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Abstract: Objectives: Cloud cover hampers optical remote sensing, especially in high—altitude alpine re-
gions. In Southeastern Tibetan Plateau, cloud cover reaches 62% , which limits the use of optical image.
While single-image cloud removal method is faster than temporal methods, it faces technical hurdles. The
existing methods struggle under thick clouds, and generative adversarial network—based approaches often pro-
duce artifacts and poor interpretability. We propose a weighted masking cloud removal model designed for
complex alpine climates, aiming for accurate surface restoration under various cloud conditions, reducing arti-
facts and improving robustness in mountainous terrains with snow cover. Methods: The proposed model com-
bines cloud opacity estimation with an advanced image generation framework. It begins by formalizing as-

sumptions about cloud opacity and brightness to address stratified cloud phenomena in remote sensing images.
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And its core is an improved Transformer—based generator, which introduces a redesigned multi—head mask
attention (MMA ) mechanism. This mechanism uses a dynamically generated weighted mask created from
estimated cloud opacity and brightness compensation maps to modulate neuron activation. The mask strate-
gically suppresses features from heavily cloud-obscured pixels during aggregation, focusing the model’s at-
tention first on clearer regions and cloud edges. Additionally, a progressive sliding window mask update
strategy is adopted, which gradually shrinks the inhibitory mask as the network deepens. This allows the
model to iteratively propagate reliable information from outer regions into thick cloud cores, enabling full res-
toration. The model architecture adopts a dual-generator design, in which the first generator is responsible for
estimating cloud opacity and brightness compensation values to generate guiding masks and the second genera-
tor integrated with MMA blocks is dedicated to synthesizing the final cloud—free image. Training is guided by
a composite loss function that integrates non—saturating adversarial loss, structural similarity (SSIM) loss,
and perceptual loss, ensuring visual fidelity, structural accuracy, and feature consistency. For evaluation, a
dedicated alpine dataset is built using Sentinel-2 Level-2A imagery in Southeastern Tibetan Plateau. Cloud
masks from SZ2cloudless are used to create precise cloudy—clear pairs, and a simulation protocol generates
physically realistic training samples with corresponding opacity and compensation ground truth. Results: The
proposed model is rigorously evaluated against three state—of-the—art methods. On quantitative metrics, it
outperforms all counterparts, achieving a mean absolute error of 0.025 6, root mean square error of 0.035 6,
peak signal-to—noise ratio of 30.185 1, and SSIM index of 0.899 6. Visually, it excels in texture preservation
and artifact reduction, especially under moderate (20% — 30% ) and heavy (>>30%) cloud cover, where others
show significant distortion. The proposed model also demonstrates robustness in snow—covered alpine scenes.
Conclusions: This work presents an effective cloud removal model for alpine regions by unifying thin-cloud
correction and thick—cloud mpainting within a Transformer framework. The weighted mask and progressive
update strategy provide a targeted explainable restoration process. This approach significantly enhances opti-
cal image usability in cloudy mountain areas and offers valuable support for related scientific research.

Key words: cloud removal model; Transformer model; weighted mask; optical remote sensing imagery ;

alpine regions

o [ A 5.66 X 10° km? By 1L b F1 5 5, A
48 57145 VK1 , JB i T thE A - %% B e v 19 s L ok
PRETE o o AR R b XA AR L KBRS T
P4 R 2 KU MR < b b (3 , T EOZ M X 4 A
=55 EAN P Y T G S R ) X b
(102

P eI, A pk M % = B 3R T 3k 58 % &
66 %010, 18 1o W 3R M X 2 55 7 i N R L 3 JK
RPN s SER, Z2Ha TR
REHME SRS 2T HE5 S mm . B
U, 1] DL T SRR RGN T B B AN B R T
R s T, MAERSEZ T MEFLECAET
S e FFH ARSI AR I0 1 2 B AE 7R RE 0% 48 - b
LI L DI M R AF . H R B X BRI 3 R
1810 2= 25 B 7 8 K ECRT LA o0 5, 43 51 2 4%
BT s AR R A A R R
WA B 2 R i R A B R BRI I
TR FH Pl A5 388 i R 23 [ 4 (B AR (UK B 41K L
A8 S BB 1 25 = 8 o KR A% i A Y 3

Wk T I 8 B A R B, R BRI T
FRE . PRI, 3 4 R 1 i AR 1 TR B 27 2] T i
RPN e Y3 A PN 1 N EP - = N i
2y, T ARASE AT SR A7 AEME LA Z AL 1 [] R

LT EMBAE Z 0T 2 B AR T I X BERS
e L b DX 25 55 308 Y [R]85 1) A 5 A XA o SR,
TE A BRGS0 135 50T LU fl /K A28 It o 4R 2
B, Bl it e SR A AR 0CE KUK 2
Tl M TR R MR R S R R R
AR 1 JB% W DU B AR X T A AL R AR
BRI E L, ALEETT E—MidE T &l
X255 2T B = EBRAE 5wl 1 BB
Y AT M T R L X 3 AR K B R AT
Ji B 22 A R A RO o AR SO OB AR e b IX
1 Shy i A B 5T X8, 1) A R HE K 5 1 (Google
Earth Engine, GEE) 31 1% M7 J 9% = %5 B3 5 19
M5 4% 245 (Sentinel-2) TLE S XT . 5T S2cloud-
less z i JI 550 12 WEAT 1 B4 09 W) 20 A b 3 A0
B b T RS TR BE A 2] 4 2 R AN T A



%51 &5 2 R —FEH T I E 2

SRZAET B INEUE IR 2= 2 BR A L 359

ARPENT S BA AR SCHE ARV T B )2 0 R G
7 R AG TS I, JF R T —Fh T Transformer

ZR KA () A= X HE R 4% (generative adversarial net-
work, GAN) AL, T K5 #3158 = 2 3% i 38 &
PEAT S AN R 5 3 T = AR AR B
G805 VR S BT X e L I A R R K I AR = %5 0
PP, AR T IR XK EOE R RS
FHME

1 AR

7R L X AL T 89°E~99°E L 26.8°N~32.5°

N ZJH], 2 B AU 8 L e 2 2 55 HiLIX . B9 X
f SRR B R B Ll A M T, BT AR 2
3.3 10" km®, 7R P4 e KB 5 IE B3 3K 932 km, 1 b
Jur“éﬁ620kmo 71 e L DX Ak 5 A VR A
VLI, A IV 2 R e ) B2 38 < 3 o T 5 A VL
TAIAF 3 T2 X8, A TR L A Sk i ot s, B 8 T
— ZR R Y K PR TE BT AR e A e JE
TR 8 N K i = A M X 2 AR R X
N 3 HITIE 3 10 A 4500, 45 i b X | &
B W £ 115K 3 000 mmo 3= 5 A B K RITRR IR 1) 55
VIR M TS 25 A, (A5 b DXl Ry v [ T 28 4R fIG
245 JE 1l DX R KO 1 e Sl B b By b R vk R
b B vk % & sh A8 A B ok B 35 1 X
TZXEIE N 25 T L G R A E 0 24
AT W SR E S R UK g AR X

2500
2000

¢ 1500F

]

ZH A%
(@) Rl % BB R MRSt

MBI

S

100

T I — U H R
2 HEFRFESHBEENE

AR C¥EH GEE - & N & ) Sentinel-2 Level-
2ABAEAE R BFTE R B, F IR I K ZEIRE
A 0 VE A D B 5 O S RN A G, TR Ik 2
B HEBRAE AL o % T 0 = ME S AR AN
JE R SCRY TR, U R S2cloudless Bk 244t
(1) [6] 39) 2= 4 B 7 o 1 47 B0 4is F A8 . Sentinel-2
Level-2A %4 by b 36 S 5 % 77 i, 42 8 KRR 4R
SERTE A R 1O IR 2 A A AR i SRR 43
T 52 W, 5 Sentinel-2 Level-1C B KX JZ T J2
5 F 7 A L, Sentinel-2 Level-2A fig 55 i 5 Hy
W 2R 0 R SRR O = 2 I R A AR T
EEAEE/E Y0

7 6 B 5 7R R M X A2 1L R 5 R R X
FR 52 M), 3 B0 X IR K B K, =55 Mk, AR SO
TR ACE S HENE ., Hik &k T
20184F 12 A & 2023 4F 11 A W118] 4 17 437 iE Sen-
tinel-2 Level-2A & &G AR B #4750 Hr o Bl 148
TIah 9 R A R M XA AR 2 = ik 62,
nEFEEPEIHEIOAN MEZ T, 11HAE
WAE2AMNzw® Y, i, AXRETIHE
10 7 1 2= 25 %5 45 B B, 3 JBCakt B (1) 1 4l ) s 35
ﬁﬁ?%ﬁ%ﬁéﬁ%&z?&'% TS T T AR R L IX

GRS S A R R E

[90,100] 260
80,90) =
[70,80)
[60,70)
5 [50.60)
= [40.50)
M 3040) 1200
[20,30)
[10,20)
[0.10) | . -

&ﬁ&&&&&&&@&@
(b) NE A z%@ﬁﬁ}ié}fﬁ

380

/%

MBEUA

Bl 20184F 12 /] & 20234F 11 A M M [X. Sentinel-2 Level-2A T AR50 = 7 581t
Fig. 1 Cloud Cover Statistics of Sentinel-2 Level-2A Satellite Image Data in Southeastern Tibetan Plateau
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YT GEE Bl T 3 S 27 > b PR B ER
], AR SR JH L 1) TR TEOAR i s DX s R A R
T Ok i A, gl 4 i 12 941 A~ X e, R GEE

4545 S2cloudless 5035 Xt 45 5% X B N A9 82 R AT
AR, R BT R AR IR S B R
FART 7000 BUZARNE T 0 BEAEAS, AT AS 2 T —



360 WK AR (F BB R 2026 F2 1
BRI AT MU B9 TC = A = X G AR e B T DU PR R R AR R A 0 B AR R

. R4 HETCAFLE I RICE™  WHUS2-CR™/ |
SENI12MS-CR™/ 45 £ 46 48 | A SOk 2 1Y) B4l 45 40
S T VER X L b e AT 11 2% 4L, ORS T % 41 434
BB B 6 TR T I IR EE T Y = K bR KA
e b= 58 ELAT BB N A

R AR SO R T 5 - 47 2o 6 RS AR B0 46
N 3B B AR AL PR T IE RN (O B S A AR
R R o FLAARCR U (R — Ml DXCHE A 7] B ) o5

BRI R R, AR T 22 B AT i35 2 5
BEA , 24 R T B 7 T A L L 4

RE AR, T 2 A 2 i I 2 16, S 30 = i R 1%
TG 2 X Y A B AR T X R B AR T
15 T AL BE B I S5 A 29 0 5 e ME DL S0t . GAN

- O e SRS

B 1 AR T 1% 07 s AT AT AR A i B4R TT o3 A
VTS BT A IR R N A 0 S

o b — 5 ] AT BCE T A A AR DL B B
AR SCARAR T Z H R A 3 5L RS T — R
AR L AR R A AR 2 PR,
J6, FI T S2cloudless & HUA = & 1 ) = #E R
THER R X BN = A =B 5 E 22 5,
i UG R 3 T = 8 B AR M S B . SR At e
14 70 =~ T B K Y 242 & (cloud-top maximum re-
flectance, CMAX) KR H = J2 1% i R iy SLfE A,
Ho CMAX — Jiit i #  BR e K58 A 8004 o
Bl G s e EAMEE B R AN % B E A
A = 18 AR 58 IS LB B i A

iz
| Sentinel-2 +
b TG A = N
/ Sentinel-2 — BAE W & . 7451
Schoudless ‘ B M) L=
N Se‘iﬂ‘}‘fl'z —r————— - ———— — — — — — — |
s ol — | R gitmg () MHERLA
%= m | | TR : b L] #IER (NI,
| Sentinel-2 +
‘ | R (| iRy |
(O I Sy =1
MES = EAEV
e — BIENEE TS SERME FL9:Sentinel-2F 7 1%
(= | L% | Grms
| Sentinel-2 i
(O PNLTA
[ A=
| Sentinel-2 — s
2 e 5 PAy
ﬁ%‘% ——— | Sentinel-2 |
(e || L -
FEE P
N éé@l ] ﬁ'ﬁﬁﬁiﬁlﬂ?% .

— NZZ ) pAY S il .
EEEH@%K_ 7 Sentinel-2 0 = 14 4 i Sentinel- 24 z §414
Sentinel-2

LT

B2 Bl AR M B IR AR A

Fig. 2 Schematic Diagram of the Overall Technical Process for Dataset Construction

3 mERAE
3 ZEAEESZEREMERE
Zon % T E AW E R WR
TR
I(x,y)=alr(x,y)(1—alx,y))+ Lalx,y)
(1)
K, (2, y) BRI AL E 5T (2, y) s BRI

1Y S 5 5 5 a o i A A 1 R b i R
ARG L ERMAA G ;r(2,y) 5 alx, y)ﬁ’
SRR G R B ZAREE  La(x
T 5 145 5
Hﬂ?zfiimfﬁﬂﬁﬂs@@ﬂjﬁ% J& T AR R
R L, DA e T Al S PR ) 38 9 BN KB DG 58
SRR R B Y B BHE 5 T LA A
MRz, y)=aLr(x, y A& AR E AR

, Y )



%51 &5 2 R,

—FE Tl 2R

A5 A B AHE 58 2 25 B A Y 361

I=(1—a)R+ alL (2)
R0 E G, 7 T0E B i A A

H = g i R E B Z B R R B . AR
W 3 s AT BRI = 2 )5 A6 iR, BE T

T FE =T = B, T I 2T {0 1 28 % A 4%
JCAE AT LAVT LR TA M
I=(1—a,)R+a, (1 —a,)L (3)

K, o Fla 5000 ERF R R 2 EANEE

BEXTASTA) 1 DL AR T = 1 4 J2 I g R B R
PRIXER M LUE SRR R A X — IR, 7EHE
BR3P B TS S 5 BE B AL, (H 5 JEAR SR 25
R TR PR AR SRR S B A SR AR AL

— WL, BARSH I EW T R
I=(1—a)R+al +y (4)

Kb,y R =5 B AME(E .
32 ZERERGE

BEXT I X R = 5 3 2= I A7 1 I kO 5, A S
Wit T —Fh BT Transformer 4584 19 2 iU , 40 14
4R o 5 1% 50 % BBl 2 W 45 (convolutional
neural network, CNN) #f It , Transformer 5¢ 4= %
TR IIOLE, 5E MR 7 sz B BRI, AT A Ak
i i 4 )R {5 B . (HAH & F CNN, Transformer

CEMTHRE T 2 B WAF AT BRI . NI, AR SO
638 3 G 5 g 0 A R EAT T SR AR LE R 4R R
fIE B[] B 3 47 TH4E 5 98 5 AT 55— 4> Transformer
A A (AR LA 1) R Al A5 25 43 301 77 AR s e B
AMEEI N 2 RS B R, 38 456 AR AT IR s
i T G T 9 A 50 DX, 48 5 5 8 i s 55 )
T X G B e L A 4/\Transformer¢
B (A2 BLAR 2) A2 BT 2= 52 A%, 138 2 %5 00 2% 1
Pk R AT BRI 25
0= %
N PN T4

I=(1-0)R+o,L

(1) Rra,(1-a)L

jzgxﬁa%

< HRGHESR

BEREEa,

3 Al Y B IS R AR R
Fig. 3 Simplified Imaging Model of Remote

Sensing Images

'J)\'T{/'f%

735

I
— i

ﬂﬁ%%%@iﬂi
Y

EHE + R R

i | Tn(n=123,4.5) |

l

A RS2

@ S
M) srman (+) swiin

Zifih g UNet FRAEL:H

p— Transformerf# it R
‘ UNet 1Ry PR AIBER LB

K4 = ERBREASE M 7R B
Fig. 4 Schematic Diagram of Cloud Removal Model Structure

AN A SO Transformer BEHHEAT 7L 46 DA
ROMACH 5075 3K o A% 58 Transformer 25 #4) £
a%%ﬁ&iﬂ‘%ﬁﬁﬂﬁfﬁﬁiﬂm&%ﬁ% RSB
AU 2 00—k IR ZE B 5 0 FH 3% 25 1 4 . AR
RN Lk [ AT et %I/\ﬂﬂ&?@
F A5 2 LAVE 1 4 28 50 04 00 R B 3% 0k 5 4 iy

£ R 22 34 I 2 )7 (multi-head mask attention,
MMA)EEE  [6] i, 2 B ik S GE 8 B 5 8,
AR TR HE 10, R FRAEDFEZF 1 3X 3
GRBERAERE, AT AR REGE RS,
MMA # He B8 i 3 i # 2l %0 1 #4735, O S
FIH = HE B0 AR Ry 28 L, BAR BRI AR FiR



362 ROV S X SRR

2026 4£ 2 H

QK"+ M
Jd,
XA ALOMRFEE B Q K, VAt R4
TR) B B R A R B 5 Softmax ()8 £ 15— 1k
B BOR B o AR A TR T Rl R 4
FHF B 1k o5 BUBC(E i 11 5 B30 6 138 9 2k Il s M
AR T AS A FC e, S e T A R B AR O i
(A . RERE TR M BT AR N

O BB XK

N —(a+7y)r, 8= Xk
L, 7 5 o ARRPAMAREEG N7 AR
t=50,Ya# 0, y=1,x2Z27=0. MiFxa+7y
032 188 K, = 55 7 26 B8 s 3R AL A9 R AE I 23 %
WiEl s IR T AR ER TR E MR F RS
AR AR s B oo s BRI 85 TR R

CE BB

Att(Q,K,V )= Softmax( )V (5)

(6)

FRAE o T om0 2, B A rh 5 — WO A= 1A
(CAEREAS DI AR B, Ui M = 0.

TRCHE B SR 3B O TR RARAE 09 T4, (H
el 75 5 Y T T PR X, o U i AS AR B O 3 L A AR
JUMELME S o EFRFIZ )8, A SCHRE T — A i B)
1A S T SR W 2 TR I T A I A
LR AN | NTTB S 2 TN = N o o [ = el ]
PR RE RRE ELE AT IR G R . AT Trans-
former 1 3l 7 H AR PE SR NXN KN 8l
7 DR AT S SR W DN R D —
AN RO 2200, IR I T SR S Y BT A R 28 0T
RATR ;2 A T Py AR 4 T e, T
B RFE ORI, WK 5 R it 2 030
55T MR A A 8 A T o G T A A AR
F 32 A 4 085 TR, TR ATE SRR R DR %
255 5 M X HL R AR TR B .

) N i

BI5 22X 2 B D AT B9 AIASHE 5 S 7 1]
Fig. 5 Schematic Diagram of Weighted Mask Update Under the Condition of 2X 2 Sliding Window

33 ZEBRERRKRIY
AR S R T AR A AN X B A5 2 | 2 4 A B
JEA 2R DL SR N 45 2% 29 B AL i 7, ] T 4R
T A s R e
1) =R R0 6 B 4 2% < 1240 2% ok B A B AN
F ) 25 e (W20 8, A AR 1Y B A AR iU AT e
T LSRR S A R | TR 0 5 0 H AR X )
A I B A R SRR o X B I 2 AT DL A A )
BOHE o A 0 B Ak A B T A B I &2 4 i |
B AR AR N
L(;:—Ei[log(D(f))J (7)
LDZ—E,[log<D(I)>}—E,»[log(l—D(f))}
(8)
T, Lo A B 400 2% R Lo o2 35 031 e 450 2K o
BT 5 153 A% 28 AR R0 10 5% W R 292 1 S 1%
FEMEE 5 E AR T TS TIECE I D)
AvE3 Sl Fir 8
2) 25 ¥ AH AR, B2 5 2K - 45 K AH AL % (structural
similarity, SSIM) 48§ B2 — M T 5 5 &0 1 (1 [
18 T 5 Vs A, SR T S OR A 7 5K S
N A, R NXN B A7 % KO8R R

SSIM 7843 % 18 T EIZR 09 52 B b b B R0 45 4 15
ST DL T i R AR A AR LB . SSIM 2
BRI AT LA R AR R R AE e T I 2 S
NCHLA R R B AT R EE A . A SO E R R
/NR 5X5, [A] B B R 2 AR B PE 55 SSIM, SSIM
PR PR Lsna T AKX N

(2u.py, + ¢ )(20,,+ ¢;)
(gt et ot o)
Ko, 2y 43 5k P K AR FE AR R AE ey
53 00 2 W 5K G R B M 5 07 Loy 3 501 R 7 ke [
BERFEN T 22 50, WP T 22 500000 T3l 40
Bl O R 7

3) BB i A8 K bR B RE A5 A = AR RRAE
Ll X PTG 0 AR AL | B 2 AT 4550 b 41 o) 26 i 1R
MR G o IR R R L 1T 5 A

|g(2.)— ¢z,

L M ERGB A A (BB 2.3.4) LT I B
G (B 5.6.7) L LA P BEA & (B 8. 11
12);2, WA G S A R R s, AR A A
FAFMESLE R ¢, O R BN VGG-19 M 45 1)
= ZRHER R i R convd 45 convs 4BRZE,

Lssw=1 (9)

(10)




%51 &5 2 SAT G —FPIE T R AR I R 2 25 B AR T 363

4) BPUR KB A T A AR A R A AR
JE 5 LA BB G, B 50
L=L;+ Ly+ ALssu (1)
A AR S N, A A= 2.0, ] TF
i 3 b it % e LAY B4

4 3IFELIGIE

75 55 4 i 1Y) R N 25 AU R A R LA
FRW AR 2w 00T B P
REZs W REAR™ S O T PPAl AR SR Hh AR AL A
M FIORE 1 3 T Y R I, 7E DU B AR B X L
V3R M E SR JEEIE T AR o
WA . = J2XEAT WO Y 55 RE O B X —
PEF 7R 38 B h = 2 5 B2 5 T A S X L
FEMG o QR SR U /N B R (B A i R A B =
B AR A R R AR S m i o S Tt A
SO BRI SE EEAT T IS Y R LU S
SR S T B A AT AR RICR

6 7l e T A = 835 5 T SpA-GAN
SCM-CNN HS*P # 8 DL K A S5 36 2647 = Bk
AIRICR | T B 36 2% 42 T 3k e AU 7E 5y 1L X UK T
AT EEE, Hd, SpA-GAN 5 HS?P /E
Sy WL P A B GAN, B A 38 3 3 SR 94 A1 24 465 ok
A5 I G R o A AT 180T, DL R e =
3 T 25 2R 0 2R AF L T SCM-CNIN i A 1
RIZELRARAEE TS IR R R

HRA LB A S R oR, 2 m '/ <20%
B, Jr A 455 70 34 B 5 A b PR A2 M 3R A B . AR,
TE 20 B4 457 5 1, SpA-GAN Fl SCM-CNN £ Al
F I — M, SpA-GAN 7E4b B S 2 DI I 25 7 AF
Pz, SCM-CNN U H Bl = % . M=
i E 20%~30% B, SpA-GAN Fl SCM-CNN Hy
B GB  BA i HS™P 7R ot DX i 4k 52 35020
A A CTTETEM R RHOR ERA . Yok
=300 W, 38 A R 56 15 R AR B R A5 R 1Y B B
PE I BT AT 25 o 1R 34 3 B O ) AR B 1 2R
Hoo A HABRE Y A SOy B B AR B T R
1 MR FRAE , BAE = B 55 5% 4 19 ol OB ™ 2R
DN . AN AR SO R TE w3000 AT
B X AT REA A W 55 B R AESS .

o i — 2L A VP AL AN RSB A 1 8 OF PR
BT 2 ] AR 2 S 1 D TR, AR SR T T 34 4
1% 2% (mean absolute error, MAE) | 4 J7 4R & 2=
(root mean square error, RMSE) | I§ {H {5 M t
(peak signal-tonoise ratio, PSNR) }& SSIM 75 %k

1 .
VAYIY :72|1‘i*xi‘ (12)
m i=1
(13)
n
IHIE\X
Zpssg = 20 X 1g( ) (14)
RMSE

Jo— ‘( 2u, 1, + )20, + ¢2) (15)
(pitpitc)ol +ol+c,)

K, 2, 5 o AR 2 T A5 RS R
R Lo LW RNBRREEKE., Hh MAE
5 RMSE il & F12 R %W K5 % , PSNR 5 SSIM
) 2 4008 BT A

AN [ #5700 ) 4 A i AR 85 SR 36 1 TR, Herp
i Sk ACERAMAL Ty, & Sk ) AR TS A 9 EUE
/NS -, A Sk 1) AR %A B Y B R
RO ERL . K6 5R 1A HL FELE G br b A
SCOT R A s AERE T K /INTT T, SpA-GAN Hi
/N, HRJE SCM-CNN  HSP, 1 A )5 2 B A i
R B AR R ASE 5 TE T+ 58 5 A% B2 O T, AR SO Bk
T 7, B 5 KK J& SpA-GAN, SCM-CNN Fl
HSP., AR XY T SpA-GAN 1R (1) 58 FF 5 2
o B, S SpA-GANBI A T A B N
BUHI H L M PR A 22 7E = i Rl RS 5 K
B EAMEME N T 45 77 B R BN . [F
K, SCM-CNN 7E K4 5t i T [ B AR MRk, mT
AE S 8= J2 LA HE O 2 R AL T R R
HS?P 15 25 85K i (1) 2 B AR SC 07 9% (BBl
I, R e B TR, LA K S B
DI A2 B o 5 I AH B, AR SR B R 3
Transformer &5 ¥ , 558 2 50w i KL (AR BOCR
W, BB T SR PR A I ) A 3 R R e e 1 T 1
o F A Transformer (433 32 1 AL A1 A i
THHT WG A SOy Ik e s A A R A R R
M\ 30 g 3 v 38 28 2k AR 52 1 2 0 Y Hb R R
JC, W T GRS R A
RO T RS

5 & iF

AR SCEE XS 5 I R 2 U A T 1 = 5 LB
L, BT R K 25 )2 A i3 A I 5 R A AR
MGG IR T — ML T IAHE IR A 2= 25 BRAsE L
PRI A2 LAY 2 J2 A i35 B R 5 P MR AU
R, IRt — 2 A O A il ek



364 B K == (R B R3O 2026 42 H
Bowth Tniy SpA-GAN SCM-CNN HS?P ATk
0% < . . . -
20%<Z=E<30% <
ZE>30% <
Bl 6 AR 2= S5 X
Fig. 6 Comparison of Cloud Removal Results of Different Models
F1 AEARBEPERELER
Table 1 Quantitative Results of Indicators for Different Models
foi MAE(y ) RMSE(y ) PSNR(4) SSIM(4) SRRy TR E (v )/GMac
SpA-GANEY! 0.030 6 0.044 7 28.037 5 0.866 7 8 256 360 70.92
SCM-CNNH! 0.105 6 0.1145 22.4716 0.788 2 44 168 052 239.72
HS?PRY 0.028 9 0.041 2 28.357 0 0.876 6 57 408 063 276.50
ARSIk 0.0256 0.035 6 30.1851 0.899 6 61 601 047 7.73
Transformer 5 14 i 22 3 18 2 1AL, JF 456 BRbe AR & AL T 2B A . sesh, By

AU S A 3] 0 4 28 0 1 0 R L AR SO A K
PR TR R AR E 2 5 FIE S M.
T AR R Grad B8 AR SCR 51 AT — B T
B 711 A A SR T S W B DI RO Y 4
T, AU FEE 326 5 44 /N O B 2401 2%

A5 A IR W T AR SO R £
T BE T8 br AL 0 L3 R T, S
T MAE ) 0.025 6 . RMSE 4 0.035 6 . PSNR
30.185 1 F1 SSIM 5 %0 0.899 6 Y i 5 AL o AR
CEHWRES THE MRS ERAER, s % %k

N

ERF RS TR AR I R A R AR T Y
AL AT MRk A F 7T e RO AR S

& % X #
(1] Fpk, Ma A . JE AR 25 R 2 BTS2 B4 e 1 DX ok )

%E&Hxﬁizm. JE st 4, 2019, 33(10) : 1236~
1239.

WANG Zhilin, RAN Yinging. A Cloud Shadow Re-
movel Method for the Extraction of High Mountain
Lake[J]. Beijing Surveying and Mapping, 2019, 33



51 &5 2 1) ROTE . —FEMN TR INE RS

5 25 TR By A0 AU i 2 25 (o A TR 365

[2]

[3]

[4]

[6]

[7]

(9]

(10):1236-1239.

WIWEE , INJT 8L, BB, & TR =5DA
MERST-TT5E A #7558 e J5L 0 11 10 Bt 0 6 73 23 M
(1] RBCR 2224 (R B R L 2025, 50(12) -
2526-2536.

MIAO Shunxia, SUN Kaimin, HU Xiuging, et al.
Capability Analysis of Lake Extent Monitoring in the
Tibetan Plateau from MERSI-II Images of FY-3D
Satellite [ J].
Wuhan University, 2025, 50(12) : 2526-2536.
WO VRER, XBE L AF L MR InSAR TR
WS LR [T]. DUR %% M (5 SRR,
2025, 50(8): 1469-1482.
DAI Keren, XU Qiang, DENG Jin, et al. Review
on Large-Scale Identification of Potential Landslides
with InSAR[J].
of Wuhan University, 2025, 50(8): 1469-1482.
ROSSOW W B, SCHIFFER R A. Advances in

Geomatics and Information Science

Understanding Clouds from ISCCP [J]. Bulletin of

the American Meteorological Society,
(11): 2261-2287.

ZHANG Y C, ROSSOW W B, LACIS A A, et
al. Calculation of Radiative Fluxes from the Surface
to Top of Atmosphere Based on ISCCP and Other
Global Data Sets: Refinements of the Radiative
Transfer Model and the Input Data[J].

1999, 80

Geophysical Research: Atmospheres, 2004, 109
(D19): 2003JD004457.

Wror, B2y, BUSHY . T Tl /) 3 i 38 8
Bl m R 5 EBRT]. B0 2 4 (5 AR
), 2007, 32(1): 71-74.

CHEN Fen, YAN Dongmei, ZHAO Zhongming.
Haze Detection and Removal in Remote Sensing
Images Based on Undecimated Wavelet Transform
[J]. Geomatics and Information Science of Wuhan
University, 2007, 32(1): 71-74.

BUME, SULERR, R . A8 N R I 4 R AR
B AR W = KRR FLT]. ek B R 5 4R,
2009, 11(3): 305-311.

HE Hui, PENG Wanglu, KUANG Jinyu. Thin
Cloud Cover Removed from High-Resolution Remote
Sensing Images Based on the Adaptive Filtering and
Gray-Scale Transformation[J]. Journal of Geo-Infor-
mation Science, 2009, 11(3): 305-311.
ZHU X L, GAO F, LIU D S, et al.

Neighborhood Similar Pixel Interpolator Approach for

A Modified

Removing Thick Clouds in Landsat Images [J].
IEEE Geoscience and Remote Sensing Letters, 2012,
9(3): 521-525.

WARSE, i, MR, AF L T OB BRI

Geomatics and Information Science of

Journal of

[11]

[12]

[13]

[14]

[15]

[16]

R = 2 BR 1T, ARt R~ 2 4 (A SRR 2
Ji2),2006,42(1) : 42-46.

XIE Huamei, LI Rongyan, TIAN Yanqin, et al.
The Removing Clouds Method Based on Large Re-
mote Sensing Image[J]. Journal of Beijing Normal
University ( Natural Sc'ience) 2006,42(1) :42-46.
HEEI, INEWE, R, . LT T™ B4
z%ﬁfﬁﬁ‘]jﬁﬁéqmﬁ%tbiﬁch] [ 4 % R 8
2005,17(2) :16-19.

DONG Yanfang, SUN Guoqing, PANG Yong, et
al. A Comparitive Study of Some Atmospheric Cor-
rection Methods[J]. Remote Sensing for Land & Re-
sources, 2005, 17(2): 16-19.

XU M, DENG F R, JIA S, et al. Attention Mecha-
nism-Based Generative Adversarial Networks for Cloud
Removal in Landsat Images[J]. Remote Sensing of En-
vironment, 2022, 271: 112902.

SRR, WA E . MBI T EREsBE
H TR 2 W 2% [T]. I 2 3 B 45 B, 2024, 49(2) :
81-86.

ZHANG Yushu, DAI Peiyu. Cloud Removal of Satel-
lite Image Using Edge-Guided Convolutional Neural
Network [ J]. Jowrnal of Geomatics, 2024,49(2) :
81-86.

MA DY, WUR Z, XIAO D S, et al.
moval from Satellite Images Using a Deep Learning
Model with the Cloud-Matting Method [J]. Remote
Sensing, 2023, 15(4): 904.

WURZ, LIUG X, LVIJC, etal

Cloud Re-

An Innovative
Approach for Effective Removal of Thin Clouds in
Optical Images Using Convolutional Matting Model
[J]. Remote Sensing, 2023, 15(8): 2119.

R, G, BRI, A — R T I
ALK AR AWy ik (7] BBOR 2 i (R R
M), 2025, 50(1): 110-119.

CUI Peng, DAI Peiyu, LI Shizhong, JI Shunping,
et al. A Cloud Detection Method with Domain Adap-
tation Enhanced Generalization Capability [J]. Geo-
matics and Information Science of Wuhan Universi-
ty, 2025, 50(1): 110-119.

MG, SRR, LR, 5. “EE‘JJ‘I‘I?kiK””'“ﬂCE"JW
TR S WAL, Hh E B =B BT, 2019, 34
(11): 1313-1321.

CUI Peng, GUO Xiaojun, JIANG Tianhai, et al.
Disaster Effect Induced by Asian Water Tower
Change and Mitigation Strategies [J]. Bulletin of
Chinese Academy of Sciences, 2019, 34(11): 1313~
1321.

SKAKUN S, WEVERS J, BROCKMANN C, et
al. Cloud Mask Intercomparison eXercise (CMIX) :



366

DR 2 R (R

ISR Y

2026 4£ 2 H

[18]

[21]

[22]

[23]

An Evaluation of Cloud Masking Algorithms for
Landsat 8 and Sentinel-2[J]. Remote Sensing of En-
vironment, 2022, 274: 112990.

YANG K, WU H, QIN J, et al. Recent Climate
Changes over the Tibetan Plateau and Their Impacts
on Energy and Water Cycle: A Review[J]. Global
and Planetary Change, 2014, 112: 79-91.

XA, sk, KR, 4L KGR SAR Al A
SAR ) I B8 DK 1] 8l 285 A48 1 B U A= 8 35 9 s
(3]0 BB 4l (5 BRE R L 2019, 44(7) -
980-995.

LIU Guoxiang, ZHANG Bo, ZHANG Rui, et al.
Monitoring Dynamics of Hailuogou Glacier and the
Secondary Landslide Disasters Based on Combina-
tion of Satellite SAR and Ground-Based SAR[J].
Geomatics and Information Science of Wuhan Uni-
versity, 2019, 44(7): 980-995.

MAUSSION F, SCHERER D, MOLG T, et al.
Precipitation Seasonality and Variability over the Ti-
betan Plateau as Resolved by the High Asia Reanaly-
sis [J]. Jowrnal of Climate, 2014, 27 (5) : 1910~
1927.

FESE, MIICPC, ARR0, A5 R IBT L DX ORI v R
KON 4 - A5 F 5 (). 3324z, 2015, 70(9)
1415-1422.

DU Jiankuo, HE Yuanging, LI Shuang, et al.
Mass Balance of a Typical Monsoonal Temperate
Glacier in Hengduan Mountains Region [J]. Acta
Geographica Sinica, 2015, 70(9): 1415-1422.
XU, W ZE, ST 4k, 45 B A k) gn B
G AN BRARLT ] B4R, 2015, 70(1): 3-16.
LIU Shiyin, YAO Xiaojun, GUO Wangin, et al.
The Contemporary Glaciers in China Based on the
Second Chinese Glacier Inventory [J]. Acta Geo-
graphica Sinica, 2015, 70(1) : 3-16.

ZHOU X, LIN D Y, LIU J Y. RICE: A Dataset
and Baseline for Cloud Removal in Remote Sensing

Images [J]. Journal of Combinatorial Mathematics

[24]

[25]

[26]

[29]

[30]

and Combinatorial Computing, 2024, 120:107-124.
LIJ, WU Z C, HU Z W, et al. Deep Learning
Based Thin Cloud Removal Fusing Vegetation Red
Edge and Short Wave Infrared Spectral Information
for Sentinel-2A  Imagery [J].
2021, 13(1): 157,

EBEL P, XU Y J, SCHMITT M, et al
SEN12MS-CR-TS: A Remote-Sensing Data Set for
Multimodal Multitemporal Cloud Removal[J]. IEEE

Remote Sensing,

Transactions on Geoscience and Remote Sensing,
2022, 60: 5222414.

LONG CJ, LI X H, JING Y H, et al. Bishift Net-
works for Thick Cloud Removal with Multitemporal
Remote Sensing Images [J]. International Journal
of Intelligent Systems, 2023, 2023(1): ¢9953198.
LIJ, WUZC, HUZ W, etal. Thin Cloud Removal
in Optical Remote Sensing Images Based on Genera-
tive Adversarial Networks and Physical Model of
Cloud Distortion[ J]. ISPRS Journal of Photogramme-
try and Remote Sensing, 2020, 166: 373-389.
WANG Z, BOVIK A C, SHEIKH H R, et al. Image
Quality Assessment: From Error Visibility to Struc-
tural Similarity [J]. IEEE Transactions on Image
Processing, 2004, 13(4): 600-612.

CHENY Y, CAIZC, YUANIJY, etal. A Novel
Dense-Attention Network for Thick Cloud Removal
by Reconstructing Semantic Information [J]. IEEE
Journal of Selected Topics in Applied Earth Obser-
vations and Remote Sensing, 2023, 16: 2339-2351.
EMAMI H, ALIABADI M M, DONG M, et al.
SPA-GAN: Spatial Attention GAN for Image -to-
Image Translation[J]. IEEE Transactions on Multi-
media, 2021, 23: 391-401.

LIY S, WEIF Y, ZHANG Y J, etal. HS’P: Hierar-
chical Spectral and Structure-Preserving Fusion Net-
work for Multimodal Remote Sensing Image Cloud
and Shadow Removal[J]. Information Fusion, 2023,
94 215-228.



