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Abstract: In the process of remote sensing images fusion, the Spectral.distortion of fusion image is the main problem. To
reduce distortion, an optimization image fusion method in ‘eembination Wwith entropy component analysis transform was
proposed. First, multi-band image was transformed to a snjdiNaount 6bands by the entropy component analysis to reduce the
spectral dimension. Projection transformation was finjéliéd, from he, Perspective of entropy contribution so as to keep more
information of source bands. Wavelet decomposition{wds doné\between the first entropy component and the high resolution
image after histogram matching to get low freqiency¥and higIMrequency subbands. For the fusion of low frequency subbands,
Quantum-behaved Particle Swarm Optimization ( QPS@) ‘algorithm was applied to select the optimal weight coefficients. For the
high frequency subbands, statistical feature and sfatistical model were used to perform fusion. The result of wavelet fusion was
regarded as the first entropy principal compgnent.)The fusion image was obtained by wavelet and entropy component inverse
transform. Entropy, cross entropy, standarghdeviation, grad, correlation coefficient and spectral distortion were selected as

objective evaluation indexes. The experimental results show that the proposed method can enhance the spatial information and

avoid spectral distortion.

Key words: remote sensinguimage fusion; Principal Component Analysis ( PCA); Quantum-behaved Particle Swarm
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Sk 5 B )R B B 5 E & 5k ( Entropy Component Analysis
Optimization Method ,ECAOM) ,,

ECAOM 4 £ 5.3 245 5/ ARG & , EERR G4
R Al AT /NP RS B A R TS (Bl S R 4R T A
JGIEfR BIRTE. FRS i B MR TEEIE R F R,
RATREZ i & 2L RIS R o Jenssen BFST R 3L,
¥ LA BT R AE (R ANARAE 1] B 5 JR 4R A Y Renyi S A
HEERCEE, LAXT Renyi 7§ ) 57 @k 4 H) AR EE IS —
BT, BRI S LR IR R R BRI AR . RIMLE R, &
PS4 T M & T 1 E L4 43 BT (Entropy  Component
Analysis, ECA) #2 . LSRR BARE B ERT,
FERRRIETE A5y Rl A T DR S bR BB IR AR I B B 15 B o
RN RS B ER S 526 RBRHET O, KRS
AMEH TR o X TR, RN ER . A5 T
GERIINACF- 2 B T ¥Rl B, B & 7k 7Rtk
( Quantum-behaved Particle Swarm Optimization, QPSO) & k!
B350 M3 R R A A AUE. A T R - R AT e i
TR R ST EER, WEREC T E B skl BARR
o FIRTRT KRR S BB G RG KR, WTHRLAE
HIRAAREBRTIA . ZRRXMXEER M TSRIRHEA R
AR, ER/DN KIS 3T KIBAN N E MR RSB ITE
BIRBEMBMENE. RELE/NMEFETHRY ECA #E#HE
B BAREER

| ECA %#

BINGREAL BN x, %, x5 (x, € R™) T H=K >
[xl any”.axN] yX%J d X N E@%E%O

ARSI 1SR A Parcen 8188 BEA H O R W B B
B pO0) = 1 T ko) ke, @R U
BERHCr x,) MRS x Fx, KOG,y T A A
TR B RH ANE) = -+, Renyi

x;eD

R H(P) = - Tbfp (x)dx, % V(p) = [ (x)dx,

BT HGp) 5 V(p), IR Parsen 818 BEAEH 7
P(p) =3 ) =~F L3, - L1761
N & N& N5 N
(1)
b1 RE N x 1 BRTIE,G = XX,

Xt G HATRHAE /MR .G = USU',
U= [ul !u2a.“yu1\’] ’ 2 = diag(o-lao'za“.5o-]\/) (2)

V(p) = 2z Y (Jrul1)? 3)

ECA BB BARN : Broy = 32U,

B ERAHTAT A, 0, 5 u, AT Renyi Bl A/, Bixt
W TR OB AE A Ry BB 7 e, RRASAE MR 0 R /R
T REHB R B JE R SR 15 B, ECA B LN T B R T i
TR BRSNS, TN ETR R 1AM (ECA)

TETE ECA fil PCA LR Gu, = ou, B

X'Xu, = ou,
{ (4)

XX"Xu, = oXu,
MmEd < N,Jar = rank(%XXT) = rank(X'X) < d,

2 v, = Xu, W v, Bk PCA BRSAEI &
LA STRR AR A B L], MR /o a] R HRFAE
ORISR AR,

2 QPSO A F 1K ik &

TREBRES PR/ ME o  Ja 53 AR BURN E AR P 3 o, %
BE— D0 R R TR RS AU RS . i SCER
[12] "] 41 QPSO #4 Ry AL I i BA HA AL B LT vl
B o A3CH QPSO A T A & R AL R
T AR R R EMR A BB R P BUINE R B

QPSO B R T AR AL REAR, AU A K
2 It B RS LB,

F& QPSO H i1 B BT il ) = X8 30

1« R 1 - 1 -

mhest = 3 3PS (G2 P 2 e )

(5)

PG; =f*Pl}.+(1 - * Pg;; f = rand (6)

¥, 5 PG & w'* |mbestj - ij| #In(1/u); u = rand (7)

H T mbasi JBRT T HE pbest PN E ; PG, Ny P, F1 Pg, Z[H]

BYRERL S Oy QPSO WU 3K R 3, B & QPSO WS —

NEENSYH; MAXITER RERNBERKTPEX R, S o =
(M0 -0.5) x (MAXITER — T) /MAXITER + 0.5,

QPSO MR IERABME 1 R
WGtk
[=)
T=MAXITERD—=] R R
i
[ HEr T BiRaBdE |

Bi1 QPSO H kit
EFABIENES A, AR IMBUEE AT B
MERAR R B B L R F R BB EE, BERER
BT TRV 2 AT B AR AL R Y, K iR 5 R B
BT B B kRE . ASCUMRZER B E BMERN B
PreE g ( BbR R AL = f5 B4 - IR ED)  FEER /N R 30, 5%
RIEARIRECH 200,

3 ETHRITHES Rt #ENE ARk a7 %

BB IN S R K IEEA TS R R
B2,/ N ERENLET X EERMER SRR A3
o[z g WA IR

1) SR ¢ SRBEK S 5 RHT/ NS
s SRR T BRI B R M x N,

2) BrA® ALy (M x N,1) §9510 &, &3 ECA 2t
Wl =4t

3)RHEIE ¢ SANERMER AE N g, 51.(3x1,e38
HEIRS) o




470

SR A

533 %

4) XPRCE B, BB 20 SR T A2 I 0 D

14
nge[ ]O

lg, -1, |
PETA ®)

5) AR BT PRRO MDY, 6 10 7S 5 T4 D B B 0 G
B a = 0.6), 8BRS KL

%S, > off, BB RT AR SR, 3T B kP i
AMEE B G H R T R A S R N A L,

%S, < off, DI RT AR IR SR, B BAT R Bk
RIS BAE ARG 2R

6) Gt EME A TR BEP R B MRE B ST, 4
SAHET T W, SRR 2R 37 22 B K AE W& R8T
TEHHRIE™ BB AR S BRI T .

x = [£.]" Ba (05 6 R L/ SIS 1/ I R
8,8 = [B .51 At I ERA RS B, RAL R
SHEREF BB ER S N2 = B'x,

TR R R T 2 B NS BB KR,
[P TR v

max J(B) = B'3.B

3, =p'3p,3 =

S, =

9
Ef Zf,s' (10)
Ef,g 25
—ABEME RER BN BN RE, B w(B) = BB -
1 =0;T0EA TR IER PR —ZE, 75 S 20K sign(B) =
sign([%,,,3,1") .
{ﬂTEx =", B'B =1
B = abs(») ® sign([3,.5,1")
Hrp v b 3, BRI R AL [ &
TR0 A R SR
#oa < 0.6, BTHAERIFEME:
&, grad, > grad,
{f grad, < grad,

(11)

F, = 012)

#a > 0.6, BTEENNE MR RGN ERRME .

5) BN EAARRERMEFHE - HERS  RIFE
B ECA AR Bl RA K B REARRME 4R

5 EBERL A

TR A U B A R, LUK [E TKONOS 2 H 4%
IR/ H 256 x 256 BRI RIGH L EE F R, Eid 555
LB EERR SRR, ML RREEEE
B4 HIS J5iE \PCA 73k . DWT J5 ik SCRR[ 1S T i GE it AR
fl & 5125 ( Traditional Statistical Fusion Model , TSFM ) DA f 5T
PCA AP i 7% 3C 77 ¥ ( PCAOM, Bl XX J5 2 ) ECA 4 A
PCAEM) o RSN 48 15 31 Bl & BB IEFT B WA P
P BT A IR ik A 1R 2% TR AR 22 49 47 ( Etropy,
E) A& EEF0 PAN BB AY3E S ( Cross entropy, C) FRifE
22 ( Standard Deviation, SD) SR E ( Grad, G) , N ESGiERE
i B A9 6 7% 1 i ( Spectral Distortion, SPD) Fl#H 3% 2 %
( Correlation Coefficient, COR)

K3(a) HEBER, SHRE 1o £h, ZRPRHTH
B B HA B, TR HER AN OGS RIHE A 3 (b)
Fime B 3(c)hgad HISNR A& R, B 3(d) w4l
PCA iRl & BB GRS (o) 45T DWT WRL 5 R, & 3
(£) A TSFM J5 354045 M Al-& R, B 3 (g) BATETE
PCAE I T RGNS R, 18 3 (h) R A ST R BL-& B
ARSCHE LB RBT IR K /N 5 x5, /NEATH R R 3 )2, /NIR
T symdy,

WV 3 Fim W Bh & 45 R T LUK B, HIS J7 ik AR BE
SRR B R, HRESRT ERNBIORE,GEF
BERFFRE 32 PCA Jr s R e BB 2R B R (IR, fHLR 2R
FRRR b HIS J7 g/ HAb Jr s Al & AR FL BT 2845 2R,
BiEs Y HA BN, B E = A PR A TR B ERE
B BRI RTE, 28, B T PCAOM/ECAOM Jy ik B RO EE &
T BRSNS, B ARAYLH D R KBS B E
G HRE R, B EF, ENTH S BCEREL, AMLAE
R ER I B 5%, 5 BG4 E B, [ SRR T 3t
TR F I 2 I B B (E B

BRT FEHFRLISE 22 1 G0 T Z VKPR SRR 85 R, o

BB AGEHH PN IR . E FRnBa BIGERBUR B R
BAEEWEEST, i1 F ECA HEMIIA, UE SRR K
BRI E N 55— e 52 BB & , A SCH R & B
BAE BIBUER K, CRBLT PIEERRT R R K2
5, B/NBEF  HIS 7k 5 PCA 7R CEAE R, HiAt

ITEREZE BN, RSO R ER /. SD T4t
B& B R0 J7 % , B T TSFM,PCAOM FIl ECAOM J7 #

Fiteyy = Oy X 8Bitey) T Opy, X fitred (13)
4 HELI
AT ELRUNE 2 i,
NSt X i &
VAN J ﬁlewﬂg _+
S aire | e
AN 2 N
BT I
BREME
i) i —
= | AT || s T GBI T
omollE]l [ 1 oo
EmMEGER | B ERy [BEH

B2 ECAOM BhHHESE

HARRERIT -

1) ¥ 2k B R MS 38T ECA 2R He, FRIEE — Wi F o
g2 BER ST ¢ HETETEIRE, BEHN2EERE £

DB eCER L., 5 ¢ HIT/DEALR, BEIL BRI
SEETE,

3) AT T P LR B 5 D 22 46 BUPE O H A el 4R, it
QPSO R EMAE,

4 ERT RS R EIMR LS ST R I kBT & R
8

i | FSRATTZEMEN HAR R, eI E T RO J7 2

B, GIoHE, RBLT EGMTEMIRLE , PCA ik Bl
RGBT, AR R EGR . DL EAR AR
TR A 4R 5 4982 PCA JTik I THIR B/, RN A
BREEF BN . AT IR T R AR /MR R ik
F§ 4. PCA HIS DWT,TSFM , PCAOM ,ECAOM, [F] i} % 22 i
R REH AR R OGR4 . COR RR T BHRZ AN
ARAREE , B UE A Y R 1 R RE TR T SPD R T O iE I
BN, TP R B RS RS R IR RE T B B A
% .HIS .PCA .DWT TSFM ,PCAOM .ECAOM, g It ] %01, 245 3¢
T EBIFHR T T 2 R R BRI T BAROGISER



F24

FRAFAF LM EIAS R BB RN FHE AR GRS

471

() 2EEG

(b) ZAILE B

() HISTF LRV & R

(d) PCATH iR & B

(e) DWTH LM A E % () TSFM ik & B (g) PCAOMEL & 1%
F 3 RERUR SR IERE MRS BB
x1 B3 hREBENRETH

B Bk E C SD G COR SPD
IHS 4.8216  0.5008 84.2869 20.4880.~0.9108 55.3213
PCA 4.9061  0.5263 7574200 19.3@»5 0.9336  33.3210
DWT 5.2582  0.0263 /988573 A80:2313 0.9541 13.0431
XSl TSFM(T=0.1) 5.2761  0.0248% 60.681{r5.85.1064  0.9745  9.9571
PCAOM 5.2748  0.,0195vY60.3010 36.6981 0.9813  8.8378
ECAOM 5.2813  BbI®2 6075372 36.8923 0.9825  8.7956
IHS 4,795 WOM0. 7322, \30.5551 17.9701  0.7624  55.3213
PCA 5.2783 74) 0.7441Y749.9900 16.3474 0.5917  35.4587
DWT 5.28397% 070137 59.0430 30.7744 0.9474  13.8497
Xs2 TSFM(T =0.99) 552617 (00188  61.0229 35.3313  0.9745  9.9567
PCAOM 5.279% ) 0.0153 60.7231 36.4788 0.9803  8.8505
ECAOM 52803  0.0145 61.0302 36.8712 0.9812  8.8002
IHS MN8254  0.4714 31.4192 18.1017 0.7741 55.3213
PCA 5.2921  0.4973  50.8900 17.3443  0.6592  34.3545
X3 DWT 5.3244  0.0386 60.1286 30.9171 0.9518  13.5702
TSFM( T =0, 98) 5.3518  0.0379 62.0062 35.4612 0.9751  10.0217
PGAOM 5.3571 0.0312 61.6144 35.9843 0.9809  8.8562
ECAOM 5.3654  0.0298 61.9254 36.1324 0.9823  8.7121
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