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Refined segmentation method based on U-ASPP-Net for Arctic
independent sea ice

ZHENG Fu-Qiang'?, KUANG Ding-Bo’, HU Yong”™, GONG Cai-Lan’,
HUANG Shuo®, LILan"?, HE Zhi-Jie'?
(1. University of Chinese Academy of Sciences, Beijing 100049 China;

2. Key Laboratory of Infrared System Detection and Imaging Technology, Shanghai Institute of Technical Physics,
Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: Based on the characteristics of the FY-3 MERSI II images, an algorithm of independent sea ice segmentation
based on U-ASPP-Net is proposed. The algorithm introduces the Atrous Spatial Pyramid Pooling module and Atrous
Depthwise Separable Convolution on the basis of U - Net to develop a new independent sea ice segmentation network
U-ASPP-Net. Meanwhile, FDWloss is used as the loss function at the back end of the network. Finally, the overlap
elimination strategy is used to generate the final independent sea ice segmentation map. In order to verify the accuracy
and effectiveness of U-ASPP-Net, U-Net, Deeplab v3+ and partition gradient difference and bimodal threshold segmen-
tation method are selected as control methods for experiments. The experimental results show that the independent sea-
ice fine segmentation method based on U-ASPP-NET is superior to the other methods in the four indexes of OA, Kappa
coefficient, IOU, Dice coefficient. It has a strong ability to extract details and edges, and has a high degree of reduc-
tion to tiny sea ice. In addition, this algorithm can solve the problem of thin cloud interference that cannot be solved
when extracting independent sea ice based on medium-resolution remote sensing images to a certain extent. It still has a
good ability to extract sea ice under thin clouds and can provide more accurate technical support for the dynamic plan-
ning of the Arctic route.

Key words: arctic route, FY-3 satellite, independent sea ice, U-ASPP-Net, refined segmentation
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pendent sea ice distribution under thin cloud disturbance
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Schematic diagram of overlapping edge elimination
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Table 5 Comparison of independent sea ice segmenta-
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Table 6 Comparison of accuracies for segmentation of independent sea ice with different methods

W R Kappa 10U Dice 2%
U-ASPP-Net 93. 61% 0.74 0. 66 0.78
U-Net 91.20% 0. 68 0.58 0.73
DeeplabV3+ 90. 65% 0.59 0. 48 0. 65
3 DX B 2 4 5 0L [ {153 1 86. 07% 0.40 0.31 0. 47
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Fig. 9
methods (a) Images to be segmented, (b) manually interpret-
ed images, (c) U-ASPP-Net, (d)U-Net, (e)Deeplab v3+, (f)

partition gradient difference and bimodal threshold segmenta-

Independent sea ice segmentation results by different

tion algorithm

AU 3 55 v X 0 ST v v A T PG A R A
B KRR ARG 53 X B 22 53 55 R0 [ 1 431
TRAEFR B v i i A2 rh 75 28 S e A0 Bl M A AL, T3
BRI EUE AL, FLAE X = N vk 2 A
AN Tl 37 Vg UK B B AR W o e A T A X
SR VNS A R S VA% & o T E ¥ SR
UK W/ INUK B S VKK TR A A3 VK DR, 4T3 4R &5 3135
75380 ) (R, DT AN 25 52 Ml T T 388 1 7 9 K X
By ST IR UK o BT RPN [, AR SCHR 1 T U-
ASPP-Net X 2= I il 37 15 vK P2 BURE J7 5 X 7K X

1) 50 B g 71, I 5 43 X8 BE 25 43 55 0L [0 4 43 5
7 . U-Net Fl Deeplab v3+XF Lt , R 50 45 5 & 40 & 10
Fiios o B 10 24 5 4 A0 ST g vk oA 5t A 247
BRI hy i = 90T B ph Sr e vk oA, Ja 247 R
Sy R e B 7 W VA7 & o TS S R S 3
R LR B AT 0 DO BE 22 43 5 0L [ {3 %))
5, U-ASPP-Net . Deeplab v3+ ,U-Net = Fp 3L F IR
2 NRIEA R R TERRBUH = TGk R ) L ik
JE NG WE S O ST K A e ) b R e R L
HAAT 5, U-ASPP-Net X} # = T 48 T 19 20 7. 1 vk
FEARTE AR A3 2 40 75 R 2 e D1 3L T U-Net Al
Deeplab v3+; T X5 A 8 UK K /N K VKK TR S
3 UK X 43 5, #H L U-Net Fl1 Deeplab v3+, U-
ASPP-Net 75 #ERH U S PO 7 3 DK AU RS2 T, SEH
VKX B LR 43 ST K B R B 2 5
IS AE BSR4 IGIE T U-ASPP—Net 751 57 1 vk 42 Bk
R AF BB TP BE 7 A5 B vk XY

PR3
He o

5 NI T ,’,.I:
(a) (b) (© (d) (e) ®
E10 Pz KT BE 5T e () R/ BIURAR 7T AL
B, (b) AN T fift ¥ B AE K, (c) U-ASPP-Net, (d) U-Net, (e)
Deeplab v3+, () 73 XA B 2 435 R0 [ {1 53 1k

Fig. 10 Comparison of ability to resist interference of thin

cloud and sea ice (a) Images to be segmented, (b) Manually
interpreted images, (¢) U-ASPP-Net, (d) U-Net, (e) Deeplab
v3+, (f) partition gradient difference and bimodal threshold

segmentation algorithm
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