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Fusion of remote sensing images based on the second
generation Curvelet transform
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Abstract: A novel fusion algorithm for remote sensing image based on the second generation Curvelet
transform is proposed. The histogram matching between the Pan image with high spatial resolution
and the band image to be fused in the Ms images is performed to eliminate the spectral differences,and
the histogram matched Pan image and the band image to be fused in the Ms images are decomposed by
the Curvelet transform. Then, some fusion rules are employed to obtain the Curvelet coefficients of
the fused image. Finally, the inverse Curvelet transform is performed to obtain the fused Ms image
with high spatial resolution. Using the proposed method to simulate several sets of IKONOS images,
experimental results demonstrate that the total spectrum preservation is improved by 10. 54% com-
pared with the Intensity-hue-saturation (IHS) transform method and the spatial quality is improved by
0.81%~1.12% compared with the Discrete Wavelet Transform (DWT) method. The proposed algo-

rithm also can overcome the high spectrum distortion of the IHS method and the low spatial quality of
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the DWT method, so that the proposed algorithm can not only improve the spatial quality of the fused

Ms images effectively, but also make the fused images in little spectrum distortion.

Key words: image fusion; second generation Curvelet transform; multispectral image; panchromatic

image

1 7]

Uu\«

PR il S 45 224> AN [m) SR (W] 286 284 1) R A5 A%
JE A A A 7] B[] i A ) B ] 3R I ] — 7 s i 22
R AT B DA Z5 45 R0 B2 B, DT 7 2B LG AT fo] B
— MG A5 B S ok A R . E
Bl EHOR T 2T W T 28 R BEHL g AR
Tl A A AT, AR RN R B T E O
JE(5 B H Z 6% (Multispectral, Ms) B4 5 BF
i 25 (8] 3 B 1 4 8 )% Bt (Panchromatic, Pan)
K Rl & 2 AT B4 3 W EAMS BRI R
A A [\ 53 HEE I Ms BE DL & 3 R 15
B AR IRCRE ) . il 5 J5 B9 Ms R AU B
A B U AE B S TR B 3 Ry AR R R 4T
TR BT AL 3 G ' 1% R v A 1 A

g i B KGR & Bk s B TR -
JE-19 #1 B (Intensity-Hue-Saturation, IHS) 4%
¥ LT 3 Y 43 B (Principal Component Anal-
ysis, PCA) DL S kT Brovey 28 4 1) K5 il & 55
R B FA AR S IRAT A A s TR R 1
& B AHDGIE R 2R L™ AR R BTN
AR 22 RUBE 43 i 5 15w T 8 SR AR 0 il
b JRIAR T E R R . BTN AR B
PG R B A U T TR e il & B ot
e ELIR R, SR R TR — 4 /N D 5K i R B Y
TN FLE SR 45 ) [F] P (Tsotropy) 1, TGk
i 22 38 R vh 30 2 0 7 1) 8 G 12 S B0 IR
A B 2% s . X A5 |l A S W Ms BHR 5 51 A
P RGN B AR R DT AE — i R R REAR T
il R A 23 1)

Candes E. J. #il Donoho D. L. F 2000 4F 1
WHEH T Curvelet 25 4 BN, R N 55 — 1R
Curvelet 254 iZ 316 th Ridgelet " i1 A4 1
R o 2 R — Bl R IR 1 208 i B A 22 KU Ridgelet
AR A . ARXS TN 4, Curvelet 25 46
AMLEA R0 2 R 25 B0 0R 3 4 1: L iE
HAG 207 R B8 08 5 N i . 3 7 R0 2%

F9 75 1) 75 45 5 R (] %) B R RS B2 ] DA e i e e
MR oR BB g M i X, B2, 55— 1R Cur-
velet 78 6 (Y 807 55 B0 LU SR A 5 1 40 i
- AL H L E RLAE T Ridgelet 484 55— R 41 L IR,
HHHITUARE &L 16 + 1T N dREO .
i, Candes E. J. 8 AN X fEH T —F 5 5 T 4K
TP B AE T A PR Curvelet AR 4, RIS
AL Curvelet 281 . A SCHELES 08 T Cur-
velet B Y HE Al 42 5 T — 2 755 — AR Cur-
velet 75 4 11 18 J KR Rl 5 006 1 B TR A A0 e IR
T THS 78 46 71 /)N 728 4 1) 8 Rl 5 500 R
HIAN 2

2 % =4 Curvelet % 112

2 AL Curvelet 284 555 — 8 Curvelet 28
A [ 1 2 A8 52 B F v A 51 A Ridgelet 48
o, MR AEAE T B4 T Curvelet B9 24K
FRaIE L AT L& — P B OE 2 L B Curvelet
A d . FE UL IR b SCHRE12 145 T PR B Al s
BE %

1E 25 Z 4k Curvelet bR 80 E X Z |l B 5
TERIE L R U, (o) -

U (0)=U (0 0) =¥, (w)V, (@ , (1
Ha, ¢ (o) = ¢ (27 w )y ¢ () =
Pl /2)" =P (w)® s H ¢ () Sy — 4EAGH 7 2R %L
V@)=V (27w, /), V() g LI N — 1.

+ 1] A S 1 2R 3R, HL 2 E Vit —m) =1,
U, (o) 558 5501 A A3 380 S 43 DX 13 AL € (oo v )
2w | <2, 27 < S <277}

AR AR RUBE 27 7 Tl SR BE O, R wi
=R, "b=R; " (ky = 27k, + 277 4b 4 Curve-
let R BIE LR -

010 (0) =10 (w1 v) = U, (8 @)e S

(2)

1 0
;E\:l:’:l’b:(kl « 27 ky o 2*.//2)’59:[ },
—tan 0 1



1132 P o

K% T

515 &

17 5 LB ™ RUE IR X 880, 67 % by = (2770 &y s

270k, Kb Curvelet pBRELE LR -
sDjo.k (@) :§0j‘].k] o, (w1 ) =

(270w VP2 0y )e P, (3)

1 A (2) T (3D AT LA L R R R

F{T Curvelet B EAH X F H & R JE T Curvelet

BRBUE O] 1 2 A 51 A J7 ) 2450, IR TE AR

WX I A S Curvelet 28 4 55 /)N i 728 8 A 8L, HE

AEAS )[R PR S f. MAE j REE R, Curvelet 728 4

S5 AR A ) B K 2 ROEE TR B R 43y 297 A R

AN 20 X2 R X A A R A i 1R

=\

7N o

100 \

\
52 §\>\\ / 4/
_50? N

2N

—200 -100 0 200

///// \\\\\

K1 Curvelet 28 #5544 73 7 7 (I v B 52 88 o0
FRHRPE T F Curvelet RS HEX ]

Fig. 1 Curvelet tiling of the frequency plane(In Fou-

rier space, Curvelets are supported near a

parabolic wedge, and the shaded area repre-

sents a generic wedge)

THEBES R f(x) = f(x,,2,) B Curvelet
Ap s X () prst
C(j?l?k):<][(x)790],[,k>:

1
(270

AHNL B 5T B F Curvelet AZ # 5 0 =0
(5) IR

2 J}(Sﬂlw)fjj (w)eix’b,aﬁ dw 1) (4)

1

cD(j,l,k):L i3 X 2 f(ny yny, —mn; tan 0,)
Ltz e p,
(’j} (ny smy ) @2xhim /by gy /Ly ) (5

HA, P,={(n 1) ny o<y <<nmy o+ Ly, en0<
ny,<nyo+ Ly, ﬁ@@ﬁU(nl,nv)Eﬁi#E“ﬂ,
HL,~2,L,,~2"7;f(n n,) K 4B #fES
Y S T L A2 4, — N/ 2<<my sy <IN/ 2,
AW T —FR A FFT X K%

Sy 1) BEAT PSR B Curvelet AR 55N

(1) XFEHG f ) 47 248 FET, 15 2137
il _?(711,712),*N/2<n1,n2<]\7/2

(2) BFXE AR R G A 160 0, 3% F G s
n) AT SRAE SR (A5 2] £ Gy ony —ny tan 6,)
Hrp(n, ,n,) € P,

(3) f# }'(nl, n, — m tan 6,) 5 % R
U, nyono) FTRAS BT 69 5 51 f (nyomy —ny tan
0OU, Cnyomy) » FEEAT Loy X Loy #5453 FFT.
TR BB j 7 1) L R k= Cey ko) TR ES
i Curvelet R E "G,k

3 % # — /X, Curvelet % 3 B 1% 3%

‘/i—

R TE R fil & Z Hi Ms K85 Pan &4
A s B, AR T8
R Curvelet 722 46 18 & 1815 il & 55 BAK AT 43
LIRS

(1) K Ms BG-GB B R Ms, (k=
1,2,3, 4, ) AT WML (E . 75 3] 5 Pan K&
HAMREBRITR A1 Ms B Msi™

(2) K 5t w5 7] 43 HE R Pan {215 Ms™
BIG AT BT B’ DA 31— S8 5 Msp™
FLAT A 1) B 05 B 43 A5 10 85 3 HE SR R Pan';

(3) X} Msk” 5 Pan' /3 53547 J %% Curvelet
AR A5 B A [F] 55 4l Y Fl A ) Curvelet 728 i 5 %X
{CFGnyn) s CFF Gman) (=500} FILCT Gmyn)
CryGman) (G=50) ), Hrp G, (m s n) R IR+
WARR.C,,(m. ) FBRRE jUFRH r FTFHAR

(4) R F— 2 Ml A AL X453 2 1 Curvelet
A RECGHATH A A B RS BRI Curvelet 22
e 25, TER A5 A o) BE A Pan G b HTH 70 B
U5 B 32 AR vh A IR Y 2% 4 i J7 [
H. B, O T R Ms B 3 Ty B Rl
J& Ms EE& 87 8 77 1) 54 R CLL Gmyn) A]
H1 Pan’ B4 14 #5417 38 J7 1) 77 & 08 2, =
(O)Fr7s . AT RS Ms BRI OGS RS 5
i Ms BR 0965 R O 35— B0 fl & 5 Ms &
BRI 1 R B CL Gy i) By M EUE AR

Jo

W AR EL D FR .



57

gk R, 5 A AR Curvelet AR e i) i 8% B & b & 1133

Cr.(m,m)=C"(m,n) , (6)

CF (ma)=C mn) . %

(5) #4828 Curvelet /E?ﬁ&%%@[{cz (msn),

Cl.(msn) (j=j,) } #4T Curvelet 3578 6 , A M 15
F) k PBCEA A [ 5 PR Ms R Mspet,

4 TRLERRLHH

T UE B L A R AR SR

(a) Jiilf Pan E1&

(a)Original Pan image

(D FERHIGH R-G-B
HE Ms EiR
(b) Resampled Ms images (R-G-B)

AT IKONOS TR E G AT T 7. [
T AR AT AL AR SR SR T T BE T THS A2
LT IE A /0N i A e IR Rl s R AT
K% %, IKONOS T A fl ff £L (Red). %
(Green) . % (Blue) #1321 #p (Near Infrared,
NIR) PUA4~ i B i) Ms AR R — A4t 5 B R
HoasE PR 5 4 m M1 m, B 2Ca).(b),
O A T IRIE Pan E1G B H 2 0 3Lk 13
fE)E M Ms El&. B 2(d (@) R AT THS

() HERHJG 1 NIR-R-G
4 Ms El%
(¢) Resampled Ms images (NIR-R-G)

HFF IHS FEHMM AR RGBAS) (03T DWT Al 4R RGBAE)
(e)Results of DWT method

(d)Results of THS method

OARSCEEMME SR R-GBAS)
(f)Results of proposed method

(@) BT THS 8 e iy il & 45

(NIR-R-G &HH)
(g)Results of THS method
&2 B S 2065 R R G 45 R

Fig. 2 Panchromatic and multispectral images and their fusion results
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Tab.1 Comparison of various fusion methods in experiment
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