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Abstract:  With the advancement of technology, today, in a variety of industries there is a necessity to store the information which 

is available in printed documents, handwritten documents, or images containing text and then reutilize them for further analysis. 

Scanning the papers and then saving them as image files might be a simple approach to save information on a computer system 

from these printed materials. Most of the data are available in the form of images i.e. JPG, JPEG, PNG, etc. This type of data takes 

up huge storage space. To store this type of data we need a large database. The main problem with a large database is the cost. The 

more the space, the greater the cost. And another problem is that it is very difficult to read the text data from the image and reuse 

it. To overcome these problems, a method for retrieving and storing information, particularly text, from picture files is much needed. 

Optical character recognition (OCR) is that method. It is a growing field of study which allows a computer system to extract the 

text from scanned images, printed or handwritten documents, automatically. This extracted text is reusable. To accomplish 

successful automation, certain problems must be identified and addressed. Some of the latest issues are font characteristics on paper 

documents and the quality of an image. Characters may not be recognized correctly by the computer system as a result of these 

difficulties. We will explore OCR (Object Character Recognition) technology in this paper. The challenges that OCR systems 

confront. Then the different phases of OCR systems such as pre-processing, segmentation, normalization, future extraction, 

classification, and post-processing. The working of the OCR system. And finally, the application of OCR in different fields.  

 

Index Terms – Computer Vision, OCR, OCR Challenges, OCR Phases, Working, OCR Applications. 

I. INTRODUCTION 

Today, with the advancement in technology there is a demand for a machine that is capable of recognizing the pattern. Computer 

vision is a branch of artificial intelligence that enables a computer system to extract useful information from images, videos, and 

other visual data. And act or make a prediction based on the data [21]. Simply said, artificial intelligence acts like the brain of a 

computer system, and computer vision acts as the eyes. CV is identical to human eyesight but it is not as efficient. The human eye 

has a better ability to learn quickly, distinguish between objects, find their distance, whether it’s in motion, and if an image has better 
quality or not. 

Computer vision uses optical devices, data, and algorithms to perform these activities. If we train the system properly then it can 

work faster than the human eye. Suppose we design a system that is specially trained for product inspection then it can examine 

thousands of products at a time. It can even outperform humans. The market for computer vision is expanding, with applications 

spanning from business and healthcare to industrial and automobile. By 2022, it is estimated to reach USD 48.6 billion [21].  

The study of computer vision is not just for research purposes but it has many real-life applications also. Industries like business, 

healthcare, entertainment, and much more use computer vision to perform a variety of tasks. These industries collect different types 

of data from mobile phones, laptops, security cameras, and other devices for the growth of their business. Because, in today’s world, 

data is the key aspect. Those who have the data have the power to dominate the industry. This data can be used for training the CV 

algorithms and performing human-like activities. 

Models like face detection, voice recognition, language translator, finger-print recognition, automated OCR, etc. are very useful 

now-a-day. In many industries, there is a need to store information generated from data in printed or handwritten documents. 

Automated Optical character recognition (OCR) is the way of achieving this task. It is a growing field of study which allows a 

computer system to extract the text from scanned images, printed or handwritten documents, automatically. This extracted text is 

reusable. To accomplish successful automation, certain problems must be identified and addressed. Some of the latest issues are font 

characteristics on paper documents and the quality of an image. Characters may not be recognized correctly by the computer system 

as a result of these difficulties. To overcome these obstacles and create an electronic format from a paper format, character recognition 
methods are required to perform document image analysis (DIA) [1]. 

Because OCR research is a dynamic and significant topic in character recognition problems, to stay up with new developments it 

is crucial to examine the field completely on a regular basis. This paper provides a detailed assessment of the OCR research literature 

in an attempt to describe these types of investigations. We'll go through the main issues and key phases of OCR, such as preprocessing, 

segmentation, normalization, feature extraction, classification, and post-processing, in-depth, which must be taken into account when 
developing any application including OCR, its working, and finally its application. 

http://www.ijcrt.org/
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II. HOW DOES COMPUTER VISION WORK? 

A lot of data is required by computer vision to perform analysis. It does the analysis of the data again and again until it can 

distinguish the differences and finally recognizes the image [21]. For e.g., to train a dog image detector, it must receive a large amount 

of images of dogs and other animals so that it can learn to distinguish between a dog and other animals. 

Deep learning (DL) and a convolutional neural network (CNN) are the two main methods required to achieve this type of machine 

learning. Algorithmic models that allow computers to learn about the context of visual data are used by machine learning. If the 

model gets enough amount of data, it gets trained with that data and learns to distinguish one image from another. Instead of 
programming the model to recognize the image, algorithms allow the machine to learn on its own. 

A CNN algorithm helps the deep learning model to take an image as an input and break it down into pixels. Then use this pixel 

to perform convolution and pooling operations. The neural network performs these operations and makes predictions repeatedly until 
the accuracy gets better. As a result, the model is able to recognize images similar to humans. 

III. OPTICAL CHARACTER RECOGNITION (OCR) 

Optical character recognition (OCR), which is also known as text recognition, is the method of extracting the text from printed or 

handwritten documents, or an image containing text [22]. The extracted text is editable. As the data is in text format, it is very easy 

to store them and it requires very less space also. Later, this data can be reused for further analysis. A combination of both software 

and hardware is used by OCR to convert images or physical documents into editable text. Hardware like a camera, optical scanner, 

or a dedicated circuit board is used for scanning the images. Software is used to perform advanced processing. With deep learning, 

many of the OCR challenges can be solved and the accuracy of the OCR system can be increased. 

IV. OCR CHALLENGES 

Model created using OCR demands high quality and high-resolution images for better performance. The image should be in such 

a form that the text and background can be separated. How the image is generated is an important factor? If it is generated using a 

scanner, then we can get high accuracy. But if the image is generated using a camera, then the quality of that image is much more 

likely to get affected by environmental factors such as light, colour, etc. There are many other challenges also which are clarified as 

follows. 

 

4.1 Uneven Lighting Condition  

When we take a photograph with a camera in a natural setting, the camera may struggle with varying lighting conditions. 

If the exposure to light is not correct, the image quality suffers. The light may occasionally obscure an important feature in a 

photograph. That is why text in scanned images is easier to recognize because they are not affected by lighting conditions [1]. 

 

4.2 Scene Complication  

Many items, such as paintings, buildings, and icons, may be present in a picture. These items may appear to be text. The 

OCR has difficulty distinguishing between the text and the objects.  As a result, the OCR's performance suffers[1].   

 

4.3 Blurring and Degradation  

If the camera's focal length is incorrect, the captured image may be blurry. OCR cannot process such fuzzy pictures beca

use they may have missing features. For improved accuracy, OCR demands crispness in the character. Primarily related to 

photography, there are two types of occlusion: blur and motion occlusion. At the time of capturing a moving element, when the 

camera's shadow ratio is not high enough, the sensor renders an ever-changing scene. As a result, blurring will be observed in 

moving parts [3].  

 

4.4 Fonts  

Fonts are used to provide style to a set of characters. The characters could be letters, numbers, or symbols. However, 

certain font styles are difficult to read, making it impossible for an OCR to recognize text in an image hence degrading the accuracy.  

 

4.5 Aspect Ratios  

An aspect ratio is a proportional relationship between the height and weight of an image. Aspect ratios can vary between 

characters. Small, medium and huge characters are all possible. As a result, the computational complexity increases. 

 

4.6 Multilingual Environments  

There are several languages spoken around the world. The majority of them are spoken in India. Grammar and vocabulary 

are unique to each language. Languages such as Chinese, Japanese, and Korean contain a significant number of character classes. 

Other languages, such as Urdu, and Arabic, have connected characters. As a result, multilingual languages complicate text 

recognition for an OCR. The recognition of multiple languages is still an important research area [4]. 

 

4.7 Skewness (Rotation)  

The angle of view of input photos obtained via handheld cameras or other utilities used for captured images is not as stable 

as that of input scanners, which may cause problems for OCR systems. Text lines are skewed from their original orientation. For a 

successful result, these skewed images must be straightened before being sent into the OCR.   

http://www.ijcrt.org/
https://www.ibm.com/in-en/cloud/watson-studio/deep-learning


www.ijcspub.org                                                      © 2022 IJCSPUB | Volume 12, Issue 3 July 2022 | ISSN: 2250-1770 

IJCSP22C1050 International Journal of Current Science (IJCSPUB) www.ijcspub.org 445 
 

V. OCR ALGORITHM 

The extraction of editable text from the image is handled by OCR. For e.g. the below fig. 1 show how the text is extracted from 

the signboard. The OCR algorithm is a combination of text detection and text recognition. Text detection is the method of detecting 

the text in an image and plotting the bounding box around it. After text detection, text recognition takes place where the text is 
recognized from the bounded region [23]. 

In reality, it works as a combination of both the human eye and the brain. Where the eye sees the image, detects, and extracts the 

text from it but the whole background process i.e. detection and extraction is handled by the brain. OCR technology is still improving. 

It cannot work as efficiently as a human eye. But, with deep learning, we can achieve better accuracy and performance. The quality 

of the image has a direct impact on the performance and accuracy of OCR. The better the picture quality, the better the performance.    

 

5.1 How do OCR algorithms work? 

The OCR algorithm splits the image containing text into 

multiple pixels and then finds the empty and non-empty regions in it. 

After that, it assigns the binary coordinates to it. ‘1’ for the non-

empty region and ‘0’ for the empty region based on the character. 

And finally, a matrix is formed which is passed to the next phase [23].   

 The below matrix reflects the coordinates where letter 

content was or was not detected, and can be calculated into a 

checksum (shown in fig. 2). Letter scans that match that checksum is 

likely to be of the same letter. In order to arrange characters into 

words, an OCR algorithm will build an average derived spacing 

between letters, but it may also have to deal with ligatures, unclear 

serif fonts, low picture quality, and a variety of other stumbling 

blocks. 

 

5.2 OCR Phases  

This section describes the key phases of an OCR (shown in fig 3). Each phase goes through some difficulties which are also 
mentioned in the following section. Each phase is important for creating a high character recognition rate. 

5.2.1 Pre-processing Phase  

Many images contain unwanted noise elements that need to be get eliminated without hampering the original information. 

This can be done by pre-processing. The images containing text could be coloured, black&white, or in binary form. Most of the 

OCR application converts an image into greyscale or binary form because processing the coloured image is quite expensive. Noise 

and inconsistent data can be reduced by preprocessing. It enhances imagery and gets you ready for the next step of OCR. By 

converting the image into a proper format in the preprocessing stage, we may increase the efficiency and convenience of image 

processing in the succeeding stages. The majority of the issues are discussed in the OCR challenges section that must be solved in 

the preprocessing state. Table 1 shows several key preprocessing operations with brief descriptions. 

Figure 1 Turning language into number with OCR 

Figure 2 OCR Algorithm – Converting pixels into binary 

coordinates. 

Pre-processing 

Segmentation

Normalization

Feature 
Extraction

Classification

Postprocessing

Figure 3 OCR Phases 

http://www.ijcrt.org/
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Table 1 Some important pre-processing operations [6]. 

 

 

 

  

 

 

 

 

 

 

 

5.2.2 Segmentation Phase  

Segmentation is the key step of an OCR system. Segmentation is the process of separating the text line from its background. 

Then dividing the text lines into words and words into characters. In short, it is the combination of line segmentation, word 

segmentation, and character segmentation.  

A significant preprocessing stage in the construction of an OCR system is document segmentation. Document images are 

also classified into a similar zone, in which each zone only includes one sort of data, such as text, shapes, tables, etc. The accuracy 

of OCR systems is strongly reliant on the precision of the page segmentation algorithm. 

Document segmentation algorithm are classified into 3 types [7]: 

 Top-down approach  

 Bottom-ups approach  

 Hybrid approach 

The large sections in the document segments are divided into smaller sections in the top-down approach. This process is 

done recursively until a certain condition is met. On the other hand, in the bottom-up approach, the pixels which are important are 

selected and are combined together to form a character, characters are combined to form a word, and finally, words are combined 

to form a sentence. The hybrid approach is the combination of both approaches. 

Satadal Saha, Subhadip Basu, Mita Nasipuri, and Dipak Kr. Basu proposed a new text segmentation technique based on 

A Hough Transform [8]. S. Basu et al have studied the extraction of text lines from images of biased handwritten documents [9]. 

A. Khandelwal et al. [10] proposed a technique by comparing connected components with neighborhoods on text stream segments 

from unrestricted handwritten document images. They claim that segmenting text into lines and words is simpler when utilizing the 

old approach of vertical and horizontal projection profiles. They reported 98% accuracy on line and word segments in their tests. 

5.2.3 Normalization Phase  

After the segmentation, the next important phase is normalization. Before sending the characters to the feature extraction 

stage, they are reduced to a specific size. The segmentation phase converts the image into an m*n matrix. These matrices are 

normalized by reducing their size and removing the irrelevant information without affecting the actual data [11]. 

5.2.4 Feature Extraction Phase  

Feature extraction is the process of creating a feature vector by extracting related features from the characters. The classifier 

then uses these vectors to match the input with the intended output. As a result, a classifier can easily distinguish between different 

classes by using these features. Note that this phase is not easy and takes so much time. To extract the attributes of the characters 

many strategies were provided.  

E. Srinivasan et al. [13] used the artificial neural network to create a diagonal-based feature extraction model for a 

handwritten alphabet recognition system. 

Sharma, Om Prakash, et al. [15] used the Euler number to create an enhanced associated feature extraction model based 

on the region for handwritten alphabet recognition. 

U. Pal et al [13] suggested a directional chain code feature and zoning for the recognition of handwritten numbers. 

5.2.5 Classification Phase  

Pattern recognition is used by the OCR system to assign each item to a predefined class. In the classification phase, each 

input is assigned to a different class depending on features. A number of factors, including the training set, certain parameters, etc. 

Can be useful while selecting a classifier. 

Some of the OCR classification techniques are as follows [16]:  

 

a) Statistical Techniques  

Statistical analysis is a process of gathering the data, organizing it, and analysing it based on predefined rules to identify 

the pattern in an image [16]. Nearest-Neighbour (NN), Bayesian classifier, Clustering-analysis, hidden Markov model (HMM), etc. 

These are some of the statistical methods used in the field of OCR. 

b) Artificial Neural Networks  

An artificial neural network has the ability to learn by itself and that's why this approach is best suitable for this kind of 

problem. An artificial neural network is a computational model which consists of many nodes which are interconnected to each 

other. The output from one node is given as input to another node. The input layer hidden layer and output layer are the three types 

of layers present in a neural network. Back-propagation is used to reduce the error. The features which are extracted in the feature 

extraction phase are given to the neural network to train it to recognize the characters.   

 

 

 

Processes Description 

Binarization Separates image pixels as text or background. 

Noise Reduction Removing the unwanted noise from the image. 

Skew Correction Document skew should be corrected i.e. rotated image 

should be in the correct position. 

Morphological Operations Fixing the holes present in a character by adding new 

pixels. 

Thresholding Separating text from its Background. 

http://www.ijcrt.org/
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c) Template matching 

This is one of the simplest character recognition techniques. Template matching is a technique that is used for finding a 

character in an image and comparing it against template words or characters. While comparison size, shapes, orientation, etc. are 

considered The only problem in this technique is that a small amount of noise present in an image can affect the recognition rate. 

 

d) Combination Classifier  

Each classification model has its own pros and cons. So a combination of classifiers is used to solve a certain problem.  

 

5.2.6 Post-processing Phase  

In the preprocessing stage while removing the noise in the image we may lose some important data. The whole point of 

the OCR is to extract the context of the text from the image. But some of the contexts are lost due to preprocessing. And this can 

affect the recognition rate. So to overcome this problem post-processing is done. In post-processing, we try to find the original 

context of the data and correct small errors with the help of dictionaries. A small error could be the miss-spelling of a word. 

VI. TECHNOLOGIES UNDER THE HOOD 

  The performance of OCR models is based on multilayer neural networks. For computer vision, the most common types are 

convolutional neural networks (CNNs) recurrent neural networks (RNNs) or especially long-term short-term memory (LSTM). 

RNN is a type of neural network where the output of a layer from previous step is feed as the input to the current step. This kind 
of architecture makes it simple to predict the outcome of the layer. 

CNN is a type of feedforward neural network. Information flows through the network, and the output of the previous step does 

not use again as the input to the current step. The use of one or another type of Neural Network is determined by a problem to be 
solved. 

Customers don’t always need to build an OCR engine from scratch. They can just use a framework like Tesseract which provides 

excellent capabilities for training neural networks. It provides ready-to-use NN-based models and allows engineers to train custom 
OCR algorithms. 

To facilitate image processing, OpenCV tools can be useful. It is an open-source library that provides various computer 

algorithms. Another solution provided by Google is the Vision API which provides pre-trained models to extract text from images 
of different types and qualities. 

 

6.1 CRNN - Convolutional Recurrent Neural Networks 

CRNNs CRNN is a combination of both CNN 

(convolutional neural network) and RNN (recurrent neural 

network). As shown in figure 4, the architecture is divided into 

three layers - convolutional layer, recurrent layer, and transcription 

layer. The first layer is the convolutional layer that extracts the 

feature from the input image and creates a feature map. This feature 

map is converted into a feature sequence and then pass to the next 

player which is a recurrent layer. LSTM (long short-term memory) 

is a type of recurrent network model which is used in this layer. For 

each frame of the feature sequence LSTM makes a prediction. Then 

each frame is converted into characters and passed to the final layer 

which is the transcription layer. The transcription layer is used to 

translate the per-frame predictions into a labelled sequence using a 

probabilistic approach. 

 

6.1.1 Feature Sequence Extraction  

The convolutional layer extracts the features from the 

input image and creates a feature map for each frame using 

convolutional and max-pooling operations. The image needs to be 

get converted into standard form before passing it to the neutral 

network. From the feature map, feature vectors are extracted and 

these feature vectors are passed to the recurrent layer. Each vector 

is generated from the feature map column-wise. Figure 2 shows that 

each vector in the extracted feature sequence is linked with a 

receptive field on the input image and it is considered a feature vector of that field [17]. 

 

Figure 4 The network architecture, source: [17] 
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6.1.2 Sequence Labelling 

A deep bi-directional RNN is used for making predictions in the recurrent layer. The recurrent layers predict a label 

distribution yt for each frame xt in the feature sequence x = x1, . . ., xT.  

 Long-short-term memory is a type of artificial recurrent neural network architecture used in the field of deep learning. 

LSTM has feedback connections. It can process not only single data points but also whole data series. An LSTM (shown in Fig. 

6.a.) consists of a memory cell entry gates i.e. input, output, and forget Gates. Theoretically, the memory cell stores the past contexts, 

and the input and output gates allow the cell to store contexts over a long period of time. During this time, the memory in the cell 

can be erased using forget gate. LSTM’s special design enables it to capture long-range dependencies, which often occur in image-

based sequences. 

 LSTM is unidirectional i.e. it only considers the past contexts. So image-based sequencing, we use the combination of 

two LSTM models, one is forward (left to right) and another is backward (right to left) making it a bi-direction model [17]. We can 

combine multiple bidirectional LSTM to make a deep bidirectional LSTM (shown in figure 6. b). A deep bidirectional LSTM gives 

better performance [18]. In Bi-directional LSTM, errors generated during the process are added to the feature maps, converting the 

feature sequence again into a feature map and fed back to the convolutional later. This processing is repeated until the errors are 

reduced.  

6.1.3 Transcription  

Transcription is the final layer is the transcription layer. It is the procedure of translating each predicted frame into a 

sequenced label and finally giving the output. There are two types of transcription, the first one is the lexicon-based transcription 

where the prediction is made based on the lexicon. A Lexicon is basically a dictionary or vocabulary of a language. The second one 

is the lexicon-free transcription where prediction is made without a lexicon [17].  

VII. OCR APPLICATIONS 

The application of optical character recognition in various fields are as follows:  

 

7.1 Handwriting Recognition  

Every person has different handwriting. The size, shape, style, etc. of an alphabet is different for each person. Each of 

them has a different hand motion also. That's why handwriting character recognition is a very hard task to do. But with the help of 

OCR, we can extract text from handwritten documents/papers. An OCR system still suffers from recognition of cursive handwriting.  
 

7.2 Invoices  

OCR systems can automatically extract parameters such as customer name, product name, product price, date and time of 

purchase, seller name, quantity, and so on from invoices/bills/receipts. This information may then be kept in Excel files, which are 

quite little in size, resolving the storage issue. Many organizations might utilize this information for analysis and tracking the 

company's progress. OCR, among other things, facilitates information gathering and analysis in government departments and 

autonomous agencies [24]. 

 

 

Figure 5 The receptive field. 

Figure 6 (a) LSTM unit and (b) Deep bidirectional LSTM 

http://www.ijcrt.org/
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7.3 Legal Industry  

The legal department may also utilize the OCR system to extract data from legal documents such as affidavits, judgment

s, and files and save it in a database. This greatly simplifies the accessibility of the materials [24]. 

 

7.4 Banking  

OCR may be used in banking to analyze cheques, read and update passbooks, verify signatures, and analyze loans, accou

nts, and other service applications. This can save the bank valuable time[24]. 

 

7.5 Healthcare  

A vast number of patient data must be managed by the healthcare department. OCR is in great demand in the field of hea

lthcare since it can digitalize all printed documents such as a patient's medical record, diagnosis report, disease history, prescriptio

ns, and so on. And then save them in the database.  And made easily available for doctors' convenience [24]. 

 

7.6 Automatic License Plate Recognition  

OCR may be used to recognize the license plate number. The traffic police department can use this technology to keep tr

ack of persons who violate traffic laws, such as breaking traffic signals, tracking specific cars, and improving security in public ar

eas, private buildings, malls, and so on. 

S. Tatale et al. [19] used machine vision and neural networks to create an ANPR (automatic number plate recognition) 

system for character recognition on the number plate and explain how these characters are transmitted through a secured network 

channel [20]. 

 

7.7 Menu digitization  

Food delivery apps such as Zomato, Swiggy, Uber Eats, and others. Can utilize OCR to retrieve data such as food and pri

cing from menus from various restaurants [24]. 

VIII. BENEFITS OF OPTICAL CHARACTER RECOGNITION FOR BUSINESSES 

In the coming years, no doubt that we will see more and more companies leveraging OCR. Some of the benefits of this 

technology for businesses are as follow: 

 

 Eliminate manual data entry: Manual data entry could be eliminated by recognizing the data directly from document 

images. Thus, reducing data entry time and data processing errors. 

 Improved accessibility and searchability: OCR scanned documents can easily be indexed, thus, making the search 

operation fast and easy. Documents can be indexed by their categories, titles, or by specific keywords, making them easy 

to access compared to their actual image [25]. 

 More storage space: OCR converts the documents into editable text. Texts are very less in size. So, we can store a large 

number of documents in text form. 

 Cost-effective: OCR does not require a lot of resources to perform operations thus reducing the processing cost and the 

overall business cost. 

IX. CONCLUSION 

For text recognition, various algorithms, methods, and techniques have been proposed for an OCR. However, there is not 

enough study material available in this area. In this paper, we explored the object character recognition system and the obstacles it 

faces. We also spoke about its algorithm and the critical steps of recognition. To achieve a high level of accuracy in character 

recognition, you must use extreme caution during each phase. CNN and RNN are the two machine learning models utilized in OCR. 

OCR may be used to digitize invoices/receipts, handwritten or printed documents, analyse cheques, read and update the passbook, 

and many other tasks. Many organization uses OCR Technology for Rapid and automated data collection which helps them to save 

a significant amount of time and labor cost.  Some of the benefits of OCR are common task automation, minimal time complexity, 

a small database, quick data accessibility, and great adaptability to untrained input with just a few features to calculate. The use of 

OCR makes it easier to meet in-house document standards, provides a head start in workflow automation, and fully or partially 

eliminates the need for paper workflow. From the successful implementation of OCR, industries such as banking and finance, 

healthcare, tourism, logistics, etc. can benefit the most. 
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