Kiefer, 1999: 13-14) Aaunsh 2.2
ER

— (2.2)
E

Pr =

1 I 1 aAa J = Y [ A a
P, Wummadnduaainnnuansa lumsagioundinuvesdalnagua
1 a 1 ] A A 2 a < o Ju w o 1
ugazaiialuudazenay 1anIna1p, vesdslnagquaniuilanduiudnyusuazaiy
a a L} = Id?l % o A )=} ' 4 qu/ A J
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2.3.1 msudagmuna DN flumnammsunsiaa duvivaasuses (DN Image to At-
Satellite Radiance Image Conversion)

1 T A A A U ~ 4 =} [ F)

amsunsamFananluiaazgamnAmiases (Sensor) Dua1Iisnia ldazgnuila
<3| o ] e o . . [4
Wudaaa lfwazdiunszuiumsaion Indiwdu (Quantization) wadwivesnszuIU
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A1 DN UazAIMIUATITIFInaUNEU@es Ia It uduasanaaunsi 2.3 Ansimes veq
ANUFURUTIFUFUAINA 1T HAIMNITTN DS NI IATD UV UV UIEDS (Sensor Calibration
& Y v = 1 . [ ~

Parameter) ¥91/52n0UA8ANY (Gain :G) wazen luuea (Bias :B) #9@uN1IN 2.4

NS UAMNIIITINDSNITTATOV VDB ULE DT UUAIN S LANDSAT-5 TM 31013

{ 4 4 o ]
asuuaanINna NI Iz M oN0 08D I UIYDS (Sensor Degradation) 1114 Lieunsa 14
1 =) 4 [ o A 1 o [
ANI5INMesNITiadeUve L Ias NNaaaunouiInsdassarien 14 (Preflight
Radiometric Calibration) %x‘]ﬁ NUANYIY A8 (Markham and Barker ,1986 ; Thome et al.
4 1 a 4 Y] { [ 1
,1997; Teillet et al.2001) IOWIAIMT1HIABS MTTadoUNTA1NYNADI &1 KA INdos
= 1 1 (Bl a 4 [ Y]

A1dioN A1gANIINUIB9IU USGS, EROS 118z EDC I@meins Aw1s1iaesns iaaouaian

5199 2.1
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w = (LMgﬁaI LMINchaH LMIN (2.3)
max
st = Orescare * Qealt B
faru
B [LMAX—LMINJ
rescale = (2.4)
Qcal ey
rescale —  LMIN
e
W = mmsuEsedadunnivenuses viaew/(m’sr pm)
LMIN = mimsudssangnason Indisdnfum Qeal . v w/(mPsr pum)
LMAX = minisudssdngnatonndmdnilum Qeal v w/(mPsr pm)
Qcal — anammaansaden lndiwd wiie DN
Qeal . = aqanmainnsmen ndaduiiimdesiiqa (DN-0) wi1e DN
Qeal . = syanwanmsaten ndesuiifimuniiaa (DN=255) n1i1o DN
e = AUNUURUHUITOTHAAZIUUA WU DN /W [(m st pm))
= mluuedvessuiEe S IAAZIIUR H1ig DN
March 1,1984 —May 4, 2003 After May 5, 2003
Band | LMIN | LMAX | G | IMIN | LMAX | G | B
1 -1.52 152.10 | 0.602431 -1.52 -1.52 193.0 | 0.732824 -1.52
20| 1284 |296.81 [ 1:175100 | ©1-2.84 ©[-2:84 | 3650 | 1:442510 | -2.84
3 -1.17 | 204.30 | 0.805765 | -1.17 | -1.17 | 264.0 | 1.039880 | -1.17
4 | -1.51 | 20620 | 0.814549 | -1.51 | -1.51 | 221.0 | 0.872588 | -1.51
5 -0.37 15.303 | 0.055158 -0.37 -0.37 15.303 | 0.055158 -0.37
7 -0.15 14.38 | 0.056980 -0.15 -0.15 16.50 | 0.065294 | -0.15

3199 2.1 annuvaza lutealunaazuuudues LANDSAT-5 TM 131 : Chander and

Markham (2003)
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Lsat = Lp"'(E}ﬁ* Ty)
Leat —Lp

. Ek = = (2.8)
A"
a1 EF a5 1anrNasmue Egn Egiy
Ao
E| = Ed+ Edif‘f
Equn /D2 *€0s0, *T7) + E i
.l = (Esun z *T7) + Eqitf (2.9)

T

[ 09.:’ 1 Y a 4 A a Y 1 4
AatiumMIazNowTInauveId il nnguanzanson la Taounua E5 1naunsi 2.8
wazA1 E} 0aumsil 2.9 adaunisn 2.2 Aseun1sn 2.10

EX n*(Lsat =Lp)

Pr = = > (2.10)
| TV*(Esun /D *COSBZ *TZ +Ed|ff)

[

1 { a 4 a J ) 1 osz'
Tﬂfl Equn = ﬂ'lﬁﬂﬁ@ﬂﬂﬁz‘ﬂﬂlﬂaﬂl%ﬂﬂau%’lﬂﬂj\iﬂ']ﬂﬂﬂ mmlmmmﬁa%umimmﬁ (Mean

Solar Exoatmosphere Spectral Trradiances) ﬁﬁﬁ?&llﬂu W/(mzp,lm) AaR15199 2.2

TM Band Esun
1 1957
2 1829
3 1557
4 1047
5 214.90
7 74.52

M3NN 2.2 A1 Eg,, N31: Chander and Markham (2003)

D = szgenIzni laniuasenadluniieanmans a SuiiuinnIn

(Earth-sun Distance In Astronomical Units) 11 wieaaenaas (AU) Ao
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o o A DOY D (earth-sun | Zeneith Angle
Mdoual

(Day of Year) distance) (0,)
26/12/1990 360 0.9835 50.31
03/11/2000 307 0.9920 77.34
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3) ﬂTM’Jﬂlﬂ'Iﬂizf‘ﬂ'lfJLLﬁ\iﬂluLgfju‘Vl']\‘]WWUGUENLL‘]JHQ 2-5 uag7 (L'p )

.

o 1T W a Q‘{ 1 ] 1 1 o
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s Weeweer #1 : geodh ] 2900y (:Layer_4M:Layer 31 ayer 2} E .-.Ln.l_ﬂ

O

{ { g 4 o o 1
101 34 madenyanmindhuaidamot lUldd e L,

U

2) M DN; 91nde 1) azgmitlifmama L drwaums 2.15 dwandluaised 3.2

SunpouAl DN: Lyse Lh
26/12/2533 46 2.6577 23.5341
03/11/2543 59 4.0015 26.6690

A9 3.2 1AAIAIYDNG Az Lh w2533 uaz2543

. A - ! o
3) WA L ufumm Wy deaunisn 2:16 Taoieiansanaind1 DN; voans

@097 (DN} 2533 =46, DN 2543 = 53) WuNiA1iesndn 55 denlym A = -4

A\ |
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& i Ao Ulsl wd’ [ A
SN Lp NATUINU LAITUAIANIAITINN 3.3



°li’N ANYTIINAN
!!,‘]Juﬁ , A ﬂ’ﬂllfﬂ’f]ﬂﬁd;u %aaﬂﬁu 7\’ Li Li
¥9AaU ! P P
@ (Hm) A (um) Al 2533 | Ths43
1| Avhidu 0.45-0.52 0.485 1.000 | 23.5341 | 26.6690
2 | @ 0.52-0.60 0.560 1.155 | 13.2407 | 15.0045
3| @uag 0.63-0.69 0.660 1361 | 6.8626 | 7.7768
4 | dulsusalnd 0.76-0.90 0.830 1.711 | 2.7438 | 3.1093
s | Bulsusenaudy | 155175 1.650 3402 | 0.1757 | 0.1991
7 | Bwslsusenaudy | 208235 cnn 4567 | 0.0541 | 0.0613

MINN 3.3 ML, TuudaznUUAUDINIWIIN.A. 2533 taznIWIIW.A. 2543
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ussemalassiiualia T, = 1, T, = 1 1ag Egg =0 lunnuuuduoannwiln.e. 2533 uag
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1. 2543

v 9
DOS2 ﬂﬂmWWSNﬁﬂigﬂ‘ULﬁﬂﬂﬁ]”lﬂﬂﬁﬂ'i$%ﬂﬂigﬂmﬂlmﬂlifnﬁwnﬁu "lmﬂwaﬂsz‘mu

Lﬁﬁ]\‘l‘"l]'lﬂﬂﬁﬂi%%ﬂﬂi%iﬂﬂlmﬂﬁ
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WUA @ | A (um) T,
1 0.485 0.1627
2 0.560 0.0904
3 0.660 0.0464
4 0.830 0.0184
5 1.650 0.0012
7 2.215 0.0004

A U 1 4
3NN 3.4 T, Tuudazuuua

:;l 1 9 o 4 1 v A D L] . d' 4!
NUUNIA Egig AF8FOUALITNINGNTIF 65 99670813 Input File Tz 3.5 &1

| 1 I = o 9 o oa.;l J A
HUMTMIAT Egigr TH0vuan 1 vosnndl Iasdmualiuuuiiaessuussemeuuuisdane

Tropical oz luAanansznUINaze0Ia0Y

7 (LANDSAT-5 TM)

1103 03.17 101.98 12.96  (month,day,hh.ddd,long.,lat.)

1 (tropical atmospheric mode)

0 (no aerosols)

-1 (none)

0.001 (TARGET ALTITUDE IN KM)
-1000 (sensor on board of satellite)

25 (TM BAND 1)

0 (HOMOGENEOUS CASE)

0 (NO DIRECTIONNAL EFFECTS)
1 (VEGETATION)

-2 (NO'ATMOSPHERIC CORRECTION)

% [

311 3.5 #2961 Input File 65 1141135 DOS2

4 o 4 4 U [ o o U
detinmsdszananaudiseddnisnisoiemsd 6s 92 1nIAIUIUAT Egg LD
1 . [ ~ £ Y P = 1
eI lugUuuy Output File A9319 3.6 Ba19A1 Egigr THLUUAT 1T v0In W W.A1. 2543 1911

N 142.137 w/(m?um)



E ol oo o i o o ol o o o o o o ol o o o o ol o ol ol ol o ol ol o ol o ol o o o o o o o o o

% of direct irr.
0.5886

intrin. ref.
0.085

atm.

L R S R A A R B B B B T T T S S

wv shove asrosol :

coupling asrosal —-ww

0.152
wr under aerosol :

wy mixed with aesrosol : 0.152

0.152

% of irradiance at ground level

% of diffuse irr. % of enviro. irr

0.101 0.013
reflectance at satellite lewvel
background ref. pixel reflectance
a.oo7 0.0s80

int. asbsolute wvalues of

irr i mE S mic)
direct solar irr. atm. diffuse irre. environment irr
1254.574 142 .137 B 15. 652
rag at satel. level gﬂjm S E2r/mic)
ati. intrin. rad. background rad. pixel radiance
s o 3.378 35.850
int. funet filter (in mic) int. =sol. spect (in w/mZ)
0O.0604550 1z20.251

# # # # # # A # # # # # 4 # #4 4 # #4 4 # #4 # # H H H H H

L oo o o ol o o o R o o o o o o o ol o o o o o o o R o o o

[ L]

71013.6 @10813 Output File 68 11191135 DOS2
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as 9 9 [ g = ~
NNITMIVNAUNAANTAN T, , T, 1A Egigr VOINMWUW.A. 2533 tiag MWl w.a. 2543

A o Y A ~ o w
Vlﬂ'lu'JmllﬂQﬂLLﬁﬂ\icluﬂWTNW 3.5 Haga15 NN 3.6 AU

Ia

HUUAN

Ty Tz E ifr

0.8499 0.7763 141.043

0.9136 0.8687 70.909

0.9547 0.9304 34.468

0.9818 0.9772 8.354

0.9985 0.9982 0.099

0.9985 0.9994 0.012

MINN 3.5 AT, T, Ua% Egg 91025 DOS2 UoamWiln.a. 2533
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HUUSH T, T, Eqitr
1 0.8499 0.8150 142.137
2 0.9136 0.8925 71.229
3 0.9547 0.9434 34.385
4 0.9818 0.9772 8.318
5 0.9985 0.9982 0.098
7 0.9985 0.9900 0.012

MINN 3.6 AT, T, 1A% Egy 91025 DOS2 UoamWiln.a. 2543

DOS3 fMIMAIT, . Ty, Egirr 1HUAAZUUUAVRIMNAIN.A1. 2533 uazaniln.a. 2543

£y o s ' o A ] \ ' ' i A o
ﬂ’JEJGB@V\IG]LL’Jiﬂ"I‘JEHfJL‘Vli\‘]E‘T 6S Iﬂﬂiﬂfﬂﬁ Trial and Error AN Ta IUA LpTI?‘I”ILl’Jmi]"Iﬂ
1/\] 4 o 1 v A = Y 1 i A 119/ an A I o Gls)
PFAWALLITNITDIULNTIF 6S UAUNTDUA Lp N1 1091035 DOS (M5 19N 3.3) lagniviua kv
o & 1 < .
ﬁﬂWW"Hu‘UiSMﬂ”IﬁL‘LIULL‘}J‘U Tropical uam‘uumaawmazamaamﬂmmu Continental

Aerosols Model Tu31Ju11 Tnput File iN0WIAN T, , Ty , Egig @20%00ALITMIt0mMIId 65

N 3.7
7 (LANDSAT-5 TM)
1103 03.17 101.98 12.96 (month,day,hh.ddd,long.,lat.)
1 (tropical atmospheric mode)
1 (continental aerosols model)
0 (NEXT VALUE IS THE AERO. OPT. THICK. @550)
0.009 (AERO. OPT. THICK. @550) T
0.10 (TARGET ALTITUDE IN KM) ’
-1000 (sensor on board of satellite)
26 (TM BAND 2)
0 (HOMOGENEOUS CASE)
0 (NO DIRECTIONNAL EFFECTS)
1 (VEGETATION)
-2 (NO ATMOSPHERIC CORRECTION)

% ]

5UM 3.7 @296 Input File 68 1141135 DOS3
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*
* integrated wvalues of
e e ko S ek et i e e e
* apparent reflectance 0.1251 appar. rad. (wim2/srimic) 55.033
* total gaseous transmittance 0,926
w
e i o ol e o e e o O O i e e O o o e o e o o
*
B coupling aerosol -wv
B R e e e e
% wv shove asrosol 0.125 wv mixed with aerosol 0.125
* v under aerosol 0.125
*
* int. normalized walues of
MR e T S S S i e i e e i i i e i e e e e e e
i % 0of irradiance at ground level
B % of direct irr. % of diffuse irr. % of enviro. irr
* 0.930 0.081 0.0as
B reflectance at satellite lewvel
L) atm. intrin. ref. background ref. pixel reflectance
B 0.03z2 0.005 0.088
*
* int. absolute values of
* E Lo gt
Eif, .
" Er et oround Jewel (w/mE mic)
B direct solar irr. atm. diffuse irr. environment irr
* 1233.9758 W61 11.436
* rad at satel. level (w/mZ/sr/mic)
ol atim. intrin. rad. background rad. pixel radiance
B 15.004 2.182 40.881
*
x 2
i I‘p int, funct filter (in mic) int. 3ol. sSpect [(in w/m2)
B 0.0758840 140.618
w
e i o o ol e o e o o el e o o e e e o o e o e o

*
*
*
*
#*
#*
#*
*
*
*
*
*
*
*
#*
#*
*
*
*
*
*
*
*
*
#*
#*
*
*
*
*
*
*
*
#*
#*
#*

R R T R A R R R A T T R A F A A A A A A A A A A A F A S T A S F R A A TN A AN AR T T TR T TR TR AREES
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#1 3.8 #2981 Output File 68 71411435 DOS3

w w
i integrated wvalues of i
® | e e — *
* *
B (e [whrgshoi=bde uptrsd total B
i I qlobal gasz. trans. 0.95643 0.96528 0,92 603 i
i water " o - 0.98715 0.958952 0.97972 i
i ozZone " e 0.96885 0.97543 0.94514 i
& oo2 " w 1.00000 1.00000 1.00000 i
i oXYo " Iy 0.993395 0.99399 0.99397 i
i noz " ¥ 1.00000 1.00000 1.00000
+* " " TZ7-FV
chd 1.00000 1.00000 1.00000 i
i oo " " 1.00000 1.00000 1.00000 i
* *
* *
i rayl. SCa. Trans. 0.94577 0.95775 0.90677 i
i asros. sSca. " : 0.99740 0.998z22 0.99563 i
b coocaT L=y L=y e L=y pepm gy L=y AT *
* l *
* *
* *
B rayleigh asrosols total B
* *
& spherical albedo 0.07362 0.00362 0.07626 i
i optical depth total: 0.08649 0.00865 0.09514 i
i optical depth plane: 0.08649 0.008e5 0.09514 i
i reflectance : 0.03417 0.0o00s0 0.03414 i
i phase function 1.20238 0.19534 1.11115 i
& zing. scat. albedo 1.00000 0.89156 0.99014 i
* *
* *
o o o e o O e i O i e e i O o i e o e o
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“]Jd' @ ] . A GLQII _ v i A o hlald J

NIUN 3.8 LAY Output File LUD LHAN Ta—0.187 f1 Lp N6S ATUIU AN
1 @ 1 i A 119} an A [ 09/' 1 A o Ulsld' 1

MINUN Lp N1 1A91NIT DOS (M15190 3.3) AIUUANT,, Ty, Egisg N 6S ATUIN LAINDAN 'Ca

= 0.187 awifluangnii 11 lumsudasawaimsudseda dud aauese s hiunmen

9 a,
MIALNOUVDIIT DOS3

A1 T,, Ty, Eger N11189107% DOS3 veanmTln.a. 2533 nagamiln.a. 2543 gn

tanalua1snan 3.7 tazasan 3.8 auany

LLUUﬁ’ﬁ 7 I Egite
1 0.91635 0.87510 141.004
2 0.92367 0.88488 75.166
3 0.93654 0.90470 62.323
4 0.89920 0.85941 54.402
5 0.88133 0.84280 8.138
7 0.88593 0.83837 3.446

AN 3.7 AT, , T, 488 Ege 91035 DOS3 UInIWIW.A. 2533

!Lﬂuﬁﬁ By T, E giff
1 0.91635 0.89569 142.640
2 0.92269 0.90299 81.321
3 0.93483 0.91838 71.689
4 0.90167 0.85840 64.287
5 0.87339 0.85685 9.045
7 0.91570 0.85733 4.122

MINN 3.8 AT, , T, 182 Egir 91035 DOS3 V0N IWUN.A. 2543
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DARK TARGET SELECTION BY DDV

NDVI>0.10

NDVI image All Cteria Apparent reflectance image
band 7

A . o A g A 1
319 3.10_Spatial Modeler Tumsdwunganmndlunr)naguniiuiy
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2) MAp; WOINNAIN.A.2533 uazn wiln.a. 2543 @20 Tuqa Spatial Moduler f1a31/#

o gAY YA * = * =
3.13 waansnldne p; veenndl 2543 = 0.0356 ag p, VoI 2533 = 0.0362

DDV
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ZOMAL|MEAN

P7

rd_Output

51/#1 3.13 Spatial Moduler A1 lumsnia p5

° 1 E S U ol
3) MumAp, HazAlp,

Uw.et. 2543
* *
o pT7 _ 0.0:56 000, pt - p77 1 0.02356 oo
et 2533
* *
p; = pT7: 0'0562 = 00091, pr 2P LB g

4) dunmap, P a1p. yeanmTln.a.2533 waznmTln.a. 2543 deTuga Spatial

Moduler #9317 3.14 wag 319 3.15 wadnsn 1&8AeT w.a. 2533 p, P =0.0815, P, =0.0397
nagTlne. 2543 p P =0.0802, P, =0.0406
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o :I ' J J ' = A ' A o Y1 * A

5) Mmsaudian T, lugerduasmsniemyad s oA T i lvarp, 7

v k| J T v 1 * A [ { J { o
utlasmind p; P lu 6s Tawmiiuar p; Aldainmsdszinadagli 3.06 wazmen T _ i

e, findasaingm PP Tu 68 TAwmiiua p’ fagi 3.17

%Tap =0.0802 /
|
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a
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ATM. CORRECTION 6S

1 w.e. 2543
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o
IUG
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/

ATM. CORRECTION 6S

U
U w.e. 2533

g1l 3.16 mamen T, VA 2533 uagine. 2543



43

/ P12 =0.0406 /

initiate T
a

ATM. CORRECTION 6S I w2543

J
IUBT

. / paP=0.0397 /

initiate ’Ea

!

ATM. CORRECTION 68

Try new T,

3 w.e. 2533

oe

IUB
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o 1 1 (Y 1 § 1 [ @ o Y
6) MruAd T FAWMAUAURAYTLHIIA T, T, tazivuale

Q'J L =Y 4 ( 1]
T,,~T,.~T,,=0 Hufe lAanansznuitiosnnazoosass lummwiuuai 4,5 uag 7

1] Tal TaZ Ta3 Ta4 TaS Ta7
W.f. 2533 0.070 | 0.085 | 0.100 0 0 0
N.f. 2543 0.140 | 0.155 | 0.170 0 0 0

o ' ' Y P D] v JaAn Y
7) AUIUAL,, Ty, Ty, Egigr IHIGAZUUUAAIE 6S TasldA1 T 91010 6) Hadwsi a

Y A A
Qﬂllﬁﬂ\ihhsluﬁﬁ%iﬂ 3.9 18913197 3.10

Lmuﬁ(‘ﬁ' Lp T, T, Egife
1 30.788 0.90031 0.84711 221.538
2 15.463 0.90778 0.85620 154.398
3 7.984 0.92630 0.88579 106.287
4 1.690 0.91677 0.89146 8.354
5 0.024 0.90327 0.88032 0.099
7 0.003 0.90792 0.87486 0.012

AT 3.9 UAMIATL,, T, , T, 482 Egir 91035 DDV Y0 WUN.f.2533

I
LUUAN

Lp Ty Tz Eit
1 36.538 0.88535 0.85351 300.994
2 19.076 0.89399 0.86330 225.621
] 10.276 0.91342 0.88840 163.582
4 1.899 0.91677 0.90368 8.318
5 0.027 0.90327 0.89129 0.098
7 0.003 0.90792 0.89090 0.012

A3199 3.10 UEAAIATL,, T, , Tz UAZ Egigr 91035 DDV YoanWilw.a. 2543
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3.3 Yunaumsutasmuaimsunsada aunvasgesiumnaimsaznou (At-satellite

Radiance Image to Reflectance Image Conversion)

I~ [ Ty A o [ LA = I~/
WUMIHUaanINAINITURNTITY AT UUBUIETUN.A.2533 tazTlw.f.2543 1lunin
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(8L DDV) ¥ NUAIRdNNI5N 2.10

n*(Lsat —Lp)

TV *(Esun /D2 *COSOZ *TZ +Ed|ff)

Pr =

Y o 9 1< . @ A
nasriunasailulugaved Spatial Moduler 11 ERDAS 8.5 ¢1931/9 3.18
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g "‘T:”:}"? _, . :\ N
| il - ;'f \ NN
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27 ! o~ -
T . f

“H-“:‘_‘:,‘S, ) ,-'f,::"’a’-ﬂ
é%ckl er
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A A 1 Ty A ) L J I J 9
?J‘]J‘Vl 3.18 Spatial Moduler LaImNAINISURSITY AHULsgo ST UNINAIMSHENoU

A o 1V

33 Y \ Y 4’ [ . b
3.4 YUABUMIAINNNHANNMIITHIYINAaUIIAUNY (Image Differencing)

Wunsiinmainsasnoutln.a. 2543 uazdln.a.25331uden 3.3%1 18010013

YsuudiFededduysal (D0S1-DOS3, DDV) udmazani lidiumsFunfisessd RAW)

aufuganINAoan o a3 1w mHaa19Taen15a319Tugaved Spatial Moduler 11

ERDAS 8.5 /1431191 3.19
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YI:AR..S-U ‘r'F-r'l-Ra‘i‘ﬂ
£ s 2
p @ageZSﬁS piimage2533
_— e

]
2543 - 2533
- -

1

DIFF 1rnage

AN

Wiy

Differsnce mmage

3113.19 Spatial Moduler M umsadrenmmasa

3.5 duaeumsdmunmnmamaiuninanudasunilas (Thresholding)
I ) T c?/} { o [ {
Wunisiiameagienduaoun 3.4 dwunlmilunimanunlasunladlaglds
o 1 . e 1 { o J
715811 UAA1 Optimal Threshold @4/T 11 Threshold M1111% A1 Overall Accuracy Y9013
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* *
* geometrical conditions identity *
* *
* tm. observation *
* month: 11 day : 3 universal time: 3.17 (hh.dd) *
* latitude: 12.96 deg longitude: 101.98 deg *
* solar zenith angle: 38.36 deg solar azimuthal angle: 136.28 deg *
* view zenith angle:  0.00 deg view azimuthal angle: 0.00 deg *
* scattering angle: 141.64 deg azimuthal angle difference: 136.28 deg *
* *
* atmospheric model description *
* *
* atmospheric model identity : *
* tropical (uh20=4.12g/cm2,u03=.247cm-atm) *
* aerosols type identity : *
* Continental aerosols model *
* optical condition identity : *
* visibility : 29.09 km opt. thick. 550nm : 0.1870 *
* *

* spectral condition *



X

* tm 1

* value of filter function :

* wl inf= 0.430 mic  wl sup= 0.560 mic
%

* target type
ko

* homogeneous ground

* spectral vegetation ground reflectance 0.104
*

* target elevation description

*

* ground pressure [mb] 1013.00

* ground altitude [km] 0.000

%

* atmospheric correction activated
%

* input apparent reflectance : 0.082

st st st st st st sfe sk sk s st sfe s she sk sk sk sk sk sk sk sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk skoske sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok kokok

* integrated values of :

* apparent reflectance 0.1557 appar. rad.(w/m2/sr/mic)  77.259

* total gaseous transmittance. 0.988

sk sk sk st st sk sk sk sk sk sk sk skt sk skeoskosk sk sk sk sk skeoskosk sk skttt stk sk kot sk skoskoskoskoskokoskoskok kot kot kokokokokok skoskokoskokoskokokokokokokokokokok

* coupling-aerosol-wy-

kW F W ALNMu W B 8

* wv above aerosol : 0.156 wv mixed with aerosol : 0.156
* wv under aerosol : 0.156

*

* int. normalized values of :

*

* % of irradiance at ground level
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% of direct irr. % of diffuse irr. % of enviro. irr
0.718 0.265 0.017
reflectance at satellite level
atm. intrin. ref. background ref. pixel reflectance

0.078 0.017 0.061

int. absolute values of

irr. at ground level (w/m2/mic)
direct solar irr. atm. diffuse irr. environment irr
954.319 351.340 22.143
rad at satel. level (w/m2/sr/mic)

atm. intrin. rad. background rad. pixel radiance

38.577 8.456 30.226
int. funct filter (in mic) int. sol. spect (in w/m2)
0.0604850 120.281

st st st st st st sfe sk sk s st sfe s she sk sk sk sk sk sk sk sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk skoske sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok kokok

integrated values of :

downward upward total

global gas. trans. : 0.99351 0.99491 0.98846

water. " " - 1.00000 1.00000 1.00000

ozone " " 1 0.99351 0.99491 0.98846
co2 " " : 1.00000 1.00000 1.00000
oxyg " " : 1.00000 1.00000 1.00000
no2 " " : 1.00000 1.00000 1.00000
chd " " :  1.00000 1.00000 1.00000

co " " 1.00000 1.00000 1.00000
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*

*

rayl. sca. trans.: 0.90198

aeros.sca. " : 0.93637
total sca. " : 0.84291
rayleigh

spherical albedo : 0.12770
optical depth total:  0.16577
optical depth plane: 0.16577
reflectance : 0.06542
phase function : 1.20239

sing. scat. albedo :  1.00000

0.92131
0.95596

0.87784

aerosols
0.06470
0.21486
0.21486
0.01391
0.19713
0.89912

0.83101
0.89513

0.73994

total
0.16193
0.38063
0.38063
0.07855
0.63494
0.94305
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atmospheric correction result

input apparent reflectance

measured radiance [w/m2/sr/mic]

atmospherically corrected reflectance :

coefficients xa xb xc

0.082

1 40.550

0.005

:-0.00275 0.10739 0.16193

y=xa*(measured radiance)-xb; acr=y/(1.+xc*y)
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MANHIN A,

M1319MA5 HAINGNABINIAAZA Threshold

RAW Band 1 SD =18.65 Optical Threshold = 13.99

N
Accuracy Indices 0.40 | 045 | 050 | 055 | 0.60 | 0.65| 0.70 | 0.75
Yy 265 253 235 224 210 200 191 191
ny 261 ol 291 302 316 326 335 335
nn 153 185 209 258 279 297 310 310
yn 188 156 132 83 62 44 31 31

%Producer ‘s Accuracy for Change 50.38 | 48.10 | 44.68 | 42.59 | 39.92 | 38.02 | 36.31 | 36.31

%Producer ‘s Accuracy for Unchange 44.87 | 54.25 | 61.29 | 75.66 | 81.82 | 87.10 | 90.91 | 90.91

%User ‘s Accuracy for Change 58.50 | 61.86 | 64.03 | 72.96 | 77.21 | 81.97 | 86.04 | 86.04
%User ‘s Accuracy for Unchange 36.96 | 40.39 | 41.80 | 46.07 | 46.89 | 47.67 | 48.06 | 48.06
% Overall Accuracy 48.21 | 50.52 | 51.21 | 55.59 | 56.40 | 57.32 | 57.79 | 57.79

RAW Band 2 SD = 8.58 Optical Threshold =4.72

N
Accuracy Indices 025 | 030 | 035| 040 | 045 | 0.50| 0.55| 0.60
Yy 429 429 405 405 405 379 379 346
ny 97 97 121 121 121 147 147 180
nn 207 207 265 265 265 296 296 314
yn 134 134 76 76 76 45 45 27

%Producer ‘s Accuracy for Change 81.56 | 81.56 | 77.00 | 77.00 | 77.00 | 72.05 | 72.05 | 65.78

%Producer ‘s Accuracy for Unchange | 60.70 | 60.70 | 77.71 | 77.71 | 77.71 | 86.80 | 86.80 | 92.08

%User ‘s Accuracy for Change 76.20 | 76.20 | 84.20 | 84.20 | 84.20 | 89.39 | 89.39 | 92.76

%User ‘s Accuracy for Unchange 68.09 | 68.09 | 68.65 | 68.65 | 68.65 | 66.82 | 66.82 | 63.56

%Overall Accuracy 73.36 | 73.36 | 77.28 | 77.28 | 77.28 | 77.85 | 77.85 | 76.12




RAW Band 3 SD = 14.00 Optical Threshold = 7.00
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N
Accuracy Indices 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
vy 494 487 466 452 438 422 409 385
ny 32 39 60 74 88 104 117 141
nn 249 268 296 307 313 321 323 324
yn 92 - 45 34 28 20 18 17
%Producer ‘s Accuracy for Change 93.92 | 92.59 | 88.59 | 85.93 | 83.27 | 80.23 | 77.76 | 73.19
%Producer ‘s Accuracy for Unchange | 73.02 | 78.59 | 86.80 | 90.03 | 91.79 | 94.13 | 94.72 | 95.01
% User ‘s Accuracy for Change 84.30 | 86.96 | 91.19 | 93.00 | 93.99 | 95.48 | 95.78 | 95.77
% User ‘s Accuracy for Unchange 88.61 | 87.30 | 83.15 | 80.58 | 78.05 | 75.53 | 73.41 | 69.68
%Overall Accuracy 85.70 | 87.08 | 87.89 | 87.54 | 86.62 | 85.70 | 84.43 | 81.78
RAW Band 4 SD = 17.10 Optical Threshold = 18.81
N
Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
yy 423 397 386 368 347 336 330 301
ny 103 129 140 158 179 190 196 225
nn 100 133 156 187 211 237 253 275
yn 241 208 185 154 130 104 88 66
%Producer ‘s Accuracy for Change 80.42 | 75.48 | 73.38 | 69.96 | 65.97 | 63.88 | 62.74 | 57.22
%Producer ‘s Accuracy for Unchange | 29.33 | 39.00 | 45.75 | 54.84 | 61.88 | 69.50 | 74.19 | 80.65
% User ‘s Accuracy for Change 63.70 | 65.62 | 67.60 | 70.50 | 72.75 | 76.36 | 78.95 | 82.02
% User ‘s Accuracy for Unchange 49.26 | 50.76 | 52.70 | 54.20 | 54.10 | 55.50 | 56.35 | 55.00
%Overall Accuracy 60.32 | 61.13 | 62.51 | 64.01 | 64.36 | 66.09 | 67.24 | 66.44
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RAW Band 5 SD =26.46 Optical Threshold = 14.55

N
Accuracy Indices 025 | 030 | 035 | 0.40 | 045 | 050 | 0.55 | 0.60
yy 499 492 475 469 466 453 443 434
ny 27 34 51 57 60 73 83 92
nn 123 136 180 196 216 245 255 263
yn 218 205 161 145 125 96 86 78

%Producer ‘s Accuracy for Change 94.87 | 93.54 | 90.30 | 89.16 | 88.59 | 86.12 | 84.22 | 82.51

%Producer ‘s Accuracy for Unchange | 36.07 | 39.88 | 52.79 | 57.48 | 63.34 | 71.85 | 74.78 | 77.13

%User ‘s Accuracy for Change 69.60 | 70.59 | 74.69 | 76.38 | 78.85 | 82.51 | 83.74 | 84.77
% User ‘s Accuracy for Unchange 82.00 | 80.00 | 77.92 | 77.47 | 78.26 | 77.04 | 75.44 | 74.08
% Overall Accuracy 71.74 | 72.43 | 75.55 | 76.70 | 78.66 | 80.51 | 80.51 | 80.39

RAW Band 7 SD = 14.98 Optical Threshold = 10.49

N
Accuracy Indices 0.50 | 0.55| 0.60 | 0.65| 070 | 0.75| 0.80 | 0.85
yy 458 | 452 | 452 | 438 | 423 | 410 | 410 | 398
ny 68 74 74 88 103 | 116 | 116 | 128
nn 221 | 246 | 246 | 260 | 278 | 288 | 288 | 295
yn 120 95 95 81 63 53 53 46

%Producer ‘s Accuracy for Change 87.07 | 85.93 | 85.93 | 83.27 | 80.42 | 77.95 | 77.95 | 75.67

%Producer ‘s Accuracy for Unchange | 64.81 | 72.14 | 72.14 | 76.25 | 81.52 | 84.46 | 84.46 | 86.51

% User ‘s Accuracy for Change 79.24 | 82.63 | 82.63 | 84.39 | 87.04 | 88.55 | 88.55 | 89.64

% User ‘s Accuracy for Unchange 76.47 | 76.88 | 76.88 | 74.71 | 72.97 | 71.29 | 71.29 | 69.74

%O Overall Accuracy 78.32 | 80.51 | 80.51 | 80.51 | 80.85 | 80.51 | 80.51 | 79.93




DOS1 Band 1 SD = 0.012 Optical Threshold = 0.010
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Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 476 469 458 442 423 404 386 370

ny 50 57 68 84 103 122 140 156

nn 210 238 269 287 300 311 317 322

yn 131 103 72 54 41 30 24 19
%Producer ‘s Accuracy for Change 90.49 | 89.16 | 87.07 | 84.03 | 80.42 | 76.81 | 73.38 | 70.34
%Producer ‘s Accuracy for Unchange | 61.58 | 69.79 | 78.89 | 84.16 | 87.98 | 91.20 | 92.96 | 94.43
%User ‘s Accuracy for Change 78.42 | 81.99 | 86.42 | 89.11 | 91.16 | 93.09 | 94.15 | 95.12
% User ‘s Accuracy for Unchange 80.77 | 80.68 | 79.82 | 77.36 | 74.44 | 71.82 | 69.37 | 67.36
%Overall Accuracy 79.12 | 81.55 | 83.85 | 84.08 | 83.39 | 82.47 | 81.08 | 79.82

DOS1 Band 2 SD = 0.015 Optical Threshold = 0.021

Accuracy Indices 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
yy 492 485 473 462 449 435 420 409
ny 34 41 53 64 77 91 106 117
nn 164 192 223 253 263 282 293 303
yn 177 149 118 88 78 59 48 38
%Producer ‘s Accuracy for Change 93.54 | 92.21 | 89.92 | 87.83 | 85.36 | 82.70 | 79.85 | 77.76
%Producer ‘s Accuracy for Unchange | 48.09 | 56.30 | 65.40 | 74.19 | 77.13 | 82.70 | 85.92 | 88.86
%User ‘s Accuracy for Change 73.54 | 76.50 | 80.03 | 84.00 | 85.20 | 88.06 | 89.74 | 91.50
%User ‘s Accuracy for Unchange 82.83 | 82.40 | 80.80 | 79.81 | 77.35 | 75.60 | 73.43 | 72.14
%Overall Accuracy 75.66 | 78.09 | 80.28 | 82.47 | 82.12 | 82.70 | 82.24 | 82.12




DOS1 Band 3 SD = 0.034 Optical Threshold = 0.027
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Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 511 500 492 479 458 442 425 401

ny 15 26 34 47 68 84 101 125

nn 238 260 280 299 312 318 323 325

yn 103 81 61 42 29 23 18 16
%Producer ‘s Accuracy for Change 97.15 | 95.06 | 93.54 | 91.06 | 87.07 | 84.03 | 80.80 | 76.24
%Producer ‘s Accuracy for Unchange | 69.79 | 76.25 | 82.11 | 87.68 | 91.50 | 93.26 | 94.72 | 95.31
%User ‘s Accuracy for Change 83.22 | 86.06 | 88.97 | 91.94 | 94.05 | 95.05 | 95.94 | 96.16
% User ‘s Accuracy for Unchange 94.07 | 90.91 | 89.17 | 86.42 | 82.11 | 79.10 | 76.18 | 72.22
%Overall Accuracy 86.39 | 87.66 | 89.04 | 89.73 | 88.81 | 87.66 | 86.27 | 83.74

DOS1 Band 4 SD = 0.038 Optical Threshold = 0.034

Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 433 420 391 379 364 346 322 299

ny 93 106 135 147 162 180 204 227

nn 153 191 228 248 264 268 277 294

yn 188 150 113 93 77 73 64 47
%Producer ‘s Accuracy for Change 82.32 | 79.85 | 74.33 | 72.05 | 69.20 | 65.78 | 61.22 | 56.84
%Producer ‘s Accuracy for Unchange | 44.87 | 56.01 | 66.86 | 72.73 | 77.42 | 78.59 | 81.23 | 86.22
% User ‘s Accuracy for Change 69.73 | 73.68 | 77.58 | 80.30 | 82.54 | 82.58 | 83.42 | 86.42
% User ‘s Accuracy for Unchange 62.20 | 64.31 | 62.81 | 62.78 | 61.97 | 59.82 | 57.59 | 56.43
%Overall Accuracy 67.59 | 70.47 | 71.40 | 72.32 | 72.43 | 70.82 | 69.09 | 68.40




DOS1 Band 5 SD = 0.068 Optical Threshold = 0.041

95

N
Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
yy 480 471 456 440 423 408 390 370
ny 46 55 70 86 103 118 136 156
nn 267 282 293 298 306 313 317 319
yn 74 59 48 43 35 28 24 22
%Producer ‘s Accuracy for Change 91.25 | 89.54 | 86.69 | 83.65 | 80.42 | 77.57 | 74.14 | 70.34
%Producer ‘s Accuracy for Unchange | 78.30 | 82.70 | 85.92 | 87.39 | 89.74 | 91.79 | 92.96 | 93.55
% User ‘s Accuracy for Change 86.64 | 88.87 | 90.48 | 91.10 | 92.36 | 93.58 | 94.20 | 94.39
% User ‘s Accuracy for Unchange 85.30 | 83.68 | 80.72 | 77.60 | 74.82 | 72.62 | 69.98 | 67.16
%Overall Accuracy 86.16 | 86.85 | 86.39 | 85.12 | 84.08 | 83.16 | 81.55 | 79.47
DOS1 Band 7 SD =0.039 Optical Threshold =0.039
N
Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
yy 496 494 487 480 478 472 459 444
ny 30 32 39 46 48 54 67 82
nn 251 264 276 288 297 303 307 308
yn 90 77 65 53 44 38 34 33
%Producer ‘s Accuracy for Change 94.30 | 93.92 |192:59 | 91.25 | 90.87 | 89.73 | 87.26 | 84.41
%Producer ‘s Accuracy for Unchange | 73.61 | 77.42 | 80.94 | 84.46 | 87.10 | 88.86 | 90.03 | 90.32
%User ‘s Accuracy for Change 84.64 | 86.51 | 88.22 | 90.06 | 91.57 | 92.55 | 93.10 | 93.08
%User ‘s Accuracy for Unchange 89.32 | 89.19 | 87.62 | 86.23 | 86.09 | 84.87 | 82.09 | 78.97
%Overall Accuracy 86.16 | 87.43 | 88.00 | 88.58 | 89.39 | 89.39 | 88.35 | 86.74




DOS2 Band 1 SD = 0.008 Optical Threshold = 0.014
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N
Accuracy Indices 0.8 0.9 1.0 1.1 1.2 13 1.6 1.7
yy 502 496 491 483 476 472 453 445
ny 24 30 35 43 50 54 73 81
nn 156 175 200 216 232 242 278 285
yn 185 166 141 125 109 99 63 56
%Producer ‘s Accuracy for Change 95.44 | 94.30 | 93.35 | 91.83 | 90.49 | 89.73 | 86.12 | 84.60
%Producer ‘s Accuracy for Unchange | 45.75 | 51.32 | 58.65 | 63.34 | 68.04 | 70.97 | 81.52 | 83.58
%User ‘s Accuracy for Change 73.07 | 74.92 | 77.69 | 79.44 | 81.37 | 82.66 | 87.79 | 88.82
% User ‘s Accuracy for Unchange 86.67 | 85.37 | 85.11 | 83.40 | 82.27 | 81.76 | 79.20 | 77.87
%Overall Accuracy 75.89 | 77.39 | 79.70 | 80.62 | 81.66 | 82.35 | 84.31 | 84.20
DOS2 Band 2 SD =0.012 Optical Threshold = 0.020
N
Accuracy Indices 1.2 1.3 1.4 1.5 1.6 1.7 2.0 2.1
yy 441 431 409 408 398 390 384 376
ny 85 95 103 113 117 118 142 150
nn 272 279 286 294 305 309 323 326
yn 69 62 55 47 36 32 18 15
%Producer ‘s Accuracy for Change 83.84 | 81.94 | 79.88 | 78.31 | 77.28 | 76.77 | 73.00 | 71.48
%Producer ‘s Accuracy for Unchange | 79.77 | 81.82 | 83.87 | 86.22 | 89.44 | 90.62 | 94.72 | 95.60
%User ‘s Accuracy for Change 86.47 | 87.42 | 88.15 | 89.67 | 91.71 | 92.42 | 95.52 | 96.16
%User ‘s Accuracy for Unchange 76.19 | 74.60 | 73.52 | 72.24 | 72.27 | 72.37 | 69.46 | 68.49
%Overall Accuracy 82.24 | 81.89 | 81.48 | 81.44 | 82.13 | 82.33 | 81.55 | 80.97




DOS2 Band 3 SD=0.025 Optical Threshold = 0.030
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Accuracy Indices 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14

yy 514 508 500 495 489 478 466 450

ny 12 18 26 31 37 48 60 76

nn 228 248 259 270 282 297 308 314

yn 113 93 82 71 59 44 33 27
%Producer ‘s Accuracy for Change 97.72 | 96.58 | 95.06 | 94.11 | 92.97 | 90.87 | 88.59 | 85.55
%Producer ‘s Accuracy for Unchange | 66.86 | 72.73 | 75.95 | 79.18 | 82.70 | 87.10 | 90.32 | 92.08
% User ‘s Accuracy for Change 81.98 | 84.53 | 8591 | 87.46 | 89.23 | 91.57 | 93.39 | 94.34
% User ‘s Accuracy for Unchange 95.00 | 93.23 | 90.88 | 89.70 | 88.40 | 86.09 | 83.70 | 80.51
%Overall Accuracy 85.58 | 87.20 | 87.54 | 88.24 | 88.93 | 89.39 | 89.27 | 88.12

DOS2 Band 4 SD =0.037 Optical Threshold = 0.033
N

Accuracy Indices 0.5 0.6 07 | 08 | 09 | 1.0 | L1 | 12

yy 440 429 404 386 371 359 335 312

ny 86 97 122 140 155 167 191 214

nn 144 174 210 240 258 266 270 281

yn 197 167 131 101 83 75 71 60
%Producer ‘s Accuracy for Change 83.65 | 81.56 | 76.81 | 73.38 | 70.53 | 68.25 | 63.69 | 59.32
%Producer ‘s Accuracy for Unchange | 42.23 | 51.03 | 61.58 | 70.38 | 75.66 | 78.01 | 79.18 | 82.40
% User ‘s Accuracy for Change 69.07 | 71.98 | 75.51 | 79.26 | 81.72 | 82.72 | 82.51 | 83.87
% User ‘s Accuracy for Unchange 62.61 | 6421 | 63.25 | 63.16 | 62.47 | 61.43 | 58.57 | 56.77
%Overall Accuracy 67.36 | 69.55 | 70.82 | 72.20 | 72.55 | 72.09 | 69.78 | 68.40




DOS2 Band 5 SD = 0.028 Optical Threshold = 0.042
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Accuracy Indices 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

yy 486 482 477 473 471 465 456 451

ny 40 44 49 53 55 61 70 75

nn 255 262 270 279 283 286 292 295

yn 86 79 71 62 58 55 49 46
%Producer ‘s Accuracy for Change | 92.40 | 91.63 | 90.68 | 89.92 | 89.54 | 88.40 | 86.69 | 85.74
%Producer ‘s Accuracy for Unchange | 74.78 | 76.83 | 79.18 | 81.82 | 82.99 | 83.87 | 85.63 | 86.51
% User ‘s Accuracy for Change 84.97 | 85.92 | 87.04 | 88.41 | 89.04 | 89.42 | 90.30 | 90.74
% User ‘s Accuracy for Unchange 86.44 | 85.62 | 84.64 | 84.04 | 83.73 | 82.42 | 80.66 | 79.73
%Overall Accuracy 85.47 | 85.81 | 86.16 | 86.74 | 86.97 | 86.62 | 86.27 | 86.04

DOS2 Band 7 SD = 0.032 Optical Threshold = 0.029

Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 495 485 481 479 475 469 462 447

ny 31 41 45 47 51 57 64 79

nn 228 247 268 283 290 295 299 301

yn 113 94 73 58 51 46 42 40
%Producer ‘s Accuracy for Change | 94.11 | 92.21 | 91.44 | 91.06 | 90.30 | 89.16 | 87.83 | 84.98
% Producer ‘s Accuracy for Unchange | 66.86 | 72.43 | 78.59 | 82.99 | 85.04 | 86.51 | 87.68 | 88.27
% User ‘s Accuracy for Change 81.41 | 83.77 | 86.82 | 89.20 | 90.30 | 91.07 | 91.67 | 91.79
%User ‘s Accuracy for Unchange 88.03 | 85.76 | 85.62 | 85.76 | 85.04 | 83.81 | 82.37 | 79.21
%Overall Accuracy 83.39 | 84.43 | 86.39 | 87.89 | 88.24 | 88.12 | 87.77 | 86.27




DOS3 Band 1 SD =0.011 Optical Threshold =0.011
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Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 492 476 470 459 446 438 420 404

ny 34 50 56 67 80 88 106 122

nn 181 211 235 263 275 293 301 311

yn 160 130 106 78 66 48 40 30
%Producer ‘s Accuracy for Change 93.54 | 90.49 | 89.35 | 87.26 | 84.79 | 83.27 | 79.85 | 76.81
%Producer ‘s Accuracy for Unchange 53.08 | 61.88 | 6891 | 77.13 | 80.65 | 85.92 | 88.27 | 91.20
% User ‘s Accuracy for Change 75.46 | 78.55 | 81.60 | 85.47 | 87.11 | 90.12 | 91.30 | 93.09
% User ‘s Accuracy for Unchange 84.19 | 80.84 | 80.76 | 79.70 | 77.46 | 76.90 | 73.96 | 71.82
%Overall Accuracy 77.62 | 79.24 | 81.31 | 83.28 | 83.16 | 84.31 | 83.16 | 82.47

DOS3 Band 2 SD = 0.010 Optical Threshold =0.013

Accuracy Indices 0.9 1.0 1.1 1.2 13 14 1.5 1.6

yy 450 432 424 422 412 401 400 389

ny 76 94 102 104 114 125 126 137

nn 254 276 282 289 303 306 310 314

yn 87 65 59 52 38 35 31 27
%Producer ‘s Accuracy for Change 85.55 | 82.13 | 80.61 | 80.23 | 78.33 | 76.24 | 76.05 | 73.95
%Producer ‘s Accuracy for Unchange | 74.49 | 80.94 | 82.70 | 84.75 | 88.86 | 89.74 | 90.91 | 92.08
% User ‘s Accuracy for Change 83.80 | 86.92 | 87.78 | 89.03 | 91.56 | 91.97 | 92.81 | 93.51
% User ‘s Accuracy for Unchange 76.97 | 74.59 | 73.44 | 73.54 | 72.66 | 71.00 | 71.10 | 69.62
%Overall Accuracy 81.20 | 81.66 | 81.43 | 82.01 | 82.47 | 81.55 | 81.89 | 81.08




DOS3 Band 3 SD = 0.034 Optical Threshold =0.031
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Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 514 508 499 489 478 459 444 433

ny 12 18 27 37 48 67 82 93

nn 224 249 264 282 298 311 318 323

yn 117 92 97l 59 43 30 23 18
%Producer ‘s Accuracy for Change 97.72 | 96.58 | 94.87 | 92.97 | 90.87 | 87.26 | 84.41 | 82.32
%Producer ‘s Accuracy for Unchange | 65.69 | 73.02 | 77.42 | 82.70 | 87.39 | 91.20 | 93.26 | 94.72
% User ‘s Accuracy for Change 81.46 | 84.67 | 86.63 | 89.23 | 91.75 | 93.87 | 95.07 | 96.01
% User ‘s Accuracy for Unchange 94.92 | 93.26 | 90.72 | 88.40 | 86.13 | 82.28 | 79.50 | 77.64
%Overall Accuracy 85.12 | 87.31 | 88.00 | 88.93 | 89.50 | 88.81 | 87.89 | 87.20

DOS3 Band 4 SD = 0.036 Optical Threshold =0.040

Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 455 438 423 407 394 378 367 351

ny 71 88 103 119 132 148 159 175

nn 128 146 166 202 231 247 260 266

yn 213 195 175 139 110 94 81 75
%Producer ‘s Accuracy for Change 86.50 | 83.27 | 80.42 | 77.38 | 74.90 | 71.86 | 69.77 | 66.73
%Producer ‘s Accuracy for Unchange | 37.54 | 42.82 | 48.68 | 59.24 | 67.74 | 72.43 | 76.25 | 78.01
% User ‘s Accuracy for Change 68.11 | 69.19 | 70.74 | 74.54 | 78.17 | 80.08 | 81.92 | 82.39
% User ‘s Accuracy for Unchange 64.32 | 62.39 | 61.71 | 62.93 | 63.64 | 62.53 | 62.05 | 60.32
%Overall Accuracy 67.24 | 67.36 | 67.94 | 70.24 | 72.09 | 72.09 | 72.32 | 71.16




DOS3 Band 5 SD = 0.038 Optical Threshold =0.053
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Accuracy Indices 0.8 0.9 1.0 1.1 1.2 13 14 1.5

yy 493 489 488 484 478 473 471 466

ny 33 37 38 42 48 53 55 60

nn 215 234 247 259 268 275 283 286

yn 126 107 94 82 73 66 58 55
%Producer ‘s Accuracy for Change 93.73 | 92.97 | 92.78 | 92.02 | 90.87 | 89.92 | 89.54 | 88.59
%Producer ‘s Accuracy for Unchange | 63.05 | 68.62 | 72.43 | 75.95 | 78.59 | 80.65 | 82.99 | 83.87
% User ‘s Accuracy for Change 79.64 | 82.05 | 83.85 | 85.51 | 86.75 | 87.76 | 89.04 | 89.44
% User ‘s Accuracy for Unchange 86.69 | 86.35 | 86.67 | 86.05 | 84.81 | 83.84 | 83.73 | 82.66
%Overall Accuracy 81.66 | 83.39 | 84.78 | 85.70 | 86.04 | 86.27 | 86.97 | 86.74

DOS3 Band 7 SD = 0.054 Optical Threshold =0.043

Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 490 480 478 473 458 442 426 407

ny 36 46 48 53 68 84 100 119

nn 262 282 295 300 304 307 309 314

yn 79 59 46 41 37 34 32 27
%Producer ‘s Accuracy for Change 93.16 | 91.25 |190.87 | 89.92 | 87.07 | 84.03 | 80.99 | 77.38
%Producer ‘s Accuracy for Unchange | 76.83 | 82.70 | 86.51 | 87.98 | 89.15 | 90.03 | 90.62 | 92.08
%User ‘s Accuracy for Change 86.12 | 89.05 | 91.22 | 92.02 | 92.53 | 92.86 | 93.01 | 93.78
%User ‘s Accuracy for Unchange 87.92 | 85.98 | 86.01 | 84.99 | 81.72 | 78.52 | 75.55 | 72.52
%Overall Accuracy 86.74 | 87.89 | 89.16 | 89.16 | 87.89 | 86.39 | 84.78 | 83.16




DDV Band 1 SD =0.013 Optical Threshold =0.014
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Accuracy Indices 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14

yy 489 475 468 458 444 430 411 397

ny 37 51 58 68 82 96 115 129

nn 204 229 244 270 284 295 307 311

yn 137 112 97 71 57 46 34 30
%Producer ‘s Accuracy for Change 92.97 | 90.30 | 88.97 | 87.07 | 84.41 | 81.75 | 78.14 | 75.48
%Producer ‘s Accuracy for Unchange | 59.82 | 67.16 | 71.55 | 79.18 | 83.28 | 86.51 | 90.03 | 91.20
%User ‘s Accuracy for Change 78.12 | 80.92 | 82.83 | 86.58 | 88.62 | 90.34 | 92.36 | 92.97
% User ‘s Accuracy for Unchange 84.65 | 81.79 | 80.79 | 79.88 | 77.60 | 75.45 | 72.75 | 70.68
%Overall Accuracy 79.93 | 81.20 | 82.12 | 83.97 | 83.97 | 83.62 | 82.81 | 81.66

DDV Band 2 SD =0.025 Optical Threshold =0.012

Accuracy Indices 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

yy 447 422 396 385 382 360 335 310

ny 79 104 130 141 144 166 191 216

nn 256 285 307 317 320 325 327 329

yn 85 56 34 24 21 16 14 12
%Producer ‘s Accuracy for Change 84.98 | 80.23 | 75.29 | 73.19 | 72.62 | 68.44 | 63.69 | 58.94
%Producer ‘s Accuracy for Unchange | 75.07 | 83.58 | 90.03 | 92.96 | 93.84 | 95.31 | 95.89 | 96.48
%User ‘s Accuracy for Change 84.02 | 88.28 | 92.09 | 94.13 | 94.79 | 95.74 | 95.99 | 96.27
%User ‘s Accuracy for Unchange 76.42 | 73.26 | 70.25 | 69.21 | 68.97 | 66.19 | 63.13 | 60.37
%Overall Accuracy 81.08 | 81.55 | 81.08 | 80.97 | 80.97 | 79.01 | 76.36 | 73.70




DDV Band 3 SD =0.034 Optical Threshold =0.034
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Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 517 513 505 495 488 472 451 440

ny 9 13 21 31 38 54 75 86

nn 183 226 251 267 282 305 315 319

yn 158 115 90 74 59 36 26 22
%Producer ‘s Accuracy for Change 98.29 | 97.53 | 96.01 | 94.11 | 92.78 | 89.73 | 85.74 | 83.65
%Producer ‘s Accuracy for Unchange | 53.67 | 66.28 | 73.61 | 78.30 | 82.70 | 89.44 | 92.38 | 93.55
% User ‘s Accuracy for Change 76.59 | 81.69 | 84.87 | 86.99 | 89.21 | 92.91 | 94.55 | 95.24
% User ‘s Accuracy for Unchange 95.31 | 94.56 | 92.28 | 89.60 | 88.13 | 84.96 | 80.77 | 78.77
%Overall Accuracy 80.74 | 85.24 | 87.20 | 87.89 | 88.81 | 89.62 | 88.35 | 87.54

DDV Band 4 SD =0.046 Optical Threshold =0.037

Accuracy Indices 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

yy 431 411 387 371 358 330 305 282

ny 95 115 139 155 168 196 221 244

nn 160 202 237 256 266 272 286 300

yn 181 139 104 85 75 69 55 41
%Producer ‘s Accuracy for Change 81.94 | 78.14 | 73.57 | 70.53 | 68.06 | 62.74 | 57.98 | 53.61
%Producer ‘s Accuracy for Unchange | 46.92 | 59.24 | 69.50 | 75.07 | 78.01 | 79.77 | 83.87 | 87.98
%User ‘s Accuracy for Change 70.42 | 74.73 | 78.82 | 81.36 | 82.68 | 82.71 | 84.72 | 87.31
%User ‘s Accuracy for Unchange 62.75 | 63.72 | 63.03 | 62.29 | 61.29 | 58.12 | 56.41 | 55.15
%Overall Accuracy 68.17 | 70.70 | 71.97 | 72.32 | 71.97 | 69.43 | 68.17 | 67.13




DDV Band 5 SD = 0.034 Optical Threshold =0.048
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N
Accuracy Indices 0.8 0.9 1.0 1.1 1.2 13 14 1.5
yy 495 489 488 485 480 478 472 468
ny 31 37 38 41 46 48 54 58
nn 215 232 247 259 266 275 281 284
yn 126 109 94 82 75 66 60 57
%Producer ‘s Accuracy for Change 94.11 | 92.97 | 92.78 | 92.21 | 91.25 | 90.87 | 89.73 | 88.97
%Producer ‘s Accuracy for Unchange | 63.05 | 68.04 | 72.43 | 75.95 | 78.01 | 80.65 | 82.40 | 83.28
% User ‘s Accuracy for Change 79.71 | 81.77 | 83.85 | 85.54 | 86.49 | 87.87 | 88.72 | 89.14
% User ‘s Accuracy for Unchange 87.40 | 86.25 | 86.67 | 86.33 | 85.26 | 85.14 | 83.88 | 83.04
%Overall Accuracy 81.89 | 83.16 | 84.78 | 85.81 | 86.04 | 86.85 | 86.85 | 86.74
DDV Band 7 SD =0.037 Optical Threshold =0.041
N
Accuracy Indices 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.6
yy 483 481 477 474 469 460 444 413
ny 43 45 49 52 57 66 82 113
nn 264 276 285 292 298 301 302 307
yn 77 65 56 49 43 40 39 34
%Producer ‘s Accuracy for Change 91.83 | 91.44 | 90.68 | 90.11 | 89.16 | 87.45 | 84.41 | 78.52
%Producer ‘s Accuracy for Unchange | 77.42 | 80.94 | 83.58 | 85.63 | 87.39 | 88.27 | 88.56 | 90.03
% User ‘s Accuracy for Change 86.25 | 88.10 | 89.49 | 90.63 | 91.60 | 92.00 | 91.93 | 92.39
% User ‘s Accuracy for Unchange 85.99 | 85.98 | 85.33 | 84.88 | 83.94 | 82.02 | 78.65 | 73.10
%Overall Accuracy 86.16 | 87.31 | 87.89 | 88.35 | 88.47 | 87.77 | 86.04 | 83.04
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