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ABSTRACT

The human visual system is one of the wonders of the world. Consider the following

sequence of handwritten digits:

Most people effortlessly recognize those digits as 5,6,8. That ease is deceptive. We
carry in our heads a supercomputer, tuned by evolution over hundreds of millions of years,
and superbly adapted to understand the visual world. Recognizing handwritten digits isn't
easy. Rather, we humans are stupendously, astoundingly good at making sense of what our
eyes show us. But nearly all that work is done unconsciously. And so we don't usually
appreciate how tough a problem our visual systems solve.

The difficulty of visual pattern recognition becomes apparent if you attempt to write
a computer program to recognize digits like those above. What seems easy when we do it
ourselves suddenly becomes extremely difficult. Simple intuitions about how we recognize
shapes - "a 9 has a loop at the top, and a vertical stroke in the bottom right” - turn out to be
not so simple to express algorithmically. When you try to make such rules precise, you

quickly get lost in a morass of exceptions and caveats and special cases. It seems hopeless.
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HANDWRITTEN DIGITS RECOGNITION
USING MACHINE LEARNING

1. INTRODUCTION

Digit recognition system is the working of a machine to train itself or recognizing the digits
from different sources like emails, bank cheque, papers, images, etc. and in different real-world
scenarios for online handwriting recognition on computer tablets or system, recognize number
plates of vehicles, processing bank cheque amounts, numeric entries in forms filled up by hand
and so on.

Handwriting recognition (HWR) is the ability of a computer to receive and handwritten input
from sources such as paper documents, photographs, touch screens and other devices. Data
science practitioners apply machine learning algorithms to numbers, text, images, video, audio,
and more to produce artificial intelligence systems that perform tasks which ordinarily require
human intelligence. Scikit learn (formerly scikits learn) is a free software machine learning
library for the programming language. It features various classification, regression, and

clustering algorithms.

Digit - 3 Digit - 7 Digit - 2 Digit - 8
0 ! 0

0 20 0 20

Fig 1.1 Hand Written Digits
Handwritten digit recognition has gained so much popularity from the aspiring beginner of
machine learning and deep learning to an expert who has been practicing for years. Developing
such a system includes a machine to understand and classify the images of handwritten digits as
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10 digits (0-9). Handwritten digits from the MNIST database are already famous among the
community for many recent decades. The scope of this article is to compare the different

classifiers with different parameters and try to achieve near-human performance.

1.1 PROJECT PURPOSE

Here the purpose is to train the system to learn and identify hand written digits which is

given in image format by using image libraries (like pillow, sklearn.digits).

1.2 PROJECT SCOPE

The scope is to make machine to learn and identify the handwritten digits that is 0-9 only
that we give in image format by using image libraries like pillow,Sklearn.digit which are used to
work with digit recognition.

1.3 PROJECT OVERVIEW

It consists of digit images recognition in which machine is trained itself for recognizing
the digit from image. Handwritten recognition (HWR) is ability of a computer to receive and
intelligible handwritten input from sources such as paper documents photographs and other
devices. Sckit learn is a free software machine learning library for programming language.
Developing such a system includes a machine to understand and classify the images of
handwritten digits as 10 digits (0-9).

CMRTC 2
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2. SYSTEM ANALYSIS

SYSTEM ANALYSIS

System Analysis is the important phase in the system development process. The
System is studied to the minute details and analyzed. The system analyst plays an important
role of an interrogator and dwells deep into the working of the present system. In analysis,
a detailed study of these operations performed by the system and their relationships within
and outside the system is done. A key question considered here is, “what must be done to
solve the problem?” The system is viewed as a whole and the inputs to the system are
identified. Once analysis is completed the analyst has a firm understanding of what is to be

done.

2.1 PROBLEM DEFINITION

It takes difficult for the system to recognize, identify and classify the handwritten digits.

2.2 EXISTING SYSTEM

In existing system it is easy to recognize the system numericals than the handwritten
digits. Often it is difficult to identify the handwritten digits as they differ from writing of

person to person.

2.2.1 LIMITATIONS OF EXISTING SYSTEM

o The system uses images which breaks into pixels in identifying the numbers and their
sequences of pixels. This makes identification very difficult and the results always vary
in real time.

o The handwritten digits are not always of the same size, width, and justified to margins
as they differ from person to person.

o The uniqueness and variety in the handwriting of different individuals also influence
the formation and appearance of the digits.
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o The problem is faced more when many people write a single digit with a variety of
handwritings.

2.3 PROPOSESD SYSTEM

The proposed system uses image libraries to identify the handwritten digits. Here the
image libraries like scipy, pillow (it is used to read or scan image), sklearn.dataset (which is
used to work with only digits) used in python. By using these libraries the machine will be

trained and can easily classify and identify the handwritten digits.

2.3.1 ADVANTAGES OF THE PROPOSED SYSTEM

o It recognizes the digits in different styles.
o It can easily scan and read the image using image libraries.
o The handwritten digit can be of any size or shape can easily be identified by the system.

o Python has good graphical libraries. The output is more effective using graphical
libraries in python.

2.4. SYSTEM REQUIREMENTS SPECIFICATION
2.4.1 FUNCTIONAL REQUIREMENTS

o Loading image.

o Image visualization.

o Recoginsing hand written digit from image.
J Predict in real-time the value of number

o System will process the input given by the user only when it is given in the image
format only.

o System will display the error message to the user, when the given input by the user was
not in the required format.

o System will detect the number present in the image.

o And also system identify the given number and display the result (i.e.given number).

2.4.2 NON-FUNCTIONAL REQUIREMENTS

o As the name suggests these are the requirements that are not directly interacted with the
specific functions delivered by the system.
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o The system will retrieve the handwritten text regions only if the image contains written
text in it.

o To work with handwritten digits recognition by using machine learning mainly it
should have machine learning library that is scikit-learn.

o It provides the users to load the image easily if there is a Scikit-image library only.

2.5 HARDWARE & SOFTWARE REQUIREMENTS
2.5.1 SOFTWARE REQUIREMENTS.

Table 2.1: Showing Software Requirements

Operating System Windows 7/8
Language Python 3.5
Browser Mozilla firefox(or any browser)

2.5.2 HARDWARE REQUIREMENTS

Table 2.2: Showing Hardware Requirements

Processor Pentium 4
RAM 2GB or 4GB RAM
HARD DISK 40GB

CMRTC 5
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3. ARCHITECTURE

3.1 PROJECT ARCITECTURE

This project architecture shows the procedure followed for breed detectionusing

machine learning, starting from input to final prediction.

Python Console

Digit

[nput Image

Training svstem using

—— sklearn

Images
Scipy

Training system
and Loading
lmage to python

After testing console

image generate

result

Result ~ p="——1 Testing Image

3.2 DESCRIPTION

The below figure describes the process of hand written digit recognition. Initially digits

of image are taken as input and given that image to the python console. Load the data sets

using installed sklearn, scipy module in these modules data sets are already available we

are just required to import the module and use those modules. Later converting the image

into data sets and testing the image. If the generated result is correct considered it as

correct. If the system unable to identify then the system 1 as output.
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3.3 USE CASE DIAGRAM

expont the data
|

Taintan the data

install required hdr anes

naintain results

Fig: 3.1 Usecase diagram for hand wirtten recognition
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3.4 CLASS DIAGRAM

Client | User
Load data to console Python
Maintain the data ~_ _ _ = Install required libraries

Perform analysis

T
Export the data Import data

Generate Results

S ‘
System ' / Server

Load data from user / |
Acquire the libraries __...=  Store the data
Attach the methods of %

libraries : | Maintain results
Perform analysis

Execute the job
Provide results

Fig:3.2 Class diagram for hand wirtten recognition
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3.5 ACTIVITY DIAGRAM

?

" export the data

maintain the
data
e A—
Import the data

“Ioad the data to
python console

install required
libraries

‘ perform ]

analysis

— —
genearate |
results

.l,‘- ‘-.'
slore he
data

resuits

:
()

—

l mantan

Fig: 3.3 Activity diagram for hand wirtten recognition
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3.6 SEQUENCE DIAGRAM

Client User System Server

Export the data

- Maintain the data

Importdata | a4 data to console Python

Install required libranes
e

Perform Analysis

Generate results

Load data from user

Acquire the libraries
« Attach the methods of
libraries

Perform analysis
“~ Execute the job

Provide results
St_ore the data

Maintain results

Fig:3.4 Sequence diagram for hand wirtten recognition
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3.7 COMPONENT DIAGRAM

Client

Maintainthe dats

Export the daty

-

System

Load data

Parform analysis
from user e

»
Acquire the Exocute the job
libraries

Attach the methods o |

of Wb arios { Provide resulls

HANDWRITTEN DIGITS RECOGNITION
USING MACHINE LEARNING

User

Import data

load data to
console python

Install required
braries

Perform analysis Generate results

)
Server

Store the data
o~

Maintain results

Fig: 3.5 Component diagram for hand wirtten recognition
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4. IMPLEMENTATION
4.1 SAMPLE CODE

from sklearn import datasets
from sklearn.svm import SVC
from scipy import misc
digits = datasets.load_digits()
features = digits.data
labels = digits.target
clf = SVC(gamma = 0.001)
clf fit(features, labels)
img = misc.imread(""C:/Users/INAVY A/Desktop/project19/123.jpg")
img = misc.imresize(img, (8,8))
img = img.astype(digits.images.dtype)
img = misc.bytescale(img, high=16, low=0)
X_test=1]
for eachRow in img:
for eachPixel in eachRow:
X_test.append(sum(eachPixel)/3.0)
print(clf.predict([x_test]))
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5.SCREENSHOTS

5.1 MODULE INSTALLATION ERROR

Fig5.1 :MODULE INSTALLATION ERROR

5.2 INSTALLATION OF SCIPY MODULE

B Cvin - o

FIG 5.2: INSTALLATION OF SCIPY MODULE
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5.3INPUT

FIG 5.3:INPUT

5.4 OUTPUT

FIG 5.4:0UTPUT
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6. TESTING
6.1 INTRODUCTION TO TESTING

Designers compose unit tests to check their own particular code. Unit testing varies
from coordination testing, which affirms that parts function admirably together, and
acknowledgment testing, which affirms that an application does what the client anticipates
that it will do. Unit tests are so named in light of the fact that they test a solitary\unit of code.
A unit test is completely computerized, non-intelligent, and double—that is, it either succeeds
or fizzles. So running your code and looking at its yield to check whether it works is not a
test . Nor is composing a bit "test pilot” that drives your code or enables you to check logs to
check whether it's working accurately.

When you compose unit tests, at times you feel constrained to change your code just to
encourage the test, more often than not when you have to test a private strategy or trait.
Doing as such is a terrible thought. In the event that you ever feel enticed to make a private
technique open only to test purposes, don't do it. Testing is intended to enhance the nature of

your code, not diminish it.

6.2 TYPES OF TESTING
6.2.1 Unit Testing

Unit testing is a level of software testing where individual units/ components of
software are tested. The purpose is to validate that each unit of the software performs as
designed. A unit is the smallest testable part of any software. It usually has one or a few

inputs and usually a single output.

6.2.2 Integration Testing

Integration Testing is a level of software testing where individual units are combined
and tested as a group. The purpose of this level of testing is to expose faults in the interaction

between integrated units. Test drivers and test stubs are used to assist in Integration Testing.
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6.2.2.1 Integration Test Approaches

There are four types of integration testing approaches. Those approaches are the

following

6.2.2.2 Big-Bang Integration Testing

It is the simplest integration testing approach, where all the modules are combining and
verifying the functionality after the completion of individual module testing. In simple words,
all the modules of the system are simply put together and tested. This approach is practicable
only for very small systems. If once an error is found during the integration testing, it is very
difficult to localize the error as the error may potentially belong to any of the modules being
integrated. So, debugging errors reported during big bang integration testing are very

expensive to fix.

6.2.2.3 Bottom-Up Integration Testing

In bottom-up testing, each module at lower levels is tested with higher modules until all
modules are tested. The primary purpose of this integration testing is, each subsystem is to
test the interfaces among various modules making up the subsystem. This integration testing

uses test drivers to drive and pass appropriate data to the lower level modules.

6.2.2.4 Top-Down Integration Testing

Top-down integration testing technique used in order to simulate the behavior of the
lower-level modules that are not yet integrated. In this integration testing, testing takes place
from top to bottom. First high-level modules are tested and then low-level modules and
finally integrating the low-level modules to a high level to ensure the system is working as

intended.

6.2.2.5 Test Drivers

Test Drivers are used during Bottom-up integration testing in order to simulate the
behaviour of the upper level modules that are not yet integrated. Test Drivers are the modules

that act as temporary replacement for a calling module and give the same output as that of the
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actual product. Drivers are also used when the software needs to interact with an external

system and are usually complex than stubs.

6.2.2.6 Test Stubs

Stubs are used during Top-down integration testing, in order to simulate the behavior of
the lower-level modules that are not yet integrated. Stubs are the modules that act as
temporary replacement for a called module and give the same output as that of the actual

product. Stubs are also used when the software needs to interact with an external system.

6.2.2.3 Acceptance Testing

Acceptance testing, a testing technique performed to determine whether or not the
software system has met the requirement specifications. The main purpose of this test is to
evaluate the system's compliance with the business requirements and verify if it is has met the
required criteria for delivery to end users.

6.2.3 Functional Testing

Functional testing is a type of software testing whereby the system is tested against the
functional requirements/specifications.

Functions (or features) are tested by feeding them input and examining the output.
Functional testing ensures that the requirements are properly satisfied by the application. This
type of testing is not concerned with how processing occurs, but rather, with the results of
processing. It simulates actual system usage but does not make any system structure
assumptions. During functional testing, Black Box Testing technique is used in which the
internal logic of the system being tested is not known to the tester.

6.2.4 Black Boxtesting

Black box testing is a type of software testing in which the functionality of the software
is not known. The testing is done without the internal knowledge of the products.

Black box testing can be done in following ways:
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6.2.4.1 Syntax Driven Testing

This type of testing is applied to systems that can be syntactically represented by some
language. For example- compilers, language that can be represented by context free grammar.
In this, the test cases are generated so that each grammar rule is used at least once.

6.2.4.2 Equivalence Partitioning
It is often seen that many type of inputs work similarly so instead of giving all of

them separately we can group them together and test only one input of each group. The idea
IS to partition the input domain of the system into a number of equivalence classes such that
each member of class works in a similar way, i.e., if a test case in one class results in some
error, other members of class would also result into same error.
The technique involves two steps:
6.2.4.3 ldentification Of Equivalence Class

Partition any input domain into minimum two sets: valid values and invalid values. For
example, if the valid range is 0 to 100 then select one valid input like 49 and one invalid like
104.
6.2.4.4 Generating Test Cases
(i) To each valid and invalid class of input assign unique identification number.
(i) Write test case covering all valid and invalid test case considering that no two

invalid inputs mask each other.

6.2.5 White Box Testing

White box testing technigues analyze the internal structures the used data structures,
internal design, code structure and the working of the software rather than just the

functionality as in black box testing. It is also called glass box testing or clear box testing or

structural testing.

6.2.5.1 Working Process of White Box Testing
Input
Requirements, Functional specifications, design documents, source code.

Processing
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Performing risk analysis for guiding through the entire process.
Output
Preparing final report of the entire testing process.

Testing Techniques Statement Coverage

In this technique, the aim is to traverse all statement at least once. Hence, each line of
code is tested. In case of a flowchart, every node must be traversed at least once. Since all
lines of code are covered, helps in pointing out faulty code.

Branch Coverge

In this technique, test cases are designed so that each branch from all decision points is
traversed at least once. In a flowchart, all edges must be traversed at least once.
Advantages
e White box testing is very thorough as the entire code and structures are tested.

e It results in the optimization of code removing error and helps in removing extra lines of
code.

e [t can start at an earlier stage as it doesn’t require any interface as in case of black box
testing.

e Easy to automate.

Disadvantages
e Main disadvantage is that it is very expensive.
e Redesign of code and rewriting code needs test cases to be written again.

e Testers are required to have in-depth knowledge of the code and programming language
as opposed to black box testing.

e Missing functionalities cannot be detected as the code that exists is tested.

e Very complex and at times not realistic.
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6.2.3 Validation Testing

e The process of evaluating software during the development process or at the end of the
development process to determine whether it satisfies specified business requirements.

e Validation Testing ensures that the product actually meets the client's needs. It can also
be defined as to demonstrate that the product fulfills its intended use when deployed on
appropriate environment.

e It answers to the question, Are we building the right product?

6.3 TESTCASES
Table 6.3.1: Loading Path

Test case#:1 Priority(h,1): high

Test objective Correct Path details

Test description Path need be checked

Requirements verified Path checked in user system

Test environments (IDLE)

Test setup User initiates any control mechanism

Actions Expected results Actual results

Incorrect path Allows user to enter correct| Incorrect system path
stem path

Correct path Console Console

Pass: yes Conditional pass Fail
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Table 6.3.2: digit recognition from image

Test case#:1 Image identification

Test objective Identify the image

Test description Machine should identify the written digit from the image

Requirements verified Verified

Test environments (IDLE)

Test setup Windows

Actions Expected results Actual results

Incorrect image Correct recognition of writt| Correct  recognition
git from image ritten digit from image

Correct image Console Console

Pass: yes Conditional pass Pass

6.4 DISCUSSION OF RESULTS

Fig 6.3.1 Module failed error
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e With out installing the sklearn library wie will not get the out put because it isa
machine library .

e  After running the program without installing the modules then we will get error.

e The module not found error as sklearn module not found error.

6.3.1 Installation error

CMRTC 22
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Fig 6.3.2 Module installation error

e For installing the modules we need internet connectivity.
e If we are not connecting to the internet to install modules then we will get network
failure error.

e We need to install modules in command prompt.

Fig 6.3.3 Installation of sklearn module

e We install sklearn module to import the data sets to our program.
e The sklearn is a machine library for hand written digit recognition from image.

e Itinclude algorithms for filtering,feature detection, and more.
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Fig 6.3.4 Installation of scipy module

e Installation of Scipy module is which provides convenient and fast N-dimensional array
manipulation.

e The Scipy library is built to work with Numpy arrays and provides many user-friendly
and efficient numerical practices such as routines for numerical integration and
optimization.

e Together, they run on all popular operating systems, are quick to install and are free of
charge.

e Numpy and Scipy are easy to use, but powerful enough to depend on by some of the

world's leading scientists and engineers.
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Fig 6.3.5 Attribute error after running program

e When you get an attribute error in Python.

¢ Numpy and Scipy are easy to use, but powerful enough to depend on by some of the
world's leading scientists and engineers.

e |tt means you tried to access the attribute value of, or assign an attribute value to, a
Python object or class instance in which that attribute simply does not exist.

Fig 6.3.6 Input

e Here we give our input image where the hand written digit is written in that image
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e That hand written digit 7 is need to be recognized by the machine .

e Then the machine should generate output as digit 7.

4 Phon3625hel
Fle Edt Shel Debug Options Window Help

ython 3,6.2 (v3,6,2:5£d33b5, Jul 8 2017, 04:57:36) (MSC v,1900 64 bit (AMDE4)] on win32
Type "copyright", "credits" or "license()" for more information,
»

Fig 6.3.7 Output

e Here in previous step we give image as input.

e Inthat image there is a hand written digit.

e Finally by using image libraries like scikit-learn,numpy and all it generate result to us on

python console screen.

CMRTC
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CONCLUSION AND FUTURE SCOPE

7.1 CONCLUSION

However now we are implementing the hand written digit recognition using Sklearn
machine learning now we can easily implement such intelligence to identify hand written
digits to machines and computers in order to cater our needs in the industrial applications.
Previously mat lab was used for such simulations but in such implementations one does not

have full control, or the ability to understand that what is happening behind the application.

7.2 FUTURE SCOPE

We have a chance to implement this project to character recognition and we can work
on remaining numbers also moreover. We plan to use the same technique to identify
signatures for processing check in banking Industry and secondly to develop a face
recognition system for HRM Department for student attendance system based on Computer

Vision.
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Abstract:

The human visual system is one of the wonders
of the world. Consider the following sequence of
handwritten digits. Most people effortlessly
recognize those digits as 5,6,8. That ease is
heads a

deceptive. We carry in our

supercomputer, tuned by evolution over
hundreds of millions of years, and superbly
adapted to understand the visual world.
Recognizing handwritten digits isn't easy.
Rather, we humans are stupendously,
astoundingly good at making sense of what our
eyes show us. But nearly all that work is done
unconsciously. And so we don't usually
appreciate how tough a problem our visual
systems solve. The difficulty of visual pattern
recognition becomes apparent if you attempt to
write a computer program to recognize digits
like those above. What seems easy when we do it
ourselves suddenly becomes extremely difficult.
Simple intuitions about how we recognize shapes
- "a 9 has a loop at the top, and a vertical stroke
in the bottom right" - turn out to be not so simple
to express algorithmically. When you try to make

such rules precise, you quickly get lost in a

Volume XIlI, Issue V,May/2021

Venkata Phani Krishna Puppala,
UG Scholar, Computer Engineering
Department, CMR Technical Campus,
UGC Autonomous, Kandlakoya (V),
Medchal Road, Hyderabad-501401,
INDIA

N.Sravanthi
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Kandlakoya (V), Medchal Road,
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morass of exceptions and caveats and special
cases. It seems hopeless.

. Keywords—Hand Written Digits, Machine
Learning, Logistic Regression.

I Introduction

Digit recognition system is the
working of a machine to train itself or
recognizing the digits from different
sources like emails, bank cheque,
papers, images, etc. and in different real-
world scenarios for online handwriting
recognition on computer tablets or
system, recognize number plates of
bank

amounts, numeric entries in forms filled

vehicles, processing cheque

up by hand and so on.

PageNo: 2360
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Handwriting recognition (HWR) is
the ability of a computer to receive and
handwritten input from sources such as
paper documents, photographs, touch
screens and other devices. Data science
practitioners apply machine learning
algorithms to numbers, text, images,
video, audio, and more to produce
artificial  intelligence systems that
perform tasks which ordinarily require
Scikit
(formerly scikits learn) is a free software

human intelligence. learn

machine learning library for the

programming language. It features
various classification, regression, and
clustering algorithms. Handwritten digit
recognition has gained so much
popularity from the aspiring beginner of
machine learning and deep learning to
an expert who has been practicing for
years. Developing such a system
includes a machine to understand and
classify the images of handwritten digits
as 10 digits (0-9). Handwritten digits
from the MNIST database are already
famous among the community for many
recent decades. The scope of this article
is to compare the different classifiers
with different parameters and try to

achieve near-human performance.
Il. LITERATURE SURVEY

Nowadays, more and more people

use images to represent and transmit

Volume XIlI, Issue V,May/2021

information. It is also popular to extract

important information from images.

Image recognition is an important

research area for its  widely
applications[1, 2]. In the
young field of

recognition, one of the challenging tasks

relatively
computer  pattern
is the accurate automated recognition of
human handwriting. Indeed, this is
precisely a challenging problem because
there is a considerable variety in
handwriting from person to person.
Although, this variance does not cause
any problems to humans, yet, however it
is more difficult to teach computers to
recognize general handwriting [3]. For
the image recognition problem such as
handwritten classification, it is very
important to make out how data are

represented in images[1].

The data here is not the row pixels,
but should be the features of images
which has high level representation[2,
4]. For the problem of handwritten digit
recognition, the digit’s structure features
should be first extracted from the
strokes. Then the extracted features can
be used to recognize the handwritten
digit. The high performance of large-
scale data processing ability is the core
technology in the era of big data. Most
current classification and regression

machine learning methods are shallow
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learning algorithms [4]. It is difficult to
represent complex function effectively,
and its generalization ability is limited
for complex classification problems[5,
6]. Deep learning is a multilayer neural
network learning algorithm  which
emerged in recent years. Applications of
deep learning to various problems have
been the subject of a number of recent
studies from

ranging image

classification and speech recognition to

audio classification [5, 7-9]. It has
brought a new wave to machine
learning, and making artificial

intelligence  and  human-computer

interaction advance with big strides.
1. PROPOSED METHODOLOGY

At this stage, because all images in
the database are clean and without noise,
no noise reduction technique is required
here. But in a real system we need to
remove noise from the images. In any
document there could be optical noises
present along with the documents.
Especially in the handwritten documents
the character shapes may not be always
unique. Hence the preprocessing is

mandatory. We will first apply an

Erosion with 3 X 3 structuring
elements which will eliminate the one
bit errors and give a smooth edge. Then

the characters are dilated with 2 X 2

Volume XIlI, Issue V,May/2021

elements.
Segmentation :

After the preprocessing step, an

image of sequence of digit is
decomposed into

digit.

sub-images  of
individual Preprocessed input
image is segmented into isolated digit by
assigning a number to each digit using a
labeling process. This labeling provides
information about number of digits in
the image. Each individual digit is
uniformly resized into 100 X 70 pixels
for classification and recognition stage

[16].
Feature Extraction:

After the segmentation step, the
Segmented Image is given as input to
feature extraction module. The statistical
features of the histogram; mean and
standard deviation, will be extracted

from the images.
Training:

After the Feature Extraction step,
each of the proposed algorithms (CNN,
DBN, DNN) is trained separately with

the training images.
Classification & Recognition:

After the training step, “the
classification & Recognition stage is the

decision making part of a recognition
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system and it uses the features extracted
in the previous stage. A feed forward
back propagation neural network having
two hidden layers with architecture of
54-100-100-38 is used to perform the
classification. The hidden layers use log
sigmoid activation function, and the
output layer is a competitive layer, as
one of the digits is to be identified. The
feature vector is denoted as X where X =
(f1, f2,...,fd) where f denotes features
and d is the number of zones into which
each digit is divided. The number of
input neurons is determined by length of
the feature vector d. The total numbers
of digits’ n determine the number of
neurons in the output layer. The number
of neurons in the hidden layers is
obtained by trial and error [16]. The
most Compact network is chosen and
presented as shown in Fig. It is to
recognize handwritten digits using the
three algorithms in  which each
algorithm recognizes the image in its
own way process. After the training
process, the Digits are compared by an
expert to assess the accuracy of the tip.
Also, the precision, the expense of
performance and execution time are

compared..

VolumeXIll, IssueV, May/2021

Python Console

Input leage

D 1 0" Trdning svtem uslng
o => sklesrn
Images

Seipy

Irining systom

and Load ng

Twage to gy than
Atertesing |/ O™ W

Image peserate
result

Result  f="——1 Testing Image

Fig 1: Project Architecture

The below figure describes the process
of hand written digit recognition.
Initially digits of image are taken as
input and given that image to the python
console. Load the data sets using
installed sklearn, scipy module in these
modules data sets are already available
we are just required to import the
module and use those modules. Later
converting the image into data sets and
testing the image. If the generated result
is correct considered it as correct. If the
system unable to identify then the

system 1 as output
IV RESULT ANALYSIS

After

extraction of our dataset, 80% of the

preprocessing and feature

dataset was selected for training and
20% of the dataset was selected for
testing. For error calculation, we are

using scikit-learn metrics.
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Fig 2: Input image to the model
V CONCLUSION

However now we are implementing the
hand written digit recognition using
Sklearn machine learning now we can
easily implement such intelligence to
identify hand written digits to machines
and computers in order to cater our
needs in the industrial applications.
Previously mat lab was used for such
simulations but in such implementations
one does not have full control, or the
ability to understand that what is

happening behind the application.
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