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Abstract
This work aims at identifying the pattern of English capital letters
printed in JPG graphic images via a computer system that converts
these images and edits them electronically to written characters. The
system identifies the image of the input character and determines what
this character is. It uses for this purpose a smart algorithm (Particle
swarm optimization (PSO)) after being developed and improved by
adding a method to calculate the fitness of each Individual of the
swarm, which helps to accelerate the search for the goal and reach the
optimal solution.

1

Introduction

The huge growth in the Internet and computers has led to the development of
useful algorithms and software that support this development to help users
search within different communication sites and retrieve the required documents [1]. However, most natural languages are complex languages and
the size of their data is of enormous proportions [2] and thus the need for
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sophisticated algorithms in line with this development and capable of discriminating within a relatively short period of time. The use of intelligent
algorithms that simulate the lives of living creatures trying to live in swarms
and how they search for shelter or food and act smartly so that they can
produce low-cost, fast and powerful solutions to many complex and major
problems [3]. The term metaheuristic was introduced to describe a heuristic
high level used to lead other heuristics for a better search space evolution
[4]. PSO is considered one of the algorithms of metaheuristic [5][6]. An OCR
system typically includes few main stages, starting with Primary treatment
followed by segmentation and feature extraction ending with classification [7].
Husnain and Naweed have introduced the Bayesian decision theory in classification to recognize the pattern of the English capital alphabet [8]. Dash
and Natak proposed an algorithm for hand written English alphabet pattern recognition which is based on the principle of Artificial Neural Network
(ANN)[9]. Perwej and Chaturvedi proposed an English alphabet recognition
system using neural networks [10]. Adamu and et al. designed a program for
English characters recognition using multilayer perceptron neural network
with a single hidden layer [11]. The aim of the research is the development
of an intelligent system to facilitate the computer’s task for recognizing English letters in an efficient and fast manner as an important step in the path
of interaction between natural language and machine. It is regarded as an
important step in the field of interpretation of complex natural languages.

2

Morphological Methods

Binary images can contain uncounted faults. Morphology is a wide extent of
operations that modifies the images based on shapes. It can be considered
as one of data processing methods used in image processing. Morphological
methods check the image with a small set called structuring element, which is
used to all probable input image positions and produce the same output size
[12]. This operation generates a new binary image that will contain a nonzero pixel value in the similar position in the input image. There are various
structuring element such as square shaped, cross and diamond shaped. The
main morphological operations are dilation, erosion, opening, and closing
[13]. Binary Dilation is one of mathematical morphology operators that
can be usually implemented on binary image, and there are other versions
that can be implemented on gray scale images. The primary influence for
this operator is to expand the desired pixel of area boundaries in which these

Metaheuristic algorithm for Capital Letters Images Recognition

579

pixels increase in size whereas holes within these area be smaller. In dilation,
the white pixel in the image augmented which makes it appears broader. All
background pixels which are touching an object pixel is transformed into an
object pixel [14]. Erosion is another mathematical morphology operators that
can be usually implemented on binary image, and there are other versions
that can be implemented on gray scale images. The basic influence for it on
a binary image is to erode away the boundaries of areas of foreground pixels,
in which areas of foreground pixels shorten in size, and holes within those
areas become wider [14]. Morphological Filtering is performed by considering
opening and closing operations as filters. These operations can filtrate every
detail whose size is smaller than the size of structuring element of an image,
opening can filter the binary image based on the size of the structuring
element in which image portions that are suitable for the structuring element
are exceeded by the filter whereas smaller structures are blocked up and
eliminated from the produced image. The structuring element size plays an
important role in getting off noisy and unwanted details without destroying
the image interested objects [15], [16].

3

Histogram Equalization

This is one type of image enhancement technique used to improve the contrast of digital images. It transforms the input images in such a way that the
output images have equalized histogram and an approximately uniform distribution of pixel values [17]. In this approach, we first find the occurrences
for each intensity in the image. We then find the probability density function
(PDF) by dividing occurrences for each intensity by the total number of pixels. Afterwards, we find the cumulative density function (CDF) whose first
value is equal to the first value of PDF and its other value is found by adding
the CDF in the previous step with the PDF in the present step. Finally, we
multiply each CDF with the maximum gray value to produce new gray levels
and assign new values for each gray value in the image [18], [19].

4

Traditional PSO Algorithm

This is an intelligent algorithm for evolutionary improvement inspired by the
nature of living creatures widely used to solve complex problems to reach
the target especially with non-linear functions and optimized way [20]. This
algorithm enables the search in very large areas and gives very little or no
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assumptions about the optimal solution. This algorithm is therefore used to
solve complex and partially irregular problems that are often noisy [21]. The
algorithm treats each solution as a particle and has two important properties: location l, and velocity ve, the two attributes are associated with each
particle. Therefore, l=(li 1,li 2,. . . ,li N) and ve=(vei 1,vei 2,. . . ,vei N), where N
represents the dimension of the problem and at each stage of the search for a
solution, a fitness function is given to the particles in the swarm. The speed
and location values are updated according to the two equations:
v = w.v + c1 m1 (pBest − 1) + c2 m2 (nBest − 1)

(4.1)

l = l + ∆t

(4.2)

w represents the weight of inertia which is responsible for controlling past
velocities effects of particles, c1 ,c2 , represent positive constants which are
called acceleration parameters, m1 ,m2 , random values take new values in
each appearance, ∆t represents the time step, pBest is the best current
location that has reached or passed the particle until the present time while
nBest is the best current location that a particle of neighboring particles has
reached or passed until the present time [21], [22].

5
5.1

Work Stages
Data Collection Stage

For written English characters, there are many forms and font styles that
belong to the same character. So a special database was created for a group
of 26 large and printed English letters (A to Z), which included ten different
models of each letter, 70 percent of them were used in the training process and
30 percent in the testing process. A set of strange pictures about this dataset
was also selected including 20 non dataset different model, 10 of which are
actually true and belong to the same types of uppercase letters within the
dataset, and the other 10 are non-dataset models containing strange symbols
that do not belong to uppercase classes within the dataset and all these
images have been tested in this system.

5.2

Primary Treatment Stage

Primary treatment is a very important part of Optical Character Recognition
(OCR) systems in capital letters languages. It is recommended to use morphological methods and histogram equalization to increase the basic image
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enhancement. After reading the images entered in the system, these images
are preprocessed with various stages to obtain clear images that facilitate
distinguish them by NPSO algorithm.

5.3

Recognition stage using New Particle Swarm Optimization algorithm (NPSO):

The algorithm has been developed so that the fitness of each member of the
swarm is calculated by using one of the Template matching methods which
is the method of calculating the amount of correlation between the individual and the target using the correlation coefficient. In the beginning, the
first community is entered to be calculated the first generation of it which
represents the set of capital English letter images after the Primary treatment that was performed on them, which are located within the database
in the system. The best solution is calculated from among the solutions
available within the first generation, using the fitness value calculation for
each member of society in the first generation, according to the correlation
equation between the goal and every member of the first generation which is
represented by the following equation from [23]:
PN PM
j=1 (xij − x)(yij − y)
i=1
qP
Corr = qP
(5.3)
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where x, y represents the mean of image x and y and can be found by the
following equation:
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NM
where M, N are the image dimensions. After that, the velocity value is calculated for each member of the current community and thus the first stage of
the proposed NPSO algorithm has been completed. The second stage of the
algorithm begins by examining the value of the maximum iteration whether
the number of the iteration of the algorithm has reached the maximum number or not. If the value has reached the maximum iteration, this means that
the algorithm has completed its work and reached the state of stability to
the best possible solution. In other cases, the second stage of the algorithm
is completed. The new solution is calculated (which means the calculation of
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the following generations in each cycle) where the velocity value is calculated
for each member of the current society and then finding the best possible
solution among the expected solutions within the members of society after
calculating the fitness value for each individual and finding the best match
between the goal and the community members. After that, the new solution
is checked to see if the new proposed solution has a higher match value than
the old proposed solution or not. If it is actually better than the old solution,
then it is chosen as the best current solution instead of the old solution and
then the velocity values are updated for all members of the current society
and the choice of the improved generation as a new generation which represents the third stage of the algorithm. However, if the current solution is
not better than the old solution, then it must return to the beginning of the
second stage again. Thus, until the best possible solution is reached which
represents the best match between the goal and members of society.

6

Results And Analysis

6.1

Training Stage

The proposed new algorithm was applied on 182 capital letters which represent about 70 percent of all images in the dataset. The results showed the
ability of the algorithm to distinguish correctly and with a high capacity,
where the percentage of discrimination at this stage was 100 percent.

6.2

Testing Stage

The number of tested images used in the system are 78 different images for
various character categories used in the dataset of the system which represents about 30 percent of all images in the dataset. The correct discrimination
rate was 97.5 percent, whereas the false discrimination rate was 2.5 percent
according to the equations in [24], [25]:
Discrimination Rate(DR) =

Number of samples discriminated correctly
,
Number of all samples
(6.6)

and
False Rate(F R) =

Number of samples discriminated incorrectly
.
Number of all samples

(6.7)
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Table 1: Results of the strange input images
No. Rate(Measure Name) Value(Percent)
1
DR
97.5
2
FR
2.5
3
Recall
90
4
Spe
90
5
FNA
10
6
Pre
90
7
NPA
90
8
FPA
10
However, DR measure describes the capacity of the system to accurately
identify and recognize the shape of the English letter of the images entered
into the system that wanted to find its type. So the higher value of this scale
means that the system’s ability to recognize the English letter in the input
image is better. The statistical value of the FR measure represents negative
recognition towards the system. Therefore, the lower value of this measure
indicates a higher efficiency of the system, where three models have been
tested for each type, which comprises 30 percent of the images selected for
each type of image used in the database.
Although the DR and FR values shown in the table 1 are the values resulting from the execution of equations 6 and 7 and the calculation of the
system’s ability to identify 30 percent of the images chosen for the examination process for each type of English letter, such that each type is measured
separately. The threshold amount used in the system to distinguish between
correct capital letter images and false capital letter images was 0.3. Twenty
strange images were also examined by the system to ensure the ability of it
to find images of the items in the dataset, the results are shown in table 1
[26],
where:
1. True Negative Average (TNA): Represents the number of wrong capital
letter images that has been incorrectly categorized.
2. False Positive Average (FPA): Represents the number of wrong capital
letter images that has been correctly categorized:
FPA =

FPA
∗ 100
(F P A + T NA)

(6.8)

3. True Positive Average (TPA): Represents the number of right capital let-
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ter images that has been correctly categorized.
4. False Negative Average (FNA): Represents the number of right capital
letter images that has been incorrectly categorized:
F NA =

F NA
∗ 100
(F NA + T P A)

(6.9)

5. Negative Predictive Average (NPA): which represents the negative prediction rate of the system.
NP A =

T NA
∗ 100
(T NA + F NA)

(6.10)

6. Recall: Represents the scale sensitivity and the system’s ability to find
images where the wrong characters:
7. Precision(Pre): Represents the positive prediction average of the system.
P re =

TPA
∗ 100
(T P A + F P A)

(6.11)

8. Specificity(Spe) : It represents the system’s ability to find the correct
capital letters images.
Spe =

T NA
∗ 100
(T NA + F P A)

(6.12)

From the results in Table 1, we note that the values of DR and Recall
are very high, Where the ratio of DR is 97.5 while the ratio of Recall is 90
percent which means that the proposed algorithm was able to distinguish
the capital letters in English efficiently and the performance of the proposed
algorithm to retrieve the target goal and locate it among several different
goals is very high. It is a successful algorithm to move from exploration
to exploitation in a large way. We also note that the ratio of FR was 2.5,
which is a relatively small percentage meaning that the system was unable
to distinguish this low percentage from images of English letters which may
be difficult to distinguish in all cases and there is no defect in the proposed
system as they are distorted or omitted with very strange letters. The result
of the Spe and Pre scales in the same table is a high result (90 percent)
which means that the system has a high ability to sense images that match
the type of image entered and it is also largely able to exclude images that
contain types contrary to the type of image entered which indicates the high
efficiency of the proposed system. While the high percentage NPA also that
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Table 2: A comparison of Results With Other Algorithms
Algorithm used
Rate
(percent)
Bayesian decision theory [8]
92
Artificial Neural Network (ANN) with single out- 92.59
put neuron [9]
Artificial Neural Network (ANN) with two hidden 82.5
layers [10]
Multilayer perceptron neural network with a single 95
hidden layer [11]
New Particle Swarm Optimization algorithm 97.5
(NPSO)

appears in the table with a value of 90 percent which is a decent percentage for this system meaning that the proposed system has a high ability to
predict negative goals which are excluded from among the promising goals
and discover strange images about database images that do not return to the
capital English letters. While we note that the FNA and FPA ratios are not
a few values (10 percent) because the number of images that were examined
as strange on the database used is not a large number, we have these ratios. Despite this, the algorithm achieves promising results and distinguishes
strange images, whether these images contain letters belonging to the group
of letters used in the system or they are not affiliated with the group. A
comparison has been made between the results of the NPSO algorithm and
the outcome of a group of studies in the same field as shown in Table 2.

7

Conclusion and Future Work

Primary treatment steps help to increase the system accuracy by achieving
a high recognition rate, where DR and Recall were 97.5 and 90 regarding the
extent of the system’s recognizable. However, the use of histogram equalization technique to change the Image brightness and increase its Contrast had
an important impact in increasing the recognition process precision. Also,
the FR measure was small referring to the capability of the scheme to commonly detect fake images. The system is effective in analyzing capital letter
images that appear in various sizes and fonts. The input of capital letter
image values that is primarily processed. Also, we introduced the NPSO
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algorithm as a new way to build a strong and robust tradition of PSO image
data set results. NPSO has been able to find the best goals that are close to
each other, we used the correlation formula to find fitness for this function,
and from the results in the tables it will be clear that the algorithm will find
the best goals in high efficiency and short time. We can develop this work
in the future to be used with small and handwritten letters which consider a
useful and advanced step in the analysis of natural language. Furthermore,
for future work, it is possible to develop a research project recognizing a word
instead of a letter.
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