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Abstract:

Handwritten characters are extremely challenging to comprehend because people's writing styles differ
greatly from each other. Detecting and deciphering legible handwriting input from sources like touch
screens, images, paper documents, and other sources is referred to as handwriting character recognition.
Handwritten word recognition involves a variety of Soft Computing Techniques. The provision of cost-
effective, high-performance, and dependable responses is one of the many advantages that come with
employing a Soft Computing strategy. Handwriting character recognition uses various techniques and
methods. Few use neural networks. Neural networks are more efficient and robust than other methods
for recognising handwriting. This paper intends to report the development of a system for reading digital
copies of handwritten text.
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I. Introduction which the writing style of the same individual can
shift dramatically from one occasion to the next.
In addition, based on how the documents are
acquired, OCR can be divided into two distinct
types: offline and online recognition systems as
presented in figure 1. Recognizing the pre-
written document that was obtained through the
many different input methods would be the focus
of the offline system. On the other hand, the
writing is recognised as soon as it is written by
the system that recognises it online. The use of
the electric pen can be found online. When using
this pen to write on a digitizer, the movement of
the pen itself records the input. In character
recognition, there was a lot of work, but few
papers were reviewed without optimal precision.
We taught our computer Neural computation to
give more accurate tests. This work uses English
handwritten data as training input to recognise

_ - _ _ characters. This work is confined to identifying
Variable human handwriting requires high English characters and numerals only. Neural

recognition ability. There are many instances in networks identify characters easily, which is
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Humans can solve and recognise any problem,
but machines can't. It is necessary to employ a
large number of strategies or procedures in order
to function as a human. Handwriting numbers
and recognising characters are becoming more
and more important in today's digital world
because they are used in so many everyday tasks.
Complex problems can be solved by humans with
the aid of systems that can read handwritten
letters, characters, and numbers, which would
otherwise be tedious and expensive to
implement interactively. Inferential OCR can be
done in two different ways, depending on the text
format and document collection process. The
optical character recognition (OCR) is classified
into "Handwritten Character Recognition" (HCR)
and intelligent recognition called Printed
Character Recognition.
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difficult for humans and normal systems. A
qualified system would be an extraordinary piece
of evaluative information. In light of the newly
relevant conditions, this expert can then be used
to incorporate predictions and respond to
ambiguous queries. One of ANN's additional
benefits is its capacity to pick up new skills
through prior experience. ANN can develop self-
organization using the knowledge it acquires
during the learning process. The goal is to show
how well neural networks work for recognising
characters written by hand.

Optical Charector
Recognision

HCR( Handwritten
Charector
Recognision

PCR( Printed
Charector
Recognision

Online Charector OffLine Charector

Recognision Recognision

Figure 1 Optical Character Recognition flow

II. Literature review

The earliest attempt to recognize the
handwritten character was made in 1959, when
word recognition research was being conducted
in Grimsdale. This study from the 1960s
demonstrated how to use the "examination by
combination" method that was put forth by Eden
in 1968. He provided evidence that each
handwritten character can only include a certain
amount of schematic highlights. Later, practically
all methodologies for auxiliary techniques in the
field of character recognition made use of this
hypothesis.

In this work, authors show how to train an
artificial neural network to decode 0-9 digits and
mathematical operators. The network has been
trained to recognize the written digits 0 through
9. ANN proposed for recognition by the authors
of a study [1]. In the suggested method, the first
step is pattern recognition, and the second step is
feature extraction. At first, the fuzzy pattern is

fetched using the fuzzy approach for pattern
recognition. Problems arise when attempting to
employ this strategy with handwritten
characters due to the fact that different writers
like to give each character its own unique shape,
size, and placement [2].

Using multi-class GANs training techniques and
sigmoid cross-entropy, this research recognizes
Arabic handwritten letters. The proposed
method is tested on 16800 handwritten Arabic
characters. Compared to previous techniques,
multi-class GANs is 99.7% accurate at
recognizing Arabic handwritten characters [3].
Several Neural Network models useful for Optical
Character Recognition are discussed, along with
their respective behaviours. In their suggested
work, they take into account a wide range of
variables, including the number of hidden layers,
the number of neurons employed in each layer,
the number of epochs, and so on. In order to
recognize characters, they utilize a network that
uses both forward and backward propagation of
information. Stages such as pre-processing,
character segmentation, normalization, and de-
skewing are included in their suggested work [4,
7]. In [5], the authors propose 'diagonal-based
feature extraction' to recognize handwritten
alphabets. Multilayer feed-forward neural
network. Comparing the system's accuracy to
other traditional horizontal or vertical based
feature extraction methods, it performs at a high
level. The authors of developed a system with the
help of MATLAB in [6]. It converts the image to
grayscale. Preprocessed image used for
recognition. Character recognition uses MLP
neural network [15].

The similarity of the characters makes it harder
because the writing styles are different [8]. Using
traditional methods, this research has improved
its ability to recognize objects. Even though the
number of studies has grown, even with well-
designed features and strong classifiers,
computers are still not as good at recognizing
things as humans are. The problem is that there
aren't enough benchmark datasets [9].A great
number of researchers have constructed their
own datasets and classifiers in their own
laboratories; however, the accuracies of each
dataset are unique to that dataset, and the
majority of the datasets are not made available to
the public [10]. It is significantly more
challenging to implement HDCR systems than itis
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to print characters, particularly for the various
Indian scripts [11].

In this article, a new dataset containing the
numerals and vowels written in Devanagari is
presented. A total of 38,750 photographs are
obtained from 2400 participants spanning a
variety of age ranges. This dataset can be
obtained through public access [12, 13]. Authors
propose a segmentation algorithm for the dataset
that was collected, and we also propose HDCR
architectures for convolutional neural networks
(CNNs) [14].

System is trained by associations [16]. The
computational nodes that make up an artificial
neural network are fairly simple, and they only
have a limited amount of space for storing
information [17]. Data and input are processed
locally and connected via one-way channels. The
Hidden Markov Model, also known as HMM,
would be a primary modeling component that
has been utilized in a variety of handwriting
recognition systems. It is necessary to investigate
the theoretical foundations of this model in order
to acquire an accurate comprehension of the
operation of handwriting recognition systems
[18]. It is expected that HMM will assume the
Markov process [20]. It is possible to regard it as
the dynamic Bayesian network with the least
amount of complexity. Hidden Markov Models
are a class of probabilistic graphical models that
are used for making predictions about a sequence
of hidden variables based on a set of observed
variables [19]. In [21], the authors suggest using
a Hybrid CNN-SVM C(lassifier to recognize
handwritten numbers. The SVM classifier isn't
good at recognizing noisy data and isn't
recommended for error  generalization.
Convolutional neural networks are used to
generate features and to build the neural
network in this method. Similar accuracy to that
of proposed digit recognition architecture using
Neural Networks for recognizing handwritten
characters without feature extraction achieved in
this work [22].

III. Methodology

Five distinct stages make up the current OCR
system. To decipher handwriting, one must go
through the following steps: capturing images,
digitizing them, pre-processing them,

segmenting them, extracting features from them,
and finally recognizing them.

Handwriting is used as an input method for image
acquisition. The image must have the JPEG or
PNG file extension. The image was captured using
a digital camera, scanner, or one of several other
types of equipment. A digital copy is produced
when something is scanned. A digital image is
required for the pre-processing step.

Pre-processing occurs after the digital image is
available. Digital images are pre-processed to
remove noise and checked for skew. Pre-
processing data is essential for OCR. Pre-
processing removes background noise, enhances
the image's region of interest, and makes
foreground and background clear.

Character recognition requires segmentation.
During testing, image segmentation is carried
out. By comparing all points to the typical
distance between segmentation points, it checks
for the inclusion of error points. Characters are
separated from an image by it. Super pixels are
produced by the process. The goal of
segmentation is to simplify image analysis.
Improved script recognition results.

In the feature extraction phase, image features
are extracted based on attributes such as
character height, number of horizontal lines,
character width, and number of circles, pixels,
feature position, and vertical arc number. In
recognition phase, neural networks classify and
recognize image characters. OCR systems use
MLP and Korhonen's Self Organizing Map neural
networks.

IV. Results

In character recognition techniques,
segmentation can be argued to be the most
important step. In testing, a representational
example of the segmentation that can be found in
figure 2. Handwritten characters and numeric
values were read by an optical character
recognition system. An earlier explanation of the
implementation details revealed that a neural
network was used. The results of the system were
tested on the numbers which are already
provided to the system for training range from 0-
9 as well as alphabets from a-z. Figure 3 presents
the output of tested 6 numbers and found
accurate predictions for the same. Figure 4
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depicts the testing of random alphabets. Finally
we have given the hand-written input image to
the system and tested it for the correctness, and
found satisfied except the letter r written in the
text.

HANDWRI TTEN pmmimse
HANDWRI TTEN e corcsermae
HANDWRI TTEN s e
] ——

Figure 2 Segmented Image
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Figure 5 Prediction on new text lines

V. Conclusion

In today's digital world, it is crucial to be able to
recognize characters and numbers, particularly
in organizations that work with handwritten
documents that require computer systems to
analyse. Image segmentations still pose
challenges because it can be challenging to
distinguish between individual letters or
numbers when several letters or numbers are
overlapping one another. There is evidence of
multi-word recognition from the system
(sentence recognition). It will also serve as
evidence of how well the system was trained.
Accuracy and recognition criteria were met by
the final system. The work being done by the
current research can be expanded to include a
great deal more purposes.
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