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Remote Sensing Image Segmentation of Around Plateau Lakes
Based on Multi-Attention Fusion
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(1. College of Mechanical and Electrical Engineering , Kunming University of Science and Technology, Kunming , Yunnan 650500, China;
2. School of Land and Resources Engineering , Kunming University of Science and Technology , Kunming, Yunnan 650500, China)

Abstract: Land category monitoring in lake region around plateau provides decision-making basis for lake ecological
protection and land resource planning. Aiming at the problem of low segmentation accuracy caused by scattered distribu-
tion and uneven scale of rivers, buildings and vegetation in remote sensing images of this region, a remote sensing semantic
segmentation network integrating category and multi-scale attention is designed. The network adopts encoding-decoding
end-to-end structure and constructs class and multi-scale attention modules based on depth residual neural network. Catego-
ry attention makes a preliminary classification and spatial information filtering for the network feature layer, which is bene-
ficial for the network to pay attention to category information and reduce pixel classification error; multi-scale attention
combines mixed domain attention with multi-scale features, establishes context connection for different scale features, and
improves the inherent segmentation and elimination problem of scattered small-scale targets. Experiments are performed on
the semantic segmentation data set of remote sensing images around Dianchi Lake, and the test accuracy of the attention fu-
sion semantic segmentation network designed in this paper reaches 77.4% and 86.3% under the average intersection ratio
and average pixel accuracy index, respectively. From the overall segmentation effect, the fusion category and multi-scale at-
tention segmentation network solve the segmentation and elimination problem of scattered small-scale target areas to a cer-
tain extent, and provide an effective basis for accurate monitoring and scientific planning of lakes around plateau.
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JE 3 PR R AR AR S R B AR A R AR R T L (H
WA & ZIUARME R, RN A YRR £ 4
BRI B B M T RS o E P RE , 3 R FOR T
[% . MobileNetV 3" Ay b Ak o 45 B58L , G 4 rp i ol
HFLOPs) 85 SRR, 26 S5 2 A 25 FLOPs (1)
— e D] I A P R R EL T IR A R R
AR IEARE T8 AU EE , PR o RS BN
3.2.4 AEMLEXTLL LI

h U UE A ] 9 4% 5 SDL B d 5 b 6 43 B35 8, R
SCRF LG 7 R S EI 26 256 4 IR T, SR 45 A an
F SR . A3 7 £ A AR ) S 55 PR AT I 2
FNE, 32 5 X6 T 45 I 28 5780 1) mIoU Il mPA H5 BE |
FLOPs MR A] , DL K 452 ToU 45 51, Ik 58 26 7 B

T SCRRAE A T R R e S B e AL 70 2 5 R
£S5 SHMEREOM LIRS

s

W45 | mloUss | mPA/% | 258 ToUs% M Al b L NIl A FLOPY/G ‘Iﬂ‘:'JiI\]Hﬂ‘
ToU/% ToU/% ToU/% ToU/% ToU/% [f]/ms

PSPNet 73.2 79.5 70.4 54.4 79.5 58.9 84.0 56.2 687 187.5
SegNet 70.5 80.4 72.9 56.3 81.4 65.5 85.1 50.6 510 196.8
U-Net 73.5 85.0 74.4 70.5 83.7 66.1 85.7 60.7 957 203.1
DeeplabV3+ 73.8 84.0 76.3 70.6 81.1 68.8 86.9 59.3 658 206.3
CCNet 75.2 84.8 76.9 72.6 84.1 71.2 86.2 60.5 874 200.0
ResNet50+PSA | 75.6 86.0 76.5 72.0 84.1 70.3 87.5 63.6 466 225.0
FCMANet 774 86.3 71.7 73.9 85.9 71.9 88.8 65.3 1179 196.8

AT Fofr I 28 (1% 3 RIA 25 SR 6 AT R, U-Net , Dee-
plabV3+, PSPNet il SegNet £l J& T 2 i i fith 45 #4) o 4%
HARK A ATER J1HLE . HH DeeplabV3+#1 PSPNet 43
)3 A 4 S R A N A T 3 T A ROk A I R I 22

RERHIEAS B, U-Net T3 3 @il & & 02 FRE S 1
SCIR AR X SR B R R SUE B IR mIoU &R
1E 73% 747 . 1 Resnet50+PSA F1 CCNet #5381 5 AJE
Jey &8 A T AR 2% 4 SR i SUAE S, mloU M 3k 3



892 H, T

EE 2023 4

75% A7 . FCMANet W 45 il 5 R A 380 B 2 RO
TR 1R SO B OCIE FE a A 2 S A
IR RIS, & mloU ik 5] 77.4%.

NS4 EDRS BRI, 5190 ToU 7E 80% LA I, 431
K BE SR . T T B AR A B B AR RRAE 5
T R g B AR, 5 35000 DS B AE A 2 P e I, O
H FCMANet 3 28 5| A 20 1 35 B He ok i 2 3 25 1%
25, DT fef A5 T0] 7 b R 1 43 B0 RS R s JE b A 280 SRy I
Th. AR M S A M bl TS R 2 FHUN s B H bR
R 22 55 KA A5 43 B0k B 38, 9L 1k 4y 0KS B2 A
TR

PRI SRR b a5 T ) 4% A A R A
4l £ T 19 FLOPs ke i 5 ) 24 31 550 2 4= &, FCMANet
hFRlAZ RIEAES T, ENE SR L,
SRR A S T R IR R £ . FEHERRE ) L BIAH
1 7 71 ) Resnet50+PSA il CCNet 7 4 # isf [] |- F FC-
MANet % ] J5) 58 1 A 1 2 J1 55 A, FCMANet # b+
PSPNet i1 T 1 B A2 ROBEAR S, 5 250 2% 4k H )
AR

B 7 JBR T 7 Ff 0 45 455 80 7 I3k 45 1 i) 40 81 4
S PRI 6 Bl A 37 50 i I IA ) A b A L R A T 4
B, Her N ZE 245 23 e 5t 1 81 6. X EE VA 4318
J, PSPNet, U-Net 1 Segnet H B T A [/) 15 1 A4 4 152

=41
=

-
\ N
R

FCM ANet

CCNet

Deeplabv3+

ResNet+PSA

PSPNet

U-Net

Segnet

7
°\ '
-

N O, TRV 431 AR A 30 2 58 30t L B8 . Deep-
labV3+R FH 25 1l 45 B 5 S8z 7, 40 8 T I 28 4R B 4>
SR B RE T, BEAR TR K 432512 2% . Resnet50+PSA
M CCNet3fl i A E R ik 2 RE S B2 T B
FUBE AN I8y [m) fa5E, 5 80K 43 #) H / H AR X 38 . FCMANet
KU HE | S W15 R 26, b/ 28R
2, HZ RO & T+ TR0 22 ROE B AR 1) 43 5
REJ1 . fEYs L RGN BbRid £, Bis
FEH, FCMANet A1 b HAth 9 25, 45 504 B T Z BRI
REE BRI 5B . 7E 5 3 4 o FCMANet X H
PrEe Bl SRR AL B s i . st o th R
Hbr/h H %5, 305 B bn i 550 BB v o %1,
FCMANet 73 IR R R I R 47, A A #E A 4% 4 F1 3 5
I RE
3.2.5 ISPRS Vaihingen #{#E&5L1%

B 3IF FCMANet 75 Hofth 38 B 1% 123 il 0 1
e TR 32 AL BE 7 , %6 ] ISPRS Vaihingen 54 5 #E 47
BERIPEBEIGUE . Vaihingen BUHE 45— A $5 16 7K A FriE
EUE AL & ANE KT SR AR MR, R T
SRS I BAE SE A AE S AN i [l R . AR IR S50
s 4 I UG R A 1 EME DD 43 B 250%250 #E4 7)1 25
FUA , U R4 5 0 U4 LU oA 42 1, 78 DU R 9 25 |43
SEAT AN, YR AS A7 5E Y58 . DU 25 78
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/
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K7 N[ 4 SDLEUE A i 2 HIRCR
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ISPRS Vaihingen Z44E I (5045 426 6 Frs | 5P
S EIRCR AN 8 TR . MSEI 25 ST LIAS ), FCMANet
AHA Aty — AR AR B 28 A B i FLE R e 0
TG00 REHEAT HER 1Y 535, B0 1iE T FCMANet 85 78 %t 3
b Hb dof e SRS AR AL AT R 2 Ak

#6 SHMERMMLIRESR

48] 245 A5 25 mloU/% mPA/% DU 5] /ms
SegNet 61.28 73.10 42.25
CCNet 68.56 81.50 78.57

ResNet+PSA 68.04 79.90 57.14

FCMANet 70.76 82.08 71.43

FCMANet

8 Vaihingen ZU4E4E [ 53 FI45 R

3.2.6 WHDLD #3E&5218

WHDLD" 2 J&:—A> 243 38 JiHE o BIBE4E | 1%
B M AT A 4 950 3K 256x256 A bR T L , 451
T HRER M A A KRR B S K EI )
A SCRENLZE B 20% EIEAE IR , B 254 5
R4 1 B AT S, AR YR SE IR XF BE T D e A 7Y
B o B 45 5, 28 7 S DU FP AR AL #F WHDLD %048 4 |1
WK B2, FCMANet #9230 #1280 R an 181 9 firos . T
WHDLD £ 4i 48 K5 73 FF 2R 301K 3 B A2 BF 3R U
SR % AR 1 A /N B AR o3 R A DR DA A gy
B R T R DX 5 b B g3 B SR B A ) X3
Pt BE R BT . SIS R R B, FCMANet 1) 76
A L mloU 1 mPA 43514 62.4% F174.38% , 5 H:
il = ASBARUAR L, FCMA ] 1 205 i 2 RO
1, RefE—E R LS R E B R |
P IROBE A 347 ] 80, PR okt 2 D) 286 A58 80 5L A T 4 1) 4 )
e

#£7 WHDLD #iEEXIELER

o) 245 A5 A mloU/% mPA/% DU 6] /ms
SegNet 58.98 71.27 41.50
CCNet 61.65 73.30 66.80

ResNet+PSA 60.05 71.75 61.74

FCMANet 62.40 7438 73.87

- PR

i WREL W% A% EFE WK
[¥19 WHDLD %4l by BIZ5 5

£
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ASCHEST T SDLER S IR T RE& 2601 5 2
FRUBE T T 7 08 Loy B 2% . H i 28 51 e R AR i 2o
23 () VR R RS B g s M O R E R,
it T S SR ARURRAIE 2 ) £ S ASMYY )T, DA TTT PR ARG T
BEFR S HNRZE B SR R B, T AR S
2 B2 REE R, TR EIR B TR 7340, M4
2RI & E W A0S RS AN T 5 B MR 2R IE
A5 S R PR SR DR IR 20 T AR ik A B
GRIZRHAE LASR OCE RS 0 A AL 20 B AL E . Z R
J& 3 R a5 A B A () RUBERRAE 2, 4 T I 288 %
AR RUEE B ARBY 73 HI6E 1, Horh N0 18 B RIR A T =
T3 A FRAE RUBE 19 2 1] A 8 {5 28 S B SOk
F 383 ] AR 2 RUBE VE B 0 817 J5 R A AR ) e P51
B RS2 360 P, T B RE R S 2 I R T A
BRI [F] RUBE H R AR RS B

MG HEN AR, 22 N R 0 A XA ] RUBE A
it S bR SCfF BRI 2 H1 5 T g i
i 7 Y RORE AN A 2 ) s DI, ] e 2853103
BTG S IER 328 ST IR (HER
JERESR IS T2 ) 456 FBUN K S Bt Ok, SR
WIGRas 5 A 2R gEIR . B, ARl R 7% 18
IO P B ] B AT RO TE R IR, DA KRR £ RUZ R AE
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