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Abstract: In this paper, a comparative analysis of recent 

techniques for character recognition is done. Our purpose is to 

identify the impact of machine learning in the domain of character 

identification. Character recognition has a lot of applications in 

the fields of banking, healthcare and other fields for searchability, 

storability, readability, editability, accessibility, etc. to ease up 

various processes. Traditional machine learning techniques like a 

neural network, support vector machine, random forest, etc. have 

been used as classification techniques. Now with the advancement 

in the field of computer hardware and efficient research in 

artificial intelligence field have given emergence to deep learning 

algorithms. Recent articles are using deep learning for character 

identification. They also depict how various functions improve the 

performance in the field of pattern recognition over time. The 

primary purpose of this paper is to encourage young researchers 

towards this domain and thus learn and work towards achieving 

novelty in the field of machine learning. 

 
Keywords: handwritten character recognition, machine 

learning, feature extraction, deep learning. 

1. Introduction 

Handwritten recognition is a typical task because there exists 

a variety of writing ways. Due to the same situation, the 

computer program does not find good accuracy for the 

handwritten character recognition task. Literature focuses on 

English, Bangla, Marathi, Devanagari, Oriya, Chinese, and 

Latin and Arabic languages. Machine learning and deep 

learning algorithms have been widely used in past literature. At 

the same time, feature extraction is very crucial. Graph-based 

features, histograms, mathematical transforms, moment-based 

features are some popular techniques used for this task. Some 

necessary steps involved in handwritten character recognition 

are preprocessing, segmentation, representation, training, 

identification, and post-processing. As far as practical 

applications are concerned, a variety of mobile apps and web 

applications are providing character recognition features to 

their customers again end user wants better services that can 

technically be defined in terms of accuracy. Significance and 

challenges in character recognition are, and our purpose is to  

 

explore the solutions available in the past and explore the new 

possibilities to find out the resolution of the concerned problem. 

As discussed in the literature, one of the best ways to find the 

solution lies in the emerging domain of machine learning and  

deep learning algorithms. With this motivation, we are 

surveying handwritten character recognition using machine 

learning techniques. The contribution of this study contains a 

comparative analysis of various machine learning and deep 

learning techniques for handwritten character recognition based 

on various factors like dataset and technique used. The 

organization of the paper is as follows: Section 2 gives a 

complete explanation of conventional and recent techniques in 

machine learning and deep learning field. Section 3 involves a 

comparative analysis of various techniques for different 

languages. Section 4 contains conclusion and future work. The 

section below describes the techniques used for past literature.  

2. Problem Statement 

 The handwritten digits are not always of the same size, 

width, orientation and justified to margins  

 They differ from writing of person to person. 

 One of the biggest issues is that we used variants of 

the MNIST (digits) and EMNIST (alphabet 

characters) datasets to train our handwriting 

recognition model. 

 We introduce the concepts and algorithms of deep 

learning and machine learning by these projects. 

3. Objective 

To avoid the problem in recognition of character we are 

developing model of Offline handwritten character recognition 

using machine learning, automated and effective work of 

recognizing characters and numbers1) Converting the 

handwritten document into digital form. 2) It can be done at any 

time after the document has been written3) Reading postal 

addresses, bank check amounts, emails and forms. 
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4. Steps for Character Recognition 

A. Image Acquisition 

In Image acquisition, the recognition system acquires a 

scanned image as an input image. The image should have a 

specific format such as JPEG, JPG, etc. This image is acquired 

through a scanner, digital camera or any other suitable digital 

input device.  

 

 
Fig. 1.  Character recognition chart 

 
Fig. 2.  Input image in JPEG format 

B. Pre-Processing 

The pre-processing is a series of operations performed on 

scanned input image. It essentially enhances the image 

rendering it suitable for segmentation. The role of 

preprocessing is to segment the interesting pattern from the 

background. Generally, noise filtering, smoothing and 

normalization should be done in this step. The preprocessing 

also defines a compact representation of the pattern. 

Binarization process converts a gray scale image into a binary 

image. 

 
Fig. 3.  Gray Scale Image 

 

 
Fig. 4.  Matrix form image 

C. Segmentation 

In the segmentation stage, an image of sequence of characters 

is decomposed into sub-images of individual character. In the 

proposed system, the pre-processed input image is segmented 

into isolated characters and the box can be appeared on each of 

them which letter can be recognized each individual character 

is uniformly resized into matrix. 

D.  Feature Extraction 

 In this stage, the features of the characters that are crucial for 

classifying them at recognition stage are extracted. This is an 

important stage as its effective functioning improves the 

recognition rate and reduces the misclassification. Diagonal 

feature extraction scheme for recognizing off-line handwritten 

characters is proposed in this work. Every character image is 

divided into equal zones, each of size 28*28 matrix and then 

further priced for recognition. 

 
Fig. 5.  28*28 matrix of image 

E. Classification and Recognition 

The classification stage is the decision-making part of the 

recognition system. A feed forward back propagation neural 

network is used in this work for classifying and recognizing the 

handwritten characters. The matrix derived from the resized 

character in the segmentation stage form the input to the 

classifier. The neural classifier consists of two hidden layers 

besides an input layer and an output layer. 
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Fig. 6.  Neural network image of input 

F. Post- processing 

Post-processing stage is the final stage of the proposed 

recognition system. It prints the corresponding recognized 

characters in the structured text form by concluding the input 

image using recognition index of the test samples. 

 

 
Fig. 7.  Output of Image 

G.  Some of the outputs and their detection percentage 

 
Fig. 8.  Output of JPG image with percentage. 

 

 
Fig. 9.  Output of JPEG image with percentage. 

 
Fig. 10.  Output of PNG image with percentage. 

5. Conclusion 

This paper has practiced machine learning techniques 

including use of Tensor Flow to obtain the appropriate digit 

recognition. Our handwriting recognition system utilized basic 

computer vision and image processing algorithms (edge 

detection, contours, and contour filtering) to segment characters 

from an input image. From there, we passed each individual 

character through our trained handwriting recognition model to 

recognize each character. Our handwriting recognition model 

performed well, but there were some cases where results could 

have been improved (ideally with more training data that is 

representative of the handwriting we want to recognize) — the 

higher quality the training data, the more accurate we can make 

our handwriting recognition model. The error rate thus obtained 

is of 1.25 and training accuracy is 98% and test accuracy 97% 

demonstrating significant and promising performance. Thus, by 

practicing this we have achieved success in properly identifying 

the digits drawn at different angles and properly displaying the 

correct digit at a single turn. Hence the system would be able to 

recognize the introduced digit according to the formations made 

and according to the values in the dataset. 
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