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ABSTRACT 
This paper presents a comprehensive review of offline character recognition system. In this proposed method the input image is in 
scanned format and it will be converted into the equivalent character in printed format by using optical character recognition 
(OCR).  The scanned image is fed in to the computer and it is recognized using the Hidden Markov Model (HMM), and converted 
into the same word in printed characters. The KNN classification algorithm is developed and has been used for this classification 
process. 

 
KEYWORDS:OCR-Optical Character Recognition, HMM-Hidden Markov Model, KNN-K-Nearest Neighbour. 

 

INTRODUCTION 

 

The English cursive characters should be recognised by using the optical character recognition 

(OCR).Optical character recognition, usually abbreviated to OCR, is the mechanical or electronic conversion of 

scanned images of handwritten, typewritten or printed text into machine-encoded text. It is widely used as a 

form of data entry from some sort of original paper data source, whether documents, sales receipts, mail, or any 

number of printed records. It is a common method of digitizing printed texts so that they can be electronically 

searched, stored more compactly, displayed on-line, and used in machine processes such as machine translation 

in image to text. OCR is a field of research in pattern recognition, text recognition, artificial intelligence and 

computer vision. And the hidden markov model (HMM) is used to quantify the correlation between the adjacent 

character and word. And it is also used for the shape recognition. And it is used to determine the hidden 

characters from the observable character. 

Handwritten character recognition (HCR) is the process of conversion of handwritten text into machine 

readable form. The major problem in handwritten character recognition (HCR) system is the variation of the 

handwriting styles, which can be completely different for different writers. The objective of handwritten 

character recognition system is to implement user friendly computer assisted character representation that will 

allow successful extraction of characters from handwritten documents and to digitalize and translate the 

handwritten text into machine readable text. Handwritten character Recognition system is divided into two 

categories, 

 

 On-line character recognition: 

It is system in which recognition is performed when characters are under creation. 
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 Off-line character recognition: 

It is system in which first handwritten documents are generated, scanned, stored in computer and than they 

are recognized. 

 

There are four methods of cursive handwritten word recognition. 

 

 Holistic Approach: 

 It is method in which entire word is recognized without splitting them by extracting features of entire word. 

 

 Segmentation based Approach: 

Characters are segmented from word. 

 

 Reorganization based segmentation Approach: 

Character classification and segmentation are performed simultaneously by using appropriate learning 

method. 

 

 Mixed Approach: 

This system consists of combination of above methods. 

In this paper we present concise survey of available HCR for English language. HCR techniques are 

discussed with their strength and weaknesses. Different types of features are extracted and different types of 

classifiers are used to classify the input characters. The current study is focused on investigation of possible 

techniques to develop an offline HCR system for English language for both separate characters and cursive 

words. 

 

II Literature Survey: 

Youssef Es Saady et. al.  proposed, the method to detect Amazigh handwriting recognition method. The 

method is based on horizontal and vertical centerline of the character. The characters are segmented into 

horizontal and vertical lines and position of the character is obtained according to those lines. The features are 

calculated using sliding window techniques. The characters are classified using multilayer perceptron (MLP). 

The correction rate obtained was 99.28 % for the 19437 Amazigh printed characters and 96.32% for the 20150 

Amazigh handwritten characters [1].Dileep Kumar Patel et. al. proposed the discrete wavelet transform(DWT) 

based handwritten character recognition system along with Euclidean distance metrics. The classification of the 

testing vector is depending upon the Euclidean distance. Minimum distance decides the class of the test vector. 

This system gives good accuracy of 90% [2]. Prasad P. Chaudhari et. al., proposed a grid approach for 

recognition of an offline handwritten character using grid approach is proposed. Extracted features are train by 

neural network as classifier of the character in classification stage. The recognition system of experimental 

results shows that this technique is effective and reliable. The overall procedure results in recognition rate are 

96.9%[3].  

Apash Roy et al., proposed a system with feed forward neural network having ability of a machine to 

interpret handwritten characters from sources like paper document, photograph etc. to digital computerized form 

is the aim of HCR systems. The neurons of output layer have a feedback connection from their output line. 

Experimental result shows that an efficient recognition. However, the proposed system is not a complete one. 

Some other techniques may be combined with this approach to increase the efficiency of the system. The work 

can be extended to recognize characters or numerals of some other languages also[4].Reetika Verma et. al., 

proposed a neural network along with surf feature approach to solve complex character recognition issue. This 

approach has been evaluated using noise parameter. The evolution is performed by PSNR. The classification is 

done by using back propagation neural network. The success rate of this system is 98.77% [5].Present an offline 

English HCR system based on phone camera capture images. Adaptive thresholding method is used to get 

meaningful information. Further the features were extracted using combination of GLCM, Zernike Moments, 

Gabor Filters, Zoning, Projection Histogram and Distance Profile. Finally classification is performed by three 

classifiers i.e. support vector machine (SVM), Naive Bayes and multilayer perceptron (MLP). The database was 

created containing 3380 samples collected from different writers [6]. 

 

III Design and Implementation Steps: 

An overview of the methodologies adopted in this research work is presented below. A system is developed 

to recognize cursive handwritten English characters using MATLAB, for a subset of the English characters. The 

major steps involved in handwriting recognition system and the steps involved are, 

 

1. Pre-processing 

2. Segmentation 
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3. Feature Extraction 

4.  Recognition 

5. Classification 

 

 
Fig.1: Flow diagram of the proposed system 

 

1. Pre-processing: 

Pre-processing is concerned mainly with the reduction of noises and variability in the input. The noise from 

the image is reduced by using median filter.The number and type of pre-processing algorithms employs on the 

scanned image depend on many factors such as paperquality, resolution of the scanned image, the amount of 

skew in the image and the layout of the text. Various pre-processing operations are performed prior to 

recognition to enhance the quality of the input image. 

 

1.1RGB to gray conversion:  

In the pre-processing first stage is to convert the input RGB image into gray scale image. 

 

1.2Binarization:  

Binarization is the process of converting a gray scale image (0 to 255 pixel values) into binary image (0 and 

1 pixel values) by selecting a threshold value in between 0 to 255. The local thresholding method is applied on 

the grayscale image as, 

 

g(x,y) = {
1 𝑓(𝑥, 𝑦) > 𝑇ℎ
0       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

Where, g(x, y) is binary image pixel, f(x, y) is gray image pixel, Th is the local threshold value. The binary 

image is enhanced by using morphological filters like erosion and dilation. Erosion is a morphological operation 

which removes growing part while dilation fills the gaps within the object. 

 

1.3 Skew detection & Correction: 

While scanning the image, if the paper source document is not aligned properly, it may cause the 

components to be tilted. This could lead to erroneous behaviour of the OCR system. To prevent this, Radon 

Transform (Skew detection & Correction method) has been devised, which detect & remove the skew from the 

image and later the boundaries of particular images are adjusted. 

 

2. Segmentation: 

It is an operation that seeks to decompose an image of sequence of characters into sub images of individual 

symbols. Character segmentation is a key requirement that determines the utility of conventional Character 

Recognition systems. It includes line, word and character segmentation. Different methods used can be 

classified based on the type of text and strategy being followed like recognition-based segmentation.  

2.1Line segmentation: 
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In a printed script, the text lines are almost of same height, provided that the script is written in a specific 

font size. If the script is composed by a type-machine, surely the font size will be uniform everywhere. Between 

two text lines, there is a narrow horizontal band with either no pixel or very few pixels. Hence, by checking 

break-points through them and storing them will be useful for detecting the valleys in it, text line bands can be 

retrieved.  

 
 

Fig.2: Example of line segmentation 

 

2.2 Character segmentation: 

After the line segmentation, consider each and every line which is segmented before going through the 

process of character segmentation. Each line is segmented in its individual characters (isolated) for further 

operation. 

 

 
 

 
 

Fig.3: Example of an character segmentation 

 

3. Feature Extraction: 

Feature Extraction is the problem of extracting the letters from thepre-processed data, the information, 

which is most relevant for classification purposes, in the sense of minimizing the within-class pattern variability, 

while enhancing the between-class pattern variability. 

 

 
 

Fig.4: Example of a feature extraction 

 

3. Recognition: 

The final goal of character recognition is to obtain the class codes of character patterns. On segmenting 

character patterns or words from document images, the task of recognition becomes assigning each character 

pattern or word to a class out of a pre-defined class set. Pattern classification has been the main theme of pattern 

recognition field and is often taken as a synonym for “Pattern Recognition (PR)”. Traditionally, pattern 

recognition techniques are classified as template and feature-based approach. 

4. Classification: 
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The classification process should be done by using the KNN classification algorithm. The K-nearest 

neighbour’s algorithm is a method for classifying objects based on closest training examples in the feature 

space. The KNN classification divides the data in to a test and training set. It should be depending up on the 

distance. The following image should be shows the KNN distance calculation algorithm. 

 

 
Fig.5: KNN classification algorithm 

 

KNN is a simplest supervised learning algorithm used to classify the data. The k-nearest neighbor algorithm 

(KNN) is a method for classifying object by majority of votes. The value of k decides the search space. If k=1 

means the object is simply assign the class which is nearest. The advantage of the Knn is its classification 

accuracy is better when feature spaces are small but which feature space is large then its accuracy get 

decrease.k-Nearest Neighbour can be calculated by using Euclidian distance. It gives efficiency and 

productivity. It is a distance between two points in Euclidian space. It computes the root of square differences 

between co-ordinates of pair of data points. Formula for Euclidian distance is given below. 

 

Distxy = ∑ (𝑥𝑖𝑘 − 𝑥𝑗𝑘 )^2𝑚
𝑘=1  

 

IV Result and Analysis: 

To illustrate the accuracy of English handwritten and different sample text images of different fonts of 

different sizes have been tested under KNN algorithm by using MATLAB 2010a and then the accuracy was 

measured using the samples. 

 

% of Accuracy = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑠 𝑓𝑜𝑢𝑛𝑑 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑡𝑒𝑟𝑛𝑠
 

 

The proposed algorithm uses a gray-scale histogram, thresholding range and the Peak Signal-to-Noise Ratio 

(PSNR). Based on our experience, the mean value of the gray scale histogram is strongly connected to pixel 

intensity. We use the PSNR quality measure proposed by [5] because it can measure the similarities between the 

original image and the binarized image. A higher PSNR indicates more similarity between the two images. The 

PSNR value is defined as follows:  

 

In the above equation, Max is a maximum value in the image (for example, in a gray-scale image, Max is 

255) while m and n are the height and weight of the image, respectively. I(i,j) is the original value of the image, 

and K(i,j) is the value after a change.  We calculate PSNR
s 
for every threshold value, in increments of 5, in the 
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range between [1,256]. We calculate the difference between PSNR
(t) 

and PSNR(original image). In this 

algorithm we calculate PSNR by using original image and each threshold value[5]. 

 
Table 1: Comparison Of Accuracy And Psnr 

Parameters Existing Proposed 

Accuracy 85.1% 90% 

PSNR 10.41 20.5 

 

By comparing the existing method SVM classifier with our proposed KNN classifier, the KNN classifier 

provides more accuracy and PSNR. The following images are showing the input and output of the cursive 

handwritten recognition. 

 

 
 

Fig.6: Example of an input image 

 

 
Fig. 7: Example of a pre-processed image 

 

 

 
 

Fig.8: Example of bounding box 
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The Fig 6 shows the handwritten input image. The Fig 7 shows the pre-processed image. The Fig 8 shows 

bounding box of the segmented and splitted characters.  The Fig 9 shows the printed form of input cursive 

handwritten image. 

 

 
Fig.9: Example of an output of the cursive handwritten images. 

 

Conclusion: 

The English cursive handwritten characters are recognized using OCR. The errors which are caused due to 

noise in the scanned image is removed by applying median filter in it. The trained samples are used to reduce 

the complexities in the recognition process. This approach shows a better result with high speed and accuracy. 

The accuracy of our proposed work is above 90% by improving the KNN algorithm. 
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