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Fig. 1 Segmentation results for a Radarsat water

image using the GAC model
(a) original image and initial contour;

(b) final contour; (c¢) segmentation results
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Fig.2 Edge maps extracted from a Radarsat water image
(a) original image;
(b) edge map based on the ROEWA operator;

(c) edge map based on the gradient operator
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Fig. 3 Segmentation results for a simulated image with multiplicative noise

(a) original optical image; (b) multiplicative image and initial contour; (c) final contour; (d) segmentation result
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JERAE 1 AR 7y B B it o PR S SOy FIK B
H AU (Ross et al., 1999) .

: )
PP =1 -ZZ {(X;Rt[uo(x,y) —%(X;Rluo(x,y)] }

(18)
A R BRI A R X, € O I — 16 R 2L
wy (x,y) R mi (x,y) IR R IKBEAE A, N IXIE R, THi
BRENE, PP HBEE T 1, R0 ¥ 5 B & N
DSR4 5 G 0 A D R A, X T 4 R
Radarsat [€{% , 5 PP {43 %1% :0. 974 ,0. 969 ,0. 957
F00.951, FLA BB T 1, P35 vk 9 40 20 o B4
R o XTFRAEFUR TN EG, % BRI 61y
PN B ST A, TR e R SR A8 bR e A T PEAG o A
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(a) JEIR R R WIUGFE B 5 (b) U ZRAR bR R (o) BORHEEE; (d) 2r 4R
Fig. 4 Segmentation results for four Radarsat water images

(a) original image and initial contour; (b) edge indicator function;

(c) final contour; (d) segmentation results

(©)

S B — R e 2R L 5 W 5 I A SR L 5 A ) 4
(a) JSUUR R R WIUG HE B 5 () I ZARFR R KL (o) fe)a Bl ; (d) 2p s R

Fig. 5 Segmentation results for a building image provided by the

East China Research Institute of Electronic Engineering

(a) original image and initial contour; (b) edge indicator function; (c¢) final contour; (d) segmentation results

5 %5 i

BEXT SAR [EG> BIE S5, AR SCHET ROEWA 1%
R 5 FAE 73 7K H 75 0, kA e fee /MG HE U, 32
T B B LA Sh A AR AL .l T 2 AR
HAHE TR B T kA 7 R RO O B T ROEWA 55
AR G535 78 R R, i TR A 3 5% v BE A, AT T B
AT SAR EMR A5 [ IR 2L H i A K F 4R
BRECAE T IO, B R K 1 S R RS AT A4 5 T 8 o KR, T PR

TRV R R B W A A 5K, R g A6 T AR R Y
WESCBE o oA R fR) B8 52 BLIN SR P g oy ko2
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A geometric active contour model for SAR image segmentation

HE Zhi-guo, ZHOU Xiao-guang, LU Jun, KUANG Gang-yao

School of Electronic Science and Engineering, National University of Defense Technology, Hunan Changsha, 410073, China

Abstract ;
level set method, which has been successfully applied to the segmentation of medical images. Due to the existence of speckle noise,
the model fails in SAR image segmentation. Moreover, there are several disadvantages with this model. First, the evolution equation
isn’ t obtained with the energy minimization method. Second, the level set function needs to be reinitialized to a signed distance
function periodically during the evolution. Finally, the model is computationally inefficient. Based on SAR image edge detectors and

The geometric active contour model is a classical image segmentation model based on the curve evolution theory and the

the variational level set method, a novel geometric active contour model is proposed under the criterion of energy minimization. The
basic idea is that the energy functional is defined directly on the level set function and the original edge indicator function based on
gradients is replaced with a new edge indicator function based on the ROEWA operator. Thus, the ability of detecting edges and the
accuracy of locating edges are greatly increased, which makes the model very appropriate for SAR image segmentation. In addition,
a term penalizing the level set function is added to the energy functional in order to force the level set function to be close to a signed
distance function and therefore completely eliminates the need of the costly re-initialization procedure. Thanks to the contribution of
this term, the numerical calculation of the model can be implemented by a simple explicit difference scheme; at the same time the
evolution speed keeps very fast. The proposed model has several advantages. For example, it can be easily implemented ; it results in
accurate segmentation boundaries; it converges fast and its level set function doesn’ t need to be reinitialized. The experimental
results on the simulated image and real data show its efficiency and accuracy.

Key words: SAR, image segmentation, the active contour model, the level set method





