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% Deep Learning
* Zi-Yuan 3
¥ Deep Convolutional Neural Network (DCNN)
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' Cloud and Cloud Shadow

¥ Advanced Very High Resolution Radiometer

¥ International Satellite Cloud Climatology Project
¥ Gaofen-1
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' Weighted Cross Entropy

¥ Single Scene

¥ Multi-Temporal Scenes

¥ Moderate Resolution Imaging Spectroradiometer

(MODIS)
® Landsat

* Sentinel-2
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¥'Max Pooling
* Average Pooling
* Min Pooling

Do

S0 Slelbl (59ld | wdigo — pole oy ks

11299 yliwoj @ o lg> 6 lost @ pides Jlw

2l e adlioe (359 U s XY slal b 2l S
$2)lke gl (o faie (g0l Sl alpe oyl
e GHlsglS (ras sloaSid s Loy ads
Sz Gkl il 5 Lol S (Sadgme b alilis
kel Lol Sadgme JSie 0,5 s
Wl oo BT aBl Sz6S oy iy polie a5 plaasi
oolie a8 widl o 3t ley Lol S lxisl Siie
¢ Xavier Glorot sl yog, 098 ol S5 s
B 09 &lp easasls by, 9o Kaiming He
YAl axsl oo rogdgilS coae sloaSls 4y ay|
Lol .aSlosls &l )l cleiSs g Jloyi slo Joe g, 90 yo
asls ey & pb b a5 Jl,s Kaiming He 3,
50 &8s slasog,g slass 3l eslatwl Lo 4y el o
» Shomle by (oiy 4l polie e

TEVT asl oo (iisglggils crae sloasis

bl (Cadled) jlu e ali oLl ~¥-1-Y"
508 Cedlad b b 5 Ol b b L a5 Tl Jlad 5
2 kel Cend S s 0pde aslis
slasl plo ailen lglsgils cuae glaasil
&b oS o JIE eolatul oy50 (egias oeae
ot Jgonn (glagls cme slaaSes o sl
Wi ot e g9 5l 5 Wgd oo pleil> o ld |
S 53,5 Jld et b Jlab anliy Lo lad o5 [¥Y]
4 0,0 oage 4 prae AL o | Y e 0 959
9 0S5 0 09> (8 Y 5l 1) gegy8 S O)le
WS e i polae Suc 93 | Al
Sl 0909l qmae a1 (g5l yo ‘J“"
ReLU)* a3 gonds 5uSy aly ol b Lo b sl

' Vanishing Gradient
¥ Exploding Gradient
¥ he_norm

¥ Activation Function
® Transfer Function

* Rectified Linear Unit


http://dx.doi.org/10.52547/jgit.8.4.45
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.4.3.9
https://jgit.kntu.ac.ir/article-1-736-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-05-25 ]

[ DOR: 20.1001.1.20089635.1399.8.4.3.9 ]

[ DOI: 10.52547/jgit.8.4.45 ]

> oL Ld ) g sdgaulo Ui gy s> (5380

slocend plo 5l asl zals slol b w le o
9 09dish drmslome (002 yolie g WS g0 spue 4y

39959 oyl

Sl

o | |w

NN (N
o|junn|o|s
N|Oo|(H |

Aot Sy owrb

Bgas 4Y) LSS 5 6 0505 w18 ol gty
IS8 50 ancin by, 0 olal (el 5l eslanl b (154
5 Casbye (JSB ol @ azgi b ceul ok il (1)

9 A)BMLSA o)_._‘>.> .bLu‘ u,...mlf )l B w )JOLQA

o|w|Oo

N|O|Oo|o
o|Oo|x|O
o|o|O|O

10

o g5kl

“
(7
ET

%

s
<
~

10| ...| |

[PA] diciin gy 49 olal ilS oguid 31 ooliiwl b S LESAS g (5,lA50F il 81 JSi

&=y sy, -Y-¥

(G slaghy, om e S8 (i oS byo
sy azye lagty, Sl Gl el e
ey 90 el oolerig Py b (e asllla
g ) Lol b g bl (3le ISC5T (61, 4t iy
o s S5 G, 5l wilosle V-5 o lsale
sl sl Sny Gl by, 5 [VF]
Irsl ¥ aslionis

b S 59 cus 5 g, —)-V-¥

S pasis glel oy, So e Shy oS 5 b,
roba Sl eyl als 5 byl gl Kol jslaiea
O bl o ey ol el V=355 o leale
ik S Shy gl p ganaakd ol alislos
S5ty s S (o8 Joo V(3956 0 lgale pgas
Sl 5l oolial byl o5l 8T b ogug

' Multi-Feature Combined
¥ Multi-Scale Convolutional Feature Fusion
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Abstract

The reconstruction of the information contaminated by cloud and cloud shadow is an important step in pre-
processing of high-resolution satellite images. The cloud and cloud shadow automatic segmentation could be
the first step in the process of reconstructing the information contaminated by cloud and cloud shadow. This
stage is a remarkable challenge due to the relatively inefficient performance of the current methods in complex
scenes in multispectral high-resolution satellite images. In recent years, using deep convolutional neural
networks has largely improved the performance of cloud and cloud shadow segmentation. Increasing the
generalization capability of cloud and cloud shadow segmentation is one of the problems of deep convolutional
neural networks. In this paper, we focus on tackling the poor generalization performance of automatic cloud
and cloud shadow segmentation in Gaofen-1 (GF-1) images. In this regard, we propose a deep learning multi-
scale method, founded on multi-dimension filters, for accurate segmentation of cloud/cloud shadow in single
date GF-1 images which is based on a new multi-scale deep residual-convolutional neural network called
MultiCloud-Net. The cloud/cloud shadow masks are extracted based on a new loss function to generate the
final cloud/cloud shadow masks. The MultiCloud-Net was implemented in the Google Colab and was validated
using 12 globally distributed GF-1 images. The quantitative assessments of test images show that the average
F1 score, the average Jaccard Similarity Index (JSI), and the Kappa coefficient for cloud (cloud shadow)
segmentation are about 97 (95.5), 96 (94.5), and 0.98, respectively. The experimental results using the GF-1
images demonstrate a more reasonable accuracy and efficient computational cost achievement of the proposed
method compared to the automatic cloud/cloud shadow segmentation performance of two advanced deep

learning and statistical methods.

Key words: Gaofen-1; cloud; cloud shadow; deep learning; multi-scale convolution.
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