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Abstract— Text recognition is an analytical field of
emerging research and development, and is indeed
instrumental in converting the text obtained from the
underlying documents, images or other input sources into
digital text. Primarily, there are two methods of text
recognition, viz. online recognition method and offline
recognition method depending on the sources of input. The two
major problems that often arise or occur in the process of text
recognition include: text location identification within the
document or image and text recognition and identification.
Moreover, the complexity increases while dealing with
handwritten text. A number of techniques to recognize type-
written as well as hand-written text have been developed till
date. This paper presents the state of the art and a model is
proposed that can yield better results.
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1. Introduction

Text recognition is extensively being applied and used in
various fields. This process involves the extraction and also
the conversion of any text, both typewritten text and
handwritten text, from images or documents into machine
editable forms. This makes it possible to store the text in a
resultant format that allows effective data retrieval and
update operations efficiently. OCR systems have two prime
benefits or advantages, viz. the capacity/ability to upsurge
throughput by decreasing the total amount of staff
involvement in the process and also the ability to store the
text information obtained efficiently [1].

Two aspects that must be well-thought-out in this
process of text recognition are speed and accuracy. Speed is
measured depending on the number of characters recognized
by the technique per second whereas accuracy measures the
total number of actual characters or words that are correctly
recognized out of the total of these characters or words in
the document or image. The recognition systems are
expected to provide high speed and high accuracy with low
error rates.

The development of text recognition methods can be
traced several years ago i.e. the early 1900’s. An idea was
proposed to develop devices that would assist the visually
impaired in reading. A few years later an assistive system
was developed that was able to interpret Morse code and
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read out text loudly. In the later years of the 1980’s, various
companies developed software that was able to read any
kind of text document. In recent years, however, text
recognition software is made available for free by different
organizations. The text that is to be recognized can be
typewritten or handwritten [16]. While recognizing
typewritten text is relatively easy, handwriting recognition is
still a challenging task. Moreover, old documents and
ancient manuscripts are torn and some portion of text is
eventually lost. This makes it even more difficult in
extracting important information from the underlying
document or manuscript. The existing recognition
techniques, therefore, do not suffice or fall short when the
text is handwritten or when the text involves a variety of
styles, fonts, etc. [2] In addition to this complexity, there is
also a crucial requirement to produce most accurate results
irrespective of the complications involved.

CLASSIFICATION

Text recognition techniques can be classified based on
the input source of the text data. The results thus obtained
differ according to the technique that is used. They can be
categorized into the following divisions:

A. ONLINE RECOGNITION SYSTEMS

In online recognition systems [13] [14] [15], the input
data is made available from the strokes of the pen or stylus
while the user is writing. This technique requires a digital
tablet and special hardware to record the stroke information
[6]. By using online recognition systems, the spatial and
also the temporal information about the input text is
recorded. It includes information about the position, velocity
and direction of each stroke [10]. The data is stored as a set
of points (X, y) which is a function of time.

Advantages

Ability to recognize real time data efficiently.

Less pre-processing required

Segmentation is easy

Low data requirement in the order of few hundreds
of bytes
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e Higher recognition accuracy
Limitations
e Cannot recognize text from physical documents.

B. OFFLINE RECOGNITION SYSTEMS

In offline recognition systems, the input is obtained from
a physical document or image that is scanned to extract the
text in it. The input undergoes various pre-processing stages.
The document or image is scanned and converted into
machine editable or digital form text.

These systems, however, do not have access to the
temporal information about the text to be recognized.
Offline recognition systems require more data as compared
to the online systems in the order of few hundreds of
kilobytes. Recent trends in offline text recognition involve
the usage of neural networks and artificial intelligence
techniques like machine learning.

Advantages

Can recognize text from physical documents like
historical manuscripts, banking checks, invoices,
bills, etc.

Limitations

Data requirement is high

Segmentation is difficult

Cannot recognize real time data

Lower accuracy as compared to online recognition
systems.

Table 1 summarizes the essential features of both the
recognition systems.

Il. METHODS

A. USING DIAGONAL-BASED FEATURE EXTRACTION

This method is based on the method diagonal-based
feature extraction. This method is mainly used to recognize
and identify the input handwritten text from images.

It uses the pixel information obtained from the two
diagonals. The neural network recognizes handwritten
numerical digits, English characters and Tamil vowels.

This method extracts relevant features from the
diagonals and the characters and words based on the
extracted features are classified as well as recognized.
OBTAINED RESULTS

The system shows decent results while recognizing
digits. The network can also efficiently and accurately
distinguish between similarly structured digits like ‘3°, 6’
and ‘8’ with less input information. However, the proposed
diagonal-based feature extraction technique or method does
not classify Tamil vowels efficiently. The classification of
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the characters improves as more number of pixels are fed to
the neural network of the system [3].

B. USING BACKPROPAGATION NEURAL NETWORK

This recognition system uses back propagation neural
network to recognize input character set. The proposed
system is mainly divided into two different stages: training
and recognition stage. The initial pre-processing stage
performs digitization of the image, noise removal, and line
segmentation followed by character extraction. Once the
characters are extracted, the character matrix obtained is
normalized into a 12 X 8 matrix. The normalized matrix
thus obtained is then converted into a feature vector of size
96 X 1.

NETWORK SPECIFICATION

The input layer consists of 96 input neurons, and 62
output neurons. Each output neuron in the neural network
corresponds to one character that the system is expected to
recognize. The below figure shows the 3 layers of the
network specified.

OBTAINED RESULTS

The system recognizes numeric digits efficiently with a
recognition rate of 99%. The recognition rate is 97% for
capital alphabets and 96% for small alphabets. However, for
inter-class characters, the recognition rate drops down to
93% [19].

C. USING DEEP LEARNING

This method is used to recognize text from multimedia
documents like videos and also different images. It employs
a deep learning method to extract and recognize text from
given input.
OBTAINED RESULTS

The system uses both Convolutional Neural Network
(CNN) and Back Propagation Neural Network (BPNN). If
only CNN is used, the accuracy lies in the range of 90 to
100%. However, as the system uses both CNN and Feed
Forward Network, the accuracy improves [20].

D. USING SUPPORT VECTOR MACHINES

The system puts forth a technique for the pre-processing
stage and normalization of the dataset and also offers optical
character recognition (OCR) based on the SVM classifier. It
concretely emphases on the recognition of different styles of
handwriting used for the same set of characters. This
technique is widely used for forensic resolves and author
identification of a document [4].
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OBTAINED RESULTS:

The table below shows the obtained accuracy for
each model that is trained. The best accuracy obtained is
with the use of the Radial Basis Function (RBF) type of
kernel. The application of the max-pooling method or
technique on the dataset, gives worse results than that
obtained by using all the 625 features with accuracy as
92.86% [4]. As a result, the max-pooling technique does not
contribute to the improvement of accuracy.

E. KNOWLEDGE TRANSFER USING NEURAL
NETWORK BASED APPROACH

This system/work, shows how structural depiction
learned from a common writer-independent handwriting
recognition model can be adapted to individual authors. Use
of Convolutional Neural Network gives great performance
in learning image-based depiction that are used for the
purpose of classification [5].

RESULTS:

The model is trained on both the IAM and Washington
datasets. This model performs worse than a model that has
been trained using the IAM dataset too.

F. USING ONE NEURAL NETWORK FOR BOTH TEXT
DETECTION RECOGNITION

A STN_OCR single semi-supervised deep neural
network a text recognition technique mainly consists of two
main components:

1. Spatial Recognition network.
2. Text Recognition network

The text part of the images are detected by the Spatial
Recognition network and further using the Text Recognition
network, hence by using both techniques the text area from
image is extracted and recognized. This detected text region
is analyzed and identified for text content. This technique is
an end to end text recognition technique which is capable of
detecting variety of texts arranged in different lines in
images [11].

G. USING CONVOLUTIONAL NEURAL NETWORKS

The technique focuses on the problem of complete end
to end text recognition in natural/usual images, by taking a
different method or way and combining the power of
representation of the large, multilayered neural network
together with the development of unsupervised feature
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learning, that provides a common context to train accurate
text detectors and also the character recognition modules.

For low-level data representation, only
unsupervised feature learning algorithm is sufficient and
hence used as it can automatically extract features from the
given data. Further integrating simple random existing
methods into a complete end-to-end text recognition system
helps achieve highest level of performance on standard
benchmarks [12].

I11. PROPOSED WORK

After a detailed study of the existing methods used
for text recognition and Optical Character Recognition
(OCR), a model is proposed that can generate better ad
efficient results. By taking into consideration the features of
the existing methods, deep learning has proved to be a
technique that generates optimal results.

The proposed model transliterates the handwritten text
available in documents into digital text. This can be
achieved with the help of neural networks using the deep
learning approach [18] [19]. The neural network contains
the following layers:

Convolution Neural Network (CNN)
Recurrent Neural Network (RNN)
Connectionist Temporal Classification (CTC)

Given below are the steps that are used in the proposed
model to recognize the handwritten text:

1. The image is pre-processed

2. The input is the fed to the CNN to get a sequence
of features or a feature vector [7] [8].

3. The obtained feature sequence will be given to the
recurrent neural network as an input. This will in
turn generate the character probability matrix.

4. The character probability matrix that was generated
in the previous step will be given as an input to the
CTC layer.

5. Based on the current step, the CTC layer can either

recognize the text or it may calculate the loss value.

IV. PREDICTED RESULTS

Based on the proposed model, the input to the system could
be either an image or any document that contains
handwritten text. The model is expected to outperform the
existing models in terms of accuracy and efficiency. It will
give better results, as the RNN is used to remember the
character sequence of the past that makes it easier to
recognize the characters in the latter part of the text.
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SR.NO. | REFERENC | TECHNIQUE | CATEGORY CHARACTER ACCURACY HIGHLIGHTS LIMITATIONS
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Sergey Deep Online Handwriting - Capable to | The model
1. Tulyakov et.al Learning (Cursive) study and get | does not
[5], 2018 (Transfer Alphabetic familiarized always
Learning) Symbols with a target | produce
dataset  with | proportional
restricted performance
training data. expansion.
Wei et. al.[2], Deep Offline English Poor Quality | Recognizes Accuracy of
2. 2018 Learning Alphabets Image text from good | detecting text
(Transfer - 78% quality  text | from low
Learning) Good images quality images
Quality efficiently and | is less.
Image - | with good
90.6% accuracy.
Hui Convolution | Offline License plate Average License plates | Only an image
3. Li[9],2018 al neural images detection can be of 700 pixels
network, ratio-99.73% | documented in shorter side
RNN with simultaneousl | can be used to
CTC y with good test.
efficiency and
accuracy.
Martin Support Offline Comenia 92.86 % Combining Better
4. et.al[4],2017 Vector script of the more models accuracy than
Machines Czech for recognition | other models
Republic can give better
results.
Wibowo et. al. Deep Offline Javanese Accuracy - Good Complex
S [17], 2017 learning Characters 94.57% accuracy for structure
characters characters
with simple give relatively
structures lower
accuracy rate.
recognition of handwritten and printed nameplate”,
IEEE 2017.
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