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Abstract In this paper, a new method of image fusion method was proposed based on principal component analysis( PCA)
and wavelet transforms ( WT) to fuse a low-resolution multi-spectral image and high-resolution panchromatic image.
Firstly, the multi-spectral image is transformed with PCA. Then, the first principal component of multi-spectral image and
high-resolution panchromatic image were transformed by WT, respectively. The high-resolution panchromatic image
approximation can be merged into the multi-spectral image approximation using antitheses of imaging intensity by means of
multi-resolution wavelet decomposition, and then the merged image is reconstructed by inverse wavelet transform and
replaces the first principal component of multi-spectral image. Finally, the fusion image is obtained by taking the inverse
PCA transform. The experiment indicates that the performance of new method is better than those of IHS transform-based
fusion method, PCA transform-based one, and WT transform-based one. It not only preserves spectral information of the
original multi-spectral image well, but also enhances spatial detail information.
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Fig. 1 Wavelet decomposition of image at three levels



912 FEHEZEES#R

B10%
—

8 1 /B e DR R A i S — MRS B
—RIIFE AR, H P RE A B RO AR, T B
BRIBERHRIE, WAL RE XA FEN S
T FE R A B, R/ R e X A ) K/ R R
CRRIRUBEE . B TSR MIKRAE, BT L% #
ARKBAEEEXNR A BRTHTEEME
2.2 MNETHEME

B 2 41T 2T Malles /N5 e 05 ¥s 19 B4R
AUBE, ME2 UM, N EME T ERNERE R
REX BT 2 fNE R, ERITHEATH/D
VRB HE MM ERBRELM SR
KB RGN & A 43 8 I U BRI SR R R 4 4
FHFTRREM K Z BRE i RJ5#T /MR
BHRNTBIAERFRENMAER. EMATRE
L EARDERBZ AT E e ERKEER
EXREuNEW, BN ITEFERREER &
HHE P EPS ETRA SR ET R
HEE T ZHER,

NG
E
. N \
- TR c
B INEE
ZH
NS BARA BAE®

B2 MEEREGBERERER
Fig.2 Schematic diagram of merging image based

on wavelet transform

3 ENBTEHRMEHE

EHBEHIR K-L B, B ZNATER
B RS WIERETE, ER—MBR/NITRE
BEXEMBRIERESR, RAENBELRMSERM
A B B AR R 5137 T R 0 5 R B 2R LR O i AR
"\, AR RS T REAEEGEERFE,
BB LA 2 A8k 2 MBSt B B E R AT
M. RAFESEXHENESHRERSHRAHER
EHEEGHTHEH, RERBEIN SN EER
BAEFBEHRERRBEISR  REARIHR
Besng | To8 B ESHAEIRELSE
SEREHERBIRMEER.

B X = (2,5, ,x,) BRELEER, 0
R B EBR X 5RBRER A #TREE AR

PE—FRERBERY = (v,,7,,,5,) ", HPE
BAERF A RZAMERX WEEBIE Y« W
EmBERNFEEER, HEREXY=AXTEH

EQ B
Y2 Pu P T Pu| %
M R N D
: P P 7 Pl i
L ¥, L x, |

ERF,y, BFREPCAEREHE N ESERER
BIIEFBREFTRANGER, — M & 80% LX
EE2EIESEFERERKRIERE,BE 0
SEFBILERO,

4 FHET PCA TS MNETEHREY
RS 7T

B R R B SRR BRI £t B R AT
EARTH,BHASESR, R P, HNEERKE
BERWE AR, ELNAEIBEER FHA
HHE L EHEP, MEANYERNYE REEES
PREGKNERSSE | THBRATHEREE -4
FHRATHEARREARERNE 1 08, 8H
PLEBEBHNGS 1 4R P SHIBFSRETR
A, T RAEH - BREES A RRNL L
WG, FEXE, G F R AN B AR 7 B R A8 B
AWELEHRP RABKLE, BRF ERE
SHRER, IS HE F P A TR
[C,(F),D}(F),D,(F),D}(F),,D;(F),
D;(F),D;/(F),- ,D\(F),D;(F),D}(F)] (7)
(C,(P,),D}(P,),D;(P,),Di(P,), D! (P,),D;
(P,),D;(P,),,D}(P,),Dy(P,),Di(P,)] (8)
R(7).(8)H,1<j5<],

— R T, N TR BB B 5 B AR
WHEE,THRR P, WEASBAFNEHASR
KA1 F R B
" =[C,(P,),D}(F),D](F),D{(F)],(1<j<))

9)

3P AT R A, B BHMATES
BEEAREENE L EHEP,. 2EEEAER
)F BHFEFRTHSBRERNMEES B, W7
NEREBSER TS MR, KRS



ETH

HAEES. -MFNETESBRERS/MEERNERBE & 913

O B A VA B R o D 4 O PR M MR A
FRGHAGATEEMAB LR R =, W
AR IR AR . SRR I T % G 1K 4 B
HR A i I 150 e 3 — I BT B B R BE AR,
G HtE J B,
[C,(G),D}(G),D;(G),D;(G),,D!(G),
D' (G),D!(G),,D;(G),D}(G),D;(G)] (10)
ERH,1<5< ],

iCg, (i) BRE JEFER C,(G) MR AR
(L)RBREME, f,G,) ZRE T ETFEKC,(F)
Xt REARER (i,7) Ab B4R 2 1, T 3 37 49 35 9 90 R 4
By
P =ly., - C,(P),D;(F),D;(F),D;(F)]

(1<j<])

Rk y, BEABREGWESATER C(F)S
1543 3 3 42 3 3% P40 5 — 38 BB T 0 B9 K AR
BRI T B8 C,(G) TEARFR (i,)) Ab B9R K Hof, T
FEARWTF .

(11)

£Gu0)
YVij = g,(i,j)
0 g,(i,j) =0
v, BBT C(F)5 C(G)RNMTREMRBEREZ
to SR BAREAZTRAS v, > 1L,/ MNESRIE, B4
BREGHEATERERGEER TROAES
33 P45 BT Xt R ) R — U8 B RG34 ) LRG3
BE, B, B o B R B R KR F B P A &
AW ERERT L HEKERGNFEZ P A%
WHER XAy, AR, L LR RSB
REGNMERFBER FER PR ZETE R
ARTEHEEANE 1 THENBEHEASE
C,(P)H;¥% y,, <1 B, WAKA HE R 5608 B & BT 3t
MME—FBEHEATFEAEEREEE TSR
BAGHEFFRBHREERE. NEER T
BT C(P) WAL, B, 4 ER
EEZEFERNRFSZHERRARIWATE
HEANTER. AT ENEELRIT
(1) 3852 %t & 5635 B 453817 PCA R B3 &
EhR;
QBRI BRRER F #HTRMH HFEZEL
HEERNE 1 98 P, RAEHERKGEMY ZE;
G)KBIHREEBF ZHEEGHEL £
B P St EGPE BN AKERK G2
P47 A6 (R 2 B8 /N 4 6

g (i,j) #0 (12)

(HWHER (1), R (12) HT ARG BHH

A dwt
1

(5)@xL pi HAFNEREHRKEBIMAE T
MEE1 4R P,

(6)AFE 1 4R P, SHMEEHRM
F AR Bk BB RS ER .

5 XREREHW

ST B AR AR SR B B IE R M A A RO, A SC UL
Landsat-TM £ % E {8 5 SPOT 4 & [ {& 4 1 K i#
RIS, SR, UL SPOT E1§ &% R4,
AN EZRT T™ B KT T LR #, I
SR A 06 (7 e % T™ BB 47 R, i T
B 45 SPOT E& &) 4 Br R AHF (¥ % 10m) , AL HE
J5 i Landsat-TM321 ¥ Bt 5 SPOT Pan ( 4 5,3 BX )
Bk R 512 xS12(mER TE 1 58 1
B2FR) o T #ATX H, Xt E 5/ PCA B #e
BlA 75 Bk JTHS AF Bl A O B /MBAR B Bl O vk
77 5E8, S0 P BT R B /NBR B 4R IE SR /NBR , /D
BERSEBER N3, APCATRBETERGKE
BMERR T E 3 iR, AAEERBEFEEEH
EGERER ] K4, HS SHEae e maen
RGmEE I ES i, BR L E6 2RAAXERE
WET PCATRENEZERHEE T EREH
B,

HTAEBEXMNAXMME TS HS BH#,
PCA BHA/NMNEA B ERME T kit 758, &
A EEREER L CRAGEEEAMTEHBEN
AN BEARFEAT IR ; T D6 {5 BB O 35 7 T U SR A4
tEEMERAAXRERERRGHMSBOR,
HebimAN, o TEGEHEFLERNEZS BE
RGRHERK, EHMASERBEFEEREEX, K
BEREE; FTHHERBRTRRM S HENFL
FIR AR A, T LR O, T I R I A R 5 FE
FRBR BT i E R R AR AR B B B
AHifE BB ERBBR T LUE 2 ERKR KL
EERRARE ;G EHGBREERRRTS
FERBREEERERE, B H B E g X
ZE R, LHORKHBMBEDWEX S AW
K (13) ~K(16) Fim,

L-1

H ==Y plbp, (13)
k=0



914 7 E B R B R

F10%

Rb,p, AKEEET kOBE,LAKERSH.
g=%2¢uﬁth2 (14)

K, AF, FAf, A AEE S« Ry Tk
B 2253, n N EBRE KD,

3L i)~ ) x (i) - )]

R(f,, ) = —

szwmwmzmwmwﬂ

| | (15)

Kb f, (L)AL () A IR B R E R S, f, TE &

(i) BRI, B, 5350 PR 1R 19 T 3912
RiE,

D= 2% 3 G -l (6)

K, F(L0) G0 A B A B 5 BRI R
(i) BRI,
BEFEARTE RS ™M BRES5MA
EMG B 1S B0 E IR B A 26 R BRI R 1
F1, HELALUES, 5 HS BHREBAETEUR
PCA e & 7 26 M L3, Al A S ok b & L AR

B P2 B 5 A Ok R BOR K, T L R
N ERUAF T EMSEGELEGFEHRESSE
4015 B R LR TRIAR TS, S5/ EESR
Rl 07 ER B R RGO BB, B Bk AR B MR
RYBHFAMBE I M SHEMNELAR, 52
A2 BT B B3R, X B A SO R R R
BABENGFERE L RERATEENERAEH
LEETAERRRE T, B LIRS B R
BEOARRE. IBRKREARTERREETH
REREZHHIBFEARIHRERTEENR
WIRB. A5 NEEEEEHNBRBRRE, A
JrERE JE K B BRTEE RS B K fRis L H THS 288
il PCA BHX PR T NS R GA RN BHYE,
EZERAVFEHRAEN LA - EBRERR
R SR/ BT B R e RGO B, 307 &
HRA ERACUEBR T 2880, BR A /DL
BEEEREDREM RS, T E7E 8 5= E 4T
R RRAB SN RR, BRI RTRBRGES
B bR R

£1 FRTMEASSHAEREANEESTSH

Tab.1 Statistic parameters of the performance between original TM images and fusion images
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