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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 unprocessed 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.

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.
Character segmentation entails the isolation
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of individual characters from an input
image, 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
digitalrepresentations.Researchers have
developed various strategies for character
segmentation and recognition throughout the
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years, encompassing both traditional
methods and advanced deep learning
approaches. 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, classifying them into connected
component-based methods and contour-
based 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.
This investigation seeks to elucidate the
cutting-edge  approaches and  future
possibilities in character segmentation and
recognition.

2. RELATEDWORKS

1. Author: Graves et al. (2009)
Title: "Offline Handwriting Recognition
with Multidimensional Recurrent Neural
Networks"

o Merits: Introduced MDLSTM for
capturing spatial dependencies in
handwriting.
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Demerits: Computationally intensive
and requires large training datasets.

Author: LeCun et al. (1998)
Title: "Gradient-Based Learning
Applied to Document Recognition"
Merits: Pioneered the use of CNNs for
character recognition (used in MNIST
dataset).

Demerits: Works well only for isolated
characters, not continuous handwriting.

Author: Bluche et al. (2017)
Title: "Scan, Attend and Read: End-to-
End Handwritten Paragraph Recognition
with Attention-Based Encoder-Decoder
Networks"

Merits: Applied attention mechanisms
for full-paragraph recognition.

Demerits: High complexity; struggles
with very long sequences.

Author: Wigington et al. (2017)
Title: "Data  Augmentation  for
Recognition of Handwritten Words and
Lines Using a CNN-LSTM Network"
Merits: Demonstrated improved
accuracy using synthetic data
augmentation.

Demerits: May produce distorted
samples that confuse training if not
balanced.

Author: Pham et al. (2014)
Title: "Dropout Improves Recurrent
Neural Networks for Handwriting
Recognition"

Merits: Enhanced LSTM performance
by reducing overfitting with dropout
regularization.
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Demerits: Requires fine-tuning of

dropout rates to avoid underfitting.

Author:Sudholt& Fink
Title: "PHOCNet: A
Convolutional Neural Network for Word

(2016)
Deep

Spotting in Handwritten Documents"
Merits: Used a PHOC-based embedding
for robust word spotting without explicit
segmentation.

Demerits:  Performance drops in
documents with significant noise or
variable writing styles.

Author: Puigcerver et al. (2017)
Title: "Are Multidimensional Recurrent
Layers Really Necessary for
Handwritten Text Recognition?"

Merits: Proved that 1D LSTM models
can outperform MDLSTM in speed and

accuracy.
Demerits: Requires more training
epochs to reach comparable
performance.

Author: Sharma et al. (2019)
Title: "Recognition of Devanagari

Handwritten Characters Using CNN and
Transfer Learning"

Merits: Applied CNNs with transfer
learning to recognize non-Latin scripts.
Demerits: Limited to specific languages
and datasets; not scalable to all scripts.

Author: Kliger et al. (2020)
Title: "DeepOCR: A Unified Framework
for Text Detection and Recognition in
Handwritten Documents"

Merits:  Unified  detection  and
recognition pipeline using deep learning.
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o Demerits: Model complexity increases
inference time on mobile or embedded

systems.

10. Author: Kang et al. (2022)
Title: "End-to-End Handwriting
Recognition Using Vision

Transformers (ViT-HWR)"

e Merits: Applied VisionTransformers
for sequence modeling, improving
recognition on long text lines.

e Demerits: Requires large-scale GPU
training infrastructure and careful
pretraining.

3. SYSTEMANALYSIS

Existing System

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
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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.

Modern character segmentation techniques
often leverage deep learning 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.

Disadvantages

One significant drawback of traditional
character segmentation methods, such as
connected component analysis and contour-
based 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
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embedded in cluttered backgrounds, or
images with uneven lighting and noise, can
cause misidentification of characters or
incomplete segmentation. This limitation is
especially pronounced in applications like
scene text recognition, where text appears
within natural scenes containing diverse
visual elements.

Proposed System

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 learning-
based 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
convolutional neural network (CNN) to
classify these regions as either text or non-
text. This CNN is trained on a large dataset

properties, we utilize a

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.
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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
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.

Advantages:

Our proposed character segmentation and
recognition system offers several advantages
over existing methods, enhancing accuracy,
robustness, and adaptability.

One key advantage is the integration of deep
learning  techniques into  both  the
segmentation and recognition processes. By
utilizing convolutional neural networks
(CNNs), we can automatically learn
discriminative features from raw image data,
eliminating the need for handcrafted feature
engineering. This not only simplifies the
system's architecture but also improves its
ability to handle diverse font styles, sizes,
orientations, and even handwritten text. The
CNN-based segmentation model effectively
distinguishes between text and non-text
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regions, providing more accurate character
segmentation even in challenging conditions
such as complex backgrounds or degraded
text.

Another advantage of our proposed system
is its hybrid approach to character
recognition, combining deep learning with
traditional feature-based methods. By
extracting handcrafted features such as
stroke width, histograms of oriented
gradients (HOG), and local binary patterns
(LBP) from segmented characters, we
provide the deep learning model with rich,
interpretable input features. This hybrid
approach capitalizes on the strengths of both
techniques: the ability of deep learning
models to learn complex patterns and the
interpretability and robustness of
handcrafted features. As a result, our system
achieves higher recognition accuracy and
generalization performance compared to
methods relying solely on one approach.

4. Methodology
Modules:

1. Input Acquisition Module

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

e Prepares input data for the Al model

by performing:

o Grayscale conversion

o Noise reduction (e.g.,
Gaussian blur, median
filtering)

o Skew correction and
normalization

o Binarization(Otsu’sthresholdi
ng)

o Size and aspect ratio
adjustments

3. Segmentation Module

o Splits handwritten data into logical
components:
o Line segmentation
o Word segmentation
o Character segmentation
(optional in  end-to-end
systems)
e Uses contour detection, projection
profiles, or deep models

4. Feature Extraction Module

o Extracts meaningful features from
handwriting using:
o Traditional methods: HOG,
zoning, chain codes
o Deep learning: CNNs,
Vision Transformers (ViT),
or pretrainedembeddings

5. Recognition Module (Core AI Engine)

e Recognizes and classifies the
characters or words using:
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o CNN-LSTM-CTC  models
(for sequence prediction)
o Attention-based
decoder models
o Transformer-based models
e Trained on labeled handwriting
datasets

encoder-

6. Language Modeling Module (Optional
but Recommended)

e Improves recognition accuracy using
linguistic context
o Integrates n-gram or neural
language  models  (e.g.,
BERT)
o Performs grammar correction
or word prediction based on
recognized text

7. Postprocessing Module

e Refines raw model output to enhance
readability and usability:

o Spell-checking and grammar
correction

o Unicode/text conversion

o Formatting and punctuation
insertion

o Confidence score calculation

8. User Interface Module

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

o Web/mobile-based GUI
o Option to correct or annotate
results
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o Download/export recognized
Dataset loaded

text il’l deSired fOI’l’natS (TXT, Total images found in dataset : 16425
DOCX, JSON)

5. RESULTS AND DISCUSSION

Character Segmentation & Recognition

Upload Kannada Language Dataset ‘

In above screen can see total 16425 images

Preprocess Dataset loaded from dataset and then can see sample

Train ONN Algorithm processed image and now click on ‘Pre-

Upload Test Image process Image’ button to shuffle, normalize
Gamma & Clale Entancement | and process images and get below output

Character Recogaition

ﬂ Dataset shuffling & normalization Uhioed Kaksies L avghigs Detatdt

Dataset Train & Test Split
ENitalMay 24/ StoneCharacter/Dataset

80% datas sed for training : (13140, 32, 32, 1)
20% dataset size used for testing : (3285, 32,32, 1)

Preprocess Dataset }

Train CNN Algorithm }

In above screen click on ‘Upload Kannada

Upload Test Image ‘

Language Dataset’ button to upload dataset Gemems & Clabe Eshacenen |
and get below Output Character Rrrnunl"unl
l?n(.
. L In above screen dataset processing
] 5 Z Ly Upload Kannada Language Datas . .
e e | completed and can see train and test size and
s P e——— now click on ‘Train CNN Algorithm’ button
temp File folder Teprocess Datasel
R Pe———— to train CNN model and get below output

Upload Test Image
CNN Accuracy : 75.49467275494672
Gamma & Clahe Enhancement CNN Precision : 77.74749279793218

v o< > CNN Recall :75.43188307288918

Folder | Dataset | Claracie: Recugaition CNN FSCORE  : 73.47255991494825
Exit

In above screen selecting and uploading
dataset folder and then click on ‘Select
Folder’ button to load dataset and get below
output

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

# Open X

+ < StoneCharacter > testimages v @ Search testimages o
Organize »  New folder = - ™ @
~

@ OneDrive
[ This PC ;:_:‘;j‘__,;{v

B 30 Objects '/jOJ' ]

B Deskiop V=l

[Z| Documents !

¥ Downloads

b Music

&= Pictures
B Videos
‘i Local Disk (C)
 Local Disk (E)

e >

File name: |3 v

In above screen uploading sample test image
and then click on ‘Gamma &Clahe
Enhancement’ button to get below output

Original Image Gamma & Clahe Image Enhancement

o 0
!'If.u“o" SRR '\"t(cjﬁ—
r.,&t..\ EACIESE YL, ~‘:' 30

S0 0 BRI AT RA I

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

Character Segmented Image

2 u-llul%é‘g-_«l
-_r@l- @

80

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

6. FUTURE

CONCLUSION
In summary, character segmentation and
recognition are 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

SCOPE AND

essential

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
instances, they exhibit limits in addressing

In  numerous

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.
Employing convolutional neural networks
(CNNs) 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
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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 real-
time 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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