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Abstract: -Character recognition is the extraction of printed or handwritten text from images into machine-
readable format. The extracted text can be easily edited, modified and efficiently stored. While there are
several Optical Character Recognition (OCR) and Handwritten Character Recognition (HCR) systems
available for the English language, such systems are not well developed for Indian languages such as
Guijarati. This work deals with text recognition of the Gujarati text. Different models have been analyzed in
this work for the task of recognition of Gujarati text and system has been developed using the CNN
architecture which gives better accuracy and efficiency. The input to the system is an image having
Handwritten Gujarati text and the system produces an editable text document having the contents of the
recognized text in the image.

The proposed system employs a Convolutional Neural Network (CNN) architecture, specifically used to
handle the complex features and variations present in handwritten Gujarati text. The results demonstrate the
effectiveness of the proposed OCR system in accurately recognizing handwritten Gujarati text from scanned
documents.

The proposed approach can serve as a foundation for developing OCR systems for other Indic scripts and
handwritten languages, fostering greater accessibility to information in a digital era.

Keywords: - OCR, HCR, CNN
1. Introduction

In this world we all are dependent on each other directly or indirectly. As we all know humans are social
animals and they likes to live in group. In the edge of old time people are used to sign language but as time
flies people used multiple languages for communication. In short language is most important medium for
people to communicate with each other. People used different languages for communication. Most difficult
thing in this modern era is to communicate with computers people needs the knowledge of programming
languages. Language is an important aspect for the development and progress of society in the country like
India.Nearby government specialists by and large utilize local language for day to day schedule
documentation in India. By and large, transcribed reports are kept up with by metropolitan partnerships,
police stations, article scholars, and so on. Such significant reports can be debased as the time elapses and it
is hard to repeat them in short measure of time. In the event of authors, these archives need to be made
accessible to distributer in machine editable structure and that is dreary and time consuming task. The
significant test in recuperating such writing is the composing style, size of record, nature of the paper on
which it is composed, and so forth. These elements make the errands testing in recovering data. The
prerequisite of OCR emerges to go to these issues for the provincial language. OCR frameworks are
accessible for worldwide dialects and parcel of examination work has previously finished for something very
similar. OCR for written by hand provincial record is a difficult undertaking since there is no standard dataset
accessible for the provincial language like Gujarati. Gujarat is one of the creating states in India and many
articles are being distributed in Gujarati papers and books consistently [1]. In Gujarat, The vast majority of
Government records are kept up with utilizing manually written Gujarati language. These reports can be
utilized in future as evidence of work or possession.In the time of advanced world, individuals keep away
from utilization of PC for the readiness of archive utilizing provincial language since they need to gain
proficiency with the critical planning for language in which record is to be ready. Individuals for the most
part use paper and pen to get ready composition.OCR, or Optical Character Recognition, is a technology that
converts different types of documents, such as scanned paper documents, PDFs, or images captured by a
digital camera, into editable and searchable data. The primary goal of OCR is to recognize and extract text
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from these documents, making it accessible for further processing or analysis by computers.OCR plays a
crucial role in the digital transformation of information, enabling the conversion of printed or handwritten
text into electronic formats for a wide range of applications.

1.1.  Overview of Optical Character Recognition

Printed Character
Recognition (PCR)
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Fig 1. Types of Optical Character Recognition.

OCR recognizes the printed or transcribed text accessible in advanced picture like checked record. It looks at
the text and makes an interpretation of it to machine editable structure [4]. Numerous specialists are engaged
with OCR for various languages. Arrangement of various OCR is displayed in figure 1.

1.1.1. PCR (Printed Character Recognition)
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Fig 2. Gujarati Printed Characters

Printed Character Recognition (PCR) is a subset of Optical Character Recognition (OCR) that specifically
focuses on recognizing printed characters. This involves extracting and interpreting text from printed
documents, which can include a variety of fonts, sizes, and styles. PCR is widely used in document
digitization, data entry, and text extraction applications.PCR system identifies the characters from the
scanned document that is generated using software tools like Microsoft Word, Notepad that supports different
font and languages. In PCR, recognition accuracy depends on printing quality and paper quality only. As the
printed characters have no slanting or skew correction issue. All the characters are properly aligned and of
equal size.PCR system can be used in recognition of articles from magazines, newspaper article and books.

1.1.2. HCR (Handwritten Character Recognition)

Fig 3. Gujarati Handwritten Characters

Handwritten Character Recognition (HCR) is a specialized field within Optical Character Recognition
(OCR) that focuses on recognizing characters and text that are written by hand. It involves the conversion of
handwritten text into machine-readable and editable form. Handwriting can vary significantly between
individuals, making HCR a challenging but crucial technology for various applications.HCR systems
recognizes the text from the transcribed report ready by person. Various individuals may not compose same
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person indistinguishably. Characters composed by various individuals might have a lot of variety in style,
shape and size of characters. Because of this explanation, exactness is less for written by hand character
acknowledgment. HCR can be utilized for perusing postal location, bank check, client information section
structure, author 1D and so on. HCR can be partitioned into two classes: 1) Online HCR and 2) Disconnected
HCR [3].

Online Handwritten Character Recognition

Fig 4. Online Gujarati Handwritten Characters

Online Handwritten Character Recognition (OHCR) is a specialized form of Handwritten Character
Recognition (HCR) that involves recognizing characters as they are being written in real-time. Unlike offline
recognition, where the system processes an entire image of handwritten text, online recognition deals with
the temporal aspect of writing, capturing the dynamic information as characters are formed. It tends to be
utilized for explicit language like Gujarati, Hindi, Tamil, and so on. The information idea of an on the web
framework is more unique and depends on the development of a pen tip that moves with a particular speed,
projection point, position, and locus point [4].

Offline Handwritten Character Recognition

Fig 5. Offline Gujarati Handwritten Characters

Offline Handwritten Character Recognition (OHCR) is a branch of Optical Character Recognition (OCR)
that focuses on recognizing characters in a static image or document without capturing the dynamic aspects
of the writing process. Unlike Online Handwritten Character Recognition, which recognizes characters in
real-time as they are being written, OHCR processes pre-existing images or scanned documents containing
handwritten text. In disconnected character acknowledgment framework, text is composed on a piece of
paper then it is changed over completely to computerized structure utilizing scanner or computerized camera.
Then, at that point, after examined picture is handled and perceived by PC framework [4]. One can
undoubtedly distinguish the distinction between the on the web and Disconnected Penmanship from the
above gathered examples of characters.Offline Handwritten Character Recognition plays a crucial role in
making handwritten text accessible in digital formats. Advances in image processing and machine learning
continue to enhance the accuracy and efficiency of OHCR systems.

1.2. Motivation

Language is a significant piece of society. It is utilized to communicate our sentiments with one another
through the verbal correspondence. Numerous dialects are spoken on the planet these days however we are
generally involving English language as it is around the world acknowledged language for correspondence.
In this advanced period of PC innovation, we have all the data accessible in English language as it were.
Because of language obstacle, literary works written in local language may not be reached to its ideal interest
group. There are such countless transcribed records accessible on the planet that can't be available in
advanced structure in light of the fact that these records are written in territorial language and doesn't have
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standard composing style. The territory of Gujarat has its own territorial tongue, called Gujarati. Numerous
Guijarati writings are composed by extraordinary characters in our state however because of absence of
enough progression in the local OCR innovation; they can't be changed over completely to computerized
structure. It is our obligation to ensure that we move the abundance of information contained in the manually
written Gujarati writing into the computerized period as we live in a period of huge specialized headways.
This roused us to begin the cycle of protecting our broad assortment of Gujarati writing. With this
exploration, we desire to convert bits of written by hand Gujarati writing into computerized structure. We
need to guarantee that a glad component of our way of life perseveres forever by making these scholarly
works all the more generally accessible and discoverable than a substantial configuration grants. Many
record related tasks can be performed on reports written in English language however this element isn't
accessible in territorial language like Gujarati. The motivation behind OCR (Optical Character Recognition)
is driven by the need to bridge the gap between the physical and digital worlds, making printed or
handwritten text accessible, searchable, and editable in electronic formats.OCR facilitates the conversion of
physical documents, such as books, articles, invoices, and forms, into digital formats. This is crucial for
preserving and accessing information in a more convenient and space-efficient manner.OCR automates the
process of data entry by extracting text from documents, reducing the time and effort required for manual
transcription. This is particularly beneficial in businesses dealing with large volumes of paperwork. OCR
enables the indexing and searching of text within digital documents. This functionality is essential for
quickly locating specific information within a vast collection of documents.OCR plays a significant role in
making printed or handwritten text accessible to individuals with visual impairments. By converting text into
digital formats, it becomes compatible with screen readers and other assistive technologies. OCR contributes
to the preservation of historical documents and archives by converting them into digital formats. This helps
in preventing the deterioration of physical documents and ensures long-term accessibility.

1.3.  Objective

The target of this work is to propose an OCR framework for the manually written Gujarati text. Numerous
analysts have dealt with the improvement of OCR however the vast majority of them have invested their
amounts of energy for the English and different dialects aside from Gujarati. The proposed approach is to
foster OCR for examined manually written Gujarati script that can switch transcribed Gujarati text over
completely to computerized design which can be additionally handled for the control of report. The
objectives of Optical Character Recognition (OCR) revolve around converting printed or handwritten text
from physical documents into machine-readable and editable digital formats. The fundamental goal of OCR
IS to extract text from images, scanned documents, or photographs. This involves recognizing and converting
characters, words, and paragraphs into a format that can be processed and manipulated electronically. OCR
aims to facilitate the digitization of printed documents, such as books, articles, contracts, and forms. This
process enables the preservation and accessibility of information in electronic formats.OCR helps automate
the data entry process by extracting text from physical documents. This reduces the need for manual
transcription, minimizing errors and increasing efficiency in handling large volumes of data. OCR enables
the indexing and searching of text within digital documents. This objective supports quick and efficient
retrieval of specific information from a vast collection of documents. Once text is extracted, OCR allows for
the editing and manipulation of the content. Users can modify, copy, paste, or format the recognized text as
needed. OCR contributes to making printed or handwritten text accessible to individuals with visual
impairments. By converting text into digital formats, it becomes compatible with assistive technologies like
screen readers.OCR is integrated into various workflows to automate document-centric tasks. This includes
sorting, categorizing, and extracting information from documents, streamlining business processes. OCR aids
in the preservation of historical documents and archives by converting them into digital formats. This helps
prevent the deterioration of physical documents and ensures long-term accessibility.OCR supports the
transition to a paperless environment by converting paper documents into electronic formats. This objective
contributes to reduced paper usage, storage costs, and environmental impact. OCR improves user experience
in applications such as online banking, mobile scanning apps, and document management systems. It enables
easy input of information and quick retrieval of relevant data.OCR technologies continually evolve to
incorporate advancements such as machine learning and neural networks. The objective is to enhance
accuracy, handle diverse fonts and styles, and adapt to various document types.
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2. Theoretical Background

These days because of digitization of data, the interest of OCR framework is expanding radically. If there
should be an occurrence of wellbeing worry for capacity of significant government record can be settled
utilizing it. These archives can be altered, and their life expectancy is likewise reached out by putting away
them in advanced design. The primary OCR framework was ready in 1940, and as innovation progresses, it
turned out to be fit for dealing with printed and transcribed characters. Accordingly, OCR gadgets were
monetarily accessible.

2.1. Procedures of the OCR

The general procedure for optical character recognition includes six steps as shown in figure 6.
a) Document Scanning

b) Image Preprocessing

c) Image Segmentation

d) Feature Extraction

e) Training & Recognition

f) Post Processing

[ Document Source |— — — Preprocessing - — > Segmentation
|
Feature — —
Le Extraction & —————» Postprocessing Editable Text
Recognition Output

Fig 6. OCR Block Diagram
2.1.1. Image Acquisition

Archive filtering is a significant cycle in OCR. It is the main interaction on which the acknowledgment
achievement rate depends. The term DPI is utilized to quantify the goal of printed or checked report. DPI
proposes the quantity of dabs of ink that is laid on paper per square inch. Individuals frequently utilize the
word Thickness (Pixel) per square Inch. A large portion of the reports are being scanned with goal of 300
DPI in the event of OCR. Higher the goal of examining conveys the more highlights in examined picture.

2.1.2. Image Pre-processing

According to the above block graph, examined record should be handled for passing it to next stage. Because
of unfortunate paper quality or with various filtering boundary, the gathered example may have a few extra
information that is of no utilization for the following stage. It might have some commotion, borders,
foundation that should be taken out prior to passing it to the division stage. Preprocessing stage is utilized to
build the general presentation of the OCR framework by eliminating undesirable information from picture

[71.
Image Preprocessing can be carried out by following methods:

1. Noise Reduction
2. Normalization
3. Binarization
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1. Noise Reduction

The nature of the optical gadget and the composing instrument are the critical determinants of clamor in the
computerized report. The clamor in the checked records, for example, breaks in line portions; line
detachment, filled circles, and so forth are the primary issue. There are various procedures that can be used to
conquer these limitations, which are regularly separated into three significant classifications.

1. Morphological Activity

While carrying out morphological techniques, a channel based coherent convolution activity replaces the
picture's pixel values. Scopes of morphological capabilities are made for broken line associations. They can
likewise be utilized to smooth forms, disintegrate joined lines, limit huge focuses, slim, skeletonize
characters, and eradicate borders. Since the person's inferior quality picture lessens the framework's general
acknowledgment rate, the morphological capabilities would be effectively used to eliminate the commotion
from the picture.

2. Separating

One of the normal cycles in picture handling is de-noising. Getting perfect information from debased
examined report is the primary objective of picture handling. Separating is the interaction of changing a
picture's pixels in light of neighboring pixels. The picture is improved with the utilization of channels.
Channels are utilized to diminish commotion, work on the picture, and furthermore to distinguish the known
model. For the expulsion of visual commotion, various spatial and recurrence area channels are accessible. A
convolution activity utilizes a foreordained veil to apply the separating activity to the picture. These channels
are utilized to edge, hone, and smooth a picture.

2. Normalization

In normalization process, the ranges of pixel intensity values are changed to transform an image into more
familiar or normal range of pixels [8]. In case of OCR, Normalization is used to retrieve main data and
eliminate variation in the characters. Techniques used for normalization is listed below:

1. Size Normalization
2. Skew Normalization
3. Slant Normalization

1. Size Standardization
Making everything the characters with same fixed size is utilized. It assumes a significant part to further
develop precision of OCR.

2. Slant Standardization
Report might get examined with a slant because of inappropriate situation of record while examining
process. Prior to applying examined archive to division stage, slant standardization of archive should be
finished. In OCR many characters looks like to each other like 'O and '0', '0" and '0", and so forth it might
prompt mistaken acknowledgment.

3. Incline Standardization
Incline is determined as slop between the upward pivot and mean heading of character. Incline
Standardization is expected to change all characters into a standard structure. Incline standardization should
be possible by working out the normal inclination of every such stroke and distinguishing the comparative
strokes in the divided word [10]. At first the point of inclination is determined that is trailed by a revision of a
shear change which moves all the pixels to repay the inclination point [11].

3. Binarization

A grayscale picture is changed over into highly contrasting picture in binarization process. It assists with
lessening the 256 concealed pixel power worth to be diminished to just two qualities that is '0' and '1'. Esteem
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'1'is utilized to address the white pixel, while '0" is utilized to address the dark pixel. Because of this reason
the cycle is called Binarization. It tends to be performed utilizing thresholding. Thresholding is used to
change over photographs that have more than two levels. Binarization is normally done when secluding a
couple of particular is vital objects from the whole picture. It is sporadically viewed as a division task.

2.1.3. Image Segmentation

Division is a strategy for partitioning a computerized picture into more modest divisions called picture
portions, which diminishes the intricacy of picture and produces simpler fragments to process or dissect.
Division is the strategy for naming pixels to separate between individual characters. Division precision
concludes the general acknowledgment score of framework.

Techniques used for image segmentation is listed below:

1. Edge based segmentation

In edge-based division, a few channel types are applied to the picture, and the outcomes are used to isolate
the edge and non-edge segments. There are many channels accessible for recognizing the edge components
in an image. These channels normally feature the edges where disturbances in dim levels, variety
discontinuities, or surfaces are noticeable.

2. Region based segmentation

The locales are recognized involving normal elements in it. In consolidating calculation, examination of
adjoining area happens. These locales are consolidated on the off chance that they are having an adequate
number of normal properties. Parting calculation is applied to non uniform district. It separates the non
uniform areas into sub locales in light of certain properties.

2.1.4. Feature Extraction

In highlight extraction process, two layered pixel cluster of picture is changed over into one layered cluster of
pixels. The elements are the interesting credits of a person that are utilized to separate characters from one
another. The personality of each character is characterized by utilizing its highlight vector. Highlight vector
instrument speeds up as a result of less trait correlation of characters. For preparing and testing motivation
behind a model, just element vector is used for arrangement.

Techniques used for feature extraction is listed below:

Structural feature extraction

Each example has primary highlights that show the design of a shape in closer view picture. The topological
and mathematical properties of characters are separated and they are utilized as element. This strategy
addresses the highlights like number of flat, vertical and inclining lines in given character. It incorporates
beginning stages, end focuses, cross focuses and chain codes. Generally interpretation also, revolution
invariant is considered as elements. This sort of portrayal leads towards pretty much nothing information
about arrangement of example or it gives the data regarding what sorts of components are required for the
age of an example [2].

Statistical feature extraction

Measurable elements of characters are distinguished utilizing it. Measurable elements are acquired from
pixel's measurable circulation. These elements are distinguished effectively when contrasted with primary
component extraction. They are not impacted by commotion or twisting. Drafting, projector histogram, n-
tuples, crossing and distances sort of methods are utilized for these element extractions [14]. Factual
elements of character districts are minutes, centroid, region, Euler number, projection, number of bearings,
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and so on these kinds of highlights have higher and less mind boggling registering speed dependent upon
some levels [2].

Global Transformation and Series Expansion Features

Significant subtleties of picture can be featured utilizing move space approach however may not be
recognized in spatial area. These featured subtleties are utilized as elements. Following are well known
strategy for include extractions showed as follows:

1. Moments

Second in picture handling is sure weighted normal of the pixel forces. Monomial type of picture is
addressed by second and put endeavours to make acknowledgment cycle of item in picture regardless of
direction, pivot and size. Mean, change, slant sort of quantitative measures can be accomplished utilizing
minutes. Second additionally depict the distributive idea of character in picture. A few symmetrical minutes
like Legendre minutes, Zernike minutes are utilized as element for the acknowledgment of characters.
Capability of second is utilized to accomplish significant property from picture.

2. Hough Transform

It is a method to disengage the component of specific shape. For recognizable proof of lines and bends in a
person, it is a worldwide edge connecting method. This strategy of component extraction is utilized to
distinguish customary bends like ovals, lines and circles and for that it requires wanted elements of character
in parametric structure. Old style Hough Change procedure isn't delicate to broken likes and commotion so
they are mostly utilized for character acknowledgment, text standard discovery and worldwide slant location.
A few specialists have involved changed form in which the adjoining pixels are contrasted with layouts with
choose the course of straight line and point variety resistance.

3. Fourier Transform

It is a picture handling device used to separate picture into sine, cosine part. By utilizing Fourier Change
spatial space input picture are addressed in recurrence space. This procedure can be applied in examination
of picture, picture reclamation, picture upgrade, picture pressure, picture encoding or unravelling, picture
sifting, and so on.

4. Gabor Transform

It is a variation of windowed Fourier change. In this change, a Gaussian capability is utilized as a window. It
maps the info picture information into two layered time and recurrence capabilities. The window size stays
fixed for all recurrence and that is its impediment. Gabor capability can be created by making variety in point
of direction and width. Variety in width is utilized to extricate the edges of various thicknesses and variety in
point assists with accomplishing bearing structure picture.

5. Wavelet Transform

It is numerical instruments for the data extraction from pictures [12]. Worldly goal is a huge advantage over
Fourier changes that connotes the capacity of catching area and recurrence data of the pictures [13]. It
upholds Multi-Goal examination and variety in window size of wavelet for sufficient opportunity and
recurrence data. Because of this reason it gives adaptability over Gabor change. In OCR applications, two
layered wavelet is utilized. Estimate coefficients and detail coefficients with various scale pictures can be
utilized as elements.
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6. Karhunen-Loeve Transform

This strategy is otherwise called Head Part Investigation or Hotelling change. It is Eigen vector based
examination in which element aspects are repeated by producing new component space utilizing straight
blend of past element. The non related number of factors is called head parts which are created utilizing
profoundly related factors. Introductory component is keeping huge measure of fluctuation of information
however much as could be expected. The covariance lattice having a place with biggest Eigen values gives
the enormous contrast in information so the projection of information on starting not many Eigen vectors can
be utilized as highlights.

7. Walsh-Hadamard Transform

It is symmetrical and non-sinusoidal change which is generally utilized in picture handling. It depends on
numerical calculation so speeds up. Impediment of this change in OCR is exceptionally high reliance on the
course of action of characters like direction, position, and so on.

2.1.5. Classification

Classification is a process of categorizing all pixels of digital image into one of the predefined class. In
image processing, a class can be considered as collection of sample images with same kind of properties. In
classification process, specific class label will be assigned to images based on the features. Classified images
are feed to the classifier to learn the pattern. A model assigns a label of particular class to unknown image
based on its understanding. Image need to be flattened for classification. [2]

Following are the general classification techniques used for image processing:

1. Template matching

2. Nearest Neighbour Classifier
3. Neural Networks

4. Multiple classifiers

5. Multistage Multiple classifiers

1. Template Matching

It is usually involved approach of characterization in picture handling. Picture pixels are straightforwardly
utilized as elements. For grouping, pixel by pixel correlation is performed. In Layout coordinating, two kinds
of approaches are utilized:

Maximum Correlation: Pixel upsides of test set picture are corresponded with same pixel in preparing set
picture. Class mark is given to the test picture in light of most extreme closeness with the picture in prepared
class.

Maximum error: most extreme uniqueness between train class picture and test class picture format is thought
of. Layout coordinating is the most ideal for the pictures with liberated from size, revolution, and direction.

2. Nearest Neighbour Classifier

An exceptionally clear and principal technique for order is closest neighbor. This technique stores the list of
capabilities of a perceived example close by its name. The component vector is extricated utilizing a similar
element extraction procedure when another example is presented for grouping, and the distance between each
recently put away example is then determined. In light of the put away list of capabilities' nearest distance, a
name is applied to an obscure example. The Knearest neighbor (KNN) procedure is the latest form of the
closest neighbor classifier [6]. It decides the k nearest distance designs and relegates the obscure example to
the class with the biggest number of votes from those examples. The most extreme democratic strategy picks
class 2 if the worth of k=3 is utilized and the initial three outcomes are class 1, class 2, and class 2
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correspondingly. Various techniques, including the city-block distance, Hamming distance, Euclidean
distance, cosine distance, and so forth, can be utilized to ascertain the distance.

3. Neural Networks

An incredibly equal circulated processor called a brain organization can store trial data and use it to
anticipate what's to come. In light of preparing information, the organization can figure out how to tackle
issues. The multi-facet perceptron preparing model in view of the back spread calculation is a typical
technique for character acknowledgment. In view of the mistake the brain organization produces, the loads of
each information is changed with an end goal to decrease that blunder in resulting tests. The preparation
model is at first given the synaptic loads of the info layers. By making a result vector, contrasting it with the
ideal result, and making a mistake vector, the model is prepared. Contingent upon the mistake vector, the
loads are altered. Subsequently, the model produces the normal result vector the following time. Programmed
include extraction based Profound Brain Organizations have been a profoundly well known OCR method as
of late.

4. Multiple Classifiers

The issue of an exceptionally big number of classes with extremely boisterous information photographs was
settled utilizing numerous OCR calculations. A solitary list of capabilities and a solitary classifier approach
are inadequate in this sort of circumstance to deliver the ideal outcomes. Various classifiers and different
component extraction methods supplement each other. The framework's exhibition can consequently be
improved by consolidating classifiers. The joined judgment of numerous classifiers further develops
characterization exactness while decreasing the deficiencies of a solitary order. Utilizing procedures like
greatest recognition and greater part casting a ballot, choices are made at times.

5. Multistage Multiple Classifiers

In the advanced time, class sets are additionally diminished and improved utilizing multistage classifiers. The
objective of the main stage classifier is to diminish the quantity of class sets, which likewise contains the
right class, and the second stage classifier is utilized to draw the best position nearer to the ideal class. This
lessens the quantity of classes at each stage and permits classifiers to work in subgroups of classes, further
developing exactness and accelerating the arrangement cycle.

2.1.6. Post Processing

Pre-handling endeavors to clean the picture from a specific perspective; however it might obliterate
significant information since the vital information is not yet framed. At the preprocessing or division
arranges, the vital information might be changed or taken out. The post-handling stage assists with
eliminating mistakes in the last OCR item. Post handling process incorporates the game plan of perceived
characters in a succession like accessible in unique content. This undertaking can be achieved by affixing the
perceived characters appropriately to produce computerized type of writing given as input.

2.2. Challenges to Handwritten Gujarati OCR

Gujarati character set is a blend of single and multi stroke characters so character acknowledgment issue
begins while anticipating basic endlessly characters with Matras. In written by hand reports, character
acknowledgment issues likewise emerges because of varieties recorded as a hard copy styles from one client
to other and infrequently even inside the composition of a solitary individual that makes written by hand
character acknowledgment a troublesome and intense errand. Acknowledgment exactness depends
straightforwardly to the info pictures. Subsequently, great and fair goal checked reports and photographs can
deliver more exact duplicates of something very similar. OCR frameworks can likewise produce better
acknowledgment results by eliminating commotion that decisively lower picture quality. Perspective
proportions, obscuring and corruption, complex foundations, the presence of flighty lighting, low-goal,
multilingual substance, scene intricacy, skewness, shifting or viewpoint twisting, change in text design/text
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styles, and distorting are a portion of the various wellsprings of mistake that make it trying for OCR
frameworks to distinguish required data. Written by hand character acknowledgment is more troublesome
than printed character acknowledgment because of different elements counting the essayist's very own
composing style, composing speed, letter size, physical or mental state, cross-over between letters, enormous
emblematic set, character intricacy, and shape comparability. These components could affect PC frameworks'
capacity to accurately perceive characters and make suitable advanced information. Thusly strategies that can
deal with these issues are required so that OCR situation can consequently create the right machine-
meaningful computerized structure [15].

3. Proposed Work & Methodology

3.1. Problem Statement

Presently a day's bunches of individuals are keen on composing sites, articles, sections and stories for

different reason in paper or magazines. Practically every one of these clients are involving advanced cells in

their everyday schedule life. To make this content reachable to its crowd this content should be changed over

into advanced structure however author might not have the information on PC framework or typewriter.
These sorts of individuals are a lot of comfortable to composing with paper and pen. Presently in current
situation if they have any desire to distribute an article anyplace, they need to set up a computerized original

copy and submit it to individual expert for distribution. In alternate manner they can make written by hand

record for their article and submit it. Be that as it may, individual power needs to recover it in advanced

structure to make it printable. Here comes the necessity of OCR framework. In genuine world effective OCR
framework is accessible for the vast majority around the world acknowledged dialects like English, Chinese;
and so on however comparable framework isn't accessible for local language like Gujarati. Here | am
proposing an OCR framework for the written by hand Gujarati script that can be utilized for the answer for
the abovementioned referenced issue.

3.2. Proposed Methodology
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Fig 7. Methodology of System

According to the writing overview, the current arrangement of OCR incorporates principal five stages like
picture procurement, picture preprocessing, highlight extraction, grouping and post-handling. Picture

obtaining stage can be achieved utilizing two different ways for example by catching picture through optical
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gadget or by filtering a record. Here, | utilize the second methodology for the picture obtaining. During
preprocessing stage, examined archive is cleaned by eliminating clamor from it in light of the fact that
commotion might influence the precision of framework. Commotion can be eliminated utilizing different
sifting methods or versatile thresholding procedure [9]. Presently clear picture is changed over completely to
paired picture so just important highlights stay in the picture. This quiet twofold picture is sectioned into
lines and words individually. Line division and word division can be accomplished utilizing level and vertical
projection profiling strategy alongside form planning method. Just upward projection profiling can't be
utilized for the division of multi stroke characters like '0', '00°, and so on. Extra preprocessing is expected for
such cases. Presently separated manually written character is feed to the classifier to foresee a computerized
character. Anticipated character is attached to a resultant string and toward the end it will be kept in touch
with a text record on nearby PC.

3.2.1. Gujarati Character Dataset Creation

The standard dataset of written by hand Gujarati character isn't accessible. For dataset age, data gathering
archive was furnished to the different clients with various age bunch and different calling bunch. These
individuals were educated to compose Gujarati numerals, consonants, what's more, vowels in data gathering
archive. These reports were ready with same dark pen for the better exactness reason. Every individual needs
to write in unambiguous boxes surrendered report. Fig 8. Shows the example manually written record to be
utilized as assortment of characters.
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Fig 8. Sample Data Collection Document

3.2.2 Character Segmentation

First methodology isn't doable in light of the fact that there are such countless boxes accessible in single
record. It is exceptionally tedious interaction to isolate each person from the case. So | will go with the
second methodology wherein we will utilize shape discovery strategy to segregate each person from the
report and a different envelope will be made to store picture of each person. For Image acquisition the actual
type of written by hand Gujarati content will be changed over into advanced structure by examining it
through HP scanner with 300 dpi. Checked report is put away into JPEG design for handling. The following
undertaking is to perform line, word and character division [6]. Toward the finish of this stage we will have
the text archive in type of assortment of characters fragmented from the information Gujarati script in picture
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structure. This assortment of fragmented characters will be applied to character acknowledgment framework
for expectation of computerized character. Before performing this phase, we need to make sure that the input
script should be converted to binary form for the increasing accuracy for overall system.

3.2.3 Handwritten Character Recognition System

According to the rules for Al preparing process we will separate the pre-arranged information set in such a
manner so that negligible part of dataset is utilized for the Preparation and Testing reason with fitting extent.
According to the writing study, by and large dataset is partitioned in the apportion of 80% and 20%
separately [4]. From the writing study, we can unequivocally say that Convolutional Brain Organization will
be the great decision for making model to foresee portioned characters. In writing study writers have asserted
approx 97% exactness for Indic script acknowledgment [5]. So we will incline toward CNN based design for
the Gujarati character acknowledgment. By following this approach our essential objective is to set up an
exact transcribed Gujarati character acknowledgment framework that can be further used to change over text
picture to advanced structure.

3.2.4 Post processing of recognized characters

In this phase recognized character will be appended in a string. Once the entire line is converted into digital
form, that string will be recorded to physical file on a computer that will be considered as or resultant file.
Initially we are not considering punctuations in recognition part. Later on if time permits we’ll work on it.

3.3. Proposed work

. 4 Training and
Input Image Segmentation . Feature Extraction Testing set
Rreakdown the
Scaaned Docoment Processec imags 10
indmidual characters
CNN-Training
CONN model applied to Training Toatt .
'_\!,, : I'raining Set
Testing
oatinie Accxioncs Testing set is applied to Training Testing Set
- model

Fig 9. Proposed Model

In future, our point is to set up a CNN model and assess the exhibition of proposed character
acknowledgment framework utilizing dataset arranged with the assistance of clients with various age
gathering and interest. |1 will attempt to deal with more exact strategy for post-handling of the outcome
created by the person acknowledgment framework.

Description Steps for Proposed Model

Designing an Optical Character Recognition (OCR) model for Gujarati handwritten text involves several
steps. Here's a proposed outline:
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Data Collection: Gather a diverse dataset of handwritten Gujarati text samples. This dataset should cover
various handwriting styles, sizes, and complexities.

Data Preprocessing: Clean the dataset by removing noise, such as background clutter or smudges. Normalize
the images for consistent size, resolution, and orientation. Convert the images to grayscale to simplify
processing. Optionally, augment the dataset with techniques like rotation, scaling, and noise addition to
increase robustness.

Character Segmentation: Break down the preprocessed images into individual characters. Implement
algorithms to handle variations in character sizes, styles, and overlapping characters.

Feature Extraction: Extract relevant features from each segmented character. Common techniques include
Histogram of Oriented Gradients (HOG), Scale-Invariant Feature Transform (SIFT), or Convolutional Neural
Networks (CNNSs) for deep feature extraction.

Model Selection: Choose an appropriate deep learning model for classification. For traditional ML, consider
Support Vector Machines (SVM), Random Forests, or k-Nearest Neighbour (k-NN). For deep learning,
Convolutional Neural Networks (CNNSs) have shown significant success in OCR tasks.

Model Training: Split the dataset into training, validation, and test sets. Train the chosen model on the
training data. Tune hyper parameters using the validation set to optimize performance.

Model Evaluation: Evaluate the trained model's performance on the test set. Metrics may include accuracy;,
precision, and recall. Analyze the model's performance on different handwriting styles and complexities.

Post-Processing: Implement post-processing techniques to improve results, such as language models or spell-
checking algorithms. Handle cases of incorrect predictions or ambiguous characters.

Deployment: Integrate the model into an application or service for practical use. Optimize the model for
inference speed and memory footprint if deploying on resource-constrained devices. Continuously monitor
and update the model to maintain performance as new data becomes available.

4. Conclusion

The development of OCR technology for Gujarati handwritten script marks a significant advancement in the
field of handwritten text recognition. This project has demonstrated the potential to accurately and efficiently
convert handwritten Gujarati text into editable format. By bridging the gap between traditional handwriting
and modern digital storage, this system offers numerous benefits, including the preservation and easy
dissemination of valuable handwritten documents.
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