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The process of separating cell objects from a background is very important in cell image analysis and cell tracking. Most cell image
histograms that have uneven illumination during microscopic cell imaging have a uni-modal distribution. In general, it is more
difficult to segment objects in images having a uni-modal distribution than in those having a bi-modal or multi-modal distribution;
therefore, images having a uni-modal distribution require a special segmentation algorithm that is more complicated and requires
computing costs. If the histogram of the given cell image is known, an appropriate segmentation algorithm is applied for an accurate
segmentation. In this paper, we proposed an algorithm that automatically determines the histogram distribution of an inputted cell
image. The proposed method uses the polygonal approximation method. We tested this algorithm on various cell images and the error

was found to be less than 5% on average.

NOMENCLATURE

f(k) = the frequency of an intensity value k (0 <k <255)

Py = a pair of coordinates (k, f(k))

H = the point set that constitutes the histogram of a cell image

L;j = a straight li ne that passes the starting point P; and the last
position P;

1. Introduction

The segmentation of a cell object from the cell image obtained from
an optical microscope is one of the indispensable operations in the bio-
imaging field. This field is an interdisciplinary combination of medicine,
nano-biology, and biology, which involve the study of cell tracking,
automatic cell counting, and three-dimensional cell restoration from a
cell image. Extensive research has recently been carried out in this
field."* Cell segmentation is a very challenging problem when the cell
image is not in a good state because of background noises and uneven
light source encountered when obtaining the cell image. Segmentation

© KSPE and Springer 2014

Manuscript received: July 10, 2014 / Revised: July 27, 2014 / Accepted: July 28, 2014

algorithms proposed in the image processing field such as Voronoi-
based algorithms, histogram-based clustering or threshold algorithms,
and active contours are used for isolating cell objects from a cell
image.”

If a cell image is noise-free and has a clear background, we can
segment cell objects easily by using a segmentation algorithm from the
image processing field. The problem is that a general segmentation
algorithm cannot appropriately segment cells if the cell image is not
clear. If the intensity histogram is analyzed, a clear cell image, in most
cases, has a bi-modal or multi-modal distribution. In such cases, accurate
cell segmentation can be easily carried out by using a global threshold
algorithm such as the Otsu algorithm. However, the application of a
conventional algorithm to a cell image, which has different dimness in
the background areas due to uneven reflection of light during imaging
or severe noise, results in incorrect segmentation. Analysis of intensity
histograms of these images typically reveals uni-modal distributions. A
cell image with a uni-modal distribution requires a segmentation
algorithm for uni-modal distribution or a local threshold algorithm.

The Otsu algorithm is efficient in terms of calculation and is cost-
effective, but a segmentation algorithm for uni-modal distribution
requires a considerable amount of time and a relatively high computing
cost. Therefore, for efficient and accurate cell segmentation, it is
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Fig. 1 Three types of histogram: (a) Uni-modal distribution (b) Bi-
modal distribution (c) Multi-modal distribution

desirable to apply the Otsu algorithm which has low computing cost in
the case of a bi-modal or multi-modal distribution, and to apply a
special algorithm in the case of a uni-modal distribution after analyzing
the histogram of the inputted cell image. In this study, we proposed and
implemented an algorithm that determines the type of distribution that
a given image has by analyzing the histogram of the inputted cell
image. This algorithm analyzes the shape of a histogram after smoothing
the given intensity histogram using the polygonal approximation.

2. Histogram Types of Cell Images

An intensity histogram for an image is a frequently used tool for
image analysis. A grayscale image has intensity values ranging from 0
to 255 and the x-axis of the histogram has an intensity value ranging
from 0 to 255 and the y-axis displays the frequency of its intensity
exhibited on the image. In the case of a color image, a histogram is
obtained by converting it into a grayscale image. The shape of the
histogram varies depending on the characteristics of the images. In
general, the histogram can have one of the three types of distributions:
uni-modal, bi-modal, and multi-modal distributions.

In statistics, a large number of studies have been conducted to
determine whether given values have a uni-modal distribution.*’
Representatively, it is known that the sufficient condition under which
an independent variable X with a cumulative distribution function F is
a uni-modal distribution satisfies Eq. (1).* In Eq. (1), x denotes average;
4, median; and o, standard deviation.

O-t< 5, ot o6, 1< )

However, it is difficult to use the conditions of Equation 1 to decide
whether the cell image histogram has a uni-modal distribution. In
statistics, a uni-modal distribution is defined to be one with the maximum
value of a single mode (i.e., a single peak), and thus, the peaks that have
local minima are ignored. However, an image histogram has various
forms of local minima, and the values of some local minima have
important implications such that in many cases, they should be
considered as a single mode. Consequently, Eq. (1) conditions are
insufficient to determine whether the histogram of an image has a uni-
modal distribution. Therefore, we attempt to develop a method that
determines the type of histogram distribution for given cell images by
using the shapes of the histograms.

First, the distribution characteristics of a histogram, which reflects
the quality of the cell image, are examined. Fig. 2 shows a group of
clear cell images and a group of unclear cell images that are used in the

K

Fig. 2 Cell images: (a)~(c) Clear cell images, (d)~(f) Degraded cell
images
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Fig. 3 Normalized histogram distribution corresponding to the cell
images shown in Fig. 2

experiment. Fig. 2(a)~(c) are the cell images with relatively good quality
and (d)~(f) are the cell images of low quality due to noise and an
uneven light source. The cell image in Fig. 2(c) was extracted from
Ref. 6, and the other cell images were extracted from Ref. 7.

Fig. 3 shows the normalized histograms corresponding to the images
shown in Fig. 2. Fig. 3 (a)~(c) show a similar distribution as bi-modal
distribution; (d)~(f) images show rather complex shapes, but they are
more similar to uni-modal distribution than to bi-modal distribution.

The cell segmentations of the images of the two groups yielded
widely differing results. The segmentation results were accurate for the
images with clear backgrounds when the Otsu algorithm, which is the
most widely used among segmentation algorithms, was applied, but the
cell images with a dim background could not perform accurate
segmentation. Consequently, in order to obtain accurate segmentation
results for a given cell image with a certain quality level, global
thresholding algorithms such as the Otsu algorithm may be applied to
a bi-modal distribution, whereas a special segmentation method should
be applied to cell images with a uni-modal distribution.

3. Smoothing a Histogram using Polygonal Approximation

To determine the distribution on a histogram, the first process is the
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smoothing of the shape of the histogram by applying the polygonal
approximation technique. If the intensity value of the image is drawn
as a bar graph, the upper part shows a jagged shape as illustrated in Fig.
3. The graph’s shape information has to be utilized in order to determine
the histogram type, but the jagged shape hampers the accurate
determination of the distribution type. The polygonal approximation
technique is used for extracting the accurate shape of an object in the
field of image processing or computer vision®! The polygonal
approximation that is used for extracting the complex shape of an
object in the field of image processing is diverse and complex. We use
the polygonal approximation method simply to smooth the jagged
shape of a histogram and not to extract the complex object, which is
unnecessary the use of the approximation method that requires a
complex calculation process.

The following polygonal approximation method was used in this
study. Let the intensity value of the histogram be k (0 <k <255) and the
frequency of each intensity value be f(k). A set H is consist of points
that constitutes histograms, then H is {P, = (k, f(k): 0 <k <255}. Let
the starting point where polygonal approximation is applied be P;eH
and the point at the position displaced from P; by a constant displacement
(offset) be PjeH (j =i + offset). The offset is set with an integer greater
than 3.

Algorithm 1: Smoothing a histogram using polygonal approximation

[Step 1] Obtain the equation of a straight line it L; that passes the
starting position P; and the last position P;.

[Step 2] Define the midpoints between P; and P; as set M, yielding
M= {Piyy, Pip, ..
disa, ..., disj.i for all points belonging to M to the straight line L;;. Then,

., Pisj1}. Find the perpendicular distance value d;.,,

the distance values of all the points between P; and P;, and the straight
line Ljj that passes through P; and P; can be expressed by Eq. (2).

it+j—1
dist(Ly;, M) = jz d, ?)
kit

[Step 3] Repeat Steps 1 and 2 by comparing dist(L;;, M) with the
fixed threshold value D, deleting all the points in set M if they are
smaller than D, and setting P; as the starting point. If the value of dist
(Lij, M) is greater than D, set P;;; as the starting point and repeat Steps
1 and 2. This recursive process is repeated until i’s value becomes 255
- offset.

[Step 4] Repeat Steps 1 to 3 until either one of the two following
conditions becomes false. The first condition is to have less than 15
points that are not deleted. The second condition is to repeat Step 4 less
than 15 times.

The histogram approximation result depends on the distance threshold
D obtained in Step 3. If the distance threshold is very small, the
histogram simplification effect cannot be obtained; if it becomes very
large, points that should not be deleted might be deleted. Therefore, it
is important to determine the optimum distance threshold. After
experimenting with various cell images, the distance threshold set by
using the standard deviation showed the best results. The formula used

for calculating the distance threshold in this study is as follows:

D=Kx @) =) x (pG,y) =10 3)

n

In Eq. (3), 1 denotes average intensity of the image and the constant
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Fig. 4 Result of applying polygonal approximation to Fig. 3’s histogram

K has a value between 0 and 1. Fig. 4 illustrates the result when K is
0.7. As the value of the constant K decreases, the threshold value D of
Equation 3 also decreases; therefore, there are few midpoints that are
deleted, and hence, the original histogram shape can be maintained.

A closer look at the smoothing result of the histograms shown in
Fig. 4 reveals that, except for points in the places where rapid changes
occurred, most points are removed from the histograms shown in Fig.
4 as a result of smoothing. The purpose of histogram smoothing is to
simplify the shape of the histogram except for the positions where the
important changes occurred. In order to achieve this purpose, in this
study, we set the K value as 0.7.

4. Determination of the Type of a Histogram

Upon the completion of the histogram smoothing process using
polygonal approximation, the histogram type determination process
begins. We classified the histogram types into the three distribution
types associated with the clear differences in results when a segmentation
algorithm is applied: uni-modal, bi-modal, and multi-modal distributions.
The method of determining a histogram type by analyzing the histogram
smoothing results of the inputted cell image is as follows:

Algorithm 2: Determination of the type of a histogram

[Step 1] If we define a point set constructing a smoothed histogram
as set SH, then SH can be expressed as {P, = (x(k), f(x(k))}. In SH, k
represents all the remaining points not removed during the smoothing
process. Find a histogram sign sequence (HSS) value of two consecutive
points Py and Py, for all elements in the set SH by using Eq. (4).

+ i fx(R)<flx(k+ 1))
= i f(R)>fx(k+1))

[Step 2] If the number of the continuing same signs is one in the

HSS(k) = { 4)

results of Step 1, then calculate the intensity value difference, i.e., the
difference between x(k) and x(k+1), at that position. For example, the
HSS of Fig. 4(f) is (++-+---). In this HSS, the continuing number of the
third and fourth signs is one for each. In this case, we calculate the
intensity value difference between P; and Py, |x(4) —x(3)|, and that
between P, and Ps, [x(5) — x(4)|. Then, convert the sign at the position
to the same sign of the previous sign if the intensity value difference
is smaller than 5. [x(4) —x(3)| is 12, and [x(5) —x(4)| is 3. Therefore,
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Table 1 Performance of the proposed method

Type of cell Clear cell images Degraded cell images
image
Null hypothesis  uni- bi- multi-  uni- bi- multi-
(Hp) modal modal modal modal modal modal

0.048 0.0 0.05 0.09 0.00
0.024 0.0 0.00 0.09 0.00

Type 1 error 0.0
Type 2 error 0.0

maintain the third sign as it is and convert the fourth sign to — as the
same sign of the previous one. Hence, the final HSS of Fig. 4(f)
becomes (++-----).

[Step 3] Insert the MARK sign in the position where the sign
changes. For example, the HSS of Fig. 4(f) becomes (++MARK-----).

[Step 4] Determine the histogram as uni-modal distribution if the
number of MARKSs in HSS is 1, as bi-modal distribution if it is 2, and
as multi-modal distribution if it is 3 or greater.

We divided the cell images to two groups: the clear image group
and the unclear image group. Then, we carried out experiments to
analyze the performance of the algorithm proposed in this paper. Each
group was composed of 20 cell images. Around 70% of the clear image
group showed a bi-modal distribution, and approximately 86% of the
dim image group, a uni-modal distribution.

We counted the type 1 and type 2 error occurrences to analyze the
accuracy of the algorithm. A type 1 error occurs when the null
hypothesis is true but the system rejects it. For example, it occurs when
the null hypothesis says “It is a uni-modal image,” but the algorithm
determines it as a bi-modal or multi-modal image by rejecting its being
uni-modal. A type 2 error occurs when the null hypothesis is false but
the system accepts it. In other words, the null hypothesis says “It is a
uni-modal image,” but the algorithm determines the given image as a
uni-modal image even when it is not a uni-modal image.

Table 1 shows the experimental results of cell images by differently
setting the null hypothesis for the two groups. The null hypothesis was
set as “It is a uni-modal distribution,” “It is a bi-modal distribution,”
and “It is a multi-modal distribution” according to the histogram
distribution type. It could be observed that the experimental result of
the clear cell image was relatively more accurate.

As for cell images, most of them have either a uni-modal or bi-modal
distribution. The type 1 and type 2 errors of the proposed algorithm were
confirmed to be less than 5% on average; therefore, it is considered
very effective in automatically determining the type of histogram
distribution.

5. Conclusions

In this paper, we proposed a method that automatically determines
the type of histogram based on histogram shape of the cell image,
which is simplified by applying the polygonal approximation technique
on the cell image’s histogram. We experimentally tested the performance
of the proposed algorithm on various cell images. The accuracy of the
proposed method yielded very good results, with both type 1 and type
2 error occurrences being less than 5% on average. Therefore, the
proposed algorithm is expected to serve as a useful tool of a cell

tracking system for determining the distribution that an image has in

the cell segmentation process.
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