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ABSTRACT
We first review two algorithms which are used in finding the boundary between the object and
the background in an image. One is the statistical without-edge algorithm and the other is the
generalized GAC (geodesic active contours). We modify these methods to adjust to the back-
ground extraction which requires more accurate and rapid detection of the boundary. Then we
develop a variational segmentation model based on statistical information of intensities in an
image. The model consists of both a local region-based energy and a global region-based en-
ergy in order to handle misclassification which happens in a typical statistical variational model
with an assumption that an image is a mixture of two Gaussian distributions. We find a local
ambiguous region where misclassification might happen due to a small difference between two
Gaussian distributions. Based on statistical information restricted to the local ambiguous region,
we design a local region-based energy in order to reduce the misclassification. This model, how-
ever, has defects in the sense that it depends on the initial curve for the curve evolution equation
and tends to fail to detect the weak edges. Thus by modifying the force term of the evolution
equation, we make three different region competitions. Based on these region competition, we
finally propose a novel method which is called the statistically reinstating method (SRM). By
combining three modified region competition efficiency we get a fine segmentation to extract
objects in an image without visual loss of detailed shapes, which have both weak boundaries
and highly non-convex shapes. Finally we provide applications of the SRM such as 3D VR
content manufacture, size estimation of aphids on a soybean leave, and segmentation of MRI
image.

INTRODUCTION

Segmentation has been widely studied in the field of image processing and computer vision. It
basically separates an image into several homogeneous regions according to a criterion. In the
segmentation problems to extract objects from an image to make, for examples, 3D VR (virtual
reality) contents or to estimate sizes of objects, a key issue is fine segmentation which means
that the objects can be extracted without visual loss of detailed shapes. Our research is moti-
vated by making 3D VR contents of commercial products. It makes an e- catalog that customers
can browse a product in three dimensional virtual space on internet markets. A common way of
making a 3D VR content starts from taking hundreds of photographs of a product with different
view angles in a photo studio. The most difficult step is to extract the product from a back-
ground without visual loss of detailed shapes. The images taken in the studio have well-known
difficulties in segmentation problems even though they usually have simple background colors



and small amount of noises such as JPEG artifacts. These mainly come from lighting condi-
tions in the studio and complex shapes of products. Most of lighting conditions make shadows
which cause weak boundaries between dark objects and the background. More serious weak
boundaries are produced by a reflection on some parts of an object due to bright lighting con-
ditions and properties of materials of the object. It changes colors of objects into almost white
which is normally used as a background color. Note that other simple colors on a background
except white are not usually used because of color bleeding effect. In addition, there is another
difficulty; shapes of objects can be highly non-convex.

Methods of segmentation are classified into two categories; one is the boundary-based seg-
mentation which uses gradient information of an image to detect abrupt changes in the image
and the other is the region-based segmentation which uses similarity information of an image
to separate the image into several regions.

As the basic boundary-based segmentation, there are filters by Roberts, Prewitt, Sobel [1,2],
and Canny [3]. These filters have a problem of irregularity of a curve which detects a boundary
of an object in an image. Recently based on active contours models [4], variational formulations
on deformable curves have been developed in order to handle the irregularity problem. These
models consider energy functionals which consist of smoothness and attraction of a curve. The
energy for attraction of the curve commonly introduces an edge-detector function which makes
a curve evolution converge at a boundary of an object as a minimizer of the energy functional.
More advanced methods have been suggested in geometric active contours [5], geodesic ac-
tive contours [6], and gradient vector flows [7]. With the help of the level set method [8,9],
these methods are able to deal with topological change which is a problem in the parametric de-
formable model [4]. However, there still remains a problem to capture weak boundaries changed
smoothly from strong boundaries because these methods depend on edge-detector functions.

As region-based segmentations, there were thresholding, region growing [10], active con-
tours without edges [11], and region competition [12]. While the gradient-based segmentation
uses local information on a deformable curve, the region-based segmentation uses global infor-
mation of an image. In other words, an energy functional of the latter is formed by statistical
information such as means and standard deviations of intensities on a region inside a deformable
curve and a region outside the curve. Region competition [12] has been a fundamental frame-
work in the region-based segmentation with an assumption that a given image is a mixture
of two Gaussian distributions. Many region-based segmentations using the assumption have
a problem of misclassification due to a small difference between two Gaussian distributions.
The misclassification easily happens when an object we want to segment has various intensities
inside a boundary of the object or outside the boundary.

A combination of the boundary-based segmentation and the region-based segmentation has
been also studied. Geodesic active regions [13,14] combines geodesic active contours [6] and
region competition [12] in order to segment a texture in an image. Region-aided geometric
snake [15] adds the region force term in the geodesic active contours [6]. The region force is
obtained from any region-based segmentation such as mean shift algorithm [16].

In this talk we first review two algorithms which are used in finding the boundary between
the object and the background in an image. One is the statistical without-edge algorithm and
the other is the generalized GAC (geodesic active contours). These methods are based on the
active and adaptive segmentation for vector valued image [17] and the region-aided geometric
snake [15] which are originated to the segmentation or edge (boundary) detection in an image
by minimizing the energy functional. We modify these methods to adjust to the background
extraction which requires more accurate and rapid detection of the boundary.



Then we develop a variational model based on statistical information of intensities in an im-
age. The model consists of both a global region-based energy and a local region-based energy.
The former roughly captures outlines of objects which we want to segment in an image. The
latter reduces misclassification which happens in a typical statistical variational model with an
assumption that the image is a mixture of two Gaussian distributions. We find a local ambigu-
ous region where the misclassification happens due to small difference between two Gaussian
distributions. Using statistical information restricted to the local ambiguous region, we design
the local region-based energy in order to reduce misclassification. We suggest an algorithm to
avoid the difficulty of the Euler-Lagrange equations of the proposed energy functional.

This model, however, has defects in the sense that it depends on the initial curve for the
curve evolution equation and tends to fail to detect the weak edges. Thus by modifying the
force term of the evolution equation, we make three different region competitions. They are
different in which information they use for the design of the force term in the curve evolution
equation. Based on these region competition, we finally propose a novel method which is called
the statistically reinstating method (SRM). Furthermore the method adopts the multi-resolution
idea to reduce the computational cost. By combining three modified region competition effi-
ciency we get a fine segmentation to extract objects in an image without visual loss of detailed
shapes, which have both weak boundaries and highly non-convex shapes. Finally we provide
applications of the SRM such as 3D VR content manufacture, size estimation of aphids on a
soybean leave, and segmentation of MRI image.
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