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Abstract
Quantization of a digital image is a process of generating optimal 
quantization levels. Generally when image is represented in a 
graphical device, quantization problem occurred because the 
resolution effects the image compression. The discretization of the 
color information reduces the image size and it is very much similar 
to normal compression process. Quantization is used for changing 
color resolution of an image with minimum distortion possible. 
Quantization process carries the process of discretization of the 
image’s color gamut which in turn used in a reduction of the color 
information linked with pixel in the particular image. Quantization 
is a challenging job for high resolution images these days. In 
our research, we will use new optimization method Pollination 
Based Optimization (PBO) to select best optimal quantization 
level of the image. Pollination based optimization will be used 
to find the optimal quantization level for best fit resolution and 
will try to decrease the quantization error over possible portions 
of the color space.
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I. Introduction
Quantization of a digital image is a process of generating optimal 
quantization levels. Color image quantization is the process of 
reducing the number of colors presented in a digital color image 
[1].Color image quantization can be formally defined as follows 
[2]:
Given a set of NS′ colors where S′ ⊂ ℜNdand Ndis the dimension 
of the data space. The color quantization is a map :S′→S′′ q f 
where S′′ is a set of NS′′ colors such that S′′ ⊂ S′ and S′′ S′ N <N 
. The objective is to minimize the quantization error resulting from 
replacing a color c ∈ S′ with its quantized value (c)∈S′′ q f .
Color image quantization is an important problem in the fields of 
image processing and computer graphics [2]:

It can be used in lossy compression techniques [2];• 
It is suitable for mobile and hand-held devices where memory • 
is usually small [3];
It is suitable for low-cost color display and printing devices • 
where only a small number of colors can be displayed or 
printed simultaneously .[4]
Most graphics hardware use color lookup tables with a limited • 
number of colors [5].

Color image quantization consists of two major steps:
Creating a colormap (or palette) where a small set of colors • 
(typically 8-256 [4]) is chosen from the possible combinations 
of red, green and blue (ℜGB).
Mapping each color pixel in the color image to one of the • 
colors in the colormap.

Therefore, 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 [6].
ℜGB is called the additive model in which each color appear as the 
combination of primary colors;red,green and blue. The ℜGB color 
model is additive in the sense that the three light beams are added 

together, and their lightspectra add, wavelength for wavelength, to 
make the final color’s spectrum. To generate any color within the 
ℜGBColor cube, all three ℜGB components need to be of equal 
pixel depth and display resolution. Also, any modificationof the 
image requires modification of all three planes.Blackcolor is the 
resultant of zero intensity for each component and full intensity 
for each component gives white. When the intensities for all the 
components are the same, the result is a shade of gray, darker 
or lighter depending on the intensity. When the intensities are 
different, the result is a colorized hue, more or less saturated 
depending on the difference of the strongest and weakest of the 
intensities of the primary colors employed.

Fig. 1: ℜGB Color Model

II. Pollination Based Optimization
Optimization is the natural process tha embedded in the living 
beings [7]. Pollination is a process of transfer of pollen from male 
parts of flower called anther to the female part called stigma of 
a flower. Some flowers will develop seeds as a result of self-
pollination, when pollen and pistil are from the same plant, often 
(but not always) from the same flower. Other plants require cross-
pollination: pollen and pistil must be from different plants. Plants 
benefit from pollinators because the movement of pollen allows 
them to reproduce by setting seeds. However, pollinators don’t 
know or care that the plant benefits. They pollinate to get nectar 
and/or pollen from flowers to meet their energy requirements and 
to produce offspring. In the economy of nature, the pollinators 
provide an important service to flowering plants, while the 
plants pay with food for the pollinators and their offspring. The 
floral display, fragrance and nectar lure pollinators and leads to 
pollination. Some species of plants optimize their nectar, display 
and fragrance producing resources. If pollination process is 
proceeding smoothly the plants spend average resources. If 
pollination process is above normal the plants reduce expenditure 
on resources for producing nectar, floral display and fragrance in 
the flowers. If the pollination success goes below normal, plants 
increase the resource expenditure such that more floral display, 
fragrance and nectar to attract pollinator. As more pollinators 
and their number of visits increase the pollination success rate 
increases [7].
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III. Related Work
Several heuristic techniques for color image quantization have 
been proposed in the literature. Some of them are discussed 
below: 
M. G. Omran [12] 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.
Gupta, S. [8]provides a color Quantization in document images 
algorithm based on Biogeography Based Optimization (BBO) is 
developed in this paper. BBO is a population-based optimization 
algorithm primarily focused on the distribution of species among 
neighboring islands and follows similar steps as evolutionary 
algorithms to find near-optimal solutions. The purposed module 
for Color Quantization has the purpose of reducing the number 
of colors to decrease its storage requirement and this reduction 
must not affect the quality of the image, so that human eye cannot 
differentiate between the original and the modified image. This 
work uses BBO technique to determine the close colors and far off 
colors are dropped such that the modification is least perceptible by 
the user. In the previous survey of color reduction this optimization 
approach is missing.
In this research, authors provides good quantization techniques 
in document images using biogeography based optimization with 
various edge detection techniques, color edge techniques. After 
color map has been designed, the next step is pixel mapping. Each 
pixel in original images is mapped to the representative color in 
color map. It is basically done by nearest-neighbor search i.e. 
finding the nearest representative color in color map. There are 
several nearest-neighbor search methods like MSE, Euclidean 
distance, CMC distance etc.
Kumar, D. [9] elaborated that 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. Existing color reduction 
techniques tend to alter image color structure and distribution. 
Thus the researchers are always finding alternative strategies for 
color quantization. In cylindrical color spaces like HSI, color is 
represented by hue, saturation and intensity. These components 
are closer to the way human perceives and describes color. Hue, 
saturation and intensity can also reveal image features that are not 
so obvious in other color spaces. The objective of this research 
work is to design an algorithm for Image Quantization using HSI 
color space based on Bacteria Foraging Optimization.
In this paper, authors presented Bacteria Foraging Optimization 
algorithm for color image quantization using HSI color model. 
Based on the results presented, authors conclude that the image 
quantization based on Bacteria foraging optimization using HSI 
color model gives better results. The HSI color model eliminates 
the weakness of ℜGB color model and LAB model. In HIS color 
model hue, saturation and intensity (value, brightness) components 
are closer to the way human perceives and describes color. Hue, 
saturation and intensity can also reveal image features that are 
not so obvious in ℜGB color space and LAB color space. In this 

research, Bacteria Foraging Optimization has been implemented 
on various types of images including the phantom images. This 
validates the proposed algorithm and it gives optimized results 
when implemented on the phantom images.
In the proposed algorithm they have to consider each pixel and 
for large images the proposed algorithm may become slow. So 
the further research may focus on some modification of the 
proposed algorithm to enhance the speed. Further research work 
may focus on developing some new algorithms related to bacterial 
foraging to decrease the computational cost and time during 
global optimization. Future research may try to apply the Bacteria 
Foraging Optimization algorithm for color image quantization to 
other color spaces.
Kaur, G. [10] elaborates the concept of pollination and image 
segmentation. Moreover explained thatColor image segmentation 
is a process of partitioning an image into disjoint regions, i.e. 
into subsets of connected pixels which share similar color 
properties. Region extraction in color images is a difficult process. 
They  proposed a new optimization method Pollination Based 
Optimization (PBO) to select best optimal clusters in color images. 
The methodology consisted of four steps: color space conversion, 
generation of candidate color cluster centers using Fuzzy K Means, 
pollination based optimization method to select optimum color 
cluster centers, image segmentation. Pollination in flowers is used 
for selecting optimal clusters in colored image. The optimization 
method worked well on images used. The total elapsed time used 
to compute segmentation also reduced considerably.
This paper derives new optimization technique based on pollination 
of plants to segment the color images. This new optimization 
algorithm has been implemented in Matlab for extraction the 
optimal clusters from the colored images. The new algorithm 
worked accurately on the colored images and the time required 
to segment the images into distinct homogeneous regions 
was considerably reduced as compared to other optimization 
algorithms.
Jing, Y. [11] compares the clustering approaches for image 
processing. This paper compares the efficacy and efficiency of 
different clustering approaches for selecting a set of exemplar 
images, to present in the context of a semantic concept. Authors 
evaluate these approaches using 900 diverse queries, each associated 
with 1000 web images, and comparing the exemplars chosen by 
clustering to the top 20 images for that search term. ℜesults suggest 
that Affinity Propagation is effective in selecting exemplars that 
match the top search images but at high computational cost. They  
improve on these early results using a simple distribution-based 
selection filter on incomplete clustering results. This improvement 
allows us to use more computationally efficient approaches to 
clustering, such as Hierarchical Agglomerative Clustering (HAC) 
and Partitioning Around Medoids (PAM), while still reaching 
the same (or better) quality of results as were given by Affinity 
Propagation in the original study. The computational savings 
is significant since these alternatives are 7-27 times faster than 
Affinity Propagation.Results suggest that, at least for a subset 
of concepts that have a strong visual component, cluster-based 
selection of exemplars can get surprisingly close to the same 
distribution of top images as do rankings that incorporate a large 
amount of non-local, non-visual data about each image. Within the 
set of cluster-based methods that we looked at Affinity Propagation 
and PAM did significantly better than HAC but at significantly 
higher computational cost. While all of the approaches benefited 
by increasing the number of exemplars/clusters that were generated 
and then filtering based on ranked cluster size, HAC benefited the 
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most. The quality of the filtered HAC exceeds that of all of the 
unfiltered methods, while using less than 4% of the computation 
needed for Affinity Propagation and less than 20% of that for PAM. 
This study leaves several questions for future work. First, similar 
to affinity propagation, spectral clustering and kernel methods can 
be useful to cluster features bounded by non-linear decision space, 
and we hope to conduct such experiment in the future. Another 
question is whether the exemplar approach is applicable to non-
search-term related collections of images (such as collections 
of photos taken by friends and family). Finally, authors should 
evaluate how much of the improvement seen with the filtered 
exemplar supersets (e.g. K = 40) is due to the specific image 
similarity measure that we used and how much is fundamental 
to diverse image collections.
Kaur, H. [13] explains that HSI color space is very important and 
attractive color model for image processing applications because it 
represents colors similarly how the human eye senses colors. The 
HSI color model represents every color with three components: 
hue( H ), saturation ( S ), intensity (I). Honey bee optimization is an 
optimization algorithm inspired by the natural foraging behavior of 
honey bees to find the optimal solution. 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 Honey Bee Optimization on 
color image quantization. The conducted experiments indicate that 
proposed algorithm generally results in a significant improvement 
of image quality compared to other approaches.
ℜesearchers are continuously searching for better techniques of 
color image quantization to display the image on the display with 
the less number of colors and to reduce the storage requirements. 
In the proposed model, an alternate technique of Color image 
quantization is proposed based on honey bee optimization. The 
position of a food source represents a possible solution to the 
optimization problem and the nectar amount of a food source 
corresponds to the quality (fitness) of the associated solution. The 
number of the employed bees or the onlooker bees is equal to the 
number of solutions in the population.
Xin, L. [14] explains that with the development of computer 
technology, digital images’ integrity and authenticity are queried 
more and more widely. As a protection and authentication 
technology, digital watermarking technology has been used 
in image field. In this paper, a multiple digital watermarking 
algorithm is proposed based on integer wavelet transform to 
protect image.
Kaur, ℜ. [15] explains that Bacterial Foraging Optimization (BFO) 
is optimization technique proposed by K. M. Passino in 2002 To 
tackle complex search problems of the real world, scientists have 
been drawing inspiration from nature and natural creatures for 
years. Bacterial Foraging Optimization is a burgeoning nature 
inspired technique to find the optimal solution of the problem. A 
Color images Quantization is necessary if the display on which 
a specific image is presented works with less colors than the 
original image. While a lot of color reduction techniques exist in 
the literature, they are mainly designed for image compression 
as they tend to alter image color structure and distribution, the 
researchers are always finding alternative strategies for color 
quantization so that they may be prepared to select the most 
appropriate technique for the color quantization. The objective 
of this research work is to implement a new algorithm for Color 
Image Quantization based on Bacteria Foraging Optimization. To 
compare the designed algorithm with other swarm intelligence 
techniques and to validate the proposed work. The proposed 

algorithm is then applied to commonly used images including 
the phantom images. The conducted experiments indicate that 
proposed algorithm generally results in a significant improvement 
of image quality compared to other well-known approaches.
Altous, S. [16] explains that Most image acquisition and editing 
tools use the JPEG standard for image compression. In this paper, 
a simple quantization ratio estimation scheme based on digital 
watermarking is proposed. An 8×8 pixel block is selected from 
the original image and inserted in the whole image using digital 
watermarking. If the receiver does not know the quantization ratio 
(quality factor) with which image is compressed, it can apply a 
set of all possible quantization ratios to the received compressed 
image. The inserted watermark can be extracted correctly only 
with the same quantization ratio which was used to compress the 
image. Hence image can be decompressed (reconstructed) without 
the prior knowledge of quantization ratio.
An algorithm is proposed to decompress JPEG images at the 
receiver side blindly. The main idea is that the inserted watermark 
can be extracted correctly only with the same quantization ratio 
which was used to compress the original image. This algorithm is 
tested against 464 images. The percentage of wrong estimation is 
almost 4%. To increase the robustness of this algorithm, different 
watermarking technique can be used. In future, the proposed 
algorithm can also be used for image forgery detection. If the 
image is tempered the hidden block (watermark) may not be 
extracted correctly.

IV. Design of  Proposed Algorithm 
Step 1: Design an algorithm for color image quantization of  
images by mimicking the behaviour of insects. 
Step 2: Validate the proposed algorithm by running on various 
types of images 
Step 3: Compare the results of previous work with the results 
generated in step 2. 
The performance matrix 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.

V. Proposed Model
ℜesearchers are continuously searching for better techniques of 
color image quantization to display the image on the display with 
the less number of colors and to reduce the storage requirements. 
In the proposed model, an alternate technique of Color image 
quantization is proposed based on pollination based optimization. 
Pollination optimization will perform better optimization to improve 
quantization level in images as cross pollination process will generate 
better results. Optimization will remove the error and broken parts 
if it exists. The experimentation will be carried in MATLAB 7.11. 
with 6 images as initial base. Main focus after optimization will be 
to remove errors and increase the quantization level in the images. 
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Fig. 1:

VI. Conclusion
Based on the results presented in the previous chapter, we 
conclude that the image quantization based on Bacteria Foraging 
Optimization using HSI color model gives better results. The HSI 
color model eliminates the weakness of ℜGB color model and 
LAB model. In HIS color model hue, saturation and intensity 
(value, brightness) components are closer to the way human 
perceives and describes color. Since the  previous researches in 
quantization seems to have slow speed. So proposed pollination 
based optimization methodology in quantization will be used. 
This new optimization algorithm will increase the efficiency and 
speed.
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