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ABSTRACT

On-Air painting is one of the many attractive and demanding research field in domain of
pattern identification and image rectification. It contributes immensely to a new human-
machine interaction application. The traditional art of writing in the age of digital era is
being replaced by digital art. For creating, rectifying, and visualizing paint in air, we are
using hand gesture recognition with the use of machine learning algorithm by using
python programming, which creates natural interaction between man and machine and
allows the user to draw in the air in a natural way. Paint software have been in our life
since 1985 with the first release of windows 1.0. Artists use paint to create beautiful
canvas. With the profound growth in technology, new methods and devices have come
up but requirement of another input device like mouse or a pencil are still there. We
propose unified CNN-RNN approach for shade detection and segmentation strategies to
accomplish this goal. Color detection is a shade handling strategy where we can identify
any tone in each scope of HSV shading space which coordinates the advantages of both

CNNs (Convolutional Neural Networks) and RNNs (Recurrent Neural Networks).



CHAPTER
NO.

1

TABLE OF CONTENTS

TITLE

INTRODUCTION
1.1 OUTLINE
1.2 WHY USE PYTHON, NUMPY, PANDAS
1.3 WHY USE OPEN CV, TKINTER
1.4 LITERATURE REVIEW
1.5 PROBLEM STATEMENT

1.6 OBJECTIVES

AIM & SCOPE OF FACE RECOGNITION
2.1 REQUIREMENTS
2.1.1 HARDWARE REQUIREMENTS
2.1.2 SOFTWARE REQUIREMENTS
2.2 ROLE OF VISUAL STUDIO CODE
2.2.1 LANGUAGES USED FOR PROJECT
2.3 INSTALLATION OF PYTHON

2.4 INSTALLATION OF VISUAL STUDIO CODE

2.6 INSTALLING PYTHON MODULES

METHODS AND MATERIAL USED

4.1 MATERIAL USED

PAGE
NO.

10
11
13

13

14
14
14
14
14
15
17

19

22

38

38



4.2 METHODS

4.2.1 DESIGNING THE PROJECT

RESULT AND DISCUSSION

CONCLUSION AND FUTURE WORK

REFERENCES

SCREENSHOTS

38

38

43

45

32

34



LIST OF FIGURES

Python website to download Python
How Python works

Installing packages

Open CV

Training Data

Result



CHAPTER 1
INTRODUCTION

1.1 OUTLINE

The traditional art of writing in the age of digital era is being replaced by digital art.
Digital art refers to the forms of speech and the transmission of art in digital form.
Tracking an object is viewed as a significant importance inside the field of Computer
Vision. The innovation of fast computers, the accessibility of affordable and excellent
video cameras and the requirements of computerized video examination have given
rise to importance in tracking methods. Free-to-air collaboration is a hotly debated
topic in development of communication and release of consumer-level computer
platforms such as Microsoft Kinect and other movement tracking advancements. In
spite of recent advances in object detection and tracking, accurate and robust
detection and tracking of the fingertip remains a challenging task, primarily due to
small dimension of the fingertip. Moreover, the initialization and termination of mid-air
finger writing is also challenging due to the absence of any standard delimiting
criterion. To solve these problems, we propose a new writing hand pose detection
algorithm for initialization of air-writing using the Faster R-CNN framework for
accurate hand detection followed by hand segmentation and finally counting the
number of raised fingers based on geometrical properties of the hand. Further, we
propose a robust fingertip detection and tracking approach using a new signature
function called distance-weighted curvature entropy. Finally, a fingertip velocity-based
termination criterion is used as a delimiter to mark the completion of the air-writing
gesture. Experiments show the superiority of the proposed fingertip detection and
tracking algorithm over state-of-the-art approaches giving a mean precision of 73.1%
while achieving real-time performance at 18.5 fps, a condition which is of vital

importance to air-writing.

1.2 WHY USE PYTHON, NUMPY, PANDAS

Python is open source, interpreted, high level language and provides great approach


https://www.sciencedirect.com/topics/engineering/detection-algorithm
https://www.sciencedirect.com/topics/engineering/detection-algorithm

for object-oriented programming. It is one of the best languages used by data
scientist for various data science projects/application. It provides great functionality to
deal with mathematics, statistics and scientific function. It provides great libraries to
deals with data science application. It uses the elegant syntax; hence the programs
are easier to read. The interactive mode of Python makes its simple to test codes. It
allows developer to run the code anywhere, including Windows, Mac OS X, UNIX,
and Linux. It is free software in a couple of categories. It does not cost anything to

use or download Pythons or to add it to the application.

Numpy is Python library that provides mathematical function to handle large
dimension array. It provides various method/function for Array, Metrics, and linear
algebra. NumPy stands for Numerical Python. It provides lots of useful features for
operations on n-arrays and matrices in Python. The library provides vectorization of
mathematical operations on the NumPy array type, which enhance performance and
speeds up the execution. It's very easy to work with large multidimensional arrays
and matrices using NumPy. Nearly every scientist working in Python draws on the
power of NumPy. NumPy brings the computational power of languages like C and
Fortran to Python, a language much easier to learn and use. With this power comes
simplicity: a solution in NumPy is often clear and elegant. The core functionality of
NumPy is its "ndarray”, for n-dimensional array, data structure. These arrays

are strided views on memory.

Pandas is a fast, powerful, flexible and easy to use open source data analysis and
manipulation tool, built on top of the Python programming language. Pandas is one
of the most popular Python library for data manipulation and analysis. Pandas
provide useful functions to manipulate large amount of structured data. Pandas
provide easiest method to perform analysis. It provides large data structures and
manipulating numerical tables and time series data. Pandas is a perfect tool for data
wrangling. Pandas is designed for quick and easy data manipulation, aggregation,
and visualization. There two data structures in Pandas: Series handle and store data
in one-dimensional data whereas DataFrame handle and store Two-dimensional
data. It is a multi-paradigm programming language. Object-oriented programming and

structured programming are fully supported, and many of its features support
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functional programming and aspect-oriented programming (including by meta
programming and metaobjects (magic methods)). Many other paradigms are
supported via extensions, including design by contract and logic programming.

It is a group by engine allowing split-apply-combine operations on data sets.

Data science is an interdisciplinary field focused on extracting knowledge from data
sets, which are typically large (see big data). The field encompasses analysis,
preparing data for analysis, and presenting findings to inform high-level decisions in
an organization. As such, it incorporates skills from computer science, mathematics,
statistics, information visualization, graphic design, complex
systems, communication and business. Data science is a "concept to
unify statistics, data analysis, machine learning, domain knowledge and their related
methods" in order to "understand and analyze actual phenomena" with data. NumPy
targets the CPython reference implementation of Python, which is a non-optimizing
bytecode interpreter. Mathematical algorithms written for this version of Python often
run much slower than compiled equivalents. NumPy addresses the slowness problem
partly by providing multidimensional arrays and functions and operators that operate
efficiently on arrays; using these requires rewriting some code, mostly inner loops,
using NumPy. The core functionality of NumPy is its "ndarray"”, for n-dimensional

array, data structure. These arrays are strided views on memory.

Inserting or appending entries to an array is not as trivially possible as it is with
Python's lists. The np.pad(...) routine to extend arrays actually creates new arrays of
the desired shape and padding values, copies the given array into the new one and
returns it. NumPy's np.concatenate([al,a2]) operation does not actually link the two
arrays but returns a new one, filled with the entries from both given arrays in
sequence. Reshaping the dimensionality of an array with np.reshape(...) is only
possible as long as the number of elements in the array does not change. These
circumstances originate from the fact that NumPy's arrays must be views on
contiguous memory buffers. A replacement package called Blaze attempts to
overcome this limitation. Algorithms that are not expressible as a vectorized operation
will typically run slowly because they must be implemented in "pure Python", while

vectorization may increase memory complexity of some operations from constant to
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linear, because temporary arrays must be created that are as large as the inputs.
Runtime compilation of numerical code has been implemented by several groups to
avoid these problems; open source solutions that interoperate with NumPy include
scipy.weave, numexpr. Many modern large-scale scientific computing applications
have requirements that exceed the capabilities of the NumPy arrays. For example,
NumPy arrays are usually loaded into a computer's memory, which might have
insufficient capacity for the analysis of large datasets. Further, NumPy operations are
executed on a single CPU. However, many linear algebra operations can be
accelerated by executing them on clusters of CPUs or of specialized hardware, such
as GPUs and TPUs, which many deep learning applications rely on. As a result,
several alternative array implementations have arisen in the scientific python
ecosystem over the recent years, such as Dask for distributed arrays and TensorFlow
or JAX for computations on GPUs. Because of its popularity, these often implement a
subset of Numpy's APl or mimic it, so that users can change their array
implementation with minimal changes to their code required.[6] A recently introduced
library named CUPy. accelerated by Nvidia's CUDA framework, has also shown

potential for faster computing, being a 'drop-in replacement’ of NumPy.

1.3WHY USE OPEN CV, TKINTER

OpenCV is the huge open-source library for the computer vision, machine learning,
and image processing and now it plays a major role in real-time operation which is
very important in today’s systems. By using it, one can process images and videos to
identify objects, faces, or even handwriting of a human. When it integrated with
various libraries, such as NumPy, python can process the OpenCV array structure for
analysis. To Identify image pattern and its various features we use vector space and

perform mathematical operations on these features.

The first OpenCV version was 1.0. OpenCV is released under a BSD license and
hence it's free for both academic and commercial use. It has C++, C, Python and
Java interfaces and supports Windows, Linux, Mac OS, iOS and Android. When
OpenCV was designed the main focus was real-time applications for computational

efficiency. All things are written in optimized C/C++ to take advantage of multi-core
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processing.

Tkinter provides Python users with a simple way to create GUI elements using the
widgets found in the Tk toolkit. Tk widgets can be used to construct buttons, menus,
data fields, etc. in a Python application. Once created, these graphical elements can
be associated with or interact with features, functionality, methods, data or even other

widgets.

OpenCV (Open Source Computer Vision Library) is an open source computer vision
and machine learning software library. OpenCV was built to provide a common
infrastructure for computer vision applications and to accelerate the use of machine
perception in the commercial products. Being a BSD-licensed product, OpenCV

makes it easy for businesses to utilize and modify the code.

The library has more than 2500 optimized algorithms, which includes a
comprehensive set of both classic and state-of-the-art computer vision and machine
learning algorithms. These algorithms can be used to detect and recognize faces,
identify objects, classify human actions in videos, track camera movements, track
moving objects, extract 3D models of objects, produce 3D point clouds from stereo
cameras, stitch images together to produce a high resolution image of an entire
scene, find similar images from an image database, remove red eyes from images
taken using flash, follow eye movements, recognize scenery and establish markers to
overlay it with augmented reality, etc. OpenCV has more than 47 thousand people of
user community and estimated number of downloads exceeding 18 million. The
library is used extensively in companies, research groups and by governmental

bodies.

Along with well-established companies like Google, Yahoo, Microsoft, Intel, IBM,
Sony, Honda, Toyota that employ the library, there are many startups such as
Applied Minds, VideoSurf, and Zeitera, that make extensive use of OpenCV.
OpenCV’s deployed uses span the range from stitching streetview images together,
detecting intrusions in surveillance video in Israel, monitoring mine equipment in
China, helping robots navigate and pick up objects at Willow Garage, detection of

swimming pool drowning accidents in Europe, running interactive art in Spain and
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New York, checking runways for debris in Turkey, inspecting labels on products in

factories around the world on to rapid face detection in Japan.

It has C++, Python, Java and MATLAB interfaces and supports Windows, Linux,
Android and Mac OS. OpenCV leans mostly towards real-time vision applications and
takes advantage of MMX and SSE instructions when available. A full-featured
CUDAand OpenCL interfaces are being actively developed right now. There are over
500 algorithms and about 10 times as many functions that compose or support those
algorithms. OpenCV is written natively in C++ and has a templated interface that

works seamlessly with STL containers.

The tkinter package (“Tk interface”) is the standard Python interface to the Tcl/Tk GUI
toolkit. Both Tk and tkinter are available on most Unix platforms, including macOS, as

well as on Windows systems.

Running python -m tkinter from the command line should open a window
demonstrating a simple Tk interface, letting you know that tkinter is properly installed
on your system, and also showing what version of Tcl/Tk is installed, so you can read

the Tcl/Tk documentation specific to that version.
Tkinter supports a range of Tcl/Tk versions, built either with or without thread support.
The official Python binary release bundles Tcl/Tk 8.6 threaded. See the source code

for the _tkinter module for more information about supported versions.

Tkinter is not a thin wrapper, but adds a fair amount of its own logic to make the

experience more pythonic.

For example, a button widget can accept mouse clicks, and can also be programmed

to perform some kind of action, such as exiting the application.
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1.4 LITERATURE REVIEW

Python was conceived in the late 1980s by Guido van Rossum at Centrum Wiskunde
& Informatica (CWI) in the Netherlands as a successor to the ABC language (itself
inspired by SETL), capable  of exception  handlingand interfacing  with
the Amoeba operating system. Its implementation began in December 1989. Van
Rossum shouldered sole responsibility for the project, as the lead developer, until 12
July 2018, when he announced his "permanent vacation" from his responsibilities as
Python's Benevolent Dictator For Life, a title the Python community bestowed upon
him to reflect his long-term commitment as the project's chief decision-maker. He now
shares his leadership as a member of a five-person steering council. In January
2019, active Python core developers elected Brett Cannon, Nick Coghlan, Barry
Warsaw, Carol Willing and Van Rossum to a five-member "Steering Council" to lead

the project.

It is a multi-paradigm programming language. Object-oriented programming and
structured programming are fully supported, and many of its features support
functional programming and aspect-oriented programming (including by meta
programming and metaobjects (magic methods)). Many other paradigms are

supported via extensions, including design by contract and logic programming.

Python uses dynamic typing and a combination of reference counting and a cycle-
detecting garbage collector for memory management. It also features dynamic name
resolution (late binding), which binds method and variable names during program

execution.

Python's design offers some support for functional programming in the Lisp tradition.

It has filter, map, and reduce functions; list comprehensions, dictionaries, sets, and
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generator expressions. The standard library has two modules (itertools and functools)
that implement functional tools borrowed from Haskell and Standard ML and Data

Science.

In 1962, John Tukey described a field he called “data analysis,” which resembles
modern data science. Later, attendees at a 1992 statistics symposium at the
University of Montpellier 11 acknowledged the emergence of a new discipline focused
on data of various origins and forms, combining established concepts and principles

of statistics and data analysis with computing.

A facial recognition system is a technology capable of matching a human face from a
digital image or a video frame against a database of faces, typically employed to
authenticate users through ID verification services, works by pinpointing and

measuring facial features from a given image.

Development began on similar systems in the 1960s, beginning as a form of
computer application. Since their inception, facial recognition systems have seen
wider uses in recent times on smartphones and in other forms of technology, such as
robotics. Because computerized facial recognition involves the measurement of a
human's physiological characteristics, facial recognition systems are categorized as
biometrics. Although the accuracy of facial recognition systems as a biometric
technology is lower than iris recognition and fingerprint recognition, it is widely
adopted due to its contactless process. Facial recognition systems have been
deployed in advanced human-computer interaction, video surveillance and automatic

indexing of images.

Facial recognition systems are employed throughout the world today by governments
and private companies. Their effectiveness varies, and some systems have
previously been scrapped because of their ineffectiveness. The use of facial
recognition systems has also raised controversy, with claims that the systems violate
citizens' privacy, commonly make incorrect identifications, encourage gender norms
and racial profiling, and do not protect important biometric data. These claims have

led to the ban of facial recognition systems in several cities in the United States.

15



Automated facial recognition was pioneered in the 1960s. Woody Bledsoe, Helen
Chan Wolf, and Charles Bisson worked on using the computer to recognize human
faces. Their early facial recognition project was dubbed "man-machine" because the
coordinates of the facial features in a photograph had to be established by a human
before they could be used by the computer for recognition. On a graphics tablet a
human had to pinpoint the coordinates of facial features such as the pupil centres,
the inside and outside corner of eyes, and the widows peak in the hairline. The
coordinates were used to calculate 20 distances, including the width of the mouth and
of the eyes. A human could process about 40 pictures an hour in this manner and so
build a database of the computed distances. A computer would then automatically
compare the distances for each photograph, calculate the difference between the

distances and return the closed records as a possible match.

A video based pointing method will first track the coloured fingertip in frames and
later apply English OCR above drawn image. It gives a characteristic human to
machine connection in such a way that keypad is not required. Proposed
methodology acquires the normal accuracy of over 92.083% and 50 ms delay per
character. It can be used for all separated dialects but having red in the background
can lead to false results. [1] Introduction of AR-Canvas for information visualization is
beyond the traditional information visualization. Designing embedded visualization on
an AR- Canvas requires revaluation design methods that we learned with traditional
canvas. Main source of visual cluster may come from scenes with background and

potentially hiding real world information and artifacts. [2]

In the approach of making documents in air utilizing Myo-armband, we divide the
issue into two parts namely 2-DifViz and HDRA. The model accomplishes an
acknowledgment of 91.7% on a freelance valuation and 96.7% on individual ward
valuation. Visualization module 2-DiffViz produces multi-dimensional sensor
information onto a 2D surface which produces a practical perception of the
information. In identification module execute Handwritten Digits Recognition in Air
(HDRA) the data represented by Myo-Armband is added into GRU (Gated Recurrent
Unit) network. [3] Object character recognition is an efficient method of detecting the

characters from the image. OCR is the is the electronic or mechanical transformation
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of images of handwritten, printed, or typed text. It is mostly used in passport,
documents, bank statements, invoices, business cards, computerized receipts, or any
other suitable documents. OCR is a field of study in pattern recognition, computer

vision and atrtificial intelligence. [4]

1.5PROBLEM STATEMENT

To process facial data and train system to recognize and detect faces using numpy

and open cv. Use numpy to convert images to numpy array.

1.6 OBJECTIVES

An application to train different facial data and train system to recognize and detect

faces. Use numpy to convert facial data to a numpy array and store in a XML format.
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CHAPTER 2
AIM & SCOPE OF FACE RECOGNITION

2.1 REQUIREMENTS
2.1.1 HARDWARE REQUIREMENTS

e Inter core i5 7" Gen / Ryzen 5 2500u
e 8GB of DDR4 RAM

e 128 GB SSD/HDD

e 2GB Nvidia GeForce RTX 1050 Ti

e Camera
2.1.2 SOFTWARE REQUIREMENTS:

e Python installed on your system
e Visual Studio Code

Visual Studio Code is an Integrated Development Environment (IDE) made by Microsoft
for Windows, Linux and macOS. Features include support for debugging, syntax
highlighting, intelligent code completion, snippets, code refactoring, and embedded Git.
Users can change the theme, keyboard shortcuts, preferences, and install extensions

that add additional functionality.

2.2 ROLE OF VISUAL STUDIO CODE

18



Visual Studio Code is a source-code editor that can be used with a variety of
programming languages, including Java, JavaScript, Go, Node.js, Python and C++. It is
based on the Electron framework, which is used to develop Node.js Web applications
that run on the Blink layout engine. Visual Studio Code employs the same editor
component (codenamed "Monaco") used in Azure DevOps (formerly called Visual Studio

Online and Visual Studio Team Services).

Instead of a project system, it allows users to open one or more directories, which can
then be saved in workspaces for future reuse. This allows it to operate as a language-
agnostic code editor for any language. It supports a number of programming languages
and a set of features that differs per language. Unwanted files and folders can be
excluded from the project tree via the settings. Many Visual Studio Code features are not
exposed through menus or the user interface but can be accessed via the command

palette.

Visual Studio Code can be extended via extensions, available through a central
repository. This includes additions to the editor and language support. A notable feature
is the ability to create extensions that add support for new languages, themes, and
debuggers, perform static code analysis, and add code linters using the Language

Server Protocol.

Visual Studio Code includes multiple extensions for FTP, allowing the software to be
used as a free alternative for web development. Code can be synced between the editor

and the server, without downloading any extra software.

Visual Studio Code allows users to set the code page in which the active document is
saved, the newline character, and the programming language of the active document.
This allows it to be used on any platform, in any locale, and for any given programming

language.

2.2.1 LANGUAGES USED FOR PROJECT

Machine Learning , data science and artificial Intelligence-based projects are obviously

what the future holds . We want better personalization, smarter recommendations, and

19



improved search functionality. Our apps can see, hear, and respond-that’s what artificial
intelligence (Al) has brought , enhancing the user experience and creating value across

many industries.

FEATURES OF PYTHON:

Following are some of the important features that make Python the first choice of Data
Science Engineers.

Simple and consistent:

Python offers concise and readable code. While complex algorithms and versatile
workflows stand behind data science, machine learning and Al, Python’s simplicity allows
developers to write reliable systems. Python code is understandable by humans, which

makes it easier to build models for machine learning.

Extensive selection of libraries and frameworks:
Implementing Data Science and ML algorithms can be tricky and requires a lot of time.
It's vital to have a well-structured and well tested environment to enable developers to

come up with the best coding solutions.

e Numpy and Pandas for storing images in an array.
e Open CV for detecting dace.

e Tkinter for graphical user interface.

Platform independence:

Python software can be easily distributed and used on that operating system without a

Python interpreter. Great Community and Popularity: In the Developer survey 2018 by

Stack Overflow, Python was among the most popular programming language, which

ultimately mean that you can find easily a development company.
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2.3 HOW TO INSTALL PYTHON
From Website:

& python

About

Latest News

You can download Python from their website directly to your system for development

purposes.
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» Python 3.8.5 (32-bit) Setup — X

Install Python 3.8.5 (32-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

@ Install Now

C:\Users\Kumar Aditya\AppData\Local\Programs\Python\Python38-32

Includes IDLE, pip and documentation
Creates shortcuts and file associations

—> Customize installation
Choose location and features

python

for M Install launcher for all users (recommended)

windows [ Add Python 3.8 to PATH Cancel

Do not forget to “Add Python to PATH”

% After installation is complete you will be able to see Python in Command Prompt.

Run -> cmd

= Run X

Type the name of a program, folder, document, or
=/ Internet resource, and Windows will open it for you.

Open: | [dgls a)

I OK I Cancel Browse...

+ You can see information about your version and switch to python by typing “python” in

Command Prompt.
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[&+] CAWINDOWS\system32\cmd.exe - python

Microsoft Windows [Version 10.0.19041.450]
(c) 2020 Microsoft Corporation. All rights reserved.

C:\Users\Kumar Aditya>python
Python 3.8.5 (tags/v3.8.5:580fbb0, Jul 20 2020, 15:57:54) [MSC v.1924 64 bit (AMD64)] on win32
"copyright", "credits" or "license" for more information.

Type "help",
>>>
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2.4 HOW TO INSTALL VISUAL STUDIO

Go to website:

https://visualstudio.microsoft.com/downloads/

B% Microsoft | Visual Studio  Froducts . Downloads By

Free Visual Studio All Microzoft

Try the Release Candidate for the new major release of Visual Studio

« Visual Studio 2022 Release Candidate

Download M

Visual Studio 2022 Previews >  What is an RC >

Downloads

Visual Studio 2019

Visual Studio for Mac 2022 Preview
and fiuid, jern NET IDE hand-ta

Learn more >

Help me choose

Community Professional Enterprise
Release notes >
£
A ek W i
e s [ ]

Compare editions >

How to install offline >

3 | 3 maos od 3
2

Visual Studio Code Visual Studio for Mac E

Release notes > ¥

Release notes >
fast, fre == oad 5 Deveiop apps and games fi A 1, and Free d

Use the download link:

Visual Studio 2019

Release notes »

Compare editions >

How te install offline >

] m A maxos

Visual Studio Code

Release notes ¥

The

adapty o

dope

s ks s e terms 1 privacy siement.

Free download

saurce code editar that .
aure code ditar the ‘download ; T
. weehy Lsini NE

Professional Enterprise

macos

«

Visual Studio for Mac

Release notes >

apps and games o7 05, Androd, and

o t0 Sctivate your iense Sud s s s i, s Sy ot Mo ek 1 sl i

It 1o deelop fon

[ app type ]

v using

[ technology ] anmy [dev box OS] machine

All Downloads
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Install the Visual Studio Installer:

Visual Studio Installer

Before you get started, we need to set up a few things so that you
can configure your installation.

To learn more about privacy, see the Microsoft Privacy Statement,
By continuing, you agree to the Microsoft Software License Terms,

Continue

Choose workloads:
After the installer is installed, you can use it to customize your installation by selecting
the feature set or workloads that you want.

Installing — Visual Studio Community 2019 X

Workloads Individual components Language packs Installation locations

Web & Cloud (4) Installation details

ASPNET and web devel Azure devel > Visual Studio core editor
d it it
@ and web developmen /s ure cevelopmen ) - + ASP.NET and web development
Build web applications using ASP.NET Core, ASP.NET, Azure SDKs, tools, and projects for developing cloud apps Included
HTML/JavaScript, and Containers including Docker support. and creating resources using .NET Core and .NET... neluae - c
+ .NET Core development tools

v .NET Framework 4.7.2 development tools

P Python development Node.js development + ASP.NET and web development tools
Editing, debugging, interactive development and source Build scalable network applications using Nodejs, an v IntelliCode
control for Python. asynchronous event-driven JavaScript runtime.
Optional
.NET Framework 4 — 4.6 development tools
Desktop & Mobile (5) NET Core 2.1 LTS Runtime
Cloud tools for web development
.NET desktop development ) |:3 Désklop development with C++ ) NET profiling tools
Build WPF, Windows Forms, and conscle applications using Build modern C++ apps for Windows using tools of your

Entity Framework 6 tools

C#, Visual Basic, and F# with .NET Core and .NET... choice, including MSVC, Clang, CMake, or MSBuild.
Advanced ASP.NET features
Developer Analytics tools
Ml Universal Windows Platform development @ Mobile development with .NET Web Deploy
Ml ceae applications for the Universal Windows Platform Build cross-platform applications for iOS, Android or Live Share
with C#, VB, or optionally C++ Windows using Xamarin. Windows Communication Foundation

.NET Framework 4.6.1 development tools

NFT Framework 4.6.7 develonment tools

Location System drive (C)  4.77 GB

C:\Program Files (x86)\Microsoft Visual Studio\2019\Community ~Change... Other drives  1.31GB
Total space required  6.08 GB

By continuing, you agree to the license for the Visual Studio edition you selected. We also offer the ability to download other software with Visual Studio. This software B .

is licensed separately, as set out in the 3rd Party Notices or in its accompanying license. By continuing, you also agree to those licenses. Install while downloading ~
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Choose individual components (optional):
If you don't want to use the Workloads feature to customize your Visual Studio

installation, or you want to add more components than a workload installs, you can do so

by installing or adding individual components from the Individual components tab.

Installing — Visual Studio Community 2019

Workloads Individual components Language packs Installation locations
‘ Fear[h components (Ctrl+Q) /O|
-NET

\NET Core 2.1 LTS Runtime
NET Core 2.2 Runtime
.NET Core 3.0 Runtime
NET Core 3.1 SDK

<]

.NET Framework 3.5 development tools
NET Framework 4 targeting pack

.NET Framework 4.5 targeting pack
NET Framework 4.5.1 targeting pack
.NET Framework 4.5.2 targeting pack

[<J<]<<]<

NET Framework 4.6 targeting pack
.NET Framework 4.6.1 SDK

NET Framework 4.6.1 targeting pack
.NET Framework 4.6.2 SDK

<]

NET Framework 4.6.2 targeting pack
.NET Framework 4.7 SDK
NET Framework 4.7 targeting pack
NFT Framework 47.1 SDK
Location
CA\Program Files (x86)\Microsoft Visual Studio\2019\Community ~Change.

By continuing, you agree to the license for the Visual Studio edition you selected. We also offer the ability to download other software with Visual Studio. This software
is licensed separately, as set out in the 3rd Party Notices or in its accompanying license. By continuing, you also agree to those licenses.

Installation details

> Visual Studio core editor
+ ASPNET and web development
Included

NET Core development tools

opment tools
ASP.NET and w ev ment tools
IntelliCode
Optional

NET Framework 4 — 4.6 development tools
NET Core 2.1 LTS Runtime

Cloud tools for web development

.NET profiling tools

Entity Framework 6 tools

Advanced ASP.NET features
Developer Analytics tools
Web Deploy

[<B<N<Q<J§<]

Live Share

Windows Communication Foundation

.NET Framework 4.6.1 development tools
NFT Framework 4.6.2 develonment tools
System drive (C) 4.77 GB
Other drives  1.31 GB
Total space required  6.08 GB

Install while downloading ~ Install

Select the installation location (optional):

You can reduce the installation footprint of Visual Studio on your system drive. You can

choose to move the download cache, shared components, SDKs, and tools to different

drives, and keep Visual Studio on the drive that runs it the fastest.

Installing — Visual Studio Community 2019

Workloads Individual components Language packs Installation locations

visual studio IDE ©@

C:\Program Files (x86)\Microsoft Visual Studio\2019\Community 1.68 GB

Download cache

D:\Microsoft\VisualStudio\Packages 1.11GB

Keep download cache after the installation

Shared components, tools, and SDKs ®

0KB

System cache, tools, and SDKs with fixed locations 229GB

Location
C:\Program Files (x86)\Microsoft Visual Studio\2019\Community

By continuing, you agree to the license for the Visual Studio edition you selected. We also offer the ability to download other software with Visual Studio. This software
is licensed separately, as set out in the 3rd Party Notices or in its accompanying license. By continuing, you also agree to those licenses.

Installation details

> Visual Studio core editor
> .NET Core cross-platform development
v ASP.NET and web development
Included
.NET Core 2.1 development tools
NET Framework 4.7.2 development tools
ASP.NET and web development tools

Optional
NET Framework 4 — 4.
Cloud tools for we
NET profiling
Entity Frame:
Advanced ASP.

relopment tools
development

6 tools
ET features

ytics tools

Live Share - Preview
Windows Communication Foundation
NET Core 2.2 dev ment tools
6.1 development tools
opment tools
NET Framework 4.7 di pment tools
NFT Framework 4.7.1 develonment tools

System drive (C)  3.97 GB
Other drives  1.11 GB
Total space required  5.07 GB

Install while downloading ~ Install
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Start developing:

1. After Visual Studio installation is complete, select the Launch button to get started
developing with Visual Studio.

2. On the start window, choose Create a new project.

3. In the search box, enter the type of app you want to create to see a list of
available templates. The list of templates depends on the workloads that you
chose during installation. To see different templates, choose different workloads.

4. You can also filter your search for a specific programming language by using the
Language drop-down list. You can filter by using the Platform list and the Project

type list, too.

5. Visual Studio opens your new project, and you're ready to code!

2.5 INSTALLING PYTHON MODULES:
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CHAPTER 3

WHY OBJECT TRACKING

Object tracking is an application of deep learning where the program takes an initial
set of object detections and develops a unique identification for each of the initial
detections and then tracks the detected objects as they move around frames in a

video.

In other words, object tracking is the task of automatically identifying objects in a

video and interpreting them as a set of trajectories with high accuracy.

Often, there’s an indication around the object being tracked, for example, a
surrounding square that follows the object, showing the user where the object is on

the screen
3.1 Uses and Types of Object Tracking

Object tracking is used for a variety of use cases involving different types of input
footage. Whether or not the anticipated input will be an image or a video, or a real-
time video vs. a prerecorded video, impacts the algorithms used for creating object
tracking applications.

The kind of input also impacts the category, use cases, and applications of object
tracking. Here, we will briefly describe a few popular uses and types of object

tracking, such as video tracking, visual tracking, and image tracking.
3.1.1 Video Tracking

Video tracking is an application of object tracking where moving objects are located
within video information. Hence, video tracking systems are able to process live, real-

time footage and also recorded video files.

The processes used to execute video tracking tasks differ based on which type of
video input is targeted. This will be discussed more in-depth when we compare batch

and online tracking methods later in this article.

Different video tracking applications play an important role in video analytics, in scene

understanding for security, military, transportation, and other industries. Today, a
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wide range of real-time computer vision and deep learning applications use
videotracking methods. | recommend you check out our extensive list of the most

popular Computer Vision Applications in 2021
3.1.2 Visual Tracking

Visual tracking or visual target-tracking is a research topic in computer vision that is
applied in a large range of everyday scenarios. The goal of visual tracking is to
estimate the future position of a visual target that was initialized without the

availability of the rest of the video.
3.1.3 Image Tracking

Image tracking is meant for detecting two-dimensional images of interest in a given

input. That image is then continuously tracked as they move in the setting.

Image tracking is ideal for datasets with highly contrasting images (ex. black and
white), asymmetry, few patterns, and multiple identifiable differences between the

image of interest and other images in the image set.

Image tracking relies on computer vision to detect and augment images after image

targets are predetermined.
3.1.4 Object tracking camera

Modern object tracking methods can be applied to real-time video streams of
basically any camera. Therefore, the video feed of a USB camera or an IP camera
can be used to perform object tracking, by feeding the individual frames to a tracking
algorithm. Frame skipping or parallelized processing are common methods to
improve object tracking performance with real-time video feeds of one or multiple

cameras.

3.2 What makes Object Tracking difficult? What are the common challenges

and advantages of Object Tracking?

The main challenges usually stem from issues in the image that make it difficult for

object tracking models to effectively perform detections on the images.

Here, we will discuss the few most common issues with the task of tracking objects

and methods of preventing or dealing with these challenges.
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3.2.1. Training and Tracking Speed

Algorithms for tracking objects are supposed to not only accurately perform
detections and localize objects of interest but also do so in the least amount of time
possible. Enhancing tracking speed is especially imperative for real-time object

tracking models.

To manage the time taken for a model to perform, the algorithm used to create the
object tracking model needs to be either customized or chosen carefully. Fast R-CNN
and Faster R-CNN can be used to increase the speed of the most common R-CNN

approach.

Since CNNs (Convolutional Neural Networks) are commonly used for object
detection, CNN modifications can be the differentiating factor between a faster object
tracking model and a slower one. Design choices besides the detection framework
also influence the balance between speed and accuracy of an object detection

model.
3.2.2. Background Distractions

The backgrounds of inputted images or images used to train object tracking models
also impact the accuracy of the model. Busy backgrounds of objects meant to be

tracked can make it harder for small objects to be detected.

With a blurry or single color background, it is easier for an Al system to detect and
track objects. Backgrounds that are too busy, have the same color as the object, or
that are too cluttered can make it hard to track results for a small object or a lightly

colored object.

3.2.3. Multiple Spatial Scales

Objects meant to be tracked can come in a variety of sizes and aspect ratios. These
ratios can confuse the object tracking algorithms into believing objects are scaled
larger or smaller than their actual size. The size misconceptions can negatively

impact detections or detection speed.
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To combat the issue of varying spatial scales, programmers can implement

techniques such as feature maps, anchor boxes, image pyramids, and feature

pyramids.

Anchor Boxes: Anchor boxes are a compilation of bounding boxes that have
a specified height and width. The boxes are meant to acquire the scale and
aspect ratios of objects of interest. They are chosen based on the average
object size of the objects in a given dataset. Anchor boxes allow various types
of objects to be detected without having the bounding box coordinates

alternated during localization.

Feature Maps: A feature map is the output image of a layer when a
Convolutional Neural Network (CNN) is used to capture the result of applying
filters to that input image. Feature maps allow a deeper understanding of the
features being detected by a CNN. Single-shot detectors have to take into
account the issue of multiple scales because they detect objects with just one
pass through a CNN framework. This will occur in a detection decrease for
small images. Small images can lose signal during downsampling in the
pooling layers, which is when the CNN was trained on a low subset of those
smaller images. Even if the number of objects is the same, downsampling can
occur because the CNN wasn’t able to detect the small images and count them
towards the sample size. To prevent this, multiple feature maps can be used to
allow single-shot detectors to look for objects within CNN layers — including
earlier layers with higher resolution images. Single-shot detectors (SSD) are
still not an ideal option for small object tracking because of the difficulty they
experience when detecting small objects. Tight groupings can prove especially
difficult. For instance, overhead drone shots of a group of herd animals will be

difficult to track using single-shot detectors.

Image and Feature Pyramid Representations: Feature pyramids, also
known as multi-level feature maps because of their pyramidal structure, are a
preliminary solution for object scale variation when using object tracking
datasets. Hence, feature pyramids model the most useful information regarding

objects of different sizes in a top-down representation and therefore make it
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easier to detect objects of varying sizes. Strategies such as image pyramids
and feature pyramids are useful for preventing scaling issues. The feature
pyramid is based on multi-scale feature maps, which uses less computational
energy than image pyramids. This is because image pyramids consist of a set
of resized versions of one input image that are then sent to the detector at

testing.

b
Attention weights

FPN Adaptive Feature Selection Detection Head  Output

Image

Occlusion has a lot of definitions. In medicine, occlusion is the “blockage of a blood
vessel” due to the vessel merging to a close; in deep learning, it has a similar

meaning.

In Al vision tasks using deep learning, occlusion happens when multiple objects
come too close together (merge). This causes issues for object tracking systems
because the occluded objects are seen as one or simply track the object incorrectly.

The system can get confused and identify the initially tracked object as a new object.

Occlusion sensitivity prevents this misidentification by allowing the user to understand
which parts of an image are the most important for the object tracking system to
classify. Occlusion sensitivity refers to a measure of the network’s sensitivity to
occlusion in different data regions. It is done using small subsets of the original

dataset.
Levels of Object Tracking

Object Tracking consists of multiple subtypes because it is such a broad application.

Levels of object tracking differ depending on the number of objects being tracked.
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Multiple Object Tracking (MOT)

Multiple object tracking is defined as the problem of automatically identifying multiple

objects in a video and representing them as a set of trajectories with high accuracy.

Hence, multi-object tracking aims to track more than one object in digital images. It is
also called multi-target tracking, as it attempts to analyze videos to identify objects

(“targets”) that belong to more than one predetermined class

Multiple object tracking is of great importance in autonomous driving, where it is used
to detect and predict the behavior of pedestrians or other vehicles. Hence, the
algorithms are often benchmarked on the KITTI tracking test. KITTI is a challenging
real-world computer vision benchmark and image dataset, popularly used in

autonomous driving.

In 2022, the best performing multiple object tracking algorithms are DEFT (88.95
MOTA, Multiple Object Tracking Accuracy), CenterTrack ( 89.44 MOTA), and SRK
ODESA (90.03 MOTA).

Multiple Object Tracking (MOT) vs. General Object Detection

Object detections typically produce a collection of bounding boxes as outputs.
Multiple object tracking often has little to no prior training regarding the appearance
and number of targets. Bounding boxes are identified using their height, width,
coordinates, and other parameters. Meanwhile, MOT algorithms additionally assign a
target ID to each bounding box. This target ID is known as a detection, and it is

important because it allows the model to distinguish among objects within a class.

For example, instead of identifying all cars in a photo where multiple cars are present
as just “car,” MOT algorithms attempt to identify different cars as being different from

each other rather than all falling under the “car” label.
Single Object Tracking

Single Object Tracking (SOT) creates bounding boxes that are given to the tracker
based on the first frame of the input image. Single Object Tracking is also sometimes

known as Visual Object Tracking.
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SOT implies that one singular object is tracked, even in environments involving other
objects. Single Object Trackers are meant to focus on one given object rather than
multiple. The object of interest is determined in the first frame, which is where the
object to be tracked is initialized for the first time. The tracker is then tasked with

locating that unique target in all other given frames.

SOT falls under the detection-free tracking category, which means that it requires
manual initialization of a fixed number of objects in the first frame. These objects are
then localized in consequent frames. A drawback of detection-free tracking is that it
cannot deal with scenarios where new objects appear in the middle frames. SOT

models should be able to track any given object.
Object Tracking Algorithms
Multiple Object Tracking (MOT) Algorithm Introduction

Most multiple object tracking algorithms incorporate an approach called tracking-by-
detection. The tracking-by-detection method involves an independent detector that is
applied to all image frames to obtain likely detections, and then a tracker, which is run
on the set of detections. Hereby, the tracker attempts to perform data association (for
example, linking the detections to obtain complete trajectories). The detections
extracted from video inputs are used to guide the tracking process by connecting

them and assigning identical IDs to bounding boxes containing the same target.

« Batch method: Batch tracking algorithms use information from future video
frames when deducing the identity of an object in a certain frame. Batch
tracking algorithms use non-local information regarding the object. This

methodology results in a better quality of tracking.

e Online method: While batch tracking algorithms access future frames, online
tracking algorithms only use present and past information to come to

conclusions regarding a certain frame.

Online tracking methods for performing MOT generally perform worse than batch
methods because of the limitation of online methods staying constrained to the
present frame. However, this methodology is sometimes necessary because of the

use case.
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For example, real-time problems requiring the tracking of objects, like navigation or
autonomous driving, do not have access to future video frames, which is why online

tracking methods are still a viable option.
Multiple Object Tracking Algorithm Stages

Most multiple object tracking algorithms contain a basic set of steps that remain
constant as algorithms vary. Most of the so-called multi-target tracking algorithms

share the following stages:

o Stage #1:. Designation or Detection: Targets of interest are noted and
highlighted in the designation phase. The algorithm analyzes input frames to
identify objects that belong to target classes. Bounding boxes are used to

perform detections as part of the algorithm.

o Stage #2: Motion: Feature extraction algorithms analyze detections to extract
appearance and interaction features. A motion predictor, in most cases, is

used to predict subsequent positions of each tracked target.

o Stage #3: Recall: Feature predictions are used to calculate similarity scores
between detection couplets. Those scores are then used to associate
detections that belong to the same target. IDs are assigned to similar

detections, and different IDs are applied to detections that are not part of pairs.

Some object tracking models are created using these steps separately from each
other, while others combine and use the steps in conjunction. These differences in
algorithm processing create unique models where some are more accurate than

others.
Popular Object Tracking Algorithms

Convolutional Neural Networks (CNN) remain the most used and reliable network for
object tracking. However, multiple architectures and algorithms are being explored as
well. Among these algorithms are Recurrent Neural Networks (RNNs), Autoencoders
(AEs), Generative Adversarial Networks (GANs), Siamese Neural Networks (SNNs),

and custom neural networks.

36



Although object detectors can be used to track objects if it is applied frame-by-frame,
this is a computationally limiting and therefore a rather inefficient method of
performing object tracking. Instead, object detection should be applied once, and
then the object tracker can handle every frame after the first. This is a more
computationally effective and less cumbersome process of performing object

tracking.
1. OpenCV Object Tracking

OpenCV object tracking is a popular method because OpenCV has so many
algorithms built-in that are specifically optimized for the needs and objectives of

object or motion tracking.

Specific Open CV object trackers include the BOOSTING, MIL, KCF, CSRT,
MedianFlow, TLD, MOSSE, and GOTURN trackers. Each of these trackers is best for
different goals. For example, CSRT is best when the user requires a higher object

tracking accuracy and can tolerate slower FPS throughput.

The selection of an OpenCV object tracking algorithm depends on the advantages

and disadvantages of that specific tracker and the benefits:

o« The KCF tracker is not as accurate compared to the CSRT but provides

comparably higher FPS.

« The MOSSE tracker is very fast, but its accuracy is even lower than tracking
with KCF. Still, if you are looking for the fastest object tracking OpenCV
method, MOSSE is a good choice.

e The GOTURN tracker is the only detector for deep learning based object
tracking with OpenCV. The original implementation of GOTURN is in Caffe, but
it has been ported to the OpenCV Tracking API.

2. DeepSORT

DeepSORT is a good object tracking algorithm choice, and it is one of the most
widely used object tracking frameworks. Appearance information is integrated within

the algorithm, which vastly improves DeepSORT performance. Because of the
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integration, objects are trackable through longer periods of occlusion — reducing the

number of identity switches.

For complete information on the inner workings of DeepSORT and specific
algorithmic differences between DeepSORT and other algorithms, we suggest the

article “Object Tracking using DeepSORT in TensorFlow 2” by Anushka Dhiman.
3. Object Tracking MATLAB

MATLAB is a numeric computing platform, which makes it different in its
implementation compared to DeepSORT and OpenCV, but it is nevertheless a fine

choice for visual tracking tasks.

The Computer Vision Toolbox in MATLAB provides video tracking algorithms, such
as continuously adaptive mean shift (CAMShift) and Kanade-Lucas-Tomasi (KLT) for
tracking a single object or for use as building blocks in a more complex tracking

system.
4. MDNet

MDNet is a fast and accurate, CNN-based visual tracking algorithm inspired by the R-
CNN object detection network. It functions by sampling candidate regions and
passing them through a CNN. The CNN is typically pre-trained on a vast dataset and

refined at the first frame in an input video.

Therefore, MDNet is most useful for real-time object tracking use cases. However,
while it suffers from high computational complexity in terms of speed and space, it

still is an accurate option.

The computation-heavy aspects of MDNet can be minimized by performing Rol
(Region of Interest) Pooling, however, which is a relatively effective way of avoiding

repetitive observations and accelerating inference.
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CHAPTER 4
METHODS AND MATERIAL USED

3.1 MATERIAL USED
e Camera

e Visual Studio Code

3.2 METHODS
3.2.1 DESIGNING THE PROJECT

Face detection is a computer vision technology that helps to locate/visualize human
faces in digital images. This technique is a specific use case of object detection
technology that deals with detecting instances of semantic objects of a certain class
(such as humans, buildings or cars) in digital images and videos. With the advent of
technology, face detection has gained a lot of importance especially in fields like

photography, security, and marketing.

Images as Arrays

An image is nothing but a standard Numpy array containing pixels of data points. More
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the number of pixels in an image, the better is its resolution. You can think of pixels to be
tiny blocks of information arranged in the form of a 2 D grid, and the depth of a pixel
refers to the color information present in it. In order to be processed by a computer, an

image needs to be converted into a binary form.

Naturally, more the number of bits/pixels, more possible colors in the images. The

following table shows the relationship more clearly.

Bits/Pixel Possible colours
1 2n1=2
2 2n2=4
3 2n3=8
4 2h4 = 16
8 2ng = 256
16 2Mn16 = 65000

Table 3.1 Possible colour combination
Grayscale image
A grayscale image consists of 8 bits per pixel. This means it can have 256 different
shades where 0 pixels will represent black color while 255 denotes white. For example,

the image below shows a grayscale image represented in the form of an array. A
grayscale image has only 1 channel where the channel represents dimension.
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0 50 100 150 200

Fig 3.1 Grayscale Image

Colored image

Colored images are represented as a combination of Red, Blue, and Green, and all the

other colors can be achieved by mixing these primary colors in correct proportions.

Yellow

Fig 3.2 Colored Image

A colored image also consists of 8 bits per pixel. As a result, 256 different shades of
colors can be represented with 0 denoting black and 255 white. Let us look at the famous

colored image of a mandrill which has been cited in many image processing examples
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Fig 3.3 Representation of colored image

Face detection is a technique that identifies or locates human faces in digital images. A
typical example of face detection occurs when we take photographs through our
smartphones, and it instantly detects faces in the picture. Face detection is different from
Face recognition. Face detection detects merely the presence of faces in an image while
facial recognition involves identifying whose face it is. In this article, we shall only be

dealing with the former.

Face detection is performed by using classifiers. A classifier is essentially an algorithm
that decides whether a given image is positive(face) or negative(not a face). A classifier
needs to be trained on thousands of images with and without faces. Fortunately,
OpenCV already has two pre-trained face detection classifiers, which can readily be used

in a program. The two classifiers are:

e Haar Classifier and

e Local Binary Pattern(LBP) classifier.

Load the necessary Libraries:
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Loading the image to be tested in grayscale:

Haar Cascade files:

Face Detection:
e scalefactor In a group photo, there may be some faces which are near the camera
than others. Naturally, such faces would appear more prominent than the ones
behind. This factor compensates for that.

e minNeighbors This parameter specifies the number of neighbors a rectangle
should have to be called a face. You can read more about it.




CHAPTER 5

RESULT AND DISCUSSION

RESULT

Now we have connected everything together and now we will try to train data by calling
the functions.
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Fig 4.1 Training Data

Final Result:

1 Tracking - o0 X |m =

Fig 4.3 Final Result

DISCUSSION

New sensory innovation like these takes into account for free air sensing at minimal
price. Over the long run, these interactions will increment accuracy, empowering the
sensation of individual hands, fingers, and different items. Embedding data visibility in
the real world around us has recently become more entrenched as a single visual
field with potentially comprehensive applications. AOT (Automatic object tracking) is
being used in many fields such as computer vision and human to machine
association. Often, an object can be a text or an individual who had to be traced. In
the composition, an alternate use of the tracking algorithm is presented. Specialist

used to translate Sign Languages, some used it to recognize sign language.

A real time fast video-based fingertip tracing and perceiving algorithm is introduced.
The proposed algorithm has two main functions: first detecting coloured finger
movement in video grouping and afterward utilizing OCR (Optical Character
Reorganization) to visualize the edited image. The proposed strategy is a software-

based methodology. Instead of using sensory-powered portable devices, such as the
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iPhone or Wii mote, we use a different Zero Touch sensor access to allow visual,

integrated, and remote-control canvas.
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CHAPTER 6

CONCLUSION & FUTURE WORK

SUMMARY:

This application can be an excellent option for smart wearables and Augmented
reality implementation. Colorful lines can be drawn on the desire of the user. It can

serve as a tool in helping especially abled people.

FUTURE WORK:

This work can further be improved by adding multicore module. Furthermore, we can
use different methods such as pygame for drawing lines. Implementation of different
brush types, shapes and textures can also give this tool a sturdy look as a drawing
application. We can use hand gesture technique to future use it as an air writing
application. The system can also be implemented with playback animation module.
Implementation of algorithm like YOLO can further improve the accuracy of the

system.

CONCLUSION:

The system has potential to easily challenge traditional drawing methods. It removes
the need to carry a stylus or any other hardware. This application can be an excellent
option for smart wearables and Augmented reality implementation. Colorful lines can
be drawn on the desire of the user. It can serve as a tool in helping especially abled

people.
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