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ABSTRACT

Landslide is a highly destructive sudden geological disaster, is one of the extremely serious
natural disasters caused economic losses and casualties in the world. The State Council put
forward a National High-Resolution Earth Observation System Major Science and Technology
Projects (referred to High-Resolution Projects) in the "Long-Term Scientific and Technological
Development Plan (2006-2020)" February 9, 2006. Earth observation remote sensing have access
to fast, wide coverage, periodicity, and other characteristics, is an important way of investigation
of landslides. This article relies on the "High-Resolution Survey and Geological Disaster
Monitoring Demonstration Prototype System Development”, "High-resolution Integrated
Transport System in Advance Technological Demonstration of Remote Sensing Applications"
and "Geological Disaster Monitoring System Development and Demonstration Application
Based on Domestic Satellite" projects in the "High-resolution Projects”, arounding the main
business of investigation and monitoring of geological disasters, aiming at the problem of how to
set the parameters, how to select the information extraction features and the impact of DEM
spatial resolution on object-oriented landslide extraction, have the following aspects of the
research findings:

1) Landslide Object Construction Method based on SSC (Scale-Shape-Compactness).
Proposed a SSC multiscale segmentation parameter optimization method, by the SSC
segmentation parameters optimization to the landslide disaster area in Hunan Zixing, get the
optimization segmentation parameters (Segopt) in the field of Scale, Shape and Compactness, and
then comparing the Segopt t0 the Segeer (default segmentation parameters). By comparing the
experimental results we can conclude that, in the premise of not have prior knowledge, we can

calculate a segmentation parameters which makes the landslide object closest to the actual target
size by the landslide object construction method based on SSC. This method has important



guiding significance and application value for how to set the multiscale segmentation parameters
in object-oriented remote sensing landslide information extraction.

2) Random Forest Landslide Feature Selection Methods. Proposed an object-oriented
random forest landslide feature selection method, using the application programmed by R
language, selecting the features of classes in the landslide information extraction process on
Uttarakhand region in northern India by random rorest feature selection methods, and then
calculate the characteristics of the selected contribution. Experimental analysis found that, there
is a strong consistency between the features selected by random rorest feature selection methods
and features proposed by expert, and the expert features has a high contribution in the group of
random forest selected features. This method has important reference value and instructive for
seeking potential diagnostic features in object-oriented landslide information extraction.

3) Impact of DEM Spatial Resolution on Landslide Extraction using Object-Oriented
Methods. In order to analyze the impact of DEM resolution on landslide extraction and to
determine the resolution to the meet application requirements, we resample the 10m resolution
DEM into 15m, 20m, 30m, 75m and 100m, and then adopt the object-oriented method combined
with high-resolution remote sensing images and DEMs to extract the landslides information. The
experimental results show that, when the DEM resolution is greater than 30 meters, we can
obtain better recognition and classification results for the landslide with area greater than 5000m?.
When the resolution is less than 30 meters, it is difficult to distinguish between landslide types,
but by adjusting parameter values we can still achieve the detection of landslides. This research
has certain guiding significance and reference value for the selection of DEM spatial resolution
on the landslides information extraction.

Here is the innovation of this article:

1) Proposed a Landslide Object Construction Method based on SSC (Scale-Shape-
Compactness). This method aimed at the problem of how to set the multiscale segmentation
parameters in Object-Oriented Remote Sensing Landslide Information Extraction, by combining
the segmentation quality evaluation index which composed by homogeneity within objects, the
heterogeneity between objects and the objects area, optimized in the Scale, Shape and
Compactness in multiscale segmentation, and then obtain the optimal multiscale segmentation
parameters in object-oriented remote sensing landslide information extraction.

2) Proposed an Object-Oriented Landslide Feature Selection Method based on Random
Forests. This method aimed at the problem of how to select the information extraction features in
Object-Oriented Remote Sensing Landslide Information Extraction, by combining the superiority
of random forests in feature selection, using the application programmed by R language,
selecting the features of classes in the remote sensing landslide information extraction process by
random rorest feature selection methods, obtain the contribution of each feature, and then guiding
the selection of diagnostic features.

Keywords: Landslide Remote Sensing; Object-Oriented; Multiscale Segmentation; Feature
Selection; Digital Elevation Model (DEM)
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PR RO RE R 2 R 2 2 SR, DRI RS D T AR RO IN () £ LA

£ (Integrator)

HH AT 3o O e AR AL I PR SR 5 SR AR B SR 1A R ST AN
AR B, BEHUARMEHMEE F A — R T, ERmZ Rk
SR AT, BA RIS . BARESGURHEE S AEA G107 (2
MK, HE, FEBAGENRZAIFA T EMEN» LS. REWk, %




2014.6 R ] b5 K 2 S 1 S 15

2.1.3.3 EEXNRIERIEIMAVFHIEERE

I 2.1.2 AR W, AT ERMEERIN S, BN RIRHLEEE VR, EEL
SEERH . TR RS B 2 AR, RPE4ERC L BEZ I, S AR BT AR N A 2L
W, R FEC “Hughes” BLREMN,  py bl WARFAELE £ 2 1 A0 R A5 2 SR AN AT s 1
—5 . WHAERW, IS5 BIRIUS B LS 2 5 RHIE 2 (R B FEA 2 (8 B M 0 &
(81, LA, RPAE 62 T 1 %o G S0 [ S S D 75 2 i R 10 S B ) 2 — 590,

ASSCEE RS LA TR, SR T S BEALARMR IR T [ 06 S R ARk 35 ik . 1207 A X
T i) Xof G 38 ST 515 %W¢%ﬁﬁh@ﬂ,%éhmﬁ%f%ﬁﬁﬁﬁﬁm%% i

REF SRR, 70 IR R S B R IUh B b AT R IR FR2 55, LIS 2 H r
WIS WIERFIE, BRI TENRAE 4 BRI A

8.2 ERAFIGERERIEIURE

T ) R I Mt — R AR EREN IR B IRIBOT %, E T L AR b L i
A LR S W IR RS s SR BOn Y5 B . 2RI, L s G B IRUE R RS
R BFHAREE R, B, ASCRIE R G BOR SIS ai &, 18 7 —
T [0 RIS B PR iR . BN BRI (B 2-7) EE R N=AHr B
F— AR EEAE R B, B HE % S PR B R R, B4R 2 O6IE A Nmﬂ
Hd. DEM. B S, R R RS, KARESE; B REECHE R, £
SN RIS At )RR SR HEAT A B A, R T [0 R W B 5 R SRR A 2, AR
BorEl WA IO RANE B IEUR T MR SR = DRV B, B
A FHEF SRS R B 45 RAE VR AR dE, X B BRI 2 R BAT RS EE VRO, TR & I 4528
g% S



16 XU TH )0 G0 B 3 (5 B PR B AT 5 2014.6

¥ £ IR AR Hep AR (OB
{E | * i
P S (NDVD) m I
5

TR
R

KZHE

# 2 EdE. DEM. NDVIL 3EEEE. s A, HR iR, IR AR 2,
7K & EE N R E S N\ eCongni t ioni#k 4T T [A] 6 G Mg Bi{E B 2

A

ML
o 5 RS BN R A1 12 K B DU BB 1 )

Jii v

ﬁi < O SR DI FHN, 4RV SRR, RS B

H :

< QA [FISRALTE AT 2 SRR, ARIEH S 4 IR ANIE 3 75 SUHEAT 702K

A\
< Ly Kot

NlE =y V‘ N N

i < KR >< RO O 2

s,

1=

SI7

P —

/ﬁ[\ < (S B >
27 TR (S B AR

8.3 FENE

A 5 T B AT R0 G HAE B SR E T I R B FEATHE MBI . N=ANT7 T 44
AR RAR TR D IR, TRV IR 1 I [0 SRR 23 L T 18 I A5 S S
BRGRE . A B TTEABAR A S5 St 7t B 2 (B IR LA



2014.6 R ] b5 K 2 S 1 S 17

B=F ET SSC HIIFB N RMWETT -

SLAGONT G TH [ 5 G A R R I B AR AT, AT R R RAGONT SO AT THI ) 0 G0
S S BB FER, TSR 0 BN PR A A R RO, N 2 B IR
BLHUE T H A6 G5 BIRECRIHERTE . 2 RE - #2 H 5T A A B U 118 BREAS o #1502,
HARSRFEPR T SHRE, »RSHAHE. 23RE., BT BRET.
JIFERMEEE . AR E SRS ESE, 4152 RE S RIE R 2 LR B 56
WA MM RIEE TR B R, & OCELE T RETRNEANE. AEFANHEZR
B FEARIE, SR/ 48 SSC (Scale-Shape-Compactness) £ R 7 EI S H AL 5 4,
Z e BIEAT RS T SSC M 3N G HE S0, B 5 0T SSCIRITE I G e 7 v
HHAT G

8.1 SREDEINVERRE

% R BIFERE W A Rt Or B br 30 SRR IO e e, B AR E I RS
BEAT AR RUROTE F91) . FE [HI A0 GO A BRI FE ¥ R 2 R RISk
ITRBBG BRI EHRAE . SCRN 220 M CEXNZTEA T RIER U, TR/ 4
T [ % R 22 R 7 BB

% B Ay N F0E R R iR/ K FNEA ik, BRI O BAR R, BB R
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(1) Hi = H
RIS (h, ) JRlTF

hcolor = Za)c "0 (3-D
AN 31, WEHH c For, EEBRIKEEH o, ®r, #BEINERN o, £75.
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_ Merge objl obj2
hcolor - Za)c (nMerge *O¢ - (nobjl *O¢ + nobj2 *O¢ )) (3-2)
c

16 B ARG S KRR 225 B Nyperge» 00 o R, BB 5 G EIE I BB
WEH o, KER.

(2) BRAF

AR BAE R LT S H hom MV U ZHL hom SR BIBARRFAE - & I XIIRDL T
FERL HDEIE EESHOR MR, T 5 IR 22 BN R B S HOR IR EL . XA SR IR
A

h =l h =I

sm b cm ﬁ

AR33H. N b BRI K TRRENMERER IR K. Rk

T o~ By~ Donp ~ Do HFRPIAIBIKIRIITEAR, P D oo FT Moo T 438
SRS, T2 T LA S AR 22 S P A v

| l

(3-3)

_ Merge obj1 obj2
hsmooth - nMerge : b ( obj1 * b obj2 b ) (3-4)
Merge objl obj2
h _ IMerge Iobjl Iobj2 (3 5)
‘compact — n + nobj2 ) ) -

Merge * \/Fﬂ;;;; (U ':]?i::? w/Fi;;;

FEAT 3-4 1 35, AR IXIR A IF 5 RO TAR L SR/ NMEFEE 1 A B S 931
FA Myerge > Prterge ~ Iverge FKER @

TR A Ji 1 vl A I T 52 21 HDOG I FE S BN R BUE S BRI -

hshape = a)compact' hcompact+ (1_ a)compact) ’ hsmooth (3-6)

FEAATR 36 th, (ETHSLTR TR R T e SEEU SR 5 U o oo KR

(3) LRE AR RN
X E IR T 5 B SRR R S B B AE NI AT 2k, BATAT LR A 5K 3-7
SRR TR GRS U L R HE L -

f=w-h,, +0-w)-h (3D

shape

75 13, S 3 S T R R 16 5 R P ME U430 Py 1 o, TR
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T e 7 5 P A DU AE 2 S SO P st U P BT o5 ) EE DU 0 R o

TE 57 B FRATT A 2B G PR A FE AR . 8 SR AT BE R W B G s A 1 A e HRk
BAGEMTRRE T, 155 A B sG55 Ik 31 i £ 50,

8.2SSC ZREDINSHMULTEE

3.2.1 D EIREFEMN

SEIR R EEA 3 MIBE: (1) MARSOER ST AL (2 H4%
SE BT, SERE R ASIORIE SE0e s (3) e Hr Bk 15 CUN B 4 Lt AT L I
ERI. SAUE S FRRIN L, B (2) PSRk T i ol R 4 B4 5
BT IR, (BB E AT, 4SSO RS, RS
SR A MR AE TS, T L EUA 20 U AR e . DR AR SR T (P 9t 43 4 3
TR

B AR B, SRR IS (1) X R ARG 22 I B el 1 )
Bl AFAES 8177 A MR UL AR S (2) Jh BB G % 5 40 B
BEATAy, B RAFSRF N, (3) AHRERUA/ NG4SR R 48 A R R A R

HT EAHAREURR A BURE, RAT12% T Espindola 2575 2006 42 H AR HOKT
YRR RREAR I 45 TR, %% L bR K B ok 5 P R M O 55 1) R 75/ 43 4
.

(1) X R W FER

R F RSB RN R A2 (V) ke, AR T

Zin:l Vi

V=" (3-8)

Zinzl 3
Her, n RRAX ES RIS, a Rt g0 i, v, R R E.

AR R R RN T ZRINBCT 45 2R, BCER SR RAGHEAR . O 1 8 S/ N AR
XF BN 73 F G5 RIbE B, 127K KRN RIR T E L HIRE . X RATTZEV B,
SABS G SRR LB S R, RIS A B A B R R e, AT DA BB AR
IR 7> 1 4G

(2) MBI M

Moran’s | #5402 PP 18] B AR SRV 24805, v 77 BI5GB 00X R 5 AN B
FERT 73, S4B B 8] A B PR FE AR R A Moran’s | 485 (1) SRR, k540

7
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nzn: Zn: w; (% — X)(x; = X)
| =122 (3-9

{Z(X -X) }(ZZW.,)

i=1 j=1

Hor, n Rt X FIR AR RAEHG Wy BB R SRE R | BEE 4D
e, HMERRRISRE R I ARZE, Ww 68 1, HATAEZ w; EA 0

X 5 X; PIFRH B RN GEER R | KT8 KA X R BRI T KA.
Moran’s | 85U N T X RINEME S AT RIE I ZE S, | BV, B R Bk
PERAR, RISZAG00 RS AR E sl 4y, mT LA SIEAR I A5 ) H 4G

(3) ZHIREPPHT R

9T A G TR AR BR8] S o AT AR R B TR, 7 B EA T AT I 1k

Fo/)_,li_lQML_ F(|)_-_;:l@l— (3-10)
_Vmin _I
I B BTN BN
FV,1)=FV)+F() (3-1D

FV) Erx @AW R, F() ZonxtREswmve, FNV, 1) @R N 5 E

ZEE TR B
(4) Fia BHrRH
H b s BB 2 SRR o B E I — AN G 4R Rl SR, — AN E—mm iR
FE AN AR SR [ 2 R S5 M AN SO A 2 ARG R o O T IR S AR R A B AR,
B T — ML T AR B AR R 2L

F(plateau) = F(V, 1) (3-12)

max

Horh, F(V, 1), RO, o % H bR S b %

A H b e BE R TRl 23 22 B LR A5 BRL R H B e B07E x ATy il 2 3 G g e it 2
SPRARIR T IL St XA PR H AR R BRSO IS H H AR s B R R, BRI, R4y
FNFIL oy B2 ] B PET I ARAFTE . MEAh, R UERAEU AT B0 AT T A 3 408 X 3 5 48 b B AN [
HoA R M. TR H AR G5 BRI B2, PRI S PR il
&R FUILIT o



2014.6 R ] b5 K 2 S 1 S 21

3.2.2 SSC T ESHIILFE

AEGE R EEZIR T SR E, ZRESFNSHFEQR: 2FIRE.
BUEHE T TERE T g EMESE. K, BiEaREFHRREF IR EZ AN 1,
RPN TN 0.6, IBATAREFHIN 0.4, TR T 32 HGTE R S EUE Ak, 6
WEMESENEZ RN L, WETESUE, M ERE BT T .
£ eCognition FAF R %2 REEIS R, TR EBRENRE (Scale). ARKT (Shape)
AIEEE (Compactness) X 3 M2, B+ (Color) FIJEIE B (Smoothness) A Ll
AR E F RSB HAR R, £ 2 RESEITFHIRE. WREFHESESH, 456
S E R EEY L, $RH SSC (Scale-Shape-Compactness) £ R EE 7 EI S8k ik, Tk
LFE LT AP ER:
D WRAESHIE. HaHERESEIRAE, e, TR E 7S EUE 55 5T
WONERIANE 0.1 F10.5;

2) SEUEMBERFE . & ORES G REAERFERE, A SR AR S HE

3 ZRESE R EFASHEMTRIERE T 5 E5ESHGT N2 RE 5 #],
13215 (15 F2h5

4) FESBERENE. THEREA B4 N R 1) 4 F) PR E

5) A HEREZ . URESEENBEASR, 28R ENEE DAL, B
ERANEEAQiEE T

6) THEHFRREOOE . RIEE R H bRk gt 2, THE B R R BCORE

7 THECPRR BARRR AL AR B AR R BRI AR bR HE 2, 1530 H bR R

8) SRS E. BEENT, GRS RGO, %

FEIERER TP A2 B AR R A e K EAE AR S HUA
9 B 18 &, HHILESHMMILE. &FCOLHHHRIE, WA E AT
Wi, 28 1-8 0, tHEHE N SERAE.

8.3 T SSC gUiBtE T RF9IESLIG

331 SEWXBARBEN R

WX IR TR FE A T AR AR K EHL X (il 3-1), HuETEHEIN 113°23'36" ~
113°35"24"E, 25°54'47" ~26°3'21"N, EEHEH 2006 4 12 H 17 HIKEH QuickBird2 £
FEREE . BT X AR B L K VU R B, JRIHYT B SR AR KR, Sl e B
FEILMCE /ML B ERERANLEE, HEEE R EREE . KA. WA Lo T
KA HFERIAE 5 . 2006 4 7 H 15 H, 328 5m#v R BRI, 11X R
AT EMEERE, FERRHIURTAN . ELEET . AR AR,
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K 3-1 WX BRIl (B RmadiEEeis Cr)

3.3.2 ET SSC Bt S #iE

THT i) 0 5 T8 SR 1A R 36 — AN SR B R AU I M AR ki, R RS
LI, ARSLERH eCognition B AL 2 RESHIHIAR, 456 3.2 11#EH I SSC 7%l
SHARATTVE RS IIE P G AR . o, 2 F5E VEM FE AR THEDE ArcGIS B
(1] Field Calculator ZhAETH A5 E]; HAneR Ul &J@1d Matlab 1) Curve Fitting Tool (cftool)
T H A =R 2k (cubic spline) V& SEHL. 3T SSC HITE I A G @ BRI A 3-2
Iz
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T8 SR
3 J7 R 530 RS HScaleqy JREZHScaley
BRINFEAR A IR 0. 00-0. 90 I FEAR A - Shape,p:
BRNEHUE BAREE 38 P BUE0. 00-1. 00
[ I [

?x’/f’/%/‘.?# 5/?/%}7‘?% %/’/E’/%%‘.%M
INERYE S TR T-0. 0053 1145 5 EEUEE0. 005 E 4 51
PN s TR F-0. 034> 145 3 IR0, 044y E 45 5
JRBE30% %155 51 TR T-0. 907 #1451 EEEEL. 004> Egh

[ [ |

z‘fﬁﬁﬁkf/% #ﬁ,ﬁﬁw& #ﬁ,@lmw
JRES H b bR £ TEAR BRI F-0. 00 B b7 2R $i 18 0. 00 H bR BUE
JUREG B bR R B TEARET-0. 03 H Ar b B8 B0, 04 H bR ek B

JRBE30 H A pR B FEARDE 0. 90 H A b ¥ EEE L. 00 H AR EUE

[ [ [
7 1 24 2 AR K2 A7 1 2%

/ \ ),-'\ ,; \/ ‘ .‘."\\/\,‘\ ‘Jlﬂ‘
Is AVA ) f |1

\ Ve VAL

- \‘\;" ’m/ ‘ \J \'\,‘\.\}"

5 w ‘ ) > ) W N [0 W W ) a5 TR a9

%ﬁf%ﬁt{éﬁ ﬁ%kﬂ%}f{gﬁ E‘%’)ﬁf%iXﬁ/ﬁ
AR EScal ey RIEIRE T-Shapegy,  — e B B Compoy,

A FIZH

Scalegpi~ Shapegpis Comppy

B 3-2 BT SSC 1 3k A4 B R i A2 1]

BT SSC Mg Ho G B FEMA 3 NSHL, DAl R—RRESE (Scaleg) AR

K724 (Shapeop) MEFESH (Compept) o
(L RESHMMN

G, FEIEAL 5\ eCognition # 4, TR 7 F1EEUE 5 R FHBRIAME 0.1 A1 0.5,
REEJEEIA 5 % 30, LL 1B KEHTE T, TR 26 MERDEISE. R, K 26 MEER
SEISE RN Z RESEIREL 774 26 MBI R, 250K 26 N4 R &tk
FHIE CBUAEXT QOREEE . B2, RS THE S HR S E R EH BN BRI S
t, FIH ArcGIS AT RS AR BURRIEME. S5, DU RBAASR, 4% &
PR E RN AL R, 8IS Matlab FAFLE1S B R ESER AL = FE &t 2k CinlEl 3-3 i),
THE KO, R R S H A0 E Scaleo v 12.935,
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T T T T T T

1.06

1.05

1.04

1.03

1.02

1.01

L 1 1 1 1 1

5 10 15 20 25 30

K 3-3 RES M = ek il 24
(2) BRETFSHMMN

T, KRR 3N eCognition B, REESHWE RN 12.935 (Scaleo), SLEHUE R
FIBRIME 0.5, TREIFYEFEN 0 2 0.9, LL0.03 Job Kb T, T 31 MEAS#IZ
. RIE, B 3LAFERSEISE RN E REE S EIR AL, 7728 3L AR R 2 5lk
X 3L EIGE R B HERHE (BRI R seE T 2 RS R B R I E TR
THFIREMERE S H, FIF ArcGIS B S A4 R EHNE. Hh, PR
FE AR, 2 BT EIEMME AR, 85T Matlab B A1 BRI T2 5L =k
FESRMZE CanfE 3-4 i), THREROKONAE, B RIRE S50 1E Shapeop A 0.788.

1.04

1.02

098

096

094

Kl 3-4 FORIA T 280t = TR 2% i 26
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(3) BBESH

B, KREEEB TN eCognition Ffl, REENTZARE 75 5K HILALE 12.935
(Scaleopr) F1 0.788 (Shapeop), HEETLHE Y 0 £ 1, LA 0.04 ABKATET, B 26
MERDEIZH. R, ¥ 26 MERTRISEI RN Z RE S RIRE, 774 26 1~5%]
ZERL Y HIEIX 26 ANy EISE R KR ERRIE CRAE R TR £ AR E
SR AN E 75 A B AR MR R S, R ArcGIS BPE TR SN 5 SR 1 2 B i A E
e, VR NRAAR, B RPN E AL, @il Matlab K PEL &3 2R BUE S50
PAL =R 5 M 2 CAn 1 3-5 JT 7)), TS B R ORAE, B RIRUEE 2 25 iR A6 4 Compope 9 0.028.

0.95

0.9

085 F

08t

075

07 r

1 1 1 1 1 Il 1 1 1 1 1

0 0.1 02 03 0.4 05 06 0.7 0.8 0.9 1

Kl 3-5 BBESH A = FESK 4
g REE. TIREFAEEE 3 AWML R, BIn15 3500 5S35 Segop
(12.935, 0.788, 0.028). FIH &M/ FIZH Segop 13212 REE M EI5 K01 3-6 F1E
3-7:



26 KR T [0 ORI S BRI T 2014.6

e

Bl 3-7 Segopt Z R E /RIS (R GATHER)
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3.3.3 DEILEREIE

B BB Segopt (12,935, 0.788, 0.028) L REENE|GER, 580 H M R4
SANERIN 7> B ZHL Segaer (10, 0.1, 0.5) ZFNGEFHATRIL . SLIRUEHL T 3 MBS T
B RAT IO, EARRT LSS Rk 3-1:

F* 3-1 HELERMLER

T
g; L RS QBRI TBESAE S BRIN 7 FI L5 Seger AR EIL5 R Segopt
B
1
2
3
*}‘ .l S

M 3-1 XFEhgh A
REAR G (R HARityy, HRZ BN Rid 2 = S 8UE BIRBUSCRF#K. 24T SSC IIFH 3
T3k, ARSI HRMATIR T, AT AT — Do RISH, G0 a4 1
ORGSR B AR RN ON R . FR AT DA T [0 R BRI S B AR BT, BT SSC
TR RS TR Un e B B TS B AT B B R 3 SN e

8.4 KENGE

A EEWT AT SSC MR R TT%. Hoe, A RIEDRINME . FEA
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AR, SR)5, #H SSC (Scale-Shape-Compactness) £ RJEDEISHALIL 7%, &a,
HEATHET SSC WIIF I SR SR . AE15 3 1) 5 B 45 R AR08 2 i (R 1 3 i L4
EHERfPE, SSC 2 REREISHMM T, RIFX RN T ZRBLE | 5 B 7 Bk
BIFRR L, MNIEN T2 R E BRI R EE . TR F AR BUE S HGE AT . R TH X
GBI IAE BIRACR, ZE T E 2 RES#ISH AR EZ RSB AR
UINIER
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FBE BEYLARME SRR A

B LA e TR R . 4K o B D) SRR AR U, 2 b R ML B
S5 TR e R T T DL T AR 35, PR 49 3L S T T O %Y 50
0 SIS E R Th . AR 20 e A SRR HLAR BRI BE A S, S5 A2 T R R B
PR BASE E7vE, 2 B 7SR E AT S 9000, R Xt B AL AR b S
AL T AT K2

8.1 BENLARMAVEARRIE

BEHLARFLE H Leo Breiman £l Adele Cutler T+ 2001 473 /] /2 i H i — R 2L ML B2
T AEN—FEE RS54, BENLARAR B 2> e S 3 (R 2H Rl

LSRR AT . ID3. CART. C4.5 fil C5.0 5. TEMRIEMBIAIF, F—A i
AR R — AN AR RN, I SEANRRAE R AU AT 2 AR 4
HRIFF O 2 b 56 SR E R B OB B T DU e S SRAL B . e SRR B LTI S
RUEERIRTT A, A IR S AR i R — A T s e, I
QBRSNS AT v E], EEIFTE SRS b TR AT A EIRE, AR
B FTA PRRE 220, Rk —AMREAE R R 7 sUE R 2 R 2 RE), TR T BT A REIE
B JG, R, SZA R TR E . TR, BATE R RS
B 25 (Information Gain) 3L 2453 (Gini Index) 631 £ 78 FE A4 %107 2T F-AE 1959
R

MR EUE B iR AR BIRCREE, H1(S) KBRS RIELE R

1(5,,S;,...,5,) ==, Pilog, (Pi) (4-1)

i=1
AR 41, STORMRHALES, SHEEHANIGNEMN M RKER, K4S I
MR EARN S T2 1 RFEARPMER N Pi ks, Pi=|s;|/|S|. FEfAHF, W 1(S)

RE RN o
N T BAERFAE A 2> BRSO A RFIESR 7> FIE — 5 50, AR5 TSR 5 RO

RN E(A) -

E(A) =Z:;=l(s1j ot Sp) 1S (S Sy) (4-2)
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1E_EIRA A, B BT SRRIER A KRR, BBV KER A BIARBUERIANEL
BAUZ VS PRIV AAFR TR, s TEa R SRR s &

o AETHE T RAE AR, FRFIE A 23 F179 /45 21 23 Gain(A) ] DABE 2 15 -

Gain(A) = I(s,,...,s,,) — E(A) (4-3)
7 F £ JE AR BORMT & BRI, R T 6 S A RN R AN 20N
N, B4R A4S 2 Gini(T) a0 °F:

Gini(r)=1—zj“=lpj2 (4-4)

TEAR 4-4 1, 4455 | PR IR IR A P o BINZE U EIR, T 4

S A, BN N NSRBI R A B4 o 7 LU AT LA 32 Bk Y4 15 11
Ginig,, (T) 7v:

Ginisp,it(T)=%Gini(T1)+...+%Gini(Tm) (4-5)

BEHLARMGEEE T R I, T BENLARMOR B T PRI e 7 FIRF RS, SIAN T 5
FEBAE, BT LA BEAE R T R SRR T 5 B o BEALARAR B BEALIE AR IRAE A T3 T : 1) 25
EAECRIBEALE ;s 2) 19 ik 2> BRI S AIBENLE o« SR O VERIPEREIR KRR RE EHG R T
SOy IRAS LRI ZE S, I R MR R BEATLAR M (¥ DR SR (K BE R UL CRAIE T BEMLARAR R 224
P, AFHAGI N Z TSR

8.2 ETXIRABEHARM BB FHEILE

S — RIS RAEBEAT HEAS AT A BRI ZE AN C R B B NAEA
AT, P EIRF LR A BRI A ZE R 2 HORFAL, IX R RFIE AR FH AR 2047 P AL
FHEA AR (8] AR SCARR FE D8 TR BRI HEAL A SEBIL, R SEREALAR MO HF
L B EPEREAT AT EORA 2R, A BB R B 3 A LU L

(1 FHREREEE

HWEHEOT, BATT B RAEIE 7 B AE R AL, I A0 3k g ) Pk 2
TAR, A P ORAT B AR A E B A G R, T H BB IR LA B R BEALE
SRV BHERA 5 5 P R . RIS RAE AR i, B AL Z S IR2 BOREL, TS
LR Z AN P RE AL BT, DRI AR AR 22 T R LS 22 S thAS AN SRS R B . R0 5 ik
FERIERFIER, RENRF IR IR R HR AN SRR, TP B LUR J LR 0L -
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D MR T, —SE R LS TRER D, AN E RS %
B rkmtE oL, WA FEERSRIE, (HILEAS KR A GE U Z R E A
G
2) HEBHRETTH LARRME ST T HSE ) E R ;
3) WM FBENUERIAAAE, BB RE 2o, BERE ™ B o L B M A & i AR
HERHIE, IXFERUAERE T BEALARMRA E U SR 1 SRS
BT IX M AT IR, BEARMR, (HE A%, bl FYEEA — 2 rBR i,
2R RA A 8 E B T L% TR R e,
(2) RREENEE
TER W PR R R, o B R AR E 23 (Gini Index) KT & =,
TR AIE ) B R P U3 i 11 R JE M (Gini Importance) B4SRSZEN . il 4R F 46
T BB REDRLFE () B L B vk, 7R B ATLAR AR B B R AiE B B R i, FRATT
GUNFFAE 53 BT 5500 B 15 JE R % 588 R A00T DA B e SR 4 S0 1) 7 202 T) R AR R 5%
R, EFRFEBICRLE, W RBUN, RZIRR . FFIE B &G4 @ DK v 55 15
B3 JE RBOIAT M B nsl A R v B vk AR R, XN &S o B S e B
(Gini Importance). T IXFE5 T LR B NS ER 2 AL, R e B E e —
Fh 2 bar P55 1) 2 BV B RV
) HFIEEHEE

FRAEHES A B (permutation Importance) 681R] DLE it i1 45 B 5 HEZ A AE A2 53 405
# (OOB, out-of-bag) FEA ERIBUETTRE . EMNZ MBENIARMEFAEESR i, %071
B Z M. [EATRAERHES ) E I T S, 2 DU RS R i, 2
AT IE ARV SN — ANRHE R B 1 25 R, 1 e D AURIUE SR IEA R A 324k,
SR G RHZ AR () SR AR AR IX AN B B BUE 0 A g AT B HES . PR R s 7
(1] OOB FEALFRHUTIM o K5 OOB FEA S hrsxf B J& R FT &L T -5 4T 8L J5 B 700l () 1E A i
75, 1B ZE (B R 2 SR IR S B s . IR P 258 20 = P oL«
1) ZEENIEME. HIZFHE R — N EERHE BEAFFEA AT X 5y, WZ it FEATL
HHLG, HX2ES TR, 89 8 1EE;

2) EHNTE. BUHZFAERTE AT 5 & JF H ERE HIREL /A T AN FE AT, T
S FEHLEREL S, HIRELREE T RE SRR, B9 A FIHE;

3) EMENEF. HZFHEXFEART S LM, IBAREARIEICRE E R 5Hbm 00, It
BEANE BT BRI ERE, BRI RARANTN, /70 R8E.

TH] [ 6] G 38 B A B3R 28 o B B M 8 R 2 RAAE KT &, N 2.1.2 A 4A
MNEHIRESE L, HENREAEENEEE, XERERRAMG U IR 5 B2t
HSEARMIAE B o 20 A TBREAE S 200 35 BRI M S 2518 B “Hughes” L4 07. [Fitt,
RFAIE 396 36 A2 THT ) % SO SR M5 BRI L BP IR 2 — o RS Z AT X BEALARAR I/ 21, 7]
LRI, BENLARMRIE G B NEAR KB E &, TERREERE 7RI TR . SR,
FeE PERF (R A BRI, FRATHE IHI [F) 6 AR S AT BOR 5 BE WL AR R R B VAR S
Wi R EFEOESMRET, SRR G RIRHEE S, [FRE FHBELAR AR A 67
SHGEIEFFERATIZ R, DR IE BOE Y S BRI & 28 M) () S5 BRI, R AT HE
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o H oK, WA TRENUARMIE SRR E R B SLEG, PAIRIEZ A RS .

4,

8.3 BENLARM BRI SC I

4.3.1 SLIGIBRFALIE

B L AR AR I 3 AR A 326 4535 92 30 B0 0 3 P %) SIe 36 B ok B fr 22 TR K% (University of
Twente) HbH (5 SRl 2E 5 HuER W 2% B (Faculty of Geo-Information Science and Earth
Observation, ITC) Martha Z57E W 3L = 7R 1% HE Chttp://www.itc.nl/OOA-group), fL¥EZ
Je i A DEM £ 47«
1) ZI6iERE - 5 HE IRS-P6 (Resourcesat-1) TR 28 1 if% H 493 (LISS-IV)
fEIRAET 2004 4F 4 F1 16 HBREUE8, A HEIT 414 (0.76-0.86pum)+ 41 (0.62-0.68um)
2k (0.52-0.59um) =B, B FRUJUAAH%EN 5.8m, FEHKRSSHEM S
FlEH, PAAIRBOCIE 12 W RE s

2) DEM #fi 1 IRS-P5 (Cartosat-1) T T 2006 4 4 H 6 HRHUM L ARG il %
TR B W 7 VA IR T RS, AR S HEEE N 10m, B T A ST R R 2
(RMSE) y2.31m, FEHT/=EWEE. Jn4% DEM T4 %k .

DEM MIfTAEIR S SR, S, (iEfIR . thRithZe, Bndhae, WIEE, A1
FIF GIS B AExT DEM #dE gt AT i o A Bl af 452 (& 4-1). Hrp &2 S 2 Lk 52

(T 5 75 BRI 2 0 B IR I A R BE A, X8 m] DLTE A Sk S AR 31, AR Ss
BRI PH = M oA 64° , KFAJTALf N 135° o TERE I X /i W R B ifs i T, it
X DEM HEAT/KSCor M, AT DA (S 2. S236 /K RAVHREL 1) Jeilid DEM 5 HiK
WHE, 20 ZJa bR SR &R, 3) AR5 /KR T AR 2815 Strahler
TFEATE BN, 4 SERIUTRES S (=5 MENE, ERKkRA=ERE.

K 4-1 YRSz
()% L5218, (D)DEM, (C)MZEE, (d)Bk1a), (e) Lk RIsE, (Db %, (o) %, (hy/K &
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4.3.2 EIFIRIESGITRIFAE

ARSI 2.1.2 5 BV XTI DR 42 BRI b P RO A HEAT T R0 2, A S0 M
R T A SR BB BB . SARAR RS, UM L
TR CHE IR 5 P P2 A A R SO (B K 2 2 A R 76 AT (B 4-1)

1T
3 4-1 RARIIRIRIRSFE
REESR Y REE4 B
5 A Asp-MainDir I 7] 5 5L A5 G Tl Tl R e £
Relief AN i 2
Mean Aspect I FME
Mean Brightness SEESE
Mean DEM By e
Mean Layerl S B IE
Mean Layer2 ARG 2SN
Mean Layer3 WA Ak B
#fE | Mean Max. diff. RKERE
Mean curvature Hh 2 it 231
Mean flow_dir K TT M $AME
Mean hill_shade AR B 23
Mean ndvi LER G e L]
Mean prof_curv SRS
Mean slope e
A Standard deviation Aspect I b 22
E Standard deviation DEM Ko7 AR bR e 2

Standard deviation Layerl SR B bR
Standard deviation Layer2 ANEN, SNl
Standard deviation Layer3 SIRAR ) N A2

FrffEZ | Standard deviation curvature Hu i bR
Standard deviation flow_dir IR TT AR E 2
Standard deviation hill_shade LA B 5 b i 22
Standard deviation ndvi T T Hobr itk 72
Standard deviation prof_curv ST i e b it 72
Standard deviation slope e RERRUEZE

s | Mean Diff. to neighbors Aspect eI 5 AR P B 22 5
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