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Abstract

In this paper, “bit pattern” based character recognition for Sindhi language has been
presented. The characters of sindhi language are very much complicated and hard to
recognize for particular domain. Although,a numerous studies had been carried out for
recognition but precious studies were based on image recognition. Developing with inno-
vation and different studies involves the use of bit patterns for characters and anticipate
outcome on the basis of provided input pattern. A data set with nine no. of inputs and
six outputs for each character were framed. In this study, patterns were used due to
their computational complexity constant. The matrix 3x3 for input patterns that were
uniquely framed for all characters and output were generated in form of binary pattern
for the particular character sequence numbers. The system reads the 3X3 matrix in clock
wise pattern to get input pattern and system matches with already framed data set. The
data set was trained by using Neural Network Model, Multi-Layer Perceptron (MLP) with
significant number of hidden layers to get measurable results. The accuracy of 82.6%
has been achieved in the study.

*Correspondence author email address: SaimasirajOquest.edu.pk
DOI: 10.21015/vtcs.v12i2.1957

The Sindhi language is one of the oldest languages of the world having fifty-two alphabetical letters and space to
adopt several other languages lexicons. This language is written, read, and spoken all over the world. The Sindhi
language is complex grammatically and rich morphologically.

The grammar of Sindhi language is not the same as the grammar of English and other languages even the
meaning and sense of understating of Sindhi lexicons are different. The diacritics used in Sindhi text is chang-
ing the meaning, number, and gender of the Sindhi lexicons. In this modern era of automation and technology,
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Artificial Intelligence being considered as giant in field of computer Science. It is the field that encompasses on
concept and development for performing tasks that are based on human intelligence. The field includes different
sub area like visual perception, speech recognition, language translation and pattern recognition. In this study
we have worked on pattern recognition of Sindhi language character with the help of Artificial intelligence model
Artificial Neural Networks (ANNs). Pattern Recognition is basically the process of matching fundamental compo-
nents of text, such as words, syntax and a particular pattern they use to follow. It is being utilized in many fields
including classification of contents, machine translations and for checking grammar.

This technique is frequently taught using supervised learning methods in which we train the data with proper
number of inputs and outputs and on the basis of that the ANN identifies the output for given input patterns. In
contrast to a brief introduction to artificial intelligence, pattern recognitions and artificial neural networks, Authors
discussed the Braille system and typical methods used by blind people to read and write it. It also reviews network
training, testing, and outcomes for these two procedures. In this work, an artificial neural network (ANN) will be
created to recognize photographs of Cyrillic characters. To replicate the surroundings of the actual world, some
of them will be noised in some way. To be utilized in identifying them, ANN will be trained and put through testing
[1].

With the idea of Pattern Recognition and Artificial Neural Networks ANNs, we have experimented an idea of
matching patterns of Sindhi Characters like Braille System for recognition. There are multiple researches that
have been done on different languages to recognize their characters and words. To give enhancement to Sindhi
Language we have worked for character recognition of Sindhi language using pattern matching. With the review
of Machine Learning techniques, we have worked on supervised learning, for the training and testing we have
used Artificial Neural Networks and made our data base by creating unique input codes based on nine inputs
with matrix of 3 X 3 for all 52 characters of language as given for braille language [1]. For reading of the 3X3
matrix we used method of Local Binary Pattern (LBP) that gave a measurable result [2]. In the similar way we
have also designed binary code outputs for all the characters of Language Sindhi [3].

2 Related Work

In the past years many researchers have worked on this field of pattern matching using image processing and
image segmentation. Our goal for this research is to mainly recognize the characters on the basis of bit patterns
and machine learning techniques. Few researchers have used ML and NLP techniques to create chatbots for
predicting writing and speaking by using previous knowledge and training .

According to the previous related work one of the authors has proposed a system for visually impaired people
to recognize Braille language characters. For that they have used ANN model to train and test their designed data
base based on bit patterns [4]. As Braille is also a part of pattern recognition so the work has also been done
using back propagation method used in Artificial Neural Networks and the results of speech recognition has also
been translated from Braille to English Language [5]. With reference of Image processing to recognize characters
of any language there are researchers who have worked on Sindhi alphabets with the help of Convolution Neural
Network (CNN) model along with use of max-pooling layers. According to the authors using max-pooling layer
along with CNN increases the performance and gives measurable results [6]. After reviewing various methods in
the field of character recognition we came across that Local Binary Pattern (LBP) have also been used by many
researchers to identify their characters of their languages. One of the researchers worked on Persian/Arabic
characters by smoothing, turning original image in to Grey scale image segmented the image in to multiple parts
and then had trained through multi-layer perceptron to extract features using LBP operators.

Ultimately this model gave better results than already proposed models on data set of HODA which contains
almost 60000 train samples and 20000 test samples [7]. Going through usage of LBP and its variants in reference
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with pattern matching work has also been done with help of five LBP-based techniques like LBP, CS-LBP, CS-LTP,
CS-LMP, and U2LBP. These techniques along with Support Vector Machine SVM as classifier have been used on
Arabic digits data set of MAHDBase. These combinations of techniques had given remarkable result in this field,
also they have proved that if we use sliding window along with LBP we don "t need to use any of its extension as
it gives fine results too [8].

As we can see that in Urdu language isolated characters are used to create any word. A training system is
developed to identify character in those isolated words with the help of image pre-processing, character and
word segmentation by making an xml file to be trained [9]. A CNN approach usually called summation along with
deep residual network with short cut connections are given to extract features of handwritten Sindhi letters and
classify them [10].

A system for identifying patterns in English Braille, Using the English Braille Grade-1 data set and reliable
machine learning techniques like SVM, DT and KNN (K-Nearest Neighbor) along with RICA(Reconstruction Inde-
pendent Component Analysis) and PCA(Principal Component Analysis) based feature extraction techniques [11].
Optical Braille Identification has also been done using Object detection convolution neural network, the method
successfully recognize Braille texts that have been shot by a smart phone camera under normal circumstances
with a remarkable accuracy [12]. We can work on the same picture collection, preparation (noise reduction, image
alignment), and cells segmentation stages as used in most of the implementations of braille recognition that use
standard image processing techniques. After that the segmented braille cells can be connected to related alpha-
bets in a variety of ways. One of the most common methods is to turn the data points into 3x2 binary matrices
or 6-bit binary values and then recognize the cells by comparing those values to records already in a database.
Instead of commonly used methods ANNs model can be used to match the binary values [13].

Earlier suggested deep CNNSs' significant computational cost made them unsuitable for real-time applications.
In contrast to other methods, they concentrated on the problem of network computational cost and suggested
a novel method for Braille character identification that makes use of the best picture pre-processing methods
and a compact deep convolution neural network. The original CNN model uses a dynamic type CNN modification
approach employing the inverted residual block (IRB) module to address the issue of network computing cost [14].
A technique of pattern recognition to recognize braille letters with the help of their code images using web cam.
Real time input images needed to be captured for data set and then the data set has been trained and tested in
artificial neural networks [15] .They have compared their data with data set made using old scanner. This method
is used for sight impaired to recognize braille characters with more Accuracy than the old scanner provides. They
have set the codes for each character and used those code images to be trained in their data set [16].

As we have been gone through the matrix reading so there are multiple ways researchers have used to read
a 3X3 matrix. At some place by going through description of Binary Patterns it was given that by threshold a
3x3 neighborhood with the center pixel value and using the result as a binary integer, the operator provides
a label to each pixel of an image [17]. The circular 0 and 1 resulting numbers might be read either clockwise
or anticlockwise in different publications. As can be seen in the accompanying image, the binary result will be
produced in this study by reading the values clockwise, starting at the top left corner [18]. On the other place one
of the researchers, while providing a unique method for the detection of hand motions under occlusion with face.
For that feature extraction they have used Sobel-LBP [19].

The resultant force field image is split into nine areas, and each region is then applied to SLBP to extract feature
vector histograms by performing a 3X3 neighborhood operation on each pixel using a center point in the form of
binary representation in a non-uniform pattern. To retain the inputs of those nine areas they had also read the
3X3 matrix in clock wise order [20].
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3 Proposed Framework

With reference of above research papers and their content we come across that Sindhi character recognition is
done using image recognition and in printed form, but for that we should have images of characters. To over-
come the problem of images and reduce the cost of matching we can make unique binary codes for all charac-
ters to make it more efficient and easy to match according to number of character, therefore there is need of
such research that use Pattern Matching using Machine learning methods for character recognition of Sindhi Lan-
guage.The main aim of this research work is to recognize Sindhi language characters with pattern matching by
using Neural Networks Model. To make our system work properly we used Neural Network Model, Multi-Layer
Perceptron (MLP) to train and test our data set to get the proper outcome. As our system work for Sindhi Language
and it is consist of 52 letters so we have created our data for all these characters.

3 X 3 dimension Bit
Patterns for Sindhi
Alphabets

. Input and Output
i < bit pattern
Model Selection
Training of
Dataset
Trained
Input Pattern
Network
A 4
6 bit Output Binary
Pattern Matching > Code for particular
alphabet

Figure 1. Research Methodology

Figure 1 describes the flow of system that initially we created the data set and after finalizing that our system
separates input and output patterns for all characters for pattern matching, with the same data set we trained the
MLP (Multi-Layer perceptron) Neural Network model and in the result we got our trained network that, then we
used for getting our test result for all character patterns. The testing occurs when we provide the Input Pattern
to network and by pattern matching it provides us particular binary code for the sequence number of the letter.

4 Model Explanation
As given in Figure 1 we have divided our system in different parts, each system provides some result and transfers
it to other next one. Further explanation is given below:
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4.1 Bit Patterns
For working on pattern matching, we have created patterns for Sindhi Characters in form of 0 and 1 in matrix
dimension of 3 X 3 that are uniquely defined for all 52 characters.

4.2 Training Data Set
For data set we used the patterns that have been created in bit patterns for all 52 characters, input patterns were
in the form of given figures 2,3 . Each character is being mapped in nine inputs in matrix dimension of 3X3.
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Figure 2. Data Description

Whereas for output we have mapped our letter according to specific sequence of character for instance 1st
character is represented by 000001, 2nd as 000010 and so on till last character 52 as 110100.

4.3 Input and Output Bit Pattern Selection

As we have designed our system in a way where input patterns are going to be matched to provide output pattern
so for that the data is being separated into two portions input and output first 9 patterns in the data are input
patterns and next six patterns are showing the number of the alphabet against that input pattern.

4.4 Training Phase
After creation of data set we trained the data set in Multi-Layer Perceptron that included Input Layer Output Layer
and Hidden Layers we have trained almost 80per random data patterns to supervise our data.

4.5 Testing Phase

When the training phase was completed and our model was trained, we tested our data set to know whether our
system is working fine or not. For that we used 100% data, we provided input patterns and the system matched
the input pattern and return output pattern according to the sequence number of characters as given in results
and discussion.

257



VAWKUM Transactions on Computer Sciences Volume 12, Issue 2, 2024

TTo ] 1T T T 1
= T [0 [ 0| 20000000 - 14 | G01010000000000 | = T[T [ T | 2otitiay-30 [ ornioiiioiiiia
= T T T T[T
T o1 T[T 1
. T 0 | 0| 2001111} =15 | 001000000000000 | & T[T [ T ] 2(o0tnnny=31 [ tnniorimonn
= T[o]0 L
T o1 I
- T T [ T | 20010000} - 16 | 601100001 10000 | L T T ] 0] 2(100000) - 32 | 100001111 100000
= T 00 T T[T
[ B [
5 T T T 1] 2(100000) =33 | 1a1eariil 100008 | o T 0 [ 0] 20100001y =42 | 010011100 181011
LI I T 7
i i
. T 2100010} =34 | iearioe ooon | 3 il J(I01100) = 44 | TEELLLTI0 161100
- T T
T L]
1 T T 0 [0 2100010} =35 | 1itaiinio oo | J T [0 [ T | 2100101y =45 | ootii1100 101101
- T 11 [
T o1 (NN
3 T[T [ T | 2100100} =36 | aatiiii11 100100 T T [ T | 2100110y = 46 | 011101011 101110
T T[T T T[T
T o]0 [
5 T | T [ 0| 2100000 =37 | 100000001 100000 | & T T [ T | 2geontnny=47 | ooornnnnn i
T ]T T T T
T[T [ I
3 T 0 [ 0] 2100010} =38 | o11e11ii0 o010 | 2 T 0 | T ] 2(110000) = 45 | 0ool11110 110000
T T 71 T[T
N I [
= T T [ 0] 2100000 -39 | aa1aiiiol 10a1nl T T [ T | 200001y - 49 | onniiiial rieaal
T 11 T[T 1
Tl o1 L
<5 T 6 | T | 21010000 =40 | oatiiinie 101000 | T [0 ] 0] 2(110010) - 50 | 100000010 110010
[ [ O
T T 1T T T
N4 T 0 [ T | 2101000} =41 | 011111110 101008 T T [ 7| 2000011y =31 | 101010101 110011
T T 7T TT O[T
T{o 1 T 7
s : : DI 2101000} = 42 | 1alienin oo | g é : : 2(110100) = 52 | 1EEL0IO10 116100

Figure 3. Data Description

5 Results and Discussion

5.1 Neural Network Description
As already discussed, that we have used artificial neural network model for the training and testing of our system.
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Figure 4. Neural Network Model

Figure 4 shows the model of neural network that is based on three layers at the very first layer we have nine
inputs as we have input patterns for each character that are uniquely defined in the created data set. While using
multilayer perceptron model, second layer is hidden layer where 9 neurons are working to calculate the output. At
the end the last layer is of output, where the binary value will be displayed according to the number of characters
in the sequence of alphabets. After creating the data set, we trained our model on the data set with following
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parameters given in Table 1 . By giving the below given parameters we have trained our data set with 30,000
numbers of iterations. After training when we tested our data set it gives Mean square Error of 0.035.

Table 1. Training Parameters

NN Model Input Parameter | Value
Learning Rate 0.2
Momentum 0.7
Maximum Error 0.01

6 Experimental Results
After doing the training of data set we tested patterns of different characters.
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Figure 5. Experimental Result 1

Figure 5 shows the test result of character which is on 3rd number in Sindhi alphabet sequence. We have
created its input pattern that is after reading clockwiseis 10111101 1 and as according to sequence we got
its output 000011 that is also given in Figures 2,3

After doing the first test, we then tested the patterns of character with input pattern00010000 1 and it
is at number 18 according Sindhi alphabet sequence, so because of that its output should be binary pattern of
(010010)2 =.18

The third experiment we did on pattern of character for which we have designed input pattern after reading
it clockwiseas 11110101 1anditis at 26 number in alphabetical sequence for that we have got its output
011010 as given in Figure 7, that is correct output according to binary code of its sequence number which is 26.

Further testing our system, we tested character number 32, and according to its sequence number we got its
result is 100000 as given in Figure 8, however its designed input patternwas 10000 11 1 1. This pattern is also
matched correctly as per required input.
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Figure 8. Experimental Result 4

Next testing pattern is also from the Sindhi Language characters which has input pattern111111110and
it is at 44th number in its sequence. Figure 9 shows its output 101100 that is also binary pattern for .44 Neural
Network model MLP was very useful to train and test our system. We have tested all patterns, also some patterns
that were not trained. With the testing results we have generated a confusion matrix which shows that there are
86 True positive values in overall testing and our systems gives 82.6% accuracy to pattern matching as the system
successfully matches 43 out of 52 characters of Sindhi language. It gives precision; recall and F1 score 0.83 that
is also a measurable result for the applied model.

7 Confusion Matrix Results
TP =86
Overall Accuracy = 82.69%

Table 2. Confusion Matrix Results

Class | n(truth) | n(classified) | Accuracy | Precision | Recall | F1 Score
1 52 52 82.69 0.83 0.83 0.83
2 52 52 82.69 0.83 0.83 0.83

8 Conclusion and future Recommendations

Our system is pattern recognition system that recognizes Sindhi Language characters; in this system we have
used Artificial Neural Networks model multi-layer perceptron. The model shows us a very good performance
rate. The results of our Designing and implementation have proven success to our system. We have achieved our
objectives from creation of data set to finally getting measurable results. According to experimental results of
recognition of Sindhi characters using Neural Network our testing accuracy is almost 82.6% that is a remarkable
result for the method. On the basis of results, it can be concluded that, using Neural Network model for recogni-
tion and pattern matching is very efficient and easy to use as it gives programming network that makes easy to
train and test a large number of data set of patterns and images. In future, to further exceed this system the ex-
perimental results can be improved from the current results and also, we can add the new objective to recognize
character present in combined words with the same methods of bit patterns. Educational Tools: Development
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of educational applications that teach the Sindhi language or facilitate learning in Sindhi can support language
preservation and promote literacy.

Studies that compare Sindhi NLP techniques with those of related languages can provide insights and improve
methodologies. Cultural and Contextual Awareness: Ensuring that NLP applications are culturally aware and
consider the social and contextual factors surrounding language. Collaborating with academic institutions, NGOs,
and tech companies can foster innovation and deployment of Sindhi NLP technologies.

By focusing on these areas, future research and development in Sindhi NLP can significantly enhance the us-
ability and functionality of technology for Sindhi speakers, ultimately contributing to the preservation and growth
of the language in the digital age.
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