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Abstract

Computational cost is the main drawback for two-
dimensional (2-D) thresholding methods. GAs can
accelerate the calculation, but still fail to satisfy most
of applications. By introducing an implantation, which
replaces the selection of GAs, an evolution mechanism
was proposed. An excellent schema is implanted in the
low performance strings to improve both the
performance and diversity of population. Thus, the
search efficiency will be improved in each iteration
cycle, resulting in the acceleration of the threshold
selecting. Experimental results showed that the
proposed method could reduce the computation cost in
2-D Renyi’s entropy thresholding.

1. Introduction

Image segmentation is a popular technique in many
digital image-processing systems. Thresholding is one
of the most essential phases in image segmentation due
to its intuitional and simple characteristic. A numerous
schemes have appeared in literatures in the past few
decades. They can be classified into two categories:
point-dependent  (gray-level  histogram  based)
techniques and region-dependent (modified histogram
or co-occurrence based) techniques !'). One-dimension
(1-D) thresholding schemes belong to the point-
dependent category and they depend solely on the
gray-level distribution in segmenting an image. They
have been widely used in image analysis, objective
measure, etc. ). However, the segmentation results are
not very satisfactory due to its non-cohesive access to
pixels®. 2-D thresholding methods, a region-
dependent technique, take into consideration of both
the gray-level histogram and spatial correlation
between the pixels. The segmentation results improve
significantly over the 1-D schemes “**). However, the
computational complexity is a bottleneck for various
applications. J. Gong, L. Li and W. Chen * introduced
a recursive algorithm for 2-D thresholding to
accelerate  threshold selection but with poor
segmentation results.

0-7803-9737-1/06/$20.00 ©2006 |IEEE

This paper is aimed at finding an acceleration
mechanism for 2-D thresholding methods. Genetic
algorithms (GAs) have proven to be one of the best
techniques for the combinatorial optimization
problems, including the image thresholding .
Unfortunately, due to it low efficiency in search, GAs
is computationally expensive (shown in our
experiments) for 2-D thresholding ). In the proposed
genetic evolution mechanism, we use the implantation
operator, instead of the selection operator, to improve
the performance of each generation. Thus, our scheme
can improve the search efficiency at each iteration
cycle. The population diversity and fitness will also be
significantly improved.

2. 2-D entropy thresholding

Rosin PL and Ioannidis E P! studied the
thresholding methods on more than 4000 images and
stated that the Kapur’s method gives the best
performance. Abutaleb ! extended Kapur’s method to
2-D thresholding. The segmentation results improve
by the pixel’s spatial correlation, though the images
were corrupted. P.K Sahoo et al. © presented a 2-D
Renyi’s entropy thresholding scheme which produces
the excellent segmentation images when a<l. We
summarize the scheme as follows.

Let f{m,n) be the gray value of the pixel located at
the  point (mm). In a  digital image
{flmn)me {1,2,.. . M},ne{l1,2,...,N}} of size MxN, let
the histogram be A(x) for x€ {0,1,...,255}. For the sake
of convenience, we denote the set of all gray levels {0,
1,...,255} as G. Global thresholding methods usually
use the gray level histogram of the image. Let g(m,n)
is the average gray value of the neighborhood of (m,7).
g(m,n) for the 3x3 neighborhood of each pixel is
calculated as

1 1
g(m,n)=BZ)lZlf(M+i,n+j)J M
i—t

where |~ |denotes the integer part of the number 7. P

(x,y) is a joint probability mass function which is
defined as the total number of frequencies



