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KEY WORDS : CHANGE DETECTION / RELATIVE RADIOMETRIC NORMALIZATION /
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WALLAPA SAMCHIMCHOM: RELATIVE RADIOMETRIC
NORMALIZATION TECHNIQUE FOR CHANGE DETECTION IN LARGE
AREA BY IMAGE DIFFERENCING. THESIS ADVISOR : ASST. PROF.
DR.TTHI TRISIRISATAYAWONG, 119 pp. ISBN 974-17-5322-5

The objective of this research is to study the relative radiometric
normalization technique for change detection in large area by image differencing.
The suitability of change in ground reflectance for each band is identified and
analyzed. The study uses 2 LANDSAT 5 TM images covering 7 provinces in the
Eastern Thailand, acquired on December 26th,1990 and November Srd,ZOOO.
The relative radiometric normalization technique is performed to the image 2000.
Then the image 1990 is used to subtract from image 2000 in the image differencing
process. The image differencing result is then analyzed to identify the change
detection of ground reflectance. The total number of changing checkpoint is 867 points

spread all over the study area.

The result of change detection in large area by image differencing when
considering overall accuracy in each band yields the accuracy of 82.81-89.73 %,
except for band 4 with the accuracy of 71.16%. When considering the two accuracies,
it can be concluded that the correction of satellite image by relative radiometric

normalization technique gives better result than the image without relative radiometric

correction.
Department __________Survey Engineering . Student's signature___________________ .
Field of study________ Survey Engineering._____. Advisor's signature ..

Academic year ____2003
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2) wiAazRaundsnuseimiaanuwaninisliuufidenauandayann

9889 (AN947 3.1)

F1979% 3.1 uanIAnaziaunadsuaesingnldiduii (Target) luniaianisdiuufidenam

229RYANIN 2 TI9L3AN

ANTUN 26 5A. 2533

AIWTUN 3 Wel. 2543

I . AT | AR | WLIUE | LA | LA [ WLIWE | WLIVE | LA | LA [ WLIWA | WA |LUWA | WLIWE | Wlie
E (X)) N (4.) 1 2 3 4 5 7 1 2 3 4 5 7
1 nUU 732157 11406101 | 109 54 72 66 93 50 128 58 74 81 109 68
2 nUY 736156 | 1412728 | 96 42 54 Sl 7 38 132 | 61 83 83 107 65
3 {i’] 738433 | 1427376 | 67 25 20 10 4 3 85 33 31 15 (K 4
4 nUY 743221 | 1405599 | 99 48 68 63 132 58 130 | 61 79 78 121 67
6 N3 751036 | 1398848 | 103 52 i 83 123 63 144 | 64 86 71 110 72
7 THTU 764095 | 1510987 | 87 42 56 52 98 57 95 43 59 73 96 60
8 N3 765306 | 1396933 | 106 53 72 60 81 47 125 56 71 63 103 67
9 aunNang | 771949 | 1401147 | 134 71 1SI0SR 1.5 5% 114 45 170 82 110 96 177 | 113
10 ‘13’1 775127 11521120 | 64 22 18 10 8 2 69 22 20 12 7 5
11 U 781511 | 1409129 | 84 37 46 66 79 33 99 43 51 81 96 48
12 U 784115 | 1411017 | 86 38 53l 43 91 54 112 51 64 64 117 76
13 nUY 803257 (1414923 | 87 42 63 60 100 52 109 | 49 62 61 98 61
14 aundng | 803652 | 1413565 | 130 70 98 81 123 72 167 86 120 | 110 | 135 90
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24 DU 855539 (1465107 | 92 43 52 56 79 45 114 52 69 70 105 66
25 DU 857628 | 1489596 | 91 48 66 69 117 | 62 108 54 79 72 131 82
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4) MuLLAnaemadinAgnsEl s iudiFeean Tae
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T e Taf | souene | douene | Tl 3 o | wdhasser | laiu | @aueng

N P unaatn | 5 , | @ounald | wfe | . U | aounaly

WA Aelgnaing dndevds | W w131 | dndenda WarylAule | d1lenas 197
1 98.80 16.00 5.56 3.85 3.85 0.00 0.00 0.00 1.64 48.65 4717 43.18
2 98.80 44.00 55.56 46.15 73.08 29.41 41.18 70.59 36.07 86.49 83.02 92.05
3 96.39 48.00 88.89 73.08 92.31 88.24 94.12 94.12 78.69 94.59 92.45 96.59
4 63.86 100.00 61.11 76.92 69.23 100.00 100.00 100.00 90.16 43.24 50.94 29.55
5 90.36 100.00 72.22 61.54 69.23 64.71 94.12 100.00 90.16 94.59 88.68 87.50
7 91.57 76.00 55.56 50.00 46.15 64.71 94.12 100.00 83.61 87.84 88.68 85.23
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4.1.3 msFauiigunanisasiaranilagunlasrasd@slnaguaussuineta

A Overall Accuracy

' a v % a o v a a Y o W
ﬂ@ﬂ’lwN@ﬁ]']\?“/lﬂ'i']\iqqﬂ?l’ﬂﬂﬂﬂ'\WVlN"lun'l‘iﬂ‘i‘LlLLﬂL‘ﬂQﬂﬂuuﬂ'ﬁﬂU‘ﬂﬂﬂﬂﬂ'\W

HABNNAT AN TaYAM W LiEIuMsUSuLALEIARY

a dl AI a 1
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1 dl v U ai o % v a dl o = al
mmwmif]qmﬂm@g@mwmiumumiﬂiuLmlfnm@u TagNInN19LUTe ey

AN Overall Accuracy T818ANTWHARINYNASILIEINN AMNENTNT 4.1 UaY 4.4

(319 4.2)
917 4.2 nemluansnisBausuNanIsasanIANLIL At A
QI a d” all [~3
1939891 nAguALTLNUATU AETINAN
Sasay
100.00 —
89.85 89.73
9000 | 8431 82.81 87.89 85.01
0.51 80.74

80.00 + 77.85 7116

70.00 67.24

30.00 4 7.79

50.00

40.00

30.00

20.00 4

10.00

0.00 —

1 2 3 4 5 7
WUUE
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Accuracy tasgaluuuusi 3 An 1.96%
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I~ 1 ¥ v @ ! dl
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3117 4.3 neuassnisilFauiaunanisnsar AN AT Ag

= a X Aaa = y
18983 nAguANAINNUNINTLNAQN-> RagnaTng

v
T8RS

98.80
10000 - 9759 97.59 98-80 97.59 9539

90.00
80.00
70.00
60.00 4
50.00
40.00
30.00
20.00 +

10.00

0.00

90.36 9157

87.95
84.34

71.08

63.86
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4 5 7
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Producer's accuracy
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100.00 JBEAT
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75
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Producr's accuracy
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4.2 msmsamANNlanunlasas@idnaguaulunNunsas

4.2.1 nmsasramiAnNilasunilasasd@slnaguaulununsdas

An Overall Accuracy aeuaNsaeuuasau@enaguAnTimNnzax
rasdeyaninuaf1cluiundassi1e] wazA1 Producer's Accuracy 289
dl QI a 2 aa a o o
ANl AdLdasreIdednAquAn wAf8dENITREAAUALNIIATIAUN

pNias L asresdelnaguanly 4.1.1

A119N 4.6 memmmwmmeﬂﬂﬁﬂuuﬂmﬁmmmmm%’mﬂ@mwm@rﬁm

TN WazANANgNFBIanNA lULARTILLWA

gaLANN T Aeu AR v ay AN Overall Accuracy (58818%)
LA\ | AT 1 | Wuia 2 | A 3 | Wuia 4 | Auiin 1 | Wi 2 | w3 | Wi 4
1 8.76 5.18 13.90 25870 57.14 47.56 61.17 67.47
2 3.54 4.71 4.85 5.95 78.57 70.73 79.12 78.31
3 7.65 4.62 8.31 11.22 90.82 84.15 87.47 92.77
4 21.29 17.49 18.70 22.18 74.49 82.93 60.96 77.11
5 20.66 8.26 21.41 25.38 75.00 79.27 79.54 91.57
7 8.08 8.34 11.70 12.37 81.12 82.93 79.75 89.16

FI13N 4.7 WARAN Producer’'s Accuracy 18dn1aiasuutlasluwsiaziuuivesiuitionsie

(Mawasuutlasanivuningnagu-> guawadslgnad)

LA
5 1 2 3 4 5 7
WNUNT

1 100.00 | 100.00 | 100.00 | 66.67 66.67 100.00
2 100.00 | 100.00 | 100.00 | 84.62 100.00 | 92.31
3 2.08 97.92 95.83 60.42 83.33 91.67
4 88.89 88.89 100.00 | 44.44 88.89 88.89




F1379% 4.8 WARIAT Producer's Accuracy 2eanaiasuudasluusiazuuusaasivuiicassinge

a X Ao . 5
(Malaguudasaninuninolnagu-> uwaeu)

o

LLUAN
& A
NUNN

1 2 3 4 5 7
1 50.00 33.33 50.00 100.00 | 100.00 | 83.33
2 60.00 60.00 80.00 100.00 | 100.00 | 100.00
3 75.00 50.00 41.67 100.00 | 100.00 | 66.67
4 0.00 0.00 0.00 100.00 | 100.00 0.00

FI1999 4.9 UARAN Producer's Accuracy 284n19iasuutladluwsiaziuusaesiuitiaesie

(Malasuilasangnuuale -> ldiudnilznds)

ol

LLUAN
& A
NUNN

1 2 S 4 5 7
1 20.00 30.00 80.00 100.00 | 100.00 | 50.00
2 0.00 0.00 100.00 | 100.00 | 100.00 | 100.00
3 85.71 28.57 71.43 71.43 14.29 28.57
4 0.00 100.00 | 100.00 0.00 0.00 50.00

F19W7 4.10 LAAIAT Producer's Accuracy 2N aitlasuutasluusaziuniaasnuieas s

(Maasulasangauua s -> @9ue19ni3n)

ol

LULAN
& A4
NUNN

1 2 3 4 5 7
1 0.00 40.00 100.00 | 60.00 80.00 60.00
0.00 100.00 | 100.00 | 100.00 0.00 100.00
76.19 57.14 956.24 57.14 52.38 57.14

A W|DN
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;13797 4.11 UARAYAN Producer’s Accuracy esnsilasnulasluusazuuusaasnuieassinge

(Malasuulasannlssiudniznas -> gaqueananin)

LLLAN
P 1 2 3 4 5 7
WUNT

1 0.00 100.00 | 100.00 | 100.00 | 100.00 | 66.67
2 33.33 66.67 100.00 | 100.00 | 100.00 | 100.00
3 88.89 77.78 94.44 55.56 55.56 77.78
4 0.00 100.00 | 100.00 0.00 50.00 50.00

F1979% 4.12 UARAIAN Producer’s Accuracy 2an1siasnutlasluusazuuusaasinuieassnge

(Maasuulasannundng -> lfiudnilznaq)

WLILAN
P 1 2 3 4 5 7
NN
1 8.33 33.33 91.67 100.00 100.00 83.33
2 75.00 75.00 100.00 100.00 100.00 100.00
3 0.00 0.00 100.00 100.00 100.00 100.00
4 0.00 0.00 100.00 100.00 100.00 100.00

FI1999 4.13 WARIAN Producer’s Accuracy 2adnaiasnutlasluusazuuusaasinuieiassinge

(M3lasulasannundng -> gaunald)

LA
5 0 1 2 3 4 5 7
WU
1 0.00 80.00 100.00 100.00 100.00 100.00
2 33.33 33.33 100.00 100.00 66.67 100.00
3 100.00 66.67 100.00 100.00 100.00 100.00
4 0.00 20.00 60.00 100.00 100.00 100.00
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F1379% 4.14 UARAYAT Producer’s Accuracy e siasnulasluusazuuusaasnuieassinge

(Maulaauulasannuidng-> wids)

LA
5 0 1 2 3 4 5 7
WUNT
1 0.00 57.14 100.00 100.00 100.00 100.00
2 100.00 100.00 100.00 100.00 100.00 100.00
3 100.00 606.67 100.00 100.00 100.00 100.00
4 0.00 0.00 100.00 60.00 100.00 100.00

F1979% 4.15 UARAIAN Producer's Accuracy 2asnailasnutlasluusazuuusaasnuieassinge

(Madasuudasarnundralndnisiiuinen-> widnscaziasoisiulm)

LA
5 1 2 3 4 5 7
WUNT
1 25.00 50.00 87.50 100.00 100.00 100.00
2 66.67 5417 79.17 87.50 95.83 7917
3 90.48 14.29 90.48 95.24 90.48 90.48
4 0.00 80.00 100.00 100.00 100.00 100.00

F1979% 4.16 UARAIAN Producer’s Accuracy 2aansilasuutlasluusazuuusaasinuieassnge

(Maasulasanivunmudnaan -> lfsiudnlznag)

LA
[Py 1 2 3 4 5 7
WUNT
1 70.59 88.24 97.06 38.24 50.00 91.18
2 100.00 100.00 100.00 0.00 100.00 100.00
3 94.44 83.33 91.67 38.89 88.89 83.33
4 . . B, , . .




F1379% 4.17 UARAYAT Producer’s Accuracy e silasnulasluusazuuusaasnuieassinge

1 v 1
(M3lasulasannivunmudinalan -> aaunals)

=
WA
X Jd 1
WUNT

2 3 4 5 7
1 64.71 88.24 100.00 | 64.71 70.59 94.12
2 50.00 50.00 100.00 | 100.00 | 100.00 | 100.00
3 87.10 80.65 87.10 35.48 80.65 83.87
4 0.00 100.00 | 100.00 0.00 0.00 100.00
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NIANUIN A

A1579 A-1 WAANATANYNARIVAUNA (Overall Accuracy), TattaANsitlasuLlasUNzan (Optimum Threshold) uas

' % ' , al o tY 2 ' a v % a v (% a 1%
mm’mgnmmtmazﬂizmw (Producer’s Accuracy) ‘VIﬂ'\u’?mvl,ﬂ“ll’ﬂ\'ﬁl'ﬂﬂﬂﬂ'lwNﬂﬁqﬂﬂﬂiﬁﬂﬁqﬂm’ﬂﬂﬂﬂq‘wwN'\uﬂ'\‘iﬂ’iuLLﬂL%\?ﬂﬂ‘HLLﬂ’J

ANDEULUNIATIIN 16.648

ludr9Aaun 1

Accuracy Indices 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
yy 459 417 380 347 306 268 236 217 201 182 167 142 127 109 101 84 71
ny 67 109 146 179 220 258 290 309 325 344 359 384 399 417 425 442 455
nn 272 304 318 324 328 332 336 338 340 341 341 341 341 341 341 341 341
yn 69 37 23 17 13 9 5 3 1 0 0 0 0 0 0 0 0
%Producer 's Accuracy
87.26 | 79.28 | 72.24 | 65.97 | 58.17 | 50.95 | 44.87 | 41.25 | 38.21 | 34.60 | 31.75 | 27.00 | 24.14 | 20.72 | 19.20 | 156.97 | 13.50
for Changed
%Producer 's Accuracy
79.77 | 89.15 | 93.26 | 95.01 | 96.19 | 97.36 | 98.53 | 99.12 | 99.71 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
for Unchanged
%User 's Accuracy for
86.93 | 91.85 | 94.29 | 95.33 | 9592 | 96.75 | 97.93 | 98.64 | 99.50 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Changed
%User 's Accuracy for
80.24 | 73.61 | 68.53 | 64.41 | 59.85 | 56.27 | 53.67 | 52.24 | 5113 | 49.78 | 48.71 | 47.03 | 46.08 | 44.99 | 44.52 | 43.55 | 42.84
Unchanged
%Overall Accuracy 84.31 | 83.16 | 80.51 | 77.39 | 73.13 | 69.20 | 65.97 | 64.01 | 62.40 | 60.32 | 58.59 | 55.71 | 53.98 | 51.90 | 50.98 | 49.02 | 47.52

ANANONABITIIUNAZGIRA AD 84.31

PAUANITL AL ULLAINNNIZEN 0.4 x 16.648 = 6.659

201



A5 A-2 WAAIATANDNABINIUNA (Overall Accuracy), TaLtaANSTIUAEULURINLUNIZAN (Optimum Threshold) WAz

AIANGNARIUsiazLlsELAN (Producer's Accuracy) AU LALRITRYANMWHARNTIATINANTRYANWAEIUNNTUT UL TIARULAT

ﬁi’]LﬁEl\‘ILi.luNWﬁlﬁ‘g’]u 7.267

ludaapaun 2

Accuracy Indices 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
yy 474 459 433 414 404 383 369 355 341 317 288 267 248 240 224 211 198
ny 52 67 93 112 122 143 1577 171 185 209 238 259 278 286 302 315 328
nn 240 257 283 299 314 321 325 329 330 333 334 334 335 335 335 338 340
yn 101 84 58 42 27 20 16 12 ikl 8 7 7 6 6 6 3 1
%Producer 's Accuracy
90.11 | 87.26 | 82.32 | 78.71 | 76.81 | 72.81 | 70.15 | 67.49 | 64.83 | 60.27 | 54.75 | 50.76 | 47.15 | 45.63 | 42.59 | 40.11 | 37.64
for Changed
%Producer 's Accuracy
70.38 | 75.37 | 82.99 | 87.68 | 92.08 | 94.13 | 95.31 | 96.48 | 96.77 | 97.65 | 97.95 | 97.95 | 98.24 | 98.24 | 98.24 | 99.12 | 99.71
for Unchanged
%User 's Accuracy for
82.43 | 84.53 | 88.19 | 90.79 | 93.74 | 95.04 | 95.84 | 96.73 | 96.88 | 97.54 | 97.63 | 97.45 | 97.64 | 97.56 | 97.39 | 98.60 | 99.50
Changed
%User 's Accuracy for
8219 | 79.32 | 75.27 | 72.75 | 72.02 | 69.18 | 67.43 | 65.80 | 64.08 | 61.44 | 58.39 | 56.32 | 54.65 | 53.95 | 52.59 | 51.76 | 50.90
Unchanged
%Overall Accuracy 82.35 | 82.58 | 82.58 | 82.24 | 82.81 | 81.20 | 80.05 | 78.89 | 77.39 | 7497 | 71.74 | 69.32 | 67.24 | 66.32 | 64.48 | 63.32 | 62.05

ANANYNABIISUNAZGIGA AR 82.81

PAUWANFL AL ULUAINIUNNZEN 0.8 X 7.267 = 5.814

g0l



A5 A-3 WARIATANDNABINIUNA (Overall Accuracy), TaLtaANSIUAEULURINLUNIZAN (Optimum Threshold) WAz

AIANGNARIUsiazLlsELAN (Producer's Accuracy) AU LALRITRYANMWHARNTIATINANTRYANWAEIUNNTUT UL TIARULAT

ﬁWLﬁHQLUHN’]M‘J‘ﬁ’]u 11.848

ludaepaun 3

Accuracy Indices 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
yy 517 509 504 492 487 475 460 442 431 416 404 385 368 349 333 325 302
ny 9 17 22 34 39 51 66 84 95 110 122 141 158 177 193 201 224
nn 180 223 253 271 292 304 313 320 321 323 324 325 326 329 331 333 335
yn 161 118 88 70 49 37 28 21 20 18 17 16 15 12 10 8 6
%Producer 's Accuracy
98.29 | 96.77 | 95.82 | 93.54 | 92.59 | 90.30 | 87.45 | 84.03 | 81.94 | 79.09 | 76.81 | 73.19 | 69.96 | 66.35 | 63.31 | 61.79 | 57.41
for Changed
%Producer 's Accuracy
52.79 | 65.40 | 74.19 | 79.47 | 8563 | 89.15 | 91.79 | 93.84 | 9413 | 94.72 | 95.01 | 95.31 | 9560 | 96.48 | 97.07 | 97.65 | 98.24
for Unchanged
%User 's Accuracy for
76.25 | 81.18 | 85.14 | 87.54 | 90.86 | 92.77 | 94.26 | 95.46 | 9557 | 95.85 | 9596 | 96.01 | 96.08 | 96.68 | 97.08 | 97.60 | 98.05
Changed
%User 's Accuracy for
9524 | 92.92 | 92.00 | 88.85 | 88.22 | 8563 | 82.59 | 79.21 | 7716 | 74.60 | 72.65 | 69.74 | 67.36 | 65.02 | 63.17 | 62.36 | 59.93
Unchanged
%Overall Accuracy 80.39 | 84.43 | 87.31 | 88.00 | 89.85 | 89.85 | 89.16 | 87.89 | 86.74 | 85.24 | 83.97 | 81.89 | 80.05 | 78.20 | 76.59 | 75.89 | 73.47

ANANNYNFABNINUNAZNEA AD 89.85

2aUANTL AL ULUIAINIMNNZEN 0.8 x 11.848 = 10.700

601l



A5 A-4 WARIATANDNABINIUNA (Overall Accuracy), TautaAMSUAEULURINLUNIZEN (Optimum Threshold) WAz

AIANGNARIUsiazLlsELAN (Producer's Accuracy) AU LALRITRYANMWHARNTIATINANTRYANWAEIUNNTUT UL TIARULAT

ANDEULUNINTTIN 14114

ludaepaun 4

Accuracy Indices 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.8 1.9 2.0
yy 477 460 433 413 390 369 341 322 305 283 255 230 21 189 138 130 118
ny 49 66 93 113 136 1157 185 204 221 243 271 296 315 337 388 396 408
nn 100 133 171 204 227 248 271 285 295 299 310 315 318 327 335 336 336
yn 241 208 170 137 114 93 70 56 46 42 31 26 23 14 6 5 5
%Producer 's Accuracy
90.68 | 87.45 | 82.32 | 78.52 | 7414 | 70.15 | 64.83 | 61.22 | 57.98 | 53.80 | 48.48 | 43.73 | 40.11 | 35.93 | 26.24 | 24.71 | 22.43
for Changed
%Producer 's Accuracy
29.33 | 39.00 | 50.15 | 59.82 | 66.57 | 72.73 | 79.47 | 83.58 | 86.51 | 87.68 | 90.91 | 92.38 | 93.26 | 95.89 | 98.24 | 98.53 | 98.53
for Unchanged
%User 's Accuracy for
66.43 | 68.86 | 71.81 | 75.09 | 77.38 | 79.87 | 82.97 | 85.19 | 86.89 | 87.08 | 89.16 | 89.84 | 90.17 | 93.10 | 95.83 | 96.30 | 95.93
Changed
%User 's Accuracy for
67.11 | 66.83 | 64.77 | 64.35 | 6253 | 61.23 | 59.43 | 58.28 | 57.17 | 55.17 | 53.36 | 51.55 | 50.24 | 49.25 | 46.33 | 45.90 | 45.16
Unchanged
%Overall Accuracy 66.55 | 68.40 | 69.67 | 71.16 | 71.16 | 71.16 | 70.59 | 70.01 | 69.20 | 67.13 | 65.17 | 62.86 | 61.01 | 59.52 | 54.56 | 53.75 | 52.36

ANANNYNFABNINUNAZNEA AD 71.16

PAUANITIL AL ULUAINNNIZEN 0.7 x 14.114 = 9.880

oLl



A5 A-5 WARIATANDNABINIUNA (Overall Accuracy), TautaAMSIUAEULURINLUNIZAN (Optimum Threshold) WAz

AIANGNARIUsiazLlsELAN (Producer's Accuracy) AU LALRITRYANMWHARNTIATINANTRYANWAEIUNNTUT UL TIARULAT

ﬁi’]LﬁEl\‘lLﬁ_luﬁﬂﬁlﬁ‘g’]u 22.632

ludaeanaun 5

Accuracy Indices 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
yy 486 473 468 452 445 429 416 402 389 369 354 344 324 308 296 277 259
ny 40 53 58 74 81 < 110 124 137 157 172 182 202 218 230 249 267
nn 224 246 261 276 292 300 308 313 317 321 325 328 329 330 333 335 337
yn 117 95 80 65 49 41 33 28 24 20 16 13 12 1" 8 6 4
%Producer 's Accuracy
92.40 | 89.92 | 88.97 | 85.93 | 84.60 | 81.56 | 79.09 | 76.43 | 73.95 | 70.15 | 67.30 | 65.40 | 61.60 | 58.56 | 56.27 | 52.66 | 49.24
for Changed
%Producer 's Accuracy
65.69 | 72.14 | 76.54 | 80.94 | 8563 | 87.98 | 90.32 | 91.79 | 9296 | 94.13 | 95.31 | 96.19 | 96.48 | 96.77 | 97.65 | 98.24 | 98.83
for Unchanged
%User 's Accuracy for
80.60 | 83.27 | 85.40 | 87.43 | 90.08 | 91.28 | 92.65 | 93.49 | 9419 | 94.86 | 95.68 | 96.36 | 96.43 | 96.55 | 97.37 | 97.88 | 98.48
Changed
%User 's Accuracy for
84.85 | 82.27 | 81.82 | 78.86 | 78.28 | 7557 | 73.68 | 71.62 | 69.82 | 67.15 | 65.39 | 64.31 | 61.96 | 60.22 | 59.15 | 57.36 | 55.79
Unchanged
%Overall Accuracy 81.89 | 82.93 | 84.08 | 83.97 | 85.01 | 84.08 | 83.51 | 8247 | 81.43 | 7958 | 78.32 | 77.51 | 75.32 | 73.59 | 72,55 | 70.59 | 68.74

ANANYNABITIIUNAZIRA AD 85.01

PAUANITIL AL ULLIAININNIZEN 0.8 x 22.632 = 18.108

LLL



A5 A-6 WARIATANDNABINIUNA (Overall Accuracy), TaLtaANSIUAEULURINLUNIZAN (Optimum Threshold) WAz

AIANGNARIUsiazLlsELAN (Producer's Accuracy) AU LALRITRYANMWHARNTIATINANTRYANWAEIUNNTUT UL TIARULAT

mlﬁmmummﬁm 12.930

ludaeanaun 7

Accuracy Indices 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
yy 497 493 489 479 475 468 449 432 418 399 383 371 355 339 324 306 280
ny 29 33 37 47 51 58 77 94 108 127 143 155 171 187 202 220 246
nn 247 265 279 291 303 306 309 309 312 316 319 321 325 328 329 329 330
yn 94 76 62 50 38 35 32 32 29 25 22 20 16 13 12 12 1"
%Producer 's Accuracy
94.49 | 93.73 | 92.97 | 91.06 | 90.30 | 88.97 | 85.36 | 82.13 | 7947 | 7586 | 72.81 | 70.53 | 67.49 | 64.45 | 61.60 | 58.17 | 53.23
for Changed
%Producer 's Accuracy
7243 | 77.71 | 81.82 | 85.34 | 88.86 | 89.74 | 90.62 | 90.62 | 91.50 | 92.67 | 93.55 | 94.13 | 95.31 | 96.19 | 96.48 | 96.48 | 96.77
for Unchanged
%User 's Accuracy for
84.09 | 86.64 | 88.75 | 90.55 | 92.59 | 93.04 | 93.35 | 93.10 | 93.51 | 9410 | 94.57 | 94.88 | 95.69 | 96.31 | 96.43 | 96.23 | 96.22
Changed
%User 's Accuracy for
89.49 | 88.93 | 88.29 | 86.09 | 85.59 | 84.07 | 80.05 | 76.67 | 74.29 | 71.33 | 69.05 | 67.44 | 65.52 | 63.69 | 61.96 | 59.93 | 57.29
Unchanged
%Overall Accuracy 85.81 | 87.43 | 88.58 | 88.81 | 89.73 | 89.27 | 87.43 | 85.47 | 84.20 | 8247 | 80.97 | 79.82 | 7843 | 76.93 | 75.32 | 73.24 | 70.36

ANIAYNYNABITINNALNER AE 89.73

PAUANITIU AL UL AN UNZEN 0.8 x 12.930 = 10.344

Zll



A5 A-7 WAAIATANDNABINIUNA (Overall Accuracy), TautaAMSIUAEULURINLUNIZAN (Optimum Threshold) WAz

ANAMNYNABILEAzLsZLAN (Producer's Accuracy) NiANuanilATRITaNANNAAANNAS 9 NTagan Wi L umMsUsuuniginay

ﬂ'%ﬁmmummgm 18.652

ludaapaun 1

Accuracy Indices 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
yy 265 235 210 191 1744 159 144 135 126 115 107 103 100 100 95 90 85
ny 261 291 316 335 349 367 382 391 400 411 419 423 426 426 431 436 441
nn 153 209 279 310 314 328 331 334 335 337 337 339 339 340 340 341 341
yn 188 132 62 31 27 13 10 7 6 4 4 2 2 1 1 0 0
%Producer 's Accuracy
50.38 | 44.68 | 39.92 | 36.31 | 33.65 | 30.23 | 27.38 | 25.67 | 23.95 | 21.86 | 20.34 | 19.58 | 19.01 | 19.01 | 18.06 | 17.11 | 16.16
for Changed
%Producer 's Accuracy
4487 | 61.29 | 81.82 | 90.91 | 92.08 | 96.19 | 97.07 | 97.95 | 9824 | 98.83 | 98.83 | 99.41 | 99.41 | 99.71 | 99.71 | 100.00 | 100.00
for Unchanged
%User 's Accuracy for
58.50 | 64.03 | 77.21 | 86.04 | 86.76 | 92.44 | 93.51 | 95.07 | 9545 | 96.64 | 96.40 | 98.10 | 98.04 | 99.01 | 98.96 | 100.00 | 100.00
Changed
%User 's Accuracy for
36.96 | 41.80 | 46.89 | 48.06 | 47.36 | 47.19 | 46.42 | 46.07 | 4558 | 45.05 | 44.58 | 44.49 | 44.31 | 44.39 | 4410 | 43.89 | 43.61
Unchanged
%Overall Accuracy 48.21 | 51.21 | 56.40 | 57.79 | 56.63 | 56.17 | 54.79 | 54.09 | 53.17 | 52.13 | 51.21 | 50.98 | 50.63 | 50.75 | 50.17 | 49.71 | 49.13

ANIAYNYNABITINNALNER AE 57.79

PAUIANIT AL UL AN UNZEN 0.7 x 18.652 = 13.056

Ll



A5 A-8 WARIATANDNABINIUNA (Overall Accuracy), TaLtaAMSIUAEULURINLUNIZAN (Optimum Threshold) WAz

ANAMNYNABILEAzLsZLAN (Producer's Accuracy) NiANuanilATRITaNANNAAANNAS 9 NTagan Wi L umMsUsuuniginay

ﬁqLﬁﬂQLUMN’]lﬁlﬁ‘g’]u 8.577

ludaanaun 2

Accuracy Indices 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
yy 429 405 379 346 318 318 290 264 248 229 215 207 207 194 184 167 159 142
ny 97 121 147 180 208 208 236 262 278 297 311 319 319 332 342 359 367 384
nn 207 265 296 314 322 322 327 328 330 333 336 336 336 337 340 340 340 340
yn 134 76 45 27 19 19 14 13 W 8 5 5 5 4 1 1 1 1
%Producer 's Accuracy
81.56 | 77.00 | 72.05 | 65.78 | 60.46 | 60.46 | 55.13 | 50.19 | 47.15 | 43.54 | 40.87 | 39.35 | 39.35 | 36.88 | 34.98 | 31.75 | 30.23 | 27.00
for Changed
%Producer 's Accuracy
60.70 | 77.71 | 86.80 | 92.08 | 94.43 | 94.43 | 95.89 | 96.19 | 96.77 | 97.65 | 98.53 | 98.53 | 98.53 | 98.83 | 99.71 | 99.71 | 99.71 | 99.71
for Unchanged
%User 's Accuracy for
76.20 | 84.20 | 89.39 | 92.76 | 94.36 | 94.36 | 95.39 | 95.31 | 95.75 | 96.62 | 97.73 | 97.64 | 97.64 | 97.98 | 99.46 | 99.40 | 99.38 | 99.30
Changed
%User 's Accuracy for
68.09 | 68.65 | 66.82 | 63.56 | 60.75 | 60.75 | 58.08 | 55.59 | 54.28 | 52.86 | 51.93 | 51.30 | 51.30 | 50.37 | 49.85 | 48.64 | 48.09 | 46.96
Unchanged
%Overall Accuracy 73.36 | 77.28 | 77.85 | 76.12 | 73.82 | 73.82 | 71.16 | 68.28 | 66.67 | 64.82 | 63.55 | 62.63 | 62.63 | 61.25 | 60.44 | 58.48 | 57.55 | 55.59

ANAYNYNABITINNALNER AE 77.85

d o
PLLAFNITILU AU AN AN

0.5x8.577 =4.289

FlLl



A5 A-9 WARIAIANDNABINIUNA (Overall Accuracy), TaLtaANSIUAEULURINLUNIZAN (Optimum Threshold) WAz

ANAMNYNABILEAzLsZLAN (Producer's Accuracy) NiANuanilATRITaNANNAAANNAS 9 NTagan Wi L umMsUsuuniginay

ml,ﬁmmummgm 14.005

ludaapaun 3

Accuracy Indices 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
yy 510 494 487 466 452 438 422 409 385 370 355 336 326 293 281 265 240
ny 16 32 39 60 74 88 104 117 141 156 171 190 200 233 245 261 286
nn 167 249 268 296 307 313 321 323 324 324 328 330 331 332 335 335 337
yn 174 92 73 45 34 28 20 18 17 17 13 1" 10 9 6 6 4
%Producer 's Accuracy
96.96 | 93.92 | 92.59 | 88.59 | 85.93 | 83.27 | 80.23 | 77.76 | 73.19 | 70.34 | 67.49 | 63.88 | 61.98 | 55.70 | 53.42 | 50.38 | 45.63
for Changed
%Producer 's Accuracy
48.97 | 73.02 | 78.59 | 86.80 | 90.03 | 91.79 | 94.13 | 94.72 | 95.01 | 95.01 | 96.19 | 96.77 | 97.07 | 97.36 | 98.24 | 98.24 | 98.83
for Unchanged
%User 's Accuracy for
7456 | 84.30 | 86.96 | 91.19 | 93.00 | 93.99 | 9548 | 95.78 | 95.77 | 95.61 | 96.47 | 96.83 | 97.02 | 97.02 | 97.91 | 97.79 | 98.36
Changed
%User 's Accuracy for
91.26 | 88.61 | 87.30 | 83.15 | 80.58 | 78.05 | 75.53 | 73.41 | 69.68 | 67.50 | 65.73 | 63.46 | 62.34 | 58.76 | 57.76 | 56.21 | 54.09
Unchanged
%Overall Accuracy 78.09 | 85.70 | 87.08 | 87.89 | 87.54 | 86.62 | 85.70 | 84.43 | 81.78 | 80.05 | 78.78 | 76.82 | 75.78 | 72.09 | 71.05 | 69.20 | 66.55

ANAYNYNABITINNAZNER AE 87.89

d o
PLLAFNITILU AU AN AN

0.5x14.005 = 7.003

Sl



A5 A-10 WAAIATAINONABINGUNA (Overall Accuracy), TautanMsilasullasfLunnzan (Optimum Threshold) WAz

ANAMNYNABILEAzLSZLAN (Producer's Accuracy) NiANuanilATRITaNANNAAANNAS NN Taganm Wi L umMsUsuunidanay

ludaeapaun 4

ﬂ'%ﬁmmummgm 17.016

Accuracy Indices 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
yy 442 423 397 386 368 347 336 330 301 279 267 254 223 210 184 161 136
ny 84 103 129 140 158 179 190 196 225 247 259 272 303 316 342 365 390
nn 66 100 133 156 187 27K 237 253 275 292 298 310 319 321 324 331 333
yn 275 241 208 185 154 130 104 88 66 49 43 31 22 20 17 10 8
%Producer 's Accuracy
84.03 | 80.42 | 75.48 | 73.38 | 69.96 | 65.97 | 63.88 | 62.74 | 57.22 | 53.04 | 50.76 | 48.29 | 42.40 | 39.92 | 34.98 | 30.61 | 25.86
for Changed
%Producer 's Accuracy
19.35 | 29.33 | 39.00 | 45.75 | 54.84 | 61.88 | 69.50 | 74.19 | 80.65 | 85.63 | 87.39 | 90.91 | 93.55 | 94.13 | 95.01 | 97.07 | 97.65
for Unchanged
%User 's Accuracy for
61.65 | 63.70 | 65.62 | 67.60 | 70.50 | 72.75 | 76.36 | 78.95 | 82.02 | 85.06 | 86.13 | 89.12 | 91.02 | 91.30 | 91.54 | 94.15 | 94.44
Changed
%User 's Accuracy for
44.00 | 49.26 | 50.76 | 52.70 | 54.20 | 54.10 | 55.50 | 56.35 | 55.00 | 54.17 | 53.50 | 53.26 | 51.29 | 50.39 | 48.65 | 47.56 | 46.06
Unchanged
%Overall Accuracy 58.59 | 60.32 | 61.13 | 62.51 | 64.01 | 64.36 | 66.09 | 67.24 | 66.44 | 65.86 | 65.17 | 65.05 | 62.51 | 61.25 | 58.59 | 56.75 | 54.09

ANANNYNFABNINUNAZNER AD 67.24 PeUANITLLALL AN zAN

1.1x17.016 = 18.718

all



A5 A-11 WAAIATANONARINGUNRA (Overall Accuracy), TautunMsilasullasiitunizan (Optimum Threshold) WAz

ANAMNYNABILEAzLSZLAN (Producer's Accuracy) NiANuanilATRITaNANNAAANNAS NN Taganm Wi L umMsUsuunidanay

ANDENLLUNN NTg1U 26.461

ludaeapaun 5

Accuracy Indices 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
yy 502 492 469 453 434 416 399 383 362 345 331 307 289 272 253 233 211
ny 24 34 57 73 92 110 127 143 164 181 195 219 237 254 273 293 315
nn 97 136 196 245 263 281 293 304 315 322 325 329 332 336 337 338 339
yn 244 205 145 96 78 60 48 37 26 19 16 12 9 5 4 3 2
%Producer 's Accuracy
95.44 | 93.54 | 89.16 | 86.12 | 82.51 | 79.09 | 75.86 | 72.81 | 68.82 | 65.59 | 62.93 | 58.37 | 54.94 | 51.71 | 48.10 | 44.30 | 40.11
for Changed
%Producer 's Accuracy
28.45 | 39.88 | 57.48 | 71.85 | 7713 | 82.40 | 85.92 | 89.15 | 92.38 | 94.43 | 95.31 | 96.48 | 97.36 | 98.53 | 98.83 | 99.12 | 99.41
for Unchanged
%User 's Accuracy for
67.29 | 70.59 | 76.38 | 82.51 | 84.77 | 87.39 | 89.26 | 91.19 | 93.30 | 94.78 | 95.39 | 96.24 | 96.98 | 98.19 | 98.44 | 98.73 | 99.06
Changed
%User 's Accuracy for
80.17 | 80.00 | 77.47 | 77.04 | 74.08 | 71.87 | 69.76 | 68.01 | 65.76 | 64.02 | 62.50 | 60.04 | 58.35 | 56.95 | 55.25 | 53.57 | 51.83
Unchanged
%Overall Accuracy 69.09 | 72.43 | 76.70 | 80.51 | 80.39 | 80.39 | 79.82 | 79.24 | 78.09 | 76.93 | 75.66 | 73.36 | 71.63 | 70.13 | 68.05 | 65.86 | 63.44

v
ANANNYNFIENTININAGIAR AR 80.51

PAUANFILALULLAIANNNZEN 0.4 x 26.461 = 13.231

2L



A9 A-12 WAAIATAINYNARINIUNA (Overall Accuracy), 2auiamnIsilasunilasnuuizas (Optimum Threshold) waz

' £ ' , al o @ @ Al Y % ay 1 o o =i
ﬂqﬂqqugﬂﬂ’ﬂ\illﬂﬂgﬂigkﬂﬂ (Producer’s Accuracy) 'VIﬂ'\u’?mvlm"ll’ﬂﬁ"llﬂﬂﬂﬂ'lwN@[5]']\'11/]@5"]\1@']?‘]"”@ﬂﬂﬂqW‘VIVLNN'luﬂqiﬂiULLﬂ L%\iﬂﬂu

ANDEULUNIATFIN 14,981

lud9Aaun 7

Accuracy Indices 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
yy 503 492 482 458 452 422 409 384 370 351 336 302 290 265 253 230 223
ny 23 34 44 68 74 104 117 142 156 175 190 224 236 261 273 296 303
nn 66 140 175 221 246 278 288 299 309 317 322 325 327 332 334 334 335
yn 275 201 166 120 95 63 53 42 32 24 19 16 14 9 7 7 6
%Producer 's Accuracy
95.63 | 93.54 | 91.63 | 87.07 | 85.93 | 80.23 | 77.76 | 73.00 | 70.34 | 66.73 | 63.88 | 57.41 | 55.13 | 50.38 | 48.10 | 43.73 | 42.40
for Changed
%Producer 's Accuracy
19.35 | 41.06 | 51.32 | 64.81 | 72.14 | 81.52 | 84.46 | 87.68 | 90.62 | 92.96 | 94.43 | 95.31 | 95.89 | 97.36 | 97.95 | 97.95 | 98.24
for Unchanged
%User 's Accuracy for
64.65 | 71.00 | 74.38 | 79.24 | 82.63 | 87.01 | 88.53 | 90.14 | 92.04 | 93.60 | 94.65 | 94.97 | 95.39 | 96.72 | 97.31 | 97.05 | 97.38
Changed
%User 's Accuracy for
7416 | 80.46 | 79.91 | 76.47 | 76.88 | 72.77 | 71.11 | 67.80 | 66.45 | 64.43 | 62.89 | 59.20 | 58.08 | 55.99 | 55.02 | 53.02 | 52.51
Unchanged
%Overall Accuracy 65.63 | 72.90 | 75.78 | 78.32 | 80.51 | 80.74 | 80.39 | 78.78 | 78.32 | 77.05 | 75.89 | 72.32 | 71.16 | 68.86 | 67.70 | 65.05 | 64.36

ANANNYNFBIINUNAZNEA AD 80.74

4 o
PULUFNITUAB UL AN AN

0.7 x14.981=10.487

B8l
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