9 4 Vol @ Na 4
2005 7 JOURNAL OF REMOTE SENSNG July 2005
1007- 4619( 2005) 04 0405 08
x| Bk, EROE
( . , 100101)
— CART C4.5 ,
boosting  bagging ,
s MOD 1S250m
) (MIC) .
M 1G s CART C4.5
’ ; CART
boosting , 18. 36 25.6%.
; CART ; C4.5 ; boostng  bagging ; MODIS250m
TNO11 73 . A
M uchoney MOD S
1 [4]
3 ,
) / Joy ™
[5]
/
) . (6l
: ’ lkm ", 94.9%
NOAA /AVHRR ,
» MODIS 250m '81; 3
[9
, / ,
, NBAR ( Nadir BRDF-adjusted
H anson NOAA /AVHRR reflectance)
1°X1 ;
[
) 8km —
o (1) :
MOD S 1km (2)
;2004 04 06 . 2004 05 08
(KZCX+SW-01) (863 2003A A 131170)
(1974— ) . . 1996 .

... Fmaid luyh7414@ 163, can.



406
(3) ; ( ;
b )7 b
) BOIE]k v ’
[ 10
2.1.1
— CART ’
C4.5 s . , CART
boosting  bagging “ 1 i(N)
) ’ l(N) =0 )
, i(N) ;
(1) « ” (‘entropy i purity ),
2 ( infomation i purity):
i(N) == 2 P(w)) logP (w);) (1)
J
P((‘)/‘) N w;
( Root node— )9 ( 2) . “G ini ”’
( mhemal nodes— ) ( Tem mnal
nodes— ). .
’ ’ i) == 25P(@)P(0) =1-2 P (0)
7] J
— (2)
(CART ), “Gini 7 N
—C4.5
, N,
2.1 (CART)
CART ( C lassification and R egession ,
Tree) ) Breman

[ 17
2

( Bnay Tree stmuctured),

CART

AiN) =iN)-Pi(N,) - (1 =P, )i(Ng)

(3)
N Na s i(Ny)s i(Ng)
. P, T , N
N, , S
Ai(T)
2.1.2



407
b b b ( )’
(pruning ),
: CART , C4.5
cost = a- s'ze+2 i(n) (4) ’
é‘t b ’
@ ] C4.5 CART ( surrogate sp lit)
. Size ’
, o s « " [12]
2. in) :
2.3 ——boostng  bag
ging
(4) . 20 90
(1) s “ boosting
cost ( )L
(2) wst , wst
, AdaBoot ( adaptive
; , ) boosting—— )t boosting )
. AdaBOOt .
— ( coss s
Valﬂation)m . 16 s H
(10 fold cwss validaton), , )
10 ) 10 . AdaBOOt
R 9 , 1 [19 ”» ,
( valdation set), , ’
10
2.2 C4.5 ' : (121
— bagging
c4.5 , bootstrap agg regation ( )
“ (infomation gain ratio)” : n D
s n' (n<n) ,
(gan ratio) s
, «“ ” ( canponen t
CART « ” classifer). baggng “ 7

” CART “



408

Boosting

MOD IS 250m

b

(1979

[ 16]

(2)
3.1

(1995

3226

s

bagging
CART

b

2

MODIS 1km

2

)

1 400

1990— 1995

1100

1°100

4605

3.2

I[P DAAC ( Land Pmwcess

Distributed A ctive A rchive Center)  MOD S
: 2000 4 7 —14 MODBKS8

MOD09Q 1 (1— 2 250m )
MODO9A 1(3—7 500m )
2001 4 16
MOD 5250n MODI13A 1

1 1 —16 ,4 7 —22 ,7 12—27

: NDVI
Evi". EVI NDVI
[18] , ]VD VI [ 19] ,
EVI
1km DM ( )
(ALBERS), K rosovsky ,
250, 4725  X5543
16
, 7
’ 7 .

3 ( 7
94.2% ) , 4 EVI

o1 DEM 0—255

8 , :
DN DN —DN,in % 255
o DNma!( _DNm in
. DN ’ DNmiw DNmax

3.3
3.3.1

. 3226 3226
2800 2400 2000 1600 1200 800 400 8

, 1 8



4 MODIS 409
3 ( CARFGNI 1379 s
+ CARF Entropy +C4.5 ) — (MLC) ,
, L
1
Table1 The number of samples of each chss for various training sampks groups
335 287 253 204 168 128 83 39 143
349 298 259 222 172 126 86 48 149
573 498 425 355 285 205 133 75 246
505 431 370 317 246 190 135 75 216
652 589 485 405 333 246 158 68 280
228 193 175 125 120 91 75 31 97
254 220 196 158 117 91 51 24 109
330 284 237 214 159 123 79 40 139
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Fig 1 The overall classification accuracy of differen tm ethods
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Tablk 2 The can parison of structure for the two decision treem ethod s
3226 2800 2400 2000 1600 1200 800 400
109 95 103 74 82 85 59 38
81 76 69 69 58 81 55 30
CART-
Cii 0. 197 0. 207 0. 230 0 206 0. 235 0. 261 0. 283 0.318
0. 193 0. 200 0. 20 Q0 205 0.228 0. 258 0. 273 0.315
4 84. 4 83. 1 81.1 81. 8 79. 8 77. 8 75.1 72.2
cas 137 106 115 101 98 84 65 49
" 82.4 8L.5 82.6 79.2 80.7 79.2 76.1 73
2 R 3 CART boosting  bagging
, Table3 The camparison of chssificatibon accuracy for
CART-G ini , the addition ofboosting and bagging n CART
1200 3226 a
81 , 77.8%  84.4%; boosting bagging
C4.5 , 2400 3226 CART G i 84. 4 87.5 83. 1
137 115 , CART En tropy 84. 1 87.2 85.5
( 82.6%  82.4% ) MIC 2. 6
; (
) , , , CART boosting
2 . CARTG ini 3 » bagging
(cost) ( cross valiation) ’ CART G ini bagging
3 3226 2800 2400 83. 170,
, 84.4%%, ) MIC
, 28 19 80. 64
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4 MLC CART G ini CART G niboosting
Tabk 4 Chssificatibbn accuracy of MLC CART G niand CART G iniboosting

¥
MLC 46. 2 47.7 79.3 99.5 91. 8 72.2 99. 1 93.5 80.6
CARTG ini 36. 6 70. 5 72. 4 94.0 R. 6 85.6 97.2 95.0 84.4
Cﬁi&"; .7 66. 2 80. 6 97.7 ®. 3 97.8 97.3 95.7 87.5
s s s
18.5%  25.6% MIC 7 ,
. boosting ,
b
. MLC , .
s
4 :
MIC
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Research and Application of the Decision Tree C lassification
UsingMODISData

LU Y ong hong NU Zheng WANG Chang yao
( The S ueK @ Laboutoy of R anote Sarsing Science Institite of Ran ok Sensing App lica tions CAS B eijing 100101 China)

Abstract Decision tree classification algorithm s have significant potential in rem ote sensing data classification In this
research o popular decision tree algorithm s—— CART and C4.5 aw presented and o echniques known as boosting
and bagging in machine kaming area are introduced W e exan ned these methods to maxinize chssification accumcies
using these decisbn trees and techniques tomap land cover of Huabei ara in China fran MODIS 250n data The result
ndicates that decision tree wih abundance traning samples has higher classification acairacy han maximum lkelihood
classifieMLC ) in the land wver classificaton tesd whereas insufficient sanp ks resulied in a bw er accuracy for decision
tree than M IC. The wmesult also shows CART akorihm has more advantageous than C4.5 algoritm n classification
acauracy and tree stucture And the decision tree chssification accumcy depends on the optinal stmcture and pmuning
process W e also tested the behaviour of boosting and bagging techniques can bined with CART and the result shows that
adding boosting echnique b decision tree can increase classification accuracies by 18.5%5—25.6% br the poork
sepamble classes m M LC.

Key wonds decisbn tieg CART; C4.5 boosting and bagging hnd cover MODIS 250m



