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Abstract

This paper presents a novel graph cut based seg-
mentation approach with shape priors. The model
incorporates statistical shape prior information
with the actiwe contour without edges model [6].
Our model also relazes the homogeneity constraint
that assumes that the image ts modeled by a piece-
wise constant approzimation. The major contri-
bution of this paper is to present a graph cut op-
timization for the energy function. Hence, the re-
sultant approach s a fully automatic shape based
segmentation approach that is insensitive to ini-
tialization and does mot require any user inter-
action. Due to the polynomial time complexity of
graph cut optimization approaches, our segmenta-
tion technique s much faster than the state of the
art deformable models segmentation approaches.

1. Introduction

Graph cuts and deformable models are two of the
most important frameworks that have been used in
the last decade to solve the image segmentation prob-
lem. Recent studies such as [7, 8, 13] are in the favor
of combining deformable model approaches and graph
cuts optimization to benefit from the advantages of
deformable models in describing a wide variety of seg-
mentation techniques and meanwhile take advantage
of the fast global optimization associated with the use
of graph cuts. In this paper, we extend this trend by
presenting a shape based segmentation approach; a
new geometric active contour model with statistical
shape priors. The energy formulation of the model
relaxes the global piecewise constant constraint in [6]
and [8]. The energy will be optimized using graph
cuts. We will point out the most relevant papers to
our approach and we refer the reader to [5] and [12] for
surveys of graph cut methods and deformable mod-
els, respectively.

User interaction and sensitivity to initialization seem
to be two common obstacles towards the design of
an automatic graph cut segmentation approach that
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incorporates prior knowledge [1, 2, 11, 13]. El-Zehiry
et al. [8] introduced a discrete version of the Chan-
Vese active contour model in [6] and performed the
optimization using graph cuts. Their approach is
insensitive to initialization and robust to ill-defined
edges. However, it assumes piecewise constant im-
age model so it can not handle images with inhomo-
geneities. On the other hand, the algorithm in [10]
presented an active contour model that accounts for
local inhomogeneities and takes statistical shape pri-
ors into consideration but their model is formulated
in a level set framework which makes the numeri-
cal implementation very computationally expensive.
The contribution of our paper is two fold; First, from
the graph cuts perspective, the algorithm will incor-
porate shape priors into a graph cut segmentation
model. The model will be fully automatic and will
not require any user interaction. Second, from the
deformable models perspective, the energy function
will be minimized using graph cuts rather than level
sets which makes the model much less computation-
ally intensive.

2. Related Graph Theory Background

This section reviews the graph theoretic descrip-
tion of graph representability of functions. Let E be
a function of n binary variables zi, z3, ..., z,. Let
G ={V,£} be a graph with n + 2 vertices, u.e., V
= { v1, v2, ..., Un, S, T }, each variable z; has a
corresponding vertex v; plus two terminal vertices S
and 7. An ST cut C is a set of edges whose removal
separates the the source from the target in two dif-
ferent partitions P; and Ps, respectively. The cost of
the cut Cost(C) = 32, cp, v,ep, Wpg Where wpq is the
weight of the edge connecting the vertices v, and v,.
The graph G represents the energy function F if for
each configuration of the variables z1, z5, ..., T,, ; €
{0,1}, the min ST cut (the ST cut that has the least
cost) results in partitioning the vertex set V such that
v; € P if z;, = 1 and v; € P, if z;=0. In this case,
the value of E is equal to the cost of the min ST cut









without the surrounding objects that share the same
intensity level. The model takes five or less iterations
to converge. The algorithm was implemented in C++
on a 2GHZ CPU with 1GB RAM. It takes 4.38 mSec
in average. For quantitative assessment, we compared
our segmentation results to the ground truth by cal-
culating the sensitivity, specificity, similarity index
and misclassification. The average results are: 95 %
for sensitivity, 99.94 % for specificity, 97.27 % for
similarity index and 0.86 % for misclassifications.

Figure 1. Model Construction. The first

three images represent a sample of the seg-
mented leaves used in the model construc-
tion. The last image is the constructed
model.

Figure 2. The left column shows the seg-
mentation using the segmentation model in
[8]. The right column shows the segmenta-
tion results of our proposed approach.

5. Conclusion and Future Work

The paper presented a graph cut based active con-
tour model with statistical shape priors. The model
accounts for local inhomogeneities which makes it
more appropriate in practice. The advantage of this
model over the graph cuts segmentation approaches
is that it does not require any user interaction to ini-
tialize seeds in the objects or to enforce hard con-
straints. From the active contours perspective, the
model is optimized using graph cuts which makes it
much faster than other active contour models that are
implemented in the computationally intensive level
set framework. For future work, we plan to extend
the model for volumetric image segmentation
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