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Abstract: The traditional active contour models can hardly achieve the accurate river segmentation of
SAR images. To solve this problem, a novel active contour model with weighted exponential region energy
is proposed, which can extract rivers in SAR images accurately. The exponential region energy is
incorporated into the energy functional of the Chan-Vese model, which can measure the difference between
the segmented image and the original image., resulting in the improvement of segmentation accuracy of the
model. In addition, the maximum absolute differences of the pixel grayscale values inside the object and
background regions are utilized to replace the original constant region energy weights, which can
adaptively adjust the ratios of the object and background region energies and accelerate the motion of the
curve towards the boundaries of the object region, resulting in the higher segmentation efficiency. The
experiments are performed on real SAR images of rivers and results demonstrate that compared with the
traditional active contour models, the proposed model can segment rivers in SAR images more rapidly and
accurately and has some advantages in terms of both segmentation performance and segmentation
efficiency.

Key words: SAR image; river segmentation; active contour model; exponential region energy; maximum
absolute difference
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Fig.1 The original SAR image of river 1 and its segmentation results by five models
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Fig.2 The original SAR image of river 2 and its segmentation results by five models
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Fig.3 Manual segmentation results of SAR images of rivers

TP UE AN R (Ac) Fl R 2R (FA) Ok & = 1
5 PRI A A3 ESOR . MERR AR SR AR T
TP+ TN

AC= P T FPETNFFN (13)
FP

A, TP R 1E 8y 43 B B 318 R 5 FP KRR 5
R4 BB AR 25 TN R 1E 5 43 %1 19 35 5%
PN BRI B R SE R, RIEA3)
AN 14 T3 B3 43 045 2R 0 o i A R0 R R
(RWFED.

Rl SHRASRNERNERIMEESR

Tab. 1 The accuracy and false alarm of segmentation
results by five models %
1 & 2
HEA R/ R WA R/ R

CV i 89.9/32.0 88.3/25.7
LRCV # %Y 89.8/31.9 76.5/41.1
RGECV #i %l 91.3/28.6 85.6/30.1
CVCE #i#4 94.3/19.5 96.5/9.3
WERCV # Al 98.0/8.6 99.5/1.4

HIZE 1 nl 0, AR SCRE T B o Bl R A e, fE
9520 L b s i AR ARLAE 1000 LT . Z5 5 i
MR R 2 A i P B L AR SORE Y AE 73 )
BOR EA BRI

T E A LA A Lok 5 iR I Y AL
RN R BRI fT 51 T3 2



1180 September 2017 Vol.46 No.9 AGCS

http: / xb.sinomaps.com

®2 5 MERELARREIZITRE

Tab.2 Iterations and running time of five models s

[ 1 & 2
BB/ BT A AR E/ B AT A
CV a7 105/3.32 95/2.99
LRCV ##Y 135/8.92 105/7.26
RGECV & 100/2.98 80/2.21
CVCE f# 145/10.47 120/8.36
WERCV #4 % 45/0.95 35/0.71

WA 2% 2 w2, CV R AY 1Y 2% AR Yk 80ORD 32 17
F L . CV BERY H bR X3RN 5% X8 BE i
B 28 5, AN BE [ 3 1 R 9 e Y L L 3
2 AL B g, Rt CV A B A3 ) R — i,
LRCV BRJE CV ALY a6 8 . i AL
CV AL Hf ) 4 Ja DX I 48 A s B 48 O Ja 3 X Js
LA G TR R A TR K I T AR R
BATHE] 2T CV AL, LRCV A [y 43 ) 5 R
XL . RGECV BLRDKE CV B8 1 Dirac
ORI B 4 O 300 % 8 B R R eR B, in il £k 32 3 2
Hirii %k, iR B Tt 2 F CV
R, RGECV 7Y i) 73 F1 38R A X e . CVCE
B S CV R R 28 U A5 Y 1) 25 & L R 5
DX 380 A5 3R K 5 2 S e A v ) A A6 - ) PR 4
J b R 0 2 S R B L TR o A KRR B A 3
At CVCE #1136 AR R B A2 17 i | i 2, oy
RO RAL., WERCV MR TE CV 527 1) BE it
12 0K RN TS A X R R L R A R R T
ANz, I HiBBIA B AR X E 5 X IR R R K
JE ) i A 4 %k 22 A g IX B R A TR, R g A R op
JEA R (B RE B AL L BB [ 38 N R T E AR X
I 5% X381 8 f EL o, i ksl H bR 2%
R B b 2 5 T OB R A B ROR, A,
WERCV #& 8 fr /5 2% AU 12 A7 I 18] d5 2D 5 43
F SAR FEMG 193] i 80CF e i

4 g w

SAR EM& T 5 KUK B2 44, & 385
1% 5 5 3 B 58 S50 A Yk L) B 23 ) SAR B %
AT o BT XT3 — IR, A SCHR T — Ao kLR
B X I RE B T o AR, DL S E B 1) SAR &
BT Ay E . AR CV R fE 32 R Hh s i
T B I AE 0, 1R T 4 E) EGOR R E EE
22 S VR B 205, 8 T A b A o A 0 TG R R R /]
160 22 AR, B LR 1) o0 B ME R R . DRk

A5 H JsA Y (L DX IR AN R 4 O A DX
A S DX P9 A5 3R JE 14 e R 268 X 22 L g O
MR Y F AR DX IO S DX e ) E LR g
LRI H AR S AR R 2 I ROR . g 4
RAEW] 5 A T SR8 BB AR LE L 4 LAY fE
PR A 53 H) SAR MR i AL 78 43 H1 45
A3 TR P T7 B BA L H . A SRR 3 2558
FHF /K T e 1k 3T 3 SAR FE%  FE% b ing 31X 35K
TR B — R EAE 0~60, F3 48 A SO AL
AN AL AR BRI ORI T 2 R AR AR S
BA H 8RR BAR B AR 0T TAE PR S IA
SRy B G AR L it — 2 A i B R 4 2 BT fE

%25 3CHiK -

(1] Vi, 2506 A X i 2 0 K (R I M B 4 A 3 4R B

Jr k(1.4 2341 ,2011,40(3) : 332-337.
JIANG Chongya, LI Manchun, LIU Yongxue. Full- Automatic
Method for Coastal Water Information Extraction from
Remote Sensing Image[ J]. Acta Geodaetica et Cartographica
Sinica,2011,40(3) :332-337.

[2]  EBE.ERR. BB, 55— e 2 248 50T & 40 Pk

SAR P {50 38 K W0 55 3k (1], 38 B HR 5 0 A, 2012, 27
(4):516-522.
WANG Chao, HUANG Fengchen, TANG Xiaobin,et al. A
River Extraction Algorithm for High-resolution SAR
Images with Complex Backgrounds[ ]J]. Remote Sensing
Technology and Application,2012,27(4) :516-522.

[3] BLAIN C A,LINZELL R.MCKAY P.Simple Methodology
for Deriving Continuous Shorelines from Imagery: Appli-
cation to Rivers[ J].Journal of Waterway, Port, Coastal and
Ocean Engineering,2013,139(5) :365-382.

[4] SUN Jingping, MAO Shiyi. River Detection Algorithm in
SAR Images Based on Edge Extraction and Ridge Tracing
Techniques[ J]. International Journal of Remote Sensing,
2011,32(12):3485-3494.

[5] B, 2, EMAR A5 456 2 R R BRI Adaboost

125 19 155 43 R0 IR AR T T B LT ] 4 4 4L 2013, 42
(3):344-350.
SHEN Li, TANG Hong, WANG Shidong, et al. River
Extraction from the High Resolution Remote Sensing
Image Based on Spatially Correlated Pixels Template and
Adaboost Algorithm[]]. Acta Geodaetica et Cartographica
Sinica,2013,42(3) :344-350.

[6]  TWRT:, RAAR, WR AR, . SR 1) AL RK S 4 09 % 23
P 3 8 VR A (). o P 4 D A7 4, 2013, 18
(6):677-684.
YU Xiaosheng, WU Chengdong, CHEN Dongyue, et al.
Using Support Vector Machine and Level Set for River
Detection in High Resolution Remote Sensing Image[]].
Journal of Image and Graphics,2013,18(6) :677-684.

[7]  CHAN T F, VESE L A.Active Contours without Edges



#
©

# i

R 25 - SAR PR U 2 380 B0 AS 45 201X 38R A 4 A2 211

1181

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[J].IEEE Transactions on Image Processing,2001,10(2) ;
266-277.
Wy Bk O VL A AR T, AU UM 2 R Bh B D A R
ARG G 1038 O K 1 2R B IO R L) .0 22 % 41, 2016,
45(9):1104-1114.DOT1:10.11947/;.AGCS.2016.20160037.
YU Jintao, GUO Haitao, LI Chuanguang, et al. A Waterline
Extraction Method from Remote Sensing Image Based on
Quad-tree and Multiple Active Contour Model [ ] ]. Acta
Geodaetica et Cartographica Sinica, 2016, 45 (9): 1104~
1114.DOT1:10.11947/3.AGCS.2016.20160037.
%J\iﬁi, R, B EE LR BOLTE B M s RIS R
LB B A R A e Ty iR (1000 42 2 4. 2014, 43
(6):620-626.636.DOI:10.13485/j.cnki. 11-2089.2014.0106.
SUN Ying, ZHANG Xinchang, LUO Guowei. Improved
Active Contour Model for Building Roof Boundary Extraction
from LiDAR Point Cloud[]]. Acta Geodaectica et Carto-
graphica Sinica,2014,43(6) :620-626,636.D01:10.13485/
j.cnki, 11-2089.2014.0106.
LKA VU BN B XSG SAR BRI 52 S A6 0 G 1X 355 1 g
IE DA L AT = ) 4 A 0 [ 1. I 22 22 41 2016, 45 (9)
1096-1103.D0O1:10.11947/;.AGCS.2016.20160039.
JIANG Dawei, FAN Jianchao, HUANG Fengrong. SAR
Image Coastline Detection Based on Regional Distance
Regularized Geometric Active Contour Models [ ] ]. Acta
Geodaetica et Cartographica Sinica, 2016, 45 (9): 1096-
1103.DOI1:10.11947/j.AGCS.2016.20160039.
LI Qiang, DENG Tingquan, XIE Wei. Active Contours
Driven by Divergence of Gradient Vector Flow[]]. Signal
Processing,2016(120) : 185-199.
YU Chunyan,ZHANG Weishi, YU Yingying,et al. A Novel
Active Contour Model for Image Segmentation Using
Distance Regularization Term[ ]J]. Computers & Mathe-
matics with Applications,2013,65(11):1746-1759.
VESE L. A,CHAN T F.A Multiphase Level Set Framework
for Image Segmentation Using the Mumford and Shah
Model[ ] ].International Journal of Computer Vision,2002,
50(3):271-293.
MA Zhen.JORGE R N M, TAVARES J] M R S. A Shape
Guided C-V Model to Segment the Levator Ani Muscle in
Axial Magnetic Resonance Images[J].Medical Enginecring
&. Physics,2010,32(7):766-774.
LI Bingnan, CHUI C K, CHANGE S, et al. Integrating
Spatial Fuzzy Clustering with Level Set Methods for Auto
mated Medical Image Segmentation|[ J]. Computers in Biology
and Medicine,2011,41(1):1-10.
HE Chuanjiang, WANG Yan, CHEN Qiang. Active Contours
Driven by Weighted Region-Scalable Fitting Energy Based
on Local Entropy [ J]. Signal Processing, 2012, 92 (2):
587-600.
LIU Shigang, PENG Yali. A Local Region-Based Chan-
Vese Model for Image Segmentation[ ] ]. Pattern Recogni-
tion,2012,45(7) :2769-2779.
LIU Weiping, SHANG Yanfeng, YANG Xin. Active
Contour Model Driven by Local Histogram Fitting Energy
[J].Pattern Recognition Letters,2013,34(6):655-662.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

LI Chunming, HUANG Rui,DING Zhaohua,et al. A Level
Set Method for Image Segmentation in the Presence of
Intensity Inhomogeneities with Application to MRI[]].
IEEE Transactions on Image Processing, 2011, 20 (7).
2007-2016.

DONG Fangfang, CHEN Zengsi, WANG Jinwei. A New
Level Set Method for Inhomogeneous Image Segmentation
[I].Image and Vision Computing,2013,31(10) :809-822.
ZHOU Sanping, WANG Jinjun, ZHANG Shun, et al.
Active Contour Model Based on Local and Global Intensity
Information for Medical Image Segmentation[]]. Neuro-
computing,2016(186):107-118.

WANG Hui, HUANG Ting-zhu, XU Zongben, et al. An
Active Contour Model and Its Algorithms with Local and
Global Gaussian Distribution Fitting Energies[ ] ].Informa-
tion Sciences,2014(263) :43-59.

WANG Hui, HUANG Ting-zhu, XU Zhi, et al. A Two-
stage Image Segmentation via Global and Local Region
Active Contours[ ] ].Neurocomputing,2016,205:130-140.
MONDAL A,GHOSH S,GHOSH A.Robust Global and
Local Fuzzy Energy Based Active Contour for Image
Segmentation[ ] ]. Applied Soft Computing, 2016 (47)
191-215.

%ﬁﬁ@a%*% JRVEVL 45 ) 0 80 R 0 R o
Vese B RIFE4T SAR W3 BG4 FILT ] 0 22 %4k L 2015, 44
(11):1255-1262.DOT:10.11947/;.AGCS.2015.20140519.
WU Shihua, WU Yiquan, ZHOU Jianjiang, et al. SAR
River Image Segmentation Based on Reciprocal Gray
Model [ ] ]. Acta
Geodaetica et Cartographica Sinica, 2015, 44 (11): 1255-
1262.D0OI1:10.11947/3.AGCS.2015.20140519.

HAN Bin, WU Yiquan. A Novel Active Contour Model

Chan-

Entropy and Improved Chan-Vese

Based on Modified Symmetric Cross Entropy for Remote
Sensing River Image Segmentation[ ] ]. Pattern Recognition,
2017(67):396-409.

O, R — A AR BRI DX A R Rl R A T Sl A A
4 ¥R 3 R P A% 2 0 L0 D vl 1 P P 2 i, 2017, 22
(2):212-224.

HAN Bin, WU Yiquan, SONG Yu. Segmentation of
Remote Sensing Images of Rivers Utilizing a Hybrid
Active Contour Model with Regional Information Fusion

[J].Journal of Image and Graphics,2017,22(2):212-224.
WAL B TR S B

Wi B 2017-03-23

f&E BH#3: 2017-07-16

FE—EE/AN . k1990, B A L BFT 5 1 N E
REMR AL,

First author:

HAN Bin(1990—), male, PhD candidate,

majors in remote sensing image processing.

E-mail .

909907566@qg.com

BIEEE. X

Corresponding author:
E-mail:

WU Yiguan
nuaaimage@163.com



