1007-4619( XXXX)XX-0001-18 National Remote Sensing Bulletin i & 57 4R

H%Aﬂiiﬁ'%ﬁlﬁ%ﬂn W 2& 5 Transfor %ﬁ %

<«qqﬂ%’ f%ﬁt%éﬂillﬁ?nmz*&gﬁ$«ﬁﬁ

W\ Rets
@ﬁg

Erm, ERE, S

VLINEEE R BT R4 B 3% i 222005

B O ZOUNE IR A R R W R RO R, (HHAS R BRI, SOMAE B A 2
FRR M, 2 BRI B s [ s, SOE R EE, (HBk = BER8 WY AR Al 19 - & OG5 8 . i 1A
B G BOR AT LR 8 AT AR, LA B4 [ R OE A ELkb , DT e 5 Rl 5 I 4 9 [ A BE 5 B 47t il 1 W0 A 55
M. i, ASSCER Y T — G W AR T RS AR R ) 2% 5 Transformer () 225635 5 42 (008 AR Rl
Jrike HARM, ERMGIRIEEORIRIER (HZGE M GmIRIEBG) 7 2RISR FRME SR )2 )
TSR EGREE, AE R T2 BT, R R R 20605 0 4 (0 BIAHR A SE AL 2 S B BT 9
W, o AR BN A R AT OB O, R GRS (Y RERE R 2 AR R 2 E 20 ) e A ZE S
Az A B B A2 S AR SO R R %ﬂ]‘%ﬁﬂj}zﬁa'?fﬂiwlz'%a%EKIEJE’J%E 53 %)

Transiormerﬂ% R IEROUS DEA TR A £ BRI Li@})\%’a‘tﬂfﬁﬂﬁﬂéﬂiw:ﬁjiﬂlﬂéﬁ% bl

Tn uﬂ% g %ﬁ@ JiéEEZ%%fFﬂXX#'Jﬁ'J%% (LA 40 ) 25 R0 01 )2 540 330 ) Ho XTI L,
) SR

ZE M P HEAR RS R T T B R 4 %%f%ﬂ’]ﬁ/ziﬂiﬁﬂz
ﬂ’]ﬁm

A ], AP I TLA — REEREE, E  OBLEAE x'ﬂwﬂﬁbﬁiﬁjﬁxﬁThﬁ%
\%&iﬁ: LE‘Z@T%M@A Sl SUEN, BRMEMLE, LRI LS, Transformer 2%, BeRlZ, HWHE, &6,

hESES: TP391
I AR IERM, REKR, DEE XXXX. BREWZ B EMIHLMLE S Transformer £ 8 5 S iEEKEGRE BERFR,
XX(XX): 1-18
Ji Yunxiang, Kang Jiayin, Ma Hanyan. XXXX. Panchromatic and multispectral remote sensing image fusion using
dual-branch generative adversarial network combined with Transformer. National Remote Sensing Bulletin,
DOI:10.11834/jrs.20244047 ]

oAl G BB, i 2 S

AT REL > BT B 7 R 1 102

B AR AR K, TR R RS, I, SRR | (e

RIS 0K 5 1915 L YR . R ﬁﬁﬂﬁ@%ﬁ%%f%% %%%ﬁ%%%
i)

Wit L Al .ﬁ%ﬁﬁ#ﬁﬁ%ﬂﬁi 20 5 R 2 LR kR4
B (1 &'e01s; Ma %, 2019), 4K, H EJ@KIEHH \Q XD SYIEA
T RNR IR I — (A2 e LR S5 W%Mswmf @ﬁﬁm>ﬂﬁﬁ%m*
| B B 5 OBk AR B s H fE B g R E G, IEUQXIEE pENIY %@@%PAN (Panchromatic image )
R A A 4 Wb 6 1 B AR (R, (LI OB 2 7 B 45435 1 F S 2
TERA 578 3 SR P15 2 AR T — 55 1 K T P 142 o

s BHEA: 2009-01-06; FREIZAR : XXXX-XX-XX

HEWE . FEHRBFEAT FTE (45 62271236) JTINEPE RS H AR 450 H (45 . Z22015009) HF5E RIS 5280035
HRIWH (45 . KYCX2022-41 . KYCX2023-10)

F—EHEE N WM, 0757 N EHRAE P S HLAS 24 2] o E-mail : jyx990202@163.com

BEMEER N R, EEH5 7 7 RGBS HLER% 2] . E-mail: kangjiayin2002@163.com

© GEIEFEAR



o BB H IR A, %RT““i&%%’EE
MR LA EHME H (Tmani, ml &= 2021) .
ek 26 FﬂA Al LS 5

0546 @L
B LA ) 5 2 e £
aRE N .

oy 0 R (R A TS 7 KT RS
A GE 0 Rl G 7 R T IR A S B RS T v
(Zhang 55, 2023) . fEGEMRIG Ir B HA 5 T 5
B, OATfERE . ARBEGEER TR RN [F] 3 AT
S AT AL SR AL (Duran 45, 2017) . HAkHE,
G B RlG 7k AT DLk — 204y a2 . sy
#7: CS (Component Substitution) . 243 ¥ 3K 43 Hr
7% MRA  (Multi-Resolution Analysis) . & T8 71
£ VO (Variational Optimization) ¥ 77 7% DA M 3T
BRI 5k o CS ¥R Jext 20615 BG4 6% A8
e, et e S EE R AR
X BG5S 5 %ﬁ%AEAUﬁﬁiﬁ5§ﬁ

i Je X H #ﬁijlﬁ i 7 ZEHL (Garzelli
&5 2007, z % , 2010). 43
%ﬁ%ﬁ%' N ., (m
AFEPE HL. MRA VAT R HCK 4 0

@%#H@%ﬁﬁﬁ@ O U LA 15
%ggm&&¢,mRMMm%@%h%h%
4 7 ¥ LP (Laplacian Pyramid) (Ranchin %
2003) . B /NS B DWT  (Discrete Wavelet
Transform) (Pradhan 5%, 2006) . %& B¢ )% 2% # CT
(Contourlet Transform) (Yang g‘ff: , 2()10) o VOEAfE
A Rl )8 VR — IR DL %I‘Eﬂﬁ B
AR RS I Ak ] R ﬁ'ﬁﬁﬁﬂﬁlﬂ ﬁﬂﬁﬁ@?jﬁ
%%ﬁ%@%(mm%ﬁgzmmo%?&ﬂm
filG Tk, AR I A O o A BB R s A R
%ﬁﬂﬂA%%om@%(mm>ﬁ$%?%%
FA) i A 28 0 437 4 B EBR S %

ﬁ%%@ﬂAmﬂ T&ﬁmﬂ% g Iy
%ﬁ&$ THE iy fl G FLN DL K S g

i ﬁ*&W@%ﬂA%%ﬁﬁm%ﬁw
%ﬁﬂA%%L FLA T EE R Ok IR

1EE R R A FIE%@@ TﬂA
ORUN L AN Ry RS Y S BER
m?ﬁﬁiﬂﬁkm%ﬁ%mﬁﬁ%&@
AR F IR 2 2 T ik 2 s & T T2
%& IF B4 TE MG A AT 55 FP S T A S Tk

AE. T IR S 0BG Rl & kA DR

1) TV%?E‘:}FUTU}J\%J/\B’JﬁTEqJElﬂj%mﬁ
T B 1) R R )J\ﬁ'ﬁﬁfﬂ?ﬁ%%/\ TR IE M
FERRIII; 2) RIESRIRE l%_?ﬂﬂ)iﬂ%
0 A ffg@%) ek AR 3) %
iE 2 5 ) — 0 2R ﬁﬁ%&EﬁA%l@
AR 4) 1 %@E%?ﬁﬂﬁﬂ&%%ﬁ%
%jﬂﬁ% 0 AR Rl A E AT B A TR B

(Thoma® % , 2008) . F il TP 1R £ O VR
Ik EBEAFEERMZ M4 CNN (Convolutional
Neural Network) , 42 %% P W 4 GAN  (Generative
Adversarial Network) , ¥ i 5% 22 % 2% DRN  (Deep
Residual Network ), Transformer 55, 5 FR #1245 X 4%
T B3 1 ) P A BRSO it ) 28 22 8 T R A B
S KRR Z AR, AR5 B X SEREAE fl

B, R 258 N R A TR B AR LGS B
FGH H Y o 207 AT T T30 AR BURRAE

FA 11 32 3T P GOBOHR R A, R LA I
S PR AL PERE . % Wﬁﬂﬁgﬁ& e
A*%ﬁME%“ﬁﬁ%2;¥%EE@m%%
M 202 T B O s 5 — el
T 2 T 4NN A 2 1 B R R R 3 B o
1 T 45 (P 2 T 2 9 0 398 4 4 S P £
I CA A NEL S PAN 4 N
(o AR [ 2 RO X 42 VR SR AT 4B, O
S R B (25 BUEs E RS . Yang % (2018)
VR T — U B B T, R 2R P R
50 3R R 48 30 AT AT B B 5 L
7 PRI R 7 L5 O G0 5 P 4 45 5% . Shao %
(2018) T3 FI RSk s 1 25 FLE R 0 226 HE R 1%
5o (R T 2 RS . 5 — R S S 2
B 28 0 245 7 FH T4 5 00 30 R PR R 2 8 o
MMags (2021) #H T—EETF kw0 iRk
B | ﬁﬂ%%@ﬁww‘ P
KIS ﬁ%&m RO o AN e o %
R 2 R % '%3%%W
@awAmﬂ & @% Aﬁﬁﬁ%%m%
R Ew%@ﬁ%%ﬁmﬂﬂ%o
(MN@@%%E%&%E%%%Z@@E~¢N
BUlZE, 7E AT R IR R T4 RO PERE . Ma
45 (2019) B UK WML IR 26 T T R LS
W TSGR A e, S T B A A
FEE R G A Sk, Jin % (2020) R T 4
P A R R 6 3 R 15 2 0 P 45 0 7

© CGEFFARY



Wi 2 1 45 . BB RS B A AT M 2% 55 Transformer 194 (65 26112 B L & 3

MESEBOFFEATR G . Ma % (2020) BT T HATRL
¥IJ5':'J%"§E’JEEEXT%TH% Mé P8 14 7 ] U B
SRSES LI SIOp/F) AN JZ DA IR R R

#ﬁ%ﬁh%ﬁﬁ@bmﬁimﬁﬂﬁ&%m
] £ 3 SICTE A ARl A R . TEE TR 2= M
ZENNTIA [) 4% 2 B2 WG 114 5% 25 ) 24 Kk fi A 1) 22 Jek
EIRHEATRRAE 2% 20, AT A5 31 5ORS 240 (0 R AE T
PRI SRR B Rl 31— B A5 2 o 1 il R
& ZI kR ﬁgﬁxﬁliﬂiﬂjﬁm@%*ﬂﬁﬁﬁfu
M fE R, e s BN E . Han 55
(2019) RIH%E fhﬁ)%%ﬂéﬁﬁﬁﬁj\#ﬁfﬁnﬁ'ﬁ‘ EE
5w R 200G G AT RE R BOT R 3 T A
A B HER I EDCE RS B QiuiF (2019)
BETF 7 — o i XUk 22 % 4R I 28 4 b, AR O B
GG BT & o BER 2615 BRI RS AT 55
TS T A IROR
Transformer J& —F |30 FH T H A 15 5 Ab 3
E/JT'#HQXHQ%*%FU T @%ansbrmer%ﬁf 17 Hb
f“FH?lJr%P GRS EIDI
E:]:/TE y@% omerﬂﬁ*ﬁﬁufﬁmrﬁuﬁ
mﬂA&'%%' %ELﬂH{fﬁﬁmﬁﬂﬂé%
§@@%AEQMﬁE (Dong 45, 2021). H
S@%»MﬂTUHKHRr RT3 8 6 5 G i
I3 IAL Rl 5, DT e 2 42 e il TRTARORY BT £
Dosovitskiy % (2021) B UCEF Transformer X 2% 2544
N2 PG AL B, TR T T IR O 2R Y
ViT (Vision Transformer) A, RaoZF (2023) 4}
XFELANEUR S R WO R RS AR 55, BT TR
RIE R ZZ M 45 | Transformer P 25 5 21 XS 470 9 4%
AHZE G 0B AU AY DA %S 6] Transformer 5 3 18
Transformer P /> £ 2 X i A IR 34T FRAE 42 BOT
filt A, iﬂTﬁﬁ?E’JEﬁ!éiﬁ% Tang 55 (2022)
P4 Transformer [ 4% Iﬁﬁ weks, WiItT
—Fpy” ?JF”Q* ¢ Eﬁ%"% fifk i g il 5 HE 22
%fJuTéjﬂ A UL R G By il 8OR
l-ffw ] 5 T Transformer P 25 1) 4= (0, 5 £ 56 1% 12

R 5 il TR %F%ﬂﬁﬁ/ﬁﬂﬁ S [H] S HLE B
i 4 BB BA 42 5 DETE (S B 26k E A

AN[EVRRE A n] 7 ) 2 >H Transformer 4 4 1Y) 4=
Jri (e BHEHUEE 11 5 CNN #8410 R 3 £ S L B
AT A AL, A DA S B A i Rl BOR A — A
AU )

HT UL LM, ASCusRstt 7 —Fh i

AR R T XS (% A X T TR 4% A Trans‘former 1Y) 12 Ji%
PG A S . AR SO B T RIS
ﬁﬁ&1)$ih57 WA SORE UL 52
N ey A1 %@ REIDIE
e N B 9 24 HE @‘@@ﬁ? L B A
R, A %ummmﬁmﬁWFﬂﬁ
%%wﬁ@ﬁ%m@% MR T T B
p 25 I_‘l% 5 3L F Transformer [ 45 114 P 45 A 1545 1)
% s 3) 4P AR RERILRR S
G075 J2 43R R RS A, AR BT T 95 2
B 4) FEATFIBORAE 1S ss R, A

Xhmﬂﬁ%ﬁ%ﬂl oo M AR B 22 Gk R TR
s B, B HeA R0 5 R 4 RME R =S (R 4L
PRAEEL

2 ARk

Zl—‘wﬁf'ﬁ%ﬁzlixﬁﬁﬁzﬂﬁﬁé?ﬂi J %

BT 24 1 Transformer EI/J %@ T% fil
AL B Miﬂ: H%UII Sy
NG iE T PN AT AR SO TR HE

B FH A 97!’& % '3 Transformer X 2% &8 73 (1) % 4%
gERE

21 REFHEZ

BUAT 5 T VR B 25 3T 19 4 0,15 22 06 38 8 IR
(A b, BT A i ) 4 AT A T
CNN ) [ 25 A5 R0 F1 B T GAN AY IR £ A . LT
CNN {0 245 48R0 SR AT — A S S e S, B
FEF LB (Ground Truth) LU T 2R
FE2ESIROR, STRRA, 45 206 IR n A
GERIE AT AL LU L X Tl A PR B B30 7 A 5
OB = W0 5 R 5 S 908 L 2 O LI 46 . 1A
B, T CNN ([ 2 4 7 %&w 5 R
il MﬁwmﬁéA%@ﬁ¥ §%¥@w%
24 5801 A 1T 123
fi&%%ﬂﬂ%»ﬂ@%%ﬁﬁ%¢QW%m
Hi, nw=n§§@m@mmﬁ&%o
:”E%@ﬁgA%&mﬁE,@m?%
FERIFL AL IR 2 B0, e K T RE B 22 B o
ME LA B w%ﬁ&ﬁ%TUHKH&&mEu
S A R AR A B R E CENE 4
)R T B AL B AT R (A 4
), TR 2 06 B % o (1 R 7425 8.k 0 B L

© CGEFFARY



4

FEEERERE L AN 5B T LR 9 25 1 1%
%%ﬁ#@ﬁfﬁ%%imﬁ ﬁ*!li&ﬁ
Ao TR R @ WM, %
%%I%M%?§&¥ P
H| FIZ IR ER T TS
ﬁﬁ%if% ﬁmu,MmEﬁﬂﬁ@ﬁﬁﬁ

frfgid e £ b, ARSCOIHRIEAY B ARHESR I 1
Pise Hop, e @ BRI g 2emig BT

R, $ifﬁ%ﬁ S I (i 1
PR R %a g (2
g %ﬁm @@& )

uuuuuu
xxxxxxx

£ BT i r i i SUAHE SR A

o %ﬁ&— )

'Lgﬁﬁ TR U5 1 B A

5, ﬁh%ﬁg% 4 G5,
%» B Bk, 1) B, @mm%ﬁﬁ%

FEHGEAT 40, 4 A5 2 0 A 2

wﬁﬁééﬁm AR A5 i %WF%
oo S T 5 M, A B A TR
s A5k %ﬁ?%é@%wﬁfﬁﬁ%F%
B PR R R WA R, 15
%Lﬁ* BExd 4 0 12 5 200 R 4% 1 AT
BRI LR U 7 0 4 s 4 (o
R AR S, AT T S I,
A9 1 B o S 2 0 B SR s T 2Ok
RO PR . 6 F@&*ﬁﬁﬁﬂ%
RS IRERY . S A%wgﬁ%&m i
ﬁwu/ﬁﬁfﬁﬁﬁﬁmﬁﬁﬂﬁﬂ% R
E%ﬁﬁz&ﬁ%ﬁﬁ%ﬁz&“@

RN FEGR . 2) K, T EEaE
ST BRI PR L 2 i 2 I 2 52
FEAUE (S BRI, 3) BeAh, REE A
SB35 e 2 1 T P
i FH B A R 5 4 Ry {5 B2 BURE 71/ Transformer
ST AR, 45 25 T 20 10 46 45 L F 45 G
5 Transformer % 4% ¥ BUR SR 1E FEA TR G, SR &

Ce
Fig.1  Overall framework of the proposed method $“ .‘a

Tl A 04 1 7 g NN WA 7 S0 £ 5 0
2 i PNt M S 2 R e
4) B, N RS R P T SR 4
i, A TR A SRR R 5 4 R G
F s FL LRI PR 15 2000 S 4 (0 5 P 140 3
RIE . LAY R PR 5 20 0 o (1 H 4 1 U5 R
O S 45 S A SRR 5 A
L LRI (. A RS BB
WAL B SR AR, 5) R,
PR S BRI CHERZ DI | R
R W0 5 DAL 2, 0 el 22 0 9 5
5 J52 3 ) T ) A L A R 5 TR M

i, 1ZmﬂAl§l1%Eﬂﬁﬂiéé<EﬁmﬁAé
5 2, ZlijC}iﬁTmﬂ% JES Bt 4
%E’Ji‘%fﬁl@{%mﬁ i 5 4

WEMA)ZE ' Transformer 1 CNN
MEPT;EEX%E'% %iﬁﬁﬂﬁu, iR
HCE| ) 4 n 7 BEA R A KGR,

A3 L Rl & R BE AT 2 i R 3 ok
IEI Fl u R@; é@@’fg{ﬁ H}rﬁﬁﬁﬂ}ﬂ%éﬂﬂﬁ1’;mo

2.2 KEE

AR SCRE B % eR By P 2 AR A A
PR HIHD A 5K

© CGEBFEFEIRY



Wi 2 1 45 . BB RS B A AT M 2% 55 Transformer 194 (65 26112 B L & 5

2.2.1 HREER%

He REAS R O H PR O &WTJ i e 563 i
0 =S AL iaﬁ ST
L % AL + AL (1
$oi AR AT ¢ 1 K AL A WU R
BN L, FRE IS G SRR A D, A1
J2 A B8 D, 2B RE B R, Rk
(2) PiR:

L = E[log(1 = aD,.. (1)) |
+E[log(1 = (1 = a)Du(11.)) |

o 1, R R A A R, R
@, I, FoR LM REL: o WFMD,. 5
D VBT K

(1) P RS AR IS UL, BT
G E PN ST

Loy = Ly, + 1+ YLsgiy (3)
Hr, j\f&'ﬁf% "”TJ %, Loy N4
AR ii‘lﬁ«%\@ & MIAE 580 L,

e YT €g$

(@)

§§~Lﬁ$ﬂ W R A RIS o J9°F
BPITREG L, R BG EGRERR 1,5
RO EUGIERNZ 1, ZICEEGIERNE [ 2]
L RIR BB . U R (5) B
Ly FRBA UGN R 1, 52 GG 2
L B RN R L 218 G A0 R
Bk, BfRE X (6) ik,
R e v

-l N

S &alg
S %}@b) — Iy,

(6) Pzl b iﬁiﬂ%@ﬁﬁiﬁﬂﬁﬂﬁ

LI F

(6)

\ﬂﬂq(s)

B |- FREE
X (3) FNEREK L. B0 ZI0B 451 5k
L, R ST
Lgmd HIW[‘ULg e T (1= w)Lgmd—dmil] (7

Horf L, BRI B GIERZ 1, 54 R
BHE L, 2GR FRIERNE L 2 I 32 B

BEBU, FUKSE XIS (8) AR Lo s BR
AR, %@@@@%%ﬁﬁm_&%
RN )Z s, ZIH ’;@

mX@ﬁ(@@@X cﬁ$

o D N
S\QXQ’ H Vi, - VI,
TN
Lyt - gt = u VI, Fii \ Py ||
©)

(1 =) |V, = Vi
(9) m=rp,

,
(3. PR LR
£33
X (3) PRI L, H5 =T AR
FK Loy B9 LIRS SCUT
$(1=0) bawsn (10)
E*%Wwﬁﬁﬁ%@@%mEnﬁéé@@ ,,,,,,
SRR L, 2RI 1o 2 W 0 S 2
e L% %, Eﬁimxwi\;&(}& R
L o BT PG AT NS 2 0 (2015
Bl ST 2 AR

*’Q*ﬁfﬂ'@?ﬁﬁ%«ﬁﬁimxﬁﬂﬁ (12) Fim.

Loy = oLggy e

..... a1

Lsiy - et = (1 - LSSIM( 1 Fpn A Pandm‘,) )

+(1 - LSSIM( ]F(,' » OIMS‘“_W ) )
/ﬁ\:p}q LSSIM( . )%‘%ﬂf\‘ijﬁ E‘J%*@*ﬁ{uﬁo
X (1) oA SR S =L, N
TG, BAE LT
L =L

(12)

+ Lp ctrum — detail (13)

spectrum spectrum — base

L B2 IR A 1
SERIR 2 119 55 B0 Y 2 X105
(14) FimR; L, @ﬁ\‘:ﬁ 52
ﬁAl%%@@%arﬁ% é%m Ak
L (15) Py AN
eﬂy
WG Y (I (14)
R e |,
L <I\1s (15)
e HIH

B, A VR GOSN |-,

© CGEBFEFEIRY



2.2.2 FH|EEH%

AR SCRIR 9P BB R oo NP Al T2 4 530 285 45
KL, FAT)ZHS %T ' L PR A FEA

.......

JE 5] 58 ﬁmﬁi%&
- log Ihase ~ mean )) ]

"""" (16)

E$awim%MEﬂw$,am®%m%mEﬂ
5l g R A R BRI 5 1, e TR 200
ik EMG LA 2 5 A 0 BGREEAZ2 B AT (E Ak
FRAREI RS . 401 ZE NIRRT R R
LDW = E[ - log ( D gt (gt )) ]
+E[ = log(1 = Dy (1)) ]
P Dy R FINES . Dy () TR 412
F ) 5 6 i A AR EABR I 5 ]y - e N2
%%l%%wﬁ%é@l%%wfm#ﬁmﬁﬁ

Ab RIS Y 1 f% A,
TXT%%% 54

ZIKI%‘H%E
@EH% SN0
k)R E’JQIHPJ:W/\FEL

ﬁuﬁ Mz@ﬁ%wwAFﬁﬁ@AW@

%@%%ﬁﬁ%%
23 W 4& 2544

CNN B A 5 K Jmy R AR B BURE T, AR SCHE
A A B A 2 S PR B s 2 M 45, DIEE
B b, 52 PR 40 2 LR T A Y 4 T) 4 1 {5 8
ITHE M. Transformer H A BUf 19 42 Ry 7 5 4 e
Ji, AXHEE RS WEMZE XD RAH
Transformer 2% , DL B8 G- 1 52 B0 JE Al 2 (&4
F B OGRS BT REEL . FE 0 ) 4 0 4 25 4 1
it ARSCEIRA T CNN Eﬁg{%m

2.3.1 iﬁk%%bww ‘a&'

ST o T B
B 5 A 2 2 A
FANF BR300 D e E 1 AN [ 68 R 28 2548
mE 2 (a) s, FE6HEZE M4 B PI Conv Block Fl
= Transformer Block 41 i . #%— > Conv Block H]
KA FLIRIZAE B, HAw A L35 44> 20635
E5 1200 E R ZER . SRR NMEE
J3x3, BKK L, BREAEC 6. 152 AR

(17)

PR B A B = A G5 48 A ] 1Y Transformer Block
o AR SCHEZ A Transformer Blog@ K 3% 2435
%, U%:J‘I‘HQ%E’JW@I?& 4 1Y 225 fE
PR N m&% S PeagsEnBlock il
e VIT 45 H i S MR T 5 69 Swin
Transformer (LIUCS%\) 021) W 2% 45 4 ™
ck HH P > 48 [A] 19 Swin Transformer
H o Swin Transformer Layer 11 1% P~
Z )2 B AL MLP  (Multi-Layer Perceptron) . — 1~
BT HE N2k HEREIIHLE W-MSA (Window—
based Multi—-Head Self-Attention) 5 — 3T 5
w2k A EE I HLH] SW-MSA (Shifted
Window—based Multi—-Head Self-Attention) , F7F %F
N2k AR P S B 2 )2 EHLEGT IS i —
MNZEIH—AL LN (Layer Normalization), 7F&E 5
Je R R 22 4
% Transformer Block 1) #ij A j\] £ é@ﬂi i3]
128x128x96 [ FFAIE ] %ﬁ F14 Jej 8

B 114331 1, 256 7 8x8x9 ?& %Jﬁﬁ/l\
W RHIEE F, g &Ejﬁﬁ%, Hrp
ﬁ%ﬁﬁihqﬂﬁﬁﬁ’ﬂ%ﬁ%ﬁf@() (Query) . HEFFNERE
FEK (Key) FUEFFEFFEV (Value) FRIRA:

Transfor

Layer 4

Q=F, s M()
K=F, s - My (18)
V=F, u.- MV

Heb M, My M, BB, W A EE L
Hil A AR ) R Dﬂﬁzf_ﬁﬁ%ﬁ%, Hits
FRN

. T
Attention (Q.K,V) = S( LS

+p)- V. (19

HrpS( - )FRARH—ILIEEREL (Softmax) 5 d 3
INYERE s p FoR Al ] WA B gt . A

S FEER ﬁ%mM&ﬁﬁﬁgé H—fei,
SRIF AN B £ 2% { R
9 91 24 m@@ @@ % ST 45

fEFL. ?ﬁ\

54> Tran @&er Block i i1 424 128x128x96
e @S % )5 — 1 Transformer Block i A —>
Fﬁbliﬁiﬁr#j??ﬁﬁéﬁﬁéﬁ(]onv Block 7, HAERZ K
INHR3x3, KRR, BREAECH 16, S5
KN 128x128x16 HYFRAEE,  BPILAih 2 57 B 19 4
HERHEE

A R R AN )2 S T AR A R R R

© GBS



W25 3 45 2 I RS AR XTI I 28 5 Transformer (942 68 5 215 & B S Rl & 7

TSR R, HOR BB MK THESE ReLU BRELLIESE AR E, PSR . 40
EX WE2 (b) Pron. BNERZEZMRM T 12 305 502 SCH R 41 /NFATA]
A, Tu&ﬁ?% %&uﬂ?ﬁ%ﬂ{mlzﬂéﬁ Hﬁﬁ/\ﬁiﬂﬁﬁmthﬂ’ﬁ#?gqa A BUZ RN

). e

nrn, @H%E IR THANEE  H3x3, ;Hdn@é% W B R R
J9—4 SR 1 A0 SR L B T o Tanhmrmﬁ%%@&\)@@ﬁmﬁaz@a@mﬂ
HERNE B i Jc%mzwﬂﬁ BHBRIOE BT R, EumﬁA@@%\S\»
I @%\
N -
—————————— | IRR |
= =
Tositame ‘\\ I Layer Normalization I | Layer Normalization | :Spmmc]:ls:;:nzl:;ﬂ
N\ | | | Y
= @\ 9 2’
O LRy
ﬁP” Q)]\w Ry
X X W
A
™ = LN

P2 Al W2 2R 15
Fig.2 Network structure of generator
(a) Az JAs HEAZ PO 2R 25 A (b) A s 20715 25 R 25 5 4

(a) Network structure of generator basic layer (b) Network structure of generator detail layer

232 FIRIERM L& L5 P F A5 ) R 2R A ], 29 4 1E] 3 s -
HA S5 45 0 ha FE R 4 50 4% 5 0 R 0 ) A

e V.-V V- Ve V| LALR 2
E—— p — — —
g
$‘ Conv Block Conv Block D Glack e Black Cony Block
" kernel size:3 x 3 kernel size:3 % 3 kernel size:3 % 3 kernel size:3 % 3 k ~ (‘Y‘)
input channels:4 input channels: 16 input channels:32 input channels:64 ann|
« [ ] output ch 1s:16  outputct 1s:32 output ct 64 output channels: 128 ) outpi 1256 (i\ﬁ

stride:2 stride:2 stride:2 stride:2 stride:’

% K

« g1 (‘3?)0\)
3 BRI

Fig.3  Network structure of di ator

HoP BN 3x3, AEIERy LR B AL 35 9 SR Z R, LU Rl
B4 16, 32, 64, 128, HR¥K2, WAER GERHGIERNZ ;0002 R0 005 A IR 2Ot
JRJG R — A R S R Tanh e ZERRZEH SERGAY R 5 IR @RISR RS s R E AL
B A IR 2O G ERZ SR e nE R BURMAETYIREIG, DIARS RGN

© CGEBFEFEIRY



3 SEAVRE

AR ?¢£¥%ﬁAﬂﬂ#@
B, HA A o S 52 0 ) 2 A TS
Fﬂ%ﬁ« R 5 P4 R 4
RN RS R 2P (LA B
KL P LA T O A SRR A B AT
e IS T T N S L S B 2
VIR0 20715 J2 PR BT FAD TR, A e
R A7 40 . DL LT 25 407 2 B A T
SR RIIEAT S0 5 R 2 A A . S T i BT AR
TR R, A SO UL TR 7
SRR WL % W AR D B
B8 BT R R A LA AT H R L
T AREAR X Y SR SCRIEAT SRR L A,
T OB S AT AT R, X
EAT TR . B Sl SRR, &
+%MQWMEﬁ %g’ N 128 RERL AT
32G; GPU \% ce RTX 3090, It
51, %%- /m BT

31

9$I*Wﬁmmﬁ%%a%_ I T B
Y%&ﬁ%é% (Yang %, 2022; Meng %, 2020), fuff
WorldView 11, IKONOS Fil Quick Bird = Ff % 45 .
WorldView 11852 00 75 509 . ML BE . M, K
REMYIE R, BA BN RSP, Ba
PRI, HeaEGAEAHEN0.5Sm, £
ST B 25 [ 43 HE 2R 2.0m ;. IKONOS #4245
WO R, EE A . B M, H
OGS A3 BER g Im, 220G RIS 23 6] 43 ¢
M 4m; Quick Blrdﬁfﬁ%@iiﬂl—ﬁ@m A H
WM R mw éﬁﬁMWﬁ%m%ﬁ
FEHHYIEL, R e I AR
B INEETS kﬂﬁﬁ#ﬁﬁ HaakEg

WER N 0.61m, 22065 BIR =5 18] 73 BE 3
M%m#ﬁﬁﬁ%¢m£% EGB 36 21 %
L BB WM BERGT AL AN B, RSO,
ﬁﬁAﬁ%%m%éﬁzﬁ PG 53 53 45 % i
4800 ZH —— X7 (1 R G B, BT 14400 4H B R B
ﬁ¢é@@@ﬂkdﬁn%n% ES NSl
32x32, TEASCSg T, MY 40y R e b AL
P13 AR I, HAR BUR A Wil 24

CERTAL T . A 2 PR30 17 DO L RE B
ﬁh%ﬁ%@%ﬁéé@%%A@%@@f .

3.2 SHIEE

S
rmx%?ﬁ%%&% gt ﬁjzmﬁﬁl ><

107, batch size R%@‘Q}) epoch W 10, HTM
%U”%Eﬁf MSprop; A= ali#s 45t 2 R AL,
AL %& MLKENL, alXBNOT, bIXHE
}07, cBEROT, aB'EH0.1, BILENO.L,
yIEER02, 0B EHN0.2,

33 xEEZE

ARSCATALBE (ERBT) Ji i Kb £ v R AL L
P T 13 —— X R 26 RS 2 O EE N
MR, SR R AR R S Ak AT
PESERRX . ARSCH, T S i kA

fi: CNMF (Yokoya %%, 2011), MTF-GLP-HPM
(Vivone %, 2013), SFIM (Liu , OQK\GSA
(Aiazzi %, 2007) , 2017) ,

PanNet

Pan-GAN (Ma ﬁAN (Zhou % ,
2022) , SD «X@Z@, 2020) F1 GTP-PNet
(Zhang %, 2021)0 Ho RS AR SO R o T 7k
CNMF (Coupled Nonnegative Matrix Factorization )
Ve BATAERME SRS ROCR B e 57, A
A HFAAREE . 5 T ISR R, AT RES 7R
23 (LSRG T AR A e T i A Rl S R MTF -
GLP-HPM & — Rl T CRLE- R 4 A 3 no Rl &
T3k, e A ) A4 12 R EVT E B DB R 5 B
AR SFIM S — il B 5 2 9855 ) °F 1 U
Weorik, E P E oK 2 G KRS 2Ot K G
HATICEL, DA R RS ES; 5EF IS Gram-

Schmidt 1IE38 46 757 GSA, ﬁﬁﬁﬁﬁﬁééﬁﬁ
B 26 KR B = , A S
PanNetﬁzj‘]{'_{r_quX@W% i E S0 38 1
6 2 1 TG T % Pan-
MNW%ﬁmﬁ% I £ 1) JC W MS Al
PAN 3% & I 14 % ﬁﬁ IR

UCCANGHHE T 00— SICH R X5 2140
i MS A PAN i R Rl & 7k, oA B i il
BRCR s SDPNet f P i s 41 n, 70l I T4
SR R 190 VR 5 R A E L 38T 475
25— 7 D245 0 P {52 257 o LA R0
BT s GTP=PNet b6 JE % #5045 3% 22 [ 4 41

© CGEFFARY



W25 3 45 2 I RS AR XTI I 28 5 Transformer (942 68 5 215 & B S Rl & 9

W AR FRER A 5 TS, B 34 BERMESHH )
EHERBRCR . 4% 1, ASCRILEA LU IE A _— RN
L L e I R T
%%ﬁ%\%ggaﬁﬁw%%ﬁ%u&%?ﬁ %gﬁﬁﬁﬁwggéﬁ‘%P URAT
il
9

A SRR H R SRR N 5 25 P 4

%5 35&1@@
W B 7 N

¢ 4 B
ac W\
Y e % R
Q]‘N > ﬁP&QX‘N\OQ\ﬁ
N $g®w&
N

© CGEBFEFEIRY



10

PN UB]

1PNJAS

1PNd-d.LD



Wi 2 1 45 . BB RS B A AT M 2% 55 Transformer 194 (65 26112 B L & 11

SN

K4 A7 r R 45 R

Fig.4 Comparison of fusion results using different methods

TER] 4 J7 s i U AH Rl 5 45 SR b, CNMF J7 ik
1520 (Y fl A 25 REORAE By, (FOGIEE BAATE
—EMERA I ; MTF-GLP-HPM 77 % 5 SFIM J5
PO B AR, (ASHEE B B ; GSA
J7 A5 B W Rl A 25 R ROR BT, BOEE B
RIEW, HGEE SR ; PanNet J7 2545 2 (1)l
AE R RCR R 2, Rl 2 2 R s E B
B, g — . AR AT s TR
fbo Pan—GAN J7 745 2 (1) i £ 45 SR 805 BB BT,
G E BB ; UCCA B Rl 25 R Bt

2 A}%i%%ﬁﬁ%@%$,ﬁﬁ
B B MV DCCAN ik 5 0 2 45
&@%E%ﬁﬁ§n%~\:ﬁﬂéﬁﬁmﬁm
4 S (GERW . SDPNet)7ik 5 GTP-PNeu Iy k1)

e 4 B B SRR 2 SO L
EL— S LA 15 135 77 76 S )RR FE RO BERY .
L BT L AT SO AL . D2 P
B SCHRMLR e L A S AR 7 VR A 25 S —
TR A 2 T V64 (6 PR T LB B 5 —
W SISO R L, A — e B 138
TOHRIEAT L, BT REHR I, &
SCFT R IR TR | T RO AR, B
il 2 9 B LA B 2 WL CB A L LB

TR R B ER E
i&ﬁ‘c%i/ﬁ\zﬁz rfiwg%maac .éﬁ{
342 EITFHERA RV

7 e NI R R 900
QRN SR T 7 0 £ 1 L
BB O IEAR . OS85 W15
KB 1 X0 AR )7 0% M Rl M RE AT Ho B A
ik BN 8 AR 035 . 15 B IE (Information
Entropy) . i fi SAM (Spectral Angle Mapper) .
7 MR 1% 2% RMSE (Root—Mean—Square Error) . 1
H L BT & 48 %0 UIQT (Universal Image Quality
Index) (Wang %, 2002) . Jti% 2k H 45 %4 D,

(Alparone 4%, 2008) 5 UE{E {5 M PSNR (Peak
Signal-to—Nosie Ration) . 1E %% ] D i & @l 7 K]
BaEEENFEERE, iAo (200 fr
A, Hohwh s BB E AR p=
WP Pis 00 Do wns Pucafs o R H AN KBS
BENMBEEBGERIDEWIL, BB, RURE
KRR B, BB S

IE =- 2 p: log.p, (20)

SAM I LA fi it il 4 3&@%%@@

Z IR, 3 i (21) FiR,

MM@$,%§@@& W L P %
Tl

SAM = arccos(<lMS.[F>) (21)
[7s L1 1,

RMSE H UL 5l A K8 5 5 BHE 2 8] iy 22
5, Hita A=t (22) PR, RMSE#&/)N, @l
A RS o i R

H W

22

x=ly=1

%umy
—Ip(x,y)
HXxW

UTQ FH B85 T 45 Pl (2.2 F e 1L I B

S (23) iR, Ko, o ilsmaEmg s

CHMERI R, R IR Y iot

UIQL = ik Gr

N @ ¥ K

UIQUEL , 2 Ve 4 b i i

@@ﬁiggﬁﬁ LI 4 P12 19 56 92 2

B GORC (24) B, D/, KOS G
S 2 20N

RMSE = (22)

(23)

© GBS



12

(24)

D. HxW
ﬂ%@ﬁﬁﬁgpﬂﬁﬁgﬁﬁﬁﬁﬁﬁé@%
25 7 [F) A M TR AR B 5 3 5 Q) 33
ﬁ[]‘F:

4o, - Xy
(Uf + a’f)(gz + ;2)

PSNR JH LT A PR I 20, HH58 205t
St (26) R, o MAX FR I IE R S A R
A A fE, MSE 727 5 PR 9 5 Tl 2 P 1 340
iR25, PSNRAEK, AR TR A
Muj
MSE
KHIE. UIQI. PSNR f5 5 M2 (A5 B A B XT
R 7 G A A ;%%ﬁ;%mmw
RMSE . D, H WY RS A X AR 7] 7 s il 4
AR W’\% % \@%g%%ﬁarﬁaa‘éa@ﬁ

Q(xy)= (25)

PSNR = 1010g10( (26)

GEL AT %ﬁ%@%%@%@%%ﬁﬁﬁﬁ
2 (IR AR SR R (R D 1R

GHRE Bl 2 19 A PR )5
TR AR 2 BUS BPE S bR A,
O EUE R R SR e, TR RRSERIK
h#H. R 1Y, LR a4t (IE. UIQL,
PSNR) BV DA 25 (B {5 8 A1 B AT LG4 1) % WL 45
Fr. 4B d8ks (SAM. RMSE. D,) EIMMOE
AR B BT LA A A A

H 2 1 RIA, A SO 7 ik il & 45 AR 1E
SAM. D,. PSNR 48 #r I3 & 1, 7 RMSE.
UIQI 845 FALIK T GTP-PNet 73, £ TR
WU T AR il 5 QR e, IR
2O ER I IE R 5921, R A kM
A 1 SO B EMMR TN, T HE
A R R AR A 13 2 PR R
SPEM AR RGN IGO0, S AR 6 43 B AT 26 1A
AR E AT R JRIR TR D R AE S Tl & W E
Ehr bR EAZE S, mESME 6 R, A
TR A R B B & R (5 B 5 T b
()2 [ SCHE B

®1 ARAFEEME 13HEGREFHITEMEIRE T

A
Table 1 Average value of evallﬁl} on&n s regarding 13
pairs of images ({L\@% 'ffe“ét \%%tmds

B¢ >
Method Iﬁ Q\”@g\,‘ié 1@\5;11& RNiSE

D,

Category

é@@Y%ﬁ sl OEE L b
N ]\&%@5 6.882 0.037
7

0.4979 17.2454 1.5277 9.8401

MTF-GLP- 6.202 0.026
0.7672 17.7682 1.5663 9.4210
HPM 0 7
6.146 0.027
SFIM ¢ 0.7846 17.9712 1.5662 9.4173 ;
6.340 0.042
GSA | 0.7228 17.3088 1.5659 9.4565 .
6.940 0.033
PanNet 5 0.5966 17.3362 1.5234 9.8767 p
6.690 0.031
Pan-GAN ; 0.5606 18.6934 1.5165 9.7231 5
6.885 .c’ 0.029
UCGAN ) 0.5118 17.04%1.@ .0309
6.374 37% 0.031
SDPNet «) 4 7837 1.5515 9.4800
N s
4 0.026
GTP-PNet 0.9017 20.1033 1.5248 8.8922 6
7.124 0.022
Ours 0.8415 22.7357 1.5030 9.1279

5
T R TR AZ A8 IR P BCR IR R R S5 5 0T K2k Ji%ds
FRARCRRAL S5 3

34.3 HERLSCIE

AR AR B HE BRZE A K] 43 N = FP S BOR R 4T
T Bl S B6 RN A, = 2SRy ) B R R AT A
1R R AR AN A R B A R T G o0 i 1)

BT, LA R AR A TP (5
AR, B SR B , 40 NS
%i%%%ﬁ¢i~@%§ %% LR
%M%%W@@%ﬁ%@&éo 0 1 4 2
U7 T )y SR A7 1 195 iy

GEABRIT) QPRI 263G RS S I 2 6 5T
ﬁﬁﬁiﬁg LIr N AR A 5 R A e Y
FlE P A DG TE P 0 5 o 2 AR Y 0
B R AE I 4 AT AR A, s
HREE O EIR 0 SRR AL S iR
A B AR 2 [ 2

K7 (b) A0k A i i A 2EAT IE1A5R 70 i 1)

© GBS



W7 71 46 . BB R BE A L M 4% 55 Transformer 194 (05 26118 7K L A 13

O GROWRTITD , B IR 2 e R 5 10 4
V{660 A B 2 A0 4% 1 RO T 2 P 12 5 4
%E@@,ﬁ¢ﬁ%§§ﬁf41@e@%@¢
B 10 431 2 ke Sl 2 P 15 25 204 5 P 1
1 A, L 0 S 20
s NN ol 24 P 401 283784 2 115 9 o 4 P43 31

7.00

2 6.50

Y R S S S P .
% 12 03 4 5 6 7 8 9 10 11 12 13
% 1 PR

febrfil

S5 6 7 8 9 1011 1213
PRy

070 F

Eoso |

A SDGIEBR  2 R P T (o) A
SCHEH BRI T () S HIAE T 149
AU AT L LR PR A gl AT

Wﬁﬁ@ﬁﬂ& %@ﬁf AL 8
7R < ?ﬁ\\Q

110

100 [

090 [ o)

080 [
-GLI-HPM
1

0.50 |

040 |

0.10

6 8 0
i feRf

K5 RFEJFETERLS 13 4RSS B PO 8 b iy HAR R B0 (T2 l4])

Fig.5 Detailed values of evaluation metrics regarding 13 pairs of images fused by the different methods ( Line chart)

8, WS4 BRI . 4
@R, T 7 (a) B iR 0l 25 5 |
SEFET (b) B RGN A 45 R T 7
() s fy SR (Tl 4 5 S P 8 T
7 NI () SREBIE (b)
AR, A ORI (A 4 R AE W B
SEiAs BRSO M, R
Rl 25 S B S AR AN T 2 B . MR T Tl
PR (A S5 SR L A ST R B i 4 A &
AERR LB BRI, 4L, Sl W
RO % VT 15 B P 7 T 1 P TESE T A4S 3¢
T 452485 750 JRUR] A3 B O 2 U 4 (2 PR (R 2 ) B0 3

(EPSYIDNCLE B G318 oy L = P S T

B P

‘23‘}%{?\\{
@ﬁgﬁ)
S
S

)

© R

Z
S

C



14

1IE UIQI
8 0.95
75 ¢ ° ° 0.85 i
0.75
7 0.65 .
0.55 —
6.5 * ﬂ 0.45
q ¢ 0.35
‘$[ 0.25 -
5.5 0.15
W CNMF M PanNet M Pan-GAN M UCGAN W CNMF M PanNet M Pan-GAN M UCGAN
W SDPNet M GTP-PNet @ Gsa B MTF-GLP-HPM W SDPNet M GTP-PNet @ GsA B MTF-GLP-HPM
M sFim W Ours W sFim W Ours
PSNR SAM
26
” 1.57 e
1.55 =
22 N
. - g ==
18 == E* 151
.
16 . . 1.49
14 .
12 147
10 1.45
W CNMF M PanNet M Pan-GAN W UCGAN W CNMF W PanNet M Pan-GAN W UCGAN
I SDPNet I GTP-PNet E Gsa Bl MTF-GLP-HPM I SDPNet B GTP-PNet M Gsa W MTF-GLP-HPM
M sFim W Ours W sFim M Ours
& % al.e
RMSE D,
11 0.12
.
V 10.5 0.1 =
L]
95 é 0.06
.
9 0.04 3
X  mim
$S\§ 85 i 0.02
°
<% ;
M CNMF M PanNet W Pan-GAN W UCGAN M CNmF M PanNet M Pan-GAN W UCGAN
I SDPNet B GTP-PNet E Gsa W MTF-GLP-HPM B SDPNet B GTP-PNet @ Gsa B MTF-GLP-HPM
W sFim M Ours M sfim M Ours

K6

AR A R 13 AR ORI 8 b =LA 00 (R XD

Fig.6 Detailed values of evaluation metrics regarding 13 pairs of images fused by the different methods (Box chart)

||=|E AN

1
St o -
‘ = ’ | 'U \V ’
D

e | L

@ ® ©

b) SR A FEHEGH 2R B
«‘ﬂ.ﬂ @ Km0 BRI

(b) The model IT with

=] (. ﬁw::i-w! ;
Ter e B
s

(0) ACHEH B

W

(a) The model I without image

(¢) The proposed model
decompostion «

decomposition only for inputted
image -

K7 Eﬂlﬁi’lﬂ’ﬂﬂii’”ﬁﬁ

Fig.7 Framework structure of three types of models

© GEJEARY



o

Wi 2 1 45 . BB RS B A AT M 2% 55 Transformer 194 (65 26112 B L & 15

«“«S.

(a) MS = (b) PAN -

%8

(c) Using ablation

Model 1 -

=AY Rl

(d) Using ablation
(e) Using ours -
Model Il -

#E>

Fig.8 Fusion results of three models

®2 ZHERAERS 13HEGREFHITENIERE T
(=1

Table 2 Average value of evaluation metrics regarding 13

pairs of images fused by three models

Method IET UIQIT PSNRT SAM| RMSE! D, |
Category o TR T 11 |4 S |y - S 1

Ablation Model (a) 6.5277 0.5194 19.1657 1.5221 9.9958 0.0394
Ablation Model (b) 6.4754 0.5114 18.4848 1.5252 10.0406 0.0274

Ours 7.1245 0.8415 357 1.5030 9.1279 0.0229
bEcr i’%*ﬁﬂ*ﬂ%ﬁk @

WOV
4 Q%Li%& %2@
g@%? i 1 9 T X B R
2% 55 Transformer [ 4= {0, F1 2 ' 1% 12 J8 K% @l
BT AR SO 7 1 e L 51 S UE K KR
HRIEERNZ E R SR EIR A, HA A
il 2 EGOETEAR B & . 42 BHR A [ 8O
SUE AR AL, 2 5R A R R B L GE )
A5 1Y) Transformer X 28 5 Ja 3 240 715 R AIF £ BB
BRI CNN SR EURRIE . S ULIRIE, B4 5 i
o, BT R ) A BT 2, AR A
TEATHE 20 RS % 0 28 25 0 0 A= e, DA SR
L 26T AE B Lk 2 ) 4 A A S A
L £ E’J%wf’#ﬂ%‘ﬂ%&@i AU it

P \ﬁ%?¢iﬁmmm$é@
ME ki BLA BRI JSh .

uR i G E\AE’J/H%XﬂLtK,
THE 28 S5 R R A R

SRR SO 2 7 1 AR Rl 4 10 M 220101 2 K
FUR IR T — 7 gL, (BRI B A —E

HE— P UESE T A ST

BN IE Al B A3 18] SO SR 17 A 32 1
At TyzsE], wo ENAE TR 915

IEDIFARESE 2 OEIER R B S SR it . It
b, 2&1@?%77/%%%57‘6%@1%5%@@%2

T H 4 B35 R R BR , {H 4 0k R4 R
54 R ST BRSNS K T ORI, AR S0 Mk
Al £ 25 B RO AP — s TR BE ORI, JURDR e
FASCI AL 1 5 22 IR PR A5 LR,
BER (IR SR ERR) R85
e, DL, 6 TR B R P (R A T
O 25 1 25 9 AR R [ R AT 3 7T
g5, WRIMNARTIGEIOTE A, itk Sy 1 5
FUREEE TR A I, 6% VRN
5 14 2 11 5% 7 47 % LI 55 B (7 VR 2

o7~ 19 285 1] 1) § SR B 4 9K B 1 &
Py L | G [EH%WEATT% R B ER R
AE%EE%@WE@ G Z M EA,

IR EG ) 75 . IR IEH% o ST EAE
2 2% 3k (References)

Aiazzi B, Baronti S, Selva M. 2007. Improving component substitu-
tion pansharpening through multivariate regression of MS+Pan
data. IEEE Transactions on Geoscience & Remote Sensing, 45
(10): 3230-3239 [DOI:10.1109/TGRS.2007.901007]

Alparone L, Aiazzi B, Baronti S, Garzelli A, Nencini F and Selva M.
2008. Multispectral and panchromatic data fusion assessment
without reference. Photogrammetric Englne ¢ & Remote Sens-
ing, 74(2): 193-200 [DOI: 10. 143 8/B

Ballester C, Caselles V, lgu ra 2006 A varia-

erna onal Journal of
Computer V1 ion, @ é&@ﬁDOl 10.1007/s11263-006-
6852-x]

Choi J, Yu K
tio%@
IEEE Transactions on Geoscience and Remote Sensing, 49(1):
295-309 [DOI: 10.1109/TGRS.2010.2051674]

Deng L J, Feng M and Tai X C. 2018. The fusion of panchromatic and

tional model f

3)2010 A new adaptive component-substitu-

satellite image fusion by using partial replacement.

multispectral remote sensing images via tensor-based sparse mod-
eling and hyper-Laplacian prior. Information Fusion, 52: 76-89
[DOL: 10.1016/j.inffus.2018.11.014]

© BRI



16

Dong Y, Cordonnier J B and Loukas A. 2021. Attention is not all you
need: Pure attention loses rank doubly exponentially with depth//
Proceedings of the 38th I%o@“nference on Machine
Learning. Virtual: AC 7. 3 [DOI: 10.48550/arXiv.2103.
03404]

Dosovitskg @Qﬂ L, Kolesnikov A, Weissenborn D, Zhai X H, Un-

thiner T, Dehghani M, Minderer M, Heigold G, Gelly S, Uszko-
reit J and Houlsby N. 2021. An image is worth 16x16 words:
Transformers for image recognition at scale//International Confer-
ence on Learning Representations. Virtual: Ithaca: 1-21 [DOI: 10.
48550/arXiv.2103.03404]

Duran J, Buades A, Coll B, Sbert C and Blanchet G. 2017. A survey of
pansharpening methods with a new band-decoupled variational
model. ISPRS Journal of Photogrammetry and Remote Sensing,
125:78-105 [DOI: 10.1016/j.isprsjprs.2016.12.013]

Garzelli A, Nencini F and Capobianco L. 2007. Optimal MMSE pan
sharpening of very high resolution multispectral images. IEEE
Transactions on Geoscience and Remote Sensing, 46(1): 228-236
[DOI: 10.1109/TGRS.2007.907604]

Han X H and Chen Y W. 2019. Deep residual network of spectral and

spatial fusion for hyperspectr image super-resolution//IEEE

Fifth Intematlonal Co enc 1med1a Big Data (BigMM).
Slngapore I -2 0 B1gMM.2019.00-13]
T sent tion and multi-scale decom-

Imani M %{5 W na I
posmon@gp ne Q&§ and multispectral image fusion. Future

Generatg@ uter Systems, 99: 410-424 [DOI: 10.1016/j. fu-
05.004]

S%$% Huang S, Jiang Q, Lee S J and Yao S. 2020. Semi-supervised re-
mote sensing image fusion using multi-scale conditional genera-
tive adversarial network with Siamese structure. IEEE Journal of
Selected Topics in Applied Earth Observations and Remote Sens-
ing, 14: 7066-7084 [DOI: 10.1109/JSTARS.2021.3090958]

Li ST, Li CY and Kang X D. 2021. Development status and future
prospects of multi-source remote sensing image fusion. Journal of
Remote Sensing, 25(1): 148-166 (éiﬂ%,éﬁﬁﬁ FENEZR . 2021.
ZIRIBER G IR S AR JRIESAR, 25(1): 148-
166 [DOI: 10.11834/jrs.202102597)

Liu J G. 2000. Smoothing filter-based intensity modulation: A spectral
preserve image fusion technique for i ving spatial details. In-
ternational Journal of Remot Se l17?(18): 3461-3472 [DOLI:

10.1080/014311600
Liu Y, Chen ﬂﬁing Z J, Ward, Rabab K and Wang X. 2018.
Wﬂw or pixel-level image fusion: Recent advances and
uture prospects. Information Fusion, 42: 158-173 [DOI: 10.1016/
j.inffus.2017.10.007]

Liu Z, Lin Y, Cao Y, Hu H, Wei Y, Zhang Z, Lin S and Guo B. 2021.
Swin transformer: Hierarchical vision transformer using shifted
windows//Proceedings of the IEEE/CVF international conference
on computer vision. Virtual: IEEE: 10012-10022 [DOI: 10.48550/
arXiv.2103.14030]

Ma F, Huo S and Yang F X. 2021. Graph-Based logarithmic low-rank

tensor decomposition for the fusion of remotely sensed images.

IEEE Journal of Selected Topics in Applied Earth Observations

and Remote Sensing, 14: 11271- 11286}27D 0.1109/JSTARS.
2021.3123466]

Ma Y, Yu W, Chen C, Llan @bu J 2020. Pan-
GAN: An unsu ng\m d for remote sens-
ing image fus10n Info 2: 110-120 [DOI: 10.1016/
j.inffus.2020.04.006] \3\»

MalY, Yu W Li C and Jiang J J. 2019. FusionGAN: A

ene@@dversarlal network for infrared and visible image fu-
sion. Information Fusion, 48: 11-26 [DOI: 10.1016/j.inffus.2018.
09.004]

Ma L, Liu Y, Zhang X, Ye Y, Yin G and Johnson B A. 2019. Deep
learning in remote sensing applications: A meta-analysis and re-
view. ISPRS Journal of Photogrammetry and Remote Sensing,
152(6): 166-177 [DOL: 10.1016/j.isprsjprs.2019.04.015]

Meng X C, Xiong Y M, Shao F, Shen H F, Sun W W, Yang G, Yuan Q
Q, Fu R and Zhang H Y. 2020. A large-scale benchmark data set
for evaluating pansharpening performance: Overview and imple-
mentation. IEEE Geoscience and Remote Sensing Magazine, 9
(1): 18-52 [DOI: 10.1109/MGRS.2020.2976696]

Pradhan P S, King R L, Younan N H and Holcomb D W. Yistima-

tion of the number of decomposition Svavelet-based

°
7 IEEE Transactions on

4(12): 3674-3686 [DOI: 10.

multiresolution multisensor im.
Geoscience and Rem wm' g,
1 109/TGRS.2W§58]

Qiu K, Yi B S, Xiang M and Xiao Z. 2019. Fusion of hyperspectral
and multispectral image by dual residual dense networks. Optical
Engineering, 58(2): 1-8 [DOI: 10.1117/1.0E.58.2.023110]

Ranchin T, Aiazzi B, Alparone L, Baronti S and Wald L. 2003. Image
fusion—The ARSIS concept and some successful implementation
schemes. ISPRS Journal of Photogrammetry and Remote Sensing,
58(1-2): 4-18 [DOI: 10.1016/s0924-2716(03)00013-3]

Rao DY, Xu T Y and Wu X J. 2023. TGfuse: An infrared and visible
image fusion approach based on transformer and generative adver-
sarial network. IEEE Transactions on Image Processing, 2023: 1-
12 [DOI: 10.1109/T1P.2023.3273451]

Shao Z and Cai J. 2018. Remote sensing image fusion with deep con-
volutional neural network. Applied Earth Observations and Re-
mote Sensing, 5(5): 1656-1669 [D% IK/JSTARS. 2018.

2805923] %
Tang W, He F Z and Liu Y ‘PéT'R infr:)x% aﬁiﬁble image fu-

sion via Y- sha§ (&%e A\ Transactions on Mul-
timedia, 2022 @%AM‘20223192661]

Thomas C, Ranchin T l\b\’énd Chanussot J. 2008. Synthesis of

mulnspec @ s to high spatial resolution: a critical review of

ods based on remote sensing physics. IEEE Transac-
tions on Geoscience and Remote Sensing, 65(4): 1301-1312
[DOTI: 10.1109/TGRS.2007.912448]

Vivone G, Restaino R, Mura M, Licciardi G and Chanussot J. 2013.
Contrast and error-based fusion schemes for multispectral image
pansharpening. IEEE Geoscience and Remote Sensing Letters, 11
(5): 930-934 [DOI: 10.1109/LGRS.2013.2281996]

© CGEJEFAR



0 20 A5 2 I WU AR BT I 45 5 Transformer 94 (0,55 22 0358 B R G Al & 17

Wang Z and Bovik A C. 2002. A universal image quality index. IEEE
signal processing letters, 9(3): 81-84 [DOI: 10.1109/97.995823]
Xu H, Ma J Y, Shao Z F, Zhang @0} and Guo X J. 2020.
SDPNet: A deep net %g'h
E Transactions on Geoscience and Re-
% 4120-4134 [DOI: 10.1109/TGRS. 2020.

arpening with enhanced infor-

mation represe

Yang JF, FuX Y, Hu Y, Huang Y, Ding X H and Paisley J. 2017. Pan-
Net: A deep network architecture for pan-sharpening. Proceedings
of the IEEE international conference on computer vision, 2017:
5449-5457 [DOI: 10.1109/ICCV.2017.193]

Yang J X, Zhao Y Q and Jonathan C W. 2018. Hyperspectral and multi-
spectral image fusion via deep two-branches convolutional neural
network. Remote Sensing, 10(5): 800-823 [DOI: 10.3390/
rs10050800]

Yang S, Wang M, Jiao L, Wu R and Wang Z. 2010. Image fusion based
on a new contourlet packet. Information Fusion, 11(2): 78-84
[DOLI: 10.1016/j.inffus.2009.05.001]

Yang Y, Su Z, Huang S Y, Wan W G, Tu W and Lu H Y. 2022. Survey
of deep-learning approaches for pixel-level pansharpening. Jour-
nal of Remote Sensing, 26(12) 11-2432 (#p 55, I, 35RO,
PR ;Efm %N EMGER R G
Bt ﬂ:ﬁﬁ%

12%:% 11-2432 [DOI: 10.11834/
]rs 202

Q&Fl\ Q\ﬁ
\sb”

Yokoya N, Yairi T and Iwasaki A. 2011. Coupled nonnegative matrix
factorization unmixing for hyperspectral Z;ld %ectral data fu-
sion. IEEE Transactions on Geosm nce
(2): 528-537 [DOL: 10. 48

Zhang H and Ma J Y
based on gradlent tra at
Journal of Photogra Xﬁd Remote Sensing, 172: 223-239

DOI 10. 10 prs 2020.12.014]
Zhang K Wan W B, Yu H, Sun J, Del S J, Elyan E and Hus-

ote Sensmg, 50

t A est al learnmg network

3 for pansharpening. ISPRS

sain A. 2023. Panchromatic and multispectral image fusion for re-
mote sensing and earth observation: Concepts, taxonomy, litera-
ture review, evaluation methodologies and challenges ahead. In-
formation Fusion, 93: 227 - 242 [DOI: 10.1016/j. inffus. 2022.
12.026]

Zhou HY, Liu Q J, Weng D W and Wang Y H. 2022. Unsupervised cy-
cle-consistent generative adversarial networks for pan sharpening.
IEEE Transactions on Geoscience and Remote Sensing, 60: 1-14
[DOI: 10.1109/TGRS.2022.3166528]

Zhou X R, Liu J, Liu S G, Cao L, Zhou Q M and Huang H W. 2014. A
GIHS-based spectral preservation fusion method for remote sens-
ing images using edge restored spectral modulation. ISPRS Jour-
nal of Photogrammetry and Remote Sensmg‘xQG S%Ol: 10.

1016/j.isprsjprs.2013.11.011] %$
«\ﬂ

qﬁ@’hromatlc and multispectral remote sensing image fusion using dual-
<™ branch generative adversarial network combined with Transformer

Ji Yunxiang,Kang Jiayin,Ma Hanyan

School of Electronic Engineering, Jiangsu Ocean University, Lianyungang 222005, China

Abstract: Multispectral remote sensing image has rich spectral information that can reflect ground features, but its spatial resolution is low
and its texture information is relatively insufficient. By contrast, panchromatic remote sensing image has high spatial resolution and rich
texture information, but lacks rich spectral information that can reflect ground features. In practice, two kinds of images can be integrated
into a single one to obtain the complementary advantages from the different images, thereby the fused image can better meet the needs of
downstream tasks. To this end, this articlgeproposes an unsupervised method for fusing the panchromatic and multisgp&¢tral images using
dual-branch generative adversarlagl “ %

multispectral images) arev
t

chromatic and

e ponent mainly
ﬁ—of the source
so concatenates the

on t@(ﬁase and detail components
@xharacterlstlcs of the base and detail
rmation from the base branch and the local

combined with Transformer. Specifically, the source images (Spprc
mposed into base and detail components using guided filterin, §\P};¥re t
focuses on the m % he source image, and the detail component mainly represents theﬁ&@
1mage W ﬁ tes the decomposed base components of the panchromatic and Fﬁl

d detail components of the two kinds of source images; Then, respectively inputs th
into the base and detail branches of the dual-branch generator; Next, according to the difft
components, respectively utilizes the Transformer and CNN to extract the global spe:
texture information from the detail branch; Then, continuously trains the model i Féﬁr
discriminators (base layer discriminator and detail layer discriminator), and ﬁnﬁy obtains the fused image with rich spectral information
and high spatial resolution. Extensive experiments on the public dataset demonstrate that the proposed method outperforms the state-of-the-

sarial manner between the generator and the dual

art methods both in qualitatively visual effects and in quantitatively evaluated metrics. This article proposes an unsupervised fusion method
for panchromatic and multispectral remote sensing images using dual branch generative adversarial network combined with Transformer.
The superiority of the proposed method was verified via qualitative and quantitative comparisons with multiple representative methods. In
addition, the ablation studies further confirm the effectiveness of the network structure designed in this article.

Key words: Remote sensing image fusion, Guided filtering, Convolutional neural network, Generate adversarial network, Transformer
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