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Abstract 

 

CHARACTER RECOGNITION OF HANDWRITTEN ALPHABETS FROM TELUGU 

LANGUAGE USING MACHINE LEARNING 

By 

Saikishan Dasari 

Master of Science in Computer Science 

Machine Translation and Natural Language Processing are two key fields of 

technology that are bringing the world together. Machine Translation eliminates the barrier 

for communicating with people who speak a different tongue. The roots of Machine 

Translation are identifying the language of the word and then translating it into the target 

language. Identifying the language of the word can be easier if each letter in the word can 

be identified. This brings us to “Character Recognition”.  

This thesis focuses on reviewing the existing methods for Character recognition of 

handwritten characters using Machine Learning and applying those methods to recognize 

handwritten characters of alphabets from the language of Telugu. The interesting aspect of 

Machine Learning is that the machines which are trained to translate, say Chinese, can be 

trained on a different language like Hindi or Telugu. This is a very powerful feature and 

the one that thesis tries to explore. The current state of technology has gone beyond 

recognizing the characters and can also translate those characters across multiple 

languages. The machine learning model developed during this thesis can identify the 

alphabets of Telugu language with an accuracy of 70 – 90% depending on the character. 
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Chapter 1 Introduction 

Artificial intelligence has been the subject of science fiction for many years but not 

anymore. There are many AI applications in our everyday lives. Be it “Hey Siri!” or “Ok 

Google”, we are already interacting with the brains made of silicon. Video games have fast 

evolved to a superior level thanks to Artificial Intelligence which helps them recognize a 

player’s patterns. A Self-Driving Car which will soon become a norm, uses all sorts of AI 

techniques to recognize the roads, traffic lights and other vehicles. One of the most exciting 

areas of Machine Learning is Machine Translation and Natural Language Processing. 

Google has done tremendous amounts of research with its huge data and manufactured 

“Pixel buds” which can translate between 40 languages with the sore help of machine 

learning. 

There are 6909 living languages and only 6% of them i.e. 414 languages account 

for 94% of the world population. Telugu language is one of the 18 major languages spoken 

in India. Although there are 78 million people who speak Telugu, there’s not enough digital 

data that can be used to train Machine Learning models. For this study, the dataset is 

download from HP Labs India website. The data was collected using Acecad Digimemo 

electronic clipboard devices using the Digimemo-DCT application. The pages with the 

handwritten letters are then scanned to start the preprocessing and generation of the dataset. 

The dataset generated is then divided into training and test data. 70% of it is used for 

training and 30% is used for testing the model. 

Handwriting recognition is the task of transforming a language represented in its 

spatial form of graphical marks into its symbolic representation. It can be classified into 
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two categories – Offline recognition and Online recognition. Offline recognition involves 

converting the data to digital form by scanning the writing on a document. Online 

recognition involves the use of specialized pens on a digitized surface which records the 

strokes, pen up, pen down movements. The two major tasks in Offline recognition are 

Character recognition and Word recognition. The current study focuses on Offline 

Character recognition. Papers consisting of handwritten Telugu language letters are 

scanned to transform the data into digital form. 

The first part of the thesis was to understand the existing methods for character 

recognition and to obtain the dataset required. The second part is preprocessing the data 

which involves scanning the documents, thresholding and feature extraction. After that, 

choosing an algorithm to classify the image is the critical step. In this study, I chose Support 

Vector Machine (SVM) and K-Nearest Neighbor classifiers. Finally, a comparison is made 

between the two classifiers and metrics such as precision and recall are reported. 

This thesis is organized into the following chapters. In Chapter 2, the basics 

concepts of character recognition and machine learning algorithms that are useful for this 

scenario are discussed in detail. Chapter 3 elaborates on the implementation details. It 

describes the methods used to process the dataset and train the model and the parameters 

used during the training. In Chapter 4, the results of implementing the algorithms are 

presented and compared. Last chapter provides the conclusions of this study. 

 Handwriting Recognition has long been a key area of interest in the world of 

Computer Science and Artificial Intelligence. Achieving 100% accuracy to recognize 

letters can ultimately result in translating the language correctly and efficiently. In the 
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below sections, some of the notable work done in recognizing handwritten characters, 

especially, of Indian languages are described. 

 The theoretical understanding of what Handwriting recognition involves is 

provided in [1][2]. The importance of Handwriting recognition in verifying the signatures 

has also been studied. [8]. Various algorithms had been used to recognize the characters 

with very high accuracy. A general architecture for character recognition using Machine 

Learning was discussed in detail in [1][2][4]. 

 Much research has been done on recognition of Indian Languages. All the South 

Indian languages and their respective recognition systems are reviewed [4].  The Multi-

layer Perceptrons (MLP) were used [7] to recognize the telugu alphabets. MLP technique 

was reported to achieve 85% accuracy. A Multi-Lingual OCR which can recognize 

characters of more than 5 languages was reported [5]. The challenges posted by almost all 

the researchers of Indian Languages is the absence of central repository for datasets of 

Indian Languages. 
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Chapter 2 Background 

2.1 Machine Learning 

2.1.1 Overview 

 Machine Learning is a field of computer science which gives machines the ability 

to learn without being explicitly programmed. Tom M. Mitchell provided a widely quoted 

definition. "A computer program is said to learn from experience E with respect to some 

class of tasks T and performance measure P if its performance at tasks in T, as measured 

by P, improves with experience E.". It involves the study and development of algorithms 

that can learn from data and make predictions based on the data. It’s helpful in designing 

software where coding the known algorithms doesn’t solve the problem because of 

dynamic nature of the problem. Some of the example include image recognition, language 

translation, spam filtering, self-driving vehicles. 

Table 1: History of Artificial Intelligence 

1923 Karel Čapek play named “Rossum's Universal Robots” (RUR) opens in 

London, first use of the word "robot" in English. 

1943 Foundations for neural networks laid. 

1945 Isaac Asimov, a Columbia University alumni, coined the term Robotics. 

1950 Alan Turing introduced Turing Test for evaluation of intelligence and 

published Computing Machinery and Intelligence. Claude Shannon 

published Detailed Analysis of Chess Playing as a search. 

1956 John McCarthy coined the term Artificial Intelligence. Demonstration 

of the first running AI program at Carnegie Mellon University 
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1964 Danny Bobrow's dissertation at MIT showed that computers can 

understand natural language well enough to solve algebra word problems 

correctly. 

1965 Joseph Weizenbaum at MIT built ELIZA, an interactive problem that 

carries on a dialogue in English. 

1969 Scientists at Stanford Research Institute Developed Shakey, a robot, 

equipped with locomotion, perception, and problem solving 

1973 The Assembly Robotics group at Edinburgh University built Freddy, the 

Famous Scottish Robot, capable of using vision to locate and assemble 

models. 

1979 The first computer-controlled autonomous vehicle, Stanford Cart, was 

built. 

1985 Harold Cohen created and demonstrated the drawing program, Aaron. 

1990 Significant demonstrations in machine learning, natural language 

understanding and translation, Vision, Virtual Reality and Games 

1997 The Deep Blue Chess Program beats the then world chess champion, 

Garry Kasparov. 

2000 Interactive robot pets become commercially available. MIT displays 

Kismet, a robot with a face that expresses emotions. The robot Nomad 

explores remote regions of Antarctica and locates meteorites. 

2010 IBM Watson, Microsoft’s Kinect, Apple’s Siri, Amazon’s Alexa 
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There are two major categories of Machine Learning techniques. 1) Supervised 

learning 2) Unsupervised learning. 

2.1.2 Supervised Learning 

Supervised Learning as shown in Fig. 1, involves development of an algorithm with 

labeled data. Labeled data is data which has both inputs and the corresponding outputs. 

Unlabeled data is data which doesn’t corresponding outputs to the input values. The goal 

of supervised learning is to get inference from the training data provided and predict the 

output value for new unencountered data. This way of learning is often referred to as 

“inductive bias”. 

Figure 1: Supervised Learning 
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Supervised Learning has two important concepts – Classification and Regression. 

Classification deals with processing the input variables and mapping the outputs into 

discrete categories. Spam filtering is an example use case for Classification. The inputs, 

i.e. the emails are processed based on the text and the output is either “spam” or “not spam”. 

Regression deals with processing the input variables and mapping them onto a continuous 

function. Predicting the price of a house is an example of Regression. Given the variables 

such as size of the house, number of bedrooms, neighborhood details, the goal is to predict 

the price. As shown in Fig 2., classification creates a line which separates distinct 

categories while regression creates a line which relates all the points in the space. 

2.1.3 Unsupervised Learning 

Unsupervised learning as shown in Fig. 3 involves unlabeled data. The goal of 

unsupervised learning is to understand the structure of the data where we don’t know the 

effect of the variables involved. Since the training data doesn’t contain the labels, there’s 

no way to calculate the accuracy of an unsupervised learning model. 

Figure 2: Classification and Regression 
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Unsupervised Learning has two important concepts – Clustering and Anomaly 

detection. Clustering is like Classification except it deals with unlabeled data i.e. data 

without outputs. Cluster analysis produces groups of homogenous data which are 

heterogenous to other groups of data. Data mining is good example of clustering analysis. 

Anomaly detection is the identification of items, events or observations which do not 

conform to an expected pattern or other items in a dataset. Unsupervised Learning is often 

used in combination with supervised learning. This is mostly used in network security to 

find behavioral patterns and anomalies.  

There’s also other kinds of learning such as Semi-Supervised Learning and 

Reinforcement Learning. Semi-supervised Learning deals with both labeled and unlabeled 

data. It’s a class of supervised learning tasks which also includes unlabeled data. It’s of 

Figure 3: Unsupervised Learning 
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great interest because it can use readily available unlabeled data to improve the supervised 

learning models when the labeled data is expensive. In Reinforcement Learning, the model 

determines the ideal behavior in a specific context based on a reward based feedback. The 

model learns from experience and adjusts the steps to maximize the rewards and in turn 

the performance. 

2.1.4 Classification 

 Classification is the process of identifying to which of the categories does the new 

observation belong. An example would be identifying if the mail received is “spam” or 

“not spam”. In terms of machine learning, classification falls under the branch of 

supervised learning which means that there is a training set of correctly identified 

observations. The training set has a set of quantifiable characteristics, also known as 

features, for each observation. These features can be categorical, numerical, ordinal or may 

be real values. The observations in the training set are put into categories, also known as 

classes or labels. The features and labels are provided as an input to the algorithms which 

can map the inputs into one of the possible categories. These algorithms, which have an 

underlying mathematical function, are known as Classifiers. Some of most widely used 

classifiers are listed in Table 2. 

Classification can be divided into two separate problems – binary classification and 

multi-class classification. Binary classification is the task of classifying the given object 

into one of the two possible classes. Multi-class classification is the task of classifying the 

given object into one of three or more classes. Multi-class classification problem can also 

be defined as multiple binary classifications problem. 
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Table 2: List of Classifiers and their history 

Naïve Bayes Classifier Invented in the 1950s 

K Nearest Neighbor Introduced by Fix and Hodges in 1951 

Support Vector Machines Invented by Vladimir N. Vapnik and  

Alexey Ya. Chervonenkis in 1963. 

Neural Networks Invented by Warren McCulloch and Walter Pitts 

in the 1940’s 

Random Decision Forests Created by Tin Kam Ho in 1995. 

2.1.5 Support Vector Classifier 

 Support Vector Machines (SVM) fall into the category of supervised learning 

models that analyze data for classification and regression. It is non-probabilistic binary 

linear classifier. A Support Vector Machine constructs a hyperplane or set of hyperplanes 

in a high or infinite-dimensional space, which can be used for classification, regression. A 

Figure 4: Set of lines dividing points in a 2-D system. 
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hyperplane is subspace whose dimension is one less than that of the ambient space. For 

example, as shown in Fig. 4, a hyperplane for a 2-dimensional space is a line and 3-

dimensional space is just a plane. In general, the term hyperplane is used in case where 

there more than 3 dimensions. In simpler terms, SVM model represents the examples as 

points in space and categories are separated by a clear gap. New examples are then mapped 

to a category depending on which side of the gap they belong. 

Support Vector Machines are initially used for binary classification. In recent times, 

researchers have found a way to map the inputs to multi-dimensional feature space by 

adjusting the kernel parameters.  

SVMs are helpful in text and hypertext categorization as their application can 

significantly reduce the need for labeled training instances in both the standard inductive 

and transductive settings. Images can be classified using Support Vector Machines. 

Experimental results show that Support Vector Machines achieve significantly higher 

accuracy than traditional query refinement schemes after just three to four rounds of 

relevance feedback. Hand-written characters can be recognized using SVM. The SVM 

algorithm was also often used in areas like biological sciences. They have been used to 

classify proteins with up to 90% of the compounds classified correctly. Permutation tests 

based on SVM weights have been suggested as a mechanism for interpretation of SVM 

models. Support vector machine weights have also been used to interpret SVM models in 

the past. Post-hoc interpretation of support vector machine models to identify features used 

by the model to make predictions is a relatively new area of research with special 

significance in the biological sciences.  
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2.1.6 K-Nearest Neighbor Classifier 

 This algorithm also belongs to supervised learning models and is often used for 

classification and regression analysis. The KNN classifier is also a non-parametric and 

instance-based learning algorithm. Non-parametric means it makes no explicit assumptions 

about the functional form of h, avoiding the dangers of mismodeling the underlying 

distribution of the data. For example, suppose our data is highly non-Gaussian but the 

learning model we choose assumes a Gaussian form. In that case, the algorithm would 

make extremely poor predictions. 

Instance-based learning means that our algorithm doesn’t explicitly learn a model. 

Instead, it chooses to memorize the training instances which are subsequently used as 

“knowledge” for the prediction phase. Concretely, this means that only when a query to 

our database is made (i.e. when we ask it to predict a label given an input), will the 

algorithm use the training instances to spit out an answer. 

Figure 5: Nearest neighbor classifier model 
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Parameter tuning is required to make sure the algorithm’s parameters are 

configured in a way to make it as efficient as possible. K-fold cross validation is often used 

to determine the optimal value of ‘k’ in k-nearest neighbors’ algorithm. It involves 

randomly dividing the training set into k groups, or folds, of approximately equal size. The 

first fold is treated as a validation set, and the method is fit on the remaining folds. The 

misclassification rate is then computed on the observations in the held-out fold. This 

procedure is repeated k times; each time, a different group of observations is treated as a 

validation set. This process results in k estimates of the test error which are then averaged 

out. 

2.1.7 Learning process 

The whole learning process can be separated into four steps. The first step is to 

collect as much data as possible. The data should be processed before it’s given to the 

learning algorithm. Preprocessing step involves techniques like Feature Selection, Feature 

Extraction, Feature Scaling. Feature selection deals with pruning the dataset for relevant 

and useful variables or features which are correlated and will improve the performance of 

the predictors, reduce the learning time and facilitate data visualization and understanding. 

Feature extraction involves conversion of raw data into meaningful dataset which can be 

used for training purposes. Feature scaling involves techniques like Standardization and 

Normalization. Since different features have different range of values, by normalizing we 

make sure that each feature contributes proportionally to the final output. The data which 

is read y to be used is then divided into two groups. Training data and Test data. The 

training data is used to train the model and test data is used to evaluate the model.  
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The second step is to choose the correct algorithm for the model. This is not 

straightforward and involves lot of trial and error. There are variety of algorithms which 

can be used to solve the same problem in different ways. Examples of such algorithms 

include Logistic Regression, Linear Regression, Naïve Bayes Classifier, Support Vector 

Machine etc. The third step is to evaluate the model using the test data.  Before evaluating 

the model, one should understand the differences between true positives, true negatives, 

false positives and false negatives. True positives are cases where the classifier identified 

the target class. True negatives are the cases where the classifier correctly identified the 

value to be in classes other than the target class. False positives are the cases where the 

observation was assigned to target class but doesn’t belong to the target class. False 

negatives are the cases where the classifier identified the value to be in a different class but 

should’ve been in the target class.  Two important metrics to evaluate the efficiency of the 

algorithm are Precision and Recall. Precision is percentage of true positive responses 

among all positive responses. Recall is the percentage of true positive responses among 

correct instances. 

Precision =  
True Positives

(True Positives +  False Positives)
 

Recall =  
True Positives

(True Positives + False Negatives)
 

Finally, f-1 score of the model is calculated by the harmonic mean of Precision and Recall. 

F1 =  
2 ∗ Precision ∗  Recall

(Precision + Recall)
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2.2 Architecture of Character Recognition 

The general architecture for a character recognition algorithm is shown in Fig. 6. 

The handwritten letters are scanned into an image format which can be consumed by 

machine learning algorithms. The next step is to process the scanned images to eliminate 

any unwanted details in the images and to extract a better feature set which will help in 

improving the efficiency of the algorithm. After processing the images and extracting the 

features, the images are given as an input to the algorithm. The algorithms perform critical 

mathematical functions on the inputs and creates a classification function. This 

classification function will then be able to predict the category of any given sample image. 

The real-world implementation can be a lot different but the base architecture should be 

like the one described above. 

Figure 6: Architecture of a character recognition system 
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2.2.1 Denoising 

 Denoising or noise reduction is the process of removing unwanted details in the 

feature set. Although the name means noise removal, the goal of denoising also includes 

feature preservation. Total variation is one of the techniques used in processing images. 

Total variation denoising which is also known as total variation regularization is based on 

the principal that pixels with excessive details have high variation or integral of the 

absolute gradient. This noise removal technique has advantages over simple techniques 

such as linear smoothing or median filtering which reduce noise but at the same time 

smooth away edges to a greater or lesser degree. 

2.2.2 Standardization 

 Standardization is the process of making the values of each features in the data have 

zero mean and unit variance. The general method of standardization involves the 

calculation of mean and standard deviation for each feature. The mean is subtracted from 

each feature and it is then divided by the standard deviation. 

y =
x − x′

σ
 

Figure 7: Denoising effect 
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2.2.3 Thresholding 

 Thresholding is the simplest way of converting any image into a binary image. A 

binary image is an image in which there’s only two possible values for each pixel. The 

basic idea is to replace each pixel with black or white pixel depending on whether the 

intensity of the pixel is less than or greater than a fixed constant respectively. This value is 

also known as the threshold value. 

 

Otsu’s thresholding method is one of the widely used thresholding methods in 

image processing. It performs a clustering based thresholding by calculating the optimum 

threshold separating the two classes. 

Figure 8: Effect of Thresholding 
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2.3 Telugu Language 

Telugu is a language originated from the Dravidian languages and dates to 100 B.C. 

It’s the 3rd most spoken language in India and 15th most spoken language worldwide with 

79 million speakers across the globe. The alphabets in Telugu can be divided into vowels 

(natively called Atchulu) and consonants (natively called Hallulu). There are currently 12 

vowels and 34 consonants as shown in Fig. 9. The combination of vowels and consonants 

produces all the possible letters in the language. 

 

Figure 9: Telugu vowels (top) and consonants (bottom) 
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2.4 Scikit-learn 

 Scikit-learn is an open source software library for machine learning in Python 

programming language. It features various machine learning algorithms for classification, 

regression, clustering, dimensionality reduction, model selection and data preprocessing. 

It is designed to interoperate with other libraries in Python such as NumPy and SciPy. The 

project was a Google Summer of Code project started by David Cournapeau. It was 

described initially as a SciPy toolkit from which the name “Scikit” is derived.   

Scikit learn is mostly implemented in Python with some exceptions which are 

implemented in Cython. Cython is a super set of Python. Support vector machines are 

implemented by a Cython wrapper around LIBSVM and linear support vector machines by 

a similar wrapper around LIBLINEAR. LIBLINEAR and LIBSVM are open source 

machine learning libraries written in C++ programming language. LIBSVM implements 

the Sequential minimal optimization algorithm whereas LIBLINEAR implements 

coordinate descent algorithm. 

Figure 10: Scikit learn algorithm cheat sheet 
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Chapter 3 Implementation 

 This thesis is implemented on Lenovo ThinkPad laptop with Intel i7 processor, 8 

GB of RAM and 2 GB NVIDIA GPU. 

3.1 Dataset of Telugu alphabets 

This dataset contains approximately 280 samples of each of 166 Telugu alphabets 

written by native Telugu writers. The data was collected using Acecad Digimemo 

electronic clipboard devices using the Digimemo-DCT application.  The data is in standard 

UNIPEN format. An offline version of the data, bi-level TIFF images, are generated from 

the online data using simple piecewise linear interpolation with a constant thickening factor 

applied. 

3.2 Data Preprocessing 

 The key step in any machine learning project is to process the data in such a way 

that the most important features are the ones which will impact the training model the most. 

In this project, I used Scikit-image library to preprocess the scanned images from the 

dataset.  

Figure 11: Handwritten image of first alphabet of Telugu language 
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3.2.1 Denoising 

 Noise reduction is performed using denoise_tv_chambolle function from the 

restoration module in skimage library. The function takes in the image as an input and 

returns a denoised image. The code for denoising is shown in the figure below. 

3.2.2 Thresholding 

 Thresholding the images makes sure the images are converted to binary images. To 

do that, I used threshold_otsu function from the filters module in skimage library. 

3.2.3 Scaling 

 Scaling is one of the key factors that impacts the accuracy of the model. All the 

images need to have the same dimensions, because only then can they be converted into 

arrays of pixels intensities. Since I performed thresholding, the pixel intensities will be 

either 1 or 0. To bring all the images into a single size, its necessary to rescale the images. 

I could scale the images using resize function of the transform module in skimage library. 

 

Figure 12: Python code for denoising 

Figure 13: Python code for thresholding 

Figure 14: Python code for rescaling 
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3.3 Training Experiments 

 The prerequisite to training is to split the data into two different datasets. One for 

training the model and the other for testing the model. I split the data in 70/30 proportions. 

70% of data is used for training and 30% is used for testing. 

 I used Support Vector Classifier and K Neighbors Classifier to recognize the 

handwritten letters of the Telugu language. Scikit learn provides different types of support 

vector classifiers. I’ve used SVC and LinearSVC which are implemented using two 

different algorithms. 

 For the K Neighbors classifiers, the k value should be given as an input. In this 

thesis, I have picked three different k values as input to three different classifiers. I also 

performed 10-fold cross validation to estimate the optimal value for k.  

 I performed three different kinds of experiments during this thesis.  

• Experiment 1: Training the models with 1st two letters 

• Experiment 2: Training the models with vowels 

• Experiment 3: Training the models with consonants 
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Chapter 4 Results 

4.1 Classification of 1st two alphabets 

 The classification of 1st two alphabets is a case of binary classification. The goal 

was to make sure the selected algorithms and the dataset are working together without any 

issues. The preprocessing step for this experiment took around 4 minutes. The dataset is 

saved in a pickle file and the size of the file is about 41 MB. The evaluation metrics for all 

the models are noted in the below table. 

Table 3: Results for Experiment 1 

Model Precision Recall F1 Score 

SVC 0.27 0.52 0.35 

LinearSVC 0.90 0.90 0.90 

K Neighbor (k=8) 0.74 0.65 0.62 

K Neighbor (k=15) 0.74 0.72 0.71 

K Neighbor (k=47) 0.74 0.72 0.72 

4.2 Classification of Vowels 

 The classification of Vowels and consonants are performed separately to reduce the 

size of the datasets by creating two smaller datasets instead of one larger dataset. The 

preprocessing step for this experiment took around 30 minutes. The dataset is saved in a 

pickle file and the size of the file is about 286 MB. The evaluation metrics for all the models 

are noted in the below table. 
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Table 4: Results for Experiment 2 

Model Precision Recall F1 Score 

SVC 0.06 0.15 0.06 

LinearSVC 0.76 0.76 0.76 

K Neighbor (k=8) 0.29 0.16 0.12 

K Neighbor (k=15) 0.35 0.18 0.13 

K Neighbor (k=47) 0.23 0.14 0.11 

 

4.3 Classification of Consonants 

 The preprocessing step for this experiment took around 75 minutes. The dataset is 

saved in a pickle file and the size of the file is about 730 MB. The evaluation metrics for 

all the models are noted in the below table. 

Table 5: Results for Experiment 3 

Model Precision Recall F1 Score 

SVC 0.08 0.05 0.03 

LinearSVC 0.58 0.58 0.58 

K Neighbor (k=8) 0.27 0.08 0.06 

K Neighbor (k=15) 0.26 0.06 0.04 

K Neighbor (k=47) 0.12 0.05 0.03 
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Chapter 5 Conclusion 

 In this thesis, character recognition of handwritten Telugu alphabets was 

successfully performed using Machine Learning. Support Vector Machine and K nearest 

Neighbor algorithms are explored and the results show that, for the dataset used in this 

thesis, Support Vector Machine algorithm scored better than K Nearest Neighbor 

algorithm. Especially, LinearSVC classifier of Scikit learn library achieved accuracies as 

high as 95% for certain letters. I experienced certain challenges during this thesis. The size 

of the images in the dataset are inconsistent. This forced me to rescale the images which 

created skewness in the images. There are certain characters in Telugu language which are 

quite similar. All algorithms except the LinearSVC was unable to distinguish between such 

similar characters.  
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Appendix 

1. Python Code – Image cleaning 
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2. Python code - Preprocessing data 
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3. Python Code – Support Vector Classifier 
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4. Python code – K Neighbors classifier 

 


