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ABSTRACT

Character segmentation and recognition
are essential tasks in image processing and
computer vision, with various applications in
text recognition, document analysis, and optical
character recognition (OCR) systems. The
procedure entails isolating individual characters
from an input image, succeeded by the
identification of these segmented characters.
This study provides a thorough examination of
character  segmentation and  recognition
techniques, examining both  conventional
methods and  contemporary  innovations.
Character  segmentation  approaches  are
classified into two primary categories: linked
component-based methods and contour-based
methods. Connected component-based
techniques depend on recognizing distinct
characters through connected regions in the
image, whereas contour-based techniques
emphasize character segmentation via edge
detection and contour analysis. Furthermore, we
investigate diverse methodologies for character
identification, encompassing template matching,

feature-based approaches, and deep learning
techniques. Template matching entails the
comparison of segmented characters against
established templates to ascertain
correspondences, whereas  feature-based
approaches derive pertinent properties from
characters and utilize classifiers for recognition.
Deep learning approaches have garnered
considerable interest for their capacity to
autonomously acquire discriminative features
from umprocessed data, attaining superior
performance  in character  recognition
challenges. Furthermore, we examine the
obstacles and prospective avenues in character
segmentation and  recognition,  including
managing intricate backdrops, addressing
diverse fonts and writing styles, and enhancing
performance on degraded or handwritten text.
We emphasize the significance of dataset
diversity and robustness in creating precise and
adaptable segmentation and identification
algorithms.

Keywords: optical character recognition (OCR),
Al

293



z International Journal of

Information Technology & Computer Engineering

1. INTRODUCTION

Character segmentation and recognition are
essential in numerous applications, such as text
recognition, document analysis, and optical
character recognition (OCR) systems. The
capacity to precisely segment

and identify characters from images or
documents is essential for deriving significant
information and facilitating automation in
several jobs[1]. Character segmentation entails
the isolation of individual characters from an
input mage, frequently featuring text embedded
inside intricate backdrops, various fonts, and
varying writing styles. Upon segmentation, these
characters are then recognized, facilitating the
transformation of photos containing text into
editable and searchable digital
representations.[5] Researchers have developed
various strategies for character segmentation and
recognition throughout the years, encompassing
both traditional methods and advanced deep
learning approaches [2] [3] [4] [5]. Conventional
approaches often depend on manually produced
features and rule-based algorithms for character
segmentation and recognition; whereas deep
learning methodologies utilize artificial neural
networks to autonomously extract discriminative
features from data. This study presents a
thorough examination of character segmentation
and recognition techniques, encompassing both
conventional and contemporary methods. We
examine the obstacles inherent to each strategy
and elucidate their strengths and shortcomings
across diverse contexts. The subsequent sections
of this work are structured as follows: Section 2
provides a summary of character segmentation
approaches[7], classifying them into connected
component-based methods and contourbased
methods. Section 3  explores character
recognition = methodologies, = encompassing
template matching, feature-based strategies, and
deep learning approaches. Section 4 addresses
the obstacles and prospective avenues in
character segmentation and recognition, while
Section 5 finishes the work with a synthesis of
essential themes and recommendations for future
research.
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This investigation seeks to elucidate the
cutting-edge approaches and future possibilities
in character segmentation and recognition.[9]

2. RELATED WORKS
research represented in studies [1]-[24]
highlights significant advancements across IoT
security, machine learning, cryptography, smart
systems, and data-driven applications. The
foundational work by Lavanya and Natarajan [1]
introduced a certificate-free collaborative key
agreement based on IKEv2 for IoT, addressing
secure lightweight communication.
Complementing  this, further IoT-centric
analyses include ANN-based routing integration
[2] and efficient elliptic-curve and hash-based
cryptographic enhancements [3][4]. Security-
related contributions such as DoS detection
using Quine-McCluskey [5] and optimized Tabu
Search-based classifiers [7] strengthen intrusion
mitigation in modern networks. Additional
applied machine learning innovations include
gesture recognition for real-time volume control
[6], adaptive curriculum roadmap systems
8][10], EEG-based emotion recognition using
hybrid ResNet models [9], and several
healthcare-oriented Al applications like early
neurological disorder detection [18], lung cancer
diagnostics [19], and handwritten medical
prescription interpretation [22]. Smart grid
optimization using IoT and support vector
regression  [17],  sustainable  loT-based
biodiversity-focused connectivity solutions [24],
and environmental protection studies such as
dye removal from wastewater [21] further
showcase  the  multidisciplinary  impact.
Advances in authentication and computer vision,
including face and license plate-based
recognition [11], recursive CNN anomaly
detection in X-ray security scans [13], and
perceptual video summarization using keyframe
extraction [14], contribute to enhanced
automated security systems. Broader Al and
data-centric  works include decentralized
federated genomic analysis [16], fraud detection
with hybrid personalized profiling [23], gesture
and gait-based depression detection models [12],
power flow optimization using Hidden Markov
Models in renewable-integrated grids [15], and
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3. LITERATURE SURVEY
Comparison Analysis of Handwriting Recognition Research Works
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emphasizing the diverse and evolving landscape
of Al-, IoT-, and cryptography-driven research.

Author & Year Title Technique / Merits Demerits
Focus
Graves et al. Offline MDLSTM for Captures spatial | Computationally
(2009)[1][2] Handwriting spatial dependencies intensive and needs large
Recognition with | dependency effectively in training datasets.
Multidimensional | learning handwriting.
Recurrent Neural
Networks
LeCun et al. Gradient-Based CNN for Pioneered CNN | Limited to isolated
(1998) Learning Applied | character use in OCR and | characters; weak for
to Document recognition document continuous handwriting.
Recognition (MNIST) recognition.
Bluche et al. Scan, Attend and | Attention-based | Enables full- High computational
(2017)[24] Read: End-to- Encoder- paragraph complexity; struggles
End Handwritten | Decoder recognition with very long sequences.
Paragraph using attention
Recognition mechanisms.
Wigington et al. | Data CNN-LSTM Improves Distorted synthetic
(2017)[22] Augmentation with data accuracy using samples may degrade
for Recognition augmentation synthetic training if unbalanced.
of Handwritten augmented data.
Words and Lines
Pham et al. Dropout Dropout- Reduces Dropout rates must be
(2014)[23] Improves regularized overfitting and finely tuned to avoid
Recurrent Neural | LSTM improves LSTM | underfitting.
Networks for generalization.
Handwriting
Recognition
Sudholt & Fink | PHOCNet: A PHOC-based Enables Performance drops under
(2016)[20] Deep CNN for deep embedding | segmentation- heavy noise and variable
Word Spotting for word free robust word | handwriting styles.
spotting spotting.
Puigcerver et al. | Are 1D LSTM vs 1D LSTM Needs more training
(2017)[19] Multidimensional | MDLSTM outperforms epochs for comparable
Recurrent Layers | comparison MDLSTM in accuracy.
Really speed and
Necessary? accuracy.
Sharma et al. Recognition of CNN with Effective Limited to specific
(2019)[18] Devanagari transfer learning | recognition for languages and datasets.
Handwritten for Indic scripts | non-Latin
Characters Using scripts.
CNN and
Transfer
Learning
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Kliger et al. DeepOCR: A Unified Deep Combines High model complexity
(2020)[17] Unified Learning OCR detection and increases inference time
Framework for framework recognitionina | on low-end devices.
Detection and single pipeline.
Recognition
Kang et al. End-to-End Vision Improved Requires large-scale GPU
(2022)[13] Handwriting Transformers for | recognition for resources and extensive
Recognition HWR long text lines pretraining.
Using Vision using
Transformers transformers.
(ViT-HWR)
4. OPTICAL CHARACTER Modern  character  segmentation
RECOGNITION (OCR) techniques often leverage deep learning

In existing systems, character segmentation
and recognition are critical components of
various applications such as text recognition,
document analysis, and optical character
recognition (OCR) systems. These systems
typically employ a combination of
traditional and modern techniques to
effectively segment and recognize characters
from images or documents.

Traditional character segmentation methods
often rely on connected component analysis.
In this approach, the image is processed to
identify connected regions, which are then
analyzed to isolate individual characters.
This method works well for well-defined
text with clear boundaries between
characters, but it may struggle with more
complex backgrounds or handwritten text
where characters are closely connected.
Another traditional approach involves
contour-based segmentation. Here, edge
detection techniques are used to identify the
contours of characters, which are then
segmented based on geometric properties
such as size, shape, and orientation. While
contour-based methods can handle more
complex backgrounds and handwriting
styles compared to connected component
analysis, they may still face challenges with
irregular shapes and noisy images.

models, particularly convolutional neural
networks (CNNs). These models can
automatically learn features from raw data,
making them highly effective in segmenting
characters even in challenging conditions.
By training on large datasets of labeled
images, CNNs can generalize well to
various fonts, styles, and backgrounds,
achieving state-of-the-art performance in
character segmentation tasks.

4.1 Problem statement

One significant drawback of traditional
character segmentation methods, such as
connected  component  analysis  and
contourbased segmentation, is their limited
robustness to variations in font styles, sizes,
and orientations. These methods often
assume uniformity in character appearance,
making them less effective when dealing
with handwritten text or text in non-standard
fonts. Handwritten characters, in particular,
may exhibit irregular shapes and varying
stroke widths, posing challenges for
segmentation  algorithms  based  on
predefined rules or geometric properties.
Furthermore,  traditional  segmentation
methods are susceptible to errors in cases of
complex backgrounds or noisy images. Text
embedded in cluttered backgrounds, or
images with uneven lighting and noise, can
cause misidentification of characters or
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incomplete segmentation. This limitation is
especially pronounced in applications like
scene text recognition, where text appears
within natural scenes containing diverse
visual elements.

5. DEEP LEARNINGBASED CNN

In our proposed character segmentation and
recognition system, we aim to address the
limitations of existing methods by
leveraging a combination of traditional
techniques and state-of-the-art deep learning
approaches. For character segmentation, we
propose an adaptive approach that combines
connected component analysis with deep
learningbased methods. Initially, the image
is preprocessed to enhance contrast and
remove noise, improving the effectiveness
of subsequent segmentation steps. We then
employ connected component analysis to
identify candidate regions containing text.
However, instead of relying solely on
geometric  properties, we utilize a
convolutional neural network (CNN) to
classify these regions as either text or
nontext. This CNN is trained on a large
dataset of labeled images to distinguish
between
text and non-text regions accurately. By
integrating deep learning into the
segmentation process, we can handle
variations in font styles, sizes, and
orientations more effectively, resulting in
more accurate character segmentation, even
in  challenging conditions such as
handwritten text or complex backgrounds

In the proposed system, character
recognition is performed using a hybrid
approach that combines deep learning with
traditional feature-based methods. Initially,
characters are segmented using the method
described above. For each segmented
character, we extract a set of features,
including stroke width, histograms of
oriented gradients (HOG), and local binary
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patterns (LBP). These features are then fed
into a deep convolutional neural network
(CNN) for further processing. The CNN is
trained end-to-end on a large dataset of
labeled characters to learn discriminative
features and patterns. By combining deep
learning with handcrafted features, we aim
to capitalize on the strengths of both
approaches: the ability of deep learning
models to automatically learn complex
patterns and the interpretability and
robustness of handcrafted features.

6. METHODOLOGY

6.1. Input Acquisition Module
Captures handwritten data from:
Scanned images, Touchscreens/styluses
(online recognition), Photographs or
document uploads, Supports various file
formats (e.g., PNG, JPG, PDF)

6.2. Preprocessing Module

Prepares input data for the AI model by
performing:

Grayscale conversion, o Noise reduction
(e.g.,Gaussian blur, median filtering), Skew
correction and normalization,
Binarization(Otsu’sthresholding), Size and
aspect ratio adjustments.

6.3. Segmentation Module

Splits  handwritten data into logical
components:

Line segmentation, Word segmentation,
Character segmentation, optional in end-to-
end systems), Uses contour detection,
projection profiles, or deep models.

6.4. Feature Extraction Module

Extracts = meaningful  features  from
handwriting using:

Traditional methods: HOG, zoning, chain
codes, Deep learning: CNNs, Vision
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Transformers (ViT), or pretrained
embeddings

6.5. Recognition Module (C

ore Al Engine)

Recognizes and classifies the characters or
words using:

CNN-LSTM-CTC models(for sequence
prediction), Attention-based  encoder
decoder models, Transformer-based models,
Trained on labeled handwriting datasets

6.6. Language Modeling  Module
(Optional but Recommended)

Improves recognition accuracy using
linguistic context :

Integrates n-gram or neural language models
(e.g., BERT), Performs grammar correction
or word prediction based on recognized text

7. RESULTS AND DISCUSSION

(TN Aoemary - T5AMBTITRHNET
O Procioon : 77.74TA2T9100118
O Reeall - T54R155307238004
CNNFSCORE - TAATISERLIALS

In above screen can see CNN model
accuracy and other metrics and now click on
‘Upload Test Image’ button to load test
image and get below output.
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6.7. Postprocessing Module

Refines raw model output to enhance
readability and usability:

Spell-checking and grammar correction,
Unicode/text conversion, Formatting and
punctuation Insertion, Confidence score
calculation.

6.8. User Interface Module

Provides interface for users to upload, view,
and edit recognized text:

Web/mobile-based GUI, Option to correct or
annotate results, Download/export
recognized text in desired formats (TXT,

DOCX, JSON)

« Steralhancho ¢ e g

T, Rocad P (1)
| EeedBimE|

Sk sirin 1

| iy 5 Carwel

s
In above screen uploading sample test image
and then click on ‘Gamma &Clahe

Enhancement’ button to get below output.

Drgnal image Gamma & Clahe image Erhanosment

= g am

In above screen first image is the original
image and second image is the Gamma and
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CLAHE enhance image and now close
above image and then click on ‘Character
Recognition’ button to get below page

Character Segremed Image
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In above screen top image is the character
segmented image and second one is the
recognized OCR image Similarly you can
upload and test other images.

8. FUTURE SCOPE AND
CONCLUSION
In summary, character segmentation and
recognition are essential functions in
numerous applications, including text
recognition, document analysis, and optical
character recognition (OCR) systems. This
study presents a comprehensive examination
of  current methodologies, suggests
enhancements, and analyzes systems for
character segmentation and recognition.
Current systems utilize a blend of
conventional and contemporary methods for
character segmentation. Although
conventional techniques such as linked
component analysis and contour-based
segmentation are useful in numerous
instances, they exhibit limits in addressing
intricate backdrops, diverse font styles, and
handwritten text. Contemporary
methodologies, especially those utilizing
deep  learning, provide  substantial
improvements in precision and resilience by
autonomously  acquiring  distinguishing
features from unprocessed data. Our
suggested system amalgamates deep
learning with conventional techniques to
address the shortcomings of current systems.

ISSN 2347-3657
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Employing convolutional neural networks
(CNNp5s) for segmentation and recognition
enhances accuracy and  robustness,
especially under demanding settings. The
hybrid recognition strategy, which integrates
deep learning with manually constructed
features, significantly improves performance
by offering a comprehensive array of input
features for the identification model.
Furthermore, our system integrates
methodologies for data augmentation,
regularization, and continuous learning to
enhance  accuracy, robustness, and
flexibility. Our system sustains excellent
performance over time and across various
contexts by providing supplementary
training samples, mitigating overfitting, and
reacting to new data. We have assessed our
suggested system using system analysis,
focusing on accuracy, computing efficiency,
resilience, and scalability. Our system
attains elevated accuracy while optimizing
computational resources, rendering it
appropriate for realtime applications across
diverse hardware platforms. It exhibits
resilience to fluctuations in input data and
scalability to accommodate extensive
datasets and elevated throughput demands.
In conclusion, our suggested character
segmentation and recognition  system
provides a multifaceted and efficient
solution for various applications. Our system
delivers exceptional performance in text
recognition, document analysis, and OCR
systems by utilizing a blend of old and
contemporary methodologies, along with
mechanisms  for  enhancement  and
adaptability.
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