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a b s t r a c t

In this work, we propose a novel algorithm to extract geospatial objects with regular shape in remote
sensing images, using shape-based global minimization active contour model (SGACM). Specially, we
define a new energy function combining both image appearance information and object shape prior,
and minimize it with an iterative global minimization method. In the proposed energy, not only image
edge and color information are utilized, but also a new shadow region term is introduced to obtain more
accurate extraction result; moreover, a new shape energy term in which we use kernel principle compo-
nent analysis (KPCA) to model shapes is defined in our method, which provides good constraint on the
extraction process and makes results more robust with respect to disturbances. In the energy numerical
minimization process, Split Bregman method is used to get a global solution which overcomes the draw-
back of running into local minimum for the traditional level set method. Experiment results demonstrate
more robustness and accuracy of our proposed method compared with others without shape constraint.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Object extraction is one of the most challenging tasks for high
resolution remote sensing images, and plays important roles in im-
age interpretation and object recognition. As the spatial resolutions
of sensors increase, more abundant spatial and contextual infor-
mation is provided in images. So the extraction of geospatial ob-
jects even with complex structure and surrounded by disturbing
background, e.g. aircraft, is becoming considerable and feasible.

Generally, object extraction can be seen as a two-phase segmen-
tation problem. It aims to segment out the interested target under
various situations. As for remote sensing images, object extraction
often suffers from several problems, including intensity variation,
various background disturbances, complex structure of object, sha-
dow, bad image quality such as blur, poor contrast and so on.

Despite these challenges, many approaches have been achieved
in recent years. Among them, active contour model gives a flexible
segmentation strategy and attracts much attention. It provides a
convenient framework to utilize various information such as image
edge and region intensity, and has been widely used in many re-
mote sensing applications, e.g. water and land separation (Silveira
and Heleno, 2009), contour extraction (Jing et al., 2011; Xu et al.,
2011).

Until now, many works have explored image appearance
information and concentrated on objects in remote sensing that
have little regularity on shape. Whereas there are also many other
objects in remote sensing with regular or somewhat fixed shapes,
for example, house roof, aircraft, ship, oilcan, and so on. Extractions
of these targets should be well constrained on shape to obtain better
results. In other words, segmentation should combine both image
appearance and object shape information. So far, a lot of researches
have been achieved on this issue in the processing of natural images
(Cremers et al., 2006; Malcolm et al., 2007; Plissiti et al., 2011; Liu
et al., 2011a; Alessandrini et al., 2011), while in remote sensing
images, only a few works have been done. Existing works in remote
sensing include the extraction of rectangular objects by imposing
shape constraint (Korting et al., 2011), circular objects detection
through shape parameters (Han and Fu, 2012), building contour
extraction using active contour model (Ahmadi et al., 2010), and
so on. These shape prior based methods have greatly improved
the effect of detection and segmentation. Beside these works, more
researches are still needed in remote sensing to extract objects with
regular shape e.g. aircraft which has complex structure.

In this paper, we continue to focus on extracting geospatial
objects with regular shape in remote sensing images. And a new
algorithm that combines both image appearance information
and object shape prior is proposed in our method. There are two
novelties as follows.

First, we propose a new energy function based on active contour
model. This new energy function consists of three complementary
parts. One is edge weighted regular term, with which the
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segmentation contour tends to the boundary location and small
noises would be removed. The second part contains three region
terms. In the first term, intensity probability distribution is used
to model fore/background. Shadow is one kind of important infor-
mation in remote sensing images, whereas it is rarely used in pre-
vious studies. Here we utilize shadow information in the second
region energy term to get more accurate extraction result. An
interactive bounding box needs to be provided in our method to
give initialization of intensity distribution like that in grab cut
(Rother et al., 2004), and it is used as a strong constraint in the
third region term. The last part is a new defined shape prior based
energy term. In our method, KPCA is used to construct the shape
prior considering its excellent effect on shapes modeling (Dambre-
ville et al., 2008). With this shape energy term, our method shows
more resistance to background disturbances compared with other
segmentation methods without shape constraint.

Second, we minimize the proposed energy function with a global
minimization method – Split Bregman method in an iterative way.
This avoids the problem of local minimum in the conventional
level set method, and also provides much faster calculation in
optimization compared with other global minimization approaches
(Goldstein et al., 2010). Experiments on two classes of geospatial
objects show that our proposed method, compared with many
others, exhibits much better robustness with respect to various
disturbances and produces more accurate segmentation results.

The rest of this paper is organized as follows. Section 2 briefly
reviews the active contour model. Section 3 gives detail description
and analysis on our proposed algorithm and presents the iterative
global minimization process. Experiments results and evaluations
are illustrated in Section 4. Section 5 concludes this paper.

2. Overview of active contour model

2.1. Theoretical model

The active contour model, based on the theory of surface evolu-
tion and geometrics, has been extensively applied to image pro-
cessing field, such as image denoising and segmentation. The
general energy form for any two-phase active contour model is
given as follows (Bresson, 2009):

FACMðCÞ ¼
Z

C
gbðC; sÞdsþ k1

Z
Cin

gin
r ðCin; xÞdx

þ k2

Z
Cout

gout
r ðCout; xÞdx ð1Þ

where k1 P 0; k2 P 0 are constants. C is the closed segmentation
contour; Cin and Cout are the inside and outside region, respectively;
gb is a boundary function and ds is the arc length element of con-
tour; gin

r and gout
r are two defined region functions. The first term

is the integration along contour, and the last two are region ener-
gies. An optimal segmentation contour is considered to be obtained
by minimizing the above energy function.

According to the energy form, existing active contour models are
classified into two categories: edge-based models and region-based
models. Edge-based models mainly take use of local edge informa-
tion, and evolve contours towards desired boundaries. The most
popular one is the geodesic active contours (GAC) method (Caselles
et al., 1997), which is defined by the following formula:

EGACðCÞ ¼
Z LðCÞ

0
gðjrIðCðsÞÞjÞds ð2Þ

where L(C) is the length of C, ds is the Euclidean element of length,
and g is an edge indicator function as follows:

gðjrIðCðsÞÞjÞ ¼ 1

1þ jrIðCðsÞÞj2
ð3Þ

wherer is the standard gradient operator. This edge indicator func-
tion ranges from 0 to 1, and takes large values on smooth region
while small values on edges. So the minimization of (2) will attract
contours to be located on object boundaries.

Compared with edge-based models, region-based models
utilize statistic information of image region to guide the motion
of contours, and are more robust with respect to noises and weak
edges. One of the most popular region-based models is the two-
phase, piecewise-constant Mumford–Shah (PCMS) model (Chan
et al., 2006; Chan and Vese, 2001) with the following energy:

Fðc1; c2;CÞ ¼ l � LengthðCÞ þ k
Z

insideðCÞ
ju0ðx; yÞ � c1j2dxdy

þ k
Z

outsideðCÞ
ju0ðx; yÞ � c2j2dxdy ð4Þ

where l P 0, k P 0 are fixed parameters, u0 denotes the test image.
PCMS is based on the assumption that image intensities in each of
the two regions are statistically homogeneous, as denoted by c1

and c2 in (4). Further, many other methods are proposed to address
the problem of intensity inhomogeneous, such as piecewise-smooth
model (PSM) (Vese and Chan, 2002) and Region-Scalable Fitting
(RSF) (Li et al., 2008), which reformulate the region functions. How-
ever, how to choose the region functions is application dependent,
for example, finite mixture of lognormal densities for water and
land in SAR images (Silveira and Heleno, 2009) and RSF in oil slick
infrared images (Jing et al., 2011).

2.2. Minimization of ACM

A very popular method of minimizing all the above energy func-
tions is the level set method. In the level set formulation, contour C
is represented as the 0-level set of a function / : RN ! R, which is
fx 2 RN : /ðxÞ ¼ 0g, and the inside and outside regions are denoted
by fx 2 RN : /ðxÞ > 0g and fx 2 RN : /ðxÞ < 0g, respectively. With
this representation, the above energy, taking PCMS for example,
can be expressed as follows:

Fðc1; c2;/ðx; yÞÞ ¼ l
Z

X
jrHeð/Þjdxdyþ k

Z
X
ju0ðx; yÞ

� c1j2Heð/Þdxdyþ k
Z

X
ju0ðx; yÞ

� c2j2ð1� Heð/ÞÞdxdy ð5Þ

where Heð/Þ is a smooth approximation to the Heaviside function
(Chan and Vese, 2001). Iterative scheme and variational method
are used to minimize (5). In specific, the following two steps are
repeated until converge:

(1) / being fixed, the optimal values of c1 and c2 are:

c1 ¼
R

X Iðx; yÞHeð/ðx; yÞÞdxdyR
X Heð/ðx; yÞÞdxdy

;

c2 ¼
R

X Iðx; yÞð1� Heð/ðx; yÞÞÞdxdyR
Xð1� Heð/ðx; yÞÞÞdxdy

ð6Þ

(2) c1 and c2 being fixed, / is calculated using the Euler–
Lagrange equation:

@/
@t
¼ deð/Þ l �div r/

jr/j

� �
�kðu0ðx;yÞ�c1Þ2þkðu0ðx;yÞ� c2Þ2

� �
ð7Þ

Variational calculation is a gradient descent method. However,
for fixed c1 and c2, the function (5) is non-convex, and may have
more than one minimizer. So the gradient descent based optimiza-
tion easily runs into local minimum. This is a common difficulty in
many variational image processing models, and it makes the ini-
tialization critical to get satisfactory result. To solve this problem,
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