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Abstract: Remote sensing image fusion based on detail injection scheme includes two main steps: spatial detail extraction
and injection. To ensure the quality of the extracted details and determine the appropriate modulation coefficients, a remote
sensing image fusion method via adaptive dictionary learning based convolutional sparse representation is presented. Firstly,
this method extracts spatial details from the multispectral and panchromatic images by using guided filter and nondecimated
wavelet transform, respectively. Then, the dictionary for extracting spatial details is adaptively learned and introduced into
convolutional sparse representation to reconstruct the joint detail image. Finally, the joint details are injected into the up-
sampled multispectral image by joint discrimination coefficients to obtain the final fusion result. Experimental results indi-
cate that the proposed method outperforms some popular fusion methods both in subjective effect and objective quantitative
evaluation.
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COV(w,,wys )
To(w,) (W)
A, =max(B,,m,) (15)
Hprm, B5E EAEE ERHKERELCOV()
o () FrRIFRIR U7 22 FbRE 22, A, A SR it
FOTES b A0 TE b TR Gk i AU 28, 4%
A BT AH S AU S 50, B B, FRA A
(12) 15 H B3 20 5 98 ) R % g, e A 5
(6) 13255 1) FMS R .y 1 BT H & I InAL

un (14)
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b H 36 4

VA 2R R AR , AR SCHRE T SRR [ 21 ] v SR g 941 il 3
B T7 ULk B 2 F AR SO Y A 38 R0 il
FR 75 o BT T S, L% Y B G &l 2 i
Ro 6 A2 A IH— LR T A I

BEANALA ) R E 2 RE . TP tradition_gk Al auto_

gk 43 A FRoR LT SCHR [ 21 ] A R fige o i) & £y 7 X
B IETTASCr S 0 /) 8 38 N AR i Z B0 =2
WELEL 6 AT, % 18 T PRI S5 S RIAH G PE Y au-
to_gk 7£ PSNR,CC . UIQI .RASE .RMSE LJ }2 ERGAS
X 6 bR AR T tradition_gk ), AR, A SCHY
A2 A IS R i) 22 550RT DA AT 5 i B v il LR
i, HAPERROL T SCER[ 21 ] iy i i = 48

0.502
.'. ...... @eesonee [

PSNR CC UIQI RASE RMSE ERGAS
Jris=ki=t
----@---tradition_gk —@— auto_gk
6 I AR ) 5 B R RE A
PSNR CCUIQI 5 bR fEL# A 4T,

RASE .RMSE .ERGAS #5 b &8 /] # i

Fig.6 The efficiency measurement of adaptive weighted
modulation coefficient. The higher the PSNR, CC and UIQI
indexes values, the better the results, and the smaller the RASE,

RMSE and ERGAS indexes values, the better the results

4 SLIEERSH

4.1 ZHBBIRE

T IR A SO B ERE, FeAT17E QuickBird |
WorldView-2 . WorldView-3 X 3 N4 {E 4 43 Bl o
TS5, B EEREmNE 3 5% 4 iR, A
SCSRHG LT PAN &% 4 DR B MS B LK
PR 2001 S5 BUG B i T,
AN KWK A 57 PR 1 S 3 L S E SE
TESCBRN P, BT IR 2% B, AR SOK
1 Wald fBpL >, Se ] AR T PAN [IGH1 4 3B

9 MS R BT R R AR, 13 BB ALY PAN Al MS
15, PR s 4 BB MS I BAE NS H R
23 WorldView-2, WorldView-3 #l QuickBird 1121
Y HER
Tab.3  Spatial resolution of WorldView-2, WorldView-3
and QuickBird satellites

PAN MS
WorldView-2  0.46 m GSD at nadir 1.84 m GSD at nadir
WorldView-3  0.31 m GSD at nadir  1.24 m GSD at nadir
QuickBird ~ 0.72 m GSD at nadir  2.88 m GSD at nadir

TN ARSI 5 W A — 26 32 i AR
Rl 7k A B (Curvelet) ™ JEFHETFOR
FE DT 5 A5 5 5 5 4 7% 19 77 1 ( Nonsubsampled
Shearlet transform and sparse representation, NSST _
SR) ' B #l /N U A5 e 3 ( Discrete wavelet trans-
form, DWT) " 3T DWT FIFGH 2R 1977 2 ( Dis-
crete wavelet transform and sparse representation,
DWT_SR) " JEF [ 3 i HSI A5 48 il 22 43 9 2% 5]
S8 B 7 1 (Intensity-hue-saturation transform and
multirescale guided filter, IMG) "' L 4K [ K570 i1
Z R 77 4 19 J7 % ( Matting model and multiscale
transform , MMMT) " 14 b 4045 1 AR |-
i) 1 ( Compensation details based injection model,
CDD) ' EAT T EM S %W LR L. L Y
JIT AT LA 7 VR 2 i AR o SR AR 1 TP i IR . A
W25 ARSOT B R INAEA 1 R/ N BE &y 8
8, 5| G UR A UL MR AR
4.2 FRETEMIER

NI REG R B, A SO T 2 2R RURE
PEBT R , 23 5l A 2 BRET Y A E SRS i 45 A
Hrb A Z B E bR E

1) #H2 Z %% ( Correlation coefficient, CC) ',
RIS A S RS R 2 18] B 25 8] AH 56 2R 40
X — AR LT 2k B s TR & k. 24 CC iy
DB 1, ARG R Ll R BB . CC
TE XN

F 4 WorldView il QuickBird [ i B % 4 5 Bl

Tab.4 The wavelength range of spectral bands of WorldView and QuickBird nm
PAN Coastal Blue Green Yellow Red Red Edge Nirl Nir2
WorldView 450 ~800 400 ~450 450 ~510 510~580 585~625 630~690 705~745 770 ~895 860 ~ 1040

QuickBird 450 ~900 no 450 ~ 520

520 ~ 600

no 630 ~690 no 760 ~900 no
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M N

Z 1 [(Fi,_f_f) . (Ri,j_E)]

i=1 j=

cC= |
JEzen L3 won

(16)
Hrp F, MR, srnURRaNG & F M2 IRE R 1
AERRA (i, ) BRERAA, 0, J AR IERE S, B i iYIR
EYEENLL, MY, jRBUETEE 9 [ 1,N], MxN 3y
SIRERIEE I, 350, F 15 R 4P 30K F IR
FRRT RO 54
2) 38 i 45 4 ( Universal Image Quality Inde-
xes, UIQT) ) 4 FH 0 ol 45 R 1 i 25 [ 40 15, ©
BT BUR B B VAL . BAS S T A
)R PR 2R OGRS B R BN FURE R I, 2
(EDBRET | I, Rl S USRI B s . BE0E SO0
viQr=2re  2F R xzf‘”o’; (17)
OrOr F*+R* OrptO%
Hob,op Fl op 23 MERRE G EIR F MIZIRIEI R 1
PrfE2E ,op x 0 F FI R BID T 22
3) P EiR2% (Root Mean Square Error, RMSE) ™|
WA TR AR R AOR I G IR 5 5%
PRI Y 22 5 . RMSE fEBU/IN, 36 Rl 5 )5 1) 1 45 Bk
RS % KR BH0E SO

~ 1 M N 5
RMSE = MN; ;(Fivj-Ri,j) (18)

4) KX GiE 1R 22 ( Relative Average Spectral
Error, RASE) ™| 8L T fill A Jy w76 6 135 5 1

FFEITERE. X4 RASE B9 8AIL, 7 ikilr. B9
E XA
100 |1 < 2
RASE:T f;RMSEk (19)

Horr K FoR P B UE R, RMSE, R TE 26 kD EBLY
RMSE {8,

5) AH X B AR 4 B 25 5 1R 22 ( Erreur Relative
Global Adimensionnelle De Synthese, ERGAS) [31] ,
BB T R R AR R, B R RS R
H5ZHEZ 225 . ERGAS HU/) , '3 i 42 i
N ERGE R

K 2
ERGAS=100 - [L Y RMSE, (20)
l K k=1 FIA

Horft b/l 657 PAN RIS MS B4 19 H R TP, 2

MS EIR A kBRI HIME

6 ) WE{E{Z8 1 (Peak signal-to-noise ratio, PSNR)™' |
SR, B )z A B PEA R T I . Y
PSNR (R{EGBRRI , il 5 IR R BB D B e SO -

_ (2"-1)°
PSNR =10xlog,,( RIMSE? ) (21)
51— RIS MERITEAE b2 5T UIQL i8S

2 5 B 48 4% ( Quality with No Reference, QNR) '™/,
QNR & Gk HARE D, M= AR L4850 D, 41
o Ho JeiEdk B R E( Spectral Distortion Index,
D) BE LN

D, =

S S S0, M) - 0(F L F )
(22)
Horp p 22— IEREL, HIR SRR BRI 61 22, ¢« F
d FoRW B . M,y MS BURISE « DB F,
FORREJE MS BURRE « DB, Q Fos Tt
5 UIQUERY s . D, W(E 8], BERA R & B 506
TR ELHERD S TR P RE R
143 [A] 98 EL48 %% ( Spatial Distortion Index, D,)
Y E LA

— q
D=/ 1 T 0CF, PN~ Q(M, PN

(23)
Forp, PN, R IBAL OIS 6] 73 B3 PAN &5, PN
TR IR PAN IR D, 52255 A ¢ JERUKIE
P, g R SRIAECR A 2270 (E, 24 D, BOE R, il
A MR AZS R A0 1) Of B 0 BER 22 , Rl T ik 1k
REBZE
W2, 1D, FID ZH AR QNR € S »
QNR=(1-D,)-(1-D,) (24)
IR, D, MDY (E MR T O I, il BB
[T, QNR R EDRRET 1o
4.3 BAXWHER
4.3.1 ESEEXRER
SRR QuickBird R4 EAlATE0 A
ZHE SN, T R T IREUR KA LT3
AR SR . HrPIEL 7 (a) AR AT MS EER AN
ZHERSEMEEI R B 7(b) FRiB b
(5 PAN S5 253 LI EE MR & 45 R aIE 7 (c) ~
(D PR 758 EMEC AL, 4 e w3 45 8% AT A 2
AELEOFETEAE , BORFITEAE N B AR 19 A OR
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b 5536 &

J& P /INRE S T AR IE 10 Y 25 3k S8 il 5 245 2R 43
NE5ZHE AT X, B4Rk DWT MMMT A1 NSST_
SR Jy kR4 45 RO R B £, i AR 5K
1M Curvelet BYEHG 25 3 B ARAE R B IS5 BUAY BE

J5 A R T (B R . A4 &, DWT_SR
IMG D) 2 CDI J5 i 1 il A5 485 1 v] LB 47 1) £ B i
MS FEF & 65 B, 20 E IR B xR g2
[T PR R . HARORUE, DWT_SR 5 IMG kK
AR EAT S 2R, B8 Tk,
FERARE XS0 B o AR F DL b s 5 i, AR S
J:LL % CDI i & % /e T MS &% F1 PAN &
R BTRR, v LA G O B s T DA G IE R B
T2 B UEAR ST R PR, AR SO 3 1) AN [H]
AlA T EE A AT T RN WM. T 4%
Ty 5 (R A5 5 R %) 75 L EE s 0 ] A an 3 5 BT
AP B 48 BRI E (B 1 B 25 SR DURLIR R R . A
5 LA W AR SO RS A X TR A B, Hos

() DWT SR

(h) NSST SR

AEVEAL 45 AR S i 1 o

5 SL 8 & AR WorldView-2 £l 48 b #E 47
1, anIEl 8 firzs . & 8(a) M(b) il h 2% KR
PAN EIZ B 8(c) ~ (j) B/n T &R G ik &
7 B 5, B9k, Curvelet, NSST _ SR, MMMT i
DWT J5 i iRl & 25 R A0 A BORTR B O3 2k
LU R AR B X 0, AR T X sy ik, DWT
SR .CDI . IMG FIA S5 A W0 _E AR W] LB B4 f
PIROR AN NG TEE 240 1 A IR B B . itk
— P IIEAS SCOT R A R , AR SO0 i AR B Y Rl
B I EAH EIRF AR bRk — 20, 3R 6 R
T ARG IR MPEMAEIRA R . 3R 6 PR E
W] TASCTER) 6 A HEARE AR RE IS B e, iX 145
A — U A SO % A AT R RE

ZEA VAL FER WX LG SE 50 45 SR AT, AR SO
AL T A 1R F G 7 2%, a] DA™ A B AR Y il
BER,

(i) CDI

K7 QuickBird RIS % (6 S gl 7+ 44

Fig.7 Experimental fusion results of QuickBird images with reference images

xS T ARG IR MR RRA EE
Tab.5 Objective indicators of different fusion methods in Fig. 7
FEhR Curvelet DWT MMMT DWT_SR MG NSST_SR CDI AR
PSNR 22.9660 21.4574 23.7082 21.2703 21.7284 22.9240 22.6161 24. 0260
cC 0. 9006 0.8731 0.9151 0.8733 0.8973 0. 8994 0.9185 0. 9294
UIQI 0.9164 0.9106 0.9339 0.9100 0.9144 0.9163 0.9260 0. 9420
RASE 27.5148 32.7337 25.2613 33. 44064 31.7282 27.6481 28. 6459 24.3538
RMSE 18.1235 21.5611 16.6391 22.0305 20. 8988 18.2113 18. 8685 16.0414
ERGAS 6. 8696 8.1238 6.2772 8.3290 7.9944 6.9091 6.7437 6.1214
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i [
() DWT SR

() ASLTT

(2) IMG (i) CDI

(h) NSST_SR
8 WorldView-2 [ (R 047 2% [ 9250l £y 457
Fig.8 Experimental fusion resulis of WorldView-2 images with reference images
H6 [ 8 R WA B L
Tab.6  Objective indicators of different fusion methods in Fig. 8
e br Curvelet DWT MMMT  DWT_SR MG NSST_SR i RICH
PSNR 24.3422  23.2127  25.2887  24.3668  23.7651  25.1621  24.3135 25. 9960
cC 0.9439  0.9050  0.9404  0.9295 0.9272  0.9406  0.9377 0.9491
UIQI 0.9489  0.9315 0.9463 0.9441 0.9396  0.9420  0.9458 0.9589
RASE 19.2288  21.8992  17.2437  19.1744  20.5498  17.4968  19.2926 15.8950
RMSE 15.4678  17.6159  13.8710  15.4241  16.5304  14.0746  15.5191 12.7861
ERGAS 43722 5.3229  4.3148  4.7254  5.0423 43716 4.5363 3.9133
4.3.2 EZHEXW LA A SO 248 QNR A1 D, 3X 48R H#RRE

5SS R A WorldView-3 048 4 b k47
(1, & 9 fros . HAE 9 (a) f(h) 4351y UPMS
K50 PAN 5, 9(c) ~ (j) MR T 435w T
AT LT 1 il G 45 SR TG LA B XoF I 1) 5 WL TE ARy
gL WELE 9 A%, Curvelet MMMT 1 DWT J53%
(AR 5 SR 1) 28 ) 2015 DRAE AR X AT AR AEAE Ok
RIS, JLHJE DWT J5ik , iX— S #E B 9 (d)
LLESEIEAE BT ARIC 1 43 A5 L B 8, B iy
DAREAR G M LR B MS BRI O6IE (R S . i CDI Jy
TR R 2 S AR L, B SR AT L AT 1 A B e A
BB RIS (] 43 BER A, Al A 45 AP AR
IS, HA R E i 25t bh A B, i NSST
SR IMG .DWT_SR FIA S v 1) il 45 5 10 25 [8) 43
e 50 A3 HE AR B 3200 A X 43 % 1
N RT A RE TR E R HTE R, A

IRBNIRAT, HAE Dy X468 bR FIRBEE 4, Xt — 2
BIE 1A SO R A R

S5 DU 2H S5 & 7E QuickBird Zidi 4 EEATHY, 0
K10 fis, HA & 10(a) F(b) 23512 UPMS &%
I PAN 15, 181 10 (¢) ~ (j) FI5E 8 73l s T 4%
XF LU T ¥ 1) i G f R DL KON N 1 72 W PFA 25
WLELR 10 A] %1, DWT ., Curvelet NSST_SR DA} DWT
SR 3K PUFP 5 ¥ A Rl 4 R A S AR A X ) 5 S
AR , i X — &5 R B I R T R DU kY
Fili5 45 R 10 2 [B) 4055 it B2 98 . T CDLLIMG F
ARSI BIR G A R I AR B T MS 500
TE R, IR & T MS ERR4s a) Br i, HAU
T BEST T o A B R 8 A, AR S
Ty % WLAR R R 1K B A5 4, i AT DASIE Y A S
T3 AR
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DWT SR ) (g) IMG (h) NSST_SR . (i) CDI () ARSI

K19 WorldView-3 KR A B KHG S B & 451
Fig.9 Experimental fusion results of WorldView-3 images with real images
KT 9 RAIERE Tk IR RRA E
Tab.7  Objective indicators of different fusion methods in Fig. 9

FEbR Curvelet DWT MMMT DWT_SR IMG NSST_SR CDI AR

D, 0.0177 0. 0567 0. 0421 0. 0376 0.0168 0.0169 0.0139 0.0131

D, 0. 1050 0. 1296 0.1122 0.1352 0.1017 0.1106 0. 0957 0.0961
QNR 0.8791 0.8211 0.8504 0.8323 0.8831 0.8744 0.8917 0. 8920

,- “ i
(i) CDI

’ K

(2) IMG

(H DWT_SR (h)NSST_SR () A SCH
K10 QuickBird [A{4 i FL LB SL B i 5 25
Fig. 10  Experimental fusion results of QuickBird images with real images
#8510 HrOR Rl A Tk I LR FR X L
Tab.8 Objective indicators of different fusion methods in Fig. 10
FEFR Curvelet DWT MMMT DWT_SR IMG NSST_SR CDI AR
D, 0. 0459 0. 0475 0. 0196 0.0312 0. 0204 0. 0485 0. 0209 0.0188
D 0. 0602 0.0544 0.0434 0.0650 0. 0466 0.0482 0. 0508 0. 0427

QNR 0.8967 0. 9006 0.9378 0.9059 0.9340 0.9057 0.9293 0.9394
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