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ResMobileNet: Primary-secondary Residual Dual-branch Network for Cloud and Cloud
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Abstract: Cloud and cloud shadow segmentation is a key task in remote sensing image processing, where traditional deep
learning methods often encounter problems such as missed detection, error detection, and loss of detail. To address these
challenges, this study proposes a dual-branch architecture combining ResNet34 and MobileNetV3. First, MobileNetV3 is
used as the secondary residual branch for preliminary feature extraction, aiming to reduce computational burden and
parameter count when processing simple features. The preliminary features are then passed into the primary residual

branch, ResNet34, for deep feature extraction. To avoid the information loss caused by max pooling operations, a multi-
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scale strip convolutional pooling module (MS-SCPM) is designed, which extracts features through various pooling and
strip convolution methods to preserve important details. To fuse multi-scale information and effectively detect small
targets, an attention-based dynamic pyramid multi-scale feature extraction module (ADPMFEM) is introduced, which
flexibly captures key features while suppressing redundant information. The decoder uses a content-aware reassembly of
features with attention (CWA) module, which optimizes the upsampling process through feature map weighting to
improve edge recovery and enhance segmentation accuracy. Finally, deformable convolutions are introduced before pixel
classification to further optimize the segmentation results. Experimental results show that the proposed model performs
excellently on the Biome 8, HRC-WHU, and SPARCS datasets, with the mean intersection over union (MIoU) reaching
79.19%, 90.41%, and 77.89%, respectively, outperforming existing methods. This achievement can be applied to image

analysis of clouds and cloud shadows in remote sensing domains, including environmental monitoring, disaster

assessment, and agricultural surveillance, improving data processing accuracy and efficiency

Key words: semantic segmentation; remote sensing; cloud detection; feature fusion; deep learning; ResNet
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14 EBENES & FIEL REFFERZBIEIR ADPMFEM
NTIES MR RGP IR S M= 2 R E
ERSE B, ASCRNIRGT T PSPNet! 1 & Bt Ak,
R, AR PG I A R 353t A RS 5] DK /)N (1 X 3kt
b 1x1. 2x2, 3x3, 6x6) RFIKL NERE L. R

System Construction &4t 1% 67
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M, [ 30 A ROBE A7 A6 T R 3 S04l 1515 B & R 1 1]
SIS (3715 Sl TP MR 252 2 01 ] NIl = B VA (LK A 45
AU & RIE M. RE B & N A& M B e
3, AH A ROBE J8 AT TR 00 [ 5 1, ME URR 48 B
PR B REE B B 7S R, X AT RE 3 RS S A 3R A 2 B
TUR. EFREX — Bk, AR T 2 & T IS RHIE SR H
it (dynamic pyramid feature extraction module,
DPFEM). iZ P57 1 % G i [ 2 AL R, T2 AR
5 N RE A P 20 25 Tt A ROBE, T 2R, 3% 3 2 AN [
AN N5 RN, AR IR E 2 G MEE R 3h&
T A ROBE B A T LI 5.

JOBETI ) 2%

Convl1x]

Sigmoid

v ¥
chrh

K5 ahdseTIRIERIEL (DPFEM)
5B ER 1 i B il AL R AR s Rt A R

MR NAERST N, 1 it f = R B 4, B

AR TR A 8, NG R PR 2L
DHSEE X 46T (B, €, H, Wy 36 BRI,
C HItHL, H NFREE, W T e, B 2B A
AR BE R/, EUHRISRE — A R T 0 44 S B, 1%
4 A SR A Sigmoid BT B LR, HEA
o0 2% 40 NS E RO C, 2t 1 AN BRBUR N 2,
3L 55 2 B RUR I A A £, 15 B R TR 4%
O LA P, SRR (B, i, H, W), B e it
FH Sigmoid ¥ B 20T 24N RO I FIAE, A =R

s5; = a(Convix (Convix (X)) X M (12)
Hdr, aRIR Sigmoid WE AL, s; R 50 i RE
BTN, M5B 1 VR AL R~ BTl
A5 IR 2 A TN F i P R ST 3E—25 2 SR 5 BT

68 R4 ¥ System Construction

BIVEELN, M2 1, 35— R U BL F AR R
s; = max(N, min(M,s;)) (13)
Soh, SRBL AR S, BHRIEN, M2 1. 8
R, BATR A AT T 4 A F R,
A SCHER & A B SR IUBEHE (DPFEM) [ %
fit b, 3 RE& 7 DeepLabv3+!" e iy (538 B 4% 6] 4>
FHEIAL (ASPP) Hib, LU 2RI 2 B0 4 B CR.
ST AR A5 B 4058 R 95X B, 1T ASPP e
PO A T B B R 2 KR B S 8
it 45 ¢ DPFEM T G RV 6, 8 1 1R (T 523
{1 R BRI B, BTSN CBAM 2k 5 7714
e 2 o A R SR, A T 9 B A
CBAM MO v 2 /7 BRI S5SN8 25 A0 2
T I 9 T R4 2T S,
7, HE— R TR R . (2P IV R R, B
Bl 05 T ME B R B T SRR IR, 01, 2% 030 SR,
R 5 T AL RE R 50 SR, W TR 4 B
R EB A TS E RSB ) 1
GEHIE 6 .

% ]
e
ASPP

BT
RFAE S UL B >

i { F13E Rt Jo\__DPFEM

DWC(inv 1x1

N AvgPool
2 R
=1 2 DWConv1x1

m «— T<— Sigmoid «— (A

|} DWConvix1

ﬁ o

6 ERNBETIE L REFHEIRIUE R (ADPMFEM)
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i H AR SN A

ZEE s T WnfiE i 456 DPFEM #ik. ASPP
BT CBAM VERE S, T a— N 3 KRR B2 HL
REZE. X P25 G I VEAMER T T BB J5) 5 R AE 1) B
JRIE, B3GR T XA R R S ER AR, A B AR b
PR G 1 S M Z AR REAE I BRI, Bl 6% 52 I 5k
(13 F 1 RE.

1.5 FEFERMELHER CWA

TE R M BT S, RIS 28 75T
FRAE R R 2 5 R 4k GO TR 9 43 75 26, FERG =1 4y
PR RRAE U A 3 AT . 8 LA SRR T A W
AN AE AN B AR WM (A B AR T B, (e AR
AR R MBCE, XS 5H R0
(30 A AR, S = A E AN, IF Bl T HEH 1

FRZE SR, A DLE N = M 5 B2k IR e db. 36 B

LA AL T —Ff 5 3&E B R TTEE, RE SRR 5 e
255 5% 21 LRFF I 250 260, (0 I N
R 3G BRI [ 48 SOPR A i, 5 R 340 T
{61 ) 25 0 AR .

TR IX B PR, AR SCHR T R R IR
M (content-aware reassembly of features with
attention, CWA), {1 7.

- f BWCom)_, (BWCom) _, (BWCom) _, £
"U3s 33 33
h v
o =/
o
hx2 X hx2|
) ]

=

Q:JD :

wx2 WXt
- y .
DWConv DWConv
. _.
hx2
wx2 |
v
DWConv3x3
DWConv3x3
'

w ¢

B 7 R B E A (CWA)

CARAFEP R O 34 7E T 0 28 IR A b RRE e
71, ‘BB A B AE B A E SRR S E SRR R, B R

IR EE R . N T e s AEA R
210 SR BT 55, CARAFE HE W T8 A Hh (R B5 Al
P G A ) B SRR AE, T A f] Bt 2R AT A AR S AF,
CWA HE = e — 24T T FRFE R & 2L
il BE % 5 2R 0 I VR UG ) B Xk, 9 =
RN BRI, AT $2 TH AR 2R B A 1t R B 2%, i
FERFIE B R R 00 BRI, CWA SEIL [ SRS 4
FRARFE B 4H, 1O T 52 4 R 2 (== i 3A S A 52
FIAH5) JG E ﬁ%*%%%é&@jitﬂl%ﬁ%ﬂ{%%
T, B R E R T R L

CWA b RBFREER T Sl i H2 03 A2 il 1%
ﬁﬁ:ﬁ v 8 TR A L [, X e PR TR SRR
ST IIRLAC L. (B NRHIE X 4EREN (B, C,
H, W), Jorft B AR/, C @iEs, H NafE, w
N, FHE 2 I R R IR AR B E

@ = DWConvsy3(DWConvix3(DWConvixi(X))) (14)

MBI E o WA (B, Cxscale factor xscale
factor, H, W), SR 5 B E ¥ N (B, C, Hxscale factor,
Wxscale factor) VA& N _F RAEHEAE. HAdr, scale factor
TR -, AR E N 2. B G i N R AE B AT
BHER RSB FRFEREE X, 855 ERFERE
fiE B X7 AL o 34T 0 2 O R T, 43 B AR 3 ) 14
TEEIX"

B

X' =X'sw & ° (15)

%ﬁ%%jﬁ‘@ﬁ‘] HHIAE T B 3 A = 1] )
SR I HAARFAE B X717 A0 B 2, AT RE B T 4T
AL FE 2 A 2500 FUMESS TR A0S . TA SR SRR ALE.
ARy i 1 o DO R E R, A B T R e
I3 25 R R 2, R 0l 2 A Ak B 53 R 3 SR R ALURFAIE
I B3 0 X7 N O N R P, LA TR AE
B, B S PINRE R S SR EM—A Sigmoid
O R AL
att = DWConvzx3(X")
att = DWConvsxs(att) (16)
X" = a(att) x X"
Forr, aee 37 T () HARFAE 1. I Ry 2 L et
SERRRFAE R RIE . AR T B M) ST
B AR RIE 5 B 55 T B, RIRAR & 1R 2 B
RE, JLIH R AE A BRI A (0 = A = 5 T4 e FEARAE I
BABZ RS el R E ] 7y B AT
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B E 2
X' = DWConvsy3(X"")
X? = DWConvsyz(X") (17)
X3 =GELU(X?)
Hrh, GELU R R BE R B, X" RLX? 2R 84 H R AE
B, X3 3o fe 2 AR 1.
1.6 AELHER
HT =M= # 0d SRR A HE AR, =
AR . KRGS AR 2 FEAL, 15 404 AR i 8]
) B 52 BT S B BOURRAIE, A 1 X LA 7 5 A 1 0K S 5T 24 1)
5 R T AT AR T A A I 2 S B A RS R
AL Ar BRI TR, BT DATE L B 7 3 6 A 10 00 )
AT, MTTTE AL BEAS 5] 2 2 (1) 2 b B 5 e ) RGP
B 8 BoR T BB AR ER I REE

(b) AT BTEAER e =

s WEERMAEREEE
ST R R i T 20, A K

* B

W e K
Y(pd) = Y wie X(po + pi) (18)
k=1

Horb, y(po) =2 % HARFAE EIEAL B po A AR, X 2% N\ FF
TEE, wi BRI B p eI, pr 2 B FIZ AR
kAL BN R, K s BRUAZ 1R R/, AT 1t AT
B AERAE BRI SN T 38 & A,
AR

K
¥(po) = ZWk-X(po+pk+Ak) (19)
k=1

b, Al AL B AR AT 2 W2 .

70 &7 ¥ System Construction

FEIL, BATRR B 55 4 7T AR T B BB A B R D
RZHL MAFEZEER T ERE D, X RERE TR
T BRI AL SR ICECR AN B, BRI =, £ 5
R v, RFAE P 38 TE KO RS 0K, B B AT AR T
B2 BEW I FAE. MR, ERFAERL G AN _ERAE
J A R R R P v G b, BT AR TS AT
RE % 18 DRARFAE (10 25 A1 S A, I BEA AR T SRR
UeAh, 2ol 2 RRHIERL & A EREE S, FHEEIERE T
PRI LR, AR Bl if’}%%%%ﬁ, RES
E*%Yﬁiﬂib%?i%%%!@%%ﬁ, %ﬁé R EE S, 2
T%ﬁ%ﬁ%%iiﬁaﬁ, WETHEGR I IRAIL, THILMLAE R
75N E’J%%ﬁ?ﬁl% RHE L E R S RSN R

DRREIRRA, DR T AREALE AL B A RGP AN T B B Y

LG ECE, B 77w RO T R R

2 SR EE RS
2.1 HIEE
2.1.1 Biome 8 i #iE

Biome 8 $#E4EPH TIE 4> BB, 415 96 A
1y BRI\ T2 B 0 T B SR (GT), T 11 AMHE
&G BB UL S, SR A 32 A B
B RNE WS, WYL, BRI 5 KEE. B
GPU P77 PR A5, AT 2 0 I PR (% 5 S 3
256256 142 1, FEm i (O % 2 AK A
S AR 1 PR, SRR T 012 3 R P T 5256
o $RUCECRAR AL R, AR T ARAR .

, i@*@&%ﬁ%

= =
i i .
T
BRE | PR
(b) AR (d) T
19 Biome 8 £#i 4R A M4k R
2.1.2 HRC-WHU #i#ii 4
N T EAERG VRSB R M R, A SCRA T Li D0
B% ) HRC-WHU (high-resolution cloud coverage
validation) £t 45 4E. 1ZHIE LB E 150 5K 1280%x720 43
PRI R PR B IR EMR, R 4. S M 3 MIETE,
RO T . K T, YOBIAESE 2 Rl %

(a) it (c) it (e) 7KIZ,
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i H AR SN A

Yyse, RGN NZRTE K, Bk BUE BTN 256%256 14
7, BRI, AR T 9148 sKIEHME. KB kit
UG, BATTXS B 4R AT 4T L AR 3 I B S 3 5
AR, DA m i Bz A R . B R AR T =
(A1) 515 (BH) 0K, IHEH LELX
BOAETTVE, B VTS B — SR AT AT B B 10 BOR T
iﬂz?&%ﬁ’ﬂm{ﬂﬁ BT NERE, 5 2 17 i

W BRE
o 1A

(a) VDU (b) FHitb (c) dkili (d) AR (e) /KiK.
5110 HRC-WHU Hfia S i it il
213 SPARCS ¥dffE « y !

{411 SPARCS Bl g A v 1 2 e
SR AE. SPARCS #3E 42414 80 1§ 1000x1000
BEN PR REG, Eii 2 MR IR
SIS — B, AT BURE TN 256%256 15 %, it
HyEson (BAEEE. KPR AIBENUIESS) 2R 1280
gk MG, B 1% 8:2 ttﬁJi’JﬁﬁUlléﬁ%%ﬂ%E% £
Tl M, FHL, KBk, HE. WDEEY R, i

BAFER . m% FOK. KA 5 2K, AT FoE
A SIS AE VP A BV RE, & 11 B TR, BdE
AR5 A R P AR 26

c,, ,é‘_

(a) Tih

(b) IJJiL Loy "J/ﬁ
Bl 11 SPARCS #¥i 4 n A Ak 15
2.2 MBI E
221 Tk

SZIG R AE R % RTX 4070Ti Super GPU ) £ 45 b
¥ H PyTorch HEAL AT 1. AHE 5K H T BEALERFE R
K (SGD) AL, I s BB E T 0.9 K REL, B

(d) Bl ()W (D HE

SIS AR E NG R R ZRh, AR TR %2
K (Poly LR) K&, ¥IUh2: 313 (LR) BN 0.001, i 5
WCE N 2. BAEBILEAT 1 300 ISR .

T AP A, RAENGEEFIINT
L2 WAL HR, M RCE i R BN 0.01, XA
BT 5] SR =2 5] 5 Nz AL REIE R R BN 25 )E
1025 > 5 (LR) $8 LR SEIRMUAR L 17 42

LR:0.00IX(I—%) (20)

Horp, ERRINGEIARIT 5, v 2. X Fh 5 2] 238 ik
TEWS A BT 75 U 2] BA PRI e 8, 7E VI 25 i 3 e ot
A2 ) kR AL B A S 4, u&“f%ﬁﬁ’]%
222 VHNFERR

9 T L T Tl A ST VA R 2 4 BT 5 v
Ve, 3% F T 5 R UL A2 A TT VA AT, G S
(P GBI (R) FI 58 (BF)s (RENE (PA). F
PR FHREBE (MPA) “FIIZEHE (MIoU) FIAR 2 ANAL
LHALE (FWIoU). EPEMfabr it A F:

TP
P=—" 1)
TP+FP
TP
. 22)
TP+FN
PxR
BF =2x -2 (23)
P+R
TP+TN
PA = (24)
TP+FP+FN+TN
N
1 TP
MPA = — ___V#% 25
NZ: TP,‘+ 1 ( )
5 i
. N
| TP,
= - - 2
\ \A“AZ N;:TP+FP+FN (26)
; N
TP, +FN; TP
FWIoU= )" A x i
LiTPYTN+FP+FN  TPi+FP+FN
(27)

Horh, BRG] (TP) RoR TNy 2 BB 5 HL 32 Fr o 2= 5L
B 52 1018 R 50 BRIE] (FP) £~ = 8L 8, (2
SEPRA R = BUR R R =2 B (TN) o Bl A
T 5t B SEbR N1 S B R R (FN) R sihbs i
REARE, AR N SR R . TP, FP; Fl
FN; 573N E i 800 (= R4 R RG], R
IEGIFUER G4, N Rm 5 5 .
223 BRI

AR SL S 3o R H IR A K BR U A8 S AR R eR A
MNTFZARAB (s = BRELRANN5E),
A X R R ) A N
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V= _%Zj\il cczlyi"'log (piw) (28)

Hrp, NREBEGRIGE BB, CREMPEE, yi s
I™ME RN B, BT R A 1, EUR 0. pie
FE i ME R BT 58 M T 2R .

I SRR SR AL R A R FRAR R ) 43 2 ) R,
"B I A T () SR R R A SRR (A 2 S
KIEN £ 5 RAT 4. 456 Softmax JIE A HL, 2 X Hfe
8 R A TR D R R A O S RO I, I ELAE I
Tk AR I A N A S R A AR IR ) TR RS . AE
BB BTSSR, 28 SIS0 K R BCE Bh T s a2k
(AR PE, AR5 1) A2 70 A B 5T % () SR R T Jd it A
2 SRS A5 2% 2R B0 5 Biome 8 BUHE 45, 75 31 (45 2k i
SHH £ an & 12(a) A1 (b) AT, 23 B ISR At 45 2%

WSt Sl 5. 33 B R 5k i 2%, T LA BB A I

Sk AR R H T 00 S5 B e SIS 45 2 T4 1 L
015 o A R, AT IE R s TR E, i R R B
ZoAE R 2B GREA L ST T 47 2

1.0 F
09
0.8
0.7 +
0.6
0.5
04 |
03

Train loss

0 50 100 150 200 250 300
Epoch
(a) Train loss

0.8 r

Test loss

0.6

04

0 50 100 150 200 250 300
Epoch
(b) Test loss

Bl 12 JI1Z5 Biome 8 FU4E 443 2 45 e St 28
224 HRLELE

(1) BT P9 285 1) 7 ik ST

4% ResNet34 1 3 ST & T 9 28 T A 1B #
ResNet18. ResNet50. ResNetl01 i ResNet152 [
A 7E T ResNet34 TEARAY PR FEFITHE AL B 5 fit 17—
MEFE BRI ITE, B ResNet18 IH E L2, iX

72 R4i# ¥ System Construction

ERE R 2% o) B NS AR B B R AL, R0 RE B R
5. A, 5 A ResNet50. ResNet101 £l ResNetl152
FHLL, ResNet34 (ST /b, i@ HFH R W E, & & 1E
TR Z PR 1B 0 S, 0 R BE RE I8 BB UF MR, A
it PEVHFETH B TR, SIS 25 R SR 3, DL ResNet18
BT MRS S H > (38.4M), (HEL MIoU T fE A
77.52%, F& FT A i I SR 1, R BHE X TR B A= 15>
EMESTREA S A 2. ML Z R, LL ResNet34 NHE T
W 2% AR = (1) S 80 (45.1M) SE3 T 5/ ) MIoU fE
(79.19%), fi 18 S B B 4 1) P BRI R S0 R 11 S48 LA
ResNets0 3 7 - 2 B R PEREIE I (79.49%), 1H %
e §6.6M},ﬂﬁ‘éé‘:‘@ﬁ§%ﬁ‘ﬁ+ﬁﬁizli. HIRE
ff] ResNet101 A1 ResNetl152 HARFH G | ez =) #4544
ORI, (EL75 S bRk Al L 40 K A2 FF, 201 ResNet101 )
MIoU A 76.84%, ResNet152 ] MIoU A 78.54%, [Flf}
EMMESEE (5908 82.2M 1 94.2M) th & 2 181
THHHERIFEFR. K, ResNet34 fEHERE . BRIRIHFE
JE R 2 ARt T A AT o R, O A
[ 7R E ResNet B ip AR AL 3 8, 3% 3 W R 45
VET AN R,
3 E AR B A (R T 2% T Rl SR B

VRS ZHE (M) MioU (%)
ResMobileNet (ResNet18) 38.4 77.52
* ResMobileNet (ResNet34) 45.1 79.19
ResMobileNet (ResNet50) 66.6 \ 79.49
ResMobileNet (ResNet101) 82?2 ' 76.84
ResMobileNet (ResNetl52) & 942 78.54

(mﬁﬁﬁﬁmﬁ@i%

FRATEYE A R AR ResNet34 {E RS HERR, It
it =A™ fa7 B () SRR RR, W e — 2 R RS
H5Hi— ZWREE AT IHE, RAF EEX—dE, B
SR IR BRI RST. B, FRAT1Z K 52 tH B
IR ep | B0 IE AR MR ALY [ m 474, 1 13
JRILT I8 I 5 0 1 AR R an e 32 A 4 T 4 E ) ORI R
YILLFERE. SEIR 45 RN 4 fo, EEMH MIoU {EA
VAN T b, T 07 b S5 HH A BT A R P AR 2 A M
IR TR AR,

B ResNet34 [ 4K Fil MS-SCPM R >k #%
RIF I RMALZ, 3 H 5N 2 R G ERAE, 180
TSR R BERFAE B ECRE 77, DUER. & M= e R
FIEAARA. SRR B A 208D T A A 2 X 45k
HIT4E, 1 MIoU $27+ % 74.76%. MobileNetV3 7 #F)
FHIRBE ] 73 B & R AT squeeze-and-excitation (SE) FHHR,
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WD TR E R S T RRESRERE D), fF MIoU $ MU, PEA0 G A B, LA A BRI 5 4 i = A
1.08%. ADPMFEM #EHuid it 2 7 Tl b A R, R AT SRR H, MIoU ik 79.05%. &5, B 5
i3k REE(S A, tb ASPP 1 PPM BRI T 44, MIoU B — BB RGN, &N AN = A5, MIoU
Tt 1.09%. CWA 8T 28R A FRFEF N B =) FTHE 79.19%.

SR i &ith) T3 T4 i sl Sk 179 (Axiiﬂf\%t) R

13 Biome 8 {44 L AR Rl S 36 73 311 45 SRxt EL \ ¢
. >
R4 BPXROR A RIS R AV R S B BEAT XS L. PSPN~et BRI AP N E N A D EEISH

- i MioU %) DeepLabva-+fif fil ASPP HilJeit (F454F fh 2; BiSeNet
Ei; R+M§_SCPM 72.4771:1‘-502T),_ V2 JALT SR BRI CGNet S 1 3051 6L
i3 R-+MS-SCPM+SC 7476 @2or)  DURTHAEIRLE Lite-HRNet IREF 1 & 20 HER AL,
4 R+M+SC+MS-SCPM 75:84 (1.081) T Transformer 1 PVT F1 CvT 4554582 A1 Transformer
TS R-+M-+SC+MS-SCPM-+PPM 76.21 (434 DBNet S it 00 B AL A3 TH RS

A6 R+M{rsc+MS-scP1\91+ASPP 76.39

ff Biome 8 ¥4 & Bt it T 4 LL 256, vFA AN )
BERAE 22 2= 524 BT 55 TR IR I, A ORIE SR 50 (1 2%
WA, BT S5 28038 % B O BRME. S8 45 R BoR,
ARLTTFAE DKM AN = 5 IS 7
RS, B R AR T A XS U AL (40 FCN. PSPNet,

7 R+M-+SC+MS-SCPM+ADPMFEM 76.93 (1.091)

11418 R+M-+SC+MS-SCPM+ADPMFEM+CWA  79.05 (2.121)

— R+M+SC+MS-SCPM+ 7919 0.141)
ADPMFEM+CWA+DC

VE: R: ResNet34; SC: %5 F; M: MobileNetV3; DC: i A5 51

2.3 S5EMERITELSLIRER S
2.3.1 1t Biome 8 F(#£E L HIXS L 2s ot
AT U A LT (W PSPNet. DeepLabv3+.

BiSeNet V2 %5). % 5 F1% 6 il 7 S AIEREE (P).
HEE (R). F1 4330 (BF) St LRI AT
HH PR A5 TR A T AT 4% R I 5 jﬁ%ﬁf%uf%ﬁﬁ‘]

BiSeNet V2. CGNet. Lite-HRNet. PVT. CvT. DBNet) %%Eﬁﬁj\%ﬂfrﬂiﬂﬁ'mﬁtiﬂﬁ%iﬁﬁ .
%5 AR Biome 8 $ii4E b i) % K BV TEHR LB (%) «

Method Cloud Thincloud | Cloud shadow
P R BF P R BF P R BF
FCNY! 77.64 80.97 78.82 51.66 « 50.61 50.42 70.73 44.04 53.21
PSPNet!'? 85.19 85.56 85.27 62.42 65.59 63.76 78.18 64.53 70.42
ABCNet™ 85.85 86.57 86.03 62.40 65.66 63.67 78.93 67.72 72.50
BiSeNet V2"’ 89.58 ' 8564 = 8745 63.57 71.70 67.10 83.80 68.63 75.08
CGNet™ '\ 88424 © 8957 88.91 69.20 69.51 69.20 78.86 75.24 76.78
LinkNet*” L 9303 87.49 90.08 67.10 78.34 72.02 86.84 7277 78.91
ExtremeC3Net™””! 93.17 88.65 90.74 71.57 72.69 71.84 79.68 77.10 78.11
cMTH! 90.04 93.24 91.54 74.73 70.34 7215 83.56 76.19 79.40
Lite-HRNet*” 90.78 91.53 91.08 73.67 74.58 73.93 83.33 75.67 79.10
A%-FPN™! 92.12 90.17 91.07 71.68 75.52 73.27 83.68 78.34 80.68
DeepLaby3+!'" 92.18 92.09 92.08 7435 76.29 75.09 84.89 78.02 81.06
pvT!" 93.48 91.39 92.36 74.75 78.70 76.46 85.55 78.40 81.60
CMTFNet!* 91.48 93.15 9221 77.19 77.65 77.13 86.71 80.28 83.16
ENet™*! 93.20 92.92 93.01 75.67 79.64 77.38 86.31 80.82 83.30
Swin-Unet'*”) 93.60 92.36 92.89 78.61 77.65 77.93 84.79 81.71 83.09
DBNet™" 94.37 91.51 92.82 74.64 82.60 78.16 87.57 79.72 83.21
Ours 95.69 94.56 95.08 81.27 84.47 82.65 89.07 83.35 85.96
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%6 ANFEBILE Biome 8 FIEAE LI
SRS 8B LEEE (%)

Method P BF R MPA  FWIloU MIoU

FCN 68.60 6720 67.73 6247 52.09 47.84
PSPNet 7726 7683 7686 73.78 6330  60.29
ABCNet 7777 7722 7719 7465 63.83  61.13

BiSeNet V2 80.40 79.49 7931 7687 66.84  64.25
CGNet 81.26 81.09 81.15 79.05 69.01 66.43
LinkNet 83.60 82.69 8246 8053 7124 68.94
ExtremeC3Net 83.25 82.81 82.76 81.01 71.50  68.95
CMT 83.88 83.58 83.72 8145 72.61  70.07
Lite-HRNet 84.14 8390 8396 81.68 7298  70.43
A™FPN 8427 83.85 83.77 8222 7291 70.71
DeepLabv3+  85.09 84.82 8483 8299 7434 72.07

PVT 85.78 8541 8536 83.66 7518 7298
CMTFNet 86.29 8598 8599 8435 76.03 74.07
ENet 86.54 86.24 8620 8476 7642 7442
Swin-Unet 86.74 86.54 86.57 8496 76.85 7475
DBNet 87.09 86.56 86.43 8505 76.90. 74.87

Ours 89.46 89.20 89.18 87.84 80.99 79.19

——
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#7 ANFEBRE HRC-WHU 4l 4 L1
RVl T RR EEAR (%)
Method P MPA R BF  MioU
FCN 89.33 8897 89.14 89.16  79.97
PVT 91.60 9132 9148 9149  83.90
CMT 91.97 9171 9186  91.87 8455
BiSeNet V2 9225 9215 9198 9201  84.84
ExtremeC3Net ~ 92.54 9221 9246 9246 8558
CGNet 9272 9241 9265 9265 8591
ABCNet 93.45 9333 9336 9337 8722
LinkNet 93.68 9347 9361  93.62  87.65
Lite-HRNet 9428 9407 9424 9401  88.77
A’-FPN 9441 9424 9436 9424  89.02
PSPNet 94.58 9445  OMS3\ 9440  89.33
CMTENet 94.68  94.57. 9& © 9410 89.51
DBNet 94.71 | 9457 «94.66 9428  89.58
DecpLaby3+ 4.74 09460 9469 9409  89.63
ENet 94.82 . 94.65 9479 9449  89.79
\Ours 95.05 9487  95.01  94.89  90.41
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IPERE, BATIE SPARCS H#H4E L kA7 5E Lh S5, 45 3
CEAER 8. RIGR Y], ASTERAE MIoU. P. MPA.
R BF il FWIoU %5 2/~ ke br bk 2 T ssifd, 7
N 77.89%. 90.22%. 89.94%. 90.10%. 89.34% Al

81.57%. IX LS8 48 JAIE B 1 A SCRE B o 1) 2 OB 4%
W BRI LB R (MS-SCPM). EE WS & 7L
B HFAE SR B . (ADPMFEEM) BA K 33 75 74 i I R
AR (CWA) TERHIESR BRI Rl 77 TH ¥ R I

* 8 AFMIAE SPARCS FHi 4 b1 &8 VPAli FE AR LR (%)

Class Precision Overall Result

Method
Cloud Shadow Snow/Ice Water Land P MPA R BF FWwiloU MloU
FCN 81.14 71.95 80.76 67.82 82.76 79.88 72.74 79.67 79.31 66.85 61.08
ABCNet 88.60 73.55 86.42 86.85 87.04 84.27 76.44 84.12 83.99 73.20 68.01
CMT 87.31 81.03 79.30 81.39 84.69 84.78 78.16 84.74 84.33 73.71 68.57
PSPNet 85.92 78.22 84.36 79.05 88.02 85.12 79.42 85.24 85.00 7470 70.00
BiSeNet V2 87.30 78.50 86.91 82.34 88.35 85.92 79.32 85.91 "§2,73 o 7573 70.89
ExtremeC3Net 85.05 79.35 82.23 80.14 90.11 86.20 80. .86.23 86.09 76.24 70.97
CGNet 86.12 78.26 84.32 79.70 91.30 86.65 \ wl %62 86.54 76.92 71.29
LinkNet 89.05 76.19 82.04 82.45 89.12 \85.93 ~ 80.34 85.79 85.73 75.70 71.36
PVT 87.30 81.10 83.09 83.06 89.13 _ 86.78 81.77 86.80 86.62 77.01 72.65
A’FPN 88.03 79.13 87.29 £ 8220 9051 87.09 81.79 87.06 86.98 77.57 73.15
Lite-HRNet 88.34 80.62 W\ 86.08 " 86.80 90.64 87.66 81.32 87.68 87.55 78.46 73.51
DeepLabv3+ 89.13 80.05 "%.20  85.24 91.04 87.90 82.20 87.85 87.78 78.80 74.31
DBNet 87.94 »\ 8‘2': ' 85.98 85.19 91.17 88.28 83.39 88.32 88.18 79.44 75.21
ENet '\88.\99 82.65 85.63 86.15 92.50 88.44 83.64 88.45 88.36 79.69 75.31
CMTFNet 89.52 82.29 87.95 86.91 92.55 89.31 83.70 89.28 89.22 81.04 76.41
Ours 89.73 83.29 88.00 86.80 92.30 90.22 83.94 90.10 89.34 81.57 77.89
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