B42 & H A
2017 4F 4 A

ARG N e

- fFE R

Geomatics and Information Science of Wuhan University

Vol.42 No.4
Apr. 2017

DOI:10.13203/j.whugis20150768

& T Shearlet 284 [1Y) SAR 5 2 ik %

o !

1 RK#

W EASESRILZETEACAR B A 5 hikiE

KEE P AR T — A TR %e Shearlet &

0% F e 5 RE S AR S ¥  SAR #

XA
B, i ®IL, 430079
%/ ?&ﬁ_mﬁ/\ﬂ‘f

THIRT 0 S RERY B IRAS T X, A A Shearlet & #
SAL o R o R A B R AR R AL R Rk

XEHS.1671-8860(2017)04-0468-07

&GRS

R E

8] 45 A Ao S 35 45 AR O & R AL ) A AT B 4

= 4 A A

KR AR KM F 33T T A T XA 2 091800 & 0ok & AL Ao 2Lt AL 09 B ob A8 & A 2 P 2509 5 90 & Bk &

A b REBOSLSERNMTAZE

e AT B
URENZFEZERZGYBRERA DT AL ORI RBERIFHRESL S LERE,
HE#5 Br ok & 3 (Nonsubsampled contourlet Transform ,NSCT) ¥ F kM, Z 5 £ %

# A TerraSAR-X, Landsat5-TM # 4% 3 47 52 35,
Lk T ETR

15 B AR A E A ki

BEAERAETEOHRARRHRA; AP RILBAELE 1000MRIEE . ZHEEZARA ST 25% MR EE,

Sk AR T 4000 89 A e
KB 2 RVE RS
HREESES P37 MNHERAR S A

A AL T & (synthetic aperture radar, SAR)
HAT 23 (8] 73 PR L BRBCS Ml S e b ) 1 20 RN 245
FAR B AFRREE . 2618 78 5 A b ) e i
B R ﬁ KIEJ/EZEXE’JQEAHU"M%?HZEHE’J
fF RN, B EHR RS 1 7 4 SAR FIZ Ot
TSR B R — 8 n R AT ER 2 A A 3 —
mmfj W ET UL 5 TR S TR

JESARAE I — A RO R

HATC A K| KT SAR ADG% & B2 R 1
RGBT ST OO S R) AR e 1 R /N
BRI T | R4 T (principal component
analysis, PCA) A4y ikt (2 R £ 07 11 5 i 7
R T M A W 45 1 R AR L R A ST AR
BG T BRSSO, B2 AR SAR 5%
DT B Rl & 35 R 2 R A B AT 0 755 il
B ERAE S — Al 0 Z 4E 80 5 5 AT b
BT AT 2 SAR 5062E AR 1 BUR HILEE A
G RE V25 R T s PR =22 TB) | 22 5 L R Rl A TR 2 AR
AR 205 {5 B AT B DG 5 B AR B ) AT A
BREFE . AR SO SAR I 2 0t 1 1 I 18 1 LR BIL
ﬁ/\i,,n Shearlet 72 i LA K ok i #5 5 i 25 90
#% (pulse coupled neural network, PCNN) 7& [E 1%

i HHEE.2015-12-21
WERE . HEK 973 7% (2012CB71990D) .

; Shearlet % 3 ; M?vbu&lf F3SAR; % R E B RS Z ML

Ak PRI A DL H B2 T—ﬁ%)ﬁﬁﬂ%%ﬁ Y 7E

Shearlet Z8 i 35], F B SAR 5 £ 6 1% 3% B 52 AR fl
B,
1 E T Shearlet TR FL G 7%

1.1 Shearlet &% RE %7 @5 #

Lim %510 F 2010 44 T — Fh 208 19 B
Z R ZJ7 10 51 f#% J7 i— Shearlet 4, 5 H
HIH WA LA 22 07 ) 22 RUBE 43 7 vk OINIBE 53 it
Contourlet 43" %) 1 kb . Shearlet 748 $ 78 5 1%
Tl A 4003 RE X EL R

WE 1 Fras, Shearlet 25 45 22 ]EE 49 477 il
Z 7 W o M o AT B e AR R RS 7 iy
Sfln,m,) Sl
D L
fl
B i) <44>%*
4,9 |

K 1 Shearlet 25t~ & K
Fig.1 Workflow of Shearlet Transform

E—1EE s WA, FENFZHEBEGHA UKL SAR 2GR BT %5 . taijianhao@ whu.edu.cn

WS Rt #% . panbin@ whu.edu.cn



542 B AW AR BE % . 2L T Shearlet 28 SAR 5 £ 61 & BOE B E & 169
G I G T 2 RE S, B 8 —% = NEICERE B BRI AR A BLALF AT
$or 3 o 7 4 ik e B R 43 iR Shear U8 % # 4H AN 2R, i H PCNN K& &
AT 207 W) 43 . By ZBAE R S E i PCNN #1280 11 15k

M EER Tl 19 ff B2 oK B, Shearlet 75 e fJL B
PEH 19 22 Shearlet 20 Z )5 - SAR A2 1Y
A R B & T R R K15 B BB AE A
Xof 4 v T e A AR RN B B 2 A S PRARRAE L LR
FRAE S5 A0 9515 8, . AR AR & 08014 R R0 0 ok
A [ B il G R0 54T 315 % J5 ) Shearlet %
R A A — R RS S R TR
1.2 ZEXZGEHENBETE

O3 Z 5 BRI 430 5 T RER A3 i S ) F
BADEIEE B  BVEe 2 ADOGIEE B H BHE7E TR
sy, PR BE DU EE AT DAV S — A A A v
MTEARB R B R & B g &, 7231
SAR FAG 5 25 8] 43 HE A4 1 ] i BL ] g 22 b f B
2R O E B Rl G 5 OGS
TRBYIGR . [, 2 8 3 — 2 R 1Y 3% 2 M At
VoA SR 5 0 DX R L R T T T X
RE I 22 AR T A0 2% a5 MDD £ il 5 295 RS
I REZ AL SAR R 20T SR =5 (45 B A [ i
TREDOLIEEE .. BRI INE LA (D .

ExG.j)= D) wlm.n)fixGm.n) (D

(mn) € w

P m on Bl R X8 59 47 90 0, AR A 4
Mrom=n=5 8 NEi;wlm.n) XA On,
n) R R R BCE, RO BE B IR e ),
Fx Gnsn) AR E Gnon) REWY IR FEAEL .

E.(m,n)

RA(m’n):EA(m,n)—f—EB(m,n) (2>
Rymsn)=1—R,(m.,n) (3
Comsn)=R,(m,n)P,(m,n)+

Ry(m,n)Py(m,n) 4)

23D 73 5] T AR R E A FRHZR KL
B BIXIRFEEAL, E Gn,n) & XIS Gn,n) NI K
Bae ., X WOH . PLGn) TPy Gman) 43 53
IRTERLG B SAR Fl 2638 52 AR I 1 R AE
Gn ) AEIE 5 C o Gnoan) 3R Gnoan) A B RB R
A 5 R

o AT AR R T MG v A R 3 1 BB
AT AE , E B LI Ok R SRR o
S EPSPOWNGUE iRl s K i S NN U
BUEE A R B [R) Stk TR 2 28 e 3 15
B TR R IE R X 4 Y, i PCNN B
AL BEAF 5 A B AR 2 R B R T L
JEHE A A 8 Ak et 20 X 26 A5 AR, AT DL R A B T

A5 RMGOR BE 1 0% 22, AT LA S50 8 BELE  ih
BRI A B

E—NA R E AR X I Gn,n) N, A2
JCHY g2 | A ) FELRA AR AR5 B 1 A 28 T Y A
K CH P R A 22 8K AN 25 R I 80T
BT RIS FRAIL R 280k ] — Fh A5 B 1% 3 A
FA B BOCR  38 2o s o 8 A% 3 T =X 415 BE AR A
MR TR Rk, 76 R 13 B0 S0 3 AR AT 1 1
SRR ZE . PCNN 4t 9 Bk b 05 3% 4R ik
BB RN AR, RN Z G A —
AN FE R AR KN —FE 0 36 B R a5 . X
AR TCA B Y 5K YRR by iR B L KSR B
W IERR G .

Gon (D) =Go,(n—D +Yo, () (5
KLY, GORRE n NG, )40 PCNN
it Ga (n—DFRRH n—1 MBZIG L) 4k PC-
NN i th Bk B G ) Go) e m BEAS L B 1Y S
KBRS B gk Y

PRI JUART 5 A0F R 250 B AIF B 2 3% 22 M 1Y 4
fIE s R 7 4k e Tl 280K A 0 AR SO S DX
KR (AR . A DX £ A KRR E AR L fE
TR B SCHE B AR . AE SR IX 8 a5 i i 1
(BB SR FIASCP- 381 73 s U I K/ R F RO R &R
P ) R A o WL (6)

» Ii(zsy)s Ei(xsy) = Ey(asy)
Iy(xsy)s Ei(x.y) <<Ep(x,y)

(6)

E'(z,y)= T'(x,y) X xS @ )

H(DHFLE N (x,y) FTn KIS KRE; T (2, y)F
IRIXI AR 3 ST (s ) F 7R DX AR R Y A
2% sa = VE T K T S E AR ME 25 78 R BGE R
T AL,
1.3 RhEEZR

LT Shearlet B 11 SAR 155 £ 61 i Ji&
ARG HESR AL 2 Fs .,

2 KBRS

AR 35 B ) S 6 B H 2 TerraSAR-X X % Bt
125 Landsat-5 TM £ ¢6154% , IR WLIE 3, A
T MAE R S FE PR AR R T
MR HR A EFEM X, TerraSAR-X 43K HL
HW E20104E3H 4 H 25 8] 43 ¥ %3 m, HH



470 RN K% EHR -

i B % W 2017 4F 4 A

il

WL PR SARFE AL
- JUfT e HE

|H§:\§ || sai || mz% |

ShearletZs #t

Shearlet?s

lesmry] [ny onsy |[masy
I L AIL T
q {
rE—— s mmpersy| | PONNICH

Shearlet¥i 45 # &t

R A AR

Kl 2 % Shearlet 25 # (1 @il HE 22

Fig.2 Flowchart of Fusion Based on Shearlet Transform

Rl R 7y i

(a) TerraSAR-X§%1%

Wtk 772, Landsat-5 TM %4 28 B H #J2 2010
3 H 26 HORH T 4.3.2 B A MG, %=
] 53 BE 2 30 m,
2.1 ZWRERSH

R T BB AR SO R A RO L X S R
A3 R B €6 2 ) A Ak vk CHIS) | /0 3 78 46
(Wavelet) | & Ji I 7 #2 7% (Contourlet) . JE T 2R
RESE BT A8 # : (NSCT) | 55 U 3 28 e 5 (Shear-
let) 45 5 By FH B Ry B 30 10 il O 12 ok 52 56 K
P AT A A AL B S A T A A R LA 4,

Bl H B R 7E R B SAR S AR5 i 25 6] 4y
PR 1 R I 7040 B2 = AR 6 45 . O SAR $¥
AGAE 2B 07 FH b 34— AN S T A 2 T8 A O il B
G R PR FEVE A 48 AR A BB b, — 2 A ZS R] 43
PR A5 B R A 2 I B A A R R L TR T8
B bR 2 5 B M A e bR R

(b) Landsat-5 TM% Y14

K3 A s A

Fig.3 Images for Fusion

£,

(d) NSCT /7%

(e) Shearlet J572: 7 ® ZF)UW

Bl 4 SAR M Z g EG R4 25
Fig.4 Fusion Results of SAR and Multispectral Image



5542 B A

AR SE % LT Shearlet 284 1Y SAR 5 £ 61 & B 4% fil

op

471

MR B IR A 55 T BSR4 DG 55 M
W& BRBCT G L0 R L A G AR B 52 X 3
A FebR . FEH TINS5 R 0 R A =
AN E IR EAZ RN (E B 20, RERG ik
B2 TEM FE AR X LR 1 fnk 2.
1 FERMEHFETIEERITENIER
Tab.1

Evaluation Indexes of Spatial Information

Using Different Fusion Methods

FISEWIRES ¥E T i 2 FER PR

HIS 101.581 60.091 7.773 44,709
Wavelet 114.929 63.989 7.476 22.576
Contourlet 114,291 63.980 7.535 24.196

NSCT 119.207 46.287 7.887 48.109
Shearlet 119.235 45.065 7.886 47.530
ARICHHE 124.254 67.089 7.898 48.190

M RS SR R L HIS @il A 5 20 1 K 1
Sk P R T e I R B OR O R 1R
P i DRI B DX S, J 35 8 9 X b UL TR 5, e
Kl 5Ca)J& HIS Jikml & 45 8, & 5 (b) & A T
B AEE A . SR REAE 5 3R 2 G A ih BTN
febr R —, B 5 AN X B 2 oA T
v € 3 7 35 TT LA 2 I 6T 1R Bk
Pk 2 SIS AR T 53 B R 5 1Y 45 1)
5 B A& R OISR B A& L4 1

(2) HIS 7% ]

SAR GBS b il O TS (E B8 &
o MIA SO FH B 05 A ROH0RE T 53 5 v 238 [E) 45
BADGREE BT 70 8, 5w R 7 R O
(7] 3t il 5 B U A 0 DR A7 1 R DTS AR L
F2 AEBEFAETHREERITFNIER
Tab.2 Evaluation Indexes of Spectral Information

Using Different Fusion Methods

A BB e E AR 22 X il
R 63.220 0.302 3.072X1072

HIS G 53.715 0.331 3.831X 102

B 45.334 0.175 9.390 X102

R 52.061 0.572 2.377X1072

Wavelet G 49.013 0.527 1.586 X102
B 44,901 0.352 5.800X 102

R 52.281 0.571 2.420X 102

Contourlet G 49.101 0.526 1.636X1072
B 44,925 0.351 5.920X 1072

R 30.051 0.801 5.460X 1073

NSCT G 29.037 0.728 2.000X 10
B 25.546 0.546 7.300X 104

R 29.324 0.807 2.300X 1073

Shearlet 28.831 0.729 9.530X10°
B 24.301 0.569 4,300 10 *

R 28.924 0.816 5.856 X101

AT G 27.801 0.743 9.537X10 7
B 23.778 0.575 1.335X 1077

(b) A3 T7 1%

5 HIS Jy b 5 A S0 Wl A R W 1

Fig.5

Wavelet,Contourlet \NSCT Flt-& 7 ¥ FI A 3
PE MRS 7 NG R UGE R T 2 REZ 5
] o3 i Rl vk . S v o il RUBE R R =9 gy
fif 7 1o KRR /N A R T YR ANER g 8 AT, AT
XF G 4 B 60 A0 R R BLRE ), e BT R R
TR Ry =5 0 DX, B 55 0 L AR L A R
R VAERWE 6, MWLM, A LI LEM R
MR T) E S AR AR . o A0 T B i B 00 R
T e o KR RIS R B T O B, X sk
SRR 1 PRI RSB A

MR 1R 2 IFM IR b5 S HORE  IE45 R
I3 M AR SCHR B Rl D7 1 DR B A T A Rl
BT AT W kL R AN 25 RS
KhSHEACH AR 2B R, WE 7. ik

Local Contrast of Fusion Results of HIS Method and the Proposed Method

WEIrER [(A—B)/ATX100% ., H THEMRK
RGEJHR LU IE B % T bR o 25 A B
SEIIBRE CE AR R B S AN RER, A BRSO LY
o B XS H IR AL X T OGRS i RN A S 2
ARFR, A JEXT TR EE R, B BRAR SO A,

K7 v B A o B5(E B, 150 WA SCAR X T
2T B PR T A [ R . Wavelet J7 % fil Cont-
ourlet J5 % 15 W BE AH X 42 25,10 53 4 3 7 3 ¢
U 5 H AL A A — 3

AR SCT7 VR AR G 3% O 5 BB ) O T H5HC A JL b
TR WA A8 U TE = A i Bl A 4 0k
100 %0 iy 4 TH i B2 . B AH OC AR HUR HIS L /) i 728 4t
Fl Contourlet 7T ¥E7E R.G.B =M B ARA = T
2500 B T B2, v (30l Be 4 T v T H A



472 R K - 5 BRI 2017 4F 4 H
(c) Contourlet 5% (d) AT
6 i T R SRR AIE B9 )R % L
Fig.6 Local Contrast of Definition and Linear Feature
60
— 120
50 = b 100
40 5 R R
< —— Tk g 80
= Y
2% & 60 S
= 20 m 40 - KR K
A2 X R
10 20
0 0
HIP Wavelet Contourlet NSCT Shearlet HIP Wavelet Contourlet NSCT Shearlet
() A& 5 = ME BN R 2 ) Al 5 M (5 B AR bR AL R -Rig B
120 120
100 100 |
X 80 X 80t
2 b S
& 60 -~ HHXRH K 60f
20 20+
0 0

HIP Wavelet Contourlet NSCT Shearlet
(o) il J5 S B bR R 2 -G B,

& 7

HIP Wavelet Contourlet NSCT Shearlet
(@) Bl 5 6iE(E BRI 2Bk B

Al 25 RV 1R AR L T

Fig.7 The Optimization Rate of Evaluation Index for Fusion Results

PN BE . AR G AL BE 5 AT A B R B
S 3 ARG IR LA LT 40 06 B4R TH IR EE
FCHE S A 5 AR OC R B R — B

3 & i

A SCHHE SAR AR 2 61 AR 10 A TR A
R HLEE A5 FR 1 L 45 & Shearlet 28 i 75 {3 £
O 207 1) 40 fie A e, 32 T 3T Shearlet
AR SAR M2k B G A k. e

o AR o s A B RDOG G S B T AR B TR Rl
B RE U 3 b AR A AT AR g AAS [ Y S P
AR P BT Tk T R RE Y IR AR B R
A F0 U RN T PCNIN AT 58 BE 9 e 00 R Bl &
BRI, 76 7870 & B SAR 5215 5 25 0] 43 JE 2R R 3=
BRSO L AR IE R R B SRR E T 2
AR M OLIEME B . @it TerraSAR-X 1%
5 Landsat-5 TM 52 AR SC 80, B0 ik 1 A S0 i1
DB 48 2 N =W H A2 5 I 2 %
WEPEAN 16 b5 T SOk A Bl S 5 R 1880 o 52



5542 B A

AR SE % LT Shearlet 284 1Y SAR 5 £ 61 & B 4% fil

op

473

T AR T IR T 07 2 B A R

[1]

(2]

[3]

[4]

(5]

L6]

[7]

(8]

(9]

[10]

[11]

Z £ x #

Chen Shaohui, Zhang Renhua, Su Hongbo, et al.
SAR and Multispectral Image Fusion Using Gener-
alized IHS Transform Based on a Trous Wavelet
and Emd Decompositions [ J ]. Sensors Journal,
IEEE, 2010, 10(3): 737-745

Errico A, Angelino C V, Cicala L., et al. Detection
of Environmental Hazards Through the Feature-
Based Fusion of Optical and SAR Data: A Case
Study in Southern Italy[J]. International Journal
of Remote Sensing s 2015, 36(13): 3 345-3 367
Bai Luyi, Xu Changming, Wang Cong. A Review of
Fusion Methods of Multi-Spectral Image[ J]. Optik-
International Journal for Light and Electron Op-
tics, 2015, 126(24) . 4 804-4 807

Yang Wenkao, Wang Jing, Guo Jing. A Novel Al-
gorithm for Satellite Images Fusion Based on Com-
pressed Sensing and PCA[J]. Mathematical Prob-
lems in Engineering , 2013: 1-10

Liu Jun, Huang Junyi, Liu Shuguang, et al. Hu-
man Visual System Consistent Quality Assessment
for Remote Sensing Image Fusion[J]. ISPRS Jour-
nal of Photogrammetry and Remote Sensing ,
2015, 105: 79-90

Bao Wenxing . Zhu Xiaoliang. A Novel Remote Sens-
ing Image Fusion Approach Research Based on HSV
Space and Biorthogonal Wavelet Packet Transform
[J1. Journal of the Indian Society of Remote
Sensing » 2015, 43(3): 467-473

Medina D R J, Pinilla R C, Joyanes A L. Two-Di-
mensional Fast Haar Wavelet Transform for Satel-
lite-Image Fusion[ J]. Journal of Applied Remote
Sensing » 2013, 7(1): 414-424

Shi Cheng, Miao Qiguang, Xu Pengfei. A Novel Al-
gorithm of Remote Sensing Image Fusion Based on
Shearlets and PCNN[J]. Neurocomputing , 2013,
117. 47-53

Yang Shuyuan, Wang Min, Lu Yanxiong, et al. Fu-
sion of Multiparametric SAR Images Based on Sw-
nonsubsampled Contourlet and PCNN[]]. Signal
Processing s 2009, 89(12): 2 596-2 608

Zhang Jixian. Yang Jinghui, Zhao Zheng, et al.
Block-regression Based Fusion of Optical and SAR
Imagery for Feature Enhancement[]]. International
Journal of Remote Sensing , 2010, 31(9). 2 325-
2 345

Lim W Q. The Discrete Shearlet Transform: A

New Directional Transform and Compactly Suppor-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ted Shearlet Frames[J]. Image Processing » IEEE
Transactions on, 2010, 19(5): 1 166-1 180

Liu Jun, Li Deren, Shao Zhenfeng. Fusion of Re-
mote Sensing Images Based on Fast Discrete Curve-
let Transform[J]. Geomatics and Information Sci-
ence of Wuhan University, 2011, 36(3): 333-337
R, 22484, AR 0. ) D3 85 # Curvelet 48
W m B RA L] RRFEER - FERS
JZ, 2011, 36(3): 333-337)

Geng Peng. Wang Zhengyou, Zhang Zhigang., et al.
Image Fusion by Pulse Couple Neural Network with
Shearlet[ J]. Optical Engineering , 2012, 51(6); 1-7
Gao Guorong, Xu Luping, Feng Dongzhu. Image
Denoising Based on the NSST Domain GSM Model
[J]. Geomatics and Information Science of Wuhan
University, 2013, 38(7): 778-782 (& H 2%, ¥ #
L Ay, R AE AR Shearlet 3 GSM 1 #1347
PG [T]. R KZ M - [FERER, 2013,
38(7). 778-782)

Luo Xiaoqing, Zhang Zhancheng, Wu Xiaojun. A
Novel Algorithm of Remote Sensing Image Fusion
Based on Shift-invariant Shearlet Transform and Re-
gional Selection[]]. AEU-International Journal of
Electronics and Communications, 2016, 70 (2):
186-197

Karami A, Heylen R, Scheunders P. Band-specific
Shearlet-based Hyperspectral Image Noise Reduc-
tion[ J 1. Geoscience and Remote Sensing , IEEE
Transactions on, 2015, 53(9): 5 054-5 066

Wang Zhaobin, Ma Yide, Cheng Feiyan, et al. Re-
view of Pulse-coupled Neural Networks[]J]. Image
and Vision Com puting , 2010, 28(1): 5-13

Li Min, Cai Wei, Tan Zheng. A Region-Based
Multi-sensor Image Fusion Scheme Using Pulse-
coupled Neural Network [J]. Pattern Recognition
Letters, 2006, 27(16): 1 948-1 956

Wang Jingjing.Li Qian.Jia Zhenhong.et al. A Novel
Multi-focus Image Fusion Method Using PCNN in
Nonsubsampled Contourlet Transform Domain[]].
Optik-International Journal for Light and Electron
Optics, 2015, 126(20): 2 508-2 511

Li Jiangyang, Peng Zhenming. Multi-Source Image
Fusion Algorithm Based on Cellular Neural Net-
works with Genetic Algorithm[J]. Optik-Interna-
tional Journal for Light and FElectron Optics,
2015, 126(24): 5 230-5 236

Chai Y,Li HF, Guo M Y. Multifocus Image Fusion
Scheme Based on Features of Multiscale Products
and PCNN in Lifting Stationary Wavelet Domain
LJ]1. Optics Communications, 2011, 284 (5);:
1 146-1 158



474 RN K¥EMR - FEREW 2017 4 4 A

SAR and Multispectral Remote Sensing Image Fusion Method
Using Shearlet Transform

TAI Jianhao' PAN Bin' ZHAO Shanshan' ZHAO Yuan'

1 School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079, China

Abstract: In terms of conventional methods for SAR image and multispectral image fusion can’t in-
tegrate and reserve good spectral information and spatial resolution at the same time, a new fusion
method based on the difference of imaging mechanism of SAR and multispectral images is proposed in
this paper. Firstly, the original image is decomposed by Shearlet transform, and the high frequency
and low frequency components are obtained respectively. The two components contain different de-
tailed information of the image. Shearlet transform decomposes the image into multi-scale and multi-
directional sub-band coefficients, which contain different image features. In addition, Shearlet inverse
transform has good image reconstruction capability. And then, according to that the low frequency co-
efficient and the high frequency coefficient represent different meanings, we design the different fusion
rule for them. The fusion rules of low frequency coefficients based on region energy and the high fre-
quency coefficient based on improved pulse coupled neural network are designed. Finally, an informa-
tion-rich image is obtained by inversing Shearlet transform. Therefore, the fusion results are richer
and contain more spatial detail information and spectral information. In order to verify the effective-
ness of the proposed method, a test is carried out with data from TerraSAR-X and Landsat5-TM, and
the result shows that the proposed method is effective in improving the spatial resolution and keeping
more spectral information. Compared with the methods of wavelet transform, contourlet transform,
and NSCT transform, this method has a significant improvement in spatial information and spectral
information. Cross entropy has a margin of improvement of nearly 100%. The correlation coefficient is
higher than 25% increase, and the spectral distortion is better than 40% increase.

Key words: multisource image fusion; shearlet transform; difference of imaging property; SAR;

Multi-spectral images; PCNN
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