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Abstract-- Digit recognition is always a favorite subject for researchers in a deep learning field. In this paper we are going to deal with digit 

recognition but not using MNIST dataset as it is for Arabic digits and our focus is on Devnagari digit. Devnagari script is from Marathi 

language, which is majorly spoken in Maharashtra state of India. This paper will guide how to achieve 100% of accuracy using CNN on 

Devnagari digits. 
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I. INTRODUCTION 

The field of artificial intelligence is growing day by the day and the researchers are busy in finding new topics to research on it. This 

digit recognition topic is old in this research area but still it is very famous and favorite topic. Researchers normally go for Arabic 

digits like 0-9 because they are mostly used digit format all over the world. So we decided to go through some other language 

format of digit. That’s why we searched and we choose Marathi digits as our research digits for recognition. Marathi language has 

multiple scripts in it and Devnagari script is one of them. The reason for choosing Marathi language is it also covers Hindi language 

because they are somewhat similar to each other and our mother tongue is Marathi. When it comes to digit recognition you need 

sufficient dataset to carry out some test on them (training and testing machine on dataset). For Devnagari digits there are very few 

dataset is available. So in this research we are using dataset of 20,000 images from which 17000 for training and 3000 for testing. 

We are going to use a very famous method for digit recognition and that is Convolution Neural Network (CNN). Some of the 

research areas include signature verification, bank check processing, postal address interpretation from envelopes etc. A lot of 

classification techniques using Machine Learning have been developed and used for this like K-Nearest Neighbors, SVM Classifier, 

Random Forest Classifier etc. but these methods although having the accuracy of 97% are not enough for the real world 

applications. Handwritten character recognition is more difficult comparing to printed forms of characters. This is because 

characters written by different people are not identical and varies in different aspects such as size and shape. In the last decade, deep 

leaning has proved its outstanding performance in the field of machine learning and pattern recognition. Deep Neural Networks 

(DNN) generally includes Deep Belief Network (DBN), Stacked Auto-Encoder (SAE) and CNN. The experimental results show 

that CNN outperforms the alternative methods. The CNN structure was first time proposed by Fukushima in 1980 (Fukushima, 

1980). However, it has not been widely used because the training algorithm was not easy to use. In 1990s, LeCun et al. applied a 

gradient-based learning algorithm to CNN and obtained successful results (LeCun et al., 1998a). After that, researchers further 

improved CNN and reported good results in pattern recognition. So let’s see CNN in Detail. 
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A. Convolutional Neural Network 

A convolutional neural network consists of several layers. These layers can be of three types: 

 

1) Convolutional: Convolutional layers consist of a rectangular grid of neurons. It requires that the previous layer also be 

a rectangular grid of neurons. Each neuron takes inputs from a rectangular section of the previous layer; the weights 

for this rectangular section are the same for each neuron in the convolutional layer. Thus, the convolutional layer is 

just an image convolution of the previous layer, where the weights specify the convolution filter. In addition, there 

may be several grids in each convolutional layer; each grid takes inputs from all the grids in the previous layer, using 

potentially different filters.  

 

2) Max-Pooling: After each convolutional layer, there may be a pooling layer. The pooling layer takes small rectangular 

blocks from the convolutional layer and subsamples it to produce a single output from that block. There are several 

ways to do this pooling, such as taking the average or the maximum, or a learned linear combination of the neurons in 

the block. Our pooling layers will always be max-pooling layers; that is, they take the maximum of the block they are 

pooling. 

 

3) Fully-Connected: Finally, after several convolutional and max pooling layers, the high-level reasoning in the neural 

network is done via fully connected layers. A fully connected layer takes all neurons in the previous layer (be it fully 

connected, pooling, or convolutional) and connects it to every single neuron it has. Fully connected layers are not 

spatially located anymore (you can visualize them as one-dimensional), so there can be no convolutional layers after a 

fully connected layer. 

 

fig1. Convolutional neural network structure layer by layer 

 

 

II. DATASET 

Every research need some base to process further and that base is provided by dataset. In this kind of research you need to have 

large dataset. With the large datasets it gets easier for the machine to get the expected output. With small amount of data , machine 

cannot perform up to that level which we expect. The dataset we are using is with 20000 images of 32x32 pixels, among which we 

are using 17,000 for training of the machine and 3000 for testing. This dataset is available at Kaggle datasets, which is very easy to 

download and use. This dataset is may be smaller than MNIST dataset as per our requirement it is in fine number and we can carry 

out our research on that. 
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Fig2. Images of each digits in the dataset used in 32x32 pixels format 

These images are stored in CSV file and this CSV file is accessed to carry out operation on the images.  For proper results we are 

comparing our result of CNN with simple neural network, feed forward neural network results on the same dataset.  

 

 

III. OPTIMIZERS 

An optimizer is one of the two arguments required for compiling a Keras model. There are number of optimizers present in keras for 

use for ex., SGD, Adagrad, Adadelta , Adam,  RMSprop,etc. But in this paper we are using Adam and Adagrad. We have tested 

other optimizers as well but their result was very poor so we are going with Adam and Adagrad. We found that Adam is more better 

than SGD as it produces better results than it .  

We are using Sequential model with categorical_crossentropy as a loss function and input shape of 32x32. We are using Relu as our 

activation function. 

IV. COMPARISONS 

 

Methods Accuracy achieved 

CNN 100% 

Feed Forward 98.5% 

Simple Neural Network 98.33% 

Random Forest Classifier 96.29% 

Every research is said to be well carried out if it is compared with others. That why we are comparing our results with other models 

to know is our giving us efficient out! . Above table represents the comparison between CNN and other method results. By above 
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comparison we can surely say that our model is best for Devanagari Digits. And from the above table we can surely say that yes our 

model is giving us what we wanted and that is 100% of result which is better than other methods.  

 

V. CONCLUSION 

From this paper we get to know that if we use proper learning rate and optimizers with convolutional neural network we will get 

maximum result output. This paper fulfils every need of the researcher who is working on Devnagari digits. Our mode is simple to 

understand as well as efficient in working. By the information about CNN represented above you can easily understand what you 

have to build and how you have to build. CNN is mostly used for digit recognition around the world and you cannot develop it 

without getting introduced to it properly. With the above information you can develop a model using CNN easily. Performance of a 

network depends on many factors like low memory  requirements,  low  run  time  and  better  accuracy  , although in this paper it is 

primarily focused on getting better accuracy rate for classification . The branch of computer vision in artificial intelligence primary 

motive is to develop a network which is better to every performance measure and provide results for all kinds of datasets which can 

be trained and trained. 
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