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Abstract—Recognizing handwritten characters is a complex
task, particularly when dealing with Tamil, a writing system
known for its intricate and stylized nature. Several challenges
arise in recognizing Tamil handwritten characters, including the
complexity of the writing style, similar character shapes,
irregular handwriting, slanting characters, varying curves,
inconsistent font sizes, and limited datasets. Additionally, the
diversity of writing styles and the absence of a standard solution
for accurately recognizing all Tamil characters further
complicate the process. To address these issues, researchers have
explored various techniques, including neural networks, support
vector machines, clustering, and groupwise classification.
However, Tamil handwritten character recognition remains an
evolving field with ample opportunities for exploration and
advancement. This review study aims to provide a thorough
analysis of the current state of the field, identify key challenges,
and highlight areas for improvement. Furthermore, it presents a
detailed examination of the proposed techniques and suggests
potential directions for future research in this domain.

Keywords—Convolutional Neural Network (CNN); handwritten
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extraction techniques; neural network architecture; Support Vector
Machine (SVM); groupwise classification

I.  INTRODUCTION

Handwritten recognition is a crucial aspect of computer
vision and has various practical applications such as reading
handwritten documents, name recognition, postal address
recognition and so on [1]. The process of recognizing Tamil
handwritten characters has been a topic of interest in the field
of computer vision and pattern recognition [2]. Due to the
increasing trend of digitalization, there is an escalating need
for precise and effective techniques that can identify
handwritten characters and convert them into a digital text
format [3]. Identifying Tamil characters, especially in
handwritten form, is a difficult task as it involves various
hurdles, such as slanted characters, similar-looking characters,
connected characters, and curved shapes [4]. However, these
techniques have their own limitations and may not provide
optimal accuracy and efficiency. Multiple methods have been
used to tackle the challenges in the recognition of handwritten
characters, including groupwise classification, clustering,
support vector machine (SVM), and the Component labeling
method. However, these methods have limitations in terms of
accuracy and efficiency [5].

Recently, Convolutional Neural Network (CNN) has
emerged as a promising solution for handwritten recognition
as it can effectively classify and recognize characters [6].
Unlike traditional feature extraction techniques, the system
being proposed uses the pixel values obtained from the resized
characters during the segmentation stage, which results in a
less complex system [7]. In recent times, Artificial Neural
Network (ANN) has been used for handwritten recognition.
This approach has shown promising results in terms of
accuracy and speed [8]. The process of ANN for handwritten
recognition involves various stages such as segmentation,
feature extraction, and classification. The pixel values
obtained from the resized characters during the segmentation
stage are utilized to train the neural network. The precision of
the recognition system is dependent on the quantity of hidden
layers and the number of neurons present in each layer [9].
Moreover, the proposed system is designed to recognize a
minimal character set and has limitations in terms of different
writing styles and font sizes [10]. However, the system can be
further improved in the future by exploring the key challenges
in this field, as shown in Fig. 1. The proposed system has the
potential to find applications in handwritten name
recognition, postal address recognition, and document reading.
Through this, our aim is to make a contribution to the progress
of research in the field of handwritten recognition and bring
us a step closer to a standard solution for identifying Tamil
characters with a satisfactory degree of accuracy.

This study is structured as follows: In Section I, an
introduction is provided. Section Il focuses on the motivation
behind the study. Section Ill highlights the summarized
literature review. Table | compares and contrasts different
studies. Section IV discusses the challenges in handwritten
Tamil character recognition. In Section V, the study concludes
by summarizing the findings and outcomes of the study.

A. Tamil Handwriting Recognition

Tamil Handwriting recognition is a field of study that
aims to develop algorithms and systems capable of
recognizing the handwritten Tamil script [11]. With the
increasing amount of digital data and the need for efficient
data processing [12], the importance of recognizing and
processing handwritten data has become increasingly
important. The Tamil script is a complex script, with a large
number of characters and variations in handwriting styles,
making the recognition process challenging [13]. Numerous
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algorithms and approaches have been developed over the
years to tackle this challenge. These include traditional
methods like clustering and groupwise classification, support
vector machines (SVM), Component labeling methods, and
Artificial Neural Networks (ANN). While these methods have
provided some level of accuracy in recognizing Tamil
handwriting, they have certain limitations, such as being time-
consuming and complex [14]. The architecture for Tamil
handwritten character recognition (HCR) typically involves
several stages, including preprocessing, segmentation, feature
extraction, and recognition. During the preprocessing stage,
the input image is transformed into a form that is suitable for
processing, such as converting it to grayscale or thresholding it
[15]. The segmentation stage is used to separate individual
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characters from the background. Feature extraction techniques
are employed to obtain significant features from the
segmented characters that can be used to represent them. The
recognition stage is where the extracted features are utilized to
classify the characters and identify their identity [16]. In
summary, Tamil Handwriting recognition remains a
challenging and ongoing field of study, with ongoing research
aimed at improving the accuracy and efficiency of recognition
algorithms. With advanced techniques such as deep learning
and CNNs, there is great potential for further improvements in
this field, which has applications in various areas such as
document reading, handwritten name recognition, and postal
address recognition.

Neat and Precise
Characters

Tamil characters featuring a
variety of forms, intricate
structures, and distorted
strokes.

Offline Tamil
Handwritten
Character
Recognition

Tamil characters that can
adhere to one another and
may extend beyond a
horizontal line.

Online Tamil
Handwritten
Character
Recognition

Tamil characters
documented with details
about the writing time and
the relative positioning of
the strokes.

Fig. 1. Classification of Tamil character recognition.

TABLE | COMPARATIVE STUDY
S.No Methodology Achievement Limitations Ref No
The results reveal that although the proposed
The proposed CNN + SALA model achieves an TCR system performs better than existing
- accuracy of 0.84 at TD=50, outperforming RNN, LA, models in terms of accuracy, sensitivity,
: Optimized (CNN) EHO-NN, and DCNN by 12.7%, 3.4%, 7.2%, and specificity, and precision, it still needs further | (30
11.2%, respectively. improvements to achieve optimal recognition
of Tamil characters.
Modified traditional neural network that utilizes
Elephant Herding Optimization for optimizing weights
for the identification of Tamil characters. The MNN Only Tamil character recognition. Limited
1l MNM (NN+EHO) method demonstrates an impressive recognition rate of | comparison to existing classifiers. Evaluation [19]
93%, surpassing the results achieved by other existing based only on recognition rate.
methods such as NN, SOM, SVM, FNN, RBF, and
Quad tree.
. Limited to recognition of only 128x128
Resl\_let (type of A.NN with Proposed system for Tamil character recognition has images of Tamil characters [31]. Similar
multiple layer skips and . - o
11 S . 96% accuracy, using a dataset of over 15,000 images of | characters may cause recognition errors. [32]
nonlinearities, including 28x128 di . imited il ch O |
batch normalization) 128x1 imensions. Limited to Taml character recognition only,
cannot recognize words or sentences.
Support Vector Machines The system has obtained 82.04% recognition accu- Tralne_d .W'th only 35,441 characters _from
v (SVM) racy on handwritten Tamil characters 106 distinct Tamil characters handwritten by [22]
y ' 117 individuals. Recognition accuracy varies
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for different Tamil characters, ranging from
62.84% to 98.9%.
A modified convolutional The system achieved a high recognition accuracy of The work is limited to isolated characters and
\% 97.07% for the recognized characters using the there is scope for future work on recognizing [33]
neural network (M-CNN) . .
proposed method. Tamil handwritten words and sentences.
Only 25 users’ handwriting was used for
Vi Java Neural Network Achieved 100% recognition rate with 0.1 second training, with 15 users for testing. [34]
recognition speed and 97% accuracy on the test set. Recognition is limited to handwritten Tamil
characters from 25 selected users.
The system has been designed and tested
Hidden Markov Models The system’s performance for retrieving handwritten for the Tamll_ language only. Effectlveness_ on
VI . documents with complex layouts and multiple [35]
(HMM) documents is 80.75%. :
font styles, as well as handling degraded or
damaged images, is limited.
SVM + Modified . A Limited sample size. Limited feature
VI Quadratic Discriminant E;/glgitgg on 36,172 data points, achieving an accuracy consideration. Limited script coverage. [36]
Function (MQDF) 2 Limited error analysis. No real-world testing.
Optimized for cursive characters, which may
SVM with Feature . o . result in errors if the writing style varies
IX Selection Algorithms Achieved 89% accuracy for testing samples. significantly. Limited feature selection and [37]
statistical-based feature extraction algorithms.
Comparison limited to 4 feature extraction
X SVM, ELM, and MLP The highest accuracy of 95.26% was achieved by the methods. Structural features could enhance [36]
Classifiers MVTI-SVM combination. recognition accuracy, particularly for
ambiguous character pairs.
CNN + ADAM achieved 92% accuracy, CNN + Lion L .
X1 ADAM Optimizer Optimization achieved 86%, RMSProp achieved 89%, gmt(:re;sz':? time is high with the ADAM [39]
and AdaGrad achieved 88%. P ’
Convolutional Neural The best neural network architecture for character Does not cover different writing styles and font
X1 recognition had two hidden layers of 100 neurons sizes. Limited character set. Neural network [40]
Networks - ; - O
each, with 90.19% accuracy. architecture may not suit other writing styles.
The dataset is limited to 200-250 samples per
Convolutional Neural A proposed system uses a CNN to recognize 70 Tamil character from the hp-labs-Tamil-dataset. Only
X111 Networks characters with 93% accuracy, outperforming methods | online datasets with specified class labels are [41]
like Clustering, SVM, Component labeling, and ANN. supported. Recognizes a limited number of
characters.
handwritten  Tamil characters through the use of

Il. MOTIVATION

The motivation behind researching handwritten character
recognition in Tamil lies in the growing need for fast and
accurate recognition of handwritten characters in various
domains such as healthcare, transportation, finance, and
education. Despite being a complex task, the application of
handwritten character recognition in these domains can bring
about significant improvements and streamline processes. The
challenge arises from the intricate variations in writing
styles and individual differences among writers, making
traditional recognition methods inadequate. To overcome
these difficulties, researchers have been exploring the use of
various algorithms for handwritten character recognition. The
parallel architecture and fault-tolerance have demonstrated
promising results in addressing the intricacies involved in
character recognition. The primary objective of this research
study is to provide a comprehensive overview of the current
state-of-the-art techniques and methodologies used in the
domain of Tamil handwritten character recognition.
Additionally, this study seeks to identify areas for future
research and contribute to the development of advanced and
dependable systems for recognizing handwritten characters in
Tamil.

I1l. SUMMARIZED LITERATURE REVIEW
Kavitha et al. [17] presents a study on recognizing offline

Convolutional Neural Networks (CNNs). The study aims to
establish a standard for offline Handwritten Tamil Character
Recognition (HTCR) by leveraging deep learning techniques.
The researchers utilized an isolated handwritten Tamil
character dataset that was developed by HP Labs India and
trained the model from scratch, achieving good recognition
results with a training accuracy of 95.16%. The Tamil
Language has a unique feature of having a syllable for every
sound pronounced, making the word economy of characters
minimal. The Tamil script comprises a total of 307 characters,
but the complete Tamil character set can be represented by
only 156 distinct characters. This study is significant because
it establishes the standard for HTCR for all 156 classes
through the application of deep learning methods, unlike
previous studies, which used a limited number of classes or
used grouping methods.

The field of optical character recognition (OCR) has
gained momentum in recent years due to the growing need to
convert scanned images into machine-readable formats. The
OCR process finds applications in various fields, such as
intelligent scanning machines, language translators, and text-
to-speech converters. The development of a Tamil character
recognition (TCR) system is one of the challenging tasks in
OCR, primarily due to the unique problems that the Tamil
language poses to the developers. The existing TCR systems
face challenges such as variations in the size and style of
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handwriting, orientation angle, and font size [18].

To overcome these challenges, Kowsalya et al. [19]
proposed an efficient Tamil character recognition system that
involves four primary processes: preprocessing, segmentation,
feature extraction, and recognition. The preprocessing process
includes Gaussian filtering, binarization, and skew detection.
The segmentation process involves line and character
segmentation. The extracted features are then used for
recognition, which is carried out using an optimal artificial
neural network. To optimize the weights of the neural
network, the researchers used the Elephant Herding
Optimization algorithm. The performance of the proposed
method was evaluated using sensitivity, accuracy metrics, and
specificity. The proposed method is implemented in
MATLAB and has shown promising results in the analysis.
Previous research has focused on developing efficient TCR
systems, and significant progress has indeed been made in the
field of Tamil character recognition over the years. However,
there are still challenges related to existing character
recognition methods, such as the loss of information and
change in shape after binarization. The proposed method aims
to address these challenges by incorporating effective
preprocessing and a modified neural network. The proposed
method has the potential to serve as a solution for the
development of an accurate Tamil character recognition
system. The objective of the paper by Harini et al. [20] is to
digitize old handwritten Tamil scripts through the use of
Optical Character Recognition (OCR) technology. Tamil is a
classical language of India with a rich literary tradition
spanning over four thousand years, with much of its literature
still undigitized. The OCR system in this study uses four
main modules: Scanning, Preprocessing, Recognition, Feature
Extraction, and Image Segmentation. The input is a scanned
image of handwritten Tamil scripts, which undergoes
processes like binarization, noise removal, skew correction,
segmentation, and feature extraction to produce a digital
output. This module compares the input sample to the trained
dataset and generates a digital version of the handwritten input
as output.

Raj et al. [21] review pertains to a study on a Tamil
handwritten character recognition system. The primary goal of
this study is to extract and identify distinct features of different
Tamil characters that exhibit variations in their shapes and
styles. Three methods of feature extraction were experimented
with: shape, location-based instances, and shape ordering. The
proposed system consists of four phases: pre-feature
extraction, feature extraction, Z-ordering, and classification.
The feature extraction phase involves strip tree, Z-ordering,
and PM- Quad tree algorithms. The strip tree algorithm deals
with shape features, the Z-ordering algorithm is used to
address the problem of structure ordering, while the PM-Quad
tree is used to facilitate efficient searching and retrieval of
characters. The classification phase uses a hierarchical support
vector machine to predict characters based on a divide-and-
conquer procedure. The researchers collected data for the
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experiment from the HP-India Handwritten Tamil Character
Dataset and individuals of different age groups. They utilized
a total of 10,000 characters, with 6,000 characters being used
for training and 4,000 characters for testing purposes. The
experiment was implemented in MATLAB, and the results
show that SVM performed better than other classifiers. The
study concludes that the proposed system can recognize a
larger number of characters and their varied shapes.

Shanthi et al. [22] aim to recognize offline handwritten
Tamil characters using a support vector machine (SVM). The
study uses handwritten characters collected from various
writers on A4-sized documents, scanned at 300 dpi resolution
and stored as grayscale images. Pre-processing is done on the
digitized images to improve quality, and pixel densities are
computed for 64 different zones to form character features
used for SVM training. The system achieves an 82.04%
recognition accuracy on the handwritten Tamil character
database.

Sornam et al. [23] focused on introducing a new
approach to recognize offline handwritten Tamil characters,
which is challenging due to their complexity and variability
in writing style among different users. Their method involves
a combination of principal component analysis (PCA) and a
convolutional neural network (CNN) for feature extraction and
recognition of Tamil characters, as shown in Fig. 2, resulting
in a more accurate recognition system. Deep learning, a state-
of-the-art technique in machine learning [24], was used to
reduce the burden on the programmer and to extract reliable
features for complex problems such as object recognition and
handwritten character recognition. The dataset utilized for the
research was gathered from diverse writers located in
Bangalore and Salem, India. It included both offline and
online versions of Tamil characters. The model was trained for
50 epochs and achieved a convergence of approximately 88%
in the 27th epoch. The training accuracy increased over the 50
epochs, and the performance measures were promising. The
study presented a Tamil character recognition system that
showed good performance. The system has the potential to be
further extended for recognizing slogans in images with the
use of a GPU.

The article by Jose et al. [25] discusses a wavelet
transform-based feature extraction technique for recognizing
Tamil handwritten characters. The classification process in the
algorithm is carried out using a feed-forward back propagation
neural network, while feature extraction is done through two-
dimensional discrete wavelet transformations. The article
highlights the challenges in recognizing Tamil characters,
including the large number of characters and complex
handwriting  styles, and notes that preprocessing,
segmentation, feature extraction, and classification are the
major steps involved in character recognition. The proposed
system has achieved a maximum recognition rate of 89% after
preprocessing,  wavelet  decomposition, and BPNN
classification.
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Fig. 2. Traditional offline HTCR process and typical methods for each step.
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Standard
Characters

Wahi et al. [26] concentrate on creating an Optical
Character Recognition (OCR) system to recognize
handwritten Tamil characters. The study highlights the use of
Zernike moments and Legendre polynomials for feature
extraction of handwritten Tamil characters and a feed-
forward backpropagation neural classifier for character
classification. The proposed system consists of three modules:
preprocessing, classification and feature extraction. The
preprocessing module involves the conversion of color images
to binary images through binarization techniques such as
thresholding and Otsu’s method. The feature extraction
module includes the computation of various character
properties such as height, width, horizontal lines, vertical
lines, slope lines, circles, and arcs. The research concludes
that there is a lack of studies on recognizing handwritten
characters of Indian scripts, and a complete recognition
system is not yet available in India due to the extensive
character set of Indian languages, the presence of vowel
modifiers and compound characters. The study focuses on the
recognition of handwritten South Indian languages, namely
Tamil.

Shaffi et al. [27] presents the development of an
extensive Tamil Handwritten Character Database (UTHCD)
for research in document image analysis. The database
consists of 91000 samples in 156 character classes with
around 600 samples in each class, collected from 650
volunteers, including school children, teachers, homemakers,
faculty and university students. The samples were collected
both offline and online and encompass a wide range of writing
styles and inherent distortions. The authors anticipate that the
database will establish a new standard in research on Tamil
handwritten character recognition and provide a starting point
for other projects in document image analysis. The study also
outlines an experiment conducted on the database using a
Convolutional Neural Network (CNN) architecture, which
achieved an initial accuracy of 88% on the test data. The
existing Tamil Handwritten Character Database, developed by
HP Labs India, contains 156 distinct character classes with a
varying number of samples in each class. Ad-hoc databases
have also been created by various researchers, but the sample
size is limited and varies greatly between different works. The
UTHCD was created through a sample collection process
starting with volunteers writing characters in a 10x8 grid
on an A4 sized paper or an electronic form using a digital
writing pad. Preprocessing was done to remove unnecessary
information and to enhance the quality of the samples. The
authors aim to make the database publicly available in raw
image and HDF compressed format for easy implementation.

Rajasekar et al. [28] focus on the development of a
computer-based handwritten character recognition (HCR)
system for Tamil characters. The historical background and
development of optical character recognition (OCR) and HCR
systems in general are discussed. The article provides an
overview of prior handwritten character recognition (HCR)
methods and techniques, including those that employ moment-
based feature extraction and coding schemes based on
neighborhood relations. Data reduction is performed using the
fuzzy c-means clustering algorithm, and recognition is carried
out using Artificial Neural Networks (ANN). The proposed
system in the paper involves three modules: preprocessing,
segmentation, and recognition. The preprocessing module
includes image filtering and binarization, as well as skew
correction. The segmentation module decomposes the image
into individual characters. The recognition phase involves the
use of correlation and neural network methods. The objective
of this study is to create a MATLAB program using the image
processing toolbox to develop an OCR system for Tamil
alphanumeric and text.

This literature review by Suganthe et al. [29] focuses on the
development of a handwritten text recognition (HTR) model
for the Tamil language. The study highlights the importance of
feature extraction in HTR models and explains how
Convolutional Neural Networks (CNNs) can be used for
automatic feature extraction. The literature review outlines the
steps involved in digitizing handwritten text recognition,
including the development of a CNN model, hyper-parameter
tuning, character segmentation, and recognition of text by
feeding individual characters to the tuned model. The Tamil
language is considered as a classical language and has a rich
history, with a unique writing system that includes 247
characters, with 156 distinct characters capable of depicting
the entire Tamil character set. However, handwritten text
recognition for Tamil characters is a challenging task due to
various distortions, variations in character length, wide range
of handwriting styles, fragmented strokes, and noise. The
preprocessing steps involved in the HTR model for Tamil
characters include grayscale conversion, binary conversion,
foreground character extraction, morphological
transformation, line segmentation, and character segmentation.
The hp-labs- tamil-iso-character dataset was used in this study
and the architecture of the CNN model is discussed in detail,
including the use of convolutional and pooling layers. The
study concludes with a discussion of the experimental results
and future scope of the research.

The proposed literature review by Kishan et al. [42]
focuses on the field of Handwritten Character Recognition
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(HCR) using Convolutional Neural Networks (CNN).
Handwritten character recognition (HCR) is an active and
challenging area of research in image processing and pattern
recognition, with applications in reading bank cheques and
recognizing characters from form applications. The proposed
work extends the EMNIST dataset by adding characters from
the Tamil language, and trains the CNN using this extended
dataset. The feature extraction process includes converting the
input image to a grayscale image, normalizing the pixel
values, and transforming the input data into a set of features
through dimensionality reduction. The Min-Max-Scaler is
used to normalize the data, and the CNN is used as a classifier.
The system includes preprocessing, feature extraction, Min-
Max-Scaler, image normalization, and classification in its
architecture. The preprocessing step involves converting the
input image to a grayscale image and resizing it to match the
resolution of the EMNIST dataset. The process of feature
extraction involves transforming the input data into a smaller
set of features that can effectively represent the input data.
The Min-Max-Scaler normalizes the data to a range between 0
and 1, and the trained CNN is used to recognize the characters
and provide the desired output.

Thilagavathi et al. [43] focus on the proposed system for
the conversion of handwritten South Indian language
characters, specifically Tamil, into digital characters. The
learning methodology of the system involves the use of
Artificial Neural Networks (ANNs) with the Stochastic
Gradient Learning Algorithm and Back-Propagation. Previous
implementations of similar systems have shown accuracy rates
over 90%. The system architecture includes pre-processing
modules for image to pixel conversion, a network trainer,
and a character predictor. The dataset used for the system
design and implementation is from a worldwide competition
on handwritten character recognition. The study also
highlights the importance of character recognition in various
industries, including banking and subjective answer
evaluation, as well as the challenges posed by the Tamil
language with its wide use of symbols.

Livingston et al. [44] have developed a handwritten Tamil
character recognition system that uses a combination of
Hidden Markov Model (HMM) and Fuzzy Logic. The system
aims to convert handwritten Tamil characters into Unicode
and is a challenging task due to the great variation among
handprints. Among the different branches of character
recognition, Tamil character recognition is more complicated
due to multiple patterns to represent a single character and
disconnected multi-stroke characters. The authors propose a
framework for handwritten Tamil character recognition using
a combination of Hidden Markov Model and Fuzzy Logic.
The framework consists of three stages: preprocessing, feature
extraction using Hidden Markov Model, and classification
using Fuzzy Logic. The Fuzzy technique is used to differentiate
between Tamil scripts. The system was tested on 750 samples
of Tamil characters and achieved a success rate of 89 to 93%.
The authors note that there has been significant research in
the field of handwriting recognition, including the use of
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neural networks and hidden Markov models. While the most
popular class of nonlinear vector operators in handwritten
recognition is based on order statistics, the authors propose a
different approach.

Gayathri et al. [45] conducted research on the recognition
of cursive characters in Tamil palm leaf manuscripts
using the Convolutional Neural Network (CNN) technique.
The authors used a text line slicing segmentation scheme to
segment the palm leaf characters, and morphological
operations were used for preprocessing to eliminate noise in
the input image. The feature processing included text line
spacing, spacing without obstacles, and spacing with
obstacles. The proposed network achieved 94% accuracy,
while the existing ResNet achieved 88% accuracy. The
proposed methodology is divided into four steps: i) collection
of cursive Tamil palm leaf manuscripts, ii) preprocessing, iii)
feature extraction, and iv) classification using CNN. The
results and discussion section of the study shows that the
proposed CNN model outperforms the current models in terms
of accuracy.

The literature review by Suriya et al. [46] focuses on the
application of Computational Linguistics and Convolutional
Neural Network in the recognition of Tamil characters. The
study presents an Intellectual Character Recognition System
which uses CNN to recognize the Tamil character dataset
and achieved a training accuracy of 99.16%. The challenges in
handwritten character recognition are also discussed,
including the variations in writing style, difficulties in
recognizing similar characters, etc. The study proposed a
Character Recognition system using a Convolutional Neural
Network and used a dataset developed by HP Labs India,
which consists of 156 unique Tamil characters written by
native Tamil writers. The study highlights the use of Data
Augmentation to improve the variety of data available for
training models and overcome the issue of limited data size.
The literature review concludes that the proposed system has
significant potential in the field of handwritten character
recognition, as it is capable of recognizing characters in
challenging conditions where traditional character recognition
systems fail. The comparative study highlights various
methodologies for Tamil handwritten character recognition,
with CNN- based approaches achieving the highest accuracy,
such as 97.07% using Modified CNNs and 96% with ResNet.
Hybrid methods combining CNNs with optimization
techniques, like Elephant Herding Optimization, also
demonstrated strong performance, achieving up to 93%
accuracy. Traditional methods like SVM and HMM showed
moderate success, with accuracies ranging from 80.75% to
95.13%, but are limited by smaller datasets and simpler
feature extraction techniques. Despite advancements, most
methods are restricted to isolated character recognition and
rely on small, constrained datasets, limiting generalizability as
shown in Table I. The bar chart in Fig. 3 underscores the
superior accuracy of CNN-based models, indicating the need
for future work on recognizing entire words or sentences and
handling diverse datasets.
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Fig. 3. Comparison of accuracy across methods for Tamil HCR.

IV. CHALLENGES IN HCR TAMIL

The Tamil writing style can be complex, including
variations such as normal and abnormal writing, slanted
characters, similar-shaped characters, curves, joined
characters, and more, which makes it difficult to accurately
recognize the characters [47]. There are many Tamil characters
that have similar shapes, which can lead to confusion during
recognition [48]. Handwritten characters can be written in an
abnormal style, making it challenging to accurately recognize
them with standard recognition algorithms [49]. The slanting
of characters can also affect recognition, as it can change the
character’s shape and make it look different from the standard
form [50]. Tamil characters can contain curves, which can
also pose a challenge for accurate recognition [51]. Different
people write in different font sizes, and this variation can pose
a challenge for accurate recognition [52]. Feature extraction is
often used in recognition processes, but this method can be
complex and time-consuming [53]. There is a lack of large
datasets for Tamil handwritten character recognition, which
limits the development of effective recognition algorithms
[54]. People write in different styles, and it can be difficult to
accurately recognize characters. In Fig. 4, the Tamil characters
have been written in a different style than the one used to train
the recognition system [55]. Despite numerous studies and
efforts in the field of Tamil handwritten character recognition,
there is still a lack of a universally accepted and efficient
solution for accurately identifying all Tamil characters [56]. To
overcome these challenges, researchers have proposed various
approaches including the use of neural networks, support
vector machines, clustering, and groupwise classification. The
field is still evolving and there is room for further
improvement.

Tamil Characters

Printed Characters

Fig. 4. Comparison of optical vs. handwritten.

V. CONCLUSION

In conclusion, the research on handwritten character
recognition (HCR) in Tamil has made significant strides in
recent years. A multitude of algorithms and techniques have
been proposed and implemented to tackle the challenges of
recognizing handwritten characters in the Tamil script. From
the reviewed studies, it can be deduced that Convolutional
Neural Networks (CNNs) have emerged as a prominent
solution for HCR in Tamil due to their high accuracy and
ability to effectively capture the inherent features of
handwritten characters. However, there is still room for
improvement and further research in this field to enhance
the performance and efficiency of HCR systems for Tamil
script. This includes the optimization of feature extraction
techniques, the development of more robust neural network
architectures, and the integration of other advanced machine
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learning algorithms. In light of these developments, it is clear
that the field of HCR for Tamil script holds immense potential
for innovation and advancement, and will continue to play a
crucial role in various domains and applications
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