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Abstract

In recent years, as a technology that simulates the selective focusing ability of the human visual
system, attention mechanisms have gained significant attention in the field of image processing.
Within this field, Transformer architectures based on self-attention mechanisms show great
po-tential for effectively addressing issues related to long-range dependencies and global feature
modeling. Nevertheless, the high computational complexity associated with self-attention mecha-
nisms has restricted their application. This paper introduces a novel attention
mecha-nism—Graph Proxy Attention. It is applied in the remote sensing image sharpening model
called HyperTransformer. Experiments are carried out on the public Pavia Center dataset. The
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im-proved model is evaluated in terms of computational efficiency and image sharpening per-
for-mance. The results indicate that, compared to models based on self-attention and axial atten-
tion, the Graph Proxy Attention model significantly reduces the number of parameters and
float-ing-point operations. Specifically, when compared to self-attention models, the parameter
amount is reduced by 21.0%, and the floating-point operations are reduced by 22.6%. In
com-parison to axial attention models, the parameter amount is reduced by 13.4%, and the
float-ing-point operations are reduced by 15.7%. At the same time, the evaluation indicators for
im-age sharpening quality have also achieved favorable results. For example, the relative global
synthetic error has dropped to 0.48. These findings demonstrate the applicability of the Graph
Proxy Attention mechanism in remote sensing image sharpening.
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BEE N LR AR PE LR, FEBALEEC oA TH RN SR A% OB 7 77 T 2 —[1]. AEERIR
als BB REIEREGEAN, BURAHEE RN AR H 2. R, &5 EUR AT AR R 2
Fey R IR 2P, Blanth R m . X 2 RS BALIEEE A R KT S S e tE =
S o IXEG R E PR TR NG RGAE SRR T R R [2]. ARG RE K E R BT, oy &
¥ (Component Substitution, CS) [3]. £ ¥R 3H1 (Multiresolution Analysis, MRA) [4]F1 JL -3
(Bayesian Approach, BA) [S177%, BARE—EFEE B3 T BUR IS0 #E 2, (B4 REORIE K B
A, o DAFE R A 015 1 R R REOGIEE B R e Bt . IRk, T BER N r R R E A
BUALHIE TR TR B 40, BT B VR R T RRA S B BRI 2% (CSPNet) 5 6241 5 77 (SimAMD
[y R B 7 [6], T v B MG A B AL HR A AE IR 15 20 A AN S5 RN 2 (B 4T R R 1) . %05
KBTS 51N CSPNet B AURHIESE U B ZE B, SRR FETUAR AR, FERI A SimAM SR B R )2 IR KRR
fEEE . A, Bt 7 Al HEES R R RS B EE R, ARGE TR IR, =7
TG BRI A R 2 RELSE A E VLRGN L (7], TR s B AN SO 47 i
EEEG . ZMNgE 2 RERHMESREBN S50 8 hiE B LR IR E R, BERA 7RG E R
RE, 045 Ve A Mk LU AN S5 R ARABU: o 3IAT 8 T3 2 L] F e Jok R B A T VR AE SR T B R T T A7
RERE, HEAAEZ TR, Gt SR E R, AR G EEER RO, Sk
bR RCEACT Bl RS2, M E XS AR R, XRTEBESHERER, AHINe, &
fERERYAE TR Rz AR ) R . N v S R R P S A U, A A T B R A A S S
KA YIZRIT H], X TCBER NN T AR BAS o 0] 2k T3 SR P G B A AT 55 R R FE 2 ) O VR B B I HL o 5
SR, AR T — RO A BURARERE R T . @k B AER A B LI R T R
Bitb #7 HyperTransformer[8]H, 7EA4#E4E Pavia Center[9] LISELEE, 40 AIMIFFERCE, WikiA 24
2 Params. V¥ sUIs% & FLOPs, M2 BEIIERETT I, WiAZ XAHIK (Cross-Correlation, CC) [10]. Y&
AEEMLES (Spectral Angle Mapper, SAM) [11]. 5% % (Root Mean Square Error, RMSE) [12]. 4%
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JE MY R Z (Erreur Relative Globale Adimensionnelle Desynthese, ERGAS) [13]+ I&E {5 Mg L (Peak Signal
to Noise Ratio, PSNR) [14]2 MYEFEXf SO AR AT AL IEAL, IR0 1 MG ARHE m 5 250 Vi Rl S 36 30
TR R

2. EBRREEEHNG
2.1. ERREEENNNEEREE

FUEAE Sy i B S AL B TR 20, AR PR & B 3 JE MR I 2 () 0 A R AE . ERMG I, AL
FRRLUE FAE 3 R A E SR U (RIS . B SRIESE) , TR S SE PR RRAE v] Bl R 9 IR ZEAR
BEE (Proxy) o EIDRAEGEE N P IBREE N B HOVREI A, RV AL =
A BN AREE S BB RSAE 2 18] (AR (oA i AR [ i o D) e B R e R 3k, i P 5URr i
i AR A IE R 5 3 B SR 2 M 22 57, haSEBGERC T 2 AT 55 0 B G RRAE . Hh AR
dErE iSO BUETERD TR T R B RIS AR (IR R B iz R =
TSI R R 2, AT AE DR B O B SUA 2 I AT IR 1 25 3R TSR

XTI 4EFE hw x RGBT B R, 38w x )G RHNHAE TR, (ERIXEH S R
TPHEARERAE IR, wlE 1 (o) PIEGEFTR, TR PR G R 2 A A ST
—ATE, WE 1 @ TEGITR, EAEG B E TR SR, £ RERBEEE N, SIA
I EBACE [ & A RZE SRR IX A RAE, 22 >R R GAHEFE A RE R EWIERE Q, #
T AISEFERE K 456K RER 0137y, Mg SR 28 .

(B EAHENEE (b) R R AELIIER

Figure 1. Comparison of Images with Regular and Irregular Pixel Patterns

1. B R S R E R L
22. ERAIEERIIORS

HERGARE R R A B RE RGN AR, A8, EAERERERN AR RS, @i 1X1
BRIV ER R FFEIE AL, A SAI RN R R . 83, MAAERESRATH S e a0, Il
TBURBURAEE N ZRILRE o AR5 A ARG (7 B (i B2 2 — 2D S A Joy B oz L4 B IO e e 0 AR A 7Y
RE 1% B 4 s B AR AL B T AR R Z TR A AR R R 2R

B, R AEMEIRPORE R IR 0 N T EAERE, SCHBUERR S, IR AR R SR A, 15
B AR AL . X REAMURE T REE R, R EFRD TR, SRR A
TR JIHUAE AL B AR AE I BAT B3 R RRCR, Bk, FHRARERE AL 5 &
GBAEAE A, AIEEOEAARL, > 7 AR 8 R B, e S T . [
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Figure 2. Graph Proxy Attention Mechanism Architecture
2. EBRRIESDHHIZE

3. HyperTransformer {23!
3.1. ETEBREBIFEIIHIA HyperTransformer 315243

HyperTransformer & —FH T =63 BE Pansharpening FIVREE S AL, BiEd 454 PAN EGA
LR-HSI MG R AL il B A o il A2 (8] 2 HE e 3 o 8 HST. &l 3 JE/R T HyperTransformer #5578 [ S AR 45
o pRmE A HRN2OEE PAN, p NAE N RAER RAEAR S PAN B, H5 LR-HSI BIRES
[ 73R EX 55 y TN ERFER) LR-HSI BUE, $RADGIEE R

FE-PAN FHIESRELES T2 PAN BMEHIHRFE, K PAN EIG L H NRE 2 8], i AP AEEIK (Key)
MV (Value) , HAKIE N, 15 LR-HSI AFAEREAT SRHL, VIE (., M T4ttt PAN iI40E (5 5 . FE-HSI
FRAESR IS H T 42 B LR-HSI BMEIRHE . B FRAER) LR-HSI BUR R R e 18], Bhw] 22 2] 1 R
ARH B A RS BB RIEARHE, B ERILA R E AR Q, T 5 PAN FEHTREL. Bt
THE QKA AH I N Softmax  BRHCR A E R JJBE, X EOA HE I ALV o A REAE SR 5 B
FERRHE. BESE, XA AL IE I 22 A= #k N\ (Cross-correlation Embedding) itk — 0 4b 2,
DA 3K PAN Al HSI FRAEZ [AIEAHOCME . B R ok, a2 MG v s Jo L B0 AR A1 S s g BBk

(Feature Soft-Attention) ALFEAS[FERHET 2[RI R I(E S, 22t (linear) ¥ FE & fl A 1)
FROEZR 8] f5 A0 B 5 BRHE (T) Bk — Ik NGCH -G RHIERR A (Texture & Spectral Feature Fusion) 13
Je, 5NEF MR RE (F) MEE, R PRI P et B4 LR-HSI AL,
‘BRI E T MR FRAE LR-HSI 3HT AL BEAS 3 IFFE IR o X SSRHER R 5 7 LR-HSI OGS
B BRI HE FRAK. &Ja, XS MR EE vt 2t — DA, DI AR AR sR A HSI
it (B, XA BA SRS 52, AR & 7 PAN s HSI M E06i%E R,
MNTTTH 7 1 A0 BRI 23 18] Jog 2 A6 1 o &=
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Figure 3. Based on the HyperTransformer Architecture with Graph Proxy Attention Mechanism
& 3. ETESKRIEFE IS HyperTransformer 2244

3.2. HyperTransformer #2245 5 e5 3

ARSI AE AT HyperTransformer #3453 % bR BUE JR AL, 5125 . VGG BRI K Ly gg—per M F2 IR
KB R Ly per EERE b, 380 T B R B R Lo M1 MG R B4R R Lpype, B0 AR IR -
Loveran =MLy + Avgg—perLgg-per + At—perLi-pertAnrecLnrec + AnrfLnrs )]
HHA - Avgg—pers A—pers Anrec M Anrpe R AL KE B E AN = 0.5, Aygg_per = 0.1, A—per = 0.05,
Anrec = 0.5+ Ape = 0.05.
(DL, 352k
Ly Bk v & 275 HR-HSI I%%D?ﬁuﬂﬂ HR-HSI & [A] i Z B .
Lrec = com — IxXyer — Iy 2
H, Loe LK, xS HR-HSI EUE, x &7 HR-HSI Eg, (CW,H) ZmardiRmt
RGOS AL, BN ETEsEiE BB AT S5 HE L, 5 R R I 4f
(2Q)VGG AN K R E
VGG A% bR CAIEIAE RGB 38 73 3 AE 25 b i) LRSS THL 5 BT R [20]. VGG &A%
O F BRGNS H A BREE 25 (8] AR A, 1 JefE TSR VGG 4s 145 20T &, 48 )5 4 i RGB
BIE, FE RSk
L

H

veg-per = cwin, || 5B (xE0) — 785 (x7E0) | ©)

HH, Loggpert® VGG BARK, 88 (FT VGG-19 KI5 i EHHFHEE,  (C, W, H) TR %24
TEI RF . x[8AIxTeP 43 5 ik 2% HR-HIS F{Zx, o FI T HR-HIS F{ExAI 4R RGB KR,

(3) % A% IR SN 2% oR £

RGN0 R SRR B T AN 1) Eo e ig A HSTL, 8 B 5 M HyperTransformer %84 141
FRFETABA I SO, IX A AT LU &@%‘ﬂﬂ%iﬁu SR AR

Li_per = m Ifre—nsi (0% — T5Il, 4)
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Horb, Ly_per B BRI, s BRI, ATCABUEDY 1. 2 804, 3 5000 BT AN RV 3 9 2 2%
Slos = 137~ LR-HSI [RJE A 35 (B0 X1t )os = 2%~ LR-HSI [P L RBEDHER R X2 1),
s = 4% Kk LR-HSI MIUURF LRFEAHER (B X4 t, HRmEmaHE) o Ho TS BB EIER
AL, frp_ps (%) S/ MG BERIE FR HUESAE 5 s A 2 () ROBE I AFAE I, (C, W, Hg) 7 RN R
FERFEEIMRSY, Co2 il W%E, HyoemE.

(OEREEGES

N T HRORA B Ay F e 2 061 U S N IR 7 232 2 000l VR AE S50 HARFR S — 80, ERLR
PR I N ERBUR R R R EuE I DU A

Lnrec = Lrec—spatial + Lrec—spectral (5)

H, Liec-spatial Lrec—spectral VR IR EEERIHUR S EEOEEMK, (EHREEAERER S5
N B BAE 2 M SSRGS P K — B0k, A OR2E B BB AR 40 AR AR 45 4 1 5 A\ B R O —
B HOrSRE R

1™ — AP(YS™)

B (©)
Lrec—spectral = Zl’l\ll=1 | |1 @)

I RIREN MR PR 2 il BUR 128 n MFEAR Y?Q%%EEEE‘J%%?J?%%%%%E‘J% n M
213 AP () RORZSMALERERAE, 0 FH T8 A8 5O i 7 2 UG e o S NI 2 B — s

iR |1l FRom L1 ug, AT ERAN BB Z MG R R 1R . PORIRN IR PR 2 il
IT%EI’J%n/I\ﬁZIKEI’Hﬁ BRHIE. L () RORPERAERE, H T A0 & 7 P2 BRI o R BRI B S5
N P R — B

— VN
Lrec—spatial - Zn:l

PM—1 (Y{™)

OISEEVR-EES
AT REGCEER IR, EHURRECRSINE G RERL, HiHE T T rs:

Los=1-—QNR 8)
Loeetn BE B ESL, HTHEEARER S HinEBAEEERE LRZER, QNR FrREIGIELSE
Hiabr, ERBUETEELE 0 2] 1 200, EBOCREIRFEREF . QNR BITHEAT:
QNR = (1 =Dy)(1 = Dy) ®
HorpDy Rt fatr, PP REIR S AR BRI G LA U . DR fads, M4
BG5S B br BURAE 2 ) 2544 B — 3. Dyt A .

Dy = [ Bl B [, ) - Qi B) (10)

K FRMA R R 26 (LRMS) EEREIERER . PRRMA IR PR 2 0E B E i
ANIE. Yo, R L G (HRMS) EHEME i Ml Qxy)&ox QLIRNE, HTiFAliM
ANIETEZ A AE, T A T

QR Y) = T )

(0%+03)(X2+7?)

Oy IRERIIE x 1y (P52, of Mol 70 IARER IR x Ay (975 22, RNy 20 ARER & x Ay B2,
I FEARD T A T

D, = [A5K,[Q(%, D - QP L )] (12)
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1 7R RN 1 PAN BB DX TIET 4 65 T RAEJS I EME,Q(Yp,, DA PG AL A HRMS &
BHIEE i ANEE S PAN EMG 2 [ A U, Q(P, L DR R T &4 A LRMS BUEHIEE i MBI S R RAE A
1 PAN E& 2 18] AR AL .

4. SCIEERSy
4.1. {REEMRRN FALIE

TERE R B BT S, BERARERE R I 51 AAEXAL B (i % Ao BUG L ERFIE 22 ), 1%
WL R 38 AR T o] = 3 A B S S HE e ), B0 A th B AR AT AL B8 SR R M 540 M5 B . 9 TR 2E T
EIME AR R /111 HyperTransformer #8114 2501, 424 T MG AREEE R 11 HyperTransformer #5271 5
R T HERE S B E S AR B & 1 HyperTransformer B HEAT T HUEL, $ 2k BRAELIRL, 2% . VGG
TR RS B S B UK BB BT R, BRI E A, = 0.5, Aygg—per = 0.1, Ap_per = 0.05,
Anrec = 0.5 Ayrp = 0.05, EEABAEHEIRINA 8, BEMLA/NA 3X3, SEWARWE 1 i, o
VLRS00 T BiEE . ShiEE D FRHEE & 110 HyperTransformer fAUAHEL, UG ACHEE & J14K
RESH R (Params) FIFsia% (FLOPs) VA LR PR, Bk, KGRI Z A S5
BN 68.5M, IFrIaHEN 14189M. 5 AFEE IR, SHERAD T 21.0%, 77 5is 85050k
T 22.6%. SHVEE AL, SBERD T 13.4%, FEIEEERD T 15.7%. S E SR
b, SRR T 12.0%, FaaFERED 7 11.2%.

TERRARTH S S 2 R RN, EUGARERE B AT G B R B fa s ERIVE R . XA KR
o (CC) A~ 0.993, SFEMBAMY, JeilkMITE (SAM) N 3.82, 5 FEMRAM Y. hih, HXERmE
iR % (ERGAS) f8Aniibil s, BEMGAREEER /M ERGAS 58 0.48, it T HARBIR,

TX e B LR A SRR B 1 A T SR R U 1) HyperTransformer A5 AHY T4 Al T H 3 =
By = ) AAREEVE R 11 HyperTransformer B84 (R8I . EERBE B IBEBAMUETH AR E LR
EREAC, W RGBT E LR TR KT, ERAELIER DR XRAERGREER
JINUHI RS B A R P R M R A T B R R

Table 1. Performance Comparison of HyperTransformer Models Based on Graph Proxy Attention with Other
Attention Mechanisms

= 1. ETEERIETE 18 HyperTransformer #2885 H Ath ;3 = /11 sE LR

Params FLOPs CC SAM RMSE ERGAS PSNR

HEES 108M 19649M 0.992 3.74 0.0080 1.97 43.98
HE R 98.5M 17964M 0.991 3.84 0.0091 0.49 42.89
RELER T 97.3M 17135M 0.990 3.83 0.0090 0.50 42.98
EGRHEEE S 85.5M 15168M 0.993 3.82 0.0084 0.48 43.87

4 JER T G A A i RGB B LR =il R 5 25wl il UG 18] (1 T3 e i 72
MAE Elf%. REG K RGB BUR 2 A1) 2 R AR /N, HA] DL MAE BEMG Hol R 243 R v 2 0] 1 22 S 1
u MAE EUEHTR, ABFFCHEH 5T BUSAREE A = JIWLHI ) HyperTransformer #E784AH LT 20 5124+ B
VERIUR] e = AL BEYE: = JI MU Y HyperTransformer AR SEEL T HEALRCR, 1 SL 5 45 1
B —DAUER 7T BURARER 1 /ML 1) HyperTransformer A5 2 (1] 5Lk g
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Figure 4. Schematic Diagram of RGB and MAE Images
| 4.RGB 5 MAE Blig ~EE

Kl 5 Jg7R T 1E Pavia Center ZUE 8RR Ik, 7EA R B IHLE] N BB BB LR 25 5 . Bk
kvd, BIMOEE T BRI R U AR R L R AR AR S L DY R L E AR
B 3 HEER A GG R HR-HST IR, Seieat R W], EHGAERE B NI RS T 5 2 2% B I [R]
B, BEfSIRIFFEIE S EGL BB . XEYLRESHE ., ITEE RS ETE s FIRI
o, FERRAEAIN 2R E MR ZE (ERGAS) HA RERF, XESLIm AL FUER] 72 5k T E G
AREEYE = JIHLHI A HyperTransformer 155 B 7E &6 1% 5114 Pansharpening {145 7 I 250 AT FH 4

(a) PANE|{% (b) LR-HSIE{% © REFF‘Q%-
d) HEE JJHR-HSIE (% Ce) filii & JJHR-HSIE 1% ) ARFLE S JHR-HSIE SR (g) PRACERTE & THR-HSIE %

Figure 5. Visualization Results of Building Images in the Dataset
5. BUREDEFRE R TIRMLER
4.2. BN IEEE Y E R
AR S B AEAR SN RARER M) & 4 R 4 HyperTransformer RS EREIRZM, DR S L0 n 8, 7E4R
UEBALME RE I [N B R AT KR o SRERFE T Pavia Center 3B BEIE4E, KA EUSMREEZ SIHLG], RS
PEHL I EEACHE P ¥ n € {4,8,16,32), BRAAEE R EHE n=8, HGER K/ 3X3 FOLSHAZ, Ll
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PEAS R AYLE UG BLAAT 55 H R B, RS FE bR A4S T SRR F8 A5 (Params . FLOPs) Fl 4 i #4547 (CC.
SAM. RMSE. ERGAS. PSNR) .

SEIGAE R IR 2 fon, B M EREN AR R A RELW, 4 n=8 B, BIA/ERHERIERE I
TR Z WA R] | BT . n=4 F1%E BIRAE K FLOPs P& % 13.94G A i/ MTHE B IR, 1
HEMG RS R & N %, CC {18 0.985, SAM F+ % 4.05, RMSE 1A% 0.0092, ERGAS 4 0.55, PSNR
IR 42.5, WD ity PG [ 7™ B PR AR AL A RRIE SR IBE . AHELZ R, n=8 MIRCEENIG M
8.8% T A T (FLOPs M 13.94G B % 15.17G) , ¥ CC $#27+% 0.993, SAM [4% 3.82, RMSE
%% 0.0084, ERGAS [4Z 0.48, PSNR #&TF% 43.87, Ll ¥ BEMMERENGE . Lt — DAL R f) &
A 16 f132 1), B CCEHA 0.001-0.002 K55S (n=16 B} CC=0.994, n=32 I} CC=0.995) , {H
FLOPs 7507 25.8% (n=16 K} 17.54G) 1 42.7% (n=32 i} 19.89G) , XFhikRESRTH S5 iHE AR
BEINAS SR L o

RIS R 6 FTn, n=4 BRI R B, KRR 7E @A X IR I i oy Bt w2, 1
n=8. n=16 fl n=32 W45 A EAELAX 3o ZRES0E0 2 v DI tH, S RBE m B4t D, B
FRIERILRE 7152 IR, A DAR B2 21 UG b K DGR AIE , S BUEUE BIAL i & % MR ) =5 8 Y,
BIRFHERISRE I A 1T, EIRFEEAEAR, FEEERENN, SBOMEREMRT.
o) AR AP AE AN B, FERE R G55 BB 0] & n=8 2 d%, BERELRIE W HIRFIER
kRES), NAEGI N 2 EIT.

Table 2. Performance Comparison Results of Graph Proxy Attention HyperTransformer Models with Different
Numbers of Image Proxy Vectors

% 2. FRAREGREREHEME G KRIEEE T HyperTransformer #REE gEEL I AR

= 8
Method 1%2@ g Params FLOPs CC SAM RMSE ERGAS PSNR
EHE
n=4 77.9M 13938M  0.985 4.05 0.0092  0.55 42.51
n=8 85.5M 15168M 0.993 3.82 0.0084 0.48 43.87
HyperTransformer
n=16 98.6M 17541M 0.994 3.80 0.0082 0.47 43.91
n=32 112.3M 19893M  0.995 3.79 0.0081 0.45 44.98

(a) PANFE (% (b) LR-HSIFE % (c) REFF{%

(d) FERAHL A e n=4 (e) FURACEL R HRn=8 () EHRALHL R & tn=16 (g) FEHEACHLF I Hdtn=32

Figure 6. Visualization Results of HyperTransformer Models with Different Numbers of Image
Proxy Vectors

& 6. FRAAEREIGRIEEEEZE M HyperTransformer BRI AT (L 45 R
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5. 4Ri5

A TCEF X} 18 BSAG BAAT 55 TP AL St Pansharpening 7 VEAF(EITHE S 4 . B JR 55 M jE, A
SCHE I G ARER Y 2 P . 7 Hyper Transformer #5284 /o @ ik 76 A FF #5445 4 Pavia Center [ f#555,
BOAUE T BT A AR T SRR A R B M R Ty T AR . SIS SE R AR, AT EUEMREEE 1N
HyperTransformer A58 7E S48 FIVF U FRH L RE WD, 1E8 AR R, itk A B4R
R WS M LSV FE bR RIS T ANEE ISR, R B T BT 0 2 T MR AR = A (A R

SEEk
[1] Wiley V, Lucas T. Computer vision and image processing: a paper review[J]. International journal of artificial intelli-
gence research, 2018, 2(1): 29-36.

[2] Cai W, Wei Z. Remote sensing image classification based on a cross-attention mechanism and graph convolution[J].
IEEE Geoscience and Remote Sensing Letters, 2020, 19: 1-5.

[3] DouW, Chen Y, Li X ,et al.A general framework for component substitution image fusion: An implementation us-
ing the fast image fusion method[J].Computers & Geosciences, 2007, 33(2):219-228.

[4] Vivone G, Restaino R, Licciardi G, et al. Multiresolution analysis and component substitution techniques for hyper-
spectral pansharpening[C]//2014 IEEE Geoscience and Remote Sensing Symposium. IEEE, 2014: 2649-2652.

[5] Fasbender D, Radoux J, Bogaert P .Bayesian Data Fusion for Adaptable Image Pansharpening[J].IEEE Transactions
on Geoscience & Remote Sensing, 2008, 46(6):1847-1857.

[6]  XIEE Sy, I N S Al A 1 B B R 38 X 8% 5 v T 10 3 R G Bt AL 7 VR [D]. 3 SRl HRL, 2024, 45(5):837-846.
(71 80,7, THEET 2 RIELSEEE R NG 58 P 245 1) 18 UGB 4 HR E 2 1) 380 5 s 72t
J2,2024,61(24):279-285.

[8] Bandara W G C, Patel V M. Hypertransformer: A textural and spectral feature fusion transformer for pansharpen-
ing[C]//Proceedings of the IEEE/CVF conference on computer vision and pattern recognition. 2022: 1767-1777.

[91 Plaza A, Plaza J. Recent advances in techniques for hyperspectral image processing[J]. Remote Sensing of Environ-
ment, 2009, 113(1): S110-S122

[10] Hoffer A, Swain P H, Davis S M. Remote sensing: The quantitative approach[J]. Biological and Physical considera-
tions in applying Computer-Aided Analysis Techniques to Remote Sensor Data, 1978: 227-289.

[11] Kruse F A, Letkoff A B, Boardman J W, et al. The spectral image processing system (SIPS)—interactive visualization
and analysis of imaging spectrometer data[J]. Remote sensing of environment, 1993, 44(2-3): 145-163.

[12] Fonseca L M G, Namikawa L M, Castejon E F. Digital image processing in remote sensing[C]//2009 tutorials of the
XXII Brazilian symposium on computer graphics and image processing. IEEE, 2009: 59-71.

[13] Wald L. Quality of high resolution synthesised images: Is there a simple criterion?[C]//Third conference" Fusion of
Earth data: merging point measurements, raster maps and remotely sensed images". SEE/URISCA, 2000: 99-103.

[14] Pitas I, Venetsanopoulos A N. Order statistics in digital image processing[J]. Proceedings of the IEEE, 1992, 80(12):
1893-1921.

DOI: 10.63313/CS.8016 173 THRENUR e 2



	[1] Wiley V, Lucas T. Computer vision and image processing: a paper review[J]. International journal of artificial intelligence research, 2018, 2(1): 29-36.
	[2] Cai W, Wei Z. Remote sensing image classification based on a cross-attention mechanism and graph convolution[J]. IEEE Geoscience and Remote Sensing Letters, 2020, 19: 1-5.
	[3]  Dou W , Chen Y , Li X ,et al.A general framework for component substitution image fusion: An implementation using the fast image fusion method[J].Computers & Geosciences, 2007, 33(2):219-228.
	[4] Vivone G, Restaino R, Licciardi G, et al. Multiresolution analysis and component substitution techniques for hyperspectral pansharpening[C]//2014 IEEE Geoscience and Remote Sensing Symposium. IEEE, 2014: 2649-2652.
	[5] Fasbender D , Radoux J , Bogaert P .Bayesian Data Fusion for Adaptable Image Pansharpening[J].IEEE Transactions on Geoscience & Remote Sensing, 2008, 46(6):1847-1857.
	[6] 刘蕙绮,陈应霞.融合跨阶段局部网络与注意力的遥感图像锐化方法[J].半导体光电, 2024, 45(5):837-846.
	[7] 郑剑,刘子龙,于祥春.基于多尺度无参数注意力机制增强网络的遥感图像超分辨率重建[J].激光与光电子学进展,2024,61(24):279-285.
	[8] Bandara W G C, Patel V M. Hypertransformer: A textural and spectral feature fusion transformer for pansharpening[C]//Proceedings of the IEEE/CVF conference on computer vision and pattern recognition. 2022: 1767-1777.
	[9] Plaza A, Plaza J. Recent advances in techniques for hyperspectral image processing[J]. Remote Sensing of Environment, 2009, 113(1): S110-S122
	[10] Hoffer A, Swain P H, Davis S M. Remote sensing: The quantitative approach[J]. Biological and Physical considerations in applying Computer-Aided Analysis Techniques to Remote Sensor Data, 1978: 227-289.
	[11] Kruse F A, Lefkoff A B, Boardman J W, et al. The spectral image processing system (SIPS)—interactive visualization and analysis of imaging spectrometer data[J]. Remote sensing of environment, 1993, 44(2-3): 145-163.
	[12] Fonseca L M G, Namikawa L M, Castejon E F. Digital image processing in remote sensing[C]//2009 tutorials of the XXII Brazilian symposium on computer graphics and image processing. IEEE, 2009: 59-71.
	[13] Wald L. Quality of high resolution synthesised images: Is there a simple criterion?[C]//Third conference" Fusion of Earth data: merging point measurements, raster maps and remotely sensed images". SEE/URISCA, 2000: 99-103.
	[14] Pitas I, Venetsanopoulos A N. Order statistics in digital image processing[J]. Proceedings of the IEEE, 1992, 80(12): 1893-1921.

