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Abstract:Recognizing broken characters in scanned and 

ancient scanned text document is not easy because the characters 

may be broken and unclear. Many researches have been carried to 

recognize these broken characters. In this research paper we have 

described a new broken characters recognition method for 

English text documents only.  The proposed method uses a hybrid 

approach which uses connected component concepts and 

convolutional neural network to identify the broken characters. 

The input to the approach is scanned or ancient text document 

which contains unclear text that is difficult to recognize and hence 

our new proposed methodology will recognize these characters 

with greater accuracy and it will give the recognized characters to 

the user. The projected technique has attained a precision up to 

92% in recognition. 

 
Keywords : Connected Components, Convolutional Neural 

Network, Image Processing.  

I. INTRODUCTION 

Optical characters recognition is and have been 

electronically converting, handwritten, printed or other type 

of text from images, scanned documents etc. 

Optical character recognition is a method which is used to 

recognize the characters in text documents or images. 

Recognizing the characters is a tedious undertaking task, 

even though there are lot of algorithms have already been 

developed, still more work is required to perceive the 

characters in various situations and scenarios. Few 

algorithms work better compared to other algorithms in 

certain conditions. It can recognize the characters in the 

archive if the document and the text is clear. Majority 

antiquated reports or documents, low resolution and other 

type paper documents are all digitized in the present world. 

However these digitized text documents are not crystal clear 

and may contain broken character or other type of characters 

due to long storage or due improper use of scanner and 

improper photocopies, which makes data unreadable. The 

optical character recognition algorithms are used to recognize 

these digitized copy text. 

 It is difficult to recognize the characters due to various 

textual styles, noises found in the background and due to 

background complexity and so on. 

Distinctive character recognition algorithms has been already 

developed which are used to recognize characters from 

printed text documents, postal documents, recognize the 

character in stamps, number plates, and handwritten 
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characters of different languages such as English, kannada, 

hindi, tamil, Arabic bangla and so forth and furthermore they 

have utilized various approaches to distinguish the characters 

for example Transfer learning, CSM neural network, deep 

neural network, local binary pattern networks, dynamic 

baysian networks, CNN classifier and efficient word 

interference, k-means based feature learning etc which will 

perform good in various conditions. 

 

In this algorithm we are using a hybrid approach in which 

connected components is used to create sub graph for 

characters and convolutional neural network is used to 

recognize the subgraph characters and we have used 

chars74k dataset to train the network. 

II. LITERATURE REVIEW 

To recognize the characters of different documents such as 

text document, scanned document, handwritten documents, 

bills, post, scene images, number plates in different countries 

thousands of algorithms are already developed by different 

researchers which will work different type documents in 

different conditions. In this section we describe some of the 

methods which is used for character recognition. 

Charles et al [1] proposed a method in which character is 

recognized using neural network at a given location, then 

word recognizer will use the character recognizer to find the 

most relative word inside the specified rectangle on the input 

page. It uses the camera based input image and its accuracy is 

up to 95% for the word recognition 

Michael droettboom [2] has proposed a method in which 

words are represented using graph and it uses connected 

component methodology to represent the character 

subgraphs. And these subgraphs are fed to k nearest neighbor 

method for recognition. 

Laurence likforman et al [3] uses a method which 

recognizes the character in ancient printed books by coupling 

two hidden markov models (Vertical and Horizontal HMMs). 

The two coupled dynamic baysian networks are modelled to 

show the interaction between these two. 

Rakesh Kumar Mandal and NR Manna [4] has given a new 

algorithm to recognize handwritten English character. In this 

method the character matrix is compressed to reduce 

non-significant elements then these elements are given to 

CSIM neural network to recognize. 

Dileep Kumar Patel et al [5] in their paper they have 

proposed a method to recognize the handwritten characters 

using discrete wavelet transform and Euclidean distance 

metric. This method has to be more accurate and faster. 
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Dickson Neoh Tze How et al [6] used a deep convolutional 

neural networks to recognize the Malaysian vehicle license 

number plate which is trained using computer font’s a-z and 

0-9. The neural network has been trained using back 

propagation with gradient descents. Its performance is better 

with reasonable accuracy. P Rajendra et al [7] also used 

supervised learning using CNN. It also uses smoothing filters 

and contour detection. 

XinHao Liu et al [8] has used convolutional neural 

network to recognize the character in the scene text and then 

weight finite state transducer (WFST) based word 

recognition is used to recognize the text in natural scene 

images. 

Savitha Chaudhary et al [9] has proposed a method which 

is used to recognize text from scene images. This method first 

uses MSER to find the text regions then convolutional neural 

network is used to predict the character. 

Yejun tang et al [10] proposed a transfer learning method 

using CNN in this the first model is trained and the weights of 

this model is used to initiate another model which is used as a 

feature extractor and used as a classifier. The second model is 

fine tuned to recognize the characters in the document. 

III. PROPOSED METHODOLOGY 

The goal of this research paper is to recognize the broken 

characters from old scanned documents. The algorithm 

begins with segmenting the document or image horizontal 

histogram method to get the lines. Then vertical histogram 

segmentation is applied to extract the words from lines [11]. 

Once the words are extracted, the characters in the words may 

be broken so an undirected graph is created in which each 

node/vertex represents the character component. The vertices 

are connected to one another if they are present inside certain 

threshold of distance and an edge is drawn between the two 

vertices. This will roughly create graph for each word in the 

document or image. 

The connected component is a subgraph in which any two 

vertices are connected by path and no vertices are connected 

with any other vertices in the super graph.  

 

In this, character segmentationis not used because 

character segmentation may give two character instead of one 

character, for example character “m” may be recognized as 

“r” and “n”. for example 

     => +  

 

Fig 1: showing Segmentation fault 

 

Next all possibilities are checked to create the subgraph for 

each character  i.e. how components can be joined Depth 

firstsearch is performed from each vertex and subgraphs are 

created. Each vertex in the graph is numbered and from low 

to high vertices are visited to avoid already visited nodes [2]. 

After this subgraph are taken and it is converted to images 

which represent the individual broken character in the word 

and these images character are given as input to the already 

trained Convolutional neural network. 

The CNN consists of four layers. It has been also known as 

CNN or convNet that is so far analyzing images, although 

image analysis has been  

Most wide spread use of CNNs they can also be used for 

other data analysis and classification problems.Convolutional 

Neural network has four layers namely convolution, 

RectifiedLinear Unit layer or ReLu, Pooling layer and fully 

connected layer. Each layer perform different tasks. The 

convolutional layer defines a collection of filters or activation 

maps, each with the same dimension as the input. The filter 

operates on a small region of the input. The filter is moved on 

the every possible position on the image. The convolution 

layers has got four steps – line up the features and the image 

map and then multiply feature pixel by image pixel and the 

values whatever we get then divide by total number of pixels 

in the feature. Filter is moved over the image and the above 

four steps are repeated. All the filters are applied to the given 

image and the result is taken. 

The second step in Convolutional Neural Network is ReLu 

layer which is a activation function. It will only activate a 

node if the input is above a certain quantity and it is 

calculated using the following function 

 

 
Fig 2: flow chart of proposed methodology. 

After the ReLu layer pooling layer is used in which the image 

is shrinked. In this we take a window size of 2 or 3 and from 

that we take an only the maximum value from the input image 

and place it in the resulting image. 

Lastly fully connected layer is used in which actual 

classification is done. We create a single list from the output 

got from the pooling layer which is used to recognize or 

classify the input images. 

The Convolutional neural networks are already trained and 

tested using chars74k dataset.We use convolutional neural 

networks due to higher rate of 

recognition when compared to 

others. 
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IV. IMPLEMENTATION 

The method is implemented using python. The python 

supports lot of libraries which is used in image processing 

like tensorflow, keras, pandas etc. 

In this method we have used chars74k dataset 

The text document is first scanned or any digital image is 

taken and it is given to the algorithm as an input. Sample 

broken character text image is shown in fig 3. 

 

 
Fig 3: input image 

 

 The image may contain some background noise so first a 

Gaussian filter is applied to the image. The Gaussian filter is 

a low pass filter which is used to remove the noise and to 

smooth the image. In the next phase histogram methodology 

is used to read the lines and words in that lines. The lines 

from the text image is taken using horizontal histogram 

methodology. The horizontal histogram is generated for the 

entire document which separates different lines from one 

another and then each lines are taken and words from those 

lines are extracted from those lines using vertical histogram. 

In the next phase of the algorithm each word is taken and a 

graph is generated for each word. The vertex represents a 

connected component in the word. This creates many graphs 

which are equivalent to different strings or words in the 

document. Next every possible way in which components of 

the character can be connected are evaluated and subgraphs 

are generated for each character. The maximum number of 

connected components for a character may vary on amount of 

degradation in the scanned image. Once the characters are 

generated it is converted to image. The sample output for the 

first line for the above figure is shown in fig 4.  

 

 

 
 

 

 
 

 

 
 

Fig 4: Characters images generated using CC 

Now each character is read and it is passed to Convolutional 

Neural Network. The CNN is trained using chars74k data set. 

The chars74k dataset is actually contains English characters 

with different fonts and Kannada characters. The individual 

characters are read and it is recognized by this network. The 

output of this phase is shown in fig 5. 

 

 
Fig 5: Result after applying CNN to individual 

character image 

V. CONCLUSION 

We have utilized connected components in this method 

because if we use the normal character segmentation methods 

then we may get two characters for one character. That is the 

reason we have used connected component method with 

CNN. The accuracy of convolutional neural network for 

printed characters and handwritten character for different 

languages with normal characters is high, so in this method 

we have utilized CNN. The Convolutional neural network 

can recognize any type and kind of characters. By using this 

method we have checked different documents and got the 

accuracy up to 92% for broken character recognition. We can 

further additionally improve this methodology by training the 

neural network for special characters for example comma, 

semi colon, colon etc. from the scanned documents. 
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