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Abstract

In this paper, a color image binarization method based on isodata thresholding
technique is developed. A threshold value is computed separately for each of the color
component of the given input RGB image. The binary images of each color component
image along with the binary image of the converted grayscale image are added together
to produce the resultant binary image. The result of this proposed method was compared
with the popular Otsu’s thresholding method. The proposed method found to produce
better result than the Otsu’s thresholding technique.
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1. Introduction

Image binarization is an essential step in image segmentation process because the
binary images are easier to process than the grayscale or color image for object analysis
and identification. Image binarization is typically treated as a simple intensity
thresholding operation on an image. There are many binarization methods being proposed
[1]-[9]. Thresholding creates a binary image from gray scale/color images by turning all
pixels below the threshold to zero representing the background and all pixels above the
threshold to one for foreground representation. Because of its efficiency in performance
and its simplicity, thresholding techniques have been studied extensively and a large
number of thresholding methods were developed [10]-[12]. Most of these methods find a
single threshold value. Sometimes, for color images, this single threshold may not
produce correct result, because the color image may be dominated by some color features
that the single threshold may fail to segment it correctly. Therefore, in this proposed
method, the threshold value is calculated for each of its color component image
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separately. The result of the proposed method is compared with global thresholding
method Otsu.

Otsu is one of the well known and widely accepted methods [13] for gray scale
images. It is based on discriminant analysis to find the maximum separability of classes
and is used to automatically perform histogram shape-based image thresholding [14]. The

algorithm assumes that the image is composed of two basic classes, foreground (C,) and
background (C,) and it constructs a normalized histogram using the discrete probability

density function, and is given by:
n
pr(rq)=—q, qg=0,1,2,..,L-1 Q)
n

where, nis the total number of pixels in the image, n, is the number pixels that have
intensity level r, and L is the highest intensity level in that image. Initial threshold is the

midpoint between the maximum and minimum intensity values in the image. If k is

chosen as the initial threshold then C, is the set of pixels with levels [0]1,...k —1] and
C, is the set of pixels with levels [k,k+1,---,L—1]. Otsu’s method chooses the

threshold value k that maximizes the between-class variance o°s, which is defined as:

c’s =0y (Mo —Hy )2+(’01(M1_MT )* (2)
where,

k-1

@, = Pa(Ty) (3)
q=0
1-1

mlzzpq(rq) (4)
g=k
k-1

Mo =2 aP (1 )/ o, )
gq=0

1= 2.apy(r,)/ o, ©)
gq=k
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HT :Z_qpq(rq ) (7)
q=0

In this method, a thresholding technique based on isodata method is developed for color
image binarization. This proposed method is applied to find the threshold value for each
of its color component images of the given input image. The binarized output image is
obtained by combining the binary images of all the three color component images along
with the binary image of the converted gray scale image.

The remaining part of the paper is organized as follows: In section 2, the methodological
details of this proposed method is given. The results and discussion are given in section

3 and the conclusions is given in section 4.

2. Method

In the proposed method, the input RGB color image is separated into three
images; red component image R, green component image G and blue component image B
respectively. The proposed thresholding technique is then applied on each of these
images in order to obtain the binary image. These three binary images along with the
binary image of the gray scale converted input RGB image are added together to produce

the resultant image. The flowchart of the proposed method is given in Figure 1.
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Figure 1: Flowchart of the proposed method
In this method, threshold value is calculated based on isodata thresholding
technique [15]. Isodata method is an iterative self-organizing data analysis technique. It is
an unsupervised classification method and do not need to know the number of clusters.
The initial threshold is periodically updated by splitting and merging the clusters. Cluster
centers are randomly placed and pixels are assigned based on the shortest distance to its
center. The standard deviation and the distance between the clusters are calculated.
Clusters are split, if one or more standard deviation is greater than the user-defined
threshold. Clusters are merged, if the distance between them is less than the user-defined
threshold. Then it starts the second iteration using the new cluster centers. This process is
repeated until the average change in the inter-center distance between iterations is less

than the threshold (or) the maximum number of iterations is reached.
The proposed method identifies the initial threshold by calculating the histogram
of an image. Then it uses an isodata based method to update the initial threshold. The
histogram of digital image with the intensity levels in the range [0, L-1] is defined as a

discrete function:
h(r,)=n, (8)
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where, r, is the intensity value, n, is the number of pixels in the image with intensity r,
and h(r, )is the histogram of the image with gray level r, .

Then the initial threshold T, is calculated using the following equation:

- 2 (h(r)xn)
YN

where, n is the bin location. The n of the histogram are each half-open intervals of width

(9)

Al(n—1). In particular, the p™ bin is the half-open interval and is given below:

A(p-15) _ _ A(p—05)
(n-1)  (n-1)

(10)

The scalar factor A depends on the image class. In this method, A is 255 because each
color component of the given image is an 8-bit intensity image.

Based on the computed initial threshold value T,, the image is segmented into

two images m; (foreground) and m;, (background) as given below:

1 if f(x,y)<T,
m,(x,y)= . 11
(%Y) {0 otherwise (1)
1 if f(x,y)>T,
m,(X,y)= 12
(%Y) {0 otherwise (12)
where, f(x,y) is the input color component image. Then the new threshold T,,, is
calculated as per the Eqgn. (13).
T - mean(m, )+ mean(m, ) (13)
2
The original image is partitioned based on the new threshold valueT,,,. This

process is repeated until the difference between the old threshold T, and the new

threshold T, is less than 0.01 or it has reached the maximum number of iterations. The

New
summary of the steps involved in the proposed method is given below:
1. Read the input RGB color image I.

2. Let R—Red Component_Image(l)
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Let G<—Green Component_Image(l)
Let B«—Blue Component_Image(l)
Let Y«Grayscale Image(I)

3. Repeat the following steps for each of these images R, G, B and Y to calculate
the threshold values tR, tG, tB and tY respectively

I. Compute the image histogram
il. Calculate the initial threshold T, by the Eqn. (9)

iii. Divide the image into two images background and foreground
by the Eqns.(11) and (12)

iv. Calculate the new threshold T, using the Eqgn. (13)

New

v. If T,-T,,<=0.01 or the maximum number of iteration is

reached then stop the threshold computation process, otherwise
goto step 3 by assigning T, as T

New
4. Let BR— Binary_image(R) using tR
Let BG«+ Binary image(G) using tG
Let BB« Binary image(B) using tB
Let BY < Binary image(Y) using tY
5. Obtain the binary image I' = BR+BG+BB+BY
6. Output the resultant binary image I'

3. Result and Discussion

The proposed color image binarization method is evaluated using the color RGB
images obtained from the internet. The performance of the proposed method is compared
with the well known binarization technique Otsu. The process involved in this proposed
method is given in Figure 2. In this figure, the original color RGB image is shown in
Figure 2(a) and the corresponding gray-scale image Y, red component image R, green
component image G and blue component image B are shown in column 2 of Figure 2(b),
2(c), 2(d) and 2(e) respectively. The binarized image using the proposed thresholding
method for the images of column 2 are given in the next column as Figure 2(b") 2(c"),
2(d") and 2(e") respectively. These binary images are added together to produce the
resultant binary image and is shown column 4 of the same figure. It can be observed from
this figure that by adding the binary images of R, G and B component alone will not

produce the correct binary image. Similarly the binary image of the converted gray scale
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image (Figure 2(b)) has missed some of the foreground image features that are present in
the original image. Therefore, in this proposed method, it is devised to add the binary
images of all the color component images along with the binary image of gray scale
image to produce the final result. It is necessary to add the binary image of each color
component image because some features in the color images are dominated by its color
component, a common threshold value may not be sufficient to segment all the objects
present in the color image. The result of this proposed method for the color image shown
in Figure 2(a) is compared with the existing Otsu’s method and is represented in Figure 3.
For this image the proposed binarization method produced better result than the Otsu’s
method.

(b Gray-Scale Image (W) BinaryImage of ()

(6 R-Component Imag () Binary Image of (e)

() G-Component Image  (d) BinaryImage of ()

() Original RGE Image () Output Image

() B-Component Image (e Binary Image of (&)

Figure 2: The process involved in the proposed method
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(b Binaty Image by () Binary [mage by the
Oim Froposed IMethod

(2 Original Image

Figure 3: Comparison of proposed with the Otsu’s method
For visual comparison some of the selected sample images along with the result obtained
by the proposed and the Otsu’s method are given in Figure 4. For all these selected
images the proposed method produced better result than the Otsu’s method. From these
results it is observed that the proposed thresholding method may be used as an efficient

technique for color image binarization.
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& O]

Figure 4: Binarization output of the proposed and the Otsu’s method; (a) Original
image (b) Gray-scale image, (c) Binary image by Otsu and (d) Binary image by the
proposed method

4. Conclusions
In this article, a simple and efficient color image binrization method based on isodata

thresholding technique is developed. The results obtained by this method are compared
with the popular thresholding technique Otsu. It is found that the proposed method
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produced better result than the existing Otsu’s method. This method may be further

standardized to obtain binary image on color images of different color models.
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