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Abstract- The CMYK color model (process color, four color)
is a subtractive color model, used in color printing, and is
also used to describe the printing process itself. A CMYK
printer instead uses light-absorbing cyan, magenta and
yellow inks, whose colors are mixed using dithering, half
toning, or some other optical technique. Bacteria Foraging
Optimization a nature-inspired optimization has drawn the
attention of researchers because of its efficiency in solving
real-world optimization problems arising in several
application domains. Color image quantization is an
important process of representing true color images using a
small number of colors. The objective of this research work is
to investigate the performance of Bacteria Foraging
Optimization on color image quantization of CMYK images.
To implement and test the proposed algorithm. To compare
the designed algorithm with other quantization techniques.
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I. INTRODUCTION

Bacteria Foraging Optimization Algorithm (BFOA),
proposed by Passino, is a new comer to the family of
nature-inspired optimization algorithms. For over the last
five decades, optimization algorithms like Genetic
Algorithms (GAs), Evolutionary Programming (EP),
Evolutionary Strategies (ES), which draw their inspiration
from evolution and natural genetics, have been dominating
the realm of optimization algorithms. Recently natural
swarm inspired algorithms like Particle Swarm
Optimization (PSO), Ant Colony Optimization (ACO)
have found their way into this domain and proved their
effectiveness. Following the same trend of swarm-based
algorithms, Passino proposed the BFOA. Application of
group foraging strategy of a swarm of E. coli bacteria in
multi-optimal function optimization is the key idea of the
new algorithm. Bacteria search for nutrients in a manner to
maximize energy obtained per unit time. Individual
bacterium also communicates with others by sending
signals. A bacterium takes foraging decisions after
considering two previous factors. The process, in which a
bacterium moves by taking small steps while searching for

nutrients, is called chemotaxis and key idea of BFOA is
mimicking chemotactic movement of virtual bacteria in
the problem search space. Since its inception, BFOA has
drawn the attention of researchers from diverse fields of
knowledge especially due to its biological motivation and
graceful structure. Researchers are trying to hybridize
BFOA with different other algorithms in order to explore
its local and global search properties separately. It has
already been applied to many real world problems and
proved its effectiveness over many variants of GA and
PSO. Mathematical modeling, adaptation, and
modification of the algorithm might be a major part of the
research on BFOA in future.

Fig. 1 Bacteria Movement

A color image quantization is a process that
reduces the number of distinct colors used in an image,
usually with the intention that the new image should be as
visually similar as possible to the original image.
Computer algorithms to perform color quantization on
bitmaps have been studied since the 1970s. Color
quantization is critical for displaying images with many
colors on devices that can only display a limited number of
colors, usually due to memory limitations, and enables
efficient compression of certain types of images. Color
quantization is important because quantized image can be
used in many applications including the following.
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• It can be used in lossy compression techniques.
• It is suitable for mobile and hand-held devices
where memory is usually small.
• It is suitable for low-cost color display and

printing devices where only a small number of
colors can be displayed or printed simultaneously.

• Most graphics hardware use color lookup tables
with a limited number of colors.

So, the main objective of color image quantization is to
map the set of colors in the original color image to a much
smaller set of colors in the quantized image.

In CMYK color model the four-color printing process uses
four printing plates; one for cyan, one for magenta, one for
yellow and one for black. When the colors are combined
on paper (they are actually printed as small dots), the
human eye sees the final image. Graphic designers have to
deal with the issue of seeing their work on screen in RGB,
although their final printed piece will be in CMYK. Digital
files should be converted to CMYK before sending to
printers, unless otherwise specified.

Fig. 2 CMYK Color Model

II. RELATED WORK

Several heuristic techniques for color image
quantization have been proposed in the literature. Some of
them are discussed below.

The median cut algorithm (MCA) divides the color
space repeatedly along the median into rectangular boxes
until the desired number of colors is obtained.

Popularity Algorithm builds the color map by finding
the K most frequently appearing colors in the original
image. Therefore the colors are stored in a histogram. The
K most frequently occurring colors are extracted and they
are made the entries in the color table. Now the true image
can be quantized.

The variance-based algorithm (VBA) also divides the
color space into rectangular boxes. However, in VBA the
box with the largest mean squared error between the colors
in the box and their mean is split.

The octree quantization algorithm repeatedly
subdivides a cube into eight smaller cubes in a tree

structure of degree eight. Then adjacent cubes with the
least number of pixels are merged. This is repeated until
the required number of colors is obtained.

M. G. Omran in his paper proposes Color image
quantization based on PSO. The proposed approach is of
the class of quantization techniques that performs
clustering of the color space. The proposed algorithm
randomly initializes each particle in the swarm to contain
K centroids (i.e. color triplets). The K-means clustering
algorithm is then applied to each particle at a user-
specified probability to refine the chosen centroids. Each
pixel is then assigned to the cluster with the closest
centroid. The PSO is then applied to refine the centroids
obtained from the Kmeans algorithm.

III. DESIGN

Step A. Design an algorithm for color image quantization
of CMYK images by mimicking the behavior of
bacteria as in BFOA.

Step B.Validate the proposed algorithm by running on
various types of images.
Step C.Compare the results of previous work with the
results generated in step B.

The performance matrix will comprise of following image
quality measures:

1. Mean Square Error.
The large value of MSE means that
image is poor quality.

2. Peak Signal to Noise Ratio (PSNR)
The small value of Peak Signal to
Noise Ratio (PSNR) means that
image is poor quality.

3. Maximum Difference (MD)
The large value of Maximum
Difference (MD) means that image
is poor quality.

IV. CONCLUSION

In this paper, we have presented Bacteria Foraging
Optimization algorithm for color image quantization. The
BFOCIQ uses the CMYK color model. By means of this
model you can handle colors regardless of specific devices
(such as monitors, printers, or computers). In this research,
BFO is to be implemented on various types of images
including the phantom images. This will validate the
proposed algorithm and give optimized results when
implemented on the phantom images.
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