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Hypergraph-based multi-band joint sparse representation
for remote sensing image spatiotemporal fusion
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Key Laboratory of Industry Safety and Emergency Technology, Hefei 230601, China)

Abstract: There is always a trade-off between spatial resolution and temporal resolution for a given sat-
ellite sensor. Most of the existing sparse representation based fusion algorithms are carried out on a
single band, ignoring the correlation between multiple bands, and the sparse representation algorithm
has poor fusion effect when applied to the scene with a large resolution gap. To solve the above prob-
lems. this paper proposes a multi-band joint sparse representation algorithm based on hypergraph.
The hypergraph constraint is introduced into the sparse representation model to maintain the correla-
tion between multi-bands, and the detail enhancement model is used to enhance the details of the pre-
liminary prediction results, so as to improve the fusion accuracy. The experimental results show that
the structural similarity(SSIM) of the proposed algorithm is improved by 3. 0% and the spectral angle
match(SAM) is improved by 5. 4% on BOREAS dataset compared with the suboptimal algorithm. On
the CIA dataset, compared with the suboptimal algorithm, the SSIM of the proposed algorithm is im-
proved by 2. 0% and the SAM is improved by 4. 0%5. On the LGC dataset, compared with the subop-
timal algorithm, the SSIM of the proposed algorithm is increased by 2. 4% and the SAM is increased
by 4.5%. The algorithm in this paper shows advantages in spectrum preservation and spatial informa-
tion prediction.

Key words: remote sensing; spatiotemporal fusion; sparse representation; hypergraph; detail enhance-

ment

W#s B EA:2023-12-18; & E HHA : 2024-02-26
EETR : EKARREEE R H (61872327)
TEERN T 978, Lo, L FF B A SR Tl KR2F 28 14 500 , il (F1E# » E-mail: fangshuai@hfut. edu. en.



% 6 27 7

ISR T AR SOk BB AR R T R AR Rk A 765

0 3

WA T SR AR B AN W7 5 T o o T 25 03 R Y
SRR T DL e PR R b5 B
AN I I R R 5 S 2 A U B AT T2 Y
NEFAAIFT K o SRS Y AR TSA A BR ] B
T ST R A S A E AR AR ] R R A 5 I ) A0 5
23 (] 3 HE 38, AT R ) 5 22 J PR ) s e I
B 2 G i 15 S A DR ) 25 O i 7 [ A — o
. IS BEERLEROR A 2R TR AL AR R
[F1) 53 % 23 e I 1) o 0 PG 5 v 2 () g R AT
(] 3 B MR A T A 0 » LA SRAS B & I (]
A A B2 BRI IR . H T A I 2 fl
AT DA R RS B AR S 1) J ik AL T
FAWITE.

FETAR G I A G T AL Ty A AL T
IR i . JEF AU it ik — sl
SR B IR R T AR A 1R 2 1 3 A R 4R
255 A A BRI G BRI R 4013 R (8 1
RO PRRTHEAE . 28 [ 38 W S 2R a5 A
B (spatial and temporal adaptive reflectance fu-
sion model, STARFM) "2 1 Yk 45 1 1% 35 T
R I 25 il J7 v % 5 4 R A AR Hy ) []
22 DG 22 A a) i s 3 W] TR AR AR AR LR
RANR S AE S G R R ER . (H2,
STARFM f74E 2 A~ EZ R )@ : O RIAE 7 T
PESOML PR TR ; @ IERBEZ R . 5T
DAL a0 T — e 5 F STARFM 1 i ik 550
s W I A AR R B s 8 N R X
KI5 BAE TN YR A R R R R A7
RE » TEAL P 5 50 50OUL A 22 7 -+ b 7 5 2 A AR fb i)
SO TR B A RS BERAIR. BE TR
TR RS T AN IR G FIE i R 3ROk
AR R M. 2L 2 03 BERHOR (multi-
sensor multiresolution technique, MMT)!) J& — Fih
RETENAE Tk, T MMT Jrik Aotk
I3 BRI 22 MRS R N OSSR Bz 2k
A ]S PER) R, LB S — SR Y T IR Y O
B R Z BT IR I T A RAF 45 (R 4015
TP AL AT B R AP PERE . SR, X 26
Ty it 232 B0 v ST R B R AL L 22 I
Uity F L P O 3 AR S DA SO TR TR A AR LR Y
R

FET 5 2 W71k AT 3 O B TR B 2R 1 7 1
AT WE =Wk, T WREETWIr

|12

VLT ) 2% 5 AR R BR B BT T LA
R0 I A S R R o SRS BE T IR A 2T 1Y
7 i R B B e S AT R I 2 O T 3R
R AT RE R 2Bk 2 e 20 B BT
W2k AE AR T RAESE PR AP AR AL

BT B R 1 T D S e R 4 P
87 BT S ST TR A A ] o B R 5 S R =S
] 7 25 PR 22 ] ) e S 5 A% 2 71 KAk 1o 0 %
REMR . fEEEE BT, Landsat-MODIS El& 2
] F) 73 B A 22 O R B s A I RE )
BEROREZE . BEXEIX — TR, SCHRL 13 19 2
T RG> g I i T PR 5 O i
PTT IR R A 7 i ) 7 30 o e s 18] o0
AR PEMGONF Z 18] 1 5% A% » T L ok 8 f) B B 490 H
PP 5 25 18 5 F s P AR it s AR Y SR gl
PR 7 AR e EE A R i 25 [ 2 R R4 5
JR R HESR AT — AP SR i RS 5 . STk 14 ]
PR IR A T T i o B R
DA SR NI T7 i Al o 5 SR 3l » ] I >R A
ERE T U o] SR TN i i AR B 2 B
Mg FIRHIRE ST . SCHRL 20 T8 2 TR R sk
B R & 7 ey 2] D7 05l g B T ek -
s AR 51 i 2 7S  [R] IE ARHT 1 A SR A
AL TT AR R T AR G A2 TR AR R

SRS K s L 28 A oy AT 25 1) R 1R 4R
23 A) b 1 M £ S ST B A S R AR 4
B LI AR KA AP  LASR R B RE . A
T2 R P15 FP T S 22 0 '3 e B T LA o [ )
TURIPERE - >k A 2 BG5S L& A B TS b i i A
HZRIBEL.

Xt B 5 TR 5 LR PR AR R 2 P AR
O AR FERE I RIS o g ) T 5G9 £5 JE E r Hb E
FETIUI G R 2807 ik B e R ), (AL
AT IERZHOE I8 B 25 A5 B AR
PSS YL S:ibiniy P S

BT LA BRI, A SCHRE 1 3 Tl P 10 22 0
B A hn 2 » 1518 2 PR 1508 70 PR O R
LGB~ 2] A D 1E DU ] T DU A A
AT LA BB R S 38 T DL P B S £
(S B8 S s TR R A 0 s 15 3R 5 At A Ao
BRZIEME LK FR FHI 58 T R —#Lg+Hh 2
P BEZ A5 1 — SirE o 75 7 i 28 A SR fige 5
INRSRE o ARSI T 40153 5T i 1o 3 2
TFI) 20015 P 36 58 SR A B R R SEA AR 7 B R 22
LRI BL T 25 TE 20 P00 A AN KL o AT e —



766 ek KSR KA R % 49 %
ARG ER PR 0(e) = D H(y,e), T JiE d(y) =
yEe
1 MEeEEx E w(e)  TH S R R 120 8 R 00 A A4 Rl ) X6
ecE|lyce

AR SR A L B TR 0 2 s ) Al Ny
2 B G L, IR | ] T DT, A P (R4
3 NMEBZ MG RN ERKER R 2P B Z
() PR SR I 5 I3 o 240 1 g R AR AR L i — D2 il
Feiin
1.1 8HE
Rz A B A5 [ i H e O
2 AT, o 17 P 30 AT DA 2 T X R
R 8 AT LAY 2SR I RRAIE O R T A
HMEGHUERRIG=,E), Y=
{yl sV2stt e Y b oE 1 MUENESRE=
et B m SRS . 8 R S R
/Tfiﬂl'—?m).’:i MRFR AT
H@mw—é:égf (D
B B AT DL =0t d] G= (YL E. W)
Fon, W AAKRBIANEES ANE S BN E
TOURRERL R B L o RIVRR 30 P R T A5 bk 5 L A
R B AOB N AL wle) .
L2 BEfREE
R E RN mXm X, Hopom K Te . n
R BRI B b A R — 1 m® X1 8] )
8 DT WA R AT LR
N—A NXTN=m* Xn) B3| [ Y. 3 N M
R BMERE TN Y @ K, A
BR v MHAERR v, Z IR R  BARL
AR

6176?’

df:em{‘”y;;””J (2)
2 N N
H s V= 7 x7 a1~ i 9.:19
Hr, r NN 1)12112};¢]|yj Ve | g

29"'9N9j # kﬂ’ jﬂﬁﬁﬁ]ﬁ,ﬁﬁmzrﬂ&ﬁﬂﬁg
HYIIE o o R PR ZRARDIRR FE L AR DU JBE AR T
d ORI 1, AHZEBOR o BGE T 0, 1X 028 1AL
HIHE AR /)
0=

j=1 (3)
0,  Hfth
KCORE ST v Z BN FRE KT

PAR DL BE R TOUS, L T IR — S5 30 e, AR Iy v
T G R, BAE w(e) = > dt

yj€e

A2 3 ic fE D, = diag(d(y).D, =
diag(8(e)) W, = diag(w(e)) ., # & 1 48 £ 56 14
A = HW.D, Hl,ifﬁllél’ﬁi m‘ﬁ%ﬁm D, —

XTT#AIEH%E% Y. [f]— ﬁl.ﬁ’]{%%ﬂﬁ%ﬂ‘
PAARA D5 D0 (o — yi)® R 1 2 57 1 07

e€Ej.kce

AT I8 T il — 8 AR 22 AR 3 MBI DR
R min{ D) D (v, — wi0? | o ) R P B

ecEj.kEe

TR, TSR
min{ 2 2 (y; —w)? }: min{YTLY} .

ecEj.kEe

ARXHF B RIEZ MR R Z LRI EE
VIR L 2 R\ D N Y R ES R
T GRS N EAF IR 2 - i s Ja a8 Ok
FeAA L8 TR — S R ) s A A 22 7 1)
BER HER %ﬁﬁﬁﬁﬁ%ﬂﬁﬁé%(ﬁ?T [EREBNEHEES
2 EARAMS ERGER . HEFEAS TR
(Ja]— 1%%?7L1E?THE1§>O
1.3 ETEBEMNSREERKE

HE TR B 2 i B ?ﬁﬂmﬁ%’ﬁﬂﬁ%ﬁ
FOREEA L R 2P B A T I g7 K
SR AR PR EMR Z [ C R IR K 2 ) 5 |
A B 2 s A R 3R AT - 2z o] . B AR R AR R
wr.

Ny
1
argmm{ﬁZ[ I X' — D' |3+ [ Y —
Dy,.D .o Li=1

Fua [+ e | a0 Lo ||
SO Y X SRR | A AR A B P R b
Li Y BRI Dy Dy Sh 510 5B 12

FIGY, XA | A M HE P (R
Hin MUEBE @ Y X A B R B @l

o MBI R HFIES R .
D, ; 0 - 0
0 D, = 0
D, = | | o r
0 0o - D,,]|
D, 0 - 0]
0 D, - 0
D, = . . . (5)
0 0 D,




% 6 27 7

WA R TARE W S R BRIRS MR TR R R aRe

767

X’] V1 (Z'i
X’g . V2 ) aé
- 9Yll - o = .
XIIII 1712 a;7
(6)

HRHE Y =Dya nlRE0 K s N -

(2] Ix—pa s+ |y -

argmin
' Nl =1

i
Dy.D).a

D |34+ e |l +A2(Dhai)TL{;g(Dha’)]}

N
L4 ETEENZERBKEGER
AR 7 iz o [y BeaR A5 19 7 AR 0 B R 5 ]
T Dy F Dy X H R PR R M,
AR (&) SRAFAR 7 B3 i 28 50 P i 50 (9)
PR T H 3w o B A R R ) A B A5
2L,

o = argmin| O3 (|1X —Da' [t o 1) |

Nl =1
(®)
s
Y! = argmin{ — Y — Do |5+
amin| - 2| |V~ Do
2 WDOTLL (Y ) 0

L5 BEREHEE
1 T 1E A 4 Landsat F1 MODIS E{£ 1) 53
BRI B TR R ST, 25 4]

B
MBIERG

AR DR AR A

GIREESE

MBIEER
M &R

B EiigERER

20y SR 20 T e A 30 R L AR S TR [
27 2 W) 25 B A W 2 s O &4 2R i 2R L
it 3 C12) X 40 25 FT0 45 SR A 400 1 004 5 ik —
AR A AR

0775 PO AN FRAR PRI AS SR A g R A A
TR TGS 5 L A7 40 s i o —
TOMKG BE . AR AL AN & 1 FoR, R RS
AT PRI 1 08

AT S AL BRANT

1) 784k DX IR o 722 ke DX ARG T 2 4 ihi B
PATHY 1 SRR B R R ML FI M, 35155y
P a3t 5 2 A i 20 6 1 B i) 45 A8 AH 0L B2
(structural similarity, SSIM) , 2] b7 2 75 & A= 2R
AL A5 BRI S A, 728 A XS B — A2
HEG BB RS 08 1, FIBREAX
SRR BIRAE A 0. KRB 1 it R TR A2 L
I AEEIRE Y 1, R 1 i E

2) RIS F AR TR AR AR A X
L0 FRIPTIG I 21 Y 55 73 P2 R 40715, %
TFICARAS A S5 A 2 (L1 $i H s g e 20 41K 4
HERE B Ay
F,  (x,y,0)

S (x,y,0)=— (10
};kal(x—'_i»y_'_l.yb)
S vy sy =——Melxoy:0) an
_;Mk(eri,eri,b)

Forp Fy D9 S0 I 220 16 i 23 B AR IR M D Tl
M ZI R BER BB S A Fry BB =S
11538, W M, EARHAS R 1Y 5 200y 53 5]
KR B AR R 5 0 D I B s a O R ERIE
HIR/IN

".
™~
L

AR 11 g

o NaA

B 1 RSP |
Wbt s 4 R Ly TINS5 2R L,

AR IR

F.(x,y,0) = [(1—M,uu)S1 (x,y:b) +

Mmasksz(x,y,b)]ZFk/(x—ﬁ— iy i) (12)



768 ATET K 5 FARCH AR

49 %

1.6 EiEBEIEZ

ARSI FEA T I G ENR R 2
B AR 2 FR.

FEF YR B, ST 2 U B A 7 )l 25
B, IF5 | A B 29 3, I 18] 88 3 AT LA 3% 422
2 A B DL B B TR B R QIR R B 24

B RR TR RZ MM IR

TERMR B B B i e T 5 Tl A A
g # R B T — S0 2B 25 2R L, TR 40
1 iR AR SR I ) 2 [ A5 R R S R R
15 A BIR0) 25 B A 45 5L Ly vt AT 4n
5 RAT R T ER Lo

2 AXHEEREE

2 KN

2.1 KBIEMSEEE

T RIS 0 TSR AR SCE R 3 RN ER
A A28 46 Landsat-MODIS BSR4, 5
RaF

BlitE— (BOREAS) « iZ 8 a g 2 At 5 B &
RGBT SE X (547N, 104°W) 508k -
HEHL 2001 4F 5 H 24 HAFN 2001 4 8 A 12 HAWKE
BAE BRI 2R KA A E K A A
ETERIOLY/E 7 o

B AE = (CIAD « A 3% ORI 5 e 8
IREIMHLIX 2002 45 1 H 11 HAT2 A 12 HiWKE
BAE B EAE 2R X & T 5 T X I, o 5
TP A FERBUNEY)  Fe B A RHE

BiAE = (LGO) 2B 42 R AR 2 WK1 I
SHRE BUR M B, BEER 2004 4F 11 A 26 H A
12 A 12 B0 EURAE B 78 00 10 5% T % B[]
BrN LGC Kz M i 1 s 7 35 R AL ARk

FEASZ B A SC SE I S E O B AR - B
PR R/INER 545 5 @il ar PR 7 LR/ INBCE
128, #ir i 8 Hl Y RO 23 B - 3 i B0 3 K
BB LT L [R] Ite 25 34 i3k 55 ) B4 A
BB 0.0150, BEEH 0. 01, [FEF, X L2

FHE SR B SO
2.2 MHEZE

ARSI 5 AT — X EHR B I s il A
WRIEA TR G B2, 43 i STAREMMY | R 3 i 4
gl & (flexible spatiotemporal data fusion, FS-
DA e — X [ 45 27 ~ ) i 23 38 1 102 [
146 & B ¥ (spatiotemporal satellite image fu-
sion through one-pair image learning, One-
pair) M P 2% AL U i 18 R B (fast iterative
shrinkage thresholding algorithm, FISTA)!M
F GAN [y} as fl &84 (GAN-based spatiotem-
poral fusion model, GANSTFM)"' | STARFM
SR M R T A BB O AR R
AT i IS (1) 22 i 28 A s () B s 3L ) e 76
R 53 HERE T BE VA b TN % T S S R X T
A A B4 1 U s FSDAF 87k 5L T i R A
IAL AR, X b ) 728 A6 A B8 1 T 5 One-
pair B2 Fll 5535 SR vy 20 8 ) R 44 2 B 25
FEZL, B 1 MR E ) B i X e A2 A R -t
i S AL AT B 0 s FISTA 557k 5 )
FHARSR HAE 2 53 38 IR 2 T 18 25 TR AR G 1
RGBS I ATLE P GANSTEM 535 2
T U P A AR g AR I 23 il A
T AR T AR B 27 > S0 i 1 AR A ALY



% 6 27 7

M, R TREY S R BEBFEAHR A TR RS E

kA 769

Bt I HAS R 225 R R [R]

P2l BOREAS %4l SR FEAS i 0, TEHE fRAIE
GANSTEM FEAEZ B4 T W IE# I Zk Bir LA
GANSTFM S8V T CIA $d 4 1 LGC %t
PR HEATXT L S5
2.3 KBRS

N T AR A R BT PR AR SR
16 FPPEAN TR AR 43 1] Ry W (B A M L (peak sig-
nal-to-noise ratio, PSNR) | #H 3¢ Z& %X (correlation
coefficient, CC) ., ) 1% ff UC Fi ( spectral angle
match, SAM) AH X} 4 Jak & iR 22 Cerror relative
global accuracy, ERGAS) . SSIM F1#) J5 #R 1= 2=
(root mean square error, RMSE), ZZI%E R 5
SIRTIR

D) 525 1. O T Bk AN SCHY 1A I NI A
R BOREAS il 42 #5475 56 0 2 T #
LR RIITTE T R 2 PR DL © (O R BEA T
BN A @ X G HEA T Fi g 7 SN
HEIENIRZ R, 2 Mol o AT EHR Rl
SCER L AUR L 1A AR 1 R] R i 1 A
AR AL EPR SAM 1322035

F T SGIRAR A P LAl [ 9 HL T RLROR
R Z A5 FR A SCRSCIRAR P D A A of »
XA R T IE— P RAE . Xt B SLERA
PR E G o0 1 Fg e T (P S IR I 3=
N3 E Hy \Ho 30 Landsat F5 89 SCHRAR 4
N H. SpAIE H  H, 5 H BIFIRLEE . 45 80
3R,

®1 BEEHMIBER

ik PSNR cC SAM ERGAS SSIM RMSE
AN E 18.391 1 0.804 9 8.2810 0.2315 0. 666 8 0.0313
] 18.521'1 0.830 2 7.9212 0.220 4 0.696 3 0.029 8
30007 3000
25001 2500
2000} & 2000
& &
= &
& 15007 w 1500
=
1.000f 1000
500f 500
0 0
05 06 07 08 09 10 05 06 07 08 09 10

FHALLE
(a) H\'5HIMAIUE L4

AFABLE
(b) H,'5 HIMATMBLE b4

3 REREEFEREME

TEARLBE R B DX (] o 27 [ (R R b 22 )
ALEE B . AN 3 AT LAt 339 ik P o D) 33t
Ay BN 25 R A B RS Landsat % A8 AL
PR » W ] T 0 100 24 T 7 ] 0 i e et

T Landsat BURIR R Z IR

2) SEES 2. R T B UEAR SCAN T I A (A
R 43 BRI AL Bl 45 SR I AR 40 3 5
Z GBS G RV T L S5 IR 2 fT A

R2 ETEEHMIEER

7k PSNR CcC SAM ERGAS SSIM RMSE
WIS 18.521 1 0.830 2 7.921 2 0.220 4 0.696 3 0.029 8
e Sl e 20.196 3 0.869 9 7.837 2 0.208 2 0.779 2 0.027 6

M 2 LU L 03 9 AR R A 5 AR
EA T2 BRI O R b SAM 23 iR
FER/IN s R dE R SSIM R iEHE T

3) SEH 3. A TR IEA SO L A R o
AE 3 A HA R B & BT IE, I 5

HASRIE AT X LB, SRR A5 R A 4~ 15 6
7 s O 1 S R HO A SR R e AR S T AN
IREE ) ONE

AFE ISR T A Tk AL A R PP HE s I
F3~FK 5 Prgl.



770 ek K FFROH RFFR

(f) FISTA () GANSTFM
5 CIAHBELWER

(f) FISTA (2) GANSTEM (h) ASCELVE
B 6 LGCHWERXWLER



% 64 FooWhE A TRAW SR BEBEAHR AT R B akA 771
% 3 BOREAS #iE&£p& & RiFMIEIR

(=RT3 PSNR CC SAM ERGAS SSIM RMSE
STARFM 17.802 0 0.812 3 9.361 1 0.2528 0.725 5 0.034 0
Onepair 18.819 1 0.832 7 8.624 4 0.247 5 0.735 4 0.030 4
FSDAF 19.191 8 0.846 0 8.2857 0.219 1 0.756 3 0.029 3
FISTA 19.199 4 0.839 1 8.432 4 0.215 4 0.748 7 0.028 9
ARSI 20.196 3 0.869 9 7.837 2 0.208 2 0.779 2 0.027 6

x4 CIAHBERSLERTNER

ik PSNR CcC SAM ERGAS SSIM RMSE
STARFM 16.154 9 0.798 3 9,449 3 0.3528 0.614 2 0.041 2
Onepair 16. 805 2 0.792 0 8.909 3 0.337 3 0.646 9 0.038 9
FSDAF 17.105 5 0. 806 2 8.725 0 0.329 6 0. 666 2 0.037 8
FISTA 17.352 7 0.812 8 8.511 0 0.326 1 0.667 1 0.036 8
GANSTFM 17.487 8 0.813 2 8.554 1 0.324 8 0.683 7 0.033 7
AR 18.484 0 0.841 6 8.171 1 0.298 5 0.696 9 0.033 5

x5 LCGCHBEERMEERITMIBIR

Bk PSNR CC SAM ERGAS SSIM RMSE
STARFM 15.051 5 0.690 8 12.005 8 0.3759 0.464 9 0. 046 1
Onepair 15.843 4 0.715 9 10.321 0 0.3680 0.487 2 0.041 7
FSDAF 15. 642 3 0.707 0 10. 803 7 0.343 6 0.498 4 0.042 6
FISTA 16.007 6 0.719 2 10.314 8 0.363 8 0.498 9 0.041 2
GANSTFM 15.961 7 0.722 1 10. 404 3 0.342 5 0.506 7 0.041 5
A 16. 305 7 0.741 6 9,844 2 0.318 7 0.518 9 0.039 6

AR BOREAS %4 45 . CIA $fs 4 A
LGC Ba 4 73 7 SRR P o A8 Ak 5 ot DX 3 AR
fe ik RIAs Ak, STARFM 89537 F (19 2 A i
753 L dc AT LS HE 405 FH X A B 3k A
W1; Onepair SR 1 51 38 98 1l 5 P )2 il 5 455 U AR
54 PR TN 2 (R4 B O s FSDAF S35 4
JE 0 I 20 1 755 3 B 23 AR rh 1wt i) A 4k 1#
B AR A Th R R AT FISTA Bk H T4
BRGS0 i R EOR 22 R BUNATRE 78
BRI AR AR TR ZL A I 0 4 AR
RET s GANSTEM S5 F Az 0 e 1 45 1)
AR — e AR i T X5 2% BRI
e s T A  Eht o A 20 B ok TR B Y
REAR s A SCR RS T T T 1 D 1k 24 338 B =2 (1)
PAVRE S, 308 o 240 38 s AR T A Y A TR
TEFRbR B — & 4T

3%

=A

e T e N U Rt S RES iUl [EZns
Xof AR i 40 B s ST IR MR Z I SR R
T SRR P A 23 O S R A T — R S B
A 0L T B 7 1A I 28 il R R 2 02 I B

AT S BOLIE S BHURBOR I HAEE R KR
OPHER IR R NG OO« i i 2 /R 5005 1 5
I e s VS S SRR A RSO
JCTEOREF A1 E A K 1A 5 | A 2= i 1
“HEE T LARIE Z MR R Z MR AR R R 2
AT SRR 1 2R B SR A » DT PR 415 8 B [R] 1
FARME . X TR e R VS R iR 22
[P R o AR S Ao 24 Y 8 i A TR X 0 4 2R A 7
5 AT i Bl R 5 o AS SOl i 3 AN )
Gy i S s AR PEAT S0 OF S AR Sk 2R AT
XtEE. SERRAE R R A SCRE G B AR
RS [ {5 S B AR — 2 ML

(& % x W]

[1] GAO F,MASEK J,SCHWALLER M, et al. On the blending of
the Landsat and MODIS surface reflectance: predicting daily
ence and Remote Sensing,2006,44(8):2207-2218.

[2] HILKER T,WULDER M A,COOPS N C, et al. A new data
fusion model for high spatial-and temporal-resolution mapping
of forest disturbance based on Landsat and MODIS[ J ]. Remote
Sensing of Environment,2009,113:1613-1627.

(%5 820 IT)



820

ATk K FIRCH KAF RO

%49 %

(& % x W]

(1] Zefa. T ANSYS W0 P4k el o[ ). [ B s TR
HHEAR,2022,20(5):21-23.

(2] WAREZE, 950 RN 25, £1J2 U0 Wi 12 Mo T A A 7 3
B BB AL LT ] AR5 5 3R 58 T/, 2017, 39 (3)
122-128.

[3] @il 2T FLCASD (K B A2 Mk 1 1) 7R 2045 Pk 40 b7
(D] B# - P4 33 K2, 2018,

(4] rpfe AR E 3T A8 H . 28 BT I b 5k 5 Bl 1T
J6.JTG 3363—2019 [ ST, b &t. A B 52 3 i i 4t 2019.
42-43.

(6]

[7]

(8]

(9]

] Rk B Jm . 2 B W b AN L At 1R RS . TB 10093 —
2017[S]. dbmt : v 4%k H At 2017 : 30-31.

SN A A S IML LR m AR AL, 2021,
118-122.

sk Ph. EERAER T 2 At 2 Uitk A WE -2 18 ) 2 e R
e 1) AR ARALERAF S LD, AL - G AE Tl R 2%, 2023.

MRE R 7. FLAC/FLAC3D 36t 5 TR L[ M. Jt
50 P E KRR R AL, 2013:143-144,

B, LR TR HIIM. 65T, E 5 Tl AL
2020:111-113.

GG = 50

(#8771 ;1)

[3] ZHU X L,CHEN J,GAO F,et al. An enhanced spatial and
temporal adaptive reflectance fusion model for complex het-
erogencous regions [ ] |. Remote Sensing of Environment,
2010,114.:2610-2623.

[4] WENG Q H,FU P,GAO F. Generating daily land surface
temperature at Landsat resolution by fusing Landsat and
MODIS data[ J ]. Remote Sensing of Environment, 2014,
145.55-67.

[5] WU P H,SHEN H F,ZHANG L P,et al. Integrated fusion
of multi-scale polar-orbiting and geostationary satellite ob-
servations for the mapping of high spatial and temporal res-
olution land surface temperature[ J]. Remote Sensing of En-
vironment,2015,156:169-181.

[6] ZHUKOV B, OERTEL D, LANZL F, et al. Unmixing-based
multisensor multiresolution image fusion[ J ]. IEEE Transactions
on Geoscience and Remote Sensing,1999,37(3) :1212-1226.

[7] ZHU X L,HELMER E H,GAO F,et al. A flexible spatio-
temporal method for fusing satellite images with different
resolutions[ ] ]. Remote Sensing of Environment,2016,172;
165-177.

[8] ZURITA-MILLA R,CLEVERS J G P W, SCHAEPMAN
M E. Unmixing-based landsat TM and MERIS FR data fu-
sion[ ] ]. IEEE Geoscience and Remote Sensing Letters,
2008,5(3) :453-457.

[9] WU M G,NIU Z Use of MODIS and Landsat time series data
to generate high-resolution temporal synthetic Landsat data u-
sing a spatial and temporal reflectance fusion model[ J]. Journal
of Applied Remote Sensing,2012,6(1) :063507.

[10] SONG H H.LIU Q S,WANG G J, et al. Spatiotemporal
satellite image fusion using deep convolutional neural net-
works[ J ]. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 2018, 11 (3):
821-829.

[11] TANZY,GAOM L,LI X H,et al. A flexible reference-

insensitive spatiotemporal fusion model for remote sensing

images using conditional generative adversarial network

[J7. IEEE Transactions on Geoscience and Remote Sens-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ing,2021,60.1-13.

HUANG B, SONG H H. Spatiotemporal reflectance fusion
via sparse representation[ ] |. IEEE Transactions on Geo-
science and Remote Sensing,2012,50(10):3707-3716.
SONG H H, HUANG B. Spatiotemporal satellite image
fusion through one-pair image learning[ ] . IEEE Transac-
tions on Geoscience and Remote Sensing, 2012, 51 (4):
1883-1896.

WU B,HUANG B,ZHANG L P. An error-bound-regular-
ized sparse coding for spatiotemporal reflectance fusion
[J7]. IEEE Transactions on Geoscience and Remote Sens-
ing,2015,53(12):6791-6803.

WEI J B,WANG L Z,LIU P, et al. Spatiotemporal fusion
of remote sensing images with structural sparsity and
semi-coupled dictionary learning [ ] ]. Remote Sensing.,
2016,9(1).21.

LIU X,DEN C W,ZHAO B J. Spatiotemporal reflectance fu-
sion based on location regularized sparse representation[ C]//
2016 IEEE International Geoscience and Remote Sensing Sym-
posium (IGARSS). [S. I. ]:IEEE, 2016 2562-2565.

WEI ] B,WANG L Z,LIU P, et al. Spatiotemporal fusion
of MODIS and Landsat-7 reflectance images via com-
pressed sensing[ ] |. IEEE Transactions on Geoscience and
Remote Sensing,2017,55(12):7126-7139.

ZHAO C Y,GAO X B,EMERY W J,et al. An integrated
spatio-spectral-temporal sparse representation method for
fusing remote-sensing images with different resolutions
[J]. IEEE Transactions on Geoscience and Remote Sens-
ing,2018,56(6):3358-3370.

ASEFPOUR VAKILIAN A, SARADJIAN M R. An ob-
ject-based sparse representation model for spatiotemporal
image fusion[ J]. Scientific Reports,2022,12(1) ;1-14.
PENG Y D,LI W S, LUO X B, et al. Spatiotemporal re-
flectance fusion via tensor sparse representation[ ] ]. IEEE
Transactions on Geoscience and Remote Sensing, 2021,
60:5608318.

(GHfEamiR  EA D



