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Abstract Remote sensing image classification is an important means for quantified remote sensing image analysis, and
rersote sensing image fusion can effectively improve the accuracy of image classification, This paper proposes u classification
algorithm of remote sensing fused image bused on independent eomponent analysis (ICA)} and support vector machines
(SVMs). Firstly a novel method of fusing panchromatic and multispectral remote sensing images is developed by contourlet
transform which can offer o much ncher set of directions and shapes than wavelet. As independent component analysis can
not only effectively remove the correlation of meltispectral images, but also realize sparse coding of images and capiure the
essential edge structures and textures of images. Then using features extracted from the ICA domain coefficients of the fused
image, the 5VMs are trained to classily the wholg fused image. Experimental results show that the proposed algorithm can
effectively improve the accuracy of.the image classification.
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¥4 37 43 B 7 ¥ (independent component analysis,
ICA) B —Fhi A 0 M & B 3 HE 6 f FE R A AT B
FRHEAD T, WRARGHTHRIFBM,T
I BB 4 A0 Bl 2R G (sparse coding) , BER U A
FRAS L/ P B B0 5 TIE , T 3 0 45 TR AKX 0 T 2 07 B
BT B, X EE R (support vector
machines, SVMs) BRIEHITE I BB LB HM
—FERMNREI T EMGEF RS
AT, EAFRFHEEE™ . AXRH—F
HAEICAMSVMs BB GRS 2 REE ML
BEBRERIHITET Contourdlet THRMBMEF, &
ICA M PR B Bl & REAR I o SAF AL 15 &, R A SVMs
EHRREFRNTE,

2 Contourlet T-HE

NEERRE RS RESN R, ETLER
853 18— B AR 2 088 A0 R W R AR R O i B9 4
FEFIEERAME GBS TERLANRRMS
S ERY . HNAXRN EHEFLT, MK
SR 3 R BE T S F) P £ A 5 4R B9 JLATARRAE , 3
AERBRBABHA"NERRRTE. A
MBHTFER—FHHN SRR RERT T &

Do F1 Vetterli 32189 Contourlet 454"ty #51%
B 5 In) 3% I 3% 40 ( pyremid directional filter bank,
PDFB) , B—F & B £ RE M. T MR ERT
%, Contourlet TR THX AL AR EMEEL
T KRR EH” R £ R A 2
Pisr 4T, (1) Contourlet B H X ERATTER
By 4, &R AR R & F 3B & # (laplacian
pyramid , LP) L HIMY, th B3 — RFINFEAR TR
BEER, (2)HF b7 88 § s 41 (directional filler
bank, DFR)¥§ 3R A LERARBRI—TF
Bl BROHYE LT 7 8 S AR R
RHBEAT AR, 2T D0t T I B T 1) B {8 2R
Het, EEF M A mER. TR IERTT
PR HRFICE B REN, A ARRE
B AR DRI BT . (3) AR & T A R
MAMRERAUSEET2ERGYE, i HAFTR
18 T Ty i B AR A R AR SR BT 2 A

&%t H AT RH & Bt 9 Contourlet 5 4§t E . /)
BEEHRESSTHTERENSEBAMNEA,
FXRHET —FHH I ET Contourler B i) I F A

REFRLEMEAELRNEL,

3 BIyHnESH

ICA R—FMMRAGYSTREMEYS Eal
ECER-MEFENERESAEER, CH#ITE
AFEYEXEY N FERERMELENEHR
. WIS BMTARLHRSE

xX=A-s (1)
Ha, x hUEESR,s AEESHE. HIaE
AHRERBMES », AR R s, FEMHH
LA BRORRAEME FIRER WAL BERE, TRE

y=W-x (2)
Ky RIEEHBEBEFSRE,

WAFESVHEERSFRE A EERE WH
R BENERETFEESHESH ML EME
Bk, EHHENAESTHHEHEHARHET S
FhEE RS BM M HE, AR AEENT
7 H 4 BB ST 4 B ST AT (FastICA) ik,
HEE SR

Ng(y) = {E[C(x)] - E[G(y.) 11 (3)
Ly R2—HE RSy REARTEHN
B mEENE EL - 1 BCERE, G - 153
2R R, X B

Glu) = - exp( —zuz) (4)

BREAREALNEERAR MY E K
BHEHEN -, ZEERE RN ERE
AR RBES S G EFBY AR ERE &
HERAHER., B CAHERTELERS®, B
METHVAEBREFHSEREBRETEPERE
EAER, FEA A BYZRATEEEL,

AWK BRERENN T, R EEHER
BFhSGBTE5RFXBMARN AT FEEFD
(R . BH S HAsTEENEREHRMEL
HiE. CACZEHTERERO D ZMAHERF
-, RFER RIS TR ICA TRER
HA4EPRFWMEEN KB, T E IR0 5
B, A ICA B—MIERMOETESE. WEEH
78 BT, 7 ICA 3% h ol DR I M R e 1y B2
BRHERBFE. b FARREZZERERE K,
HABIME—-ZFNEHRR,REFREEZE,
BRE—FHRANE x> X7, CAUEERLESR
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UL A MRELAS BUYH B s BERG MY
RHEE, XA AMENENEEROERRER, W

L

x=Yas, Kb A=(a,a,,a,), 56#

i=1

e (i=1,2, ,N)RKRT ~E N x1 %XBR, @
ICA B3k R M AR W HEERIISEZEEY
VELOHBRERBY =W x, EARTEREICA
BAKKIE, B1E2HICATREHENR A, of
LEYICAEEERATEANARGEE £
LRAEFEE ERS L ARRHE SR T H08
EREFENXBSDRHE,

Bl CAEms
Fig.1 ICA bases

4 ZFHEZM

XM ENE ST T g W R &b
{ structural risk minimization, SRM) ANy L 9 7 ik,
HEIE R AT S 0 VC 2T SRM, SVMs 24
KETF LT o5 B AR 2 2 55 (optimal hyperplane )
KRMEE, BREA—T KD n BN HEFE.
[{z3) i =12, 0} Hb x e R 8 AOASEE ]
Byel+l, -1A%HMRD, 3TFRIAIBLLE
(a1, SVMs RAFEBRFUTRAMABEE:

a ] n
mﬂ:‘u(z1 o — Elglﬂsaﬂﬁjk(xnxi) (5)

HAAHN Yoy, =0 HO<a<c K ceRY
EWREGE - YAHERH. BEARNTRRE K
fx) = sen 2a,.y,.k(x,.,x) -b) (6

R RABRARFE TR EHN o - ),
fE k(e x) =(@(x) , @(x)) RALMH— LK RH &

o H A5 AR SVMs 18 LISCIRAL, T UL ke(x,x") ]
ERTEHFTZRTPHARBEREZEHRE,
TR pERIE, LRRBITERANRRRAR
HERR FHALRN EAEEERS. :

SVMs B—F " A X BB HELR
EREBERRICESERHEERARRFREHRA
EEEHD - HENFESE, AL THESR
X EFH.

5 ETFICA#SVMs AR EH
xXEZ

AR HHETF ICA 0 SVMs f R & & 028
BEEREUTIAERELIR - (DNELET
Contourlet FIRMERMEHEMN LR EI M EE
MERMEAERITRSLE (D)MBEER
#HIT ICA A8, 78 TCA BRIy RAFTEW B, (3) 8
i SVMs MM AR BN XK,

5.1 EF Contourlet TP M GRS

MESEHSRELARRMRSEIRREN
BT L IS RIERBER
HaS52EERRERD, 20 F8NENIEL
& (W R.G.B3 MHE) 73 HFT Contourlet W,
BB M AR I B VAR K R S &
SRER, ¥F Contoulet TH!EFHHBRN. AL
BEENEASR2HER R.G.B 3 MNEEX R
M & ;3 F Contonrlet BHXIA 7 B RHL W
26 BB IEA A B AT & trous PR, FE—
/N E RRLLEX e NEE R RR T £ iR
{289 Contourlet LA A RAF L, XBRE—FR
BHeeEREATEEATERNMG. REHE
173 Contourlet EH B FIREENWER, .

IR L KT Contourlet 25 1 i & 8 21 b
BE AT/ DEER, B BEME S5 BHKM L&
SARHRRNAGAN, LR REXEHE G Fik
R 6 ZHMEMAERMEEZFREMREFELM
MER—FEREHEOERAVEIREINER I,
BUEERBEAEREMLEGFEERSERTH
SEENTHATRAEI. BB THRSERNG
BE AIT-HHAXRTHES.

5.2 ICA ${EEERIER

AL B EERH TR T XM ICA Eh:

—~MEREEBHBSEAEITREW R.G.B3



1668 ‘ SEHESEEEH

®12%

TABHEITEEICA B ; A-HREHRBEESR
HRORARKER R, REHITHR ICA TSR hRE
BRAK NN SR A R R %AT () & Mg
BEAMV RO xN)ER, BN AKEEER
ICA fh, H—BE AT MASERNEER R (3 +
N +3) MFH2 AR

(1) MRARBETE—F R ICA T, #a
EaNE—G R B BRI 3 MEEM 3 PRI
BHIMIABREPRATRERYHEE
N —H R 3 ML BAE ST R A —H .

(2) KBERABHRIKELR RARATH
BICAE®R, HTREANLEEEAFTASEHY
BRAEAEIRE WREKEMFR HELA
BRIGER-MEAARRNOKES, A RY
HEAFM—-KEENEE. BA#ERHERER
B B &S S o SRS 2 B R, A
HEETRGCBIMEBENBAVREBRBKERY
BRBZAREBRTER, ZREERTHANER
SOFHROMELAE, CRESRBLEEGAM
A2 (8] 2 HR 38, T KGR B (B 3 07 0t W T AR T 0 49
MEBERIE, BEEFFERANGEAR. 8—HAM
ICA REARTUREFREZEHHBAOLE, TAY
MEHMEERAOLEER., BT ICA RFHE
MESREEXN Y, N KE R R TR
ICA TR, FENEHPICA AR, X EH
TEEBIANNEHFR, DL REEILEL
AR NxNRERE ICA RBIERBIMH NN
ARE R B, FBT R G H T X £ ICA 7 85T %5 Y
W K EURBE S MEE, EfRRTERRY
MENEENAERFE,
5.3 BESVMs EHBAHRSE

(1) U4 SVMs, ERERE L RREH MK
BRI — 2 B i U 4 X, GO A R O 4R TR A
Rrgy ICA Frik i &, B A& 8 SVMs B f &
Hoxd SVMs #EfTII4R

(2) A BRETTE, KRES2VHH
BRANRUER R, R -0 -8RI LRE
YIS HF i SYMs g — MR R %.

6 LWHERRFH

IR AN LR RE RS [ A HE A SPOT &4
FR(E2(a)) M Landsat TM 3,4, 53 BB RB#
(B 2(b)), K/ 256pizels x 256pixels, HELK K
BRATHEUS R AG(LENE . KB) B
w(EFEER AR HRAKAB) MR 3 %
BEW.

F#TF Contourlet FHAH BB GE R ™
SHEFEMSPOT 2 AR ERETREEINES
HEmE 2R,

BRAVBREBRIx65S36MmAGERE, MNEE
ERAETEAR T B2, BN I N4 E
ME3 R, AESReUESL, MRS BMK
K EFHHESERIFNTEER,

Jo TN Ehxd AR BE 8 15 B BB AT A B 1ICA B
EE 8, 2RSS EEWKERYERAAHLE
—#HE R 10 68, REHLIREL10 0004 2 x 2 R Rk,
AR08 4 x 10000 I 5248 T /E 2% ICA BB A
AENFEICAEmME, L I HE—-FRELAF
R RETEREGRAME S RHEHRN,

EREFREEBAKE RELBRELHNG
B, 5 —-%%W 2 ) 16pixels x 16pexels K /MH K

AFBRREHTTHE: BRI R A, 3 b ] 45 4 o 3 RLRY3 A 0 1 41
v R
: : ¥ fi %, o
2 gy o ;e et SRS
§ ErSWIe R
B 5 A z :"g& e
:‘&?. # i x‘;";. -ﬂ"'?v’_‘ - !
N o “‘“&j‘; o¥ Uil
s - - . 2
{2} Wi SPOT B4 (b) TM3.4.5 KR (c) MEES

A2 FGSPOTTM3ASEEEMSRR
Fig. 2 Original SPOT and T™ 3 4.5 images and fused images
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(a) B1HIFR

(b) B2z Hv iR

(c) H3MAIR

3 Mekaeml tHuSR

Fig.3 Three independent components of fused images

BEFEAS 1 RAENBAFERD SR, W5 R,
CB3INFEMAMBHARKERVER, HE
REE 2 x2 AT LML BT R
A ICA R, BB 4 ICA REGHAIT 2 x2 3
W ICA FBINIH .y 2B 2 BAEH
WAL R R, XN THE—TIISEES, &
N—HET 10 EMARERE,

i SVMs # IR B i 45 28 B Ak frp i AL ) B i
AruNggR, R0 SVMs lE H TRIBR R B s 7

(o) MAER B RER

(b) M4 EGALR (¢) BT ICA/SVMs H 3k

B4 FrRBESEERLE
Fig.4 Comparisons of different algorithms

of classification results

R AXERTREMEEBER: k(x,x) =
exp{ - [lx -x'|"/20") , i 0 =2, =100, PH%
B 4(e) Fim. HTRIEAXBRBMEENE
Wik, XEEF M TELANBRERSETE(R
AEEE R ADAE) R BN A
B A KBS R (0 4(a) (D) FTIR) . WA
B0 B 400 WA A, B RIR S R f0 4
APREMNEMERNSEGRETTERWHE
(IFE1FR),

%1 FRASENZHNRAEENDILEMERER
Tab.1 Comparisons of different classification methods
in confusion matrix and overall accuracy

% ko E 3]
XN p mm w4 i

HEE

RN (%)

xE 74 0 0 74

Eg 326 400 19 745
BhEBE 71.25

B 0 0 381 381

&% 400 400 400 855

Ak 200 0 0o 201

B 199 400 7T 676
BRBUAE 77.00
) B0 0 323 I

A3 400 400 400 924

Kk 37 0 1} 27
xT¥ 2y 64
ICA/SVMs
R - 3-8 9 43 400 452
400

400 400 1084

357 0 421

MARSRBNERAELE RALAZEM
BAEBEMAKENBEHNFETARERTE. W
ARG ET ICA F SVMs R BB T M A Kk
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EMERAE S M RB RN EMMTREAR
HETROFAHEL, ATXERENLELE,
FXENERBANSREEERRTHARAE
gHnKE®%,
7 8 i

A4 4 Contourlet THMM LR EHE R ML E
REHETTHELIE, AR ICA BALERE XK
REEBRZARHXER TR RYBAREH,
EHFLHRBAEREELEGE LHEBRNE
H RS TR T 1ICA 1 SVMs MIB BRSO KB %,
SHABREE W B4R RM, RSO 5 H
BHREMAERRRTRENIARE, ZEELES
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