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Thresholding is a popular image segmentation method that converts a gray level image into a binary
image. In this paper, we propose an image data field-based framework for image thresholding, and
improve four selected methods under the proposed framework, which involves three major steps,
generating the image data field, implementing image transformation with potential-weighted sum, and
then determining the binary threshold for the transformed image by applying the conventional
approaches. Image data field keeps the balance between spatial and grayscale information in local
neighbourhood by potential calculation, and keeps the balance between the local information and the
global trend by image data field generator. Compared with the original algorithms on a variety of
synthetic and real images, with or without noise, the experimental results suggest that the presented
method is accurate, noise-robust, efficient and scalable.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Thresholding is one of the most simple and important methods
for image segmentation [1], and has served a variety of applica-
tions [2], such as object recognition, image analysis and scene
interpretation. Over the years, a lot of image thresholding
approaches have been proposed, and a number of performance
evaluation metrics for thresholding have been developed. A recent
survey over thresholding methods and their applications is pro-
vided in [3].

According to the time complexity, the existing image thresh-
olding methods can be classified into two categories, that is, pixel-
level and grayscale-level. The pixel-level methods process the
image in a pixel-by-pixel manner and usually require the time
linear correlated with the number of pixels, including Gaussian
mixture model-based method [4], fuzzy c-means method [5], local
entropy-based transition region extraction and thresholding (LE
for short) [6] and gray level difference-based thresholding (GLD)
[7]. While the grayscale-level methods are based on the histogram
or a certain function and to search the optimum grayscale thresh-
old one-by-one, and then the time cost is linear correlated with
the grayscale level, such as Otsu [8] and Kittler [9], as well as some
recent methods, standard deviation-based statistical thresholding
(SDT) [10] and variational minimax optimization-based method
(VMM) [11].
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However, most of existing methods only partially use the
features extracted from images, and do not or little consider any
spatial context information. Therefore, these methods make
themselves very sensitive to noise, and then usually cannot get
satisfactory results sometimes.

More recently, some physical world-inspired methods have
been surfaced, including the gravitational approaches in [12,13],
which have a good performance for edge detection, and shown
their advantages. In order to mitigate the defect of the existing
methods and meanwhile promote the image segmentation per-
formance, we propose an image data field-based framework for
image thresholding, and improve four selected methods under the
new framework. Our method is also as physical world-inspired
ones, and satisfies the ARES property, but what it meant is not the
ancient Greek god, and it stands for accurate, robust, efficient and
scalable: (1) the proposed framework is more accurate, since it can
keep the balance between spatial and grayscale information in
local neighbourhood by potential calculation, and keep the balance
between the local information and the global trend by image data
field generator, and we will analyze this property in the next
section. (2) The method is more robust to noise, the following
experimental results indicate this point. (3) The presented frame-
work is efficient, the additional time cost is linearly related with
the number of pixels. (4) The proposal is scalable, both the selected
and some other traditional methods can be easily generalized
under this framework to improve the segmentation performance.

The rest of the paper is organized as following: Section 2
proposes a novel image data field-based framework for image
thresholding, and an introductory explanation of data field is also
presented. Then, Section 3 provides the improvement for four
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selected methods under the new framework, and the algorithm
analysis is as well presented, such as parameter setup and computa-
tional complexity. Section 4 shows the experimental results and
discussion. Finally, the conclusion is drawn in Section 5.

2. Image data field-based framework
2.1. Data field

Data field is proposed by Li [14] in recent years, and has been of
particular interest to researchers. Its main idea is originated from
physical field. In nuclear field, nuclear force binds protons and
neutrons together to form the nucleus of an atom. Data field
provides an analogy with the mechanism of the nuclear field
theory. Given a data space, data field describes the complex
correlation among data objects, where there are some effects
and interactions in an unknown way, and expresses the power of
an item in the universe of discourse by a potential function as the
physical field does.

Data field is introduced into various applications [15], and also
has been successfully used in image segmentation [16-18]. There
are two general categories of data field, static and dynamic one,
and we use the former in the paper. The static data field is
corresponding to the stable active field in theoretical physics.
Inspired by preliminary work [17], we introduce the static data
field and conduct a general framework for image thresholding.

2.2. Image data field

Suppose 2= {p=(Xp,yp)Ixp €[1,h],y, €[1,w]} is a finite space
consisting of two-dimensional pixels, f : £2—[0,L— 1] is a mapping,
flp) denotes the grayscale value of the pixel p, and then an image is
a pair I = (£2,f), where h, w, and L are the height, width, and gray
level of the image respectively.

According to data field, each pixel p € €2 is a particle with mass,
and the grayscale change interactions (attraction or repulsion)
between each other form an image data field on 2. Assuming two
pixels p, q € £2, let ¢(p, q) be the potential at any pixel p produced
by g, and then it can be computed by

2
2.0 = exp (_ lf(p)—zf(q)|> exp (_ <max(|xp — Xl ¥ —yqn) >
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M

where m(p, q) = exp(— (If (p) —f(q)|)/02,) is the strength of interac-
tion, and can be as the mass of data object. d(p,q)=exp(—
(max(|x, —Xql, \yp—yq|)/ad)2) is the distance of interaction, as well
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as the spatial weight. ¢, and g, denote the influential factor
related with interaction mass and distance respectively. It should
be noted that considering the time complex and the efficiency, the
different distances for m(p, q), d(p, q) are used.

To obtain the precise potential value of any pixel under these
circumstances, all interactions from pixels should be concerned.
Thus, the potential of any pixel p in the data space is the sum of all
data on radiation

p)= X 9.9, )
qe 2

where ¢(p, q) is calculated by Eq. (1).

Therefore, Eq. (1) is crucial to the potential distribution of an image
data field. In Eq. (1), we consider a few groups of parameters, including
om=1,3,5,7,9,11 and 64=1,3,5,7,9, 11, and then investigate the
change tendencies of mass m(p, q) and spatial weight d(p, q) respec-
tively. Fig. 1 shows the corresponding results, and both of the curves
produce similar attenuation with the various parameters. That is, just
for the same d(p,q), the potential value of image data field with
smaller ¢, tends to attenuate more rapidly, and vice versa. The too
large influential factors are insignificant when involving image data
field. Of course, the exponent of variable in d(p,q) is 2, thus d(p, q)
attenuates more sharply than m(p, q).

Additionally, the expression of d(p, q) is more like the Gaussian
distribution, and then satisfies three sigma rule. The influential
range of any pixel in image data field is rather finite, shorter than
304/+/2. Beyond this distance, pixels are almost not influenced by
a specified pixel, and the potential values become zero. For
example, given o,=11, the magnitude of d(p,q) is negligible
when the distance between p and q is greater than 20. As can be
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Fig. 2. Two sample neighbourhoods and corresponding potential values.
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Fig. 1. The magnitude varied with parameters: (a) the mass-change curve and (b) the change curve of spatial weight.
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