
© 2022 JETIR October 2022, Volume 9, Issue 10                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2210243 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c331 
 

Character Recognition using CNN and Ensemble 

Classifier 
1A. Ashur Raju, 

1M. Tech Student 
1Electronics and Communication Engineering,  

1University College of Engineering JNTUK, Kakinada, India 

 

Abstract: Character Recognition analyses a character's picture and recognizes the characters that are present. The capacity to detect, 

discriminate, and identify characters in an image is known as character recognition. Because each person has a unique writing style, 

recognizing character pictures is difficult. Automatic Handwritten Character Recognition (HCR) is a difficult topic that necessitates 

a careful blend of numerous advanced Pattern Recognition techniques, such as Image Processing, but also Neural Network 

approaches and Language Modeling. Furthermore, HCR implementation is a difficult process due to the fact that handwritten letters 

can be imperfect and come in a variety of flavors. The suggested method focuses on identifying handwritten characters and using 

Convolutional Neural Networks to turn handwritten pages into editable documents (CNN). 

Index Terms - Character Recognition; Ensemble classifier; Support Vector Machine; K-Nearest Neighbor. 

 

I. Introduction: 

The human handwritten character recognition is the ability of computers to recognize handwritten characters. It is a hard task for 

the machine because handwritten characters are not perfect and can be made with many different flavors. The handwritten character 

recognition is the solution to this problem which uses the image of characters and recognizes the characters present in the image. 

Character recognition is a method of detection, segmentation and identification of characters (alphabets) from picture. Character 

recognition is a field that aims to improve the reading capabilities of computers so that the computers can work with text like 

humans. 

For character recognition, we choose classification technique which includes several approaches such as Support Vector Machine, 

Neural Network, Decision tree, Naive Bayes, K-Nearest Neighbor etc. As we know, all classification approaches have their 

advantages and disadvantages. No classification technique is perfect in every situation. Classifier ensemble is one of the emerging 

and useful approach given by various researchers which combines the advantages of several classification techniques. So, the main 

purpose of this research work is to improve the accuracy of data classification by fusion of classifiers with varying feature sets. The 

data classification problem used for performing the experiment is of Character Recognition. The dataset has been divided into two 

sets: the first set of data is used for training purpose and the second dataset is used for the testing of the model. In the first phase, 

pre-processing on image is done and after this features are extracted from the input image. The classifiers are then trained with the 

training data. We, right now, are considering 4 (four) classifiers (2 (two) distinct classifiers with 2(two) distinct feature sets). The 

performance of each classifier is evaluated by using confusion matrix in the second phase. In the third phase, a decision is inferred 

by combining the outputs of each classifier with considering confusion matrix which tells the confidence of each classifier in their 

results. The fusion approach used here uses the notion that different classifier when trained with the training data have different 

error rates in predicting output class. We, therefore, uses a 3 (three) step approach, instead of traditional 2 (two) step classification 

approach for data classification. There are generally two types of combination: classifier selection and classifier fusion. The 

presumption in classifier selection is that each classifier is an expert in some local area of the feature space. When a feature vector 

x is submitted for classification, the classifier responsible for the vicinity of x is given the highest credit when assigning the class 

label to x. We can nominate exactly one classifier to make the decision, or more than one local expert. Ensemble of classifiers 

assumes that all classifiers are trained over the whole feature space, and are thereby considered as competitive rather than 

complementary. Let D = {D1, DL} be a set (pool/committee/ensemble/team) of classifiers. By combining the individual outputs, 

we aim at a higher accuracy than that of the best classifier. There is a consensus among the researchers in classifier combination 

that the major factor for a better accuracy is the diversity in the classifier team and, so, the ensemble method is of a secondary 
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importance. However, a choice of an appropriate fusion method can improve further on the performance of the ensemble. Some 

fusion methods are the most obvious choice when constructing a multiple classifier system i.e, the support for class wi, di(x), yielded 

by the team is, di(x)=F(d1,i(x),d2,i(x),….dl,i(x) )where i=1, 2, 3… and F= is the chosen Fusion method. Some choices for F are: 

Maximum, Minimum, Average, Median, Majority Vote etc. 

II. Related works: 

2.1 Neural Network based Handwritten Character Recognition system Savitha Attigeri: Handwritten character recognition 

has been one of the active and challenging research areas in the field of image processing and pattern recognition. It has numerous 

applications which include, reading aid for blind, bank cheques and conversion of any hand written document into structural text 

form. In this paper an attempt is made to recognize handwritten characters for English alphabets without feature extraction using 

multilayer Feed Forward neural network. Each character data set contains 26 alphabets. Fifty different character data sets are used 

for training the neural network. The trained network is used for classification and recognition. In the proposed system, each character 

is resized into 30x20 pixels, which is directly subjected to training. That is, each resized character has 600 pixels and these pixels 

are taken as features for training the neural network. The results show that the proposed system yields good recognition rates which 

are comparable to that of feature extraction-based schemes for handwritten character recognition  

2.2 Handwriting Text Recognition Based on Faster RCNN Junqing Yang, Peng Ren and Xiaoxiao Kong: Handwriting text 

recognition is one of the emphases in computer vision. The traditional Optical Character Recognition (OCR) technology requires 

the text writing neatly and handwriting clearly, but in fact, the handwriting text always fail to meet such states. In this paper, a novel 

handwriting text recognition algorithm based on deep learning is presented to improve the problems. In this paper, the method based 

on an object detection algorithm (Faster R-CNN) finds a new dimension to study the problem. The algorithm sets two steps: First, 

preprocessing the handwriting character based on Faster RCNN, second, character recognition based on the Convolutional Neural 

Networks. The correctness of this method is better than the traditional OCR by the testing data. Experimental results show that the 

recognition algorithm in this paper is effective and illuminating. 

2.3 Exploration of CNN Features for Online Handwriting Recognition Subhasis Mandal, S. R. Mahadeva Prasanna and 

Suresh Sundaram:  Recently, convolution neural network (CNN) has demonstrated its powerful ability in learning features 

particularly from image data. In this work, its capability of feature learning in online handwriting is explored, by constructing 

various CNN architectures. The developed CNNs can process online handwriting directly unlike the existing works that convert the 

online handwriting to an image to utilize the architecture. The first convolution layer accepts the sequence of (x; y) coordinates 

along the trace of the character as an input and outputs a convolved filtered signal. 

2.4A Proposed Framework for Recognition of Handwritten Cursive English Characters using DAG-CNN: Handwritten 

Character Recognition (HCR) plays an important role in Optical character Recognition (OCR) and Pattern Recognition (PR), as it 

has a good number of applications in various fields. HCR contributes extremely to the growth of automation and are applicable in 

the areas of bank cheque, medical prescriptions, tax returns etc. But handwritten characters are much more difficult to recognize 

than the printed characters due to difference in writing styles for different people. Both conventional approaches and deep learning 

techniques have been used for handwritten character recognition. Deep learning techniques such as Convolutional Neural Networks 

always shows better accuracy than the conventional techniques. In this paper a new deep learning technique, namely Directed 

Acyclic Graph - Convolutional Neural Network (DAG-CNN) is used for handwritten character recognition. 

III. Methodology: 

3.1 Proposed system: 

In this research, we build an ensemble CNN model for character recognition by merging the weights from various classifiers, 

including SVM and KNN.  The objective of the support vector machine algorithm is to find a hyper plane in an N-dimensional 

space (N — the number of features) that distinctly classifies the data points. To separate the two classes of data points, there are 

many possible hyper planes that could be chosen. Our objective is to find a plane that has the maximum margin, i.e., the maximum 

distance between data points of both classes. Maximizing the margin distance provides some reinforcement so that future data 

points can be classified with more confidence. 

 

3.2 Advantages: 

1. Higher accuracy models 

2. Better performance rather that existing methods 
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3.3 EXISTING METHOD 

Handwritten character recognition (HCR) is one of the critical machine learning problems. It has been used by researchers for years 

as an experiment on how to improve machine learning algorithms. In this section, we have discussed briefly some of existing 

research articles that are related with our work.  

3.4 Disadvantages: 

1. Poor performance 

2. There is no improvement algorithms.  

3. Implementation 

The project has implemented by using below listed  

3.5 K-Nearest Neighbor 

K-Nearest Neighbour is one of the simplest Machine Learning algorithms based on Supervised Learning technique. K-NN algorithm 

assumes the similarity between the new case/data and available cases and put the new case into the category that is most similar to 

the available categories. K-NN algorithm stores all the available data and classifies a new data point based on the similarity. This 

means when new data appears then it can be easily classified into a well suite category by using K- NN algorithm. K-NN algorithm 

can be used for Regression as well as for Classification but mostly it is used for the Classification problems. K-NN is a non-

parametric algorithm, which means it does not make any assumption on underlying data. It is also called a lazy learner algorithm 

because it does not learn from the training set immediately instead it performs an action on the dataset. 

 

 

 

 

 

 

 

 

Figure 1: Proposed Model 

KNN algorithm at the training phase just stores the dataset and when it gets new data, then it classifies that data into a category that 

is much similar to the new data. 

Example: Suppose, we have an image of a creature that looks similar to cat and dog, but we want to know either it is a cat or dog. 

So for this identification, we can use the KNN algorithm, as it works on a similarity measure. Our KNN model will find the similar 

features of the new data set to the cats and dogs images and based on the most similar features it will put it in either cat or dog 

category. 

3.6 SUPPORT VECTOR MACHINES: 

The objective of the support vector machine algorithm is to find a hyper plane in an N-dimensional space (N — the number of 

features) that distinctly classifies the data points. 

Possible hyper planes: 

To separate the two classes of data points, there are many possible hyper planes that could be chosen. Our objective is to find a 

plane that has the maximum margin, i.e. the maximum distance between data points of both classes. Maximizing the margin distance 

provides some reinforcement so that future data points can be classified with more confidence. 
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Hyper planes are decision boundaries that help classify the data points. Data points falling on either side of the hyper plane can be 

attributed to different classes. Also, the dimension of the hyper plane depends upon the number of features. If the number of input 

features is 2, then the hyper plane is just a line. If the number of input features is 3, then the hyper plane becomes a two-dimensional 

plane. It becomes difficult to imagine when the number of features exceeds 3. 

Support Vectors 

Support vectors are data points that are closer to the hyper plane and influence the position and orientation of the hyper plane. Using 

these support vectors, we maximize the margin of the classifier. Deleting the support vectors will change the position of the hyper 

plane. These are the points that help us build our SVM. 

Large Margin Intuition 

In logistic regression, we take the output of the linear function and squash the value within the range of [0,1] using the sigmoid 

function. If the squashed value is greater than a threshold value (0.5) we assign it a label 1, else we assign it a label 0. In SVM, we 

take the output of the linear function and if that output is greater than 1, we identify it with one class and if the output is -1, we 

identify is with another class. Since the threshold values are changed to 1 and -1 in SVM, we obtain this reinforcement range of 

values ([-1, 1]) which acts as margin. 

3.7 Convolutional Neural Network: 

Convolutional Neural Network is one of the main categories to do image classification and image recognition in neural networks. 

Scene labeling, objects detections, and face recognition, etc., are some of the areas where convolutional neural networks are widely 

used. CNN takes an image as input, which is classified and process under a certain category such as dog, cat, lion, tiger, etc. The 

computer sees an image as an array of pixels and depends on the resolution of the image. Based on image resolution, it will see as 

h * w * d, where h= height w= width and d= dimension. For example, An RGB image is 6 * 6 * 3 array of the matrix, and the 

grayscale image is 4 * 4 * 1 array of the matrix. In CNN, each input image will pass through a sequence of convolution layers along 

with pooling, fully connected layers, filters (Also known as kernels). After that, we will apply the Soft-max function to classify an 

object with probabilistic values 0 and 1. The first layer to extract features from an input picture is the convolution layer. The 

convolutional layer maintains the link between pixels by learning visual properties using a tiny square of input data. Using an image 

matrix and a kernel or filter as two inputs, it performs a mathematical action. 

4. Results and Discussion: 

 

Fig 4.1 Character Recognition 

 

The above figure is given as input to the ensemble classifier then it correctly predicted the given character.  
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Fig 4.2 Accuracy comparison of different classifiers 

 

Classifier Accuracy 

KNN with Fringe Map 84.79 % 

SVM with Fringe Map 90.97 % 

KNN with structural feature set 88.38 % 

SVM with structural feature set 92.93 % 

CNN Classifier 98.15 % 

Ensemble Classifier 98.99 % 

Table 4.3 Comparison of different classifiers 

5. Conclusion: 

Handwritten Character Recognition is an important part of computing moving forward. It can be used to automate many things such 

as bank receipts which may take up a lot of time, so it is crucial to have handwritten character recognition. From the literature 

survey, it is clear that out of three algorithms CNN is using less time and giving more accuracy, so it is beneficial to use CNN for 

moving forward. CNN has been already very accurate; however, it still needs to have a proper framework to achieve state-of-the-

art results. For that we can use some cleaning algorithms on input images to make it more accurate and add a spellchecker at the 

output so we can reach maximum efficiency. Besides, we will also keep looking for areas where proposed system can be used to 

automate things. 
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