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Abstract: Handwritten Digit Recognition (HDR) is the process of converting images of handwritten digit into digital format. A lot
of money is wasted on converting the information that is in paper to digital format. This problem can be solved by using HDR. The
heart of our project lies within the ability to develop an efficient algorithm that can recognize the handwritten digits which are
scanned and sent as input by the user. The goal of this paper is to observe the variation of different algorithms that can classify the
handwritten digits using different hidden layers, various number of epochs and to make a comparison based on the accuracy. This
experiment is performed using the Modified National Institute of Standards and Technology (MNIST) dataset.
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. INTRODUCTION

Developers are using different machine learning and deep learning techniques to make machines. more intelligent. In deep
learning, Convolutional Neural Networking (CNN) is being used in many fields like object detection, face recognition, spam
detection, image classification. Handwritten digit recognition has not only professional and commercial applications, but also has
practical application in our daily life and can be of great help to the visually impaired. It also helps us to solve complex problems
easily thus making our lives easier [5]. Many algorithms have been developed for hand written digit recognition. But due to infinite
variation in writing styles they are still not up to mark. Poor contrast, image text vagueness, disrupted text stroke, unwanted objects,
deformation, disoriented patterns and also interclass and intraclass similarity also cause misclassification in handwritten numeral

recognition system [6]. An illustration of Handwritten digit recognition is shown below.

2 — 2

Fig 1: lllustration of HDR

Handwritten Digit Recognition (HDR) is the ability of a machine to recognize human handwritten digits. It is a hard task for a
machine because handwritten digits are not perfect. So, the solution to this problem is our project that uses the image of a digit and
recognizes the digit present in the image. The goal of this project is to observe the influence of various algorithms for handwritten
digits. In our project, we have applied CNN algorithm for training on the Modified National Institute of Standards and Technology
(MNIST) dataset using OpenCV, a machine learning library written in python. A CNN [5] is a deep learning method that has been
used in developing applications for computer vision, data mining, computer games and handwritten recognition [7]. LeNet5 is the
base architecture of CNN [8].
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1. DATASET

Modified National Institute of Standards and Technology (MNIST) is a database which is freely available for handwritten digits
and is standard for machine learning algorithms. It is similar to TIDigit which is a database of speech created by Texas Instruments,
which tasks in speech recognition [9]. For our project, MNIST dataset is used. In this dataset, the images of digits were taken from
a variety of scanned documents in which each image is Greyscaled and of 28*28 pixels. It uses 60,000 images to train the network
and 10,000 images to evaluate hoe accurately the network learned to classify the images. Some of the sample images of the MNIST

dataset are shown below.
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Fig 2: Sample images of MNIST dataset

To use the MNIST dataset in Keras, an API is provided to download and extract images, labels automatically. The task is to
classify a given input image of a handwritten digit into one of the 10 classes representing the integer values from 0 to 9 inclusively.
The distribution of training data in MNIST is shown below.
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Fig 3: Bar diagram showing the distribution of training dataset

I1l. LITERATURE SURVEY

Handwriting recognition of digits has started around the 1980s. The task of handwritten digit recognition, using a classifier,
has great significance and it has many applications. Handwritten digits are not similar as they differ in size, thickness, position
relative to the margin. These are some of the difficulties we faced while trying to solve this problem. Y. LeCun et al. [1] presented

an application of back-propagation networks to handwritten digit recognition
A. Existing System

X. Han et al. [2] summarizes the latest development of CNN and expounds the relative research of image recognition
technology and elaborates on the application of CNN in handwritten numeral recognition. However, every neural network has
some error rate due to parallel in digit shape. R. Sudhakar et al. [16] developed a hybrid model by integrating a non-linear
regression model and optimization-driven deep learner for video super resolution. Initially, the low-resolution frames are
subjected to framing, and each frame is provided to both Fractional-Group Search Optimizer-based Deep Belief Network

(FrGSO-DBN) classifier and the non-linear regression model.
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Caiyun Ma et al. [3] normalized the images of various sizes and stroke thickness in preprocessing to eliminate negative

information and keep relevant features. The architecture of CNN for the existing system is shown below.
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Fig 4: Existing system of HDR

V.C. Bharathi et al. [15] recognized the query words using the Euclidean distance of the keyword and the keyword search
is acquired from the index position by retrieving the appropriate words from the document. The general problem was the
similarity between the digits like 1 and 7, 5 and 6, 3 and 8, 9 and 8, etc. Also, people write the same digit in many different

ways. Analysis of Digit Recognition by various methods are shown below in a tabular format.

Table 1: Survey on different Research Analysis
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IV. ARCHITECTURE
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Fig 5: Architecture
The proposed model contains four stages to classify and detect the digits:

A. Pre-Processing:
Pre-processing is a part of HDR. If there are some rules like a box for each digit then, it will be much easier to detect the

boundaries. The fundamental motivation behind pre-processing is to take off noise filtering, smoothing, and standardization.
Binarization converts a Greyscaled image into a binary image.

B. Feature Extraction:
Different type of algorithms used for feature extraction have different types of error rate. The errors made by

each separate algorithm does not overlap, so combining all these methods lead to a perfect recognition rate and
also helps to reject the ambiguous digits recognition and improve the recognition rate of misclassified digits that
can be recognized by humans [10].
C. Classification and Recognition:

In the classification and recognition step, the extracted feature vectors are given as single input values to each classifier.
CNN Convolution layer and the subsampling layer can have various different layers [17]. The down sampling layer is also
known as pooling layer [19]. The image is divided into small segments of small areas, and a value is calculated for each area.
Then the calculated values are rearranged in sequence to form a new image [7]. This process is similar.to fuzzy filter, which
can increase the robustness of image feature withdrawal [20]. Extracted features are combined and are defined using the

following four classifiers:

i. K-Nearest Neighbor:

It is instance-based learning. There are mainly two advantages of using the KNN algorithm, they are, it is robust to
noisy training data and it is very efficient if the data is very large in size. In Machine Learning, one of the best ways to learn
more about data is by classifying it with what you already know. It is a supervised learning algorithm for multiclass
classification.

ii. Random Forest Classifier:

A Random Forest merges a collection of independent decision trees to get a more accurate and stable prediction. It says
that there is an immediate connection between the total number of trees and the result it gets. This classifier can be used for
regression and also classification. It is a type of ensemble method.

iii. Support Vector Machine:

It finds the hyperplane by performing classifications between the two classes. The most significant advantage of this
algorithm is that it provides a regularization parameter which helps in avoiding overfitting problems. It is a classifier that
finds an optimal hyperplane that maximizes the margin between two classes.

iv. Logistic Regression:

It is a form of regression where the target variable is binary. What Logistic Regression is great for is an initial

benchmark model on a binary classification problem with fairly well-behaved data. It is one of the more transparent

algorithms and doesn’t work well with really messy data
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D. Training and Testing:

Using the fit() method, a model can be trained. In order to see the skill of the trained model, test data is used as a validation
dataset. Finally, to evaluate a model, the test dataset is used. Training is less complex because each module is designed to handle
a specific subproblem. It is expected that each module can tackle the specific problem more efficiently and accurately because
each module is trained independently which is easy to add and delete modules.

V. METHODOLOGY

The goal is to create a model to predict the digit in an image. Steps involved in this project are as follows:
e  Gathering, examining, and cleaning the data (data exploration)
e Choose a model and measure the evaluation (Neural network)
e Training
e Evaluate the models on a metric and compare them to the benchmark.

e  Compare different Machine Learning algorithms based on their accuracy of predicting the digit.

Download the dataset

[ Preprocess the data ]

{ Split the data } [ Visualize the data J

l Train and test the data ] [ Predict the result ]

Fig 6: Flow of Training module

A. Download the dataset:

Import MNIST dataset for handwritten digits from Keras. It consists of 60,000 training images and 10,000 test images, which
are 28x28 pixel grayscale images of handwritten single digits between 0 and 9. The initial step to be carried out is loading the
dataset.

B. Preprocess the data:

Before training, the pre-processing model is needed whose output images will be the inputs for the training model. The
MNIST handwritten images have been size-normalized, centered, and stored sequentially as 28 x 28 pixel images in the gray-
level bitmap. Pre-processing is mainly done to remove noise, resize, crop, detect edges.

C. Visualize the data:
Data visualization is a process of representing data or information in the form of a graph, chart, or another visual format.

this makes the data simpler and hence makes the data easier to identify trends, patterns, and outliers within large data sets.
D. Split the data

The Complete dataset is divided into train and test datasets. The training dataset is used to fit and tune your models. The
Test dataset is used to evaluate your models. Before performing anything, data split should be split. It is the best way to get
efficient estimates of models' performance.
E. Train and Test the data

In any dataset, a training dataset is used to build a model, and a test dataset (or validation) is used to validate the model. So,

we use the training data for fitting the model and testing data for testing it.
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F. Predict the result
The models produced here are then used to predict the results which are unknown, and this is named the test dataset. To test

the model, some of the images are used from the test dataset.

VI. IMPLEMENTATION

The data which is already collected can be used for extracting the features of each digit. The availability of more powerful
machine learning algorithms introduces an efficient and better approach to solve this problem. The project is divided two modules

as shown below.

The digit in an image is
P g detected, bounded, cropped,
r— Fre-processing | | resized into 28 x 28 pixels
[ Project —
e Train the model and
__| Training (CNN) | | | edicts the digit in the

and Testing given image

Fig 7: Modules of HDR
A. Pre-processing module:

i. Read the image
OpenCV is a Machine Learning library that is used to read and manipulate images. The image is read and then stored in
multiple copies for performing different operations. After reading the image is plotted in its shape to make sure it is read

perfectly.

100

0 100 200 xo a0
Fig 8: Handwritten image
ii. Converting an RGB image to a Greyscale image

An RGB image that is three-dimensional is converted to a Greyscale image that is one-dimensional. A BGR image is a three-

dimensional image (w, h, c)

100 200 300 00

Fig 9: Greyscale image
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iii. Remove noise

Gaussian blur is applied to the greyscale image to remove noise in the image.

0 100 20 300 400
Fig 10: Image after applying Gaussian blur

iv. Object Detection

The standard step for object detection is Otsu thresholding.

100 200 00 400

Fig 11: Image after applying Otsu thresholding

v. Finding and drawing contours

The findContours() and drawContours methods() are used for finding and drawing boundaries of the detected object in an
image. :

100 +

150 4

200 4

100 200 300 400

Fig 12: Image with Contours

B. Training & Testing module:

Any model learns by using past data and Machine Learning algorithms. It learns from the past data by feature extractions. For
training the model, a sequence of hidden layers is created with some nodes in each layer.

Then, we compile the model by ‘categorical crossentropy’as loss function, ‘adam’ as an optimizer , and ‘accuracy’ as metrics.

Then, the model is trained using CNN and tested by giving new handwritten digit images that are not present in the dataset.
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VI1I. RESULTS AND ANALYSIS

In this section, we compare the results of five classification algorithms namely K-Nearest Neighbors, Logistic Regression,

Convolutional Neural Network, Random Forest Classifier and Support Vector Machine on the MNIST database.

Accuracy of Classifiers

100

I Accuracy
score

98
E 96
3]
5
<

94

o, N

LR KNN CNN RFC SVM

Classifiers
Fig 13: Comparison of accuracy

As CNN got high accuracy, it is used for training the model. The accuracies of the training and the testing dataset are plotted

below.
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Fig 14: Training and Testing accuracy

So, the training accuracy of CNN is 99.23% and test accuracy is 99.53%.

Model Loss Accuracy

CNN 2.67 99.63

VIIl. CONCLUSION

Convolutional Neural Network gets trained from the real-time data and makes the model very simple by reducing the
number of variables and gives relevant accuracy. In our project, we used CNN with some libraries like Keras, Matplotlib, CV2,
Tensorflow to get the maximum accuracy.

A comparison on different Machine Learning algorithms like Random Forest Classifier, Convolutional Neural Network,
Linear Regression, K-Nearest Neighbors, Support vector machine is done, in which the accuracy for CNN is 99.63%. This project

can be taken to next level by extending its scope to different writing styles. We can increase the accuracy by
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»  Taking huge datasets
»  Adopting many suitable algorithms
*  Hyper-parameter tuning

«  Compile the model with a greater number of epochs
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