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ABSTRACT

In this paper, a multi neural-fuzzy recognition system with two combined statistical features, to solve
the recognition problem of Historical Arabic Handwritten (HAH) manuscripts will be presented. The
first set of statistical features are center of mass, crosshair, outlier and blank ink histogram (CCOB).
The second feature is the principal component analysis (PCA). The new method will use two stages
(levels) which are based on two classifiers, one public and one private, according to the similar features
among characters. In the first level, we built a public classifier to deal with all character groups. Each
group contains characters with overlapped features. The public classifier classifies the characters in the
segmented character data set, which is captured from HAH manuscripts to specified groups. In the first
stage, the system was applied to 34 Arabic characters and achieved 97.15% recognition rate for the
tested dataset. In the second level, we created a private classifier for each group to recognize and classify
the characters within a group which achieved 99.34% recognition rate for the tested dataset using the
two level model.

Keywords: Historical Arabic Handwritten, Islamic Annotation, Principal Components Analysis
(PCA), Multi Neural-Fuzzy, Adaptive Neural Network Fuzzy Inference System (ANFIS).

1. INTRODUCTION

Large collections of historical handwritten manuscripts are now available as electronic images.
For these electronic manuscripts to be efficiently and effectively accessible to scholars, new
techniques for automatic indexing, classifying and retrieving electronic manuscripts must be
developed. Therefore, recently, automatic reading of handwritten text has become an important
issue. The Arabic and Islamic civilization has for many centuries influenced many regions of
the world with different cultures. This great civilization has left a huge collection of valuable
historical HAH manuscripts that are of significant importance to scholars around the world (Al
Aghbari and Brook, 2009).

Transliteration and understanding historical manuscripts are two challenging problems. This is
especially the case with Arabic manuscripts, which exhibit a wide variety of handwriting styles
(Gacek, 2009).

The handwriting recognition problem arouses great interest in researchers, since there is a high
level of ambiguity and complexity in such kind of images, and because of the importance of
Optical Character Recognition (OCR) in office automation and many other applications.



International Journal on Islamic Applications in Computer Science And Technology, Vol. 5, Issue 4, December 2017, 1-13

Recognition of cursive handwritten text is one of the most difficult cases in the domain of OCR.
However, the large number of potential applications for cursive handwritten text makes it a
very popular research subject (Somaya Al-Ma’adeed, 2004).

2. RELATED WORKS

Many classifier techniques have contributed to solving more complex problems in many areas
including prediction, approximation and pattern recognition. In the HAH manuscripts, the
classifiers that were used by researchers includes Neural Network (NN), Hidden Markov model
(HMM) and others.

In (Farrahi Moghaddam et al, 2010), the authors extracted a dataset from an Arabic handwritten
manuscript in two phases, one in an automatic way (using word spotting clustering), and the
other by human experts. They used the stroke map (SM), the edge profile (EP), the stroke gray
level (SGL), and the estimated background. They use a set of topological features adapted to
document images. The first transformation (T1) assigns a set of features to each branch point
(BP) of connected components (CC). A BP is connected to a loop which is connected to an end
point (EP) and is connected to another. The second transformation (T2) generates topological
features associated with EPs. It is set based on whether or not the EP is connected to a BP
which is connected to another EP, and based on its vertical state with respect to its vertical
component. They used a radial basis function (RBF) kernel as a classifier.

The study in (Al Aghbari and Brook, 2009) presented a technique to classify Historical Arabic
handwritten (HAH) manuscripts. They used a hard copy HAH manuscript with 300 by 300
resolution scanner and transformed it into a digitized image. Then, applied four pre-processing
steps on the digital image as follows: binarization, noise removal, smoothing and thinning. In
segmentation, the study used the Naskh style technique. The feature extraction techniques used
were of two categories; structural (such as connected part upper/lower profile and projection
profile) and statistical (such as punctuation count and ration between punctuation and the main
connect part). Their experiments were performed on a manuscript entitled” 4as oo A8l CaisS
2>l <. The overall number of words in the dataset is about 2000. The average accuracy of the
whole word technique was 79.5%.

In (Khorsheed, 2003), the authors presented a new method for off-line recognition of
handwritten Arabic scripts. The method trains a single hidden Markov model (HMM) with the
structural features extracted from the manuscript words. VQ was used to form a codebook of
the symbols, dots, endpoints, branches and loops. This process implements the k-means
clustering algorithm to partition 4615 feature vectors. Word samples used here belong to the
manuscript entitled ¢ ISV (0¥ il 3 ean” 7 The average image size of a single character
from this manuscript is 35 pixels in height and 24 pixels in width. The recognition rates of the
proposed method are (72 to 78) and (81 to 97).

The study in (A. Alaei et al., 2010) described a technique for the recognition of Persian
handwritten isolated characters with a two-stage SVM based scheme. In the first stage, similar
shaped characters were characterized into eight groups which were used to obtain recognition
results. In the second stage, selected groups containing more than one similar shape of
characters were considered further for the final recognition. They used feature techniques based
on the under- sampled bitmaps technique and modified chain-code direction frequencies. They
computed 49 dimension features based on under-sampled bitmaps and 196 dimension chain-
code direction frequencies. The system achieved an accuracy rate of 96.68%.
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In (Abandah et al., 2008), the authors used principal component analysis to select the best
subset of features out of a large number of extracted features. They utilized both parametric
and non-parametric classifiers to determine the best set of features.

In this paper, a multi neural-fuzzy system with two combined statistical features to solve the
recognition problem of HAH manuscripts will be presented. Fuzzy and neural networks are
used. The system works by interpreting the fuzzy rules in terms of the neural network. Fuzzy
sets are taken as weights, while fuzzy rules, and input and output variables are taken as neurons.

The organization of the paper is as follows: In section 3, the recognition process of the
document images is presented, together with the pre-processing and feature extraction based
on the CCOB and PCA feature technigues. In section 4, the classification stage is presented,
while section 5 describes the approach architecture, the experiments conducted and the results
obtained. Finally, the conclusions will be given in section 6.

3. THE RECOGNITION PROCESS

Three main processes are included in the proposed system; pre-processing, feature extraction,
and classification, as shown in Figure 1. The system uses a multi-classifier system classification
for handwritten isolated Arabic characters as shown in Figure 2. In the proposed system the
characters that were segmented from a handwritten manuscript document will be used as shown
in Figure 2.

Segmentatio N Preprocessing |—> Features N Classification

Evtrartinn

Figure 1. System phases for classification of manuscripts

The following will explain the processes involved in the classification for handwritten isolated
Arabic characters:
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Figure 2. Multi-classifier system classification for handwritten isolated Arabic characters
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3.1 Pre-processing

In this section binarization, morphology and cropping techniques for images of ancient Arabic
documents will be described. A handwritten character will be sampled on A4 size paper. The
characters will be scanned using a scanner with a resolution of 300dpi. These characters, are
then segregated according to their own character group and stored as gray scale images. The
following pre-processing techniques were used:

A. Binarization

Binarization is the process of converting a grayscale image (0 to 255 pixel values) into a binary
image (0 and 1 pixel values) by selecting a global threshold that separates the foreground from
the background. Each pixel is compared with the threshold value, and if it is greater than the
threshold it is set to 1, otherwise it is set 0. Binarization is commonly reported to be performed
either globally or locally (Anuradha and Koteswarrao, 2006).

The author in (R. Wisnovsky, 2004) utilized an adaptive method to compute a threshold value
based on the values of image pixels by adding the minimum pixel value, min(p), and the
maximum pixel value, max(p), in an image and divide the sum by 2.

B. Normalization

The process of changing the intensity value of the pixel to within the range of [0, 1] is called
normalization in image processing. The conversion of various dimension images into fixed
dimensions is also called normalization. Normalization is used in digital signal processing.

C. Morphological

The morphological process is used in image processing and involves the task of extracting
image components that are useful in the representation and description of regional shapes.
Morphology traces the outline of an object in a binary image. Nonzero pixels belong to an
object and 0 pixels constitute the background. Figure 3 shows an example of the morphological
process for the Arabic letter “j”.

RPN -

Figure 3. lllustrates a Morphological image after Binarization of grayscale

D. Cropping the Image

Cropping refers to the removal of the outer parts of an image to improve framing, to accentuate
subject matter or to change the aspect ratio. The unwanted background parts of the image are
omitted, leaving the focus only on the number. This makes the feature more accurate and
accordant. The image is scanned row by row. The last set of rows from the top with all pixels
corresponding to a value of “255” is obtained. Next, the last set of rows from the bottom with
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all pixels corresponding to a value of “255” is obtained. Following this process, the top and
bottom parts of the image would have been cropped. This is followed by a step to crop the left
and right sides of the image. Figure 4 shows a cropping example for the Arabic character ‘Ta’.

E= -

A. Ta letter before cropped B. Ta letter after cropped C. Cropped Ta letter after
resized

Figure 4. Grayscale character image cropping and resizing.

E. Resize the Image

This process is used to reduce an image size to a size smaller than the original, and to find the
medial axis which defines as a set of pixels, S. Those pixels have an equal distance from the
boundary pixels around it. The output of this process is a skeleton of the handwritten word.
This process saves the geometry and the connections between the characters and the location
of the original character.

3.2 Features Extraction

The purpose of feature extraction is to reduce the original data set by measuring certain
properties, or features, that distinguish one input pattern from another pattern. Many character
features based on cropped gray level and digitized image have been used in this work.

In our proposed system, we combine the feature extraction of two methods of two types.

3.2.1 First Set of Features (CCOB)

The first type of features are as follows: The area that is formed from the projections of the
upper and lower parts as well as of the left and right character profiles is calculated. The center
mass of the character image is represented as (xt, yt). The number of transitions and outliers
(right, left, top and down) and black-ink histograms are determined. The first set of features
are based on the extract mean of the resized cropped images, the calculated covariance’s,
computed eigenvectors and eigenvalues. Statistical features for extracting features of Arabic
handwritten characters were used as listed in the following:

1. Center of mass, the center of mass feature, fm , is the relative location (relative to the height
and width of the image) of the center of mass of the black ink. The center of mass of the Arabic

5
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letter ‘jeem’ is shown in Figure 5a. Given an image and a letter, where c and ¢’ are their centers
of mass, respectively, the center of mass penalty used is pm = 1/(1 + d*2 (c, ¢, )), where d
gives the square-root of the Euclidean distance (a commonly used measure).

Figure 5a. The center of mass of the letter ‘jeem’ is marked by the (red) dot.
The center of mass feature is (X/W, Y/H).
2. Cross feature, counts the number of transitions from background to foreground pixels along

the vertical and horizontal lines through the character image. Figure 5b shows the cross hair
feature for the Arabic letter ‘jeem’.

T

Y

Figure 5b. The cross hair of the letter ‘jeem’ is marked by the (red) dot.

3. Outliers (Right, Left, Top and Down) calculates the distances of the first image pixel
detected from the upper and lower boundaries of the image along the vertical lines and from
the left and right boundaries along the horizontal lines. Figure 6 shows the top outline of the
letter ‘jeem’.

Figure 6. The top outline of the letter ‘jeem’ marked by the semi-led (purple) dots.

4. Black ink histograms (Horizontal and Vertical). Each image has a horizontal and vertical
black ink histogram. The horizontal black ink histogram feature is represented by f, = (hy, . . .
, h1), where H is the height of the bounding box of the black ink and is calculated as follows:

a. Fori=1, ..., H, let bi be the number of black ink pixels in row i.
b. Fori=1, ..., H, let hi be bi/f max{bi}.

The vertical black ink histogram feature (fy) is calculated in a similar manner.
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3.2.2 Principal Components Analysis (PCA)

PCA is a very popular technique for dimension reduction. In (R. Sharma and Patterh, 2015),
de-noised images are given to the next process in order to calculate the score values using the
PCA technique. The score values obtained from the PCA techniques are then used by the
Adaptive Neural Network Fuzzy Inference System (ANFIS) classifier for accomplishing the
training process. Based on the predefined threshold value, the image under test is indicated as
recognized or not recognized. In (G. A. Abandah, 2008), researchers proposed five Arabic
handwritten character recognition classifier systems. They used 95 feature vectors, secondary
components features, main body features, skeleton features, and boundary features; before
applying the Principal Component Analysis (PCA).

In this paper, the combined statistical features, CCOB and PCA were used as a feature
extraction technique. The process of PCA proceeds by taking the mean of the data matrix and
subtracting the mean from the data matrix, followed by determining the Eigenvalues and
Eigenvectors. In the last step, the desired number of Eigenvectors are selected as shown in
Figure 7.

| Setof pixel from an image I

v

I Compbute the Mean value I

| Compute the covariance |

¥

Compute the Eigen vectors € and Eigen

values A of the covariance matrix K

v

Arrange eigenvectors
in descending order

L 2

Eigenvector with the highest Eigen value
is the principle component of the image

Figure 7. Flowchart of the principle component analysis technique.

4. CLASSIFICATION STAGE

The classification process is carried out at the final stage to recognize characters. It assigns an
input character to one of many pre-specified classes which are based on the extracted features.
For the classification process, ANFIS will be use in this paper with different algorithms. We
will combine all feature vectors extracted from each image to a set of features (PCA and
CCOB) for training and testing the data set. Figure 8 shows the proposed classification system
with the combined feature steps.

4.1 ANFIS Architecture

The structure of the ANFIS consists of four inputs and a single output. The four inputs represent
the different character features calculated from each image by using many combined statistical
features and applied PCA features reduced to four features. Each of the training sets forms a
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fuzzy inference system with eighty one fuzzy rules. Each input was given three generalized
triangular membership functions and the output was represented by three nonlinear
membership functions. The outputs of the eighty one rules are condensed into one single output
that represents the system output for that input image. The proposed NEURO-FUZZY topology
is shown in Figure 9. Many experiments have been conducted to find the best values of the
output (2).

preprocessing stage
' inaraization morphology ccos
-/

preprocessing stage

-

Compinned

hybrid
ANFIS
classfier
backprop -

Fig 8. The proposed classification system steps with combined features.
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Fig 9. ANFIS architecture for Sugeno type reasoning.

4.2 Dataset

The dataset of handwritten Arabic characters prepared is as shown below in Figure 10. Those
characters are scanned using a scanner and will be segregated according to their own character
groups. A set of Arabic handwritten characters was selected concentrating on the basic Arabic
letters, which consists of 28 characters and the related characters as (< ts )¢ «¥¢ 3).
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Figure 10. Characters samples for (ba), (kha) and (sad).

5. EXPERIMENTS AND RESULTS

The dataset (the set of Arabic handwritten characters) was divided into three levels as shown
in Figure 11. The first level contained all characters in one class. The second level includes a
group of the same characters in one class, which have generated fifteen different classes. The
last level placed each character in a separate class called the letter class. For the experiments,
we have selected 75% training and 25% testing datasets for all levels as shown in Table 1.
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Figure 11. The proposed two-stage Arabic Handwritten character recognition system.
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Table 1. Dataset types and sizes for training and testing.

Dataset Level Dataset size Training Testing dataset
dataset

All dataset with 34 characters in 34 | 6800 5100 1700

classes

Grouping dataset into 3000 2250 750

15 different classes

Similar characters Each character | 150*class 50*class

(1 to 5) class for each character with 200 images | number number
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A two stage classifier was used in the proposed system. The first stage was based on features
extracted from groups of similar characters. The second stage has sub-classifiers. A sub-
classifier is a multiple adaptive neuro-fuzzy classifier to recognize the characters of only one
group. In the experiments, we used an ANFIS classifier with hybrid learning algorithms. The
handwritten character images were taken from the dataset. These images are firstly binarized
before morphology is used. The second passed to the feature extraction techniques and had
extracted four features as CCOB features. With the second set of features, the image characters
were cleaned by removing its outer parts using the cropping technique. Thereafter, the
unwanted background parts of the image were omitted, the focused was then on the number
and resized the cropped images to 7 by 5. The two sets of features (4+35) were combined and
reduced to four features using the PCA technique. Then, the feature values which were obtained
from the PCA techniques were used by the ANFIS classifier for performing the training
process.

Four features were used as inputs to the system, three numbers of triangular membership
functions were also used, and a nonlinear output with 1000 epochs. A set of different
experiments were performed on the training data set and the testing dataset for all types of
dataset, as shown in Table 2. Table 3 shows the recognition accuracy results for any class that
was obtained with ANFIS classifiers for grouped classes in the first stage.

The proposed system has improved the first stage, with a recognition accuracy of 97.15% for
isolated Arabic handwritten characters in grouped classifiers, while a recognition rate of
99.34% was obtained for the second stage; an increase of about 3.5% from the recognition
accuracy achieved using a single classifier system as shown in Table 2.

Table 2. The accuracy rate for the all datasets with a second set of features.

Dataset type Training Testing
accuracy accurac
% y%
All dataset 95.8167
95.8173
Grouping dataset 97.18 97.15
Similar dataset 99.6 99.34

10
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Table 3. The accuracy for the grouped classes of characters.

Group number Similar Training Testing
dataset accuracy % | accuracy%
Groups 1 1 99.66 99.42
Group2 Qaay 99.34 99.21
Group3 zC¢ 99.52 99.23
Group4 23 e 99.21 99.40
Group5 ol 99.59 99.32
Group? bl 99.63 99.13
Group8 X 99.78 99.05
Group9 @@y 99.51 99.35
Group10 Jd 99.98 99.70
Groupl4 8¢ 99.77 99.60

4. CONCLUSION

In this paper, a two-stage classifier system with combined statistical features based solution for
HAH manuscripts recognition was proposed. The multi neuro-fuzzy recognition system was
proposed to process Islamic annotation and HAH manuscripts. The dataset that was used in the
experiments were isolated Arabic character sets applied after segmenting the manuscript
documents. We aim to design other data sets that contains groups of similar letters to improve
the recognition rate. The method that was described in this paper for isolated Arabic
handwritten character recognition can be extended for other Arabic character positions by
including a few other pre-processing activities.

The experiments used 34, 15 and (1 to 5) character classes. The highest accuracy result for
testing a dataset with 15 classes was 97.15% and yielded 99.34% as the average recognition
rate for similar characters as shown in table 2. The results of recognition rates shows that there
was an improvement in performance using the proposed system. The proposed system will be
used in the future on a dataset of handwritten Arabic letters for ancient manuscripts, with the
expectation of similar recognition rates.

11
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