
International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-2, Issue-11, Nov.-2014 

Image Segmentation Using Revised Bacterial Foraging Optimization Algorithm 
 

24 

IMAGE SEGMENTATION USING REVISED BACTERIAL FORAGING 
OPTIMIZATION ALGORITHM 

 
1P.LAKSHMI DEVI, 2S. VARADARAJAN, 3A.RAMMOHAN 

 
1Associate Professor AITS (Rajampet), 2Professor SV University (Tirupathi), 3Student AITS (Rajampet) 

E-mail: 1drlakshmi143@gmail.com, 3rammohan4274@gmail.com 
 

 
Abstract- In digital image processing, image segmentation is the most important task. This paper provides an faithful image 
segmentation algorithm with biologically inspired technique Bacterial Foraging Optimization (BFO) for different images with 
different size.. The methodology of this paper is to separate R G and B planes of input image and then Revised Bacterial 
Foraging Optimization Algorithm (RBFOA) is applied on R G and B planes separately to calculate three different thresholds. 
Image is segmented using RBFOA and the results are compared to Otsu method. All the experiment results show that the 
RBFO algorithm has better performance than that of standard Otsu method. This method of segmentation is specially used for 
Satellite Images of Defence and Intelligence images in   satellite imaging corporation. The proposed new algorithm of RBFOA 
is performed on the basis of thresholding 
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I. INTRODUCTION 
 
Bacterial   Foraging Optimization Algorithm (BFOA) 
Was proposed by K.M.PASSINO in 2002.Current 
interest for distributed optimization and control, 
BFOA is a global optimization algorithm. It is a social 
foraging behavior of Escherichia coli (E.coli). Its 
efficiency in solving real world optimization problems 
are using in several application domains. They are 
four stages namely chemotaxis, swarming, 
reproduction, and elimination dispersal   in the life of 
bacteria. Three stages in the search space generate an 
optimum solution to the optimization.BFO has 
various applications like Option Model calibration[1], 
image processing[2], RFID Network scheduling[3] 
etc, . The life cycle of BFOA are explained below [4]: 
1. Chemotaxis 
2. Swarming 
3. Reproduction 
4. Elimination and Dispersal 
 
In chemotaxis, bacteria move with random direction 
represents a “tumble” and a bacteria move with the 
unique direction indicates a “swim.” Tumble and 
Swim which are the two basic operations performed by 
the bacterium at the time of foraging. 
 
In Swarming, social foraging behavior of E.coli cells 
arranges themselves to travel by searching the nutrient 
gradient. 
 
In Reproduction stage, weak bacteria commonly die 
while each of the strong bacteria; they start production 
which means the population of the bacteria remains 
constant. In Elimination and Dispersal stage, the 
bacteria with the strong positions are kept and the 
bacteria with the weak positions are killed. The 

healthier bacteria   move to another position to become 
strong within the environment. After many stages, 
poor locating strategies are either eliminated or 
shaped into good ones (redesigned). 
 
II. IMAGE SEGMENTATION  
 
Image segmentation deals with dividing the image 
according to either “similarity” or “dissimilarity”. In 
image analysis, image segmentation is the most 
important prospect. Based on the discontinuity or 
similarity criteria, many segmentation methods have 
been introduced which be broadly classified into six 
categories: 
 
1. Histogram based method. 
2. Edge Detection. 
3. Neural network based segmentation method. 
4. Physical model based approach. 
5. Region based methods (Region splitting, Region 
growing and Region merging). 
6. Clustering (Fuzzy C-means Clustering and K- 
means Clustering).  
 
2.1. Color Image Segmentation: 
In Image processing, color image segmentation is a 
different task for the past two decades in the 
researches. The problem that the color image 
processing is faced with is a five dimensional (5-D) 
problem. 2-D is geometrical and 3-D is chromatic. To 
extract information from a color image means that it 
has to be decomposed into identifiable items using 
color image processing techniques plus gray image 
processing techniques. Color segmentation is an 
important step in the decomposition of a color image 
into less complicated component images.In the visible 
electromagnetic spectrum, Color is a perceptual 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-2, Issue-11, Nov.-2014 

Image Segmentation Using Revised Bacterial Foraging Optimization Algorithm 
 

25 

phenomenon related to human response to different 
wavelengths.  Color is the most well-known feature of 
any image. Using computer vision algorithms, 
extracting color information from any image. The 
gray scale image has less information compare to 
color Image. Besides this many Image segmentation 
algorithms with BFOA and researchers with Fuzzy set 
and Fuzzy Logic also have been used .For segmenting 
color images a soft computing techniques is used. 
 
III. PROPOSED METHOD  
 
Image segmentation is done on different satellite 
images of defense and intelligence in satellite image 
corporation. The proposed Revised Bacterial Foraging 
Optimization Algorithm is applied on the input image 
by the following steps: 
Step-1: The original image is first resized into any 
size, Suppose [128 x128]. 
Step-2: In second step, apply the Blurring and 
De-blurring concept   to the original image.  
Step-3: In third step, the resized image is converted 
into RGB components to get three planes i.e., plane 1 
(red), plane 2(green) and plane 3(blue) components. 
Step-4: For any color component, Maximum number 
of Colors in an image = 256. 
Step-5: First Threshold values in each plane as TR = 0, 
TG = 0 and TB = 0 
Step-6: Size of R component image into [m n]. 
Step-7: Apply   the   Chemotactic   and swim length as 
one i.e, Nc = 1 and Ns=1.  
Step-8: By using image histogram, calculate the 
health status of all image pixels. The health 
status of is given by:  

 
Step-9: x, y are the two adjacent pixels, then 
Calculate the Euclidean distance (ED) between x and y 
as ED = x – y Where x=R(r,t) and y=R(r,t+1) . 
Step-10: If ED is less than some threshold ED, then 
replace the R(r,t) by R(r,t+1),calculating the health 
status for new pixels. 
Step-11: Calculating the difference of health status of 
H1 and H2 pixel i.e, D=H1-H2. If H1 and H2 are less 
than the threshold health status (may change for 
different images), then they are the unpopular colors 
and can be removed to produce a   new color. 
Step-12: Increasing the color value to TR, TG or TB as 
may be the case from step-6.              
Step-13: Do the same process   over the entire   image. 
Step-14: Above steps from 6 to 13 is repeated for green 
and blue component images in the same manner and 
compute the TR, TG, and TB. 
Step-15: Calculating the individual threshold values 
of Red, 
Blue and Green as given by:  

 

 

 
 
Step-16: Calculate the final threshold as given by: 
 

 
 

Step-17: Apply the final threshold over the input 
image and compute t h e  performance indices as 
PSNR, SD (Standard Deviation), Entropy, Class 
Variance. 
Step -18: Compare these values with OTSU method 
except PSNR and shows the RBFOA has better values. 
 
3.3 Performance Measures 
To calculate and compare the resultant threshold 
image with proposed algorithm with respect to OTSU 
method, following performance measures are 
suggested: 
a) PSNR: Peak Signal to Noise Ratio (PSNR) is 
calculated by using the equation given below: 

.                   

 
Where N × N is the size of the input image  
f(i,j)=gray-level pixel values of the input and 
f(i,j)=gray level pixel values of the reconstructed 
images. 
 
In generally PSNR is used    to analyze quality of 
image, sound and video files in dB (decibels). PSNR 
calculation of two images, one input and an altered 
image, describes how far two images are equal b) 
Standard Deviation (SD): The standard Deviation of 
an image is given by: 

 
 
This corresponds to the degree of deviation between 
the gray levels and its mean value, for the overall 
image. 
 
c) Entropy E: The expression of the information 
entropy of an image is given by: 

 
 
Where L= the number of gray level, pi equals the ratio 
between the number of pixels whose gray value equals 
i (0 to L - 1) and the total pixel number contained in 
an image. The information entropy measures the 
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richness of information in an image. If pi is the 
constant for an arbitrary gray level, it can be proved 
that the entropy will reach its maximum. 
d) Class Variance: Class variance of the segmented 
image is computed by the following computation 
method: If the histogram is divided into two classes by 
the gray-level intensity t (threshold), then the 
probabilities of the respective classes can be expressed 
as:  

 
and 

 
 
Also, the class means m1 and m2 are given by 

 
 

 
The two class variances are given by: 

 

 
The total class variance (σT) is given by: σT

2= σB
2 + 

σw
2 

Where σB
2 = between class variance and 

σw
2 =within class variance 

Between class variance and within class variance is 
given by following the equations 

σw
2(t) = P1(t) σ1

2(t) + P2(t) σ2
2(t) 

σ2(t) = P1(t). P2(t) { m1(t)-m2(t) }2 
 

 
FIG.1: Block diagram of image segmentation using RBFO 

Algorithm 

IV. RESULTS 
 
The Revised Bacterial Foraging Optimization 
Algorithm is implemented on different images using 
mat lab code. The following Tables depict the values 
of the performance indices for all the images. 
Threshold, Standard Deviation, Class Variance and 
Entropy is being calculated and shown. The 
performance indices calculated through the code 
proved the results are better than the Otsu Method. 

 
 

IMAGE1:Tatui 
brazil red sludge 

 

Performance 
Measures 

RBFOA OTSU 

PSNR 55.4538 -------- 
ENTROPHY 0.9990 0.9878 

STANDARD 
DEVIATION 

0.4997 0.4958 

CLASS 
VARIANCE 

0.0025 0.0025 

TABLE 1: Shows the performance values of image 
1(Tatui brazil red sludge). 
 

 
 

IMAGE2:Aircraft 
Graveyard 

 

Performance 
Measures 

RBFOA OTSU 
 

PSNR 61.5731 -------- 
ENTROPHY 0.8531 0.6996 
STANDARD 
DEVIATION 

0.4482 0.3916 

CLASS 
VARIANCE 

0.0020 0.0015 

TABLE 2: Shows the performance values of image 
2(Aircraft graveyard). 
 

 IMAGE3:Iran-qom- 
nuclear-facilities 

 

Performance 
Measures 

RBFOA OTSU 

PSNR 58.1035 -------- 

ENTROPHY 0.8869 0.7923 

STANDARD 
DEVIATION 

0.4603 0.4261 

CLASS 
VARIANCE 

0.0021 0.0018 

 
TABLE 3: Shows the performance values of image 
3(Iran-qom-nuclear-facilities). 
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Figures   from 1 to 9 shows the three input images and 
its output images in RBFOA and OTSU method 
.Figures 2,5 ,8 are the colored segmented RBFOA 
output images and Figures 3,6,9 are the gray scale 
segmented OTSU Method output images. 
 
From   these output   images it is clear that the color 
image has more information than gray level images. 

 
FIGURE 1: INPUT IMAGE 1(Tatui brazil red sludge) 

 

 
FIGURE 2: COLORED SEGMENTED RBFOA OUTPUT OF 

IMAGE 1 
 

 
FIGURE 3: GRAY SCALE OTSU METHOD SEGMENTED 

OUTPUT OF IMAGE 1 

 
FIGURE 4: INPUT IMAGE 2 (Aircraft Graveyard) 

 

 
FIGURE 5: COLORED SEGMENTED RBFOA OUTPUT OF 

IMAGE 2 
 

 
FIGURE 6: GRAY SCALE OTSU METHOD 

SEGMENTED OUTPUT OF IMAGE 2 
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FIGURE 7: INPUT IMAGE 3:(Iran-qom-nuclear-facilities) 

 

 
FIGURE 8: COLORED SEGMENTED RBFOA OUTPUT OF 

IMAGE 3 
 

 
FIGURE 9: GRAY SCALE OTSU METHOD SEGMENTED OUTPUT OF IMAGE 3 

 
CONCLUSION 
 
This RBFOA here it is proven has its efficiency used 
as an application of Defence and Intelligence to 
identify very stringent information very effectively on 
satellite images through a proper thresholding process 
on performance bases evaluated four parameters like 
Peak Signal Noise Ratio (PSNR), ENTROPHY, 
STANDARD DEVITATION (SD), CLASS 
VARIANCE (CV).To compare the results of this 
RBFOA with OTSU Method.  
 
The same parameters have been used but expect   
PSNR in OTSU Method, due to the difference of Color 
and Gray scale images. Future scope of this work is 
after segmentation of this image, identification of 
depth of location, for any specific type of images.  
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