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Abstract: Cloud occlusion, in‘optiéal remote sensing images is one of the core challenges in remote sensing data
processing. To address the limitations of current cloud removal technologies in handling cloud edge information and
preserving image details, a generative adversarial network (TGAN) based on temporal-spectral domain fusion and
temporal self-attention enhancement is proposed. Through its two-stage modular design, TGAN simultaneously improves
the quality of remote sensing image restoration and processing efficiency. In the first stage, the feature extraction module,
based on a temporal self-attention mechanism, uses a linear expansion layer to capture temporal and spectral domain
features, compensating for the limitations of traditional maximum pooling with a one-dimensional linear dimensionality

reduction layer, thus enhancing the modeling capability of time-series positional features. A multi-head self-attention
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mechanism with a weight allocation strategy is designed to accurately capture edge information. The second stage is an
adaptive image restoration module, composed of a random noise cancellation submodule and a local contrast enhancement
submodule, which collaboratively enhances image details and suppresses noise. In addition, TGAN’s discriminator
incorporates multi-scale modules, a strategy that balances global consistency and local detail. Through the interactive
game between the generator and discriminator, the generator continuously optimizes the restored image, improving
restoration performance. This dynamic adversarial process drives iterative optimization of the generator in the image
restoration task. To verify the effectiveness of TGAN, experiments are conducted on the Sen2 MTC dataset. The results
show that TGAN significantly outperforms existing methods in terms of peak signal-to-noise ratio (PSNR) and subjective
visual evaluation, with PSNR values of 21.547 dB and 20.206 dB for the training and test sets, respectively, indicating that
TGAN demonstrates strong performance and application potential in remote sensing cloud image resfbra;cion.

Key words: temporal-spectral domain fusion; cloud detection; multi-head self-attention rﬁéchanism; cloud image

restoration
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i H AR SN A

SR EAES.
2.2 R

PR AR AR M 4 T STGAN MY e i JEL ik,
FFAT S 22 I A 28 2 PR 1 R AR R D A AT T 2t

>

Lﬂﬁiﬂﬂ _ | wtm

AR Karg [EE°R
W ﬁﬁi

iy

Encoder

(L]
vn Concat > > Encoder > Concat »IIII » >
» = ’

CHZHER

\ %
! ]
- Feature Feature
extractor mapl

FRATDN A B8 v R AR B IR AT 7 UR B E ), HE R
Al T 2 B AHARFAE IR T RAE I FE AR B L, DA
FHE R AER IR 4 R 5 5 (5 B 77 T iR 3. AR s 1)
TEAH I 28 BER AN 1] 4 .

)|
<
»

Decoder K

ik
AR

Feature Feature
map2 map3

K4 EREs St

M 4 R DL, AR RAS B R 45 1) B AR AE 32
4% ConformerPlus BN Z A A5 B 4H 1%, TRl —
AN 15 RCPIE IR AR AR B2 . R AE 2 HUES S7 5T 08 th
B AN HE 4 I 18 5 1 1843 2., ConformerPlus B3k —
R 2 RBERFAEREAT 36 58 DU #E 44 1) B UK &,
T 2z A A R D 3 TG TR N Ak B 2 J2 2 24 X .

A2 AR BN 3 SR AFAE 2 J R 1 R R R A

J, 5E XA xe € {x1, 0, x3). BT AELASER S BRI 5. |

SN R SE T = R, ABIE LB ) 2R ] R
AR AR, IR e B MR T sk
BIMR, 108 p. fEBLIEAN B, 885 x, B2 3 AL 5K
T BB x, 1% B X FE R B K X I8 5 55 1814y 17
R A ALRE . 3 I i e N B R R B OB R
BB AR IE SRS LS Bl s i B A . AT &,
B NG xe 1 Yol RHAE SRR R TempSA4 #E4TAL2E,
R 3 MFIERTR Fimts Fima Fims. X ERFIEROR
FE IR 23 (Rl R T A N B ) SR A 42 R 5
NIGERHITE = BUR AL BT 1 RFAESEA, R

Fim1 = TempSA(x1)

Fimp = TempSA(x3) (D

Fiz = TempSA(x3)

3 MR IR Fimi s Fima~ Finz %% Concat JZH
HRhA KSR 3 A HFIRIER IR Fint~ Finos
Fim3 , B ‘

. )
Fim12 = Concat (Fim1»Fim2)
jF~m13— Concat (P, Fin3) )
. \Fim3 = Concat (Fip2, Fim3)
/E\:‘:P\,‘Fimh Fima~ Fips 77 WAL 356 31 504N G L) #5571,
Y gs o A Fipt s Fima~ Fiz B T9009, Hi83L Concat
JZ Rl G 0 253 0 H )RR AE R IR Fimos, X UG HEAT iR
T, i G 2= I BB B 52 45 R xg, e R 2 B 25 A1 AR AL 245
SRR R 2 KGR E.

AR, A2 AR IR T A SRR, F TR0 IR
WA BB =B E. s E s o i E G
WFAE, A5 T B 2z #E 5L (cloud mask), PLEHEAR IR =
B i XIS RS BB R B S X 3. BT A =
R, BE— St T EER (BE ZERNRREIG) 5
HixEUE (= EHERE R Z 18k £ 1 T,
I TRVE R = JZ MR ) X I X T 22 e A X L SR s A
IREE A 25 T A AR BRI 25, B & T AR
o DX B R B, TS 9 T AR AR IE R A T
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Iz AGRE ).

JE IR R WU HIE A S B B AR AR AE Ty
T3 2, H 38 I G s B & 35 B[] 51
JEHERFE, T BUZALHIR R IREAS B IS HURE TR
R CH A S = 2 108 KRB, &SR L
AR A3 0T 0 5 IX el B AT R OQVE AN A2, i PR T
BAEE R, ik, A SCHE Conformer #6EER i FE il | %
TH—FoH AL 2 Sk BvE R AL (NMHSA), #% [ Bk
) ConformerPlus 53, 2L 38 i A& B 17 = 1AL
HikE, DA IAGAE SRR ), 25 5] S AR
LIS A A iR R E R, B IE R AR
GBHELE TBRMA M4 . NMHSA 5 Transformer

BN 5 AR,

-

78} L ['e}
S < = g
Z x %) i > z |* S
2 = g - Z
[ = @) [ g
~ 3

K5 ConformerPlus fEHt45 )

ME 5 0] LLFE H, ConformerPlus #£E Confor-
mer 2R IERE 1T B A ONN BEHLE 3356t 5 41
FERHAL B G b (1) JR) R AE S B /7. b Ah, i AL 5t
7 NMHSA, M# T4t % Sk A= J) (MHSA), A
R 50 iy 28k A 1) P 7 3 D) ) K R B AR OK R,
RN = J2 A1 FEE B DR E, TR RME GEALHI ¢
BRIN SR HEAS B o] R AE Z5 #9111 |, Conformer-
Plus ¥ NMHSA #5525 857 2\ 21 P8 AN 115 R 22

2% (FFN) 2 [8), IX PP X0 FEN [t & % 25 00 T 00U s~

FEN F977 38, T A R T AR 1 REAI 65 e B 152190

BTGB — N R BOE R, 2R
AEHEE M 2% i L > ConformerPlus 4 3%, T 28/
ConformerPlus # 5 F 4 N y;, H A 8] 25 8 Al H a o]
I PAT 23k A5

1
yi=Yi+ 5 FFN(y)

¥} = yi+ NMHSAQ;)

" o_ ’ (3)
y; =yi+Conv(y;)

e %
h; = LayerNorm (y;' + E?"FN (yl'-'))

Sof, i AR B RLR R 221 % (FFN), %% 0
é\ﬂﬁ,‘/l\é%%)%: Swish #% BB AN dropout 1E 4L,
DB BT [ 2 i B8 . I, SRR B % Sk TR )
WLl (NMHSA), ZWLHE G T RS2 RFEB15ER
J1 B VRAERE, REVEA RO ALTE 15 040 ¥ B4, A
2 (Conv) @& T 12T (GLU) IRET 70 545
T B LA S R0 TE A R, DA A B B B4 9
PIURAE. 525, 8 F] LayerNorm #4751 A\ H fr1)8—
ARTE, AT 2 A28 ) 1 25 20
23 BENEGEEER

[ 3 I AR A A MR A% 0 B LG 7 8 e A A
T 6 L B89 B B e L R, 3 M B B TR R
T I 48 BN, I B NBRZE A, USRS RS EUR 15
K33 77, ZEREH I e R SRR BB (Concar)
B AR, SN PR 2 e R PR R R HE AL . R 2
Hems AU R T LA G, AN EA T
BRI T 4 G, AT B 9 3 0 1 F
=R, B T RS E M BTN MA 4 2% 4
MmE 6 Fir.

1
i i
o ﬂﬁm—%[ Concat ]ﬂ:c o

DRt L g e

_______________________________________

Pl
: E 7 ﬂi ﬂt; RelLU
L “ }:m {5 [D ¢

6 HIENAERE
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i H AR SN A

MK 6 AT LA H, BN A R d AL
SR 7 I A A RN J) 0 0 b 00 S AR R . T A 70 1 i3t
THR S 7RG IE BRI, 5E A AR I AN R &
AR AT 75 3 A HEAT DA BEATL ISR 75 Ji i A B e oo
REERM L. R LR MRZES, B 55 1 X
PRI K BRAETT, Gefif 1R )2 W48 BORE L IH K 1)
A, BT T U ZRARE PEAMCSICR. (R, 225 A2 AL
T MR A 12 22 ROBERFAIE, SRR AN R SR AR 12 75 )
re R 2 Bk SR OGS B AR U T R e R AL,
DR B B AR 1Y, 8 o ol B2 M5 3 BUR R I BRI L
G R SRBURFAE, JF A tanh 307 B8 B3t 4T 15— 1k,
Tl PR A8 52 I P PR AN 1o AN L S

FERAAE IR D, BN B BB R E Sl

AT 2R AR, 5 2500 110 AR5 A i N B R EAT s

AEPFE JE A 58 = . PEIRRE AR 0 B 5 e A5
PR T 5 ORI S '?%‘E"iré Y33 4 4
BRI, 1@"’5‘%@%”““@%1&%1@@8’].7@%féﬁﬁE
S VALES Bﬁé@;&fﬂﬁiiﬂﬂE?ﬁﬂm&ﬁlﬁ’]iﬁix&%. X

24 ZRERSERIZE
S S AE A B HTM 2% (GAN) 22K iy i o5 &2
KRB, H T BRI 2 R E K2 Bk Hi
FERME K4 RE SRR ARSI T £ R
He% 5 2% (multiscale module discriminator, & F5 D), H
BRI 7 BToR, DRI B TGAN BB 1Z 45 H il
T x4 ey VBRI Jm 30 X 3 A7 A ST ) AR A, R
o T A A E A RS B R A (R P Rl Rk
RE ). AT AL G 20 45, ﬁﬁ/i%‘é‘ﬁ%ﬁﬁ**{ﬁﬂﬁﬁﬁ
B )R — B %ﬁﬂ%ﬁﬁ I AT AR T AE AR
P i v
D S B AL B, AR B R B
%Eﬂx%ﬁ%iﬁ%\)zﬂ MIREZE. 1%, BUEAE RN
256x256%32 MIRHAE B AL BE, i 446 0 A3 P1. Bl
J&, BURMKUGET 128%128%64 F1 64x64x128 KL
K, AR RS 2 I BINE SR P2, B3, RRE I — 4B TR 4
& 32x32x256 Fil 16x16x512, fx &4 55 3 J2 3 546
2 P3. 1K P 2 ROBERFAIE B BN L 1] B 4 T 47l 42 6\ 25000

BRI T A QB AE S AR SRR 0% R (R R, SR BB O b A
SEE, IR T 4508 0 e S KR
32
\ 128
512
I B
1642 E iE': 3 n
—oli | £ BN
. =] ; 2
" W% P3
i E J, \ﬁ£$P2
i3 Pl
‘e 7 %R

FEHFAE SR BGRE, BT B B3R M BIR ) 4x4 1)
ERZ, PR EN 2, H45 A LeakyReLU JiH BR 4151
NARZR IR VE. FRAE R B 4E R Hxw < C (& =
B R B8 FE < i@ TE H) Ron. @i X R, EhlEEae
% w5 e AN [ RUBE 1 EBURR AL, 4 TH VP A i A\
BN LS, A AR AR AR =

TE3RA3 PL. P2 M P3 J5, Hdl it — il i 5 —
JZ Ix1x1 BIFFAEEIAREE, DR B A 1, H45E Sigmoid
WO R B R A R P4, S 2 A R B E R
I3 RN ZAIALI UG, R B N AR 2 A0 B

M7, BT BRI E . B2k, Tl T G ELH)
JE G SR YIME, T AR BRI Ak EAROVT A 45 2
XA BT AL BEAEAS AL VT A RS R 8 1
S, ISR 4 RS B RIZE G T RE 1, A AR I
AL FRAE T S IndER B S
2.5 KEHLT
TR R RS 3 #r, %A GAN H R B%. brifk
LITUR R = HARAR 2R B 2L, 2 SR

L= rg}onmgx LcgaN(GP, D)+ AgpL1(GP) + Lipasic  (4)
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Horh, D RS2, S8 G A P oy il R R AR R
A N EHR B
b, 31 55 5 GAN Bk i3, 2 SUR:
LeGan(GP, D) =E(g y) [log D(x,,y)]
+E(yy[log(1 =Dy, GP(x)] (5
552 O ABRE LI BRI EL, E SUR:

1 C,W. C,W.
mZ”Y wh—GP(x )| (6)
Hor, GP(xo) ™" 7 B i BEAZAE AL AR (e, w, h)
AR ER.

53 W m AR R R A, E XN
Lonasic = | M= M| (7)
Horr, M M5y 5 R SR 2 AR A il 25 .

Li(GP) =

3

3 SERERERAHE N,
31 SREEE

RNIGAEASCHE H 1 TGAN = 25 B 2 1A 20,
BN T E 2 Sen2-MTC = Bl 4E. ZEdu 4k
H = 4 Je 4 2% 18] 4 45 2 48 (Copernicus Data Space
Ecosystem, Europe’s Eyes on Earth), & 50 N EE
I, B0 E4E 70 sk, 8 50 MAEER
F, BAFMNEA 70 KEHR, dLit 3500 K EE.
5K FMR 15 2= E VG [0, 100001, 70 HF 3 256%256,
HEA 461 8IE: 2.6 (R). 46 (G). i (B)
PAAGE AT AN (NIR). iZ A0 AR 55 1 AN [F) 1 2 X S AR
M, BEFE N ZRAMBRE, B &R T)

REMEFZ R, EFEa T EEER T = KR

1%

9 T WL (032 A Bl R SR 2 X, A%
A4 K0t 2 BN A 1 44 3 SR 42, J) 55
Pl 7:1:2. BT =, 70 SKEMZ i 70% FI T2,
10% FH T30 0F, Fl 4R 20% F T8 S T ik b 204 &)
SYEF IR IR 22, SR 1 [ — 25 5 1) PR 43 PR S04 7
5, IR T RN R EURAESE N A LRSS
T, 3 43 S A7 BT (ATE R 05 7 R 71 11 S0
8 L HEAT A N ZRATA, DT B 75 7 52 R FH e
F e e e T S

70 B 7 52 o ) 52 6 o 3 3o 22 o OO B R (2
BeF . RS PR T I SREE SR, T it — 2
SR TR (972 Ak i RR S .

68 R4 ¥ System Construction

3.2 SEEIME

AL SEIHE T PyTorch VR % STHESE, SEI67E
il # 24 GB 247 1] NVIDIA GeForce RTX 3090 GPU
M55 4 L EAT, v g BRI R A BRI T TR A
TSR, BRI R R Adam AL, T
[ 7 2 2 3 AR R W 8l IR AE AN B S 5L
(B1=0.5 F1 p2=0.999) F42 il T ~F 5 P55 58 . #LikOK
/I (batch size) 1€ A 4, LA ER I 2R VE T R0F
i GPU A7 HIR5: 21 5y SE-4, 2808 100 A~ UIZ5[E]
B SR FH L P S D SR 3 0 B (IR 35 1 B -6, LA S I S 4
SR AT L5 L. 58 A 2l A 8 7 7 4
B 1| AR B S5 R BT ILAE 25 R IRAE S5 2R DL,

B8 T, SE YRR, 45 K R KA B 8K,
2] I 0.000 01 I, HFRAB B/, 10 4 5570 1] 2
W ShAG R bef, PRI S A S ke 1 s,

11 r

10 f
9 |
Rl
X 8t
_1:}_[;’
7+
6 L
5 1 1 1 1 )
20 40 60 80 100
Epoch 1 \':
SR PN T V(ER
%
LRSS
GPU NVIDIA RTX 3090 24 GB
Batch size 4
YIZklE & 100
HESH p1=0.5. $2=0.999
)R 5E-4%1E-6
b2 Adam

3.3 iFNIERR

IR SR FH AR A M EE (PSINR) 45 R AR AU 35 %
(SSIM) VE VAL Fa bR, LAAx T i 5 pr 4 4 2= 23 Bk U7 2%
(1 RE. PSNR i R s GG 5 5 M s Ly, 2
20 Sy MG S B PPAN R AR, T SSIM W AERE . X L
MG E 2 A J7 T i &2 BUE AL, 2 R T4
W 2% A B G B R B 2 5] BB A BT 4517, S X
ANER, BIFFTRE S XTI 245 A5 il BUG 3k AT 4 T A5 WL 1)
VAN, RO A0 A BB AR Rl A I 3t — 20 ik B
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i H AR SN A

PR SRR A SE U6 (4.
PSNR 5 K AE 5 RIS 50 78 2 8] (Y AR, 1
ERGRENFERR, €O

2n—1)2
PSNR = 10><10g10(¥)

MSE
Horr, n A RAE R LR MSE 3577 1% 2248
PSNR AR, B& % = RCR .

SSIM F2& P KAy 5 9y g UG AR A EE IR Fia e, 4540 AH
AEESERE . XFECRE . S50 3 AN J7 AT B &, M8
VERNSERZRIAG T, ARiE 2 s LU RE il i, 9007 24
NEFFRE LRI B, € S

(2,ux/1y+C)(20'xy+C)
(,u)zc+,u)2,+C)(0')2C+O'%+C)'

JOH g Ry 4 50 Jxe y 1697 2 18; o, Moy 51 9
xo YRR 225 o o O 72300 Ty — A Kb
K, B4 o B 0“§{§5Ri+ﬁ%i%.
34 SLIGLER

AL BT H 0 TGAN BRI 7E 8 i R S5 5
(5 MRS, ABF LT Sen2-MTC $ik 2147 7
TR S0 A S0 45 43 7l 5 TSGAN. STGAN!',
ST net!"™. AE"HI TGAN #5745 it AT 1 4 Eh 40 #T,
SRS 2 AR 3 .

2 1E Sen2 MTC ¥4 % b PSNR $5Fr1ERE (dB)

®)

SSIM(x,y) = ©

e HE4E Wide
AE 6.010 15.251
ST _net 17.741 16.206
STGAN 20.612 18.152
TSGAN 21.259 18.308
TGAN 21.547 20.206

3 7 Sen2 MTCHUEAE I SSIMEGREYE fE

A . s Mk

AE b o4 0.412
ST _net 0.467 0.427
STGAN 0.613 0.587
TSGAN 0.662 0.609
TGAN 0.621 0.576

SIS 25 AR B, TGAN BLA/EIE (A F M L (PSNR)
fabs LR RIS T HAMSA. BRI S, HAlmst
HEH) TSGAN 152 A1 7E 56 Uk 48 AR A 1 (1) SSIM 4353
4 0.662 F1 0.609, PSNR 43 51|29 21.259 dB F1 18.308 dB,
MASCH) TGAN BAILE PSNR Fa b7 S8l T WAE S
MAREE 5 5$E 7+ 0.288 dB 1 1.898 dB [ 351 i . iX

-

KW, TGAN 5 Y £ I8 Ji P& 45 B Ak Jog B AN a2 Mg 75 1
ooy i B4 R S . BAR TGAN 45 H ALt
T E (SSIM) WA R FE, fE—E R LR A RS
225 AR (A ABLBE 30N, 1B 285 A0 B VP il 45 R B OR,
TGAN FE A= il PG 1 4075 O BB A4 Jmyohf B FE 5 TR
Tt v R o

9 £/~ T TGAN 1 TSGAN 7£ B4 2 =11 %% b
MR RAL T EG, A B TR AK KON 3 5k 2 = sk AR
TSGAN EE KR, TGAN 25 @%&Xﬁm@ﬂﬁiﬁﬁ
FIEMZ. MR 9 T LU E], 28 TGAN &5 5 i 2
P e B, OIS DL B (AR B L I
F U I, T TSGAN {6 5 Sl (475 3 Hotg 15 Pt L

RS AN DL B4 R, TGAN BB AE

BRI L RIOCE, 78 2R R Lt B R
LI, e o g R R R AR 1 AT SR Al ok T 5.

mRK B

TSGAN
EEE&

TGAN

TnZHERZ

9 KBEZMR

3.5 jHRhSCIY

PL Sen2-MTC ##f £ A, FIH TSGAN M 4%
AT Z AR SE IR I 5T, IS 7E TSGAN 4543 5
AN HIENE B BE#E P (TSGAN+P) fl Conformer
AN 7T 0 BOR B B M (TSGAN+M) 1X
AN BB, FI7E TSGAN W 4% i[RI i N PRl M A
P (TSGAN+P+M), XA AT VH A4 #r, 12 ] SSIM il
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PSNR PP FE AR DR AN [ R AR F) 5 Rk WF e 46
REH], I B IE N G AE R P AIFE Conformer
AP o I NV R 70 23 BOR B R R M AT DU R
TR RIS R RE. [R5 453 2% R B0k AT T At S 56, T
L3R LR GAN $ R B # G FRifE L1 455k R AL
L RNz RS0 B Y, DA 452 2K bR ORISR 1 e S )
BEATRENE AT, 3R 4 O RSB VA PR R A 2R
£ 4 WL

JiiE PSNR (dB) SSIM

TSGAN 21.259 0.662
TSGAN+M 21.333 0.620
TSGAN+P 21.411 0.603
TGAN (TSGAN+P+N) 21.547 0.621
TGAN (G+L) 21.407 0.606
TGAN (G+7) 18.887 0.502
TGAN (L+Y) 21.328 0.618
TGAN (G+L+Y) 21.547 0.621

MFE 4 ], A T R 4G TSGAN B, 3 T 1
5 7 % 42 508 P, PSNR #2757 0.152 dB, 7T JLi
i3S B A SR P, e RO X R AT 2
W RN 2 15 B 5. T4 Conformer FEH i NVE= H
Iy BOR BB M, PSNR #2751 1 0.074 dB, 181 51 A58
BB ER Jy T SR 6% 20 245 VR BV E T 0 40 B, R Y s A Y
XA B ), Dt s iz =BG i, 5T
[E NN P A1 M ) TGAN #5754 PSNR #75 0.288 dB,
H WA 5 VA% 7 T35 Ak, I T BN IR S
B B T4 i Y (ks R

M 4 ATH, 7 TGAN BRI p 23 515 AR [F]
FRA5 K bR B4 A HEAT S 6. A AR R R R B G RN ER

AR5 BB L (G+HL) I5F, PSNR 1 SSIM 435124 21.407 dB. |

F110.606; 1 I A= itk R G ML BRI Y (G+
Y) i, PSNR Fi1 SSIM 43 315 18.887 dB £10.502; fi i
HAEPUR R L FIL R BUR AL Y (L+Y) B, PSNR 1
SSIM 43519 21.328 dB A1 0.618; TR {H ] 3 Atk
PR3 (G+L+Y) B, PSNR A1l SSIM 43 5)i% %] T 21.547 dB
F10.621. S8 45 F R W, 5 B 30 40 451 2% bR B0 A
Lb, 6 3 Rl ok s B Re A7 R THE B PE RS, BRI
F, M 3 MR S R LR S, B
iR BRI EACR, dEm it PSNR F1 SSIM {4,
BAIE T X — 4 A0 e 18 2 BRI = A 2K

4 4
Y J R O L 3 B 1 0 R BN R

70 &7 ¥ System Construction

FL B R0 BT 8 PRV 25 ST AL BT ep 3 B B0 7 3] A A
YA £ L F . B E R, A SCIR I T T
FF R 8 2 5 0 D 1 T B I B
STRETR (TGAN), M7 7E 5K 1 R4 SR
HEAT B, LA THIE I 14 2 1 R K. TGAN
HETEL ph A B PR, DR e W 5 43 0
(AR IS B A2 5 S i R, 45 1 BB A T 3
T R WU R A SRR A 2 3k 1
UL, FE T A MR R 0 4 7 R A 1 7
R, AR 3N — AR T 4 B L 4T
I AN SR AR, O P AR 2 e 2 1A 4
B A, 1, MR SERE i e 3 7 R [ )
(B 10 T T B 4 S 1 R B o A
LT T S0 20 A T R R0 40 B, UM R I 1
BRS04 2 Wy BT E S R 05 S
— BRI 7 5 R
30 358 T B g B, DA T R (R 05 3R 9 ARG e 5
T4, e, B 0 % 5 38 SR 22 RBER e DA R 30
V1501 5 4 S — M ) B0 20 2, T R
Al BT VEAE T 4R 5 5 B BT TR 2. 764
FF 1B R % 25 £ IR SR 4 05250 ], TGAN 5
RILE PSNR A1 SSIM $& k5 500 T 2460 £ i 076 B
FF TV, WA T FAE R A 5 AT 55 R i A
RO R A 5

A e

I YuB, Yif] HT, Zhu ZX. Spatio-temporal graph convolutional
networks: A deep learning framework for traffic forecast.
Proceedings of the 27th International Joint Conference on
Artificial Intelligence. Stockholm: IJCAIL 2017. 3634-3640.

2 Wang ZQ, Cornell S, Choi S, et al. TF-GRIDNET: Making
time-frequency domain models great again for monaural
speaker separation. Proceedings of the 2023 IEEE
International Conference on Acoustics, Speech and Signal
Processing (ICASSP). Rhodes Island: IEEE, 2023. 1-5.

3 Zhang CY, Wen WP, Zhai CH, et al. Structural nonlinear
seismic time-history response prediction of urban-scale
reinforced concrete frames based on deep learning.
Engineering Structures, 2024, 317: 118702.

4 Gulati A, Qin J, Chiu CC, et al. Conformer: Convolution-
augmented Transformer for speech recognition. Proceedings
of the 21st Annual Conference of the International Speech

Communication Association. Shanghai: Interspeech, 2020.
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i H AR SN A

W

o]

10

1

—_

12

5036-5040.

Goodfellow 1J, Pouget-Abadie J, Mirza M, et al. Generative
adversarial nets. Proceedings of the 28th International
Conference on Neural Information Processing Systems.
Montreal: MIT Press, 2014. 2672-2680.
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