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Abstract: Pansharpening aims at improving spatial resolution and retaining spectral resolution for multispectral (MS)
image with an aided panchromatic (PAN) image. Most of the existing methods improve the spatial resolution of MS image
by injecting spatial details acquired from the PAN image, which may lead to spectral distortion. This paper proposes a joint
spectral-spatial pansharpening method. By exploiting the underlying spectral correlation between the PAN and MS images,
a spectral-enhanced PAN (SPAN) image is produced. Then the detail of the SPAN image is injected into the MS image,
which leads to a unified variational pansharpening model to obtain a fused image with both spatial structure-enhanced and
spectral-preserved. Experiments on different datasets confirm the effectiveness of the proposed pansharpening method, es-
pecially in the fidelity of spectra.
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(High Resolution Multispectral, HRMS) 1% . #L A )
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KRB /D 3R P+XS, GFDI AT SMDI H HiAth )5 4
SMFERS . DEA LA, B4 (% SMDI 5332 78 3 i 45 35
G O A 15 2 ECRR AR 2 [R) 4050 5 1 HAT
— BB

(m) SM+SFIM

3 QuickBird AR Pansharpening%%



1532 H, +

EE 2023 4

F1 QuickBird B ERNREITMHLER

ik CC SAM ERGAS UIQI A ] /s
EXP 0.7839 | 4.9882 | 4.6979 | 0.6626
PCA 0.6179 | 7.0171 | 54557 | 05365 0.11
GS 0.7875 | 5.6324 | 46749 | 0.6919 0.06
MTF-GLP | 0.8567 | 49438 | 43633 | 0.7883 0.14
P+XS | 0.8400 | 5.1916 | 43012 | 0.7488 3.35
GLP-Reg | 0.8584 | 5.0484 | 4.4442 | 0.7876 0.15
GFDI | 0.8504 | 52429 | 43598 | 0.7770 2.96
GLP-BR | 0.8645 | 4.9309 | 4.5458 | 0.8062 0.71
BDSD-PC | 0.8644 | 49753 | 4.6030 | 0.7916 0.07
SFIM 0.8639 | 4.8653 | 42873 | 0.799 1 0.03
SM+SFIM | 0.8664 | 47511 | 42285 | 0.8033 0.08
SMDI | 0.8686 | 4.8799 | 3.9901 | 0.8052 | 29.92

SFIM

(k) BDSD-PC
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SR 1.24 m F10.31 m. 28 L 0 %5 (8] 43 HER A
4. H | Sydney X )& T WorldView-2 £ {5 42 | Beijing
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R 5 FIE 6 Fr R, 5 1R W45 SR —3. 3% 78 U
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BRE 25 TR 25 [R) 4055 B . SFIM 2% B HE 0 4
BV BT B2 L AR s R B S B IR W B AT SR AEAE
SM+SFIM J5 45 445 B b, G IS Aot B4, 7F SAM. 3K
B d5e B K F X AT LUF I F SFIM 9 414k . MTF-GLP,

GLP-Reg, GLP-BR 1 BDSD-PC Hy 45t 854, {H 3 (-
fiE S AT #5255 , Ho GLP-Reg B G5 He 2 % K14 58,
BDSD-PC TEZ5 A8 R4 5 T B A — & i H . GFDI 5 i
A RETE T RN 25 [R) dal 22 [1] A5 AT L 7E World View £8
BRI BRI 23 R G5 AL 1G oik , (H R I T R AR
% R RLER 6 . 205 B RAFIDGIE R RE
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) Reference (d) PCA

) PAN

(a) EXP

() MTF-GLP (g) P+XS (i) GFDI

(k) BDSD-PC (I) SFIM (m) SM+SFIM (n) SMDI

#5  WorldView-3(Beijing) T K{£ 1Y Pansharpening 4%

(k) BDSD-PC () SFIM (m) SM+SFIM (n) SMDI

6 WorldView-3(Rio) TLf2 BI£ ) Pansharpening 45 5t
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F24 T WorldView-2 Fl WorldView-3 B3 4 f%
STHERITEAN RS . AT LUE B ST PCA FIGS B9 7 ik
R ZBER T RBLRL. SRiT, X — 2518 ok g i
B AT R UE , TR A A Y G A Tk B 6
REW K. fEZT GLP 1L+, GLP-Reg B HLH &

123 )35 b5 , GLP-PC 1Y CC A UIQI# /)y . SM+SFIM 7= 4=
TN SAM, SM BB HUS . R B
1557 Fe i, SAMAH IR

SMDI J5 1 CC, ERGAS F1 UIQI

Z L BAIE T SMDIJT I AR PRAF OGS f5 B A =5 [E] 15 B

BAELFTERE .
F2 World-View BiBEENRETFEER

J7 T

pINEMESREA ik cC SAM ERGAS UIQI
EXP 0.899 2 5.070 4 5.9262 0.802 0
PCA 0.969 6 4.844 3 3.775 8 0.933 8
GS 0.970 4 4.8136 3.738 0 0.935 8
MTF-GLP 0.9715 42409 3.6909 0.947 4
P+XS 0.954 3 57215 42378 0.895 7
WorldView-2 GLP-Reg 0.972 0 4.4809 3.901 3 0.9415
(Sydney) GFDI 0.966 2 54105 4.000 6 0.928 6
GLP-BR 0.967 6 4976 4 4.568 4 0.938 8
BDSD-PC 0.973 6 43626 3.913 1 0.941 6
SFIM 0.974 6 4.1470 3.4855 0.9537
SM+SFIM 0.9745 4.075 4 34721 0.9515
SMDI 0.9750 4.149 8 3.3953 0.9543
EXP 0.928 7 6.689 4 7.1410 0.770 5
PCA 0.974 5 6.868 6 44370 0.908 1
GS 0.973 7 6.906 2 4501 4 0.905 2
MTF-GLP 0.973 7 6.691 4 4.590 4 09165
P+XS 0.9599 73838 5369 8 0.879 3
WorldView-3 GLP-Reg 0.9753 6.8273 45912 0.920 7
(Beijing) GFDI 0.969 4 7.199 2 48791 09151
GLP-BR 09711 6.743 2 53005 0.9159
BDSD-PC 0.9773 6.702 3 43357 0.9257
SFIM 0.975 3 6.662 1 44142 0.9227
SM+SFIM 0.976 0 6.5975 43711 0.926 0
SMDI 0.976 2 6.598 0 43700 0.927 1
EXP 0.834 4 5.6267 9.134 4 0.7118
PCA 0.928 3 57615 7.123 8 0.866 6
GS 0.9316 55384 7.049 9 0.870 4
MTF-GLP 0.926 0 52725 7.695 6 0.8612
P+XS 0.900 2 5.686 4 7.6752 0.8219
WorldView-3 GLP-Reg 0.9277 53130 7.800 1 0.859 4
(Rio) GFDI 09133 59167 7.784 8 0.8459
GLP_BR 0.916 6 53085 8.6222 0.847 4
BDSD-PC 09336 5.673 1 7.826 4 0.858 7
SFIM 0.9327 47103 7376 7 0.8756
SM+SFIM 0.9330 4501 6 7.3653 0.8747
SMDI 0.933 6 45267 73325 0.876 6

4.3 K39 3:Spot-6 HiEEE

sty b g T WK Spot-6 TUR EIE A FERIA H . MS
1% 2 () 40 HE% 5 6 m, PAN S 25 (8] 40 HE% 0 1.5 m.
PAN FEMZ 3 N 455 nm 3] 750 nm.

5 Quickbird B9 4 A1 EL |, Spot-6 £ fs 4E HA 5
F & BT S P, an e 7 M 8 s . R, X
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T, B TS 2 AR 0 405 S 0 i . EL R R
GLP-BR H A7 L K6 2k 1. AL 7 Hhoile K ]
10T LA i, SMDI AR G A b 4l =55 B L AT 25 44
Fe HA T A T L B A, G R R R R i T
1 SFIM , MTF-GLP , SM+SFIM F1 SMDI 4= i /9 fil & K

& 5 oR OGS Bt 5 2% EHMR AL . [R] , GFDI
F1 P+XS 7E Spot-6 % 5 4 1 k. Quickbird Fl WorldView
BG4 R B0 A RO IR R RE ), IR 3 TR .
M2, 5 T R L, % T B B AR Rl
ROR

#3 Spot-6 MIBEMREFMEER

MG itk cC SAM ERGAS UIQI
EXP 0.887 6 32594 5.896 4 0.8307
PCA 0.9279 3.096 7 2.8677 0.893 0
GS 0.908 0 3.0839 2.973 4 0.8927
MTF-GLP 0.9312 2.863 0 3.004 3 0.928 6
P+XS 09228 3.106 2 2.676 4 0.878 3
Cooptand GLP-Reg 09225 3.463 1 3.600 4 0.863 2
GFDI 0.939 6 29322 27457 0.938 7
GLP-BR 0.940 8 3.1270 3.1099 0.895 9
BDSD-PC 0.902 0 34726 3.8929 0.836 5
SFIM 09275 2.8118 2.9799 09257
SM+SFIM 0.9557 27045 2.600 5 09548
SMDI 0.943 4 2.6957 24818 0.9759
EXP 0.956 7 2.5710 53689 0.865 1
PCA 0.969 5 2471 1 22284 0.889 7
GS 0.9518 27798 27358 0.9453
MTF-GLP 0.968 2 2301 4 22819 0.966 8
P+XS 0.967 4 2.9027 2.099 6 0.878 2
GLP-Reg 0.9720 24535 23307 0.892 8
Village
GFDI 0.984 5 24575 1.8735 0.984 3
GLP-BR 0.980 0 2.994 3 2.1395 09199
BDSD-PC 0.967 7 2.643 1 2.506 0 0.8720
SFIM 0.971 6 2.280 1 2.1262 0.9710
SM+SFIM 0.9824 22533 1.597 8 0.939 8
SMDI 0.994 6 22317 1.6523 0.993 6
4.4 SCIR 4.Pléiades BIEE R4 Pléiades HIBEENRETHER
Urban % i Pleiades T8 4K B, 43 5 #2435 2 m A1l Ik cc SAM ERGAS U1t
0.5 m 23 [A] 43 HE R 5 MS F1 PAN 1% . PAN FUZ A9 9% 1 EXP 09162 | 3.1076 | 110013 | 08673
4 480~830 nm. PCA 09265 | 3.5683 103070 | 0.8845
55 Spots BHE FE 250, Pléiades $ 4 4 i K4 W A GS 09264 | 35215 102982 | 0.8847
Fw B ILTEE# . IR 9 n] LU H 4548, PCA, GS, MTF-GLP | 09263 | 3.3988 10712 8 0.883 2
GFDI, GLP-BR, BDSD-PC 1 SMDI bt H: fih 75 32 7 = 5 P+XS 09423 | 33012 9.0413 | 09053
ZHAIT . PRI, GFDI= A 1 — A~ e 525 B R 5% GLP-Reg | 09249 | 3.0748 104808 | 0.8817
s 1% LR j\iﬁﬁg% i \’\ﬁﬁ GLtP_BB ’ B]?SD_PC GFDI 09505 | 4.6150 10.8630 | 09248
€ R S Sl S S R R e 8 N X NI oirnr | 0om23 | 38133 <0005 | o904
T . SMDI J7 2 B AT B 0 1 0 255 2R AR D 19 06 1 Ok
S0 IR 12 4 o SMDI 7 i BT 15 b 145 B BDSD-PC | 09165 | 3.7214 71216 | 0.8473
RTS8 7E WA M 4 SFIM 09249 | 3.0401 10.665 1 0.882°8
SVIDT £ 3 5 70 8 A 4 5 1% G 1 J 160 46 L 77 B F SM+SFIM | 09229 | 29767 | 107509 | 08796
e SMDI 09628 | 2.8340 74782 | 09381
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