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Abstract

Aiming at the rich details and simple semantics of road information in high-resolution remote sens-
ing images, a high-resolution remote sensing image road extraction model based on improved En-
coder-Decoder network is designed. The residual module is introduced in the encoding area to ex-
tract image feature information. The introduction of dilated convolution module in the central area
of the network further expands the receptive field of identifying the characteristic pixel informa-
tion of the road, and ensures that the resolution of the characteristic map and the spatial informa-
tion of the pixel remain unchanged, which enhances the detail extracting ability of the network.
Finally, the Sigmoid function is used to classify the feature map. Through the comparison test of
the experimental verification set, the overall accuracy, recall rate and F1-score index of the road
extraction method based on the improved encoding-decoding network proposed in this paper
reached 91%, 58%, and 71% respectively. Comparing to the U-Net model, there is a significant
improvement.

Keywords

VHR Image, Road Extraction, Deep Learning, Encoder-Decoder Network, Dilated Convolution

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5l

AE I TE B AR B DL AR T R B R G R — AN AR D TR, XTI H ALy b3
SRR EA AR BN E L N A IR IGE BE B — EARAZ 1E B N AU 1T 5T
Ji T, Bl 0 R S AR R B ST AN I S AN S, i el R P R a3 e AR SE AL i
TE RS S BB DR 1 2 B R e — o BT AR T8, IR R I B 4
W7, Al AFETARIT2] (3] (4] ZETHRXFR5] [6] [7]. HET R [8] [9]="KK[10].

B o T SRR 1 PR BRI AR, PR AR ST AN LR Re U ) — NI L ), 158 1l
IR &, TFUE WAR 2 AR GERL A8 2 21 7 v i th, 22 2328111 [12] BB 5 IR A B bRl [13]
(14155 THEN AL USRI H EOR B9 71 SAME . R BE S IR Re 8 S a6 BUR R MR R B2, B2
PEEU SE SO S, X5 B e BUR AR AE SR O T B A B % . Mnih V [15]8 TR 315N
P RE G E B SN TE, 4R T — PR EE T 32 BRI UR 22 8 WL S 0 HEEE A0 S AR BB B SR T VR . Xl
G814 A G ) e 4R R AE IR BE i 22 N 265 R B2 A5 2., 4 tH — P T~ A 5 AR 22 I 246 [ T8 B S U7 V2,
ECUF R SREL T B B, ARLE R A AL R I R O R A 1) 7R B S SR A SR . ST S (91 R A
T #2535 1) U-net 508, 485 1 1B BE AW R BORE B, (B2 32 BN SR 2 IR E I R o
IR TR A I o IR A BR SR IUTVE e R b R i (R B IR EE R CR, (R AEIZ AL
ReJ) EAThRR s — P R

AR FE T 203 Encoder-Decoder W28 58S, W] DASEIE R0, B BEAG IR ISR IR BE SR L, RAME
G iE s E R T TH AN A o 7E Encoder-Decoder W45 4 2R IF At b, 4 HH 22 21 5% 22 ARCHR e 285 T R (1R
FERRZE M GI Nt 2, FHAEM O XM IR GIRE, 85 DURSINER S A U B E,

ik

DOI: 10.12677/aam.2021.101031 275 IR Esid


https://doi.org/10.12677/aam.2021.101031
http://creativecommons.org/licenses/by/4.0/

FHiE 2

FEIRA ST ARSI 28 ZE R RO o ASCRITER TR R 46 & A B BB p SR IO 3, T DAAE D/
L P70 R A R 1) R A B8 AR P20 PRI R RFAIE, 3RAS R A IR TE B SRR

2. BRI

RIS 5 N RIS K BRSNS, A2 GBI N2 b i e R R e 78, JF BLaT DU R IEHR R
SREREEN, B RE BRI Mg ZBMANZ . BEUE . R, e REE e
BRZ WL EEEE R WEREGEUR B RUZ « WA . B0 oR AL 190 2% 5 A0 o A 4
BRI ML, ERTA BRI R A AT, AR ORI A BE R IR R — BOR N 45
R

FERTBHI L ML R — R P S ANB RIS A — AR, ACERR, HAERZ R A BG
() HRRFAE, 8N BZ 12 0T PR IBGA R R SRR B AIa SR 4R B s DU B R )
WS BIRHE R AR . AT IR

X! =f{ 3 x- ~w;.+bj} M
X i WERATEL j BRI, [ 9 NERRZEEE, M OVARREE, w NiZEERAE, b
NZIZ B I, f%s REEOE BRI, T AU b2 A5 JE S AR 31 10 17 FLARR A 0 A e 1 S DA 1 52
TR 5 XOR S5 AEZ 11 R H 11 5% 2] g

LA 0 RRE B 2 BORTAL E RN, 8 X N IR REAE ] Ak T S By s L g — 20 1 B 4
JE4g, X — RN AEFRAERAE B N R R . A TR AN 2% 1) 2 SCAE T8 ] DU S UL S IR
[FJ IS 47 R DX 28 B PR RS2 B, O B AN REAE T 1) H FRARRAE R AT 5%t AR RS i N AE B R o At Ty 20
W N ORI AP S A B AT, AR S R A Ry B AL T, i R AR ER /N
FIFAE I S OEE o AR, AT DU PR e Sad B, A AT PLER IR
X! = max {Xf;im’j_ﬁn} )

»J m>0,s>n

W s RORMABARR IR T RN m A Rk T DK

AN EH 5 FRUZ A AR JE A S PR DX 28 A5 T AN A JE 2R M AR 1 T TR DI SR AR B A T . i e dX — [
B, TR R AN R R R, B OIS R A B R B S Sigmoid PR%L. Tanh
PR, ReLU BRI ELU B8, ASCIREL ReLU bR EE N s 5L AT LRR N:

/(x) = max(x,0) 3)
AR K o638 XfE(binary cross entropy, BCE)[R] DICE (dice coefficient) 45 & HI45 2% B £ A A AT
PARIR N
W H
BCELoss(P,GT) = —ZZ[gtij ‘log, p; + (1 - gt; ) -log, (1 -y )J 4)
i=1 j=1
N
> |PIGT|
Dice(P,GT)=(1+w)—-——— 6))
>rl+or]
N
Loss = Dice(P,GT;)+ Y BCELoss(P,GT,) (6)
i=1

DOI: 10.12677/aam.2021.101031 276 IR Esid


https://doi.org/10.12677/aam.2021.101031

FHiR 45

A PR HIN A GT Fm BB EIR: N Rt BN w Al H 535 3R BRI 56 FE A L
gt Kon GT HAA KB I —MERE; p Zon TG PG ERE: o FaBUE, BUETEREE 0.5 2] 1,

2.1, BRERIR

Encoder-Decoder ¥ 2% H [ 4 i isk #2 SEBR A2 4 A #% X N 5215 3T 2 I IMB AL B E IR il /2, &
Ik SR AR AE P PR TE B AR A 25 DA 4 1) 5 AT TR A Ak . A X4 R RFREIR BER IR, 3
BIANE JZ R PVRAEAS B o SRR B X 28 I S5 bl T 70 R AN T T B2 7™ A 0 T VY 2K B o R R M ) I
IR JZ P28 TCAR AU S o Wi A A WAL AT 42 W S5 16T o) M 255 BE AR 1) 10X 245 T 3 30410 o 2% 1 AR AL 1]
|, R T R ZE M 4% ResNet (Residual neural network), 1R &7 F 03t 73 21| R 28 R 1 SIS AR, FR4E i 7Y
WCSIT B FE RN A] o FRZEFREA I 1 PR — AR PSRRI R A, B F(x) M x, F(x)
AR RNUE AR, x B NIEEMSS /352, B “$E42” (short connection) o £ BEAE7E I AL & MY B 1) Bk
ZEY— BN, 2428 x BERARIRIE, BT 7 R4S F (x) RICTTIE AT 2 OB iH RS SRR LR
)RS <

X

Weight 1aye1\
x
relu '

/Identity

F(x) |Weight layer

Fx) +x relu

Figure 1. Residual block structure
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Figure 2. Improved Encoder-Decoder structure
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Figure 3. Augment training dataset
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Figure 4. Comparison of road extraction results
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Table 1. Road extraction results of two different methods
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