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A study on classification accuracy improvements using orthogonal
summation of posterior probabilities
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ABSTRACT : Improvements of classification accuracy are main issues in satellite image
classification. Considering the facts that multiple images in the same area are available, there
are needs on researches aiming improvements of classification accuracy using multiple data
sets. In this study, orthogonal summation method of Dempster-Shafer theory (theory of
evidence) is proposed as a multiple imagery classification method and posterior probabilities
and classification uncertainty are used in calculation process. Accuracies of the proposed
method are higher than conventional classification methods, maximum likelihood
classification(MLC) of each data and MLC of merged data sets, which can be certified
through statistical tests of mean difference.
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AREIE Z80] o3t RRELE gaol B o7
<E 1> BRUHY 25§ ¥u
e ™ A dole $5 A8x SHER FES AMFESE ZREF FE=
- Hexg A AR &9 | Kappa | &9 | A4 A= | $99 | Kappa | &9 | 1A 8= | &9 | Kappa | &9
123 0.6588 41 | 04365 | 41 0.7549 42 | 05701 | 42 0.7769 39 {06016 | 41
124 0.7622 15 | 05704 | 16 0.7632 36 | 05774 | 39 0.7866 28 | 0.6156 | 31
125 0.7115 32 105071 32 0.7658 33 | 05877 | 28 0.7830 35 | 0.6156 | 29
127 0.6862 39 104734| 38 0.7551 41 | 05744 | 40 0.7745 41 | 06026 | 40
134 0.7454 24 105435 | 22 0.7608 39 | 05707 | 41 0.7848 30 | 06110 | 36
135 0.7101 34 |0.5040| 33 0.7681 29 | 0.5897 | 26 0.7836 34 | 06167 | 27
137 0.6870 38 | 04723 | 39 0.7600 40 | 0.5810 | 37 0.7766 40 | 0.6063 | 39
145 0.7571 21 | 0.5610| 21 0.7792 15 | 05997 | 16 0.7973 6 0.6313 8
147 0.7578 20 | 0.5654 | 20 0.7793 14 | 06027 | 11 0.7943 12 106292 | 12
157 0.7108 33 | 05003 | 35 0.7707 24 | 05884 | 27 0.7861 29 | 0.6183 | 26
e 234 0.7682 13 | 05787 | 13 0.7673 30 | 0.5834 | 34 0.7901 20 106210 | 20
b 235 0.7098 35 [0.5037 | 34 0.7699 26 | 05928 | 21 0.7907 18 | 0.6255 | 16
237 0.6873 37 | 04751 | 37 0.7623 37 | 0.5846 | 32 0.7841 32 | 0.6158 | 28
245 0.7756 7 105909 10 0.7821 7 0.6056 | 10 0.7976 5 0.6321 6
247 0.7784 3 105969 | 3 0.7829 6 | 06098 | 4 0.7953 10 | 0.6307 9
257 0.7207 29 |0.5157| 30 0.7661 32 | 0.5836 | 33 0.7841 31 | 06152 | 32
345 0.7456 23 | 05401 | 24 0.7741 20 | 05920 | 22 0.7874 26 | 0.6150 | 33
347 0.7372 25 |0.5281| 26 0.7728 22 | 05915 | 24 0.7821 36 | 0.6073 | 38
357 0.6855 40 | 04704 | 40 0.7653 34 | 0.5816 | 36 0.7679 42 | 05943 | 42
457 0.6246 42 | 03048 | 42 0.7759 18 | 0.5873 | 29 0.7889 22 | 0.6096 | 37
B 0.7210 0.5119 0.7688 0.5877 0.7856 0.6157
HEHA} 0.0415 0.0664 0.0083 0.0109 0.0077 0.0105
1234 0.7658 14 | 05771 | 14 0.7636 35 | 05778 | 38 0.7883 24 | 06191 | 25
1235 0.7207 29 | 05193 | 29 0.7700 25 | 0.5935 | 20 0.7892 21 | 0.6241 18
1237 0.7004 36 | 04925| 36 0.7609 38 | 0.5832 | 35 0.7814 37 | 06125 | 34
1245 0.7757 6 [05930] 7 0.7818 9 [ 06057 | 8 0.7964 8 | 06315 | 7
1247 0.7784 2 | 0.6001 1 0.7818 8 0.6087 7 0.7944 11 | 0.6304 | 10
1257 0.7247 28 | 05233 | 28 0.7670 31 | 0.5857 | 31 0.7838 33 | 0.6156 | 30
1345 0.7601 17 |1 0.5676 | 18 0.7747 19 | 0.5939 | 19 0.7909 17 | 0.6224 | 19
1347 0.7593 19 | 0.5685 | 17 0.7738 21 | 05947 | 18 0.7879 25 | 0.6192 | 24
. 1357 0.7150 31 05079 31 0.7685 28 | 0.5870 | 30 0.7809 38 | 06112 | 35
b 1457 0.7598 18 | 0.5656 | 19 0.7863 3 0.6089 6 0.8002 2 0.6357 3
2345 0.7732 11 [05879] 12 0.7799 13 1 06025 | 12 0.7958 9 106299 | 11
2347 0.7750 9 105923 8 0.7801 12 | 06057 | 9 0.7941 13 106291 | 13
2357 0.7298 27 | 05278 | 27 0.7699 27 | 05898 | 25 0.7885 23 | 0.6210 | 21
2457 0.7774 4 (05936 6 0.7881 1 0.6134 2 0.8007 1 0.6370 1
3457 0.7460 22 105410 23 0.7804 11 | 05995 | 17 0.7905 19 | 06193 | 22
kT 0.7508 0.5572 0.7751 0.5967 0.7909 0.6239
RFEHR} 0.0261 0.0355 0.0083 0.0107 0.0061 0.0081
12345 0.7724 12 | 0.5885 | 11 0.7788 16 | 0.6013 15 0.7940 14 | 0.6278 | 14
12347 0.7744 10 05939 § 0.7779 17 | 06025 | 13 0.7922 16 | 0.6271 | 15
12357 0.7324 26 |0.5324| 25 0.7710 23 | 0.5918 | 23 0.7869 27 106192 | 23
S 12457 0.7796 1 05994 | 2 0.7879 2 0.6137 1 0.7995 3 0.6364 2
b 13457 0.7621 16 | 0.5705 | 15 0.7810 10 | 0.6015 | 14 0.7932 15 | 0.6254 | 17
23457 0.7755 8 [05911] 9 0.7856 4 0.6099 3 0.7982 4 0.6334 4
Ha 0.7661 0.5793 0.7804 0.6035 0.7940 0.6282
XEHA 0.0175 0.0250 0.0060 0.0076 0.0045 0.0061
el = 123457 0.7764 S 105945 | 4 0.7848 5 0.6090 5 0.7970 7 0.6323 5
A A 0.7394 0.5397 0.7731 0.5937 0.7889 0.6208
) EFHAR} 0.0376 0.0578 0.00%0 0.0119 0.0074 0.0103
SPOT 123 0.7635
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<E 2> EFUY |andsat TM =& =] Ha: Ha 2 9
Landsat TM N ol BF AYE THER A= AAFEE ZAEEF JE=
EFRE | Gverall #9| kappa |9 | overall |9} | kappa |49]| overall |£9]| kappa |9
1 0.7402 3 0.5434 3 0.7718 5 0.5923 5 0.7885 5 0.6207 4
2 0.7458 2 0.5521 2 0.773 4 0.5948 4 0.7901 3 0.6232 2
3 0.7374 5 0.5387 4 0.7714 6 0.5916 6 0.7874 6 0.6188 6
4 0.7601 1 0.5655 1 0.7779 1 0.5988 1 0.793 1 0.6253 1
5 0.7397 4 0.5385 5 0.7759 2 0.5968 2 0.7905 2 0.6229 3
7 0.7362 6 0.5345 6 0.7744 3 0.5958 3 0.7886 4 0.6205 5
<E 3> 2RuHY |andsat TM 8= Z &5 hE Al BEFo)A SPOT XS Landsat
magy—t | 12|34 s 7| MAUEZR T AY 52 AHEE Y
AT o
= P = =3 Q.3 A
AEEF A o AL = = wl=zd
= 3 10| 6 5 7 1 5 6 S 3% O—IvE "]’E}]’H ~1—1:!L
257, 277 AREFAN 1 B 4
A9 10] 7 [ 8410|888 .
PET F5g veh)E We=xd 124579 0
=1 O
BRI S VTIPS gun angge <E 4> 2 (29 33
A9 10| 6 8 3 10| 9 6
S Chl 2o $RAde g sae B
st 8 |47 1]s]7| @z olaldy wusA
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AlEEtE Zlo| ofFt ERAST S| T g7
<E 4 ERUHY HD MAYHES UELE Z90 A8
N e R T B B I I P P R Y e IO
| BERES #H59) A=
TA) 290 350 1,600, 249 338 370| 2,031 5,228| 0.0907
24 5| 1011 12 13 6 3100 166 1,523 0.7450
= 137|  136| 24,565 3,393 3,131 128 6421| 37,911| 0.7801| Oyerail:
SPOT ™y 1) 87| 543 7,977 5151] 12,057 508 4,903| 31,226| 0.1957}0.7635
I\Z(LSC A 13| 51) 2,596| 3339| 88,915 283 4,351 99,548| 0.9340| Kappa:
227 0 311 9 2 99| 2,906/ 217| 3,544| 0.8735/0-5759
A 532| 2,402| 36,759 12,147| 104,546 4,505| 18,089(178,980 -
ANAABHE | 0.5451) 0.4209] 0.6683] 0.4241) 0.8505| 0.6451 - -
=4 414) 757 1,879 512|751 297 3.433| 8,043| 0.0898
a3 o 800 3 0 1 8 8|  820] 0.9852
= 33| 56| 24,1000 27720 6,576  624] 5,284| 39,445| 0.7055 Oyerall:
Landsat ) 1 ) 79| 774 7,804 5940 6432 97| 5,192| 26,318 0.2812/0.7796
MTiAC 2 6 0| 2,968 2918) 90,756 60| 4,053(100,761| 0.9385 Kappa:
A 0o 15 5 5 30 3,419 119] 3,593| 0.9842(0-5994
A 532| 2,402| 36,759 12,147| 104,546 4,505 18,089]178,980 -
AT | 0.7782] 0.3331] 0.6556] 0.4890 0.8681] 0.7589 - -
= A 403| 972 1,861  422] 646|761 3,805 8,870 0.0796
A o 541 1 0 0 2 1| 545 0.9945
= 19 41 23,101| 1462 1,666| 635 3,678| 30,602 0.8580| Oyerall:
3 w4 9) 1070  836| 9,268 65890 9,136] 96| 6,170| 32,503| 0.2616(0.7881
2R 243 3 2| 2,524 3,368 93,069 220 4,366/103,552 0.9383| Kappa:
=7 of 10 4 5 290 2,911 69| 2,908 0.9831[0-6134
A 532| 2,402| 36,759 12,147| 104,546 4,505| 18,089]178,980 -
AAAFEE | 0.7575] 0.2252| 0.6284| 0.5672 0.8902| 0.6195 - -
T 414) 676 1,773|  424| 685 373 3485 7,830/ 0.0953
A 2 1,118 14 10 12 239 93| 1,488 0.8014
= 31 34/25104 2233 3688 361 5000] 36460 07982 oo
A3 PIE ) 82| 477] 7,653| 6,677 8,082 141 5398| 28,510| 0.2889|) 7995
B A 3 2| 22090 2,798 92,036 104] 3,966(101,118| 0.9473 Kappa:
A 0 95 6 5 43| 3,287 138 3,574] 0.9566/0.6364
7 532| 2,402| 36,759 12,147] 104,546 4,505| 18,089178,980 -
ANARBE | 0.7782] 0.4654] 0.6829| 0.5497| 0.8803| 0.7296 - -
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AlEstE Zsto] o3t BRIST a0l B o1
=7t 23E A9 EF3Fz va g FFEF Lol B3 8ol
A GEPUER Landsat TM HiolEE A &S ©lv3lt) Landsat TMS ©502
43 BF A o] F =g st A o] &3 Ao vud W FgHoz A
o] A= AL U F YH<E 2> AAHITEE= 0.034, Kappa A5 0.054 3
Ax). AAZ BF Az A9 109 W AT 440 EHRAAT wnjEty)
o MEzFS AWRY, e 29 W= = s o] Wy 93 AZL gL
4= BE Ao TFH dder & FAHoEZ e AHFES HA 9
1091 =3 Ard, =2 & of MEXF 4579 A 15%F o AA
T W= ot fEAHeE XFEN e FE: Tl Aed, MExdd o
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