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Road extraction from SAR images using tensor voting and Snakes model
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1. Institute of Remote Sensing and Digital Earth Chinese Academy of Sciences, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing, 100049, China

Abstract: Objective Snakes models can effectively fit curve features and are thus widely used to extract roads from remote
sensing images. However, when used to extract roads from synthetic aperture radar (SAR) images, traditional Snakes mod-
els that utilize the negative gradient of images as external energy cannot obtain the desired results because of serious speckle
noise. To address this issue, we employed a tensor voting method in improving Snakes models because such method can ex-

tract salient structures from images influenced by noises. Method Road class was first segmented from SAR images using
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the FCM clustering method. Then, the saliency value of the curve features was obtained by employing the tensor voting

method on the extracted road class. Finally, the negative normalized saliency value of the curve features was used as the ex-

ternal energy of the snakes model to extract roads. To minimize the energy of the snakes model, a strategy for minimizing

energy while interpolating nodes was proposed. Result Road extraction experiments were performed on different scenes of
spaceborne and airborne SAR images. Compared with a similar method based on the snakes model, the proposed model
achieved better fitting results with less control points. Moreover, the proposed method showed better detection complete-

ness, correctness, and quality than the MRF-based method. The proposed method also demonstrated a shorter detection

0 35

i1

time, which is a practical feature for wide-range road network extraction. Conclusion The proposed method quantified the

geometric characteristics of roads through tensor voting. An optimized fitting strategy was used to minimize the energy con-

sumption of the snakes model for road extraction. The experiments on spaceborne and airborne SAR images proved that
main roads in rural and urban scenes can be effectively extracted using the proposed method.

Key words: tensor voting; computer vision algorithm; saliency; snakes model; SAR images; road extraction
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Fig. 5 Experiment of road extraction from airborne

image under simple background
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Fig. 6  Experiment of road extraction from spaceborne

image under complex background

© i [H K G BT AR AU AT



FEM, KXW, EEZE, BB=
5 KEIRER Snakes tREIRY SAR ElRIEIEIZE

20 % /510 §§ /2015 £ 10 B
A T pH A R Y T T 4 R A BE IR
5 ASOT AR I A 4

AT % R LT AR, A H]
SRR AR SR XA LA e DA T 402 BUA )3 %
[ S RRAE , ST AT T FASAS B G S B RN
MSENHIBE ST, PR AR A I N T8 A B AT 45 21145
GP R EES R B T IE SR A S KF-

N T B2 MR S5 58 B S S P BV
RS , TR A2 2 SAR [R50 R0 DX A3 X

(a) MLASAR K%

(c) SCRROTTLS R

P 5T I SR AT T 9256, 5 02
LT MREF BRL )38 i B sh 3 Oy vk (SCRk[1])
MIRCR AT T X EE 2T

B 7 AR B R SR IO . [B] 7 (a) D97 Rt
XHLEL SAR [E14, R/ 1502 x 780 {55, C I
B, R0 2 X2 m, S X A TE I 2 HAR ) T
B RGBS T 7 (b) A SO ik
RIS R ;18] 7 () 25 T 25T MRE BOR 438 % e
AR 1B 7 (d) PR e oA 1 Dt o

WS : ‘

(b) RICTTiEER

d) Z%ib ik

BT ZBDSHE B R IR

Fig. 7 Experiment of road network extraction in rural area
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Table 1 Comparision between results of the proposed

method and the MRF based method

K7 8
R A (1) ASC R
ik nk ik ik
SEHER/% 96. 46 91.12 93.15 78. 00
IEFER/ % 100 91.59 100 94.30
K Jo &2/ % 96. 46 84. 08 93.15 74. 49
Bt [a]/s 108 856 94 1044

© i [H K G BT AR AU AT

1409



P EEREEFIR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No. 10,0ct. 2015

(a) TerraSAR-X &4

(OB GNVRPRAES

(d) %JE&%

P8 I Xl o i B S

Fig. 8 Experiment of road network extraction in urban area
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