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terrain areas. In the traditional change detection methods, the spectral features are the major information. Due to the lack of
the consideration of other information from structure, topography and other parameters, many false changes will be
introduced in the final detection results with a big uncertainty. To avoid the false change and overcome the influence from
terrain shadow and phenology differences, an object-oriented change detection method by combining multi-scale
segmentation and decision tree algorithm for complex terrain condition is proposed in this study. In the new method, firstly,
a series of spectrum information (i.e. reflectance, change vector intensity, NDVI) , shape information (i.e. area, length-
width ratio, shape index) and terrain parameters (i.e. elevation, slope, aspect) are calculated for change detection rules
construction. Secondly, the unchanged surfaces which are usually detected as the false changes due to the influence of
terrain shadow and phenology difference are extracted as training sample. Finally, the change detection rules are built
automatically by C5.0 decision tree algorithm. the proposed method is applied to Landsat-TM images acquired in 1989 and
2009 at Panxi region, the detection results indicate: (1) Over the mountainous area, the method can effectively reduce the
influence from topographic effect, and has a big improvement on detection accuracy with the overall accuracy of 93.57% and
Kappa coefficient of 0.8706 by validating ground reference samples and stratified random samples. (2) The C5.0 decision
tree algorithm performs well in terms of robustness and adaptability, which serves well in land cover classification with types
only labeled as “changed” and “unchanged” and highly heterogeneous training samples. Considering the false changes
result from topographic and phenological as “unchanged” training sample, the accuracy of change detection is improved
effectively. (3) Spectral features are the predominant information in analyzing TM images, and the NDVI differences
between the reference image and detected image is an effective indicator for change detection of land cover pattern in
vegetation coverage region. (4) The changes of land cover pattern in Panxi region from 1989 to 2009 were closely associated
with human activities. The typical driving forces of pattern change include returning farmland to forest policy, water
conservancy project, mining, urban sprawl and so on. The changed area amounted to 740.2 km®, accounting for 2.49% of

the total detected area.

Key Words: multiscale segmentation; decision tree algorithm; remote sensing images; change detection; Panxi region
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Fig.1 Overview of Panxi region
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Fig.2 Results of multiscale segmentation

MNIEL 2 v LAY Hb ) B 430 405 AT LU 7R L
WSEE SR T, 2 RS RIRAR T 8
SRR FEAKI N B SRR B Tk T re(H fE
BRI L B R ] 1Y) 22 545 6L, W R B Pk v L
S SR S BE . AR 28 Ak DX IR Y
A ENGE R InAnE, i 2 (a) B 2(h) FEIT A
IR s A A AR AR HS GO 25 5 8 K X 3 431
BEH ARk, Wi 2. (d) F K AR AR AR I
MM GRS 52 RESH, HIERET AR
FHH P — 2 AR S 508, Wiz S rh i 34 5
BEHLAE ) b —Seg g bl B e — ML & Z i i

REXZ, WK 2(b) TAKEE, 7E LA Image 2 =
50EI0E T T 2 o3 51 T R R Y BEER, AN RE
PRI Image 1 TP TR 2., IF H CRE AR X 22 192
JE , 25 R0 4 BB AGHI 235 SRt SHe S,
3.2 HUFyE

SEA TR ZH AR 28 Dy s M 3 A5 500 A Google
Earth &40 BE R A%, XK 5 52 1% S i A8 L i
“CRARE” N EAEA 393 4>, Hirb a8 4k 2 i Il 25
FEARE R 152 A, “ KA B Y ZrAe AR B0
241 4>, 7E eCognition H15EAY 2.2 5 IR FRE 944
HIFKH T A See5.0 PSRBT, [ 3h 2 Bz Jak

http ; //www.ecologica.cn



7228 S % 34 &
SR AL ARSI AL I WL IR 3,

NDVI_2009<0.2194

Diff NDVI>0.1343
Unchanged
=
|| mianig | |
CVI<5289.4

Diff NDVI<0.1343

B5_1989>631.05

Diff NDVI<-0.1775

Diff NDVI>-0.1775 ||
Diff NDVI<-0.0106

Changed
(106/2)
B2 2009>1228.3

Changed
VI>2932.1 =
(2/0)
Unchanged
<
CVI<2932.1 @) |

Changed
VS<0.8097 (2“50"
NDVI_1989>-0.0253
vs-08097 |(hal)
Changed i (34/0)

NDVI_1989<-0.0253

B2 2009<1228.3

Unchanged
(172/6)

B3_1989<922.04|

(25/1)

Changed
(7/0)

Unchanged
Diff NDVI>—0.0106 | (S
— (10/0)
3 REWR

Fig.3 Decision tree

NDVI_1989 FI NDVI_2009 53| &7~ % G2 75 Wi s A5 i I —fb Al 1 48 4 NDVI, B3_1989 %78 TM I BZ 3 7% 1989 45218 h i U 5 %, B2 _

IR HEEE IR IREA KL

M 3 BT, C5.0 5k A sl 0 P R A
8 MNMFAE 6 NN ERYAN 12 LM S, XU ZRREAR
M5 25 IE W5 R 382 A, M Bl 97.20% , Hov < A
A7 RN RABAE” YN ZRFEA 1) 53 25 B 43 531 98.02%
F196.68% , TEARTT kb, I Diff_NDVI=0.1343 7]
DL ZRREA — 3 g =, Horb Diff_NDVI>0.1343 #)
TR F LR AR FEAC, H 51 79.10% ; Diff
NDVI<0.1343 [ FH N EZAFE“ R A, H
HL IR 82.24% , R A H: th NDVI 22 B X% T 42 1k
HEARENXEE T, 78 DIff_NDVI>0.1343 (/1
gerh, FEE AR FEACKE AL Sy . (NDVI_2009
<0.2194) F1( B5_1989>631.05) ,iZh 0“8 fk” F 5
P AR ) AR G AR, L NDVI £ 2009 4F 195245
BN, ZFET R FEAS 2 B A L ]
5 AT 2R T 2800 B AR A, B NDVI A8 W 55
B 2 E RFERR (IR M IR & AR A4l T
TE Diff_ NDVI<0.1343 (F4EH, 2« LA K
TUELI A . (CVI<5289.4) Fl( Diff_ NDVI>-0. 1775) ,
ZRBEARTEWI SRS P I NDVI 227 R K (-0. 1775
<Diff_ NDVI<0.1343) , i3 [i] i 25 fH CVI % PR il
FE—E G Y, SO RS R 43 R AR L A SR B
Wk, PR A BEAS 2R IR BHA MR,

NDVI_2009 B i KF NDVI_1989, Diff_ NDVI —f& /N
T-0.2, I (CVI<5289.4) F1 ( Diff_NDVI <
-0.1775) F1(B2_2009 < 1228.3 ) 7] LK &8 4318 #f
ARSI SR, B2_2009 < 1228.3 F7n A8 9% 75 TM2
RSB, LA FELL CVL AL VS SR
(I AL, CVE R (8] VS 8/ B REAS 282k « Ap
7 2R AR X CVI(VS) B L 51E
FHAHAE

C5.0 PRI T 0 F A7 < AR fb” Fie R ARfE”
Wi LRI YNGR AR 1] 25 53 B I8 19 43 A7) 1 HUA S U
BEE AL R W20 1k BT B A 35 1 g T R
P, BRI, GIERRAEAS SR 2 1L X TM 521538 J8%
Sy BT EE B A5 B, b R A 3R A R R AE R
Diff_NDVI, X} H 3% % & i /9 58 T LK 25 80% Ry
AL RN R AR X S, iR TP
DX e 7 o e, L R AR Ay AR R AR
LU SR A5 14 A A 1 7 5 X 38, R UG NDVI 22 (i g
e AE S R AL A R AR, BEA, NDVI_2009
CVI SERAETE DS A i o 45 31 1 5853 1R
3.3 ARfA

7E eCognition 8.7 V-5 & 3 Hr ) o 2eihe s
PRI AR VAT AR AT, Rl SR T T B &5 S o

http ; //www.ecologica.cn



24 11 SRIE A, 45 H T 22 B 23 HIA DR AR R 1 L DX 328 S (R AL ARG Ty ik 7229

FAVRAR /INBRERIE it 285 5L T o S8 U0 88 T S5 22 g FH B A2
B X I PG ICABUNT 6 IBERIE T & - 808 2 5
(6 METT IR H K /B BT |, 15 21 2274 b
IX. 1989—2009 412 2% 5% 14 Fl LAY 722 Ak B 4 I 45

e 4 Frzs, AT LA H SO EE Y 5 1k X 45 2 il

a LA

RS IAG T A AR 25 51 SR R AR A5 R
5 SEBRAR AR X B A 2 ) L RERS B LF B . AL,
Pl 4b-B Fh 735 i TR BIESUI  AE A 30 09 B O R
Rl A2 A5 R, F W17 1 0 Wy Ak S 35 B Al A2
WHEA SR DT TILRE

b S RIS ALAG I 45 R

w
MHES HUEE  FHEE

REHE mHER

B4 THERNER
Fig.4 The results of change detection
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