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Welcome to

TECHNICOKNOCKDOWN-2023

It is our great pleasure to welcome you all for the virtual
“TECHNICOKNOCKDOWN-2023 (TKD-23)” National Level Students Conference for
technical paper presentation on May 04, 2023. The TKD-23 is organized by Department of
Electronics and Telecommunication Engg, Sinhgad Institutes of Technology, Lonavala, Pune,
Maharashtra. The conference is technically sponsored by IEEE Bombay Section and IETE,
Pune local center and supported by IEEE SITSB and IETEISF, SIT Lonavala. TKD-23
provides an ideal platform for exchange of ideas among researchers, students, and

practitioners.

TECHNICOKNOCKDOWN-2023 received research papers from all over India.
TKD-23 received more than 97 papers out of which 37 regular papers are selected for the oral
presentations after peer review. The registered and presented papers are published in IEEE
TKD-23 proceeding with ISBN No. 978-81-992245-5-0.

We hope that you will find this event interesting and thought provoking. TKD-23
will provide you with a valuable opportunity to share ideas with other researchers, students,
and practitioners from institutions. We look forward to the contribution towards the event and
see you virtually.

Team
TECHNICOKNOCKDOWN-2023

Dept. of Electronics and Telecommunication, SIT Lonavala
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About STES:

Sinhgad Technical Education Society (STES) was set up in August 1993, under the able and
dynamic leadership of Prof. M.N. Navale with an objective of providing quality education in
the field of Engineering, Dentistry, Management, Computer, Pharmacy, Architecture, Hotel
Management and the basic school education from kinder garden onwards. There are 58
institutes under the aegis of STES offering full-fledged school education, Diploma,
Graduation, Post-Graduation courses and Ph.D. programs in various branches of Engineering,
Science and Management at five educational campuses ideally located in pollution free lush
green and picturesque environment conducive for learning. (sit.sinhgad.edu).

About SIT, Lonavala

Sinhgad Institute of Technology (SIT), Lonavala since its establishment in 2004 is involved
in practicing teaching-learning methodologies of excellence to deliver quality engineering
education for students all over India. The institute is housed in beautiful surroundings, fully
residential campus of 200 acres on Pune-Mumbai expressway at Lonavala. Academic
discipline with space for individual innovations, emphasis on life skill development of
students, ‘willing to work’ team of faculty members and initiative for Industry interface, have
been the silent activity of the college. Institute has following branches;

1. E&TC, Engineering 2. Mechanical Engineering, 3.Electrical Engineering,
4. Computer Engineering, 5.Information Technology & 6. Masters in Electrical and
Power Systems

Sinhgad Institute of Technology more info x

Off Mumbai-Pune Expressway, Kus

aon L2
309/310, Kusgaon, Lonavala, Maharashtra 410401
02114 304 356
sinhgad. edu

4.1 H Kk Hedkow 28 reviews

Dept. of Electronics and Telecommunication, SIT Lonavala
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Vision and Mission of the Institute

VISION
ScaAYIETA. ScaANAAge. AAg Faraean I+ |

We are committed to produce not only good engineers but good human beings, also.

MISSION

Holistic development of students and teachers. We strive to achieve this by imbibing a unique
value system, transparent work culture, excellent academic and physical environment
conducive to learning, creativity and technology transfer.

Vision and Mission of the Department

VISION

The department of Electronics & Telecommunication is committed to grow on a path of
delivering distinctive high quality education, fostering research, creativity and innovation.

MISSION

The department of Electronics & Telecommunication in partnership with all stake
holders will harness Talent, Potential for application based indigenous product
development in future.

Our Endeavour is to provide conductive environment for life skill development of
students while exercising effective Learning Strategies.

Short Term Goals

To improve the results of UG classes
To implement activity plan for overall development of students.
To establish professional bodies/students forum for life skill development and expose
students and faculty to latest business environment.
To initiate relevant value addition programs and certifications for improving
employability.
To develop Laboratories for meaningful implementation of curriculum and then for
Research.
To encourage continuous up gradation of faculty members through higher education
and external interface with other universities.

Long Term Goals

To practice Project Based Learning (PBL) approach for UG program by creating
collaborations with national and International institutions of reputation.

To create opportunities for students to expose to industry environment through value
addition programs and Industry projects for practical training.

To foster research in the field of Electronics and Telecommunication Engineering for
the benefit of society.

IEEE International conference in the area of Wireless communication.

Dept. of Electronics and Telecommunication, SIT Lonavala
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Program Educational Objectives (PEOs)

PEO1 To develop students to achieve high level of technical expertise with Strong theoretical
background and sound practical knowledge

PEO2 To inculcate research environment for enhancement of Academia — Industry
collaboration through conference

PEO3 To prepare graduates to be sensitive to ethical, societal and Environmental issues while
engaging their professional duties, Entrepreneurship and leadership.

PEO4 To enhance ability of students for providing Engineering solution in a global and
societal context

PEO5 Pursue higher education for professional development.

Program Specific Outcomes (PSOs)

PSO1 Get solid foundation in design and development of electronics modules useful to society.
PSO2 Able to handle skills based challenges

Department Team — always ready to accept challenge

Dept. of Electronics and Telecommunication, SIT Lonavala
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Principal’s Message

Dear Friends,

| am extremely delighted to assert that Sinhgad Institute of Technology (SIT) is hosting a
National level student conference “IEEE Technicoknockdown-2023” on May 04, 2023 at
Sinhgad Technical Education Societies (STES) Campus Lonavala.

The TKD-23 has Theme of “Next Generation Networks”, and is very much aligned with the
recent technological developments to 5G, 6G, Human Bond Communications and Industry
5.0 etc. The information and communication technology has made a profound impact on
almost all sphere of social and personal life of human. The impact of these technologies is
likely to continue unabated, therefore it is important that educators, scholars and technocrats
keep themselves abreast with the latest trend of technologies. | am sure that the gap between
industry and institute will be narrowed by these initiatives enabling mutual benefits and
growth 1 believe that this conference will be an outstanding event for thousands of decision
and policy makers , academicians , technocrats and educators.

| congratulate all my participants who have come from various colleges .l assure very
delegate attending this event will experience the best academic ambience, hospitality and
state of art infrastructural facilities. 1 am sure that the time spent by you all at

Technicoknockdown-23.
WeD
\

Dr. M. S. Gaikwad
Director STES Lonavala campus &
Principal, SIT, Lonavala

Dept. of Electronics and Telecommunication, SIT Lonavala
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Message from Vice-Principal & HoD EnTC

On behalf of the institution, I am very happy to publish this issue of TECHNICO
KNOCKDOWN-2023 for the academic year 2022-2023. This event is in collaboration with
IEEE and IETE student’s branch of our Institute. Sinhgad Institute of Technology, Lonavala
is established with the aim of providing quality education at par with international standards.
In the recent era of engineering technology it is necessary to have overall personality
development of the students and this issue may work as a booster for the same.

This very event is the outcome of the student’s consistent effort in regular curricular
activities. At SIT our goal is to produce a workforce of technocrats and administrators who
will be globally acceptable for their technological skills, their quality of work and their hard
work. We also support to develop their basic philosophy of life to live with honour and
dignity. The papers presented here may lead to right path of innovation. | really appreciate
the efforts taken by the all the members of organizing committee and the students for
exploring the excellent quality of this issue.

BRrAbos

Dr. D.D.Chaudhary
Vice-Principal &
HoD of EnTC Deptt.

Dept. of Electronics and Telecommunication, SIT Lonavala
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Convener’s Message

Dear All,

It gives me an immense pleasure to thank all the participants and working team contributed in
the virtual National Level Student Conference for technical paper presentation,
“TECHNICOKNOCKDOWN-2023" with theme “Next Generation Networks” on May 04,
2023. TKD-23 is hosted by Department of Electronics and Telecommunication Engg,
Sinhgad Institute of Technology, Lonavala, Pune, Maharashtra. It is technically sponsored by
IEEE Bombay Section and IETE, Pune local center, it is supported by IEEE SITSB &
IETEISF, SIT Lonavala. The organizing committee of the TECHNICOKNOCKDOWN-2023
IS quite unanimous in their determination to make the event highly successful. Department of
E&TC, SIT Lonavala always aims to provide the platform for “Willing to Work”
professionals and researchers.

The tracks of TKD-23 are grouped broadly according to the theme

Internet of Things (10T)

Artificial Intelligence and Machine Learning
Cyber Security

Communication Network

Media and Signal Processing

Green ICT

Advanced Smart Grids and Power Systems
Robotics and Automation

Others

CoNoOR~WONE

TKD-23 received more than 97 papers out which only 37 were selected for the oral
presentation after peer review. Also Skilled Session chairs are invited to evaluate the papers
during presentations. Conference is imparting knowledge to more than 400 student
participants to improve their skill sets.

| am quite pleased to mention that this event is successful in true spirit. This is only because
of hard work, cooperation and dedication of all the coordinators as well as the participants,
reviewers and faculties of the department. At the last, but not the least, | am thankful to
Management of STES, Pune and Dr M. S. Gaikwad, Director STES Campus Lonavala,
Principle SIT Lonavala & Organizing chairman TKD-23 for unstinting support to work as the
convener of TKD-23.

Values are More Important than Valuables @-m /",,\rvz

Dr. Dnyaneshwar S. Mantri
Convener TKD-23

Dept. of Electronics and Telecommunication, SIT Lonavala
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Faculty Advisor IETE Student’s Chapter

It gives me immense pleasure to present proceedings of the "IEEE
TECHNICOKNOCKDOWN-2023 (TKD-23)" National level student conference on Green
Technology, Technically Sponsored by IEEE Bombay section and IETE ,Pune Center
supported by IEEE SITSB and IETE, SIT Lonavala on May 4, 2023, organized by Dept of
E&TC, Sinhgad Institute of Technology, Lonavala.

IEEE opens the door to opportunities that will help you develop your professional identity

in IEEE's designated fields of interest: sciences, technology, engineering, and mathematics. |
congratulate all participants for their contribution and valuable research in different tracks of
IEEE TKD-23. I am enlightened to note that students of IEEE SIT student’s chapter and
IETE student chapter under the guidance of faculty members have taken this massive task as
a challenge and | am confident that they will meet to the expectations of participants.
We are infinitely indebted to all the esteemed members of the Advisory Committees,
reviewer team, for their invaluable advice and guidance in conception and organization of the
conference. | gratefully acknowledge the full support and cooperation I received from all the
organizing members along with our student coordinators, without their cooperation and help,
this dream could not have been realized at all.

| am thankful to Dr. M. S. Gaikwad, Organizing chairman & Principal, Dr. D.D.
Chaudhary, Vice-Principal, & HOD, Dept. of E&TC, Dr. D. S. Mantri, Convener for Full
support to work as the convener of this event.

With Most Respectful Regards

Mr.Prashant Dike
Branch Counsellor IEIE ISF SIT Lonavala

Dept. of Electronics and Telecommunication, SIT Lonavala
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Co-ordinator’s Determination

It gives me immense pleasure that Department of Electronics and Telecommunication
Engineering, Sinhgad Institute of Technology, Lonavala has taken up a great challenge of
addressing the multidisciplinary aspect of learning and research through A National Level
Student Conference IEEE TECHNICOKNOCKDOWN-2023 (TKD-23), technically
sponsored by IEEE Bombay section and IETE, Pune Center, supported by IEEE SITSB and
IETE, SIT Lonavala. The theme of the conference is not only challenging but also relevant to
the present scenario in many disciplines as is evident from the range of papers which have
been contributed by the students, research scholars and academicians. | hope that this volume
which has been brought out by our team will be of great academic value for scholars and
common readers.

Ms. Pallavi S. Mhetre
Co-ordinator TKD-23

Co-ordinator’s Determination

It gives me an immense pleasure to welcome you all at a National level TPP
“TECHNICOKNOCKDOWN-2023" organised by Dept. of E&TC SIT Lonavala. The event
has brought to its success by both IETE & IEEE students chapter. The objective of IETE
student’s chapter is to segregate the technical knowledge and ideas to give a platform to
students, researchers & developers through “TECHNICOKNOCKDOWN-2023".

I am very much Thankful to all staff & student co-ordinators for their kind support
throughout the event. At last but not least I am very much thankful to all the participants and
wish you all the best for future

=

Mr. Manoj K. Bhosale
Co-ordinator TKD-23

Dept. of Electronics and Telecommunication, SIT Lonavala
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Message from Chairperson, IEEE Bombay Section

Anand S. Gharpure,

Telecommunication Market is growing exponentially to serve the ever growing demand. The
research community is making efforts towards unification of communication, networks &
computing in one singe system. This culmination & evolution of traditional
telecommunication system is redefined as Next Generation Network, NGN. A wide array of
applications from Voice/Data Services, VPNs, E-commerce, Data Augmentation and 3D
Imaging can be processed through NGN.The next generation network will have to build in
parallel to the current architecture.

In this context, it is exciting to know that the IEEE Student Branch of the Sinhgad Institute of
Technology (SIT), Lonavala, in association with IEEE Bombay Section and IETE is
organizing the third National Level Student Conference as “Technicoknockdown-23 (IEEE
TKD-23) with “Next Generation Network” as the theme on May 05 —May 06 2023.

It will be noteworthy to witness the industrial and academia exploring this technology in this
upcoming Conference. We, IEEE Bombay Section urge each and every one to seize this
opportunity by attending in large and network widely. Lastly, We, IEEE Bombay section,
would like to wish a conference a grand success.

Anand S Gharpure,
Chair,
IEEE Bombay Section

Dept. of Electronics and Telecommunication, SIT Lonavala
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Message from, IETE Pune Center
."'

Dr.Virendra. V. Shete

It gives me immense pleasure to know that Department of E&TC Engg. Sinhgad institute of
Technology, Lonvala 1is organizing National level student conference “IEEE
TECHNICOKNOCKDOWN-2023 (TKD-23)”. Technically sponsored by IETE, Pune center.
| welcome all dignitaries & Participants, for the conference, Research articles are invited
from the scholars on various tracks including Internet of things, (IoT) Al & ML, cyber
security, Communication network, Media & signal processing, Green ICT, Advanced smart
grids & Power systems & Robotics & automation.

I am hopeful that the conference will draw inspiring participation of Eminent scientists,
Technocrats, Academicians & Industrialists will generate useful knowledge.

On this occasion on behalf of IETE, Pune center, | extend my warm greetings & best wishes
for a successful organization of National conference & also for publishing a souvenir-cum

proceedings of the conference.

Dr.V. V. Shete
Chairman, IETE, Pune Centre

Dept. of Electronics and Telecommunication, SIT Lonavala
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SAC Chair, IEEE Bombay Section,

Prof. Dattatray S. Sawant

| am pleased to welcome everyone to the IEEE TECHNICOKNOCKDOWN 2023(TKD-23)
Student National Conference, organized by Sinhgad Technical Education Society’s
SINHGAD INSTITUTE OF TECHNOLOGY ( SIT) Lonavala Pune in association with IEEE
Bombay section and IETE, Pune Center, supported by IEEE SITSB and IETE ISF SIT,
Lonavala. The theme of this conference is Frontiers of Technologies: Next Generation
Networks.

TKD-23 provides a platform to students within India to exchange thoughts about technology
research in Artificial Intelligence and Machine Learning, Data Science and Analytics,
Communication and Information security, Robotics, and Automation etc. These tracks in the
conference have attracted a large volume of submissions from various stated across India.

| take this opportunity to thank all the authors who submitted their papers and congratulate
the authors of the selected papers that made it through the strict review process and have been
selected for presentation.

| believe that the young researchers, who form a large percentage of the authors, would make
the maximum use of this opportunity to engage with their peers and seniors to take a step
towards leveraging technology for societal contribution and personal growth.

Prof. Dattatray S. Sawant
SAC Chair, IEEE Bombay Section

Dept. of Electronics and Telecommunication, SIT Lonavala
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Keynote Speaker Details

Anand Suhas Gharpure
Chair, IEEE Bombay Section

Anand Suhas Gharpure did his BE in Electronics from University of Pune. He has also
completed the Post Diploma in Medical Electronics and Diploma in Industrial Electronics.
He is Chartered Engineer & Fellow Member of Institution of Engineers India, Senior
Member of IEEE USA, Member of Aeronautical Society of India & Fellow member of IETE
India. He is an awardee of IETE-FIt Lt Tanmany Dandass Memorial Award 2015 for Design
& Development of Avionics for MiG-27 Vibration Measurement. He is an Executive
Committee Member and Webmaster of IEEE Bombay Section (Maharashtra and Goa except
Pune City) for more than 10 years. He has also been Past Chair of IEEE Bombay Section
Young Professional Affinity Group in 2015-16. He is External Examiner for University of
Pune. He has been invited for Expert Talks at various Institutes including VJTI, NIT Raipur,
BITS-Goa and delivered more than 75 talks on Embedded Systems & Entrepreneurship.
Professionally, he runs the Avionics Development company (M/s. Sonic Multitech Pvt Ltd)
in Nashik which caters to Indian Air Force, Indian Navy, Indian Army along with DPSU’s
like HAL. The Company has been approved as Design House from CEMILAC and Approved
by Dept of Scientific & Industrial Research (DSIR) as In-House R&D Center. He also
manages the Electronics Testing Laboratory (M/s. Herrmann Research Products &
Laboratories Pvt Ltd) in Nashik which is accredited by NABL as per 1SO17025:2005 &
approved by DGAQA which carries out the Environmental Testing for Electronics products.

Dept. of Electronics and Telecommunication, SIT Lonavala
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Details of Session Chairs

ﬂ Dr. Nandkumar P. Kulkarni received Bachelor of Engineering (B.E.)
V. .} degree from Walchand College of Engineering, Sangli, Maharashtra,
Vas i (India) in 1996. He completed a Master of Technology (M. Tech)
w degree with computer specialization from COEP, Pune (India) in 2007
‘ AN and Ph.D. from Aarhus University, Denmark in 2019. He has been with
-f "‘;\” Electronica, Pune from 1996 -2000. He worked on retrofits, CNC
) machines and was also responsible for PLC programming. In 2000, he
received the Diploma in Advanced Computing (C-DAC) degree from MET’s IIT, Mumbai.
In 2002, He became Microsoft Certified Solution Developer (MCSD). He worked as a
software developer and system analyst in CITIL, Pune and INTREX India, Mumbai
respectively. He has 24 years of experience both in industry and academia. From 2002
onwards he is working as a faculty in Savitribai Phule Pune University, Pune. Currently is
working with MID ADT University as a faculty in IT Department. His area of research is in
WSN, VANET, and Cloud Computing. He has published papers in 18 International Journals,
15 International IEEE conferences, 03 National Conferences

Dr. Ravindra N Duche is graduated in Electronics Engineering from KES
Engineering College, Pen from Mumbai University in 1994 and received
Masters from Shivaji University in 2005 .He has awarded PhD in
Electronics Engineering from VJTI, Mumbai University in 2014. He has
teaching experience of 28 years. From 1995 to 2015 he was working as a
Lecturer , Asssistant Professor and Associate Professor in different

J institutes [ KESEC, Pen, DMCoE, Airoli , YTIET, Karjat, VIT, Wadala
-~ and PHCET, Rasayani]

From 2015 he is associated with Lokmanya Tilak College of Engineering, Koparkhairane,
Navi Mumbai and presently he is working as Professor and Head of Department of
Electronics and Telecommunication Engineering. He is Life Member of ISTE and ACEE. He
has published one Patent, one copyright, 07 Journal papers in indexed and reputed Journals
(IEEE, IET, etc.) and 21 papers in Conferences. He is reviewer of international journals
(IEEE, Springer, IET, EURASIP, IJETI, etc.) and conferences organized by IEEE. He
worked as Member BoS in EXTC of Mumbai University and EEE of Amity University. He is
Winner of AVISHKAR Competition in 2014 and received Academic Excellence Award in
2022 in HoD Category at Regional Level by IEI-FCRIT, Mumbai. His research interests are
in Wireless Sensor Networks, VLSI and Neural Network. He is Approved PhD Supervisor in
Mumbai University. One student has successfully completed PhD under him in 2019.

Dr. Ramesh Sahadu Pawase is graduated in Electronics Engineering
from Amrutvahini College of Engineering, Sangamner (MS) India in
2004 and completed M.Tech in E&TC from Dr. Babasaheb Ambedkar
Technological University, Lonere in 2009. He is awarded with Doctor
of Philosophy from Savitribai Phule Pune University in 2019. He was
involved in funded research project and Doctor of Philosophy work in
the area of Application Specific Integrated Circuit development for
MEMS Sensors. He is actively contributing in the field of Engineering

Dept. of Electronics and Telecommunication, SIT Lonavala
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Education and Research with teaching experience of 16 years at Amrutvahini College of
Engineering, Sangamner, Permanently affiliated, NAAC ‘A’ grade and three times accredited
institute.

He published and presented more than 32 papers in SCI and Scopus indexed, reputed
International journals and IEEE International conferences. He is reviewer of International
Journals and contributed as TPC member for International Conferences. He is awarded with
‘Engineering Achievement Award’ by Institution of Engineers, India (IEI), Ahmednagar
Centre on Engineer’s Day 2020. He is active member of professional bodies like IEI, ISTE,
IAENG, and IACSIT. He had worked for five years as National Social Scheme-University
Section level Coordinator and Institute-Program Officer and actively coordinated Social
activities.

Mr. Abdul Hameed Ansari, Work experience. 24 years B.E (E&TC) in
1997. M.E. (Digital Electronics) in 2005 from Sant Gadge Baba
Amravati University Amravati. Pursuing PhD from Sant Gadge Baba
Amravati University Amravati as well. Worked for Poonitronics (India)
Pvt. Ltd, Pune as Design Engineer, Worked in Rajaram Shinde College
of Engineering, Pedhambe for eight years under Mumbai University,

Working as an Associate Professor in Pravara Rural Engineering College, Loni since
2006,Worked in various capacities like, Convener for the Pravara Institute of Skill
Development, Loni.,Minority Scholarship Cell Officer, working as the principal investigator
for SC/ST skill and Personality Development Cell, Convener for International Conference
and National Conferences at PREC, Loni.,Skill Development Coordinator under NSDC.,
Principle investigator for various AICTE based funded schemes, He has published more than
23 papers in national and international conferences.

7

. @ 1 Z ‘
Mrs. Sheetal K. More Mr . Vikas D. Raskar
Session Incharge Session Incharge

Dept. of Electronics and Telecommunication, SIT Lonavala
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Our Chief Patrons

Sinhgad technical Education Society, Pune

Prof. M. N. Navale Dr.(Mrs) Sunand M . Navale
Founder President, Founder Secretary,
Sinhgad Institutes, Pune Sinhgad Institutes, Pune

Rohit M. Navale Dr.(Mrs) Sunand M.
NavaleVice President (HR), Vice President (Admin)
Sinhgad Institutes, Pune Sinhgad Institutes, Pune
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Advisory Body and Organizing Committee
Advisory Committee
Mr. Anand Gharpure, Chair, IEEE Bombay Section
Dr. Satyanarayana Bheesette, Immediate past Chair, IEEE Bombay Section
Mr. Kiran Talele, Treasurer, IEEE Bombay Section
Dr. Saurabh Mehta, Secretary, IEEE Bombay Section
Mr. Dattaraya Sawant, Member,Chair SAC, IEEE Bombay Section
Dr. Sarika Chouhan, Immediate past, Member,Chair SAC, IEEE Bombay Section
Dr. V. V. Shete, Chairman IETE, Pune local center
Dr. R. D. Kharadkar, Immediate Past, Chairman IETE, Pune Local Center
Dr. D. G. Bhalke, Secretary, IETE, Pune Center
Dr. Sunil Somai, Tresurer, IETE Pune, Local Center
Mr. S. M. Gaikwad HOD. Mech Dept., SIT Lonavala
Dr. S. D. Babar HOD, Comp. Dept., SIT Lonavala
Mr. A. A. Datey HOD, Elect. Dept., SIT Lonavala
Dr. P. S. Patil HOD, FE Dept., SIT Lonavala
Dr. R.V. Babar, HOD, IT Dept., SIT Lonavala
Organizing Chairman
Dr. M.S. Gaikwad, Director, STES Campus Lonavala
Principal, Sinhgad Institute of Technology Lonavala
Dr. D.D. Chaudhary, Vice-principal & HOD, Dept. of E&TC, SIT Lonavala
Convener
Dr. D. S. Mantri, Professor, Dept. of E&TC, SIT Lonavala
Mr. P. R. Dike, Asst. Prof., Dept. of E&TC, SIT Lonavala
Co-ordinator
Ms. P. S. Mhetre, Asst. Prof., Dept. of E&TC, SIT, Lonavala
Mr. M. K. Bhosale Asst. Prof., Dept. of E&TC, SIT Lonavala
Session Coordinator
Mr. M. K. Bhosale, Asst. Prof., Dept. of E&TC, SIT Lonavala
Mr. V.D. Raskar, Dept. of E&TC, SIT Lonavala
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Object Detecting and Recognizing Robo
Using Raspberry Pi and Machine Learning
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Abstract-- The research involved suggests constructing an
autonomous vehicle that can recognize and acknowledge
objects using a Raspberry Pi and machine learning
algorithms. The autonomous vehicle can move about on its
own while employing computer vision algorithms to
recognize various objects.

The system accomplishes object identification and
recognition using a camera module and the TensorFlow
machine learning library. A Python script that comprehends
the camera images in real-time and delivers instructions to
the robot's motors to change its movement controls the
robot. A pre-trained convolutional neural network (CNN)
can be taught via transfer learning on a unique dataset of
objects in the proposed system. Real-time object recognition
is done using the CNN [S]. The robot's performance is
assessed by testing its capacity to find and identify various
things in various settings. The outcomes demonstrate that
the robot can recognize things with accuracy, making it
appropriate for use in a variety of applications, including
monitoring, security, and surveillance.

Keywords-- Object Detection and Recognition, Robotics,
M&L Machine Learning Algorithms.

L INTRODUCTION

According to an assessment released by MarketsandMarkets, the
market for object detection and recognition is anticipated to
increase from USD 12.5 billion in 2020 to USD 32.9 billion by
2025, throughout the anticipated time span, at a CAGR of 21.1%
[7].The growth of this sector is being fueled by the need for
sophisticated video surveillance systems, advancements in deep
learning algorithms, and growing use of internet of things (IoT)
devices. However, object identification and recognition are an
indispensable problem in computer vision and robotics. It
involves finding and comprehending objects in an image or
video sequence and has a variety of applications, including
monitoring,

IEEE TKD-23/ISBN N0.978-81-992245-5-0

security, and surveillance [2]. Numerous techniques, such as
traditional computer vision methods and machine learning
algorithms, have emerged over time to handle these jobs. Owing
to the recent advancement of potent and reasonably priced
single-board computers like the Raspberry Pi, it is now possible
to design intelligent robots that can perform difficult tasks like
item the identification and recognition [1].

IL MOTIVATION

The ultimate objective of this research study is to use the
Raspberry Pi and machine learning techniques to offer a low-
cost and effective solution for object detection and recognition.
Important tasks in computer vision include object detection and
recognition, which have a wide range of applications in fields
including robotics, security, surveillance, and monitoring [2,4].
However, the majority of the currently available object detection
and recognition solutions rely on pricey hardware and software,
rendering them out of reach for many. This issue might be
resolved by using the Raspberry Pi, a reasonably priced and
adaptable single-board computer that can be utilized to create
intelligent systems when combined with potent machine
learning frameworks like TensorFlow [1]. As a result, the goal
of this research study is to create a robot that can identify and
recognize objects using a Raspberry Pi and machine learning
algorithms.

III. PROBLEM STATEMENT

The need for an effective and affordable solution for object
detection and recognition in practical applications, such as
security surveillance and industrial automation, is the issue this
research article attempts to solve. Because of their high
hardware and software costs, many enterprises and
organizations with limited funding are unable to use the existing
solutions for object detection and recognition. Manual item
recognition and detection can also be labor-intensive, subject to
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human mistake, and call for a sizable workforce, all of which
can raise operational costs.

This research article suggests creating an item detecting and
recognizing robot utilizing a Raspberry Pi and machine learning
methods to get over these problems. The suggested approach
can assist organizations in automating their item detection and
recognition processes, which will enhance operational
effectiveness, lower costs, and boost accuracy. The system may
also be quickly modified and scaled to meet the unique
requirements of diverse applications, making it a flexible and
adaptable solution for a variety of disciplines.

Iv. OBJECTIVES

* To use Raspberry Pi and machine learning techniques to build
and create an inexpensive and effective robot that can detect and
recognize objects.

» To use transfer learning to train a pre-trained Convolutional
Neural Network (CNN) on a unique dataset of objects for
effective object recognition.

* To put into practice the created system's ability to move about
on its own and instantly recognize diverse objects.

* To compare & evaluate the performance of the developed
system with that of existing systems for object detection and
recognition in terms of accuracy, cost, and convenience of use.

V. METHODOLOGY

The following is a methodology that may be used for a research
paper on Object Detecting and Recognizing Robo Using
Raspberry Pi and Machine Learning Using YOLO algorithm
and TensorFlow:

* Hardware and Software Setup: The first stage is to construct
the robot's hardware, which includes the Raspberry Pi, the
camera module, the motors, and any other required accessories.
The software setup then entails setting the Raspberry Pi and
installing the necessary libraries, such as OpenCV, TensorFlow,
and YOLO.

» Data Gathering and Preparation: A dataset of objects must be
gathered, labelled, and preprocessed in order to train the YOLO
algorithm. The dataset can be built using a unique dataset of
items or by gathering data from numerous sources.

* Training and Fine-tuning: The YOLO algorithm is taught
using transfer learning in TensorFlow on a bespoke dataset of
objects. To maximize the model's accuracy and speed, fine-
tuning can be used.

* Integration with Robot: The YOLO method is integrated with
the robot using OpenCV for real-time object detection and
recognition after it has been trained and optimized. The robot
may then move independently in order to find and identify
objects.

* Evaluation and Comparison: The accuracy, precision, and
recall of the designed system's performance are assessed. The
system's performance is contrasted with those of other object
detection and recognition systems already in use, including
those that make use of different algorithms or hardware setups.

VL LITERATURE REVIEW

Sr

TITLE

AUTHOR

METHODOLOGY

Gaps

Object Detection
1.| Using Image
Processing

Fares Jalled

The primary objective of the article is
the creation of an OpenCV-Python
method for Haar Cascade-based object
and face detection. Currently, UAVs are
used to locate and strike ground targets
that have been infiltrated. The main
drawback of these UAVs is that
occasionally they fail to recognize an
object concisely, which results in the
object colliding with the UAV. This
effort aims to stop harm and collisions
caused by inadvertent UAV operations.
The Voila-Jones method is also used by
UAV surveillance to track and find
people. The cascade object detector
function and vision are utilized by this
approach [6].

Requires
modification to
improve the
speed of the
controller.
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Raspberry Pi
Based Object

Talha Bayrak,

In this study, a hardware-based drawing

machine is combined with the
TensorFlow, OpenCV, and
BrachioGraph libraries in order to

recognize and draw objects. They used
image processing and object sketching in
the Raspberry Pi environment to
accomplish object recognition. The
drawing device's hardware included a
Raspberry Pi 3 processor, a Picamera
camera, and 12g Emax servo motors. It

One  of
limitations
observed that the
vectorial design
depends on the
distance between

the

Swati Saxena

advancements in integrated technology.
In this situation, we recommend a
program called Dark Assistant, whose
objective is to provide blind individuals
with a simple interface via which they

may navigate in unfamiliar
environments, both inside and
outside[2].

2 Detection and th,datMarttln, has a quad-core ARMvVS8 processor with the pen and
. UgurYiizgec . ground thus at
Drawing a 1.2 GHz clock speed. The object | €.
- . .| different levels
recognition method was carried out in
. . we can  get
the software portion using TensorFlow | . .
. different images
and OpenCV frameworks. Using the .
. . . or designs than
BrachioGraph library, the altered images
expected.
were converted to vector format, and
servo motor drawing tests were run. It
was discovered that servo motor type
and calibration adjustments were
important[1].
The World Health Organization (WHO)
estimates that 285 million people
worldwide are blind or visually
impaired. Out of this group, there are 39
million blind people on the planet. The
biggest problem faced by blind people
dailyand one of the most significant—is
. Praharsh hitting obstacles. People who are blind
Dark Assistant: : . . .
. | Verma, or visually handicapped are at risk | The  detection
A Raspberry Pi . . . .
Yogesh because they lack the information | period is
Based  System . .
. Sondulkar, needed to navigate because so much of | increased
3 for Object . .. . . .
. Sameer Zaki | navigation relies on sight. Travelers with | because of the
detection and . . . . . . . . .
.. Diwan, Bikas | visual impairments might now receive | comparison with
Recognition for . .
Blind Majumdar, more assistance thanks to recent | each frame
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A Study on
Object Detection

S.Manjula,

Dr.K.Lakshmi

Video cameras are frequently used in
daily life to keep an eye on campuses.
Most of these surveillance techniques
use personnel to monitor activity in the
target area. However, using people as
monitors has problems of its own.
Researchers are creating automated
visual surveillance technologies to get
past this constraint. The first and most
crucial step in visual surveillance is
identifying moving objects in a video
clip. The moving object of interest could
be a person, an automobile, or another
item.Identifying the semantic class of
the moving object in the video sequence
is the focus of the object detection
technology.The importance of object
detection in visual surveillance is
discussed in this paper along with the
many object detection methods that are
available. Automatic visual surveillance
has a wide range of uses, such as distant
human identification, traffic monitoring,
the detection of anomalous behavior,
etc.[4].

The expected
output of the
system can
change with a
small variation
in the
background, low
resolution, and
illuminance

variation.
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Fig. 1. System Architecture
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Fig. 2. Flow Diagram for Identification of object

XII. ADVANTAGES
Enhanced operational effectiveness
Cut expenses

Higher precision

Easily scalable and modifiable
Versatile and adaptable

XIII.  RESULT
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The findings of the study using a robot for object detection and
recognition The YOLO algorithm and TensorFlow on the
Raspberry Pi are used to show how the suggested system can
accurately detect and recognize a variety of objects in real-time
with high precision and recall. The system was able to recognize
and identify items with up to 95% accuracy in a variety of
situations and lighting conditions.

o 100 200 300 400 500 600

Fig. 3. Output of the system in which the object is successfully detected and
recognized

ACKNOWLEDGEMENT

The preliminary project report on "Object Detecting and
Recognizing Robo Using Raspberry Pi and Machine Learning"
is presented with great delight. I would want to take this chance
to express my gratitude to Prof. Mayur Raut, our college's TPO
and internal advisor, for providing us with all the support and
direction we required. He has been quite friendly to us, and we
appreciate that. His insightful advice was incredibly beneficial.

REFERENCES

[1] Talha Bayrak, VedatMarttin, UgurYiizgeg, “Raspberry Pi Based Object
Detection and Drawing”, Global Conference on Engineering Research, 02-05
June 2021

[2] Praharsh Verma, Yogesh Sondulkar, Sameer Zaki Diwan, Bikas Majumdar,
Swati Saxena, “Dark Assistant: A Raspberry Pi Based System for Object
detection and Recognition for Blind”, International Journal of Innovative
Research in Science, Engineering and Technology, Volume 9, Issue 4, April
2020

[3] Esha Chokhar, Prajakta Thakare, Vaishnavi Gawande, “Smart System For
Object Detection And Recognition For Visually Disabled People”, International
Research Journal of Modernization in Engineering Technology and Science,
Volume:04/Issue:05/May-2022

[4] S.Manjula, Dr.K.Lakshmi, “A Study On Object Detection”, International
Journal of Pharmacy & Technology, ISSN: 0975-766X

[S] Rekha B. S., Athiya Marium, Dr. G. N. Srinivasan, Supreetha A.
Shetty,Volume: 07 Issue: 06 June 2020 “Literature Survey on Object Detection
using YOLO”, International Research Journal of Engineering and Technology
(IRJET)

[6] Fares Jalled, “Object Detection Using Image Processing”, 23" Nov 2016.
[71  MarketandMarket,” Image Recognition = Market 2224046117,
marketsandmarkets.com, https://www.marketsandmarkets.com/Market-
Reports/image-recognition-market-222404611.html



IEEE TECHNICOKNOCKDOWN-2023 (TKD-23)

Docking Algorithms for Autonomous
Landing UAV: A Roadmap
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Abstract—Unmanned aerial vehicles (UAVs) are widely recog-
nised for their capacity to conduct remote search operationsover
vast expanses of terrain, while circumventing the hazards
associated with conventional manned aircraft. These aircraft are
especially advantageous in scenarios where human intervention
would pose a significant risk. A primary drawback associated
with remote autonomous and unmanned systems pertains totheir
notably limited battery life, thereby constraining their duration
of flight. Several technical methods and
algorithmshavebeenproposedtomitigatetheseissuesandreducethe
level of human oversight in the development of docking systems.
Various techniques such as visual-based neural networks, deep
reinforcement learning algorithms,fuzzy logic-based controlsys-
tems, and the Sequential Deep Q-Network approach utilising the
divide-and-conquer paradigm have been examined. The matterof
loop shaping in the context of altitude control for unmanned
aerialvehicleshasalsobeenaddressed.Thisstudypresentsa
comprehensive analysis of multiple algorithms to determine their
efficacy in achieving optimal docking results under varying
environmental conditions.

Index Terms—UAYV, neural networks, reinforcement learning,
deep learning, fuzzy logic

[. INTRODUCTION

Thequadrotorhelicopter,alsoknownasaquadcopter,is
classified as an unmanned aerial vehicle (UAV) and is
equippedwithfourupward-facingrotorsthatallowfora wide
range of manoeuvres within its designated operational
parameters. In recent years, there has been a growing interest
in the study of autonomous control systems for the purpose of
deploying weapons, conducting surveillance, ensuring coastal
security, and performing other hazardous tasks. The capacity
to land is a crucial aspect of autonomous unmanned aerial
vehicles. Autonomous systems are expected to increasingly
dominate urban and home environments in the coming years.
The forthcoming generation of unmanned aerial vehicles will
require advanced controllers to navigate through turbulent
environments and execute diverse tasks, such as transporting
parcels and goods.

The limited battery life of small and affordable quadcopters
is attributed to the weight of the batteries and the power
consumptionofthemotors,resultinginaflighttimeofonly a few
minutes. Nevertheless, scholars are exploring methodsto
enhance the efficiency of quadcopters. Several researchers are
exploring the strategy of restricting the flight duration of
quadrotors and furnishing a base station that can function as a
landingpadforbatterypreservation,hotswapping,orbattery
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recharging objectives. The global positioning system (GPS)
and inertial measurement unit (IMU) sensor are commonly
employedfornavigationandautomaticflightcontrolpurposes.
These sensors offer information regarding the position of
unmanned aerial vehicles (UAVs) with a precision of 7.8
metres. The automatic flight control system comprises three
distinct components, namely take-off, task performance, and
landing. The safe take-off of a UAV quadcopter involves the
determination of appropriate roll and pitch values to ensure
stability, as well as the acquisition of height information nec-
essary to achieve the desired altitude. The subsequent measure
entails increasing the throttle solely up to the designated
altitude. The subsequent stage involves executing an essential
task,suchasconductingsurveillance,monitoringactivities,or
travelling to a distinct geographical area. The aforementioned
taskscanbeaccomplishedthroughtheutilisationofGPSdata.  In
addition, the utilisation of unmanned aerial vehicles in
searchandrescue(SAR)operationshasbeensubstantiated by
research conducted within the last decade.

Numerous scholarly works have been published on the
subject of system designs that integrate Unmanned Aerial
Vehicles(UAVs)and Unmanned Ground Vehicles(UGVs)for
the purpose of expeditiously reaching victims,ortargets, while
minimising risk to first responders and reducing operational
expenses. Unmanned Aerial Vehicles (UAVs) are characterized
by their high speed and low reliance on human interventionfor
successful navigation towards their intended targets. In
missions that involve repetitive execution of flight phases,
such as the pick and place operations mentioned earlier
Jitiscrucial to optimise the landing procedure. The data
provided by GPS is inadequate to achieve the required level of
accuracy.

Consequently, it is imperative to employ multiple supple-
mentary sensors, including a camera and LIDAR, to precisely
determine their location on the platform and elevation. The
LIDAR technology is utilised to measure the altitude of an
unmanned aerial vehicle, whereas the camera is tasked with
identifying the docking station or landing platform. The two
most recent approaches utilised for safe landings are the
positioncontrolapproachandthevelocitycontrolmethod.The
position control method transmits altitude directives slightly
below the current altitude until the unmanned aerial vehicle
(UAV) reaches ground level. The velocity control approach
employs a mechanism that issues a constant command for
downhill velocity until the ground level is reached.
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II. LITERATURESURVEY

In contemporary times, a multitude of algorithms and mod-
els have surfaced with the aim of enhancing the landing se-
quence of unmanned aerial vehicles (UAVs). Certain docking
processes employ fixed targets, while others utilise moving
targets, as implemented by various methods.

The quadrotor possesses three distinct operational modes,
namely exploration, target tracking, and autonomous landing.
The study described in [1] involves a theoretical scenario in
whichaquadrotorinitiatesitsoperationbyliftingofffrom a
designated location and subsequently enters an exploration
phase. Following this, the quadrotor commences a predeter-
mined search pattern witht heaimo flocating aspecific target.
Upon identifying the target markers, the quadrotor initiates
tracking mode by utilising the Ar Track alvar package to
approximate the position and orientation of the target. During
the autonomous landing phase, the neural network controller
utilises the published target positions to accurately guide the
dronetowardsitsintendedlandingpoint.Theexploration
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| ® |
| P 2. |
| Robotics operating system |
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| |
| Drone bottom camera video |
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Fig.1.Theexperimentalsetupdiagramwitharealquadrotorsystem[1]

Mode of the drone was programmed to follow a
predetermined course by utilising reference angles for the roll
and pitch angles. Furthermore, the citation for the vertical
velocity is
provided.Thesimulationconductedbythesystemresulted in a
triumphant touchdown on the pre-established objective.
Thesimulationdisplayedthe3Dexplorationtrajectoryof
thequadrotor,indicatingthecontrollabilityofthesystem and the
controller’s ability to navigate the quadrotor to the designated
reference angles. The progressive landing of the quadrotor on
the designated platform is exemplified by this demonstration.
The intelligent controller integrated within the drone
effectively directed the landing process to the intended
location, utilising the target positions provided by the target
tracking package.

The proposed system, as documented in [2], trained the
agentexclusivelyonlow-resolutiongrayscaleimages, without
necessitating close monitoring, manual feature generation, or
specialised external sensors. The divide-and-conquer strategy
was employed to break down a complicated task into sequen-
tial subtasks, with distinct DQNs allocated to each of them.
The training process facilitated the acquisition of internal
triggersthatenabletheautomaticswitchingbetweenpolicies.
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Fig.2.SystemoverviewanddeploymentusingDeepQ-Network[2]

This novel category of networks has been denoted as Sequen-
tial Deep Q-Networks (SDQNs). A partitioned buffer replay
was implemented to expedite the process of learning. Each
partition within the buffer was designed to store experiences
separately based on their relevance. The study involved the
utilisation of SDQNs, partitioned buffer replay, and domain
randomization to train a commercial UAV in simulation and
subsequentlytestitinbothsimulatedandreal-worldscenarios.
TheperformancesexhibitedbytheDRLalgorithmwerefound to
be on par with those of human pilots and a state-of-the-art
algorithm. Additionally, the DRL algorithm was observed to
leverage its unique capabilities, such as the ability to develop
suitable features in diverse environments.

‘AV with cameras to track UGV & targets |

UGV wath cameras to track and
provide landing support for UAV

Fig.3.SamplescenarioforcooperativeUAV/UGVtrackingsystem|3]

In the study as mentioned in [3], fuzzy controllers for
regulating height and stationary hovering above a target were
developed. Using the combination of open-source tools Fuzzy
Lite, 7ar track alvar,” and ROS Gazebo with TUM ArDrone
Simulator, simulation-based demonstration of the controllers
was offered. The results of the simulation revealed that the
altitude and landing controllers performed satisfactorily. For
distributed systems, an extendable hardware and simulation
environment was described. To govern the system’s state
transitions, the author intended to integrate the controllers
usingafuzzyversionofastatemachine.Forfuzzycontrol,
itwasproposedtousedataminingandsupervisedlearning to find
the best inputs, rules, and membership functions based on
historical flight data. Finding fuzzy inference algorithms
thatarebestforflyingindiversesituationsandadapting
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based on available sensor data was the aim of the learning
process. The use of cloud-based processing nodes for im-
proving the performance of the quadcopter and identifying
targets from photos with little visual information content wasa
different avenue that the authors will investigate. The author
has intended to improve tag detection for the quadcopter’s
visual identification of the mobile base at wider distances and
altitudesbycombiningdifferentimageprocessingapproaches.
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Fig.4.QuadcopterthrusteffectunderIGE[4]
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Fig.5.QuadcopterthursteffectunderOGE[4]

The research as in [4] suggests a position and speed control
auto-landing method based on fuzzy logic. This system was
developed to control the quadcopter UAV system’sattitudeus-
ing real-time position and velocity data. The quadcopter does
not crash into the ground at high speed, which guarantees a
safelandingduetovelocitycontrolalgorithm.Positioncontrol
checks altitude and generates directives to avoid IGE close to
thegroundforarapidandsmoothlanding.Incomparison to
traditional controllers, this combination of position and speed
control boosts efficiency by cutting down on landing
timeandofferstheassuranceofsafety. Whencomparedto a
conventional fuzzy technique, the lookup table-based fuzzy
logictechniquereducedexecutiontimeandincreasedresponse
timeduringlanding.Thesuggestedlandingcontrollerwas put up
against a traditional PID controller on a simulation
environment. Results over the old method revealed a substan-
tial improvement. In order to confirm the proposed method’s
viability in the real world, it was also tested on a real quad-
coptersystem.Accordingtotheresultsandvalidationthereal- time
practical implementation suggests landing controller is
considerablyfasterandsaferthantraditionalmethods. Without
making any adjustments, this strategy can be used with all
types of drones.

The utilisation of the Rolling Spider drone in [5] was
employed to showcase the implementation of optimising the
unmanned aerial vehicle’s landing procedure through experi-
mentation. Theempiricalfindings suggestthatit ispossibleto
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Fig.6.Theexperimentalsetupdiagramwitharealquadrotorsystem[5]

adjust the altitude controllers in a manner that achieves goal-
oriented configuration of this control loop, thereby fulfilling
specific dynamic requisites. The study additionally exhibited
the methodology for executing such an adaptation within
controlledexperimentalconditions. TheRollingSpiderdrone’s
performance was evaluated by means of precise location
measurements obtained through the use of a motion capture
system, in conjunction with IMU-based measurements. The
authors aim to expand their research scope to encompass
marine-related tasks in their forthcoming work. The capacity
to efficiently exchange the unmanned aerial vehicle in close
proximitytothetargeteditemforretrievalisexpectedto hold
significant value, while considering performance-based cost
considerations. Furthermore, a study will be conductedto
enhance the capacity to optimise the technique of landingin
three-dimensional motion, while simultaneously mitigating
disturbancescausedbytheopposingairflowresultingfromthe
proximity to water.

III. COMPARISON

TABLEI
COMPARISONOFALGORITHMSANDOPTIMIZATIONOFMODELS

Data Computing system | New Learning i i Optimi

/ Algorithm Environment
Targets, Neural Networks | No ROS and Gazebo | Possible
Coordinates and
Controllers,
Gazebo and ROS
Low resolution Sequential Deep partitioned ROS and Gazebo | Possible
Gray Scale Images | Q-Networks buffer replay
historical flight Fuzzy Controller | No ROS and Gazebo | Possible
data and Supervised

Learning,

Velocity control

algorithm.
Real time position | the lookup table- | No ROS and Gazebo | possible
and velocity data based fuzzy logic
was used. technique
Mathematical Fibonacci Search | No MATLAB Maximum
Model Based Algorithm, optimized solution
environments were | Optimization
used algorithm

IV. PROPOSEDMODEL

The aforementioned algorithms are utilised in visible light
forthepurposeofdronedockingsystems.Theproposed
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Drone docking system is deemed to be an optimal solution for
accommodating drone docking needs, even in low light
conditions. The paper discusses various methodologies that
can be optimized to develop an efficient model that operates
with reduced time consumption and smooth docking. The
discussed methods do not present any obstacle avoidance
system for the drone, which is a crucial aspect that needs tobe
addressed in the proposed model to enhance the reliability of
the drone’s landing and docking. The model under consid-
eration employs an algorithm for obstacle avoidance, which
enables the detection of obstacles and their avoidance through
the utilisation of a camera. Upon detection of the tag through
the utilisation of open CV, the landing sequence is activated
and the unmanned aerial vehicle proceeds to securely dock on
the designated landing pad.
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|
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Controller
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Fig.7.ProposedModel
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V. CONCLUSION

At present, the drone docking stations
are deficient in providing solutions for
both illuminated and non-illuminated
environments. Insufficient research has
been conducted on the utilization of targets
for docking in low-illumination environ-
ments, which could yield comprehensive
outcomes for both
diurnalandnocturnalconditions. Thecomple
xityandcost
ofthesesystemsarecontingentuponthespecif
icdemands of the  environmental
conditions. There exists a requirementfor a
solution that is more adaptable to various
environments and  situations.  The
suggested approach involves integrating
currentsolutionswithappropriatemodificati
onstoenhancethe efficacy of autonomous
systems in facilitating the successful
landing of unmanned aerial vehicles
(UAVs).
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Abstract—With the increased usage of the internet
more and more people have liberty to post information
without any editing or approval required; this has
manufactured a breeding ground for misinformation or
false news to be spread amongst the general population.
There have been numerous attempts to solve the fake
news crisis by building detection apps, extensions and
websites, all of them use different algorithms, some more
accurate than others. A handful of researchers have
tackled this challenge and studied various algorithms for
the sole purpose of detecting fake news with the most
accurate results. Therefore this research paper evaluates
the five most commonly used machine learning
algorithms to provide a performance comparison on the
metrics accuracy, precision, recall and fl1 score. The
dataset that we will be using is the Fake News dataset
from Kaggle and the input variable will be Term-
Frequency and Inverse Document Frequency (TF-IDF).
The five algorithms we compare are: Logistic Regression
(LR), Random Forest (RF), Decision Tree (DT)
and Support Vector Machine (SVM).

Keywords—Fake News Detection, Machine Learning,
Logistic Regression, SVM, Random Forest, Decision Tree

1. INTRODUCTION

Fake News is an umbrella term that is used to
encompass meaning of every information that is either
misleading, not entirely true, completely false, fabricated or
even exaggerated; this can include articles or text chains that
spread rumours, edited videos and audio that lose the
original meaning when taken out of context and, digitally
manipulated photographs. The Motive behind deliberately
circulating False information can range from individuals
desiring virality for monetary gain to individuals or groups
desiring to defame or slander someone they dislike or detest.
Fake News is an intimidating piece of media as it has the
capacity to garner more attention [2] from a naive and
gullible audience due to the sheer nature and even absurdity
of the false narrative that is permeating. It has the potential
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to cause changes in an individual’s perception, make them
lose trust in other individuals or organisations and even
cause political and socio-economic divide. The internet and
the information that is consumed on it is a product of
algorithms that favour high interaction from users and an
inefficiency in cross checking every post with trustable
sources to back up the credibility of information that is
being shared over and over.

Since the age of personalised home computers and the
increased use of the internet, there has been a rise in the
circulation offalse information. From the infamous 2016
“Nigerian Prince Scam" [1], that involved a US student
stealing millions of dollars throughfake emails, to the more
recent text chains on WhatsApp that were involved in fear-
mongering gullible citizens about the status of the2020
pandemic, Fake News has become an integral part of
modern day society and poses a significant threat in our
communicationsystem. There is an increased development
of websites and social media platforms that provide the
general public a greater autonomy topost or publish any
and all kinds of information on one's' own volition without
going through an editorial process which leads to aplatform
saturated in biases of a common person; This creates a
perfect environment for breeding of misinformation since
an averageperson will take things at face value rather than
spending their valuable time fact checking every little thing
they read or hear on theinternet. Furthermore, it is
becoming increasingly difficult to ascertain what
information is based in reality and what has been
fabricatedor taken out of proportion, with multiple news
and media outlets reporting on the same bulletin with each
report slightly offset
fromeachother.Ergo,thereisanimmenseneed,nowmorethane
ver,forinnovationinthissectorthatcanhelpsolvetheFakeNews
crisis.

With the aforementioned points in mind there have been
countless attempts to tackle the fake news issue through the
use of different machine learning classifiers. Different
sources claim different classifiers to be more effective and
efficient, therefore, in this paper we compare five major

10



IEEE TECHNICOKNOCKDOWN-2023 (TKD-23)

classifiers in terms of accuracy, precision, recall and F1
score with the key input feature as TF-IDF.

II. LITERATURE REVIEW

Eugenio Tacchini et. al.[6] in their paper found
Logistic Regression to have on average 99% accuracy on a
dataset with over 15,000 Facebook posts from 32 pages.
When creating their dataset they found hoax posts to have,
on average, more likes than non-hoax posts. Therefore, they
theorised that posts can be classified as either hoax or non-
hoax depending on the profiles that like them and the
relation between the number of users liking hoax & non-
hoax posts. The paper also points out that while Logistic
Regression gives a high accuracy, it is restricted to be only
performed on a large and uniform set of features and in this
case, LR does not transfer information across facebook
users who have an overlap in the types of posts they like.

Md Gulzar Hussain et. al. [10] in their paper
compare Support Vector Machine and Multinomial Naive
Bayes (MNB) on a dataset of 1,200 Bangle news articles
amassed from various online news portals. They found that,
while SVM and MNB both achieve high accuracy, SVM
slightly outperforms MNB. With the feature Bag of Words,
SVM achieves the highest accuracy of 97.33%, followed by
96.17% accuracy with the feature Term Frequency &
Inverse Document Frequency (TF-IDF). In their research,
they suggest that the use of stemmer can minimise corpus
size and enhance model efficiency.

Gowthami. K. et. al. [12] in their paper compared
SVM and Random Forest classifiers on the Kaggle dataset
for social media. Their dataset consisted of 250 entries of
twitter posts or tweets, and 22 attributes such as creation
time, length, user id, user followers count, retweet count and
more. They found Random Forest to have an accuracy of
98% and SVM with 70% accuracy.

G. Sakthi et. al. [17] in their paper found
Decision Tree to have an accuracy of 89.11% when
compared to Random Forestwhichachieved an accuracy
of 84.97%.

The study conducted by Chaitra K Hiramath et.
al.[3] in 2019 aimed to detect fake news using various
deep learning techniques. The techniques used in the
study were Logistic Regression, Naive Bayes, Support
Vector Machine, Random Forest, and Deep Neural
Network.The results showed that Deep Neural Network
(DNN) achieved the highest accuracy of 91% with the
least amount of execution time. However, it required the
highest amount of memory compared to other techniques
used in the study. On the other hand, Logistic Regression
(LR) required the least amount of memory.The study
concluded that deep learning techniques are effective in
detecting fake news and the choice of technique should
be based on the tradeoff between accuracy and resource
requirements. DNN has the advantage of high accuracy
but may require more memory resources, while LR has
the advantage of low memory requirements but may have
lower accuracy.

In 2018, MontherAldwairi et. al.[4] conducted a
study to detect fake news in social media networks. The
study used four different techniques: BayesNet, Logistic
Regression (LR), Random Tree, and Naive Bayes.The
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study fund that LR achieved the highest precision, recall,
and F-measure, with scores of 99.4%, 99.3%, and 99.3%,
respectively. However, the study also found that LR falls
short of a few percentage points compared to BayesNet
and Naive Bayes, which had the best area under the ROC
curve at 100%.These results indicate that LR is a highly
effective technique for detecting fake news in social
media networks, with very high precision, recall, and F-
measure. However, it may not be the most effective
technique overall, as BayesNet and Naive Bayes were
found to have better overall performance according to the
area under the ROC curve. Therefore, the choice of
technique for detecting fake news may depend on the
specific needs and goals of the task at hand.

Abdullah-Al Tanvir et. al.[5] conducted a study
in 2019 to detect fake news using various machine
learning and deep learning algorithms. The study used
Support Vector Machine (SVM), Logistic Regression
(LR), Naive Bayes (NB), Long Short-Term Memory
(LSTM), and Recurrent Neural Network (RNN)
algorithms.The study found that SVM achieved the
highest accuracy of 89.34% after cross-validation using
TF-IDF and Count Vector techniques. On the other hand,
LR achieved a higher accuracy than SVM before cross-
validation, but it was found to be vulnerable to
overconfidence.The study highlights the importance of
cross-validation in achieving accurate results and
avoiding overconfidence in the accuracy of the model.
The findings also suggest that SVM may be a more
effective technique for detecting fake news compared to
LR in this particular study. However, the choice of
technique may depend on the specific dataset and the
goals of the task at hand.

In 2020, Reham Jehad Al-Shammari et al.
[11]conducted a study on fake news classification using
the Random Forest (RF) and Decision Tree (DT)
algorithms. They used a dataset from Kaggle and feature
selection was performed using TF-IDF.The study found
that RF achieved an accuracy of 84.97%, while DT
achieved an accuracy of 89.11%. The results indicated
that DT outperformed RF in terms of accuracy. However,
the authors recommended using more powerful
classification algorithms such as Deep Neural Networks
(DNN) like Long Short-Term Memory (LSTM), Gated
Recurrent Unit (GRU), or Convolutional Neural Network
(CNN) in future studies to improve the accuracy of fake
news classification. This suggests that more advanced
algorithms may be necessary to achieve higher accuracy
in detecting fake news.

The study by KasraMajbouriYazdi et. al.[10]
(2020) proposes the use of a combination of K-means
clustering and SVM classification for improving the
accuracy and efficiency of fake news detection. The
study suggests that using K-means clustering can help to
improve feature selection, which can then be used as
input for SVM classification. The results of the study
show that the combination of K-means clustering and
SVM achieved higher accuracy and efficiency compared
to using SVM alone.However, the study is limited by a
small dataset and lack of comparison with state-of-the-art
approaches. Additionally, the study does not provide a
detailed explanation of the K-means clustering algorithm
and its implementation.
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In 2022, R.S. Karthikaa[14]conducted a study
on detecting fake news using the Support Vector
Machine (SVM) algorithm. The study successfully
developed and evaluated a model that achieved an
accuracy rate of 89.5% in detecting fake news.However,
the study also noted that the dataset used in the study was
limited and more diverse datasets could be included in
future research to improve the generalizability of the
model. This suggests that the effectiveness of the SVM
algorithm in detecting fake news may depend on the
specific dataset being used, and a more diverse dataset
may be necessary to achieve accurate results in different
contexts.

In Poonam Tijare's [8] (2019) study on fake news
detection, four algorithms were tested: Naive Bayes, SVM,
LSTM, and Neural Networks. The LSTM  algorithm
performed the best, achieving an accuracy rate of 94.5%.
However, the study notes the need for further research to
improve the performance of these algorithms and to address
the issue of detecting misinformation in real-time.

III. COMPARATIVE ANALYSIS.

A. PROPOSED SYSTEM

To understand the results of our study let’s first
take a look at our proposed system.

e  Programming Language: Python was chosen for its
powerful machine learning and data manipulation
libraries.

e System: Google Colab was chosen for the
simplicity of its usage.

e Dataset: the Fake News dataset on Kaggle was
deemed appropriate due to its simplicity of labelled
articles in the English language with over 25,117
entries.

e (lassifiers: Logistic Regression, Random Forest,
Decision Tree, Support Vector Machine and Long-
Short Term Memory have been chosen for this
study.

e Feature Selection: in this study the feature Term-
Frequency and Inverse Document Frequency (TF-
IDF) was chosen to present with a generalised
result that could fit with the different classifiers in
the study.

e Performance  Metrics: The  aforementioned
classifiers are evaluated on their accuracy,
precision, recall and F1-score.

Below is the block diagram of the proposed
system:
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Fig 1.0: block diagram of the system

B. Implementation

The following are the steps taken in this study:
Step 1: import libraries
The most crucial libraries to be imported were:

pandas for loading dataset,
sklearn.model_selectionfor splitting dataset into
training and testing
groups,sklearn.feature_extraction.text for

converting document into a matrix of TF-IDF
features and lastly, sklearn.metrics for evaluating
accuracy, precision, recall and F1 score.

Step 2: loading the dataset

The dataset from Kaggle was downloaded onto a
computer system as a zip file which was then
extracted to obtain the .csv file which then was
imported to Google Colab. To ensure that all the
data was readable it was encoded as UTF-8
(Uniform Transformation Format).

Step 3: clean the dataset

In the .csv file, the rows that contained null value
were removed with the use of dropna() function.
Furthermore, the dataset was cleaned by removing
punctuations, digits and, converting all letters to
lowercase.

Step 4: extracting features

For all the classifiers, the only feature that was
extracted as an independent variable was TF-IDF
with the use of Tfidfvectorizer() function with the
built-in stop words in python libraries for the
english language.

Step 5: splitting the dataset

The 25,117 articles long dataset was split into a
training group and a testing group using the
test_train_split() function. The four objects to this
function were X_train, X_test, y_train, y_test. The
test size was 0.2 which meant that 20% of the
dataset was reserved for testing only and 80% of
the dataset was used for training the models for
classifiers. Furthermore, to ensure that split is
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deterministic and reproducible a random state was
given to the fest_train_splti() function with the
value of 42.

Step 6:training the classifiers

For Logistic Regression, Random Forest and
Decision Tree, the built in python classifiers were
called and the dataset was fit into it with the use of
the function model fit(X_train, y_train) where
X_train is a matrix of input features and y_train
represents a vector of corresponding binary output
label. For Example, if there is an article in the
dataset with the title “Trump decides to join war
against Ukraine!! “Enough is Enough,” he says”
with the label False, then the X_train value would
be “Trump was Ukraine” and the y train would be
False.

Step 7: making predictions on test data

For all the classifiers the predict() function was
used with the argument as X_test. Where X_test is
the data to be tested, with the function returning the
dependent variable, which is either True or False in
this case, based on the trained model.

Below is the flowchart the
implementation of the study:

Input Dataset

demonstrating

v v v v

| svm | [Ir| [RE| [DT |
| | | ]

v

Performance Matrix
& Comparison

!

END

Fig 2.0: Flowchart of the system

Step 8: calculating performance metrics

All the classifiers were measured for accuracy,
precision, recall and f1 score with the functions
accuracy_score(), precision_score(), recall_score()
and fI_score(), with the arguments y_test and
y_pred.

C. Results

IEEE TKD-23/ISBN N0.978-81-992245-5-0

a) Accuracy:

It refers to the number of correct predictions. For
binary classification, it can be calculated in terms
of positives and negatives:

TP + TN
TP + TN + FP + FN
Where TP = True Positives, TN = True Negatives,
FP = False Positives, and FN = False Negatives
In this study SVM outperforms every other
classifier by achieving the highest accuracy of 97%
in the training data.

Accuracy =

b) Precision :

It refers to the number of truly positive outcomes
from all the positive outcomes. It is calculated as
the ratio of all true positives over the sum of all
positives:

Precision =
TP+FP

In this study SVM outperforms all other classifiers
by achieving a precision score of 97% in the
training data..

c) Recall :

It refers to the number of correctly predicted true
outcomes and is calculated as the ratio of true
positives over a sum of true positives and false
negatives.

TP
Recall =
TP+FN

In this study SVM outperforms all other classifiers
by achieving a recall score of 97% with the training
data.

d) FI Score:

F1 score is predominantly used for binary
classification of data and because of that it is an apt
measure for the classifiers as the output in the fake
news detection system is also binary i.e. true or
false. It refers to the weighted average mean of

precision and recall and is calculated as follows:

Precision *Recall
F1 Score = ——
Precision +Recall

Again, SVM outperforms all other classifiers by
achieving a F1 score of 97% with the training data.

Accuracy Precision Recall F1 Score
Logistic 0.89 0.89 0.80 0.84
Regression
Random Forest | 0.65 0.64 0.47 0.54
Decision Tree 0.74 0.80 0.53 0.64
SVM 0.97 0.97 0.97 0.97

Table 1.0 :Metric Values of Training Dataset
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Accuracy Precision Recall F1 Score
Logistic 091 091 091 0.84
Regression
Random Forest | 0.90 0.90 0.90 0.54
Decision Tree 0.82 0.82 0.82 0.64
SVM 0.91 0.90 0.91 0.97

Table 2.0: Metric Values of Testing Dataset

Graph 1.0 : Result Graph of Training Dataset

METRIC VALUE

METRIC VALUE

SVM LR RF DT
CLASSIFIERS
W Accuracy W Recall
I Precision M F1 Score

1.0 -

SVM LR RF DT
CLASSIFIERS
W Accuracy B Recall
[ Precision I F1 Score

Graph 2.0 : Result Graph of Testing Dataset
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IV. CONCLUSION

Fake News, Hoax, or misguided information have long been
an epidemic for the human society, but with the rise of
personalised technology and the internet, the issue has
become more pressing to say nonetheless. Therefore, the
goal of this paper is to analyse a few of the methods that can
be used to solve the fake news issue and present with a
novel finding. The TF-IDF attribute was extracted from the
Kaggle dataset and fed as an input feature to the machine
learning models. Various classifiers, Logistic Regression
(LR), Random Forest (RF), Decision Tree (DT) and Support
Vector Machine (SVM) were evaluated on the performance
metrics of accuracy, precision, recall and fl-score. The
results of the comparison deemed SVM to be the best
classifiers for this particular dataset with the TF-IDF
feature. It is definitely possible that if a different dataset or
input feature were to be chosen, another classifier might
reach the same or even higher performance score. It is to be
noted that each classifier serves a different function and the
results are susceptible to changes according to the dataset
chosen, the data preprocessing method and the features
extracted as inputs to the machine learning models.
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Abstract—A crop’s productivity is affected by the soil, fertilizers,
and water. For cultivating vegetables, fertilizers include
micronutrients like zinc, nitrogen, and others. Details about various
factors, goods, and the operational environment can be obtained
through the sensors to send and receive data between the various
devices and from a distant server. his paper presents the study of
the colorful data mining ways used for prognosticating crop
yield.this is lacking behind in using new technologies of machine
learning. Hence our farmers should know all the new technologies
of 10T and other new techniques. These techniques help in getting
the maximum yield of crops.

Index Terms—Internet of Things
recommendation, Crop prediction.

(loT), Sensors, Crop

I. INTRODUCTION

Agriculture is one of the most important professions
practiced in India. It is a very important economic sector and
plays a most important role in the overall development of the
country. It also contributes a large portion of employment
[1]. Researchers have started offering solutions by integrating
the Internet of Things with deep learning techniques, or
”"Smart 1oT,” to feed food for an increasing population in
nations like India [2][6]. Because of this development, e-
farming has adopted a new pattern in which all the sensors
required for farming are linked to the distant server through
wireless or remote protocols in a distributed setting. The
farmers can keep an eye on these fields even when they are a
long way away thanks to their intelligence [3]. In a rainy
season, the data from various sensors is translated into a
single, computable format so that the specified framework
can deal with it loTbased Smart Farming improves the entire
agriculture system by monitoring the field in real-time. It
keeps various factors like humidity, temperature, moisture of
soil, etc. under check and gives a crystal-clear real-time
observation. The design paper consists of seven sections. In
the first section, we have given information about the
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existing system and proposedsystem. In the previous system,
they use the KNN algorithm for predicting crops. In our
system, we use the convolutional neural network (CNN)
algorithm and DH11 and moisture sensor to detect the
temperature, humidity, and moisture of the soil. The second
section consists of the system architecture of the project. The
next section includes the data flow, and use case of the
project. Advantages are the fifth section. In the next section,
we have described the application and the last section is
about the conclusion in which we have improved the
performance and accuracy of an existing system case.

Il.  EXISTING SYSTEM

In the existing system they have introduced distinctive ML
calculations, for example, k implies, SVM, ANN, and so on.
The harvests were anticipated for the most part dependent
on climatic highlights which gives an exactness score of about
95 percentage with the C4.5 calculation. Tried to train the
model with decision trees but found that random forest
algorithm reduced the overfitting problem and also improved
accuracy and used SVR, Random forest and random forest
got more accuracy. This research work can be enhanced to a
high level by building a recommender system of agriculture
production and distribution for farmers [1].

IIl.  PROPOSED SYSTEM

Data pre-processing in problem-solving is regarded as an
important machine learning phase. Pre-processing is
extracting the functionality adding the correct gathered data,
and adding the missing values. The format of the data set is
difficult for the analysis process. Pre-processing the data is
regarded as a critical step in the machine learning process.
Pre-processing entails adding the correct collection of data,
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missing values, and functionality extraction. The amount of
data required to characterize a large collection of data would
be less if the features were extracted. The training data
collection is determined by the soil, crop, features and
meteorological data gathered throughout the pre-treatment
procedure.

A. Problem Statement

Due to India’s harsh weather, crops may become
submerged in water as a result of heavy rains and flooding.
This renders the soil’s moisture level inadequate for high
yield. Each crop has a range of soil water content that
influences production. Temperature and humidity are two
more elements that have an impact on crop output. As a
result, they must be kept within their specific ranges for each
crop variety. The implementation of our project will address
this problem. It aids farmers in preventing excessive
waterlogging of their crops.

B. System Architecture

The system architecture consists of hardware and software
systems. In the software system, we have given input as a
soiled image by using the convolutional neural network
(CNN) algorithm we extract the features of the soil and pre-
process the image and then the system gives the output and
which predicts the soil type and suitable crop for input soil
image. In the hardware system, we have used two sensors
i.e. DHT11 and Moisture sensors which detect the humidity
temperature, and moisture of particular soil.

" Apoyon
Algorithm Output

+{classification

Fig. 1. System Architecture

C. Hardware Interfaces

« RAM: 8 GB As we are using Machine Learning Algorithm
and Various High-Level Libraries Laptop RAM minimum
required is 8 GB.

« Hard Disk: 40 GB Data Set of CT scan images is to be
used hence a minimum of 40 GB Hard Disk memory is
required.

. Sensors: Moisture Sensor, DHT 11

IEEE TKD-23/ISBN No0.978-81-992245-5-0

. Processor: Intel i5 Processor

D. Software Interfaces

. Software: anaconda navigator

. IDE: Spyder Best Integrated Development Environment
as it gives possible suggestions at the time of typing
code snippets that make typing feasible and fast.

« Coding Language: Python Version 3.5 highly specified
Programming Language for Machine Learning because of
the availability of High-Performance Libraries.

. Operating System: Windows 10 Latest Operating System
that supports all types of installation and development
Environments

E. Data Flow Diagram

In this section, the following figure shows the data flow of
the system which consists of input and output processing.

e Mytet
Prooess — Ouiput

Fig. 2. Data Flow(0) diagram

Train Dataset
Input dataset as Soil
image >

Prodication
o Detect Soil type and

L2

System Suitable Cro

>, -~
/ \ Apply CNN algorithm
o c

Fig. 3. Data Flow(1) diagram

Image

F.Usecase Diagram

Due The use case diagram section gives information about
the interrelation between the user and the system.

Fig. 4. Use case diagram
G. Advantages

« By using sensors we detect moisture,
temperature, etc. of soil.

humidity,

Upload Dataset

Pre-processing

Feature Extraction

Segmentatior

11
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« Predicting the productivity of crops in different climatic

conditions can help farmers and can be helpful for
increasing the productivity of crops.

This model can be used to select the better crops for the
region and also its yield thereby improving the values
and gain of farming.

H. Application

Agricultural Applications means applications relating to
Cultivating, characterizing, or modifying soil and
improving productivity.

Producing, growing, improving, and protecting are some
of the important characteristics of a farm identifying
these characteristics can be helpful.

It is mainly used in the selection of crops for yielding.

It can be applicable to terrace gardening also.

It might be used for nurseries.

It is a short time solution for farmers.

IV. RESULT

Here in this section, we are going to see the results. The
first window page is about the Home Page of the system. It
consists of two options login and registration option for end
users. If we have already registered then we can log in to the
page if not then register for a new account and create a user
I’d and password for a particular user for login.

Fig.5.HomePage

The second figure is about the login page. We can log in by
entering User Name and password. If not register an account
then go to the register page.

IEEE TKD-23/ISBN N0.978-81-992245-5-0

LOGIN HERE'
L TSoTIN

e s

| [T

Mt

Fig. 6. Login Page

The registration form is the third window through which can
create an account by filling in the following details of the user
they are Full Name, Address, Email, Phone No., Gender, Age,
User Name, and Password.

Registration Form

Fig.7.RegistrationPage

The last window is the result page. By selecting the image of
soil from the dataset and by applying the convolutional
neural network (CNN) algorithm we predicted the suitable
crop.

Crop Prediction Using Machine Learning

.
Crop List
Suitable Temperature is 25°C to 32°C
Soyabean, Sorghum, Jowar, Millet, Linseed, Castor
- -~ Wi =

Fig.8.MainOP
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V. COMPARATIVE STUDY

In the existing system, traditionally without knowing the
type of soil, without knowing suitable crop Farmer plants his
farm and it many times gives him loss. Farmers don’t have
knowledge of crop and soil also. We need to know the
features and characteristics of various soil types to
understand which crops grow better in certain soil types.
Machine learning techniques can be helpful in this case. Then
apply the apriority Mining process to generate an association
rule for finding suitable crops for the specific soil. Soil series
and land type combine represents the soil class in the
database. The machine learning methods are used to find the
soil class (i.e. soil series and land type). Algorithm are used:
convolutional neural network (CNN).

VI.  CONCLUSION

Agriculture is the field that helps in the economic growth
of our country. But this is lacking behind in using new
technologies of machine learning. Hence our farmers should
know all the new technologies of I0T and other new
techniques. These techniques help in getting the maximum
yield of crops. Many techniques of IOT are applied in
agriculture to improve the yield rate of crops. These
techniques also help in solving the problems of agriculture.
We can also get the accuracy of yield by checking for
different methods. Hence we can improve the performance
by checking the accuracy between different crops.
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Abstract - In the world of medicine, cancer screening is still a
highly touchy and contentious subject. An analysis of publicly
available data reveals numerous points of view based on a small
amount of valid information. The ideal age ranges for
mammography screening, as well as the worth of the procedure
itself, are still up for debate. Ultimately, the usefulness of lung or
prostate cancer screening remains in question. Reliable evidence,
not good intentions, presumptions, or supposition, should be the
foundation for recommendations and decisions for cancer
screening. Understanding the underlying ideas and
presumptions is essential in order to fully understand the
present challenges related to testing for blood, prostate, and
breast cancers.The probable financial, legal, and radiation safety
impacts of entire-body CT or PET cancer screening will be
covered in this paper. The patient’s body is scanned and images
are preserved. Now using PET/CT abnormalities or cancer
tissues are detected in the images. The body parts effected by
cancer are localized. A classification is then generated regarding
the type of cancer and the stages of the cancer are identified. A
model is then created which automatically uses machine learning
algorithms to do the task of prediction. The complete process is
thus automated.

Index Terms— PET/CT scan, Convolutional Neural Network,
Artificial Neural Network.

1. INTRODUCTION

Medical imaging, which provides unique therapeutic and
increasingly diagnostic capabilities that have an effect on
patient care, is the cornerstone of modern healthcare.
Although there are many different medical imaging
modalities, they alldeliver anatomical and useful facts about
physiopathology and structure. The multi-modality 18F-
Fluorodeoxy glucose (FDG) [1] positron emission
tomography and computed tomography (PET-CT) [2] scanner
is acknowledged as the tomography tool of special for the
diagnosis, staging, and evaluation of therapeutic reply in
several cancers. Areas of abnormal function can be found
using PET-CT, which combines the anatomical localization
provided by CT with the sensitivity of PET. While employing
PET, healthier regions frequently absorb less FDG (a marker
of glucose metabolism) than sick parts do. The geographic
level of the sickness inside a specific structure,
howevercannot be consistently resolute due to the partial
volume effect, tumor heterogeneity, and the intrinsically
minor resolution of PET compared to CT and MRI [3]
imaging. The anatomical localization of PET image
interpretation locations with aberrant FDG uptake by CT
improves the accuracy of image interpretation.

IEEE TKD-23/ISBN N0.978-81-992245-5-0

Kidney cells can change and proliferate out of control,
becoming renal cortical tumors, the earliest indication of
kidney cancer [4]. Benign, slow-growing, or malignant
tumors are all possible. Because a malignant tumour is
cancerous, it has the ability to grow and spread to other parts
of the body. While indolent tumors [5] can occasionally be

cancerous. In this application, we'll keep track of all the
cancer-related illnesses as well as the body parts where they
may be found. By comparing all of the information to prior
research, we'll also recommend ways to treat cancer so that
patients can utilize the recommendations to manage their
conditions.

To develop this system, we would follow the following steps:
1. Scanning the patient's body and keeping the pictures.
2. To find anomalies or cancerous tissues, use PET/CT.
3. Locate the area of the body that cancer has spread to.

4. Create a model using machine learning techniques to
make predictions, classify cancer types.

2. RELATED WORK

Our study includes prediction and classification of various
cancers using images taken from a patient’s body and
analyzing the same. Matthias Baur and Felix Achilles [6]
provide an innovative idea for crowdsourcing knowledge.
Elsayed Amin Safaa Mohammed Marey [7] present a YOLO-
V4 built CAD system to pinpoint any alleged breast
tumorouspart and, if present, to accurately categories it as
benign or malignant.

Alex Roshan Welikala and Paolo Remagnino [8] collected
and annotated photos of the oral cavity in addition to
presenting outcomes for automating oral cancer detection at
an early stage. [9] In order to identify NSCLC in PET/CT
images, this study provides a multi-modality attention-guided
3D identification outline. Liu Kanfeng and Ling Chen [10]
lay the groundwork for multi-modality attention-guided 3D
NSCLC finding in PET/CT pictures. TaeJin Ahn and Taewan
Goo [11] remarked that the best DNN model has an accuracy
of 0.997 in the exercise set and 0.979 in the exam set,
correctly differentiating between malignant and healthy data.
Anish Simhal and Usama Chaudhary [12] described methods
for retrieving color as well as texture data from VIA and VILI
Cervigrammes via the processing of images.Saranya and
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Sasikala [13] show that patient data are amassed in large
quantities in the medical field. Long Cheng and Yuzhen Niu
[14] Used an artificial neural network and the H20
framework technique, they evaluated regular blood and blood
chemistry information identified 33 relevant indices as GC
biomarkers.Hong-Jun Yoon and Shang Gao [15] offered a
method for spreading DL NLP models among tumor
databases while preserving patient privacy Zengyou Zhang
And Bo Wangl [16] showed how despite the fact that the
ImageNet-pre-trained model can be used for transfer
knowledge, the technique of identifying the prostate MR
image layer by layer falls under cross-domain learning
because the model created on image.[17] This research offers
our multimodality attention-guided 3-D detection method for
NSCLC localization in PET/CT images. Azni Nasuha Ngisa
[18] said in order to detect high-risk breast cancer patients.
Thosini Mudiyanselage, K. Bamunu [19] showed how in
today's environment, accurate cancer detection is a significant
issue. Formation of novel approaches for both the detection
and prognosis of cancer could be implemented. Giinay Melike
Zeron Orman [20] showed results according to its accuracy
findings, AIS can be regarded as a preferred method

3. METHODOLOGY

We propose a methodology for the prediction of cancer-
disease appearance based on the can be an incredibly
beneficial tool to uncover hidden sights and prediction. Linear
regression models [21] of machine learning technique are
used for analyzing the current data with different linear
regression models.

Training
Data

Test Data

/ Deep Learning I~ Model with
Model A
11 Best
Parameter

Loss
Function
I Updated Parameter I v

Fig 3.1. System overview

Artificial neural networks (ANNs) [22] They are then
recommended as an approach of using medical pictures to
discover and define cancer, such as X-rays, CT scans, and
MRI scans. This can be done using techniques such as object
detection, semantic segmentation. [23] for classifying
malignant and benign tumors in mammograms.
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3.1. CLASSIFICATION

For assessing the performance of binary classification tasks
including object identification, segmentation, and recognition,
the F-measure [24] is a frequently used performance statistic.
The F-measure, which combines accuracy and recollection, is
used to assess a classifier's overall accuracy.

F-measure = 2 * (accuracy * memory) / (accuracy + memory)

(D)

The F-measure is particularly useful in image processing
tasks, as it provides a balance between precision and recall. In
object detection, for example, a high precision score is
important to avoid false positives. Convolutional neural
networks (CNNs) [25] is used for categorizing malignant and
benign tumors in mammograms. Another example is using
deep learning models for the recognition and separation of
lung nodules in CT scans.

ANN are a powerful tool for detecting and localizing cancer
in medical images. They can be trained to recognize specific
features of cancer, and can provide accurate and automated
predictions. However, the accuracy of these prediction scan
varies depending on the quality and resolution of the images,
as well as the specific architecture and training data used for
the ANN. The Apriori method is used to reduce the
computational work for the most popular approach to mining
frequent patterns.

3.2. SEGMENTATION

Intersection over Union (IoU) [26] is a widely used
performance metric in segmentation tasks to evaluate the
accuracy of a model's predictions. The connection of the
anticipated segmentation mask then the actual segmentation
mask. The formula for calculating the IoU is:

IoU = connection of predicted mask and ground truth mask /
union of forecast mask and ground certainty mask ... (2)To
calculate the intersection and union of the two masks, we first
need to convert the masks into binary arrays, where the
background pixels are given a value of 0, the pixels
corresponding to the object of interest are given a value of 1,
and so on.

4. EXPERIMENTAL SETUP AND EXPECTED RESULTS

The system is developed in Python using generic code to co-
ordinate with the utilities of the system. The system will be
supported with VRAM: 12GB NVIDIARTX A6000, video
card GeForce RTX 3080 and graphics card AMD Radon
RX580. The data set required is downloaded from Kaggle.

The traditional F measure is designed as follows:

F-Measure = (2 * Accuracy * Memory) / (Accuracy +
Memory) ... (3)

We can first define the true positives (TP), false positives
(FP), and false negatives (FN) as follows in order to simplify
the equation:
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The phrases for recollection and correctness are as follows:
accuracy = TP /(TP + FP) ... (4)
memory = TP / (TP + FN) ... (5)

Substituting these equations in the F-measure equation, we
get:

F-measure = 2 * (TP / (TP + FP) * TP / (TP + FN)) / (TP /
(TP+ FP) + TP / (TP + FN)) ... (6)

Simplifying this equation, we get:
F-measure =2TP / (2TP + FP + FN) ... (7)
We can calculate the precision as follows:

Precision = True Positives / (True Positives + False
Positives)

Precision = 100/ (100 + 70)

Precision = 0.588

We can analyze the memory as follows:

Recall = True Positives / (True Positives + False Negatives)
Recall =100/ (100 + 15)

Recall = 0.869

This shows that the model has poor precision, but excellent
recall.

Finally, we can analyze the F-Measure as follows:

F-Measure = (2 * Accuracy * Memory) / (Accuracy+
Memory) ... (8)

F-Measure = (2 * 0.588 *0.869) / (0.588 + 0.869)
F-Measure = (2 * 0.509) / 1.454
F-Measure = 1.018 / 1.454

F-Measure=0.700

Cancer | Cancer | Precision | Recall | F-
Types | Type Score
Code

Breast | 1 0.588 0.869 | 0.700
Cancer

Lung 2 0.6 0.833 | 0.696
Cancer

Blood | 3 0.562 0.9 0.690
Cancer

Oral 4 0.555 0.862 | 0.674
Cancer

Kidney | 5 0.542 0.95 0.898
Cancer

Table.1F-Measure Accuracy table
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It is a very logical metric to use connection over union. The
overlap among the expected and ground truth annotations is
separated by the union of these to determine IoU.

|A N B|

(a)
The Intersection over Union formula can be simply

visualized; thus, it doesn't matter if you don't know the
mathematical notation.

Area of Overlap l
T -

Let's train three models that predict cancer: A, B, and C. We
run an image through the models using the Ground Truth that
we already know (in red). Model predictions are in the Fig 1.

Model A d Model C

Figl. Model indicating cancerous location

It is evident that Model A's anticipated box joins with the
Ground Truth more than Model B's does. The ground truth
and Model C, however, overlap much more. Yet it also
overlaps with the background heavily. It is evident from
models B and C that a score based just on overlap is
unfair.True Positive: The region where segmentation mask
and ground truth(GT) converge(S). This is logical AND
operation.

TP=GT.S ... (i)

False Positive: The anticipated region away from the truth.
The segmentation minus GT logical OR is represented by
this.

FP=(GT+S) - GT ... (i)

False Negative: The quantity of pixels in the Ground Truth
region that the model was unable to forecast.

FN=(GT+S) - S ... (iii)

IoU, as we know from Object Detection, is the proportion of
the intersected area to the sum of the prediction and ground
truth areasloU=TP/TP+FP+FN ... (iv)
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Fig2 by using formula ...iv will obtain like this:

Combined CT-PET &

Fig2.Segmented Image

In the above session we have seen use of IOU formula for
image segmentation and intersection to obtain the perfect
effected area of image.

Accuracy= (Number of properly classified data points) /
(Total number of data points) ... (vi)

For e.g. If there are 97 classified data points properly
classified and 100 data points consider for the
experimentation

accuracy= 97/100= 0.97 or 97%

The throughput of a system refers to the rate at which it can
process a certain amount of work over a given period of
time.Processing time per image = Total processing time /
Number of images processed

For e.g., if the total time required for processing 200 images
by a system is10 min.

then Total processing time per image =10minutes/200images

=0.05minutes per image.
Processing time per image

Throughput =1/

=1/0.05minutes per image

=20 images per minute

Comparison of ExistingSystems Results with Implemented System
Results

Name |AccuracyAchievedby |Accura (ThroughputAchievedby [Throug
ofmo  jotherauthors cy otherauthors hput
del by by
implem implem
ented lented
System system
CN 95% 97% 10 20
N images/Min images/
Min
AN 87% 95% 5 10
N images/Min images/
Min
Table .2
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Here the system increases the accuracy and throughput. Table
2 is a comparison between results achieved by previous
authors and expected improvedaccuracy and throughput.

5. CONCLUSION

In the proposed study, CT and PET/CT scanners will be used
for cancer detection, identification, and therapy monitoring.
Depending on the visualized symptoms, the patient may
choose to take precautionary steps. It is designed for the
identification of many cancers, such as blood, breast, bladder,
and kidney cancer.
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Abstract—Fishes are rich in protein and other nutrients like
omega-3 and vitamins. Humans can get around 50% of daily
protein requirement from a 150 grams portion of fish. India
produces around 14 million tonnes of fish every year. During the
rearing of fish a large chunk of the feed ends up as particulates in
water and pollutes it. Hence one of the challenges in aquaculture
sectors is optimum fish feeding and monitoring growth of fishes.
To eliminate these problems various technologies or systems
have been proposed. Many different systems using Artificial
Intelligence, Deep Neural Networks, Internet of Things (IoT), etc
are in use to optimise and automate the feeding process. A
comparison is made between different systems to understand
which models can be efficient to achieve the required goals.

Index Terms—Fish feed optimisation, Artificial Intelligence,
Image Processing, Deep Learning, Fish health monitoring.

I. INTRODUCTION

Fishes are consumed as it is highly rich in protein and
provides other nutrients like Omega-3, Vitamin B2, D, etc.
Around 150 grams of fish provides 50-60% of protein a person
needs in day. India produces 14.16 million tonnes of fishes
annually from which around 70% are fresh water fishes. In
the past 10 years the growth rate is near 8-10% per year. With
this increase in consumption of fishes there comes the problem
of fish feed wastage, water pollution, spread of diseases, etc
if not managed properly and efficiently.

The cost of feeding the fishes is around 40-50% of the total
fish farming cost. Out of the total feed dispensed, approxi-
mately 30 percentage ends up being wasted and is suspended
in water. This then is decomposed using the oxygen in water,
reducing the available oxygen for fishes. After decomposition
it produces toxic substances like ammonia, nitrogen that can
hamper the development of fishes. Hence the feed released
must neither be too less, that the fishes starve and do not grow
properly, nor it must be more, polluting water and harming the
fishes.

As appetite of humans also changes based on the weather,
i.e. in winters human normally eat more compared to summers
(when the heat produced by our body needs to be reduced),
the quantity of feed needed for fishes also depends on the
temperature of surrounding. So the temperature of water needs
to be maintained properly.

There are behavioral changes also indicating that the fishes
are hungry, like aggressiveness, swimming near objects search-
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ing for food. If the oxygen reduces in water then the mouth
of the fishes opens and closes more frequently to take in more
oxygen.

There are three categories of fish feeding - manual feeding,
semi-automated feeding and fully automated feeding. In the
manual feeding technique, the person has to estimate fish
bodyweight per feed, waste output, feed conversion rate, and
bio- energetic data at different water temperatures, etc. But
this is a time consuming and resource intensive. The semi-
automated feeding consists of some electronic devices like
dispensers, programmed timers to dispense the feed and this
method requires some human intervention. For all these
parametersto be taken into consideration, it would be difficult
for a less experienced person to manage and could reduce the
yield and increase wastage. For a better yield the fully
automated modelcan be advantageous where the is no human
intervention which would give the optimum amount and time
of feed. Computer Vision, Neural Networks etc. can be used
to achieve the goal.

II. LITERATURE SURVEY

To optimize the amount of fish feed, various methods and
models have emerged in recent times. Attempts to measure
the fish length have also been done. Some methods are semi-
automated while some are automated processes.

The system proposed as in [3] consists of sensors and
deep neural networks. The sensors used are image sensor,
Dissolved Oxygen (DO) sensor, pH sensor, Oxidation Reduc-
tion Potential (ORP) sensor, Intelligent industrial sensor. The
image sensor i.e. the camera used here was Sony’s full HD
1080p resolution high quality Complementary Metal Oxide
Semiconductor (CMOS). This camera has a wide range and
can capture images through fog and it can reach a distance of
20 meters. The ORP sensor measures the oxidation-reduction
rate which when higher means that the oxidation rate is higher.
A DO sensor is used to measure the conductivity of water. The
pH sensor is used to measure the pH of water which ideally
should be between 7.5-8.5. The ORP, DO and pH sensors,
overall measure the quality of water. The intelligent industrial
sensor reads the inputs of the above three sensors and performs
an analog or digital conversion.

This system captured videos of water splashes and ripples
formed in a pond just before dispensing the feed, when the
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feed is dispensed, while the fishes eat the feed and after
the fishes have eaten the feed. The frames of this video
were then extracted and randomly 16 consecutive frames were
selected and pre-processing was carried out. This experiment
was carried out for 2-3 weeks, twice a day - once at 7am and
another at Spm. The data was fed in a deep neural network
model. Optimizer used here was Adam. The size of the waves
help to determine whether to continue releasing the fish feed
or to stop the dispenser. An accuracy of 93.2% was achieved
using this model.

The proposed model in [4] is an IoT based semi-automated
system. In this model, a cage is placed beneath the water
surface and attached to it are sensors used to continuously
capture the changes happening in the surrounding of the cage.
This changes as captured by sensors and camera and the
amount of leftover feed is transmitted to a remote device such
as a smartphone via cloud server.

Control buoy

Sensors Carn ey
Aquaculturist can observe
inside submergible cages
and control feeding
device with a smartphone.

Submergible cages

Fig. 1. IoT based feed dispenser [4]

The aquaculturists can monitor these changes and determine
the optimum time to begin or end the feeding process. The
cloud server on the internet receives the response and stores
this response as text files. Reading these text files at regular
intervals, the cage controlled by Raspberry Pi detects oper-
ations received from the smartphone for opening or closing
the feeding tanks. This data can be used to train the Machine
learning model for a fully automated process.

Another system for quantization of feed [6] uses artificial
lighting to create a high contrast image of pellets. This was
achieved by a pellet detector of 3x4 grid of 12 white LEDs.
Through the detector, the contrast images were obtained and
matched to a dotted blob class and calculated the sinking
rate of pellets. The proposed system was implemented using
c++ and OpenCV. Based on the sinking rate, the pellets were
distinguished and classified across all occlusion levels.

Arduino controlled model for automatic fish system moni-
tors the changes in the water ripple which is caused by change
in fish’s appetite [1]. It involves the usage of a gyroscope,
Arduino Uno module and servo motor. Gyroscope sensor
captures changes in angle along the X,Y and Z axis. Based on
the movement of ripple produced by the gasping process of
the fishes, the servo motor opens the valve for 3 seconds and
releases an average of 2.48 grams of feed into the water and
closes it again. The angle for slope along the X and Y axis as
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Fig. 2. Pellet Detection by Thresholding [6]

sensed by the gyroscope must be greater than 5° or less than
-5° for releasing of feed.

Since the model was in prototype form, the limitation of the
model was that it could not differentiate between the ripples
caused by movement of fish while searching for food and that
caused while searching for oxygen.

A computer vision - b a s e d model has been developed
for the estimation of length of the fishes [5]. The system
design consists of three blocks. The first block which shows
the input, consists of a Logitech C525 type camera which
captures videoin real-time. The second block - process block
sends the data to load ArUco detector through a USB cable
responsible for detecting the object i.e. the fish.

l ]
Load Video | Pixel to cm Ratio
Capture L ¥

Logitech Webcam I

| Usb

| Load Aruco Detector [ Get Aruco Marker I
Load Object Draw Polygon
|_Around the Marker
|
Aruco Perimeter

Detgclor
Fig. 3. Process Flow [5]

Draw bbject

Display Result &
Send to TTL

TTL to RS232
l Converter

[ Printer/Rs232 Port

ArUco marker is an artificial square marker consisting of a
black border on the outside and a binary matrix on the inside
and the size of the binary matrix depends on the size of the
marker. Suppose if the marker size is 3x3 then the binary
matrix consists 9 bits. [5]

Following this, video gets uploaded through load video
capture, which will then be assigned an ArUco maker for
describing the surrounding polygons. The perimeter of the
ArUco marker is measured and converted to centimeters. Once
it is converted, the boundary is drawn around the fish and the
measurement results are displayed through printer format or
RS232 rejector.

The system achieved an accuracy of 100% in width and
99.94% in length.

The drawback of the proposed system is that if shadow is
casted by the fish, due to bad light setting, then the model
cannot distinguish between the fish and the shadow. The
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Fig. 4. ArUco Markers [5]

shadow is also included in the measurement which affects the
actual measurement of the fish.
The system proposed as in [2] includes the detection of
disease along with feed optimization. It focuses on food
wastage and Al based disease detection in the fish pen. Their
goal is to provide the farmers a system that detects the hunger
of fishes and dispensers to dispense the right amount of feed at
the right time. The conventional way to detect disease would
need continuous attention of the farmer and close inspection
of fishes. This can be time consuming and if the disease is not
detected at the right time, then it would affect the health of
other fishes, reducing the profit of the farmers. The solution
consists of a pre-trained model that is used to identify the
disease and intimate the farmer about it. It also predicts the
market price of fishes for the farmers to get the best price.
Thisis deployed on a cloud application for all the customers.
System for fish length estimation as proposed in [7] makes
use of stereo cameras. The stereo camera contains two com-
mercial IP cameras (Logitech C920). The cameras are oper-
ated by using a mini controller which receives the captured
images and transmits it to the user. Power over Ethernet
provides power and communication. The setup is placed in
an underwater housing which helps to protect it from marine
environments.

Fig. 5. Estimation of length based on the distances [7]

The model uses CNN to estimate the length of the fish
by predicting fish key points. The acquired images are passed
through the CNN model for predicting the key points. Then the
distance between these key points is used to calculate distance
between eye and snout, snout and fin, and finally between fin
and tail. Based on the obtained distances the length of the fish
is estimated.
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This model is developed to measure the length of Gilthead
seabream and European seabass species of fishes for Mediter-
ranean aquaculture. The results obtained for the Gilthead
seabream had mean relative error of 3.15% and the European
seabass had mean relative error 7.14%. Weather, rapid and
unpredicted fish movements due to presence of camera or
personnel, husbandry operations may have led to the presence
of error.

III. COMPARISON

TABLE I
COMPARISON OF ACCURACY AND ERROR OF MODELS

Model Model Performance
Type Model Accuracy Error
Fish Pellet Detector [6] 98.7% 1.3%
Feed By water 93.2% 6.8%
wave observation [3]
Using ArUco 100% (width) 0% (width)
marker [5] 99.4% (length) | 0.6% (length)
Fish 96.85% 3.15%
Growth Using CNN (Gilthead) (Gilthead)
Model 92.59% 7.41%
(European (European
Seabass) Seabass)
IV. PROPOSED MODEL

From all the above systems mentioned, different technolo-
gies can be combined and a single versatile system can be
made for better prediction. We have proposed a prototype that
can be implemented on a fish tank. The proposed system
consists of camera, pH sensor, temperature sensor, Servo
motor, IR sensor, LED and buzzer. Microcontroller used here
is the Arduino Uno. Camera is used to capture images of the
fishes; pH sensor and temperature sensor monitors the quality
of water. The data is stored on the SD card through the data
logger shield. Capturing of the images can be indicated by
blinking of an LED.

The servo motor will control the opening and closing of
the opening of feed to release the desired amount of feed
into the water. IR sensor will detect the amount of feed left
in the feeder and pass the signal to the buzzer when feed
is low. As the prototype is implemented on a fish tank, we
have connected an LED strip to provide light. It is controlled
by a 5V relay. Both the servo motor and LED strip are time
controlled through the RTC.

The images acquired will be passed to a classification model
where each individual fish will be identified as a different class
and then the fish will be extracted from the image. This fish
object will then be enclosed in a bounding box and the length
and width of the fish will be extracted. Using these dimensions,
the growth will be monitored based on the previous weeks’
data. A graph can be plotted for visualization, where the
dimensions must increase as the days pass.
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sensor
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(Arduino)
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Fig. 6. Block Diagram of data collecting unit

Real Time

Clock IR sensor

L J

Microcontroller

(Arduino)

1 ¥ ¥

Servo motor 1 channel relay

I

LED Light strip

Buzzer

Fig. 7. Block Diagram of feeder and light automation system

V. CONCLUSION

As the existing systems have some flaws or have limited
features, there is a need for a more accurate and versatile
model. We have made an attempt to propose a system which
can do both, monitor the growth of fishes and optimize
the quantity of feed based on the growth. There are some
limitations of the proposed model.

The data is stored on an SD card. To make the system
automatic, we need to send the data on a cloud server and the
model used for classification should also be trained directly
on the server. Also, the feeder is time controlled. We have to
develop a model which can automatically control the opening
and closing time of the feeder based on the growth.

So, the proposed model can be formulated using deep
learning models and real time processing to eliminate the
drawbacks of existing solutions explained above.
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Abstract— The natural gas market is highly dynamic and
affected by various factors such as supply and demand,
weather conditions, geopolitical events, and economic trends.
Accurate prediction of natural gas prices is crucial for market
participants, including energy companies, investors, and
policymakers, to make informed decisions and manage risks
effectively. In this context, this paper presents a natural gas
price prediction system that utilizes machine learning
techniques to forecast natural gas prices.

The proposed system employs a multi-step approach that
involves data collection, preprocessing, model training and
building, and model testing. Historical natural gas price data,
along with relevant external factors such as weather data,
economic indicators, and geopolitical events, are collected and
preprocessed to create a comprehensive dataset.

The results of the experiments demonstrate that the
proposed natural gas price prediction system is capable of
accurately forecasting natural gas prices by using random
forest algorithm. The system provides valuable insights and
forecasts that can aid market participants in making informed
decisions related to natural gas trading, risk management, and
investment strategies.

Overall, the proposed natural gas price prediction system
contributes to the field of energy economics and finance by
providing a robust and effective tool for forecasting natural gas
prices, which can help market participants navigate the
complex and volatile natural gas market with greater
confidence and improved decision-making.

Keywords— Natural Gas, Forecasting, Random Forest

I. INTRODUCTION

The natural gas market plays a significant role in the global
energy landscape, serving as a crucial source of energy for
various industrial, commercial, and residential sectors.
Natural gas prices are subject to frequent fluctuations due to
various factors such as changes in supply and demand
dynamics, weather conditions, geopolitical events, and
economic trends. Accurate prediction of natural gas prices is
vital for market participants, including energy companies,
investors, and policymakers, to effectively manage risks,
optimize trading strategies, and make informed decisions.

Over the years, there has been growing interest in
developing predictive models using machine learning
techniques to forecast natural gas prices. Machine learning
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algorithms have the potential to capture complex patterns
and relationships in large datasets, enabling the creation of
accurate prediction models. These models can consider a
wide range of factors that influence natural gas prices,
including historical price data, weather conditions,
economic indicators, and geopolitical events, among others.

In this context, this paper presents a natural gas price
prediction system that utilizes machine learning algorithm to
forecast natural gas prices. The system adopts a multi-step
approach involving data collection, preprocessing, model
training and building, and model testing. It leverages
historical natural gas price data, along with relevant external
factors, to create a comprehensive dataset. The machine
learning model is trained on the preprocessed dataset.

II. LITERATURE SURVEY

Natural gas price prediction has been a topic of extensive
research in the field of energy economics and finance.
Various methodologies have been proposed to forecast
natural gas prices, ranging from traditional time-series
models to more advanced machine learning techniques. The
literature survey highlights the key findings and
contributions of previous research in this area, as well as the
gaps that the proposed natural gas price prediction system
aims to address.

Time-Series Models:

Time-series models have been widely used for natural gas
price prediction due to their ability to capture temporal
patterns and trends. Autoregressive Integrated Moving
Average (ARIMA) models have been commonly employed
in natural gas price forecasting [1]. However, ARIMA
models may have limitations in capturing complex nonlinear
relationships and may not perform well with large and
complex datasets.

Seasonal ARIMA (SARIMA) models, which incorporate
seasonal components, have also been used in natural gas
price prediction [2]. SARIMA models can capture seasonal
patterns and provide better accuracy for longer forecast
horizons compared to ARIMA models. However, they may
still struggle with capturing nonlinear patterns and
incorporating multiple external factors.
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Machine Learning Techniques:

In recent years, machine learning techniques have gained
popularity for natural gas price prediction due to their ability
to capture complex patterns in large datasets. Support
Vector Machines (SVM), Artificial Neural Networks
(ANN), and Decision Trees have been applied in natural gas
price forecasting [3].

Deep learning techniques, such as Long Short-Term
Memory (LSTM) and Convolutional Neural Networks
(CNN), have also been utilized for natural gas price
prediction. LSTM models, which are a type of recurrent
neural network, have been shown to effectively capture
long-term dependencies and nonlinear patterns in time-
series data [4]. Ensemble models, such as Random Forest
and Gradient Boosting, have been used to combine the
strengths of multiple models for natural gas price prediction

[5].

Integration of External Factors:

Many studies have highlighted the importance of
incorporating external factors, such as weather conditions,
economic indicators, and geopolitical events, into natural
gas price prediction models. For example, weather
conditions, such as temperature and heating degree days,
have a significant impact on natural gas demand and prices.
Economic indicators, such as GDP, inflation, and industrial
production, can influence natural gas consumption and
prices. Geopolitical events, such as supply disruptions or
changes in trade policies, can also affect natural gas
markets. Some studies have integrated external factors into
time-series models as exogenous variables, while others
have used machine learning techniques to capture the
relationships between natural gas prices and external factors

[6].

Overall, the literature suggests that there is no versatile
solution for natural gas price prediction. The most efficient
method will depend on various factors, such as the available
data, the specific market being analyzed, and the desired
level of accuracy.

III. METHODOLOGY

Model

Model
Testing

Data
Acquisition

Data

) Training &
Cleaning

Building

Fig. 1. Flow Diagram

IEEE TKD-23/ISBN N0.978-81-992245-5-0

A. Data Collection

The collection of data is one of the major and crucial tasks
of any machine learning project. Since the input we feed to
the algorithms is data. So, the algorithm's effectiveness and
delicacy depend upon the correctness and quality of the data
collected. Hence as the data same will be the output.

B. Data Pre-processing

Collecting the data is the first task and making that data
useful is another important task. Data collected from
multiple sources will be in an unstructured format and there
may be a lot of null values, invalid data values, and
unwanted data values. Cleaning all these data values and
replacing them with appropriate or approximate data values
and removing null, missing data values, and replacing them
with some fixed alternate values are the basic steps in pre-
processing the data. Indeed, the data collected may contain
entirely scrap or garbage values. It may not be in the
accurate format or way that is meant to be. All similar cases
must be verified and replaced with equivalent values to
make data meaningful and useful for further processing.
Data must be kept in a structured format.

C. Application of Algorithm

The next step involves applying a machine learning
algorithm (random forest algorithm) to the data and
observing the corresponding results. Random forest is an
ensemble method that constructs multiple decision trees and
produces a class that is the mode of the classes or the mean
prediction of the individual trees. The random forest
algorithm works by randomly selecting a subset of the
features from the input dataset and building a decision tree
for each subset. Each decision tree is built by recursively
splitting the data based on the selected features until a
certain condition is met such as a maximum tree depth, the
minimum number of samples in each leaf node, or other
user-defined criteria. During the prediction phase, the input
data is passed through each decision tree and the output
from each tree is averaged or counted to produce a final
prediction. The random selection of features and the use of
multiple trees helps to reduce overfitting and increase the
accuracy of the model.

D. Training and Testing

Finally, after processing the data and training the very next
task is obviously testing. This is where the performance of
the algorithm, quality of data, and required output all appear
out. From the huge data set collected 70 percent of the data
is utilized for training and 30 percent of the data is reserved
for testing. Training is the process of making the machine
learn and giving it the capability to make further predictions
based on the training it took. Although testing means
already having a predefined data set with output also
previously labeled and the model is tested whether it is
working properly or not and is giving the right prediction or
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not. If the maximum number of predictions are right, then
the model will have a good accuracy percentage and is
reliable to continue with otherwise better to change the
model.

IV. RANDOM FOREST ALGORITHM

The random forest algorithm produces the outcome based on
the predictions of the decision trees. It predicts by taking the
average or mean of the output from various decision trees.
Increasing the number of decision trees increases the
accuracy of the outcome.

The working of Random Forest Algorithm is explained
using the following steps.

Step 1: The algorithm selects random samples from the
given dataset.

Step 2: The algorithm will construct a decision tree for each
sample.

Step 3: Next, the algorithm will get the prediction result
from each decision tree created.

Step 4: In this step, voting will be performed for each
predicted result.

Step 5: Finally, the most voted prediction result will be
selected as the final prediction result.

V. RESULTS AND DISCUSSION

In this section, we will discuss the results that are obtained
by performing the above procedure using the machine
learning model. The user needs to provide a valid date as
input to the random forest model through the interface and
then the trained model will forecast the expected price of
that day.

Natural Gas Price Prediction

Date
Month

Year

IEEE TKD-23/ISBN N0.978-81-992245-5-0

The above figure shows the interface where the user needs
to enter a particular date as input. The prediction is done
using Random Forest Model.

Natural Gas Price Prediction

Date

16

Month

Year

2023

The above figure shows that 16th April 2023 is given as
input.

Result

Gas Price ($ per unit) : 1.64

The above figure shows the predicted price of natural gas on
16™ April 2023. The prediction is done using Random
Forest Model. The result of the forecast is displayed in US
dollar per unit.

VI. LIMITATIONS

There are several limitations to natural gas price prediction
that are worth noting:

Uncertainty in supply and demand: The price of natural gas
is influenced by various factors, including the demand for
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energy, the level of natural gas production, the availability
of storage, and weather patterns. These factors are difficult
to predict accurately, which can make it challenging to
forecast natural gas prices.

Geopolitical risks: Natural gas is often subject to
geopolitical risks, such as trade disputes, pipeline
disruptions, and political instability in key producing
regions. These risks can be difficult to anticipate and can
significantly impact the price of natural gas.

Market volatility: The natural gas market can be highly
volatile, with prices fluctuating rapidly in response to
changes in supply and demand, as well as other market
factors. These fluctuations can make it difficult to accurately
predict future prices.

Lack of transparency: The natural gas market can be
opaque, with limited information available on production
levels, storage capacity, and other key factors that influence
prices. This lack of transparency can make it challenging to
develop accurate price forecasts.

Overall, natural gas price prediction can be challenging due
to the complex and interconnected factors that influence the
market, as well as the inherent uncertainty and volatility of
the industry.

VII. CONCLUSION

In this paper, the random forest algorithm is implemented to
forecast the prices of natural gas. This model obtains an
accuracy of 97%. The development of an accurate and
reliable natural gas price prediction system has significant
implications for various stakeholders in the energy industry,
including natural gas producers, consumers, traders, and
policymakers. Accurate price forecasts can help these
stakeholders make informed decisions, optimize their
operations, and manage risks associated with natural gas
price fluctuations. Further research and development of the
proposed natural gas price prediction system could
contribute to the advancement of the field and provide
valuable insights for decision-makers in the energy industry.
However, challenges such as data availability, data quality,
and model interpretability need to be carefully considered
and addressed in the development of the system. Overall,
the proposed natural gas price prediction system has the
potential to improve the accuracy of natural gas price
forecasts and support decision-making in the energy
industry.

VIII.FUTURE SCOPE

The future scope of natural gas price prediction systems is
quite significant due to the increasing demand for natural
gas as a cleaner energy source and the volatile nature of its
price. Here are some potential future developments in the
field of natural gas price prediction systems:

IEEE TKD-23/ISBN N0.978-81-992245-5-0

Integration of machine learning and Al techniques: With the
advancement of machine learning and Al techniques, natural
gas price prediction systems can become more accurate and
reliable. These techniques can help in identifying patterns
and trends in the market that may not be evident through
traditional analysis methods.

Use of big data: Natural gas price prediction systems can
benefit from the use of big data, which can include data
from various sources such as weather patterns, supply and
demand trends, and geopolitical events. By analyzing this
data, the systems can provide more accurate price
predictions.

Integration of global factors: Natural gas prices are affected
by various global factors such as geopolitical events and
climate change policies. Investigating the potential use of
global indicators in natural gas price prediction can improve
the accuracy of the models.

Overall, the future of natural gas price prediction systems is
bright, and with the incorporation of new technologies and
data sources, these systems can become more accurate and
reliable, benefiting all stakeholders in the natural gas
market.
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Abstract— Phishing is a type of cyber-attack where a
fraudulent message is sent by an attacker in order to deceive an
individual into revealing sensitive information. The fraudulent
message is often designed to mimic a legitimate website or
organization, and the attacker can observe the victim's activity
on the site. According to the FBI's Internet Crime Complaint
Centre, phishing incidents have been recorded at more than
twice the rate of any other type of computer crime. In 2022,
phishing attacks were the most common type of attack carried
out by cybercriminals. Phishing attacks peaked at an all-time
high in 2021, with 300,000 attacks being registered in just one
month (December), more than tripling from the previous two
years. Our aim is to create a chrome extension to detect the
Phishing websites and alert the user using machine learning and
deep learning techniques whenever a user visits the website. The
project aims to gather URLs from multiple sources, including
UCI machine learning repository, Kaggle, Phish Tank, and
Alexa URL. Whenever a user opens a website on his/her
browser, the extension will work in the background. If the
website is detected as phishing website, the user will be alerted
with a pop-up box with an ‘OK’ button. If the website is not
detected as phishing website, then no action will be taken. We
have used various machine learning algorithms (Random
Forest, etc.) along with deep learning algorithm (Single Layer
Perceptron) to train the model and it was evaluated on the basis
accuracy and on the basis of evaluation function such as recall,
Flscore, precision. The train/test split rule for dataset were
80/20 respectively. The browser extension was written in
JavaScript. The JavaScript file extracts features of URL such as
browser popup, use of frames, shortening services, etc. and then
applied the algorithm to detect whether the website is legitimate
or not.

Keywords— Phishing, Extension, URL, Random Forest,
Feature extraction, Single Layer Perceptron

I. INTRODUCTION

With the increasing use of the internet and digital
platforms, the risk of online attacks such as phishing has also
increased significantly. Phishing is a form of online attack
where cybercriminals create fake websites or emails that
mimic legitimate ones to deceive users into providing
sensitive information as shown in Figure 1. This confidential
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data has the potential to be exploited for illicit activities such
as financial fraud or identity theft. The need to protect one
from such attacks has never been more urgent, and this is
where the development of our model for detection and
prevention of phishing websites using machine learning
comes in picture. Machine learning is a branch of artificial
intelligence that allows systems to learn and enhance their
performance automatically based on experience. It involves
creating algorithms capable of detecting data patterns and
utilizing them to make predictions. In the context of our model
for detection and prevention of phishing websites, machine
learning algorithms are used to identify patterns in the data
associated with websites, such as their URLs, HTML tags, and
text content. By utilizing these patterns, the model can discern
whether a website is genuine or deceptive. Developing a
model for detecting and preventing phishing websites using
machine learning is crucial in today's digital landscape.
Phishing attacks are becoming increasingly sophisticated, and
traditional methods of detecting and preventing such attacks
are no longer sufficient.

Social engineering I Technical subterfuge |
Email Malware

[
VoiP

Web Trojans

|
Il

Whaling
Website

in-session
SMS

Pharming

I}

Sesston hijacking

f

!

Malware

Figure 1: Types of Phishing

With the help of machine learning algorithms, the model
can provide real-time protection against phishing attacks,
allowing users to browse the internet with confidence.

II. RELATED WORK

Mohith Gowda et al. [1], A dataset consisting of 11,055
tuples is used to train the model. These processes are carried
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out on the client-side with the help of a redesigned browser
architecture. For ease of access to the users they have
improvised and introduced detection methods into the
browser architecture named as ‘Embedded Phishing
Detection Browser’ (EPDB), which is a novel method to
preserve the existing user experience while improving its
security. The system architecture for the model contains the
following components User Interface, Browser Engine,
Rendering Engine, Networking, Ul Backend, Data Storage
and the most important Intelligent Engine for detection of
phishing attacks. The results shows that if the Intelligent
Engine detects a Phishing Website it alerts the user with a
pop-up box with two options as ‘Back to Safety’ and
‘Continue’. Another set of result were if we compared various
other classification models i.e., Logistic Regression and
Support Machine Vector with the random forest classification
model. The Random Forest Classification model showed an
accuracy of 99.36%, with a F1 Score of 99.43%.

Patil and Dhage [2] The five approaches to anti-phishing are
Rules based, Blacklisting, Content based, Machine Learning
based and Hybrid. Anti-phishing tools such as Google Safe
Browsing (GSB) and Netcraft, Mcfee Site Advisor, Avast and
Quick Heal are used to protect against phishing websites. An
effective framework for designing an anti-phishing model is
presented, which involves URL gathering, feature collection,
feature selection and classification. Heuristics and Hybrid
approach perform best with 99.60 and 99.14% accuracy
respectively.

Yang et al. [3] The paper proposes a multidimensional feature-
based approach for detecting phishing, which employs a rapid
deep learning detection method. The initial stage involves
extracting character sequence features from the provided
URL, which are then utilized for rapid categorization via deep
learning. The second stage integrates various features such as
statistical information about the URL, characteristics of the
webpage's code, textual content of the webpage, and the
outcome of the initial deep learning classification to form
multi-dimensional features. The accuracy of the model
reached 98.99% while the false positive rate was only 0.59%.

Xu et al. [4] This paper presents a method named "Gemini"
that aims to protect users from inadvertently disclosing
sensitive login information on phishing websites. It does not
use appearance, but instead uses username. Prototypes of
Gemini as a browser extension were implemented in Firefox,
Chrome, and IE respectively. It works for pop-up login pages
and searches the source of the page for elements like type=
"password". Gemini data can be imported and exported, and
is compatible with other anti-phishing tools. In the evaluation,
two sets are sent for testing: legitimate sites and the other
phishing ones.

Mughaid et al. [5] This paper reviews several methodologies
for detecting phishing attacks, such as PILFER, Bhat et al.'s
"Beaks", and Chiew et al.'s anti-phishing tool. PILFER
employs a feature set of 10 characteristics such as URL
grounded and script grounded features to identify phishing
attacks, while Bhat et al.'s "Beaks" employs a spam filter to
classify emails as spam or non-spam. Chiew et al.'s anti-
phishing tool relies on a combination of structure-based and
behavior-based features, such as the sender's name,
blacklisted words in the subject and content, IP address in the
URL, fleck and symbol in the URL, unique sender and sphere
name, hyperlink consistency, and return path. To evaluate the
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effectiveness of phishing email detection, seven supervised
classification algorithms were selected and utilized for
training and testing purposes. The selected rate is 0.70 of the
training set and 0.30 of the test, and feature selection ways
need further enhancement to manage with the continuous
development of new ways by the phishers.

Marchal et al. [6] Phishing is a lucrative cyber-crime that
causes losses of several billion dollars every year. This paper
creates an automated phishing detection system called Phish
Storm which can analyze any URL in real-time to identify
potential phishing sites with a correct classification rate of
94.91%. It uses the Phishing dataset and legitimate dataset to
create a balanced dataset from which 12 features are selected
to be used in supervised classification using random forest
algorithm.

Zhu et al. [7] Phishing attack is now a big threat to people’s
daily life. During training dataset many useless and small
influence features can cause problem of overfitting which
causes inefficiency while detecting phishing websites. Based
on FVV (Feature Validation Value), an algorithm is designed
to select optimal features from fishing website to reduce
overfitting problem and train neural network to detect
phishing website. It considers various sensitive features in the
start, from which, features are selected based on higher FVV.
It uses Neural Network classifier with three layers for URL
classification. A black and white list is first introduced to
reduce time cost. For the URLSs which are not in list, the neural
network classifier is used to process this URL. This algorithm
could properly deal with problems of big number of phishing
sensitive features and the continuous change of features.

Shukla and Sharma [8] The paper designs a system using a
Bayesian optimized Support Vector Machine classification
approach to assign 'l' if the address is secure, otherwise '0'.
The system is provided with unclassified URLs and binary
class output is expected. The URLs are collected, loaded, and
divided into three parts: protocol, domain, and route. The
results presented by the model require obtaining results with a
higher level of accuracy, with a fault tolerance of 0.001%.
After executing the URL function, a Bayesian optimized SVM
classifier is used with a distribution of data of 40%.

Parthiban et al. [9] The proposed system introduces a new
image verification process that creates a unique identity for
each user. Images used for verification are encrypted using the
RSA algorithm, so they cannot be used by third parties even
when someone logs into the web wallet. If a single user is
targeted for a phishing attack, hackers can create virtualization
of custom image authentication, which requires more security
in the future.

Su [10] this paper investigates heuristic detection methods
such as CANTINA and CANTINA+ and visual similarity
tests. The model uses the stochastic gradient descent (SGD)
optimization method with an initial learning rate of 1 in 1000
and a batch size of 128. The dataset used was 2,000 legitimate
websites collected by Yahoo Director and 2,000 phishing
websites collected by Phish Tank. 70% of the dataset was
allocated for training and the remaining 30% for testing
purposes. The LSTM network employed in this study has 10
input layer nodes and one output layer node, with the
aforementioned 10 features serving as the input.
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1. METHODOLOGY

The development of a model for discovery and prevention of
phishing websites using machine literacy requires a well-
defined methodology. The methodology outlines the way
involved in creating the model, from data collection to model
deployment. This section discusses the methodology used in
the development of our model, as shown in Figure 2

Dataset

1. Abnormal URL: Checks whether URL is without
hostname.

2. ‘@’ Symbol: Checks whether URL contains ‘@’
symbol.

3. Sub domain: Calculates the number of sub domain
on the basis of dots present in URL

4. URL requests: Calculates percentage of number of
times URL is requested

5. Shortening services: Checks whether the URL is too
short.

6. ‘HTTPS’ token: Checks whether the domain has
HTTPS token or not.

7. Server from handler SFH: Checks whether SFH
contain “about: blank” or “Is empty”

8. URL with anchor: Calculates the percentage of
anchor URL

9. Tag containing links: Calculates the percentage of
links in ‘Script’, ‘Meta’ and ‘link’.

10. Iframe: Checks whether webpage makes use of
iframe.

11. IP Address: Checks whether URL contains IP
Address.

12. Length of URL: Calculates and checks whether the
length of URL is too big.

13. Double slash forwarding: Checks whether the ‘//* in
URL is within 7th character.

14. Non-standard ports: Checks whether the port number
has preferred status

15. Prefix and suffixes: Checks whether domain contains

16. Favicon: Checks whether favicon is retrieved by
external or internal source

17. SSL final certificate: Checks if URL is using https by
trusted providers and certificate age.

18. Age of domain: Calculates the age of Domain.

19. DNS record: Checks whether the domain is with or
without DNS record.

20. Links pointing to page: Calculates how many links
are pointing to the Webpage.

21. Domain registration length: Checks the expiry date
of Domain.

Data Collection

The initial step is to gather data. Data collection involves
the collection of a large dataset of both legit and fraudulent
websites. The dataset should be large enough to capture the
variability of the different types of phishing attacks. There are
various styles for collecting data, analogous as web scraping
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or using being datasets. In this design, we used a dataset from
Kaggle.

The link for the dataset is

https://www.kaggle.com/code/shubha23/identification-
of-phishing-websites.

Data Pre-processing

Once the data has been collected, the subsequent step
involves pre-processing it. Data pre-processing encompasses
cleaning and transforming the data to make it ready for
analysis . This step is essential because it ensures that the data
is of high quality and suitable for machine literacy algorithms.
The pre-processing step entails removing duplicates,
managing missing values, and transforming the data into a
format that is appropriate for machine learning algorithms.

The above dataset was checked for missing values, null
values, duplicates and other noise using box plot and other
method. From the above dataset, the features that were not
very useful for detection of the phishing were dropped.

Model Selection

The coming step is to handpick a machine literacy model.
Model selection involves choosing the swish algorithm that
can directly classify legit and fraudulent websites. There exists
a variety of machine learning algorithms, such as logistic
regression, decision trees, and others. In this design, we used
a random forest algorithm.

For this project, we trained the model using various
algorithms. For each the accuracy, F1-score, precision, recall
was calculated. The algorithm which provided the best values
was random forest. Hence, random forest was used for training
and testing the model.

We have trained and evaluated our model using 22
parameters dataset and various algorithms. From all the
algorithms used Random forest provided the best accuracy.
For the implementation of extension 16 parameters were used
and single layer perceptron was used to detect phishing
websites as random forest cannot be implemented directly in
JavaScript.

Random Forest

Random Forest is a machine learning algorithm technique
that is utilized for both classification and regression tasks. It is
an ensemble method that chains multiple decision trees to
make predictions. Random Forest is a powerful and versatile
algorithm that is widely used in various applications, such as
finance, healthcare, and marketing. Random Forest is a
machine learning algorithm that creates multiple decision
trees by randomly selecting subsets of the original dataset and
features. This ensemble method aims to achieve better
performance by combining the predictions of individual trees.
This helps to reduce over fitting and increase the model's
generalization ability The ultimate prediction of the Random
Forest algorithm is determined by taking into account the
majority vote of all the individual trees.

Single Layer Perceptron:

A single-layer perceptron is a type of artificial neural
network with one layer of nodes, which takes input values and
produces a set of output values. The perceptron is a supervised
learning algorithm used for classification tasks
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where the output is a binary classification (i.e., two
classes).

| User | Output

L I

A URL typed in the URL box

l

Chrome extension working in
background takes the URL
from the URL box.

L3
Analysis of the URL is done
based on the legitimate and
Phishing URLs.

If found legitimate, no error pops
up

*

If found suspicious, alert is
raised to client - side and
legitimate website owner is
informed.

A

URL is passed to model
developed using machine
learning and deep learning

Figure 2: Design Methodology

The single-layer perceptron consists of one or more input
nodes, a set of weights, an activation function, and an output
node. Each input node is connected to the output node by a set
of weights, which are adjusted during training to minimize the
error in the output. The activation function used in a
perceptron is a threshold function, which determines whether
the output of the perceptron is O or 1 based on the input and
the weights.

Model Training

After concluding the machine learning algorithm, the
coming step is to train the model. Model training involves
feeding the model with the pulled features and their
corresponding labels. The model is trained by learning from
the data and adjusting its parameters to minimize errors.
According to this, data is divided into a training set and a
validation set. The training set is utilized to train the model,
whereas the validation set is used to assess the performance of
the model. In this particular study, 80% of the data from the
aforementioned dataset was employed to train the model.

Model Evaluation

After training the model, the coming step is to estimate its
performance. To evaluate the effectiveness of the model, it is
tested on a separate test set that has not been used in training.
The performance of the model is then measured using various
metrics such as sensitivity, accuracy, and recall. These metrics
help in determining the model's capability to detect and
prevent phishing attacks.

20% of data is used for testing the model.

The development of a model for discovery and prevention
of phishing websites using machine literacy requires a well-
defined methodology. The methodology involves collecting
data, preprocessing the data, lodging applicable features,
concluding a machine knowledge model, training the model,
assessing its performance, and planting the model. By
following this methodology, we can develop a model that
provides real-time protection against phishing attacks.

IV. IMPLEMENTATION

The extension shows an alert to the user when a phishing
website is visited to save the user from any harm. For this to
work the extension needs to be added in the browser by the
user. Extension is implemented using single layer perceptron
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in deep learning after evaluating the accuracy of deep
learning and various machine learning models.

The extension is to be first uploaded by going to the
chrome:://extensions sections and the on Load unpacked as
mentioned in the following figure:

= @ Extensions et Benkmeis W

Figure 3: Loading Extension

The websites are detected as phishing based on various URL
features. When any website is visited the URL of the website
is extracted by extension, the extension then processes the
URL to detect it as safe or phishing, this processing is done
by JavaScript file(content.js).

If the URL is detected as phishing, then an alert is given in

form of a popup to user else there is no popup. This alert is
given with the use of background.js file.

Passport Renewal Online >

Figure 4: Phishing alert on sample website

After the website is detected as phishing the user is provided
a form to enter the URL, source of URL and location of the
user which can help to get more information about the
phishing attacks and avoid future attacks.

C R e ot ke dghdsenci $ & o2

Save yourself and Others from
Phishing

Figure 5: Form for credentials
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The accuracies obtained by various machine learning
algorithms (like Random Forest, Decision Tree, Support
Vector Machines, Gradient Boosting Classifier, K-Nearest
Neighbors, AdaBoost Classifier and Logistic Regression) are
tabulated as follow:

Sr. | Classifier Accuracy | Precision | Recall | F1-

No. (in %) Score

1 Random 96.11 0.96 0.96 | 0.96
Forest

2 Decision 95.70 0.94 094 | 0.94
Tree

3 Support 94.57 0.56 1.00 | 0.72
Vector
Machines

4 Gradient 94.48 0.93 0.96 | 0.94
Boosting
Classifier

5 K-Nearest | 94.26 0.65 0.69 | 0.67
Neighbors

6 AdaBoost 93.48 0.92 0.96 | 0.94
Classifier

7 | Logistic 93.39 0.92 0.95 | 0.94
Regression

Table 1: Metrics of various Machine Learning Algorithms

V. CONCLUSION

In this work, we have proposed a system for detection and
prevention of phishing websites. For that we have focused on
URL classification of the websites. The dataset taken for this
purpose contains 11055 tuples with 22 different features
which has helped us to identify the website as phishing. The
data present in the dataset is in the format of 1, 0, —1 which
represents Legitimate, Suspicious and Phishing respectively.
The Random Forest Algorithm was utilized for both training
and testing of the model. The URL passed as the input to the
model is first processed such that the 21 distinct features (apart
from the Result i.e., is 22rd feature) are calculated in the
format of 1, 0 and —1. The dataset is split into 80/20 ratio
which gives us optimal data for good training and testing in
order to prevent both under-fitting and overfitting of the
model. The model classifies the input URL as Legitimate or
Phishing with an accuracy of 96.11% having the n_estimators
(i.e., number of trees in random forest) as 112. As a part of the
future scope, we would like to notify the users related to their
phishing websites; for example, if a phishing website similar
to www.microsoft.com is created; so, we would like to inform
the original creator of the website regarding the phishing
website that has been created. Along with that, the type of
websites which showcase a fake product and take away the
money can be detected using web scraping and sentimental
analysis.
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Abstract—As the time has passed data science become an
important and bigger trend. Over the year demand of data
scientists is increased as it help the organization all over the
world to value their results. Organization setups Business
Intelligence departments and make decision from the driven
data. Many machine learning algorithms have been developed
to classify data and extract knowledge in a very simple way
possible because manual analyzing in spreadsheet is time
consuming and inefficient. In this research paper we have
explained some of fundamental machine learning algorithms
which every data scientist should be aware with.

Keywords —Machine learning, Supervised, Unsupervised,
Reinforcement, Data Science

1.INTRODUCTION

An interdisciplinary subject known as data science uses
scientific methods, systems, and procedures to draw
conclusions and information from data. The discipline has
rapidly expanded in recent years as a result of improved data
accessibility and improvements in processing and storage
capabilities.

In data science we deeply studies the data and then by using
some method, techniques, tools and algorithm we extract
meaning from the data. That data can be either in structured
form or Unstructured form then that particular knowledge
can be applied to Business, Government and other fields in
which we can innovate new product, service, build better
system or maximize profit and more.

Learning algorithms are a type of machine learning
algorithm that enable computers to learn from data and
improve their performance over time. They are widely used
in various fields such as computer vision, natural language
processing, and robotics. In this paper, we will explore the
various aspects of learning algorithms and how they have
transformed different industries.

Learning algorithms are a type of machine learning
algorithm that enable computers to learn from data and
improve their performance over time. In this paper, we will
explore the intersection of learning algorithms and data
science and how it has transformed different industries.

The field of artificial intelligence is heavily inspired by the
brain processes and functions of humans, and machine
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learning is now in a wide range of technologies that can be
used for prediction.[1]

2.Literature Review [2]

Learning algorithms are used to extract patterns from the
given data which can be either structured or unstructured.
They are widely used in many fields like robotics, natural
language processing, computer vision, etc. Learning
algorithms can be classified into:

1. Supervised Learning
2. Unsupervised learning
3. Reinforcement learning.

Supervised learningconsists training a model on labeled
data to predict unseen data.

Unsupervised learning includes finding relation and
patterns in unlabeled data.

Reinforcement learningconsists training an agent to take
actions in an environment for maximize rewards.

Several learning algorithms are commonly used in data
science, including neural networks, decision trees, k-nearest
neighbors, and support vector machines. Neural networks, in
particular, have gained popularity in recent years due to
their ability to learn complex patterns in data. Convolutional
neural networks are commonly used in computer vision,
while recurrent neural networks are used in natural language
processing.

The data science process involves several steps, including
problem formulation, data collection, data preparation, data
analysis, and data visualization. The data analysis step can
be divided into two categories: descriptive analysis and
predictive  analysis.  Descriptive  analysis  involves
summarizing the data to gain insights into the characteristics
of the data, while predictive analysis involves building
models that can predict future outcomes based on historical
data.

38


mailto:aartiverma_mca22_24@its.edu.in*
mailto:ujjawalkumar_mca22_24@its.edu.in
mailto:ujjawalkumar_mca22_24@its.edu.in
mailto:chanchalprabhasharma@its.edu.in
mailto:chanchalprabhasharma@its.edu.in

IEEE TECHNICOKNOCKDOWN-2023 (TKD-23)

3.MACHINE LEARNING ALGORITHMS[2]

Rather than being explicitly programmed, computers may
learn from the data that is presented to them thanks to a
subset of artificial intelligence known as machine learning.
Based on the patterns that machine learning algorithms find
in the input data, these algorithms are used to forecast
outcomes, classify data, and carry out a variety of other
activities. The strengths, drawbacks, and applications of
some of the most popular machine learning algorithms are
discussed in this study.

3.1. Supervised Learning Algorithms:

Supervised Learning algorithms make predictions based on
labeled data. These algorithms are trained on a dataset that
contains input data and corresponding output data, or labels,
that indicate the correct response for each input.

Supervised learning algorithms include:
e Linear Regression:

Linear regression is a statistical method that is used to
predict a continuous variable based on a set of input
variables. It assumes a linear relationship between the input
variables and the output variable and uses this relationship
to make predictions.

o Logistic Regression:

In Logistic regression, we predict the probability how an
event occurred. It is commonly used in classification
problems, where the goal is to predict the class of an input
variable based on a set of input features.

e Decision Trees:

Decision trees (fig.1) are used to make decisions based on a
series of branching logic. Each node in the tree represents a
decision based on a specific feature of the input data, and
the branches represent the possible outcomes of that
decision.

Dedision Node

| Decision Node |

DecisionNode

Fig.1
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e Naive Bayes:

The Naive Bayes classification algorithm is based on the
assumption that the predictors in the data set are
independent. This means that the properties are unrelated.
All these characteristics will lead to the probability that it is
a banana in itself and not dependent on each other. The
Naive Bayes algorithm is totally based on Bayes’ theorem,
which is the following:

P(A) P( B| A)
P(B)

P(A|B)=

Where,

P(A | B) = how often happens given that B happens P(A) =
how likely A will happen

P(B) = how likely B will happen
P(B | A) = how often B happens given that A happens[2].
3.2. Unsupervised Learning Algorithms:

Unsupervised Learning algorithms are used to identify
patterns in data without being given any specific
instructions. These algorithms are used to cluster data,
reduce dimensionality, and perform other tasks that do not
require labeled data.

Unsupervised learning algorithm consist:
e K-Means Clustering:

K-Means clustering (fig.2) is used to group data into clusters
based on their similarity. It is commonly used in image
segmentation, customer segmentation, and other similar
applications.

A\ 4
Vv

Fig.2 [2]
Principal Component Analysis:

Principal Component Analysis is used to reduce the
dimensionality of data by identifying the most important
features. It is commonly used in image and speech
recognition, as well as in finance and economics.
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e Association Rule Learning:

Association Rule Learning is used to identify patterns in
data based on the frequency of their occurrence.lt is
generally used in market basket analysis, where the goal is
to identify that which items are frequently purchased
together.

3.3. Reinforcement Learning Algorithms:

Reinforcement Decisions based on trial and error are made
using learning algorithms. These algorithms are given a
target and a range of options on how to get there. By acting
and getting feedback in the form of incentives or
punishments, the algorithm learns.

Some commonly used reinforcement learning algorithms
include:

e (Q-Learning:

Q-Learning (fig.3) is used to learn the optimal action to take
in a given state to achieve a specific goal. It uses a table to
store the expected reward for each action in each state, and
updates these values based on the feedback received.

Initialize Q-table

N Choose an Action

Performe an Action

Measure Reward

e Update Q - table

Fig.3
e Deep Reinforcement Learning:

Deep Reinforcement Learning uses neural networks to learn
the optimal action to take in a given state. It is used in
complex tasks such as playing games and controlling robots.

4. Applications of Machine Learning Algorithms

Machine Learning (ML) is a rapidly evolving technology
that has revolutionized the way we process and analyze data.
The goal of machine learning is to develop algorithms that
can learn from data and make predictions, classifications,
and decisions without being explicitly programmed. ML
algorithms are increasingly being used across different
fields, including finance, healthcare, retail, and
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transportation, to name a few. In this paper, we discuss the
application of Machine Learning algorithms across different
fields.

Application of Machine Learning in Finance:

Machine learning algorithms are widely used in the finance
industry for tasks such as fraud detection, portfolio
optimization, and risk management. The following are some
examples of how Machine Learning algorithms are applied
in finance:

e Fraud Detection:

Machine Learning algorithms are used to identify fraudulent
activities in the financial industry. These algorithms can
analyze patterns in the transaction data and flag unusual
activities. ML algorithms can also be used to detect identity
theft, fake accounts, and credit card fraud.

o Portfolio Optimization:

ML algorithms can be used to optimize portfolios by
analyzing past data and predicting the best possible
investment strategies for future profits. For instance, ML
algorithms can use predictive analytics to find correlations
between different investment vehicles and develop optimal
portfolio allocations.

e Risk Management:

Machine Learning algorithms can be used to analyze
different risk factors that may affect an investment portfolio.
This may include factors such as market volatility, economic
trends, and geopolitical risks. ML algorithms can then use
this data to make informed investment decisions.

Application of Machine Learning in Healthcare:

Machine Learning algorithms are widely used in healthcare
for tasks such as patient diagnosis, drug discovery, and
clinical trials. The following are some examples of how
Machine Learning algorithms are applied in healthcare:

e Disease Diagnosis:

ML algorithms are used to analyze medical data and predict
the likelihood of a patient developing a particular disease.
For instance, Machine Learning algorithms can analyze
medical images such as X-rays and CT scans to detect
abnormalities and diagnose diseases such as cancer and
pneumonia.

e Drug Discovery:

Machine Learning algorithms are used to develop new drugs
and identify existing drugs that can be repurposed for new
treatments. This is done by analyzing large datasets of
chemical compounds and their biological activity to identify
patterns and develop predictions.
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e  Clinical Trials:

Machine Learning algorithms can be used to analyze the
results of clinical trials and develop personalized treatment
plans for patients. This involves analyzing patient data such
as genomics, medical history, and lifestyle to develop
targeted treatments that are more effective and efficient.

Application of Machine Learning in Retail:

Machine Learning algorithms are used in retail for tasks
such as customer segmentation, inventory management, and
sales forecasting. The following are some examples of how
Machine Learning algorithms are applied in retail:

o Customer Segmentation:

Machine Learning algorithms can be used to segment
customers based on their purchasing behavior. This allows
retailers to develop targeted marketing campaigns and tailor
their offerings to specific customer segments.

¢ Inventory Management:

Demand forecasting and inventory level optimisation can be
done using machine learning techniques. Retailers can save
inventory expenses and prevent stockouts by analysing
historical sales data and forecasting future demand.

e Sales Forecasting:

Machine Learning algorithms can be used to forecast sales
based on historical data and other variables such as
seasonality, weather, and economic trends. This allows
retailers to plan their inventory and staffing levels to meet
expected demand.

Application of Machine Learning in Transportation:

Machine Learning algorithms are used in transportation for
tasks such as route optimization, autonomous driving, and
predictive maintenance. The following are some examples
of how Machine Learning algorithms are applied in
transportation:

¢ Route Optimization:

Machine Learning algorithms can be used to optimize routes
for transportation vehicles, including delivery trucks and
passenger cars. This involves analyzing traffic patterns,
weather conditions, and other variables to find the most
efficient route.

5. TOOLS USED IN MACHINE LEARNING
ALGORITHMSI[4]

The goal of machine learning (ML), a branch of artificial
intelligence (Al), is to create algorithms that can learn from
experience and get better over time without explicit
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programming. The development of ML algorithms requires
a wide range of tools and technologies to handle and analyze
large datasets, optimize models, and deploy solutions. In this
paper, we will discuss some of the commonly used tools in
machine learning algorithms.

Programming Languages:

Python is one of the most widely used programming
languages for developing ML algorithms. It has a large
number of libraries, such as NumPy, Pandas, and SciPy, that
can be wused for data analysis, manipulation, and
visualization. R is another popular language that is widely
used for statistical analysis, data manipulation, and machine
learning.

Frameworks:

Machine learning frameworks provide a set of tools and
libraries that simplify the development and deployment of
ML algorithms. Among the frequently used frameworks are:

a. TensorFlow:
Developed by Google, TensorFlow is a popular
open-source framework used for developing ML
algorithms. It provides a high-level API that
simplifies the process of building and training ML
models.

b. PyTorch:
PyTorch is another popular open-source framework
for developing ML algorithms. It provides a
dynamic computational graph that allows
developers to modify and optimize models on the
fly.

c. Scikit-learn:
Scikit-learn is a popular machine learning library
present in Python which provides a range of
algorithms for classification, regression, and
clustering.

Data Visualization Tools:

Data visualization is an essential aspect of machine learning
algorithms as it helps in understanding the data and
identifying patterns.

Data Visualization tools Consists:

a. Matplotlib:
Matplotlib is a popular library in Python for
creating visualizations such as histograms, scatter
plots, and line graphs.

b. Seaborn:
Seaborn is another Python library that is used for
creating statistical visualizations such as heat maps,
pair plots, and violin plots.

Cloud Services:
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Cloud services such as Amazon Web Services (AWS) and
Microsoft Azure provide a range of services for developing,
training, and deploying machine learning algorithms. These
services provide scalable infrastructure, pre-built models,
and APIs that can be used to develop and deploy ML
solutions.

Integrated Development Environments (IDEs):

IDEs provide an integrated environment for developing and
debugging machine learning algorithms. IDEs include:

a. PyCharm:
PyCharm is an IDE that provides advanced
debugging features and support for popular
machine learning frameworks such as TensorFlow
and PyTorch.

b. Jupyter Notebook:
An open-source web tool called Jupyter Notebook
enables programmers to create and share
documents with real-time code, equations, visuals,
and text.

6. Future Scope

Machine learning and data science both are rapidly growing
areas. We need data science experts in every job area and is
not only limited to technology.

There can be many data science carriers as, Business
intelligence developer, Data architect, Data analysts, Data
scientist, Infrastructure architect and by using machine
learning we can advance in field of artificial intelligence,
blockchain, IoT and many more.

Data scientist helps to manage data and after analyzing the
data it is easier to make decisions for our business.

With the help of data science and machine algorithm virtual
reality will be friendlier.

Data science have a scope in all areas as banking, finance,
communication, entertainment, € commerce, health care
alsohavea great scope in upcoming future

7. Conclusion

Machine Learning Algorithm is the most important
fundamental in abstract information from structured data.

Machine Learning is evolving technology that are used
across different fields including finance, healthcare, retail
and transportation. It helps in achieving the objective of an
organization.Machine learning has reduced manual labour as
it is time saving and more accurate then human being if it is
program accurately. Data scientists are highly in demand as
the data analyzing is the most important task for growth of
any organization. Machine learning or learning algorithms
in data science has opened a way for highly paid jobs.
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Machine learning mainly relied on supervised learning or
unsupervised learning. We need to improve our foundation
of machine learning constantly and need to practice it
frequently. Nowadays every person uses machine learning
knowingly or unknowingly.
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Abstract—

Agriculture is an essential component of India's economy
and daily life, as it provides food security and income for
farmers, while also contributing to the country's overall
economic growth due to the ever-increasing demand
resulting from the tremendous population growth in the
country.However, the major setback in Indian agriculture
is that farmers often do not choose appropriate crops and
instead rely on the crops their ancestors grew, without
considering the impact of present-day climate and soil
conditions on the crop yield. In this paper we have used
various Machine Learning Models like Logistic regression,
Light Gradient Boosting Machine (GBM), Support vector
machine (SVM) and K nearest Neighbor (KNN) to
recommend the most suitable based upon various vital
input factors such as composition of nitrogen, phosphorus,
and potassium in the soil as well as its pH level, humidity,
and rainfall and a detailed analysis in terms of accuracy
for these techniques is provided.

Keywords- Agriculture, Crop Recommendation, Machine
Learning, Nitrogen-Phosphorus-Potassium (NPK).
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1.INTRODUCTION

The agriculture sector offers various outputs that cater
to diverse segments such as raw materials for various
industries, sources of nutrition, economic growth and
business opportunities. However, the methods
employed for crop cultivation are predominantly
traditional and possibly outdated. Indian farmers
continue to face challenges in selecting the appropriate
crops. The lack of progress in the agricultural sector is
the primary reason for India's economic growth falling
short of expectations. This is due to mounting pressure
from climate change, soil erosion, biodiversity loss,
and other factors. To address these challenges,
agricultural advancements are urgently needed. The
success of farming ventures hinges on the selection of
crops to be cultivated, which is mainly dependent on
weather, soil conditions, and past crop yield data.
Despite advancements in technology, the agricultural
sector in India is experiencing sluggish growth. As a
developing economy, agriculture is considered the
backbone of India, and it is crucial to ensure
agricultural  sustainability.Over  time, various
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techniques have been developed in agriculture to
enhance the living conditions of farmers. Machine
learning techniques have emerged as a key tool for
accurately predicting outcomes. Machine learning
algorithms can be broadly categorized into three
categories:  supervised learning, unsupervised
learning, and reinforcement learning. For our research,
we employ supervised learning which establish
relationships between new and old data, and derive
rules that can accurately predict outcomes with the
help of the labeled data.

1.1 Literature Survey

Rajak et al. [1] utilized a soil dataset for four types of
crops. A group technique was used to classify the four
crops after the dataset underwent preprocessing. The
ensemble model used individual base learners. The
majority voting technique was used as the combination
strategy to improve accuracy. This method has the
disadvantage of assuming the soil type based only on
historical data, without taking into account the current
soil conditions, when recommending crops.

Pudumalar et al. [2] aimed to address the problem of
incorrect crop selection by farmers based on their site-
specific parameters such as soil attributes, soil types,
and crop yield data They employed an ensemble
model using a majority voting technique, to suggest a
crop with high accuracy and efficiency. This approach
helps in crop selection, ultimately increasing
productivity.

Kumar et al. [3] have highlighted the issue that farmers
often lack knowledge about the requirements of their
crops which can lead to both psychological and
economic distress. Additionally, farmers may also
face challenges in detecting pests and diseases that
may harm their crops. To address these issues, the
authors propose a system that predicts the most
suitable crop for the farmer, identifies potential pests,
and suggests pest control strategies.

Gandge [4] utilized datasets containing information on
various variables such as soil quality, nitrogen (N),
potassium (K), phosphorous (P), and moisture levels
for a given time period. The researchers employed
different algorithms for different crops, including
multiple linear regression for rice, K-nearest neighbor
(KNN) for wheat and potato, and neural networks for
corn yield prediction. However, the study did not
identify a single algorithm suitable for all crops.
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Yan et al. [5] examined the relationship between
weather elements and wheat growth. They analyzed a
set of 13 features, such as atmospheric pressure,
temperature from surface meteorological data. After
discretization, they narrowed down the features to
three: accumulative temperature, sunshine hours, and
temperature. To select the optimal farming season
based on monthly data, the researchers utilized the
Apriori model.

Priya et al. [6] analyzed the seasonal data and then
Using MapReduce and Naive Bayes classifier, the
authors predicted the best time to sow crops for higher
yield production. However, this study did not
recommend which crop to sow but focused on
identifying the optimal time for sowing based on the
specific dataset factors.

Pawar and Chillarge [7] employed the J48 algorithm
to categorize soil fertility and forecast soil toxicity.
The accuracy of sensors was found to be critical to the
success of the project. The objective was to evaluate
the soil and suggest appropriate fertilizers to improve
crop yield and water retention. However, the study did
not make any crop recommendations based on
profitability and yield, but rather focused on predicting
soil toxicity and fertility.

Priyadharshini [8] meant to aid farmers in making the
best crop choice based on factors such as sowing
season, soil type, and geographical location. With the
implementation of modern agricultural technologies,
precision agriculture is gaining traction in developing
countries, and this system aims to contribute to this
trend. By providing insights that ordinary farmers
might not be aware of, the proposed system aims to
reduce the risk of crop failure and increase
productivity, ultimately preventing farmers from
incurring losses. Various machine learning models
have been used to provide suitable crops with the
highest accuracy being 89.88%.

Rakesh Kumar [9] created the Crop Selection Method
(CSM). The CSM technique bases crop choice on the
forecasted production rates, which depend on a
number of variables, including weather, soil type,
water density, and the type of crop. By considering
variables including the crop type, sowing period,
plantation duration, and anticipated yield rate for the
season, the approach determines a sequence of crops
that may produce the greatest amount each day over
the course of the full season.

2 Dataset and Methodology
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2.1 Dataset

The datasets comprises of various features which are
crucial for the proper and effective growth of crops.

S.NO Attributes Description

1. N ratio of Nitrogen content
in soil

2. P ratio of Phospherous
content in soil

3 K ratio of Potassium content
in soil

4. Temperature temperature in degree
Celsius

5. Humidity relative humidity in %

6. ph ph value of the soil

7. Rainfall rainfall in mm

Table 1: Data Set features for Crop Recommendation

2.2 Step by step procedure for crop
recommendation system is shown in Fig. 1

Crop Recommendation
Data Set

|

Pro-Pracassing

Checking far Null valugs
& Missing Values

Testing & Evaluation of

Training Phase

Label Encoding LR Using Accuracy
Ragression )
Confusion Matrix
Light GBM
v
Dataset SVM
Dataset Split (30 T
into two Parts
80% for Training 4
Data
Grop Recommendation
20% for Testing System
Data

‘ Recammended Crop

Figure 1. Proposed Architecture for Crop
Recommendation System

2.2.1 Dataset Collection

The dataset used in this research paper is collected
from Kaggle data repository which involves seven
input attributes and this dataset is a labeled dataset.
This dataset has 2200 rows and 8 columns.

CF1 crropdf - shape

(Z2z2oa, 8)

Figure 2: Size of Dataset
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Figure3. Distribution of types of crops in dataset.
2.2.2 Data Pre-processing

In this research, data pre-processing includes checking
for null values and missing values and then apply label
encoding for categorical data. We have checked the
null values using “’isnull()’’ function in a pandas
DataFrame, which is a popular data analysis library in
python and after checking for null values we have
found that there are no null values in the dataset. The
missing values have been checked using ‘’missingno’’
library it is built on top of Matplotlib and Seaborn
libraries and provides various visualizations to
identify missing data patterns in the dataset and we
have found there are no missing values in the dataset.
Then, we have performed label encoding which
encodes the categorical data into numerical values the
numerical values are assigned to each label starting
from zero to (number of unique labels — 1). We have
performed label encoding because many machine
learning algorithms cannot handle categorical
variables directly and it also helps to reduce the
dimensionality of our dataset.
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Figure 5: A bar chart demonstrating that the dataset
has no missing values.

2.2.3 Data Splitting

In this step the dataset is splitted into two parts, one
part is splitted into training data and the other one is
testing data. We splitted the dataset into 80% for
training and 20% for testing.

2.2.4 Training and Testing Data

The testing data is used to assess how well the trained
model performed, whereas the training data is used to
train the machine learning models. Testing dataset
contains the data which the model has not seen before.

2.2.5 Methodology

we have used different Machine Learning Models like
Logistic regression, Light GBM, Support vector
machine and KNN which acts as a classifier to
recommend the most suitable crop.

2.2.5.1 Logistic Regression:

Logistic regression is a technique employed to model
the association between a dependent variable and one
or more independent variables. The model utilizes the
logistic function, or sigmoid function, to map input
values to a probability output ranging from 0 to 1. By
estimating the coefficients of the independent
variables, this model seeks to maximize the likelihood
of the observed data. The coefficients signify the
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variation in log-odds a one-unit rise in the relevant
independent variable causes a one-unit increase of the
dependent variable. providing valuable insights into
the strength and direction of the relationship between
the variables.

2.2.5.2 Light GBM:

Light GBM, a gradient boosting framework, is an
open-source framework that offers high performance
and efficiency for handling large-scale and high-
dimensional datasets. One of its unique features is the
gradient-based one-sided sampling (GOSS) technique,
which helps to reduce the number of samples used for
gradient calculation, resulting in faster training times
and improved accuracy. Light GBM also uses
algorithms based on histograms, which contribute to
speeding up the training process and reducing memory
usage.

2.2.5.3. Support Vector Machine:

The margin between the various classes, measured as
the separation between the hyperplane and the nearest
data points on either side, is what SVM aims to
maximize. SVM divides data points into two classes
because it is a binary classification technique. A
regularization parameter in SVM called C manages the
trade-off between correctly categorizing the training
data and maximizing the margin. A high C number
could cause over fitting, whilst a low C value could
cause under fitting. The most efficient hyper planes are
produced by employing training samples that are
located on the periphery of the class distribution in a
feature space.

2.2.5.4. KNN

The model is considered as a lazy learner due to its
approach of not explicitly learning a discriminating
function from the training data. Rather, it retains the
training data and applies it to predict outcomes for
fresh, unobserved instances. First we need to select the
k number of neighbors then for k neighbors, euclidean
distance is determined.. Select the k instances with the
smallest distances to the new instance as its nearest
neighbors. In our model we have assigned k value as
7. Because it helps to prevent ties in the categorization
decision, we have chosen an odd value for k in the
KNN. There is a chance that we will have an equal
number of neighbors with various class labels when
we have an even number of neighbors (k).

3 Results
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All models are tested once they have been trained by
using them on the test dateset and comparing the
results to the test dataset's actual labels. The models
are assessed using a performance indicator named as
accuracy. The model's ability to categorize the
occurrences in the test dateset is demonstrated by the
accuracy metric. From all the models which we have
used Light GBM have shown the highest accuracy.

© rewdata=np.array([[79, 47, 39, 20.879744, 82, 6,224]])

prediction=knn.predict({newdata)
predict ior4

Figure6. Input for Crop Recommendation using KNN
Model

array([ ‘rice'], dtype=object)
Figure7. Output for the above
LogisticRegression
Suppert Vector Machine
light gbm

K- nearest neighbor
0.0 0.2 0.4 06

Figure 8. Accuracy Comparison

Table 2. Model vs Accuracy

Model Accuracy (%)
Logistic Regression 95.2
Support Vector Machine | 97.0
Light Gradient Boosting | 99.0
machine
K nearest neighbor 97.7

4. Conclusion & Future Work

In this research, we successfully developed and
proposed an efficient crop recommendation system
using Various Machine LearningModels like Logistic
regression, Light Gradient Boosting Machine (GBM),
Support vector machine (SVM) and K nearest
Neighbor (KNN). By taking into account multiple
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0.8

factors which helps crop to grow, the method assists
farmers in selecting the optimal crop for their needs.
This research can increase the country's productivity
and generate profits using this technique. This study
utilized various machine learning algorithms to
recommend different crops in India. The analysis was
conducted on these four algorithms, and Light GBM
produced the highest accuracy results among them.
The following features can be added to the system to
make it even better by improving the dateset and
adding more attributes is the main goal of future work
and to create user-friendly website and mobile
application.
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Abstract—Optimization is the process of finding the
best solution from all feasible solutions.
Metaheuristic methods are used to obtain a
satisfactory solution in a reasonable time.
Metaheuristic  Algorithms are: Evolutionary
algorithms, Swarm intelligence techniques, Physics
based techniques, and Human related techniques.
Some Contemporary Nature Inspired Algorithms
are: Gray Wolf Optimization, Particle Swarm
Optimization, Cuckoo Search, Whale Optimization
Algorithm, Ant Colony Optimization. Business
Analytics is the process of collecting, sorting,
processing, and studying business data and using
statistical models and iterative methodologies to
transform data into business insights. This research
paper provides information about the role of Nature
Inspired Algorithms in business analytics.

Keywords—Business Analytics, Nature Inspired
Algorithms, Gray Wolf Optimization, Particle Swarm
Optimization, Cuckoo Search, Whale Optimization

Algorithm, Ant Colony Optimization.
INTRODUCTION

An optimization problem [1] is the problem of finding the
best solution from all feasible solutions. Optimization
problems can be divided into two categories on the basis
of non- convex optimization depending on whether the
variables are continuous or discrete. An optimization
problem with discrete variables is known as a discrete
optimization.

The optimization problem with continuous variables is

known as continuous optimization. In general,

optimization problems fall into one of two categories on
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the basis of convex optimization: linear and nonlinear
problems[2]

There are different methods for solving optimization
problems. Linear fixing techniques consist of strategies
like Tabu search, linear programming, and scatter search.
Nonlinear solving methods include genetic algorithms.
Genetic algorithms mimic the evolutionary procedures of
biology via means of introducing random new solutions
(called "mutations") whilst concurrently growing what
seems to be a promising solution (an "organism"). By
introducing random mutations, genetic algorithms are in
a position to "learn" or "evolve" a higher overall, or
global, answer than linear techniques.

To solve exponentially growing problems with either
discrete or continuous variables, there is no exact
solution that finds the best solution in a polynomial time,
especially when the number of variables is large. In order
to overcome this, the field of Computational Intelligence
and Soft Computing techniques are useful.

They are categorized into three portions: Fuzzy logics,
neural networks (or machine learning) and evolutionary
computation (also known as nature inspired algorithms).
Evolutionary  algorithms  mimic some  natural
phenomenon. These are further classified into three
categories: Evolutionary Algorithms, Swarm Intelligence
and Metaheuristic Algorithms.

There are many algorithms like Ant Colony
Optimization[2], Grey Wolf Optimization Algorithm. By
using these algorithms, we can tackle some serious real
word problems.

Two important phases of Metaheuristic are exploration
and exploitation.

Exploration indicates the ability of the algorithm to
discover new search areas and exploitation focuses on
finding the best solution in a promising region of the
search space.
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The use of metaheuristic methods has gained much more
attention during the last three decades. The main target of
metaheuristic methods is to obtain a satisfactory solution
in a reasonable time.

These algorithms are further classified into four
categories:

Evolutionary algorithms, Swarm intelligence techniques,
Physics based techniques, and Human related techniques.
A. Evolutionary algorithms [9] are algorithms that are
inspired from biology like Genetic Algorithm (GA) , and
Differential Evolution(DE) etc.

B. Physics based techniques [10] are those techniques
that are inspired by the rules governing a natural
phenomenon like Gravitational Search Algorithm
(GSA), Charge System Search (CSS), Central Force
Optimization (CFO) etc.

C. Human related techniques are those techniques that
are inspired from human behavior like Teaching -
Learning Based Optimization (TLBO) [11] Hunting
Search (HS)[7].

D. Swarm intelligence techniques [12] are those
techniques that are inspired from the behavior of social
insects or animals. Some Swarm intelligence techniques
are: Ant Colony Optimization (ACO)[2][3], Particle
Swarm Optimization (PSO)[4] [5], and Grey Wolf
Optimization (GWO) etc.

BUSINESS ANALYTICS
It is the aggregate of skills, technology, and practices
used to study an organization's records and overall
performance as a manner to benefit insights and make
performance have a look at information-pushed choices
with inside the destiny the usage of statistical analysis.
TYPES OF BUSINESS ANALYTICS

1. Descriptive Analytics :
It offers a clean photo of what has befallen with inside
the beyond and what the cutting-edge situation is.
It takes a vital examination of your present-day country
of business. It helps to realize the business's strengths and
weaknesses.

2. Diagnostic Analytics:
It offers an extra crucial look at the beyond and gift of
enterprise. It helps to recognize why passed off and all of
the motives behind it. It tells why any such aspect has
taken place and is primarily based totally at the finding,
the enterprise can strategize to enhance your commercial
enterprise. It uses techniques such as data mining, data
discovery, drill-down and correlations

3. Predictive Analytics:
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It offers an examination of what's going to happen.It
wants statistics scientists and device mastering specialists
to effectively execute the predictive analysis.
4. Prescriptive Analytics:

It helps to make fashions on the way to assist to make
correct predictions and make actual time adjustments to
be able to supply the fine feasible outcomes.

On a good way to supply all make act additionally offers
encouraged movements primarily based totally at the
predicted outcomes from the business.

Nature Inspired Algorithms are helpful for correctly
predicting the future results and classifications which
helps the decision makers to take timely and correct
decisions.

SOME CONTEMPORARY NATURE INSPIRED
ALGORITHMS

1. Grey Wolf Optimization (GWO)

Grey Wolf Optimization [14][17] proposed by Syed Ali
Mirjalili in 2014. It is inspired by the social hierarchy and
the hunting techniques of Gray wolf. Gray wolves live in
highly organized packs and the pack size can be 5 to 12
wolves. They have determinant pack leaders and they are
loyal to their pack members. They are the most successful
animals living on the earth because of their ability to
work together in a pack. As they work together in a pack,
it increases their survival on the earth even in difficult
situations.

Gray Wolf social hierarchy

Four different ranks of wolves in a pack are

Alpha Wolf is a pack leader, it can be a male wolf or it
can be a female Wolf and all the important decisions
regarding hunting, sleeping places are made by Alpha
Wolf.[13]

Beta Wolf is the next best candidate to be Alpha wolf. It
helps Alpha wolf in decision making and gives feedback
to Alpha wollf.

Delta wolf is the third rank wolf in the hierarchy and it
helps the pack in hunting and it also provides food to the
pack.

Omega wolf is the fourth rank wolf in the wolf hierarchy.
They act as a caretaker and hunter.

GWO algorithm mimics the leadership and hunting
mechanism of Grey wolves. Main steps of Grey wolf
hunting are:-

e  Searching for the prey.

e Tracking, chasing and approaching the prey.
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e Pursuing, Encircling and harassing the prey
until it stops moving.
e  Attacking the prey.
Algorithm-

The prey in the first iteration is the alpha(a). It is the best

solution.
Step1:- Initialize the gray wolf population
Ai(i=1,2....n).
Step2:- Initialize x,X and Y.
Step3:-Calculate the fitness of each search agent.
A, = The best search agent.
A= The second best search agent.
A, = The third best search agent.
Step4:- While(t<Max number of iterations)

For each search agent
Update the position of the current search agent.

End for
Update x,X and Y.

Step6:- Calculate the fitness of all search agents.
Step7:- Update A, , Ap, Ay

t=t+l

End while.
Step8:- Return A; .

2. Particle Swarm Algorithm(PSO)

Particle Swarm Optimization[4][S] is a meta-
heuristic algorithm. It is popularly primarily based
on a totally stochastic seek algorithm [16].

It is inspired by the social behavior of birds
flocking.

PSO is a set of rules that searches for optima
through updating generations. Swarm means
population of moving particles and flock means
move together in a crowd. This algorithm is inspired
by a group of birds moving together in the crowd. It
optimizes the results through enhancing a candidate
solution. PSO solves problems by having a
population (called swarms) of candidate solutions
(particles). Population of candidate solutions that
are particles.[8]

PSO plays an important role in providing robust,
fast, and occasional free answers to severe
complicated issues in enterprise analytics.[15]
Algorithm-

Stepl :- Initialization -
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Initialize ~ Parameters, Initialize  Population,
Initialize Position (An) randomly for each particle,
Initialize Velocity (Vn) randomly for each particle.
Step2 :- Evaluate fitness.
Calculate fitness value for each particle.
If fitness value is better than best fitness value
(gBest).
Then, set a new value as new (gBest).
Choose the particle with the pleasant health cost as
gBest.
Step3 :- For each particle calculate velocity and
position.

e Calculate particles position by :

A= AL+ Vi
e e

by :- :
1 T ?(IABest AY+C I
(gﬁestni - AQS . !

Step4 :- Evaluate fitness f( AL .
Find current Best [gBest].

Step5 :- Update i = i+1 .

Step6 :- Output gBest and A, .

3. Cuckoo Search Algorithm(CSA)

Cuckoo Search [6][7] Algorithm is a Metaheuristic
Algorithm. CSA is inspired by some cuckoo species
laying their eggs in the nest of other species of birds.
They lay their eggs in the nests of individuals of
other species. That increases their survival and
productivity.

In this algorithm , we have two birds species
Cuckoo bird and Host birds (other species).

It is a simulated walk search process. Cuckoo is
searching for a suitable host nest for laying eggs.
Best search strategy i.e; levy flight.[18]
Distribution is followed by cuckoo bird. Levy flight
can suddenly obtain a larger step size.

Levy distribution = Series of smaller steps.
Algorithm-

Stepl :- Set the initial value of the host nest size s ,
probability P,. € (0,1) and maximum number of
iteration Max; .

Step2 :- Seti =0 {Counter initialization}.

Step3 :- For (n =1 ; n<=s) do

Step4 :- Generate initial population of s host A, .
Step5 :- Evaluate fitness function (f(Ayn)) .

Step6 :- End for.

Step7 :- Generate a new solution (Cuckoo) A,
randomly by levy flight.
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Step8 :- Evaluate fitness function A, ™' i.e; f(A, ™).
Step9 :- Choose a nest A, among s solutions
randomly.

Step10 - If (f(A,*") > f(A,)) then,

Stepl1 :- Replace the solution A, with the solution
Ani+1 X

Step12 :- End if.

Step13 :- Abandon a fraction P, of the worst nest.
Step14 :- Build a new nest at a new location using
levy flight a fraction P, of the worst nest.

Step15 :- Keep the best solution (nest with quality
solution).

Step16 :- Rank the solution and find the current best
solution.

Stepl7 :- Seti=i+1

Step18 :- Until (i>= Max;).

Step19 :- Produce the best solution.

4. Whale Optimization Algorithm (WOA)
Whales are the largest mammals on Earth. We have
different whale species like -Killer Whales, Finback
Whales, Humpback Whales, Blue Whales, Minke
Whales. There are few facts about Whales.They
never sleep. They live alone or in groups[19]. Killer
Whales can live in the family. Diet of Whales is
Krill or Fish. Biggest Baleen Whale’s length is 12
to 16 meters long and weighs 25 to 30 tons.Whale
Optimization Algorithm is inspired by the hunting
technique used by Humpback Whales.

Humpback Whales

An adult Humpback Whale is almost the size of a
school bus. Humpback Whales eat Krills and small
fishes. Krill is an individual who lives in the deep
Ocean.

Humpback Whale hunting strategy :-

Whales will discover the target. Once prey is
discovered, Humpback Whales dive 12 meters
deep. Then, Humpback Whales create bubble nets
to catch their prey. [Bubble net feeding]. Humpback
Whales blow bubbles underwater, creating a net of
bubbles.

Algorithm-

Step1 :- Initialize population for a search agent.
Step2 :- Calculate the fitness value for each search
agent.

Step3 :- Choose the best search agent.

Step4 :- While (t < Max;).
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Step5 :- Update w, x, X, A, I and p for each search
agent.

Stepb6 :- For each search agent

Step7 :- If 1(p < 0.5)

Step8 :- If 2 (IXI >1)

Select a random agent and update position.

C(i+1) = Crana (i) - X * Dis

Step9 :- Else if 2 (IXI <1)

Update position of agent.

Step10 :- Else if 2 C(i+1)

w*C*(i) - X*Dis , p<0.5

Dis* e*' * cos(2nl) + w*C*(i) , p>=0.5

Stepl1 :- Else if 1 ( p>=0.5)

Update position of the agent.

Step12 :- Calculate fitness for each search agent.
Step13 :- Update optimal solution.

Step14 :- Increment counter i.e; i = i+1

Step15 :- Return the best search agent and its fitness
value.

5. Ant Colony Optimization (ACO)

Ant is a social insect that lives in colonies. There are
about 13,800 ant species. The age of the queen ant
is 30 years and the age of the soldier ant is 3 years.
They live in colonies. An average ant colony
contains thousands of individual ants and a super
colony contains 300 million ants.

Ants do not have ears, they only feel vibrations.
They communicate using Pheromones, sound and
touch[3]. Ant Colony Optimization [2] algorithm is
a metaheuristic algorithm inspired by the social
behavior of real ants. ACO is basically inspired by
the pheromone based Ant communication. ACO
was developed by Macro Dorigo in 1922. This
technique is used to find optimal paths. ACO is used
for routing and load balancing problems.[20][21]
Algorithm-

Stepl :- Initialize ACO parameters.

Step2 :- Ant solution construction.

Step3 :- Position each ant in the starting node.
Step4 :- Each ant will select the next node by
applying a state transition rule.

StepS :- Repeat until build the best solution , then
compute the fitness value.

Step6 :- Update best solution.

Step7 :- Apply offline pheromone update.

Step8 :- Display the best result.
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Abstract - Artificial intelligence (AI) has made significant
strides recently, and as a result, a variety of novel methods for
objectively evaluating situations using images have been
developed. Eye-related conditions are among the common
health issues that afflict people. In addition to age-related
macular degeneration (ARMD), cataracts, dry eye, glaucoma,
and other conditions, there are other issues that might harm
the eyes. Excruciating eye discomfort brought on by these
conditions has the potential to lower patients' quality of life by
obstructing and blurring their vision. There are many AI and
image processing techniques that have been developed to aid
ophthalmologists in precisely diagnosing the problem. Using a
convolutional neural network, this concept automates the
identification and location of ocular illnesses such as diabetic
retinopathy (DR), glaucoma, cataracts, etc. The fundus
pictures of the eye would be scanned and preserved for this
study. With CNN, we were now able to classify or identify
anomalies in the images. The abnormality would then help to
pinpoint the affected region. The classification of the various
eye illnesses would be the next step. The stage of the illness
would then be identified. Now, we create a model that uses
CNN and other artificial intelligence techniques to
automatically categorize and locate eye disorders.

Index Terms—
ArtificialNeuralNetwork,ConvolutionalNeuralNetwork,2DIma
ges.

1. INTRODUCTION

Numerous photosensitive cells as well as other nerve
cells that gather and organize visual information can be
found in great quantity in the retina of the human eye. A
thin tissue layer called the retina can be seen on the inner,
posterior wall of your eye.Given the significance of visual
perception, it is crucial to safeguard the eyes from
conditions that could obstruct vision. The most frequently
identified conditions that seriously impair vision are
glaucoma, cataracts, and retinal disorders. One of the most
prevalent causes of blindness, according to a research by the
WHO [1] (World Health Organization), is the cataract
(47.8%) [2]. 2) Retinal diseases (4.8%), and glaucoma
(12.3%) [3]. One of these three diseases is the root cause of
more than 60% of human cases of blindness. Cataracts are a
disorder associated with the lens of the eye. The growth of
the cloudy area in the lens is a sign of cataract formation.It
will start out small and steadily grow over time, depending
on the extent of the cataract, causing vision loss or
blurriness. The Optic Nerve is impacted by the eye ailment
glaucoma [5].Damage to this nerve, which serves as the link
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between the eye and the brain, results in vision loss.

Early glaucoma detection is essential since irreversible sight
loss occurs in the later stages. The portion of the eye that is
photosensitive is the retina, a nerve layer in the rear of the
eye that senses light. When this area of the eye is injured,
vision loss happens. It could take longer to recover vision if
retina problems are not identified early on, necessitating
further treatments.

Todevelopthissystem,wewouldfollowthefollowingsteps:

1. Scan and save the fundus images [6] of the eye.

2. UseCNN[7]toclassifyordetecttheabnormalitiesint
heimages.

3. Identify the area where the eye condition is
present.

4. Generate a classification of the type of eye
diseasescreatingamodelusingartificialintelligencet
echniquestoperformprediction.

2. RELATED WORK

Hua Wang, Khandakar Ahmed, Hua Wang and Yanchun
Zhang [8] In the proposed work, automated methods for
detecting diabetic eye illness are systematically reviewed
from various angles, including datasets that are currently
accessible, picture preprocessing methods, deep learning
models, and performance evaluation measures. Gives a
thorough summary of methods for detecting diabetic eye
illness, including cutting-edge field methods, with the
goal of illuminating research communities, medical
professionals, and diabetic patients.

Ernesto ladanza, Francesco Goretti, Michele Sorelli,
Paolo Melillo, Leandro Pecchia, Francesca Simonelli, and
Monica Gherardelli [9] This concept presents a novel
Clinical Decision Support System (CDSS) based on
machine learning and utilizing chromatic pupillometry to
help in the diagnosis of inherited retinal diseases in young
children. It describes an innovative approach that starts
with a look at how young people's pupils respond to
chromatic light stimulation to aid clinical judgement in the
diagnosis of retinitis pigmentosa.

Ayesha Kazi, PrernaSukhija, MiloyAjmera, and Kailas
Devadkar [10] The authors suggest a method for
identifying eye illnesses in which retinal blood vessels are
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extracted. Deep convolutional neural networks will then
be utilized to identify the presence of an exudate and
classify it as either diabetic retinopathy, glaucoma, or
cataract. the implementation of a system that can forecast
a disease's probability and presence.

Dr. D. Selvathi, K. Suganya, [11]The suggested method
studies the use of machine learning to distinguish between
diabetic eye illness and other eye problems using
thermography images of the eyes. Also introduced is the
use of temperature variation as a diagnostic imaging
technique to help ophthalmologists make clinical
diagnoses of anomalies in eye structure.

SumitaWardani, Sawaluddin, PoltakSihombing [12]This
study shows that the Support Vector Machine-K Nearest
Neighbor hybrid outperforms the SVM alone at
classifying eye issues. The accuracy of the SVM and
KNN method in combination is 94.67%.

Xiong Luo, Jianyuan Li, Maojian Chen and Xi Yang, and
Xiangjun Li [13]This idea proposes a deep learning-based
CAD model to tackle a challenging issue in the
classification of ophthalmic images through the study of
retinal fundus images. On the broad introduction of
related approaches on CNN, they give a deep learning-
based ocular sickness detection system that incorporates a
CNN with their proposed FC-loss function. Meanwhile,
analysis is done on a few key technologies related to their
methodology, such as CNN, loss function, and image
enhancement technique CLAHE.

Vinay Nair, SavaniSuranglikar, SourabhDeshmukh,
YashrajGavhane [14] The suggested computer vision
model can be used to automate the identification of eye
disorders on a wide scale and is capable of quickly
identifying a variety of diseases.

Avigyan Sinha, Aneesh R P, Nazneen. N. S [15] The
authors' deep learning approach, which uses a modified
LeNet architecture, is a ground-breaking contribution to
the field of ocular tumour detection. The accuracy of our
technique is 98% for classifying normal photos and 95%
for classifying abnormal ones. These two findings
demonstrate the accuracy with which our model can
distinguish between tumours and healthy tissue. This
system can be successfully used in practical applications.

AbhijithNuchin, Dr. T C Manjunath,
PavithraGovindaraiah[16] In the proposed study,
Watershed is used to automatically identify glaucoma-
affected eyes utilising image processing techniques for
filtering and modification, and to implement these
techniques on hardware using an FPGA.

BiswarupGanguly, Shreya Biswas, Samrat Ghosh,
SabyasachiMaiti, SnehasishBodhak [17] In this idea, an
automated approach for identifying eye melanoma using
convolutional neural networks (CNN) is provided. A
shared database is used to aggregate 170 pre-diagnosed
samples, which are then pre-processed into lower
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resolution samples and provided to the CNN
architecture.In order to diagnose eye melanoma, the
suggested approach does away with independent feature
extraction and classification.

3. METHODOLOGY

We provide a method for categorizing and locating eye
illnesses that makes use of retinal fundus images as input
data, artificial intelligence [18] for data processing, and
output production. The suggested approach has a layered
structure similar to a conventional neural network [19]. In this
instance, supervised [20] training is performed by a [21]
dense network, with each layer having its own functions.

The block diagram up top demonstrates how the suggested
approach actually functions. In the first CNN block, features
are extracted [22], and in the other, masks are generated. The
image is localized after feature extraction. It will categorize
the eye data set into normal and pathological eyes using

Input Image

L;— CNN N

Input

Image

e

Localized
Image

Final Output
Image

Dense
Network

Classified
Image

adense network.

Fig.: Block diagram of classification and localization of
eye diseases using CNN and Dense Network

The classification of an eye as abnormal or normal depends
on whether the image is localized, or whether it can pinpoint
the precise location of the issue in your retina. The proposed
notion will function in this manner.

Artificial Neural Network:

Artificial neural networks (ANNs) can be used to analyze
optical coherence tomography (OCT) [23] images and retinal
scans to detect eye issues. An extensive dataset of annotated
images—where the labels indicate the presence or absence of
specific eye conditions—is used to train the artificial neural
network (ANN). During the testing phase, fresh images are
put into the ANN, which then forecasts which diseases are
present. Convolutional neural networks (CNNs), which have
shown promising results in the diagnosis of a number of eye
illnesses, including diabetic retinopathy, glaucoma, and age-
related macular degeneration, can increase the accuracy of the
predictions.

Convolutional Neural Network:
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Convolutional neural networks (CNNs), a subclass of deep
learning neural networks, excel at tasks involving the
classification of images, such as the identification of various
eye problems.In the context of identifying eye illnesses, a
CNN can be trained using a substantial collection of medical
images, such as retinal scans or optical coherence tomography
(OCT) images. CNN develops the capacity to spot patterns in
the images that could indicate different eye conditions.

During the training process, the CNN is exposed to many
different examples of diseased and healthy eye images, along
with the corresponding labels indicating the presence or
absence of specific eye diseases. Over time, the CNN learns
to distinguish between the various types of eye diseases based
on the patterns present in the images.

Once trained, the CNN can be used to make predictions about
brand-new, unviewed photos. The CNN analyses the image
and generates a forecast of any eye disorders that might be
present. The forecast is based on the recognized patterns in
the training data. A number of eye disorders, such as age-
related macular degeneration, glaucoma, and diabetic
retinopathy, have been successfully diagnosed using CNNs.

4. EXPERIMENTAL SETUP AND EXPECTED RESULTS

The system is developed in Python using generic code to co-
ordinate with the utilities of the system. The setup consists of
processor tensor core (FP16) used for processing the images.
The system will be supported with VRAM: 12GB NVIDIA
RTX A6000, video card GeForce RTX 3080 and graphics
card

AMD Radon RX580. The data set required is downloaded
from Kaggle.

The accuracy of a machine learning model is assessed by
contrasting the expected and actual outputs for a set of
labelled data.

Accuracy = (Number of correctly scanned images) / (Total
number of images)

Accuracy =97/ 100 = 0.97 or 97%

The throughput of a system refers to the rate at which it can
process a certain amount of work over a given period of time.

Processing time per image = Total processing time / Number
of images processed.

Throughput = 1 / Processing time per image
=1/0.1 minutes per image

= 10 images per minute

5. CONCLUSION

In the modern environment, ocular illness research requires
more focus. For this study project, a variety of open sources
are available. For our research, we picked out pictures of eye
diseases from various databases. This concept described the
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use of CNN and dense networks to automate the identification
and localization of eye disorders.The ocular pictures undergo
two stages of pre-processing: first, they are shrunk to a preset
resolution, and then they are fed into the CNN architecture.
Separate feature extraction, classification, and localization for
eye illness detection are all done away with in the proposed
study.With the same number of hidden layers, CNN's training
is significantly less complicated and calls for fewer
parameters than ANN. We can successfully implement this
system in real-world scenarios.
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Abstract—This study focuses on a face recognition-based
automatic attendance system that tracks attendance for
specific persons. The proposed strategy is intended to increase
the effectiveness of administrators and other parties involved
in sustaining an institution's attendance. When manually
documenting attendance, which is laborious, time-consuming,
and expensive when it comes to resources like paper, we want
to minimise rather than completely remove human interactions.
Additionally, utilising modern technology to supplement, take
the place of, or reinstate the conventional technique of keeping
track of attendance can be seen as a step toward a more
promising and well-managed future for the sector, with more
productive work being done through automation. Face
recognition technology has enhanced access to multimedia
content. Additionally, utilising face recognition to regulate
access to networks makes it practically impossible for hackers
to figure out a user's password while also enhancing human-
computer interaction. This is one of the factors contributing to
the increasing popularity of face recognition attendance
systems. It is challenging to manage the presence of several
pupils in a classroom under the conventional approach.
Because it takes a lot of time and has a high the likelihood of
mistake when entering data into the computer. A practical
approach is real-time face recognition. comes with managing
the majority of students' attendance on a daily basis. The
practise of identifying a student's face is called face recognition.
for utilising facial biometrics to take attendance. A computer
system will be able to quickly locate and identify human faces
in this research. Numerous algorithms and techniques have
been developed to enhance face recognition performance, but
our proposed system uses the LBPH (Local Binary Pattern
Histogram) algorithm for face recognition by using Python
programming and the OpenCV library, as well as the Haar
cascade classifier to find the positive and negative of the face.
The tkinter GUI interface is used in this instance for user
interface purposes. They are being recorded by a security
camera.

Keywords—Haar cascade classifier, LBPH algorithm,
Attendance system, Automated attendance, Image Processing,

Face detection, Feature matching, Face recognition.

1. INTRODUCTION

These days, technology tries to offer fantastic knowledge-
based technical advancements. One of the fascinating fields
is machine learning, which enables the computer to train
itself by using some datasets as input and produces the right
results during testing by using various learning algorithms.
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Today, attendance is seen as a key component for both
students and teachers in educational institutions. With the
development of machine learning technology, the system
now automatically tracks the kids' attendance performance
and keeps a record of the information gathered. In general,
there are two distinct ways that the student's attendance
system can be maintained: the Manual Attendance System

(MAS) and the Automated Attendance System (AAS). In a

manual student attendance management system, the

instructor in charge of the relevant topic must call the
students' names and manually record their attendance.

Manually recording attendance may be seen of as a time-

consuming operation, or occasionally a student may answer

more than once regarding the absence of a buddy, or the
instructor may overlook someone. Therefore, when we
consider the conventional method of collecting attendance
in the classroom, a difficulty occurs. We use an automatic
attendance system to address all of these problems (AAS).

The use of this technology has several benefits. The

following are a few of them:

e Automation makes time monitoring easier and
eliminates the need for staff to keep an eye on the
system round-the-clock. System automation eliminates
human mistake.

e Using face recognition technology, a time and
attendance system may quickly and precisely identify
users while properly reporting attendance, absences,
and overtime.

e  Without any human mistake, facial recognition
software can precisely track time and attendance.

e  Facial biometric time monitoring enables you to keep
tabs on visitors as well as workers, allowing you to
follow them about the workplace.

A. Problem Statement

The daily evaluation of the classroom heavily weighs
attendance. The instructor often checks it at the start and end
of class, although it's possible that they could overlook
someone or check certain students' answers more than once.
Face recognition technology based on high-definition
monitor video and other information technologies is used to
solve the problem of identifying faces for the purpose of
collecting attendance. The goal of face recognition is to
enable computers to quickly and accurately locate and
identify human faces in pictures and movies. The
effectiveness of face recognition has been enhanced by the
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development of several algorithms and methods. Deep
learning has recently received a lot of attention for computer
vision applications. Multiple faces may be quickly and
automatically detected and recognised by the human brain.
However, it is exceedingly difficult for a machine to
perform all the complex tasks at a human brain level.
Biometrics includes facial recognition as a key component.
Basic human characteristics are compared to the data in
biometrics. Face recognition is a notion that enables a
computer system to quickly and accurately locate and
identify human faces in pictures or movies. For enhancing
the effectiveness of face recognition, several algorithms and
methods have been developed. Deep learning has recently
been extensively investigated for computer vision
applications. The human brain is capable of instantaneously
and automatically identifying several faces. On a computer,
however, it is exceedingly difficult to complete all the tough
tasks at the level of the human brain. Face recognition is a
crucial component of biometrics. The fundamental
characteristics of a human are compared to the data in
biometrics.

B. Motivation

The accuracy of the data obtained is the largest problem,
according to the prior attendance management system. This
is due to the possibility that the original individual recording
the attendance may not really do so; in other words, a third
party may record a specific person's attendance without the
institution's knowledge. which disregards the data's accuracy.
For instance, if student A was too sluggish to show up to a
certain class, student B assisted him/her in signing for
attendance, even though student A hadn't actually been there.
However, the system ignored this error because there was no
enforcement being used. If the institution decides to
implement enforcement, it may need to squander a lot of
time and resources, which is not at all realistic. As a result,
no recorded attendance in the old system may be used for
analysis. The second issue with the prior technique is that it
takes too much time. assuming a student takes around a
minute to write his or her name on a 3—4 page name list to
indicate attendance. Only about 60 pupils can sign their
attendance in one hour, which is obviously time-consuming
and wasteful. The third problem is with the genuine
interested party's ability to obtain such data. For instance,
the majority of parents are quite concerned about tracking
their child's locations to make sure their child is actually
attending the classes at school or in college. The parents
cannot obtain this information under the prior system,
though. To increase efficiency, data correctness, and
information accessibility for those who are entitled to it, the
prior system has to be evolved.

C. Objectives of Project

° To create a convenient, self-powered portable Smart
Attendance System.

e To make sure that the procedure for recording
attendance is quicker than the old one, which could
record each student's attendance in as little as three
seconds.

Provide adequate RAM for the database to be stored.
Accurately able to identify a person's face using the
face database.
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Make attendance tracking available to parents.
Create a database for the system that tracks attendance.

e  Offer a user-friendly interface for non-admins (parents)
to verify their child's attendance by sending the
attendance as well as allowing administrators to view
the attendance database.

e Enable new employees or students to use a GUI to
store their faces in the database.

e Able to inform the user whether or not the face-
recognition procedure was successful.

II. RELATED WORK

A Arjun Raj; Mahammed Shoheb; K Arvind; K S Chethan
et.al. In this project, we employed an intelligent attendance
system based on facial recognition. We have suggested
putting in place a "Smart Attendance System for Face
Recognition" that has several uses. Due to face authorisation,
the current implementation incorporates facial identification,
which saves time and eliminates the possibility of proxy
attendance. Now, this approach may be used to a situation
where involvement is crucial. The prerequisites for this
system are a Raspberry Pi, Open CV, and Dlib written in
Python. To identify a person's face in real time, the system
in use employs the LBPH face recognizer. Light has an
impact on both Eigen faces and Fisher faces, hence it is
impossible to guarantee ideal lighting in real life. To solve
this issue, the LBPH faces need to be improved. This
method decides who is present and who is not by comparing
the test image to the training image. The technology
automatically updates an excel sheet that contains the
attendance data.

Shubhobrata Bhattacharya, Gowtham Sandeep Nainala,
Prosenjit Das and Aurobinda Routray et.al. Students'
frequent attendance in class is crucial for performance
evaluation and quality control in the current educational
system. Calling names or signing documents are the
traditional procedures used in the majority of institutions,
both of which are time-consuming and unsafe. The
automated attendance management system is discussed in
this article for convenience or data accuracy.

Teddy Mantoro, Media A. Ayu Faculty of Engineering and
Technology Sampoerna University, Jakarta, Indonesia et.al.
This essay makes suggestions for how to speed up facial
recognition while maintaining accuracy. A hybrid technique
combining Haar Cascades and Eigen face approaches, which
can identify numerous faces (55 faces) in a single detection
phase, was used to complete the suggested face recognition
procedure. With an accuracy level of 91.67%, our enhanced
face recognition technique was able to identify several faces.

Syam Kakarla , Priyaranjan Gangula , M.Sai Rahul , C. Sai
Charan Singh and T. Hitendra Sarma et.al. The procedure of
gathering student face data is included in the unique CNN
architecture for face recognition system that is suggested in
this study. It has been demonstrated experimentally that the
suggested CNN design offers 99% accuracy.The "Smart
Attendance Management System (SAMS)," a web-based
programme that uses facial recognition to give attendance of
students in real time, is also developed utilising the
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suggested CNN architecture. The suggested application is
simple to instal and keep up with.

Jaehoon (Paul) Jeong, Minho Kim, Yeonghyeon Lee, and
Patrick Lingg et.al. Students' student identification (ID)
cards or mobile applications are used in the current
attendance verification method. The procedure of verifying
attendance may be more easy for both students and
instructors if it is handled automatically by an attendance
checking system. This study suggests an IoT-based
Automatic Attendance System for obtaining these benefits
(IAAS). TAAS is a facial recognition-based attendance
monitoring system.

III. SYSTEM ARCHITECTURE

We employed the LBPH face recognition algorithm along
with the Haar Cascade face detection technique in this
suggested automatic attendance management application.
The Python module Tkinter package, which is a quick and
simple approach to develop a GUI system, was used to
create the Graphical User Interface (GUI) screen for this
software, which is displayed in Fig. 1.

The application will include features like photographing
pupils, recording their student ID, name, and phone number
in the database, training the photographs recorded there, and
starting to recognise students who are in the classroom. The
application will analyse the faces of the pupils in the
classroom from the webcam when the instructor needs to
record their presence before further identification. Figure 1
depicts the planned plan's portions. The next part goes into
great depth on how each step is put into practise.

Enter (D and Create
Face Data

Registration To the

Deskiop application Dalabase

Train Face Data

CameraOn

Excel sheet gets mal
10 desired mail 1D

Marks & & present n

Excelshee Known Person

Recognize Faces Face Detection

Unknown Person

Fig .System Architecture
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IV. METHODOLOGY AND ALGORITHM

The application will analyse the faces of the pupils in the
classroom from the webcam when the instructor needs to
record their presence before further identification. Figure 1
depicts the planned plan's portions. The next part goes into
great depth on how each step is put into practise.

Input: live video stream with student face visible Output:
Attendance excel sheet.

1. Convert each image frame from RGB (Red, Green, Blue)
to gray scale(B/W).

2. Implement the Haar algorithm classifier for facial
detection and identify the Region of Interest(ROI).

3. Then apply the LBPH algorithm on the ROI to extract the
image features.

4. if for enrollment then features and details are stored in the
database else if for verification then do Post-processing

A. Face detection and preprocessing

The picture frame must first be converted from RGB colour
to grayscale. We employed the suggested haar cascade
classifier [8] for face identification, where the cascade
function is trained to recognise and extract features from
pictures. We employ haar characteristics like edge, line, and
four-rectangle for this aim.

Numerous computations and attributes are needed for a huge
image or a dynamic image size, and the majority of them
will change.

1

(1)

(2) (3)

Fig.2 Harr Features

(4)

B. Face Identification

We utilised the LBPH algorithm for facial recognition
because of its reliability and capacity to distinguish between
the front and side faces. Additionally, the LBPH algorithm
performs better than Fisherfaces and Eigenfaces [6]. They
search for characteristics that more accurately represent the
face in the picture using the LBPH algorithm [5]. This
approach is straightforward since it takes characteristics
from photos and inserts them into your local dataset in the
event that an anonymous image develops a comparable
algorithm and compares the outcome with each image in the
dataset. Compared to other algorithms, this method
performs effectively in a range of settings and lighting
conditions. The Local Binary Pattern (LBP) function
produces a picture that extracts the features and traits of the
image more effectively. It makes use of the scale factor
notion, radius, and neighbours. [7] The visual frame is first
transformed into a 3X3 pixel matrix. The value will be
provided as 1 and O in the appropriate pixel region if the
nearby pixel in the matrix is greater than the centre pixel of
that matrix. The queue's pixel values will now be
transformed into binary numbers. The binary number should
be converted to a decimal number, and then to the matrix's
average pixel value. In order to produce a new, bigger
histogram when the picture is transformed into an LBP form,
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histograms are extracted from each image grid and synced.
The characteristics of the original image are displayed in the
accompanying histogram. Each histogram corresponds to a
database-stored facial picture. We will repeat the previous
procedures with the new picture to create a new image
histogram.

0

1 lage 2 3 ed
mm o ?:“Mm" ?wm' 23’“,% L *‘

S T T

No Face No Face No Face No Face No Face

Fig 4. Harr Cascade Classifier Method

V. CONCLUSION

One of the most popular and successful methods for face
recognition is LBPH. Even students with spectacles or
beards may be correctly identified by our technology, which
also notifies parents via SMS when a kid is absent from
class. The dataset in this case has a little difficulty. A better
dataset might be created using this technique in the future,
potentially producing results that are more accurate. By
creating fresh training examples, we may enhance the haar
cascade classifiers' ability to identify unfamiliar people. If
an intruder is discovered in the class, a system alarm (voice
and visual) may be incorporated.

O O | 0O O

0
0
0
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Abstract—This paper aims to transform conventional
vending machines by retrofitting new components to enhance
their functionality and effectiveness. The primary objective is
to introduce live inventory monitoring for contactless smart
vending machines. This will allow real-time monitoring of the
sales and stock of napkins remotely. The paper will also
incorporate features such as mobile operation, dual payment
options (cash and cashless), and cost-effectiveness. The owner
can live monitor the system using the app and will be notified
when stock availability is less than five. So owners don't need
to visit the machine site every time to see
availability/unavailability of napkins in the vending machine.
The customers can see the location of the machine and product
quantity available in the machine using the website remotely.
The paper will contribute to the advancements in smart
vending technology, providing a solution to the limitations and
drawbacks of conventional vending machines. The aim of the
paper is to provide a reliable and accessible source of sanitary
napkins for girls during emergency needs.

Keywords—sanitary napkins, vending machine, contactless.

L. INTRODUCTION

To install the vending machine that can provide sanitary
napkins in an emergency, the Government of India issued
the GR (Govt. Circular No. D. O. No.4-160(10)/2013-NCW
Dt 03/09/2014). By ensuring sanitary napkins are readily
available through sanitary napkin vending machines, we are
supporting the menstrual health of women and adolescent
girls. The government issued GR (Asmita 2018/ Parka. 33/
Yojana-3) on March 1, 2018, stating that girls in schools
between the ages of 11 to 19 should be given sanitary
napkins [1]. Though it is already installed, it is not utilized
or is underutilized. The current vending machines are
mostly coin operated. Though there already exist some
cashless vending machines conceptually but they are yet not
in use. There is no mechanism for a person refilling the
stocks to know about the status of stocks
available/unavailability in the system. Because of that most
of the time there is a shortage of napkins in the machine.
And also there is no mechanism for customers to know the
product quantity available in the system. So we want to
retrofit an inventory monitoring system to existing vending
machines where owner can live monitor the vending
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machine 24*7 and customers can view the product quantity
available in the vending machine on the go and even view
the location where the system is installed.

Traditional inventory monitoring methods in vending
machines include manual counting and physical inspections,
which are time-consuming and often lead to inaccuracies in
inventory tracking. One common method is to manually
keep a log of items sold and their quantities. This method
requires manual tracking by an operator, and there is a risk
of errors and inaccuracies in the data. Another method is to
physically inspect the machine on a regular basis to
determine the current inventory levels. This method is also
time-consuming and labor-intensive, as the operator must
manually inspect each item in the machine and manually
record the inventory levels.

Drawbacks and limitations of these methods include the
risk of errors and inaccuracies in the data, as well as the
time and labor required to manually track inventory levels.
Additionally, manual methods are susceptible to human
error, such as forgetting to record a transaction or
miscalculating the inventory levels. With the advent of
smart vending machines, inventory monitoring has become
more efficient and accurate. Smart vending machines are
equipped with sensors and technology that automate the
process of tracking inventory levels. Remote management
capabilities allow operators to monitor and manage multiple
vending machines from a single location, saving time and
reducing the need for on-site visits. With real-time
monitoring and remote management capabilities. Vending
machines can provide a more efficient, accurate, and cost-
effective solution for inventory monitoring in vending
machines.

II. PROBLEM STATEMENT

The problem with the traditional vending machine system
for dispensing sanitary napkins is that there is no
mechanism available for monitoring the inventory. As a
result, there is often a shortage of napkins in the machines,
causing inconvenience for the users. Additionally, the
current vending machines are mostly coin operated, limiting
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the accessibility and convenience for users. The owner has
to visit the machine site every time to check
availability/unavailability of stocks in the vending machine
which is time consuming. And in most of the cases the
owner or person assigned to refill the stock in the vending
machine forget to refill the stocks on time which results in
stock unavailability in the vending machines. This can be
especially challenging for girls and women who need access
to napkins during emergencies. The lack of a real-time
monitoring system also makes it difficult for the person
responsible for refilling the napkins to keep track of the
stock which results in stock out in the vending machine.

In light of these challenges, there is a need to upgrade the
traditional vending machine by retrofitting to introduce
remote live inventory monitoring. The objective of this
paper is to design and implement a contactless smart
vending machine system that can provide remote inventory
monitoring for owners to keep track of the stock. So, that
the system is never out of stock. To provide dual payment
options for customers and customers can view location and
quantity of products in the vending machine remotely.

III. LITERATURE SURVEY

We also examined the overall structure and mechanics of
existing vending machines in college and found several
drawbacks that could be addressed to make them more
efficient and easier to use. The literature review indicates
that there are several common problems associated with
existing vending machines in schools and universities. One
of the biggest drawbacks is that most vending machines are
coin operated. This is inconvenient for students who do not
have coins or loose change. Another issue is that students
have to physically go to the vending machine to see if the
product is available. This can be time consuming and
tedious. Additionally, it can be troublesome for owners or
persons refilling to visit the vending machine site again and
again to check availability/unavailability of stocks in the
system. In some cases the person assigned to refill stock
forgets to refill which results in stock out. Additionally, due
to the COVID-19 pandemic, there has been an increase in
the use of contactless payment options as a means of
reducing the risk of transmission through physical contact
with surfaces. The lack of cashless payment options can be
a significant disadvantage, especially in today's digital age.
This can be a major barrier for students who prefer cashless
payment methods. To solve these problems, we would like
to develop an efficient and easy-to-use vending machine.

[2] presents the design of a system that uses a unique
identification code that is updated in the database when a
user purchases a product. The user enters this code into a
vending machine. Several cashless payment options are
available and machines can be remotely monitored. [3]
presents an automatic chocolate vending machine that works
with Arduino to enable cashless payments using radio
frequency identification (RFID) technology, overcoming the
limitations of coin-based vending machines that do not
return credit. [4] presents a system that uses QR code
scanning for payment and product selection. [6] presents a
system that after scanning the QR code, the napkins will be
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distributed and the owner will receive an SMS on their
registered mobile number to count the number of napkins
left in the machine. Also, the owner gets an alert when the
number of napkins are less. [7] presents a machine that is
controlled by a Raspberry Pi programmed to connect to a
RazorPay server for online payments and a MongoDB
server for inventory management.

Though there are some IoT based smart vending
machines with cashless payment options and live
monitoring theoretically, they are not available physically
in the market. Most of them are costly. And there is no
App/website for customers to check the availability of
stocks. So, we aim to retrofit existing vending machines and
make them smart. So that vendor as well as customers can
see the availability of stocks. By retrofitting traditional
vending machines with these new components, we aim to
promote menstrual hygiene and make sanitary napkins
easily accessible for girls and women during emergency
needs.

IV. PROPOSED SYSTEM

The proposed system for this paper is a smart,
contactless vending machine that incorporates live inventory
monitoring. The system will be designed to retrofit
traditional vending machines to make them more efficient,
cost-effective, and user-friendly.

The Fig.1 shows the Flow chart of the proposed system
for Users. The user has to open the website and login. After
that the user will be able to see the location of the system
and product quantity available in the system. If a user wants
to buy the product then they can visit the site and place an
order from the website. After successful payment the
product will be dispatched and the user can collect the
product from the vending machine.

Start

Install the App

live Update of Stock available in the
vending machine

product stock is No
less then 5
Yes

Notification will be sent to Admin to
refill the machine

End
Fig. 1. Flow chart of the proposed system for Owners

The Fig.2 shows the flow chart of the system for
Owners. For owners they can live monitor the vending
machine from anywhere and anytime using mobile
applications. And when the stock is less than 5 they will be
notified by push notification from the application.
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Start

v
The user Login to the Web site
.

See product quantity available

-

visit the machine

L2

Select payment option and pay

NO

Transaction
Successful

Yes

v

Collect the Product

User and Owner will get
notification of transaction

-

End

Fig. 2. Flow chart of the proposed system for Users

V. METHODOLOGY

The vending machine consists of hardware and software
connected through Firebase. Fig. 3 shows the circuit
diagram of the vending machine hardware prototype.

ESP8266

IR Sensor

12V
Adapter

. |\=’
L/

=1}
4.

Coin Acceptor

Fig. 3. Circuit Diagram

We have chosen NodeMCU ESP8266 as it can be
programmed just like other microcontrollers and its
advantage is that it can readily connect to the internet by
WiFi. The NodeMCU ESP8266 can send data to a remote
server or cloud platform, allowing for real-time monitoring
and analysis of vending machine usage and performance.
An IR (infrared) sensor can be used in a vending machine to
detect product dispatch. The sensor detects any interruption
in the light caused by the product moving from its storage
location to the dispensing area by emitting an infrared beam.
When a customer selects a product, the control system of the
vending machine activates the mechanism responsible for
dispensing the product. The IR sensor is placed in such a
way that it detects any movement of the product as it is
dispensed. If the sensor detects a shift in the infrared light, it
sends a signal to the control system indicating that the
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product has been delivered. This data is then used to update
vending machine inventory levels, ensuring accurate data is
maintained. When the order is placed the motor starts to
rotate to push the products through a spiral coil. The IR
sensor is placed in such a way that it detects any movement
of product as it is dispensed. When the product falls it
comes in contact with the IR sensor and the motor rotation
stops. The sensor then sends the signal that product quantity
is x-1 now.

V1. RESULT

A mobile application is designed for owners. Fig. 4
shows the UI of a mobile application. The owners can login
to their account and update machine information. While
refilling the machine the owner adds the total quantity of
products in the system. the owner can monitor the machine
remotely. When the quantity of product is less than 5 the
mobile app sends notification to owners to refill the stock.
Fig. 5 shows the push notification for less stock.

A website is designed for customers to remotely view
the location and product quantity in the machine. Fig. 6
shows the customer website. The customers can select their
preferred payment option (coin or contactless). When
payment is complete, the firmware on NodeMCU ESP8266
sends a signal to Motor and rotates the spiral coil to make
the product fall. When the product falls it comes in contact
with the IR sensor and motor rotation stops. And a signal is
sent to the microcontroller to update product quantity x-1
(i.e., quantity present in system -1) in a real-time database.

A. Software prototype

1) Owner Application

re——

Showing Al

Machine 2

0 e

M

Fig. 4. Owner Application UI
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o Vending Machine * now &

Stock Alert

Stock is less for Machine. Refill soon

Fig. 5. Notification for less stock

2) Customer Application

SITRC Nashik B building
Stock 11110 RS

-1+

Vending Machine |

Fig. 6. Customer website pages

B. Hardware prototype

Fig. 7. Hardware prototype

VII. CONCLUSION & FUTURE SCOPE

The proposed vending machine system for dispensing
sanitary napkins will offer numerous benefits to both the
owner and users. By installing these machines in various
locations such as public restrooms, schools, offices and rural
areas, users can access sanitary napkins in a convenient and
discreet manner. The mobile Application allows real-time
monitoring of vending machines for owners. Additionally,
the owner will receive notifications when napkin levels run
low, ensuring that the vending machine is always well-
stocked. The customers can view the quantity of products
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available in the vending machine without visiting the
machine and also view the location of the machine and visit
the machine if stock is available. Dual payment options
(coin, Cashless) are available for added flexibility for
customers. The proposed system is an innovative solution
that can help address menstrual health needs while
providing an improved user experience.

In the future we can integrate the geolocation of vending
machines in the app so users can find the exact location of
vending machines. These vending machines can be used for
other products also. Smart vending machines can be
integrated with loyalty programs, allowing customers to
earn rewards for purchases and encouraging repeat business.
Smart vending machines can be used to offer a wider range
of products, including fresh and perishable goods, by
incorporating refrigeration and other temperature-controlled
technologies. The system can be expanded to include other
hygiene products such as sanitizers, and wet wipes.
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Abstract—Internet of things allows all the devices to connect
to the internet. These devices and sensors use internet
connectivity to collect and share data from their environment
with other devices over a network without human interference.
The power of IoT can also be realized through innovative use of
raspberry pi. IoT with the help of raspberry pi, makes things
smart. The desire to make things smart, brought several
revolutions in existing technology. Noticeboard is the thing
which is becoming smart here, as it is the key element in any
organization, railway station, educational institutions etc.
Conventional Analog type notice board will be replaced by
digital notice board to make information dissemination easier in
a paperless community.

This research focusses on the basic concept of IoT based
wireless noticeboard using Raspberry pi. The main objective of
this project is to design simple, highly secured, easy to install,
user-friendly system which display notices in user required
format with achievement of fast transmission of data from
admin to reader. In this proposed system a php based portal is
designed for the admin panel. Raspberry-pi is used for accessing
wireless notice board which displays the notice in the form of
text, image pdf according to user choice. Wi-Fi connected
Raspberry pi fetches recently uploaded information and
displays it on the digital notice board.

Keywords—Wireless Noticeboard, IoT,
Raspberry pi

internet, Wi-Fi,

I. INTRODUCTION

A noticeboard is something that needs to be “noticed”. To
effectively implement this, noticeboard must be attractive,
appealing, interesting, eye-catching which gravitate people
towards it. Noticeboard’s primary goal is public awareness.
It displays key information about upcoming events, including
news, messages, advertisements and vital facts. Noticeboards
are used almost everywhere in crowded public areas like bus
stops, railway stations, hospitals, restaurants, colleges,
offices and many others to inform concern public regarding
relevant schedules and events. However, daily notice pasting
is a challenging task, as a different individual is essential to
update traditional noticeboard. The entire process from
making a decision to printing of notices consumes time and
circulating these notices among people consumes extra time.
The traditional noticeboard is a solid flat surface that is
positioned in key areas as a place where notices and articles
are posted in printed form.

In educational institution, noticeboards are used to
update students regarding different schedules, reminders,
warnings, results and appointments. As these notices are
placed on the same noticeboards, some of the older notices
are not removed, as a result in a short period of time the
noticeboard is filled with number of notices, making it
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difficult to see any important notices or may happen any
important message remained unnoticed.

Advancement of technology leads to digital
revolution. Digitization in the field of communication leads to
quick wireless data transfer. Digital noticeboards are those
which displays notices in digital format. Digital noticeboard
allows secured authenticate display of notices with user
required format like word, pdf, and images. These
noticeboards instantly change upon updating the information.
Also, multiple notices can be shown by using scrolling feature.
Digital noticeboard not only allows faster, secure,
authenticate, attractive, digitized information dissemination
but also provides record tracking, scrolling and information
storing feature.

II. LITERATURE REVIEW

Teckchandani Y. in his paper, “large screen wireless
notice display system (2015)” proposes a method to
overcome the drawback of small sized 16*2 LCD display
with comparatively bigger display like LED screens,
computer screens, TV screen etc which can be further used
for information dissemination. HTML is used to display the
outcomes, as it offers variety of customization options like
font size, background color and display of multiple notices at
a time. A web browser operating on the Raspberry Pi can
display this HTML output. The notice should be sent in the
form of SMS to GSM modem. This makes reception of
messages wireless. Raspberry Pi checks the GSM modem for
new messages periodically [1].

In paper, “Smart Notice Board” Shruthi K. develops
a GSM based smart noticeboard which basically consists of
two units, an end user’s mobile unit and a control unit. The
setup of LCD display, the Arduino UNO board (having
ATmega328 microcontroller) and the GSM (ITEAD SIM 900
GPRS) module together create control unit. The information
to be displayed must be sent in the form of SMS to the control
unit. GSM module will receive the message, Arduino will
transfer it from GSM module to LCD display. LCD display
unit will display the message [2].

In paper “The Development of Simple and Low-
Cost Android Based Wireless Noticeboard” Neeraj Khera
presents, a system comprised of wireless serial data
communication based on Bluetooth or Wi-Fi. User specific
Android application programs are designed for Bluetooth and
Wi-Fi communication between android based handheld PC
and remote wireless display unit. The Android PDA and the
connected Bluetooth devices communicate with each other
through Bluetooth application program to send (or receive)
the messages in hexadecimal (hex) as well as string format.
Receiver side consists of, the microcontroller along with HC-
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05 module, used to store the received message and the display
the same on the LCD screen. Android based PDAs
communicate with Wi-Fi device through Wi-Fi keyboard
application program. The Wi-Fi transceiver module (ESP
8266) and Wi-Fi keyboard application program installed on
Android PDA communicates with each other via Wi-Fi
network, comprises of receiver section of the system.
Microcontroller is interfaced with ESP 8266 module which is
programmed to save the received message and display the
same on the LCD screen.

For communication in a Bluetooth mode, a personal
Area Network is created in the 10-15 meters range specified
with frequency band of 2.45 GHz for connection. With AT
commands preprogrammed to receive user messages, an
Android PDA equipped with an ESP 8266 module is
connected to a microcontroller having range of 200-250
meters, for Wi-Fi communication mode. Wi-Fi
communication technique improves the range of receiving
messages on wireless notice board but it is not affordable as
it is costlier [3].

Traditional noticeboards make people manually
gather at the noticeboard and read the notices. This is a time-
consuming process. Rajesh G. P. in his paper “Near Field
Application: NFC Smart Notice Board”, suggests a solution
of using NFC application. The concept used here is, NFC tags
are used to display noticeboard. The notices to be displayed
should be programmed in each NFC tag. Simply update the
notice through NFC tag when there is a need to display
circular. NFC enabled smartphones are used to scan the
notices through NFC tags which downloads notices online to
their handheld devices. Provides end user appropriate time to
read notices thoroughly. NFC tags works on the principal of
RFID having small range, 13.56 GHz operating frequency
and maximum 10 cm communication range. Once
implemented NFC enabled noticeboards are efficient in
saving time and provides end user facility to read notices with
their convenient time [4].

“Smart Notice Board System”, written by Dhara
Rangani and group proposes a noticeboard system based on
Internet of Things technology. The message / notice to be
displayed is sent by authenticate person using android
application or web interface to the server. The server will
check for authentication of message through flowchart
process. If authenticity is valid, the message will be
transferred to LCD display. Android based cellphone and
ESP8266 will communicate with each other through MQTT
broker. Authentication system is deployed on Arduino board,
Arduino C is used for coding project. ESP8266 and MQTT
also supports Arduino C. For android application, android
studio is used [5].

Ceren Yasa in their paper, “Interactive Digital
Notice Board” developed a system which makes use of
Digital Signage method. Wireless access is necessary for a
system based on digital signage method in order to enable
remote content management. A web server is required to
control this system. This newly developed system also able
to classify age of the people, following to which font size
should be adjusted. Deep learning - a part of machine learning
is used to develop age classification application. A graphical
user interface is designed using Raspberry Pi which includes
time, date, weather and announcement information for
announcement screens. A website is designed for secured

IEEE TKD-23/ISBN No0.978-81-992245-5-0

storing of announcement information by authorized person.
Interface is made attractive by adding different notification
sounds and background colors. Age detection and
classification application with font size enhancement
procedures with deep learning method for aged people also
developed [6].

In paper “A Novel Method of IoT Based Smart
Notice Board Using Raspberry Pi”, Venkatesh S Kumar
proposed a system comprised of two sections, transmitter
section and receiver section. Notice can be sent through
website, which will only be accessed by authenticate person
with authenticate login credentials. Additionally, registered
users receive notification regarding notice updation.
Raspberry pi is linked with Wi-Fi at receiving section, which
fetches the information and displays the same on noticeboard.

[7]

III. BLOCK DIAGRAM

User
Response ~J S
7 -
Request
LCD Monitor
L=

Raspberry Pi

Power Supply F0 e

~

Fig 1. shows block diagram of the system

As shown in the above fig. this smart wireless
noticeboard system, in transmitter section a web server is
designed which upon request fetches the information and
send it to display connected with raspberry pi. Raspberry pi
works as the main processing unit. It is used to pull data from
web server and display it on the display device It allows to
display messages, images and other information wirelessly.
The other system requirements are given in the next section.

IV. SYSTEM REQUIREMENT

system requirement basically consists of hardware

requirement and software requirement.
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A. Hardware Requirement.-

Raspberry Pi: -

It is also called as the control unit of the system. It is
configured by installing necessary software. Any model of
raspberry pi with built in wi-fi connectivity can be suited for
system. Here we have chosen Raspberry pi Zero W.

SD card: -
SD card will be required to install the required operating
system like Raspbian OS.

HDMI cable: -

This cable is required for connecting display unit with the
Raspberry pi. Here as we have used Raspberry pi zero, we
have used mini-HDMI to HDMI cable.

Display unit: -
This will display the content sent from user. This is the main
important part of the system.

B. Software Requirement:-

Raspbian: -
Raspbian is a operating system of Raspberry pi. It is required
to be installed in SD card for proper working of Raspberry pi.

Web server: -

A server is a computer that runs websites. The basic objective
of the web server is to store, process and deliver web pages
to the users.

Raspberry pi zero w is set up by installing necessary
software. Display unit is connected with wi-fi equipped
raspberry pi using HDMI cable. Display setting on your
raspberry pi can be configured to ensure proper working of
display. To interact with the noticeboard, a web interface is
created which allows adding messages and notices to the
noticeboard. Next step is to host the web interface using web
server. Once the web interface is properly implemented,
information transmission becomes easier. To display content
on the noticeboard, the raspberry pi will pull data from web
server and display it on the display device.

V. SYSTEM ARCHITECTURE

This system is basically designed by considering a
department in educational institution. Every department
consists of 2 levels- professors and HOD, all under the 1
highest authority- principal. This creates a hierarchical
system, in which notice generated by lower level is forwarded
for approval to higher level, specifically they will take the
decision of displaying the notice. This system itself verifies
notice authentication and document content verification by
keeping track of who and when has posted.

This hierarchical system consists of 3 modules, as
given below:

A. Professor

At this authentication level, users have the authority to login
the system with authenticate login credentials, generate
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notices and forward the department level notices to HOD and
institute level to Principal.

Welcome to Smart Noticeboard

o owe Upload

(image, text, pdf only)

I Forward to HOD |

I Forward to Principal l

Logout

Fig. 2 Overview of Professor Module Functionalities

B. Head of Department

At this authentication level, users have the authority to login
the system with authenticate login credentials, approve
notices generated by professors, disapprove notices with
remark or forward the notices to Principal for approval by
higher authority.

Welcome to Smart Noticeboard

(image. text, pdf only)

Upload

l Forward to Principal J

Approved ‘

Write Remark

Logout

Fig. 3 Overview of HOD Module Functionalities

C. Principal

At this authentication level, users have the authority to login
the system with authenticate login credentials, generate
notices and approve the notices forwarded by professor and
HOD.

Welcome to Smart Noticeboard

(image, text, pdf only)

| Approved I

Write Remark

Logout

Fig. 4 Overview of Principal Module Functionalities
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VI. PROPOSED METHODOLOGY

This section gives a basic overview of the system. In this
proposed system a php based portal is designed for the admin
panel. Raspberry-pi is used for accessing wireless notice
board which displays the notice in the form of text, image pdf
according to user choice.

Client

Server iohp file;

Step 1

Step 2
..

‘ Step 5

HTML

HTML file

Step 6

‘ Step 3

PHP Interpreter |

Step 4

~
{ Database

File
System
Wit

Fig. 5 Information flow diagram

Above fig. shows how php works. Firstly, client requests
the web-page on the browser. The server where PHP software
is already installed then checks for the .php file associated
with the request. If found it sends the file to the php
interpreter, which checks for requested data into the database.
The interpreter then sends back the requested data output as
HTML webpage. The web server receives the HTML file
from the interpreter and sends to the browser.

System consists of two sections sender and receiver
section. As shown in the flowchart to get access of sender
section we must login to web page with login credentials. If
login credentials are authenticated, user is forwarded to
application landing page. If authentication fails, user remains
on the login page with message “Invalid Username or
Password.” After successful login, user can upload file
(“text/image/pdf”) according to requirement. Now this file is
stored on the cloud.

In receiver section, wi-fi connected Raspberry Pi is used
for accessing internet. Raspberry Pi works on the power
supply of 5V. Once Raspberry Pi is turned ON it will get
connected to the internet and fetches recently uploaded
information and displays it on the digital notice board.

Provision for alteration, modification, deletion of
messages also provided along with the facility of changing
background and font theme, size, color. Also, you can add
delay or scrolling feature.

VII. ALGORITHM
Following step by step procedure will explain the actual
working of the system: -
1. Start
2. Choose your role before login.
3. Login to access notice board.
4. If the user is valid then go to step 5 otherwise contact to
admin.
5. Select Information in the form of image, pdf and text

files
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6.

10.
11.
12.

13.
14.
15.
16.
17.

For professor module uploaded file will be forwarded to
principal and HOD. Decision of selection and rejection
will be taken by HOD or Principal here.

For HOD module, he/she can upload the file also the
decision of pending file from professor module will be
taken here. Selected file will be uploaded to noticeboard.
Also, the option of forward to principal is available here.
For principal module, he/ she can upload their own
notice. The pending file of Staff/ professor/ HOD will be
either approved or rejected with comment.

Store the message.

Set the duration of displayed messages.

Set maximum limit for the size of image to be displayed.
If the received image is less than the limit it will be
directly displayed. Otherwise, image will be resized.
When pdf is received, it will convert to image.
Received image and text files

Display stored messages in First in first out order (FIFO)
Repeat above steps when power supply maintained.

Stop

VII.FLOWCHART OF ADMIN LOGIN SYSTEM

Vahd
Credental

Select option

3

Document

Typetext

[ Raspbemry piaccessusmg python code }

Fig. 6 Flowchart of admin login system
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IX. CONCLUSION

Advancement in technology and digitization in the field of
wireless communication allows easier implementation of
digital notice board to display notices in user required format.
Various studies are overviewed to understand the
technologies and features proposed to implement the system.
Pros and Cons are also studied to define the objectives of the
paper. We have proposed the design of a digital noticeboard
system equipped with Raspberry Pi, which displays the
message of the user by providing notification on the screen.
Raspberry Pi is called a single board computer (SBC) which
efficiently works with software in digital notice boards.
Application areas for this proposed system include
educational institutes, shopping malls, restaurants, hospitals
etc. As this system promises to provide faster, secured,
wireless, authenticate information communication, further
study in this area will boom the researcher and end user.
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Abstract— Attendance is crucial for a student’s career.
Educational institutions monitor attendance to determine
eligibility for exams. Traditional attendance tracking methods
are time-consuming, so an intelligent attendance system is
needed. The automation sector led the way in the idea of
transitioning from traditional attendance systems to digital
systems that use face detection and recognition algorithms. This
methodology can address the issue of proxies and students being
marked present despite the fact that they are not physically
there. This article discusses an automated attendance
management Computerized system that combines commonly
available components to construct a portable computer that uses
facial recognition technology for tracking student attendance.
This approach is useful for both convenience and record-
keeping.

Keywords— Facial Recognition, Face Detection, Realtime,
Attendance Management System, Raspberry Pi.

I. INTRODUCTION (HEADING 1)

A successful institution begins with student bonding and
regular student attendance. Higher attendance means higher
grades, higher retention, and a better teaching experience
frequent absenteeism makes it difficult for teachers and
students to develop strong relationships. Therefore,
educational institutions must have a high quality attendance
data, this data provides important information for research
institutes to develop policies, programs, and practices to
improve participation rates, to increase student attendance,
many teachers give good grades to well-attended students.
Maintaining attendance records is a crucial aspect of any
educational institution, but attendance systems have not
evolved much, yet many research institutions still use
traditional handwritten attendance or use spreadsheets on their
computers. This makes it difficult for teachers to track student
attendance as well as progress in Education institutions,
registering attendance using traditional methods is a tedious
task. Additionally, faculty members must call each student's
name directly to note attendance. This can take up to 5 minutes
for the entire session, and you may see proxies. Facial
recognition systems are becoming more popular in various
organizations due to their distinct advantages over traditional
attendance systems. Facial Recognition System monitors and
maintains attendance via technology across various
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organizations, this system consists of four stages it follows
that are Database construction, face recognition, face
recognition, presence update. Pictures of children in the class
are used to build the database to identify the face. The system
uses computer vision technology to identify and recognize a
person's face and mark their presence by matching it with the
person's information in a database. The intended objective of
this system is to create an attendance system based on facial
recognition technique.

II. LITERATURE SURVEY

TABLE L COMPARITIVE STUDY OF EXISTING SYSTEM
Sr.No Year of . .
Publication Title Mainly Used
Local Binary
Class Attendance Pattern algorithm
1 2018 Management is used for dividing
System US‘_“S the image into
Face Recognition several parts. [1]
Haar cascade
. classifier is used
Implementation of .
for detecting faces.
10T based .
Attendance Local binary
2 2019 Manasement pattern histogram
8 (LBPH) and
System on .
Raspberry Pi OpenCV is used
for face
recognition. [2]
Face image is
A. S. Hasban et al. | captured and the
Face recognition facial features are
3 2019 for Student extracted. Then it
Attendance using is matched with
Raspberry the existing
database. [3]
Attendance Two different
4 2020 System Based on Type of CNN is
Dynamic Face used P-Net and R-
Recognition Net. [4]
TIAAS IoT—Based SRGAN
Automatic . .
Algorithm is used
Attendance for enhancing the
5 2020 System with : &
image and then
Photo Face .
P training the model.
Recognition in (5]
Smart Campus
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Sr.No PuI;;el:'l:alt){:) n Title Mainly Used
Detect the face
Smart Attendance 1;;;1;% ;/Llola &
6 2018 Monitoring !
System (SAMS) (forrelatlon .tracker
from the dlib
library. [6]
Attendance
system based on Hybrid feature
face recognition yone
7 2019 system using exFractlon method
CNN-PCA using CNN-PCA.
method and real 7]
time camera
Histogram
Oriented Gradients
Comparative (HOG), Viola-
analysis of facial Jones (Haar
recognition Cascade), and
8 2020 models using Convolution
video for real time | Neural Network
attendance (CNN)
monitoring system | Histogram
Oriented Gradients
(HOQG). [8]
Multi Task
. Convolution
Deep-learning
based group-photo g\il,géll\ll\;t?grk
9 2020 Attendance .
System using One fiet_ectlon of faces
Shot Learning inside the class &
Siamese neural
network. [9]
Real-Time Smart gr;nmcll);()) InCen "
Attendance .
10 2019 System using Face Analysis .(PCA) &
Recognition Convolutional
Techniques Neural Network
(CNN). [10]
For the face
Automated detection system it
Attendance used a haarcascade
1 2020 System Using and for face
OpenCV recognition, it used
LBPH model. [11]
Design of
Attendance ADA Boost
1 2020 System Baseq on cascade clfflssifier
Face Recognition & Local Binary
and Android Pattern (LBP). [12]
Platform.
III. BLOCK DIAGRAM & COMPONENTS
Website Teacher
®
—
Database 1 Camera
—~ Student

LCD Screen

Fig. 1. Block Diagram of the Model
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The components used in real-time classroom data display
are listed below:

A. Raspberrypi

The Raspberry Pi 4b is a popular single-board computer
that offers a high-performance and low-cost solution for
various applications. It features a quad-core ARM Cortex-A72
processor, up to 8 GB of RAM, dual-band Wi-Fi, Bluetooth
5.0, Gigabit Ethernet, and two micro-HDMI ports. It can run
the Raspberry Pi OS, a Linux-based operating system, and
comes pre-installed with a number of apps and utilities. Other
operating systems supported by the Raspberry Pi 4b are
Ubuntu, Windows 10 IoT Core, and more. It also supports a
wide range of accessories and add-ons, such as cameras,
sensors, displays, and hats. It could also be used as a
workstation, a media center, a robot controller, a smart home
hub, and much more. The Raspberry Pi 4b is considered to be
one of the most versatile, affordable computers and accessible
device that enables anyone to learn, create and innovate.

The Raspberry Pi Foundation has developed a small computer
Raspberry Pi 4B, Launched in June 2019 as a powerful
version of Raspberry Pi 3B+. It has many aspects that set it
apart from its predecessor. Equipped with a quad-core 64- bit
CPU running at 1.8GHz, it is faster and more energy efficient
than the previous generation. It has Ram Capacity up 8GB
depending on your needs and affordability. It also supports
dual displays with resolutions up to 4K, so we can multitask
and play immersive games on twin monitors at the same time,
it has two USB 3.0 ports and two USB 2.0 ports for data
transfer, it can achieve data speeds up to 10x faster than
before. Plus, it has wireless network connectivity and
Bluetooth 5.0, and a Gigabit Ethernet port for high-speed
internet connectivity.

B. 7-inch Waveshare LCD Screen

The LCD screen is a high-quality display designed for use
with various devices, including single-board computers like
the Raspberry Pi. This LCD screen boasts a resolution of
1024x600 pixels and supports up to 10-finger touch control.
The screen is also equipped with an HDMI interface and can
be easily connected to a wide range of devices. In addition,
the 7-inch Waveshare LCD screen features an QLED panel
with a wide viewing angle of 170 degrees, ensuring clear and
vivid images from almost any direction. The screen also
supports other operating systems, including Raspbian,
Ubuntu, and Windows 10 IoT, making it a versatile option for
a wide range of projects. Overall, the 7 inch Waveshare LCD
screen is a reliable and high-quality display is Perfect for a
variety of applications including gaming, multimedia
playback, and industrial control systems.

C. USB Adapter

A two-port USB adapter is a device that allows you to
charge or connect two USB devices simultaneously through a
single power outlet or USB port. It typically comes compact,
making it easy to carry around, and canbe plugged into any
power outlet or USB port, such as ona laptop or a power bank.
These adapters come in handy when you have multiple USB-
powered devices that must be charged or connected at the
same time in parallel. For example, smartphones, tablets,
digital cameras, or Bluetooth headphones. By using a two-port
USB adapter, you can be time-saving and hassle by charging
both devices at once, rather than having to swap them out one
at a time. Some two-port USB adapters also feature fast
charging technology, which allows for a quicker charging
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time thanstandard USB chargers can be particularly useful
when you're in a rush or need to quickly power up your device
before heading out. Overall, a two-port USB adapter is a wise
investment and practical device that will help you stay
connected and charged on the go.

D. Raspberry Pi Camera

A camera is a device that uses lenses and sensors to capture
images and videos. They are typically embedded in electronic
gadget’s like smartphone, notebooks, tablets and surveillance
cameras. It consists of parts like lens unit, image sensor, signal
processor, memory chip, and connector. Camera size,
resolution, quality, and features vary by application and
device. The model used here is a SMP Raspberry Pi camera.
This module is ideal for small projects. It uses a specialized
CSI interface specifically designed for connecting cameras.
The CSI bus, which allows very high-speed data rates and only
transfers pixel data. The sensor incorporates a fixed focus lens
that helps capture images efficiently. As for image quality, the
camera capture’s still images at 2592 x 1944 pixels and also
supports video up to 1080p30.

E. HDMI Cable

A camera is a device that uses lenses and sensors to capture
images and videos. They are typically embedded in electronic
gadget’s like smartphone, notebooks, tablets and surveillance
cameras. It consists of parts like lens unit, image sensor, signal
processor, memory chip, and connector. Camera size,
resolution, quality, and features vary by application and
device. The model used here is a SMP Raspberry Pi camera.
This module is ideal for small projects. It uses a specialized
CSI interface specifically designed for connecting cameras.
The CSI bus, which allows very high-speed data rates and only
transfers pixel data. The sensor incorporates a fixed focus lens
that helps capture images efficiently. As for image quality, the
camera capture’s still images at 2592 x 1944 pixels and also
supports video up to 1080p30.

IV. SYSTEM REQUIREMENTS

4Gb Minimum RAM

Minimum 16Gb ROM

720p, SMp Camera

756 X 600 minimum Resolution

V. SYSTEM FLow

The very first step is to start taking a picture of a person's
face. Images are captured using a camera connected to the
attendance system, and the camera can be placed in a fixed
position or moved to capture the image. Captured images are
pre-processed to improve image quality and extract facial
features. Pre-processing can include image filtering,
normalization, and resizing. The pre-processed image is
analysed to identify human faces in the image. This is
typically done using facial recognition algorithms that identify
the location and size of faces. Facial include the location of
the eyes, nose, mouth, and other facial features. The extracted
features are compared to known facial features in the database
for identifying the person. To do this, the similarities of the
extracted features are compared with known facial features. If
the similarity exceeds a certain threshold, the person's identity
is confirmed. Once an individual's identity is recognized and
verified, the system marks that person's presence. This can be
done by updating the attendance database with the person's
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timestamp and presence status. The system records attendance
data and generates reports for further analysis. With the info
on Attendance data we could create reports such as daily
attendance reports, monthly attendance reports, and
attendance summaries. These reports would be used for
performance evaluation, and other purposes. Mostly, facial
recognition based computerized attendance systems help
organizations streamline attendance management processes,
improve accuracy, and reduce administrative overhead. It also
helps ensure that attendance records are secure, reliable, and
accessible when needed.

VI. METHODOLOGY

A. Attendance Software

Faces detection: Using computer vision techniques like
Haar cascades, neural networks, or a combination of the two,
the software first identifies and pinpoints faces in an image or
video frame. Facial Position: In order to assure consistency in
the facial traits that are retrieved, the software then aligns the
identified faces to a standard orientation and size. Feature
Extraction: The software extracts unique features of the
human face Like segregation of eyes, nose and mouth the
shape of the jaw line and the curve of the eyebrows. That is
usually done using deep learning algorithms such as
convolutional neural networks. Face Matching: To find a
match, the extracted features are compared to a database of
previously registered faces. A resemblance between the
retrieved characteristics and the features of the registered
faces is computed during this phase. The face is regarded as a
match if the similarity score exceeds a predetermined
threshold. Attendance Recording: When a match is made, the
attendance programme logs the person's time and presence.
Constant Learning: To increase the software's accuracy and
robustness over time, it is continuously taught with fresh data.

Faces in the image are detected by the Hair Cascade
classifier. This method was proposed by Paul Viola and
Michael Jones. Haar cascade classifier is feasible in OpenCV
source's face, eyes, smile, etc. The hair cascade classifier
mainly segregate faces accordingly for edge and corner
functions. This classifier have being high Detection accuracy
and low false positive rate.

Equation (1) is Haar cascade classifier Equation

p—1
LBP ("Emyn> = ZQPS (ip - ic)
= (1)

Spot Spot/Flat  Line Edge Corner

Fig. 2. Variable neighborhood radius for extracting features

For a specific point, (xn, yn) the position of the neighbour
(xp, yp) can be calculated by applying the following equation

Equation (2) is Position of Neighbour
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_ P2y
rp = x. + Rcos( 7 ) o

1) Pose estimation: People move and look different
direction in front of the real-time video camera can have one
Wide head poses oriented at various angles. It is crucial to
have the least rotated face possible, hence this attribute
should be considered while evaluating face quality. We used
68 face landmark to determine the coordinates of the tip of
nose and the point between the eyebrows. For (x1, yl) and
(x2,y2) such a point, the yaw angle is calculated using:

Equation (3) is Pose Estimation

yaw = abs(arctan2(ys — yy, x9 — 1)) 3)

2) Sharpness: The image is likely to be fuzzy in real time
video continuousness because the face is moving. As a result,
it is crucial to incorporate this feature when assessing facial
quality.

Equation (4) is Sharpness

Sharpness = (AI(i,j) - AT)?

X

(i.7)eU(x.y)

“4)

3) Image size or resolution: employing face tracking as
long as the face is in the frame, the webcam will track it. But
when face is moved more distant from the camera, it gets
gradually smaller. So, this facial attribute must be present
quality assessment. The location of an individual's face's eye
corners. Left eye corner (xL, yL) and right eye coordinates
Corner (xR, yR). The separation between them is given by:

Equation (5) is image size

Resolution = \/{J:L —zr)?+ (yr — yr)?
(5)

4) Brightness: There is a good chance that lightning
conditions will change in real-time operation such as
surveillance cameras. On lighter-colored faces as opposed to
darker-colored faces, local feature extraction is simpler to
use. Consequently, it is essential to provide this feature in
face quality assessment. To obtain this parameter, we
calculated the average of each all the intensities of various
channels (R, G, B) present in the image.

Equation (6) is image size

Brightness = (R + G + B)/3 (6)
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Fig. 3. Face Recognition From database

Fig. 4. Data of Marked attendance users

B. Authentication for Website

The login process is a common feature in many websites and
involves allowing users to access their accounts by providing
their login credentials (usually a username and password).
Here's a basic overview of how the login process works on a
website. The user inputs their login information by going to
the login page and entering their credentials for logging in.
User credentials are verified by a website: After the user
provides their credentials, the website verifies their validity
by comparing them to a database of registered users. Access
is given to the user: The website gives users access to their
accounts and any associated features or material if their login
information are legitimate. A session is established: The
website generates a session that identifies the user and saves
their login status in order to keep the user's access. Somebody
logs off: The user can log out to end their session and revoke
access once they have completed using the website. Once the
user is logged into the attendance management website, the
user can download the csv file for the desired date.

Student Login

Teacher Login

Fig. 5. Working Webpage

Fig. 6. Login Succesful Screen
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VII. APPLICATIONS

Here are some applications of face recognition computerized
based attendance system in today's world:

e Education sector: It is useful for various educational
institutes like schools, colleges, and universities to
automatically manage student attendance.

e Corporate sector: It is suitable for Companies to
manage employee presence at the workplace and
reduce administrative workload.

e Healthcare sector: Hospitals and healthcare facilities
can use this attendance systems to observe the presence
of healthcare professionals, nurses, and support staffs.

¢ Event management: Event managers can use these
systems to manage attendee registration, track attendee
movement, and ensure security during the event.

¢ Government agencies: Government agencies can use
this system to track employee attendance, monitor
visitor entry and exit, and enhance security measures.

VIII. RESULTS

A Raspberry Pi computer with a camera module attached
to it would most likely be used in a face recognition
computerized based attendance system. Machine learning
techniques would be used by the system to find and identify
the individuals in field of view of the camera. The system
would then record each person's attendance using their
recognized faces. Several variables can impact a face
recognition computerized based attendance system's
accuracy, including the caliber of the camera, the illumination,
the efficiency of the detection system and identification
algorithms, and the quantity of the face database used to train
the system. The system should also handle an array of
situations, such as when a camera is viewing many persons or
when someone is wearing a mask. Essentially, the
effectiveness of the face recognition computerized attendance
system powered by a Raspberry Pi would depend on the
implementation's details and the caliber of the hardware and
software employed. A facial recognition computerized
attendance system built on a Raspberry Pi can be efficient and
effective method to record attendance with good optimization.

IX. CONCLUSION

The face recognition computerized based attendance system
project is a highly effective solution that can change
attendance management in various organizations, such as
schools, universities, and companies. This project is a step
forward in the automation of administrative tasks and is an
excellent example of how technology can streamline and
optimize everyday operations. This system uses advanced
using facial identification programme to recognize and
authenticate the identity of individuals in real-time. It has
numerous benefits, including eliminating the necessity of
taking manual attendance as well as, reducing organizations
workload, minimizing errors, improving accuracy and it can
also generate reports, analyze Statistics regarding attendance
and offer insights that can help improve attendance
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management. Overall, the face recognition computerized
based attendance system is a highly effective solution which
solves existing manual system problems. We used the
concept of facial recognition to mark the presence of students
and improve our system. Our project is innovative in a way
such that It uses the dlib library which is much more accurate
than existing models. Our system also stores data locally and
use an authentication system for data access.
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ABSTRACT

In the digital age, cyber security has grown to be a
big concern. Data breaches, identity theft, captcha cracking,
and other similar issues frequently harm millions of people as
well as organizations. Inventing the proper controls and
processes and putting them into practice with exacting
perfection to combat cyber-attacks and crimes has always
been a struggle. With recent advances in artificial
intelligence, the risk of cyberattacks and crimes has increased
rapidly. Almost all areas of science and engineering have
used it. Al has sparked a revolution in fields ranging from
healthcare to robotics. Cybercriminals couldn't resist this ball
of fire, therefore the "usual" cyberattacks have evolved into
"intelligent" cyberattacks.

Keywords— Artificial Intelligence, Cyber Security,
Cyber Attacks.

I. INTRODUCTION

Cyber security plays a crucial role in safeguarding
sensitive information such as personal, governmental,
industry, and protected health data from cyber attackers who
aim to cause harm. Cyber-attacks can result in disabling the
target computer, taking services offline, or gaining
unauthorized access to the target's data. To combat these
threats, many organizations have turned to artificial
intelligence (Al) tools, such as machine learning, to enhance
their security posture and minimize breach risks. This is
especially important as the sophistication of cyber-arms and
malware has increased significantly in recent years. For
instance, the Conficker virus infected key devices and
computers across various organizations, including the French
Navy, UK Defense Ministry, and German armed forces,
causing significant disruptions. To counter such incidents, the
adoption of Al techniques and knowledge-intensive tools is
vital in developing new defensive strategies, such as dynamic
installation of secure perimeters and automated responses to
network attacks.
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II. LITERATURE REVIEW

Malware detection: "Using Machine Learning
Techniques for Malware Detection” by S. Garcia, J. S. Saiz,
and J. M. Garcia, in Expert Systems with Applications, 2014.
This study used machine learning algorithms to analyze the
behavior of malware and identify patterns that can help detect
new strains of malware.[11]

Intrusion detection: "An Intrusion Detection System
Using Machine Learning Algorithms" by A. Singh and A. K.
Sharma, in Procedia Computer Science, 2018. This study
used machine learning algorithms to identify patterns of
suspicious behavior, such as repeated failed login attempts or
unusual data transfer activities.

Threat intelligence: "Cyber Threat Intelligence:
From Collection to Exploitation” by R. M. Lee, in CRC Press,
2017. This book provides an overview of how Al can be used
to analyze large volumes of data from various sources to
identify potential threats.

Vulnerability management: "Artificial Intelligence
and Machine Learning for Cybersecurity Vulnerability
Management: State of the Art and Future Directions" by Y.
Li, M. Li, and Y. Jin, in Computers & Security, 2019. This
study used machine learning algorithms to analyze data from
vulnerability scans and prioritize vulnerabilities based on
their severity and potential impact.

Behavioral biometrics: "A Survey of Behavioral
Biometrics: Approaches and Applications" by A. Al-Fuqaha,
M. Guizani, and M. Mohammadi, in IEEE Communications
Surveys & Tutorials, 2015. This study discussed how Al can
be used to analyze patterns of user behavior and detect
anomalies that may indicate a security threat.

Cyber threat hunting: "Cyber Threat Hunting: Al,
Machine Learning, and Big Data Analytics" by G. J. Ahn, in
CRC Press, 2020. This book provides an overview of how Al
can be used to analyze large volumes of data from various
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sources to identify potential threats before they can cause
damage.

III. METHODOLOGY

We conducted a comprehensive search across
Scopus, Web of Science, ACM Digital Library, IEEE Xplore,
and Google Scholar to explore the intersection between
cybersecurity and Al. Our search used relevant keywords and
filtered results to include papers published within the past
four years and those with more than five citations or
innovative approaches.[3] We excluded irrelevant papers and
identified those with pertinent information through
examination of abstracts and conclusions.[5] Our literature
review aimed to analyze gaps in research, develop an
architecture for future studies, synthesize the impact of Al on
security, and evaluate existing and proposed methods.

IV. CYBER SECURITY

Cybersecurity is essential in our increasingly
interconnected world, where cyber-attacks and threats are on
the rise. It refers to the protection of computer systems,
networks, and other devices from unauthorized access, theft,
damage, and exploitation of sensitive information.[2] The
following are some of the different types of cyber threats that
can pose a significant risk to individuals and organizations:

1. Malware: Malware is malicious software that can
infect a computer or device and cause damage to
data or disrupt normal system operations. Examples
of malware include viruses, worms, Trojans horse.

2. Phishing: Phishing involves an attacker attempting
to deceive wusers into providing sensitive
information, such as credit card details, passwords,
or other personal data, by posing as a trustworthy
entity in an email or other communication.

3. Denial-of-service attacks (DoS): Attacks known as
denial-of-service (DoS) are intended to saturate a
network or website with traffic, rendering it
inaccessible to authorized users.

4. MitM attack: Man-in-the-middle attacks occur when
an attacker intercepts communication between two
parties and can eavesdrop on, manipulate, or alter
the messages being sent or receive.

5. SQL injection: An SQL injection attack is when an
attacker exploits vulnerabilities in a website or
application's database to execute unauthorized
commands, steal data, or modify data.

6. Ransomware: Ransomware is a type of malware that
encrypts a user's files or data and demands payment
in exchange for the decryption key.

7. Advanced persistent threats (APTs): APTs are long-
term, targeted attacks designed to infiltrate a
network, steal sensitive information, and remain
undetected for as long as possible.

8. Zero-day attacks: Zero-day attacks are when an
attacker exploits a vulnerability in a system or
software before it is discovered and patched.

9. Insider threats: Insider threats refer to attacks or data
breaches that originate from within an organization,
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such as an employee stealing sensitive data or
intentionally damaging systems.[1]

Each of these cyber threats poses unique risks and
requires a specific approach to mitigate the damage caused.
Organizations must implement a  comprehensive
cybersecurity strategy that includes proactive measures such
as employee training, network monitoring, and regular
system updates, as well as reactive measures such as incident
response plans and disaster recovery plans to minimize the
impact of a cyber-attack.[7]

V. NEED OF CYBER SECURITY.

In coming years, it is estimated that cyber-crime will
cost businesses around the world $10.5 trillion loss yearly, up
from $3 trillion in 2015. According to Cybersecurity experts,
cybercrime constitutes the largest ever transfer of economic
wealth, growing at a rapid pace of 15% annually.[1]

Cyberattacks can have a variety of effects on a
company, ranging from modest operational delays to
significant financial losses. Regardless of the kind of
cyberattack, every effect comes at a cost, whether it be
monetary or otherwise. Even weeks or months after the
cybersecurity incident, the effects may still be felt by the
company. Following are five areas where businesses may
face difficulty:

e Business continuity problems
e Reputation damage

e Loss of productivity

e Legal liability

e Financial losses[4]

Ransomware attacks are getting more frequent and
problematic. Every 40 seconds at the end of 2016, a company
was the target of a ransomware attack and in 2021, this
increased to every 11 seconds. This cyberattack takes place
when malicious software is used to prevent the victim from
accessing a computer system or data until the criminal
demands ransom.[6]

Certain  industries are more vulnerable to
cyberattacks based on their business practices. While any
sector can experience a data breach, those that have a direct
impact on consumers daily lives are particularly vulnerable.

(9]

Hackers often target businesses that store sensitive user
data or personally identifiable information. The following
types of businesses and organizations are especially at risk of
cyberattacks:

e Banks and other financial institutions: Store
personal client or customer data as well as credit
card and bank account information.

e Healthcare facilities: Data repositories for clinical
research data, medical records, and patient
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information such social security numbers, billing
addresses, and insurance claims.

e Corporations: Possesses comprehensive data,
including product conceptions, intellectual property,
marketing plans, client and employee databases,
contract agreements, client pitches, and more.

e Higher education: Maintain records of enrollment
information, academic research, financial
transactions, and personally identifiable data such
names, addresses, and billing information.

The requirement for cybersecurity stems from our
growing reliance on technology and the internet in both our
personal and  professional  spheres.[10] As our
interconnectedness expands, so does the risk of cyber-attacks
and threats.

The following list of factors illustrates why
cybersecurity is crucial:

e Protection of sensitive information: Cybersecurity is
necessary to protect sensitive information such as
financial information, personal data, trade secrets,
and intellectual property from unauthorized access,
damage, or theft.

e Compliance with regulations: Many industries and
organizations are required to comply with specific
regulations and standards to ensure the privacy and
security of their data. Failure to comply with these
regulations can result in reputational damage and
severe penalties.

e Mitigation of financial losses: Cyber-attacks can
result in significant financial losses due to theft of
funds, damage to systems and infrastructure, and the
cost of remediation.

e Preservation of reputation: A cyber-attack can
damage an organization's reputation and erode trust
with its customers, partners, and stakeholders.

e Protection of critical infrastructure: Cybersecurity is
crucial in protecting critical infrastructure, such as
transportation systems, power grids, and healthcare
facilities, which can have severe consequences if
compromised.[8]

Overall, cybersecurity is necessary to ensure the
availability, confidentiality and integrity of data and systems,
as well as to maintain the trust and confidence of customers
and stakeholders.[7]

VI. ARTIFICIAL INTELLIGENCE

Artificial intelligence (AI) is increasingly becoming an
integral part of today's world, permeating various aspects of
our daily lives and transforming numerous industries and
businesses. Here are some key areas where Al is making a
significant impact:
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1. Automation: Al is automating repetitive and mundane
tasks across industries, such as manufacturing, customer
service, logistics, and data entry. This has led to improved
productivity, increased efficiency and reduced costs.

2. Personal assistants: Virtual personal assistants, such as
Siri, Alexa, and Google Assistant, are powered by Al and
natural language processing, allowing users to interact with
their devices using voice commands for tasks like scheduling
appointments, setting reminders, and playing music.

3. Healthcare: Al is revolutionizing healthcare with
applications in medical diagnosis, drug discovery,
personalized treatment plans, and telemedicine. Al
algorithms can analyze medical data, including electronic
health records (EHRs), medical images, and genetic data, to
assist in accurate diagnosis and treatment decisions.

4. Autonomous vehicles: Al is driving the development of
self-driving cars, drones and trucks. Al algorithms process
data from sensors and cameras to enable autonomous vehicles
to navigate, recognize traffic patterns, and make decisions in
real-time.

5. Finance: Al is transforming the finance industry with
applications in fraud detection, risk assessment, algorithmic
trading, and personalized financial advice. Al-powered
chatbots are also being used for customer service and support
in the financial sector.

6. Marketing and advertising: Al is being used in marketing
and advertising to analyze consumer data, personalize
content, and optimize campaigns. Users can receive
personalized product recommendations from
recommendation engines powered by Al based on their tastes
and behavior.

7. Natural language processing: Al is advancing natural
language processing (NLP) capabilities, enabling machines
to understand, interpret, and respond to human language.
NLP is used in applications such as language translation,
sentiment analysis, and speech recognition.

8. Cybersecurity: Al is used in cybersecurity for threat
detection, malware analysis, and user behavior analytics. Al
algorithms can analyze vast amounts of data to identify
patterns that may indicate cyber threats and help
organizations respond to attacks more swiftly.

9. Social-media: Al is used in social media for sentiment
analysis, content recommendation, and social listening. Al
algorithms can analyze social media data to identify trends,
patterns and sentiments, helping businesses understand
customer preferences and behavior.

10. Education: Al is being used in education for personalized
learning, automated grading and intelligent tutoring systems.
Al-powered platforms can adapt learning materials to
individual learners needs, providing tailored educational
experiences.[1]
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These are just a few examples of how Al is being
used in today's day and age. As Al continues to advance, it is
expected to have a profound impact on various businesses
and industries in reshaping the way we live and work.
However, it is important to consider ethical considerations,
such as transparency, accountability and fairness, as Al
continues to evolve and become more widespread.[3]

VII. THE PART PLAYED BY Al IN ENHANCING CYBER SECURITY

Al plays a crucial role in contemporary cyber
security practices, utilizing algorithms and machine learning
techniques to analyze extensive data and identify potential
threats. Traditional cyber security methods often struggle to
handle the volume and complexity of modern cyber-attacks,
but Al-based solutions have the capability to detect and
respond to emerging threats in real-time.[7]

The integration of Al in cyber security brings
numerous benefits, such as the ability to identify patterns,
automate repetitive tasks, and improve accuracy.[3] For
instance, Al-powered Security Information and Event
Management (SIEM) systems utilize machine learning
algorithms to detect and alert security teams to potential
threats. Other examples include Al-powered antivirus
software and intrusion detection systems.

Furthermore, Al possesses the ability to identify and
respond to emerging cyber threats that may evade detection
by conventional security methods. For example, cyber
attackers may take advantage of zero-day vulnerabilities
before they are identified and patched by security experts.
Nevertheless, Al-powered systems can analyze patterns in
real-time, allowing them to promptly detect and mitigate
these vulnerabilities before cyber attackers can exploit them.

Moreover, the utilization of Al-based security
solutions can enhance organizations cyber security posture by
improving their incident response capabilities. With the aid
of Al-based tools, security teams can automate tasks such as
identifying threats, investigating incidents, and responding to
them, resulting in minimized damage to the organization and
reduced response time.

In summary, the role of Al in cyber security is vital
and is anticipated to grow in significance in the future as
cyber threats continue to evolve in future. Al-powered
solutions can offer organizations a robust defense against
cyber-attacks, enabling them to safeguard their data, assets,
and reputation in today's ever-changing digital landscape.[7]

VIII. AI TO THE RESCUE

Based on a review of articles on the intersection of
Al technologies and cybersecurity, it is evident that Al has
numerous significant applications in this field. One of the
primary ways Al is being used is in perimeter shooting neural
networks. Additionally, Al-based approaches have shown
great promise in efficiently overcoming various
cybersecurity challenges. In cybersecurity decision-making
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processes, the utilization of comprehensive information is
crucial, and Al-based decision assistance can play a crucial
role in addressing this challenge.[5] Al has seen the
establishment of a wide range of approaches for resolving
complex situations that typically require human intelligence.
Many of these strategies have reached maturity, with specific
algorithms based on these approaches now available. Some
methods have become so widely used that they are no longer
considered part of artificial intelligence, such as data mining
algorithms that have emerged from Al's learning subfield.[9]

It is impossible to provide a comprehensive overview
of all possible Al approaches in a short survey. However, we
have divided approaches and architectures into various
categories, such as artificial neural, expert systems, smart
agents, quest, computer education, data gathering, and
constraint resolution, and identified the cyber protection
approaches that correspond to each category. This survey
does not cover machine vision, robotics, and natural language
comprehension, which are particular Al applications.[6]
While robots and machine vision may have incredible
military capabilities, there is nothing uniquely related to
cybersecurity in those areas.

a) Artificial Intelligence continues to increase in
intelligence.

o Artificial Intelligence technology is named so because of
its inherent ability to continuously improve network
security. By leveraging machine learning and deep
learning, Al can better understand an organization's
network behavior over time. It recognizes patterns within
the network and clusters them together to detect any
deviations or potential security incidents in normal
traffic. After analyzing the traffic, it promptly responds
to any threats.

b) The utilization of Artificial Intelligence aids in the
detection of unidentified threats.

o With the rise of sophisticated social engineering and
increasing malware attacks, it is crucial to adopt modern
solutions to prevent new attacks from causing damage to
computer systems. To detect and prevent unknown
threats from compromising an organization's network
infrastructure, the integration of artificial intelligence in
cybersecurity is proving to be a highly effective
combination of security technologies.

c¢) Artificial Intelligence is capable of processing large
volumes of data.

o Artificial intelligence is a valuable tool in identifying
potential threats that may be disguised as normal
activities. Its automated nature allows it to efficiently
read and analyze large volumes of data to detect any
potential dangers. A technology that uses Al, known as
a residential proxy, can assist in the transfer of data and
also aid in threat detection by identifying any malicious
activity within the traffic.
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d) The management of vulnerabilities can be improved
with the use of Artificial Intelligence.

o By analyzing computer systems and business networks,
Artificial Intelligence can identify weaknesses and help
businesses focus on more crucial security tasks, thereby
decreasing the workload and increasing problem-solving
abilities by multiple times. As compared to cybersecurity
personnel, Al is faster and can quickly assess systems,
making it possible to manage vulnerabilities and secure
business systems in a timely manner.[2]

IX. CHALLENGES

The integration of Artificial Intelligence (Al) into
cyber security presents numerous challenges. One significant
issue is the lack of transparency in Al algorithms, which
makes it challenging to comprehend and elucidate the
decision-making process. This opacity can lead to doubts
about the reliability of the AI system's actions and
recommendations.

Another challenge is the susceptibility of Al systems
to manipulation or deception by attackers, resulting in
inaccurate threat detection outcomes. Adversarial attacks
have become increasingly sophisticated, posing a threat even
to advanced Al systems.

Furthermore, the scarcity of qualified personnel to
manage and maintain Al systems can pose a problem.
Continuous monitoring and updating of Al systems are
essential to ensure their efficacy against emerging threats.

Lastly, ethical concerns arise with the use of Al in
cyber security. There is a risk of bias in Al systems, leading
to discriminatory practices. Additionally, there are concerns
about the malicious use of Al, such as creating highly
personalized and targeted attacks.

In summary, while the implementation of Al in
cyber security offers many advantages, it also presents
challenges such as lack of transparency, susceptibility to
manipulation, shortage of skilled personnel, and ethical
concerns. Addressing these challenges is crucial for
responsible and effective integration of Al in the field of
cyber security.[3]

X. CONCLUSION/RESULT

In conclusion, the incorporation of Al in the field of
cyber security has brought about a revolutionary impact on
combating cyber-attacks and threats. It has empowered
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organizations with advanced capabilities for detecting and
preventing threats, securing systems and effectively
managing vulnerabilities. However, there are challenges that
require more attention, including the lack of transparency in
Al algorithms, the potential for manipulation by malicious
actors, ethical concerns and shortage of skilled personnel.
Continuous research and development in Al for cyber
security are imperative to tackle these challenges. Overall, the
potential of Al to transform cyber security is immense, and
its continued integration will play a crucial role in protecting
the digital world, in this digital era.
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Abstract— The continuous expansion in the number of
Internet users and e-commerce has an exponential impact on
the rate of cyber crimes. Cybercrime is not just limited to any
single entity, as it includes a variety of attacks being performed
by many malicious actors. The paper focuses on studying and
analyzing various approaches that are globally being used by
different countries to combat cyber criminals, such as
Budapest Convention. Moreover, there is still a need for
comprehensive answers to the world's increasing security
problems in this digital age. As cyberspace security initiatives
are primarily proactive, there is a strict need for Law
enforcement to keep up with the rate of technological
development, and international cooperation is of utmost
necessity to prevent cybercrime effectively.
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1. INTRODUCTION

The Internet is essential in our daily life in the digital era.
Internet use is expanded from social media to online
shopping, live streaming and many other things. Access to
the Internet is effortless for users because of the increasing
smartphone and high-speed Internet. Today, billions of
people are more connected than ever with technology.
According to the Data report, around 5.16 billion internet
users will be worldwide in 2023. The number of users, who
now number 98 million, increased by 1.9% annually over the
last 12 months, and they typically use the internet for at least
6 hours per day [1].

The rise of new e-commerce and the rapid development
of computer connectivity have required national
governments and international organizations to regulate and
guarantee security on the "information superhighway.” The
Internet has transformed how we conduct business, removed
earlier barriers to contact, and compressed our perceptions of
time and space. Although digital technology has greatly
benefited society, it has raised domestic and international
concerns. Criminal networks and individual criminals have
grown in power to take advantage of weaknesses in the
"modern" economy take the edge of weaknesses in the
"modern" economy, criminal networks and individual
criminals have grown in power. All fronts must continue to
focus on the function of information and technology in
creating national assets. Unsurprisingly, efforts to secure
cyberspace have been reactive rather than proactive. Rather
than being proactive, efforts to safeguard cyberspace have
been reactive, and genuinely global solutions to security
issues in the digital age have yet to materialize. Although
considerable progress has been made within and across the
country to improve police response to cybercrime, Law
enforcement will still need help keeping up with the rate of
technological development. However, the impression of what
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can be accomplished locally and internationally has been
profoundly altered by the startling acceleration of
international law enforcement cooperation in reaction to
cybercrime and other threats. Although encouraging progress
has been made, it should be viewed as only the beginning.
The adage "think globally, act locally" mainly concerns
cybercrime prevention.

A. Defining Cybercrime

Cybercrime is the term for illegal operations that include
computers, the Internet, or other digital technology.
Hacking, phishing, identity theft, cyberbullying, and
disseminating malware or viruses are just a few unlawful
behaviors under this umbrella. Cybercrime can be
perpetrated by one person, a group, a nation-state, or even
an organization [2]. Cybercrime can be classified into
several categories, including:

1) Cyber Espionage: A cyberattack against a competing
business or governmental body is known as cyber
espionage, often called cyberespionage. Cyber espionage,
commonly called cyber spying, aims to provide the attacker
with information that offers them a competitive edge over
other organizations or governments. The perpetrators of
cyber espionage frequently choose to remain undetected for
extended periods. This shows that this attack is often
expensive and difficult to carry out.

2) Cyber Terrorism: Cyber terrorism is the general term
for any organized, politically motivated attack on
information systems, programs, and data that makes violent
threats or results in violent acts. The time is occasionally
expanded to refer to any cyberattack that intimidates or
inspires fear among the target population. Attackers
commonly achieve this by damaging or degrading crucial
infrastructure. The purposeful use of computers, networks,
and the public internet to cause harm and achieve one's
objectives is known as cyberterrorism. A nation may be
forced to flee due to the catastrophic damage that talented
and experienced hackers may do to government systems.
The objectives of such terrorists may be political or
ideological because this is a form of terrorism.

3) Cyber Warfare: A cyberattack or group of attacks
that target a nation are typically referred to as cyberwarfare.
The nation's critical infrastructure could be disrupted or hurt
by this kind of attack. A nation-state often engages in
cyberwarfare by attacking another nation-state. Attacks
may, however, occasionally be carried out by terrorist
groups or other non-state actors who support the objectives
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of an adversarial country. There have been many reported
instances of cyber warfare in recent years, but there is no
clear, agreed-upon definition of when a cyber-attack
qualifies as an act of war.

4) Cyber Fraud: Any fraudulent behavior that uses the
internet or other digital communication technology is called
"cyber fraud." This can encompass a variety of illegal
actions, including hacking, identity theft, credit card fraud,
and phishing scams.

5) Cyber Bullying / Harassment: Cyberbullying,
sometimes referred to as online bullying, is a type of abuse
that occurs across digital platforms like social media, email,
text messaging, and other websites. It entails harassing,
threatening, or intimidating someone through electronic
correspondence. Sending threatening or abusive messages,
spreading false information about someone online, sharing
private or intimate photos without permission, creating
fictitious social media profiles to harass someone, and
posting hateful comments on social media and other online
platforms are examples of cyber harassment.

6) Cyber Theft: Cybercrime is the theft of digital data,
cash, or other assets from computer networks or the internet.
Hackers and other cybercriminals frequently commit this
kind of crime using various techniques, such as phishing,
malware, and social engineering, to access confidential data
or financial resources.

B. Defining Law Enforcement

The people and organizations tasked with upholding the
law and preserving the peace are known as law enforcement.
This includes institutions like the police, CBI, NIA, and
other governmental bodies entrusted with upholding rules
and laws about public safety and crime. Law enforcement's
responsibilities include keeping public security, preventing
crime from occurring, and ensuring that those who break the
law are held accountable. They might perform various
duties, including acquiring evidence, investigating crimes,
detaining suspects, and bringing cases against offenders.
Law enforcement authorities are crucial to investigating and
prosecuting cybercriminals in the context of cybercrime.
They work to locate and identify those responsible for
cybercrime so that they can be prosecuted.

II. LITERATURE REVIEW

Cybercrime is an issue that needs a precise definition,
which makes it difficult for individuals and organizations to
respond effectively [3]. Also, victims of cybercrime often do
not report the crime to the police because people feel that
law enforcement personnel may not have the necessary
training to handle such cases [4]. The pandemic has
exacerbated this problem, as people use the internet more
frequently for work, school, and entertainment, making
them more susceptible to cybercrime [5]. Changes in
people's behavior, with more activities moving online, have
also led to an increase in cybercrime worldwide, a problem
that researchers and police still struggle to understand [4].
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Overall, the pandemic has highlighted the need for more
research and training to address the growing problem of
cybercrime and to help individuals and organizations protect
themselves from cyber threats [6]. Law enforcement
personnel can better investigate and catch cybercriminals by
developing a more comprehensive system for understanding
cybercrime and educating the public about protecting
themselves [3, 4]. Psychiatrists should also be well informed
about the potential effects of cybercrime and educate their
patients about cybersecurity [5].

Cybercrime is proliferating in Africa, and many attacks
from the continent are targeted at other parts of the world.
However, steps are being taken to combat this problem [7].
Mostly property crime is now online, with traditional fraud
and scams costing the average citizen a few hundred
pounds/dollars per year. The costs of securing computer
systems against cybercrime are in the tens of dollars
annually [8]. New policing strategies are being used to
combat cybercrime markets, such as "infrastructural
policing” and '"influence policing," which target the
administrators [9]. People need to be more aware of
cybersecurity, and policymakers should promote this issue
and increase regulation. In the future, the research could
compare the effectiveness of different methods of
preventing cybercrime and the factors affecting African
economies' legal and regulatory frameworks [7].
Globalization has made the world borderless, and countries
compete in various fields. However, this has also led to an
increase in cybercrime that crosses the jurisdictional limits
of a country [10].

The Budapest Convention is being used as a model for
creating cybercrime laws in many countries, including some
Pacific Island Countries (PICs) [11]. The report
recommends spending more on responding to cybercrime
rather than trying to prevent it in advance and improving
law-enforcement action against cybercriminals [8]. The law,
globalization, and politics counter cybercrime by applying
legal norms between nations. Cybercrime regulation in
legislation is essential, and foreign policies between nations
play a significant role in regulating all forms of advances in
information technology, communication, and transportation
[10]. While implementing cybercrime laws in PICs is
essential, many need more resources and expertise to
enforce them effectively. Despite this, many PICs are still
interested in joining the convention for reforming their
cybercrime laws [11]. The article suggests that better
victimization studies are needed to measure the impact of
cybercrime and that cybercrime is an increasingly important
issue that needs to be taken seriously [8]. While many PICs
may have comprehensive cybercrime legislation in the
future, their implementation will likely face various
challenges [11].

Measures such as reducing political leaders' flamboyant
lifestyles, increasing workers' salaries, and creating job
opportunities can help to discourage criminal tendencies.
Overall, the paper suggests introducing social, economic,
and political measures to address this cause of cybercrime in
Africa. [12] The study recommends more user-centric
workflows and tools and provides a foundation for future
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research in the field. However, the study has limitations,
such as limited sample size and variations in information
gathered from each participant.[13].

Globalization has made regulations on investment, trade,

services, and information technology in developing
countries similar to those of developed countries.
Cyberspace activities cannot be separated from relationships
with other countries, and the norms of law between nations
play an important role in regulating information technology,
communication, and transportation [14]. To regulate
cybercrime, there is a need for cyber law that includes
jurisdiction outside the state territory. Globalization
demands policy changes to allow capital, technology, and
labor to move quickly between countries [14].
Technology has developed rapidly in Indonesia, and this has
had an impact on society and security. The internet has
created new threats, such as cyber-based crimes, which can
harm people. Children are particularly vulnerable to
cybercrime, and it is important to follow regulations for
using social media and for parents to supervise their
children's internet use to avoid criminal sanctions or
compensation [15]. While cybersecurity is essential to
protect our data and networks from unauthorized access,
humans remain the biggest concern for cybersecurity as they
can be easily tricked into revealing information [16]. While
the future of cybersecurity is uncertain, it is believed that
people and technology can work together to find solutions to
mitigate these threats [16].

As artificial intelligence (AI) continues to develop,
cybercrime using Al is becoming a threat to national
security, public safety, and personal privacy [17].
Indonesia's legal system and law enforcement agencies must
be adequately equipped to handle cybercrime [18].
Cybercrime is also increasing in India, and it is difficult to
trace the criminals [19].

Even metaverse, another cutting-edge tech, has not been
spared by cyber criminals. Financial cybercrime in the
metaverse has increased in recent years, with stealing
cryptocurrencies from exchanges or selling fake financial
products becoming more common. [20] Since these
activities occur in a virtual world, there are few regulations,
and crimes are only sometimes prosecuted. Cybercrime is a
big problem in the US but it is difficult to measure and
combat. [21] There are three main challenges in trying to
police cybercrime: needing more knowledge, forensic tools,
and legal challenges. [22] The paper interviewed cybercrime
experts from eight countries to learn more about these
challenges. The authors of a different paper want to raise
awareness about the gaps in Nigeria's ability to deal with
cybercrime. [23] There is a law about cybercrime, but it is
not enough. The paper suggests ways to fix this problem,
like educating people in the justice system about
technology. It discusses how crime changes in the digital
age and how formal investigation and crime prevention
methods are becoming obsolete. [24] Investigating
individual crimes is no longer enough to combat the rise of
cybercrime and other forms of mass delinquency. Instead, a
more holistic approach called criminal intelligence is needed
to anticipate and prevent these crimes. Islamic finance could
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solve this problem by connecting financial services and
instruments to real and virtual assets without speculation.
[20] New regulatory and compliance frameworks and
cybersecurity mechanisms are needed to prevent these
crimes. [20] Law enforcement officers and people in the
justice system must learn to handle cybercrime cases. [23]
The paper recommends improving training for police
officers and using a standard definition of cybercrime. [22]
Law enforcement agencies must work with private sector
cybersecurity experts to develop effective strategies to
combat cybercrime. [24].

There needs to be an increase in trained law enforcement
personnel and improvements in the facilities and resources
available in Indonesia [18]. Awareness programs and
workshops must be conducted to prevent or avoid
cybercrime in India [19]. With the increasing use of
technology, cyber laws must be updated to keep up with
new developments [25].

Women, children, and senior citizens are the most
affected by cybercrime in India [19]. Overall, there are areas
for improvement in the current enforcement of cybercrime
laws in Indonesia, and improvements are necessary to
combat this growing problem effectively [18]. Cyber laws
apply to all people using technology, making it essential for
lawmakers, internet providers, banks, shopping websites,
and others to work together to prevent cybercrime [25]. To
minimize cybercrime, secure technology, and networking
systems must be designed and implemented, and awareness
workshops must be conducted [19]. The increasing
prevalence of cybercrime is a concern for smart cities in
India, and a study by [26] aims to identify the various
aspects and factors that in turn would influence citizens to
prevent cybercrimes.

III. RESULT AND DISCUSSION

This paper discussed various aspects of cybercrime and
its impact on society. After the pandemic, people use the
internet more for school, work, shopping, entertainment and
many more things. Therefore, law enforcement in every
country needs to develop a more comprehensive system for
understanding cybercrime and educating people to protect
themself [28]. There is a need for strong cyber laws in every
country that includes jurisdiction outside the state territory to
regulate cybercrime. Here we also show the Internet users
worldwide in the tables below:

TABLE L WORLD INTERNET USERS AND POPULATION
. . Internet
Word ogons | Faatn | Fomtn | M
Africa 1,394,588,547 17.6% 601,940,784
Asia 4,352,169,960 54.9% 2,916,890,209
Europe 837,472,045 10.6% 747,214,734
LATAM / Carib. 664,099,841 8.4% 534,526,057
North America 372,555,585 4.7% 347,916,694
Middle East 268,302,801 3.4% 206,760,743
Oceania / Aus. 43,602,955 0.5% 30,549,185
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Population Population Internet
World Regions Users
(2022 Est.) % of World (31 Dec 2021)
World Total 7,932,791,734 100% 5,385,798,406

Source: World Internet Users statistics and 2023 World
Population stats [27]

TABLE II. WORLD INTERNET GROWTH RATE
WorltReions | Pentuon | Growth | et
Africa 43.2% 13,233% 11.2%
Asia 67% 2,452% 54.2%
Europe 89.2% 611 % 13.9%
LATAM/ Carib. 80.5% 2,858% 9.9%
North America 93.4% 222% 6.5%
Middle East 77.1% 6,194% 3.8%
Oceania / Aus. 70.1% 301% 0.6%
World Total 67.9% 1,392% 100%

Source: World Internet Users statistics and 2023 World
Population stats [27]

A research paper analysis method was used in this study,
where we collected the data from secondary and tertiary legal
archives [1,27]. We study and examine the situation raised
by excessive internet use by many people worldwide.
According to the analysis, by 2023, the yearly cost of
cybercrime will be $8 trillion, representing the largest
transfer of wealth in recorded history. In upcoming years, it
will increase by 15% in cybercrime cost, reaching $10.5
trillion by 2025 [29]. An average of 8,00,000 hacker assaults
occur annually, with over 2328 daily, or one every 39
seconds. Thirty-three billion account breaches are predicted
to occur by 2023 [29].

We know that the growing threat of cybercrime is a
severe issue. Many developing and underdeveloped nations
face cyber attacks by other nations or organizations.
Therefore, the Budapest Convention on Cybercrime is used
as a model for cybercrime legislation in many countries,
including some Pacific Island Countries (PICs) [11]. The
convention promotes international cooperation  in
investigating cybercrime between nations and encourages the
development of international laws against cyber criminals,
which helps improve cyberspaces. Most of the member states
of the European Union and the United States, Canada, Japan,
and South Africa are among the 65 nations that have
accepted the Budapest Convention as of April 2023.

The world is now more connected digitally than ever
before. So, Criminals target vulnerabilities in online systems,
networks, and infrastructure by taking advantage of this
online transition. Governments, companies, and people
worldwide are heavily impacted economically and socially.
Data breaches, ransomware, and phishing are only a few
modern cyber threats, and new varieties of cybercrime are
constantly emerging. Cybercriminals are becoming more
coordinated and nimble, using new technology, customising
attacks, and forming novel partnerships. In order to lessen
cyber threats, INTERPOL coordinates law enforcement
operations and provides secure data-sharing platforms,
analysis, and training [30]. They can contribute to protecting
communities for a safer world by enhancing the ability of
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their member nations to stop, identify, investigate, and
disrupt cybercrimes. Thus, close cooperation between public
and commercial partners is crucial. INTERPOL's global
presence is crucial in encouraging cross-sector collaboration
and facilitating cross-border law enforcement cooperation
[30].

IV. CONCLUSION

In conclusion, analyzing the distinct approaches
implemented worldwide shows a huge need for preventive
cybersecurity measures. Prioritizing cybersecurity and
criminal law studies in the Al era is crucial to ensure the
stable implementation of cybersecurity measures. As
technology and globalization continue to advance, being
aware and knowledgeable about the most recent scamming
techniques is crucial for protecting ourselves from
cybercrime. With the increasing use of technology, cyber
laws must be regularly updated to make it easy to keep up
with new developments. The paper pierces the veil need for
more research and training in order to address the growing
issue of cybercrime and protect individuals and organizations
from upcoming cyber threats. By working together,
combating cybercrime for public safety and personal privacy
is possible.
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Abstract—The digital world is expanding and evolving
rapidly, everything is online now luring attackers to obtain
sensitive information illegally. So, it’s being an urgency to
make our computer systems safer. Some technologies have
come into the picture for better security like firewalls,
antivirus software, cryptography methods, etc. but still
hackers can get your data. One of the weaker points of the
cyber security chain is human nature because of its
greediness, urgency, and trust issues. Social engineering is
the attack on weakness that is openly exploiting humans.
This type of attack is successful at a high rate and has the
rarest chance to leave any trace behind. Here is the
necessity to detect and mitigate such attacks. This research
paper will provide you with a deep awareness of social
engineering, its work, and precautionary methods to save
your data from attackers.

Keywords—Social Engineering, Cyber Security, Phishing,
Physical Breaching, Pretext Calling, Piggybacking,
Dumpster Diving, and Multi-Factor Authentication.

I. INTRODUCTION

Social Engineering is not what its name suggested. It’s the
biggest threat of this technical world that can cost more than a
natural disaster.

Despite the latest technologies and security measures being
deployed and promoted, the bar representing the number of
security breaches is rising consistently [4]. The main reason
being suspected behind this can be a cybercriminal's tendency
to target a weak and vulnerable access point. One can surely
say that no security issue can arise unless there is any
vulnerability that can be exploited by cybercriminals [4].
Security Breaches can cause high-magnitude damage to
organizations in the form of customer distrust [9] and
decreased stock prices[10]. According to the 2022 cost of data
breach report by IBM and Ponemon Institute, the average cost
of a data breach has reached a record high of US $4.35 million
[11]. Social Network today has become the most popular

IEEE TKD-23/ISBN N0.978-81-992245-5-0

MCA 1% Year Student

Institute of Technology & Science
Mohan Nagar, Ghaziabad, India
prajjwalpandey_mca22_24 @its.edu.in

3" Puja Dhar

Assistant Professor

Institute of Technology & Science
Mohan Nagar, Ghaziabad, India
coord.mca@its.edu.in

medium and attract millions of people worldwide to express
their photos, location, and a lot more information with others.
This increased popularity has attracted cybercriminals to use
social networks to gather information and use these platforms
as a rich setting to target any individual or any organization.
For Instance, social networks have been used in lots of cyber-
bullying cases[12]. With the use of social media, social
engineers can launch direct attacks such as phishing [13] and
reverse social engineering [12], or indirect attacks when the
target's social handles are hacked to collect data and launch
attacks in other contexts. For example, tracking a group of
employees of Company X through multiple social network
channels to launch social engineering attacks against that
company. Most people rely on social network providers to
protect their privacy and security from cybercriminals and this
is a common tendency among the users of social networking
sites.

Social engineers with malicious intentions use strategies that
are deceptive to accept bait instead of using conventional
technical ways to convince their targets to give their sensitive
information.

Using sophisticated and advanced methods to manipulate the
user or the machine (with vulnerabilities) to access sensitive
information is known as Social Engineering. There are a lot of
cases in which communication media such as emails,
telephone, and the latest social networks have been affected by
social engineering attacks.

II. TYPES OF SOCIAL ENGINEERING

SOCIAL o~ Human
ENGINEERING , Based
ATTACKS ik Attacks

Computer
- " Based
Attacks

Fig 1: Types of Social Engineering

86


mailto:coord.mca@its.edu.in

IEEE TECHNICOKNOCKDOWN-2023 (TKD-23)

A)  Human-Based Social Engineering

Carrying out human-based attacks involves a lot of planning
as the attacker needs to plan out environmental aspects in the
context of the target and technical aspects related to the
target’s system. In most cases, it is seen that attackers try to
look legitimate and someone related to the organization in any
way like technical support or IT help desk guy to trick or bait
the target to perform actions that can provide a way for the
attacker to proceed further. Some of the common methods of
human-based attacks are —

®  Favesdropping: Includes interception of any type
such as communication, audio, videos, or written.

o  Shoulder Surfing: This involves looking into
someone’s device, especially at the time the target
enters some kind of credentials with the motive to
steal identity or info.

e  Tailgating: This technique involves an unauthorized
person closely following a certified person into a
secured area.

e  Piggybacking: This technique involves an
unauthorized person convincing a certified person to
permit him/her into a secured area.[21]

B. Computer-Based Social Engineering

This type of social engineer attack completely depends on
packages or updates that are sent to retrieve data or execute
malicious code. No direct human interaction is required. Some
common methods of computer-based attacks are -

e  Popup Window: In this type of attack target gets a
popup to get something free or update network
settings by putting in their email/username and
password which is then logged and sent to the
attacker at some remote location.

o  Artachments: Many email/message attachments are
not just the type of attachment they pretend to be,
they are binary executables that are coded to execute
malicious code once clicked and opened.

o  Websites: There are lots of malicious websites that
collect data from different people that visit them and
sell to companies at very high rates to gain
profit.[21]

III. HOW DOES SOCIAL ENGINEERING WORK?

Any Social engineering when carried out involves 4 phases.
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Information
Gathering/Reconnaissance.

Engagement/Interaction
Phase

Exploitation Phase

Closure Phase

Fig 2: Model (Four phases on which a Social Engineer works)
A. Ist Phase—Reconnaissance or Information gathering.
The first phase of any social engineering attack consists of a
selection of the target, and the collection of the necessary
information about the target, at this stage every minute detail
is important. Further stages depend on this stage as the
probability of a social engineering attack being successful is
directly proportional to the amount of data collected about the
target at this stage.
A good social engineer keeps his/her aim in mind to collect
required information effectively. Collection and analysis of
irrelevant information can cause disruptions in the successful
completion of social engineering attacks.
Broadly there are 3 ways of reconnaissance or information
gathering

1)  Technical or Online Sources
Technical sources include every way in which information can
be accessed through technical means for example posts, blogs,
social media handles, phone calls, searches, etc.
These technical aspects cover OSINT or OPEN-SOURCE
INTELLIGENCE which includes any knowledge that can be
gathered through online platforms, search results, and other
sources about the target.
OSINT is divided into 6 different categories: -

® Media—This includes the information about the
target which we get through their photos, videos,
audio files, clips, etc.

o Internet—This information about the target is
gathered from their social media handles, searches,
emails, posts, app usage data, etc.

®  Public Government Data—This kind of information
about the target is gathered through public databases
such as information of any particular target if
obtained from Aadhar DB in India.

®  Professional and Academic publications—This kind
of information about the target refers to information
derived from school or college or any examination
portal.
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®  Commercial Data—This kind of information refers
to the data collected from the business of the target
or from the company's handle for which the target
provides service or had worked in the past.

o Grey Literature—This sort of information is
collected from any kind of literature which has no
link to the target in the present situation but points to
some important history of the target which can be
used further for gathering more information.

2)  Physical Reconnaissance
Physical reconnaissance is a part of human-based social
engineering in which information is gathered by being
physically present around the target.
Some points to be kept in mind during this process involve
the: -
Outfit of the target.
Normal Working Hours.
Third-party services used by the target.
Access points to reach the target and security
measures taken for protection.

If physical reconnaissance is being carried out as a part of any
social engineering attack, then a pre-evaluation of security
measures and all the physical security aspects such as
cameras, doors, and guards need to be taken care of to make
the attack successful. Suspicion of any of the physical security
staff may lead to failure of attacks in such cases.

3)  Dumpster Diving

Dumpster Diving is a method of collecting information about
the target from the trash or traces of information in the
organization for which the target is currently working or has
worked. Dumpster diving is a very effective way of finding
information especially if the target is the type of person having
fewer digital footprints as a consequence of being a less active
user of the internet or social media platforms or a person with
old age and less understanding of technical aspects of the
Internet and computers.

B. 2nd Phase —Engagement or Interaction phase

In this phase, a social engineer tries to interact with the target
to build trust or with the intent of stealing crucial information
that can help in further stages of the attack. In this phase,
every piece of information collected during the first phase is
linked up to connect the dots and bait the target to make some
kind of mistake that can pave the way for further execution of
the attack. There are several methods of engagement
developed with some having capabilities of remote execution.

1)  Phishing
This method of engagement comes under human-based attacks
as it requires the target to click on some sort of links that
appear to come from a legitimate and trustworthy source.
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2)  Spear Phishing
This method, like phishing, lies in the category of human-
based attacks. At the same time unlikely to phish in this
method, a targeted Email or SMS is sent to a particular person
having administrator rights to get access to the systems, infect
the systems, create a backdoor or retrieve credentials or data.

3) Vishing
Vishing is often called Voice phishing. This type of phishing
attack interacts with the target directly over a phone call and
the target is then tricked to trust that the caller is from a
legitimate government institution or bank and is asked about
his credentials at last information is compromised if the target
is not knowledgeable enough to handle this.

4)  Impersonation or Pretext Calling
During this attack information collected in 1st phase is used to
connect the dots and is used to trick the target into something
related to his/her life with a proper pretext which is planned to
get particular detail to steal information or money.
Expectations are to trick the target into something that is
happening in the life of the particular person and make
him/her believe that the caller is from a genuine source.

C. 3rd Phase—Exploitation Phase

After a successful end to the 1st and the 2nd phase of the
attack comes the most important part of the whole attack,

Till this phase begins it is assumed that the social engineer has
enough details and credentials to hack into the target systems
with the intent of stealing money, identity, or data. An
important point to keep in mind is avoiding any sort of clash
or conflict between social engineering teams regarding the
goal to be achieved.

Some scenarios that can be formed in this step could be: -

e Direct stealing of money/data/identity and closing

the attack

e  Using the hacked system to hack into other systems

to get access to the whole network. This is called
Pivoting. This is a way of gaining access to a device
that is restricted to a particular subnet and has no
access outside it indirectly by hacking into some
other system connected to it.

e  Executing system commands on a hacked machine

and trying to get admin access.

e  Generation of backdoor and leaving it for future use.
There are various hacking tools available for different post-
exploitation attacks such as Meterpreter which is used to
execute the system commands on hacked computers with the
help of its command line interface.

D. 4th Phase—Closure

This is the last and final phase of any social engineering
attack. This phase is very crucial from a social engineer’s
point of view as in this phase all the shreds of evidence such
as any logs of networks or hard disks or malware access to the
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target system need to be cleared as nowadays with the help of
cyber forensics the logs stored in the system at various
locations can help identify the attacker could lead to
imprisonment.

IV. COMMON FORMS OF SOCIAL ENGINEERING
ATTACKS

A. Phishing—A most organized threat of the 21st century as it
cannot be tracked down because of its malicious nature[7].
Phishing is an email-based social engineering attack where
cyberpunks camouflage emails or SMS to appear as
admissible solicitors for personal and sensitive information.
Such emails usually contain messages from a trustworthy-
looking source that convinces users to click a link attached to
those emails where they are asked to enter passwords or other
sensitive or credential details to get access to it [2].

In march 2022, Mailchimp’s employees were being the
victims of social engineering. They were tricked by the
attackers to cough up their credentials. Those credentials were
used to access the Mailchimp customer accounts unauthorized
manner. After gaining access to 319 MailChimp customers'
accounts, they delivered mailing lists to 102 accounts.
Attackers used those accounts to dispatch phishing attacks,
which appeared to be authorized because they were launched
from MailChimp emails. Attackers could have infiltrated the
application programming interface key that may be used to
deliver more email-based phishing campaigns automatically.
Trezor, a cryptocurrency wallet company, spotted first that the
data of MailChimp had been breached and attackers were
getting access to data to launch their phishing campaign
against its clients. Trezor’s customers received emails
containing malicious code to trick them into downloading that
code and entering their sensitive pieces of information to
access their Trezor wallets. But the detection of those phishing
campaigns could help to diminish the downstream effects of
supply chain attacks on MailChimp [6].

In 2022, Russia has actively pursued phishing against Ukraine
as part of its ongoing campaign of aggression against the
country. These attacks spread malware, disrupted power
supplies, and stole data. In retaliation, Ukraine has started
implementing its own virus, leading to significant data
breaches.

In most cases, phishing emails clear users’ accounts or send
emails to the clients of a particular company after getting
confidential information from that company to get more
financial benefits.
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@ Shipping, 3.8%
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FIG IIL.A: Most-Targeted Industries, 2022[4]

This pie chart elaborates on phishing scams. At least 50% of
the phishing scams have been conducted over financial firms,
payments, or SaaS/webmail [4]. As constant growth of the
number of online banking users and online services is being an
allurement for the attackers to commit phishing [6].

B. Physical Breaching—In this kind of social engineering
attack, the social engineering attack is conducted by physical
approaches. Sensitive documents and computer files can be
vulnerable to theft or accidental exposure if not kept
physically secured.[16]. Hackers are stealthy assassins who
can slip inside buildings and blend with the employees[17].
They perform an often-used technique, called dumpster
diving[16]. They dive into dumpsters in search of valuable
information like passwords, filenames, or other pieces of
confidential information that can be used to compromise a
computer system or any particular user account [17]. For
instance, a company’s computers are left unattended and left
on. It has been accessed by an unauthorized person who has
gained access to them by searching for and taking files on the
computer or reading its email.

C. Pretext Calling— In a pretexting attack, the hacker tries to
create a fictitious scenario to steal the victim's sensitive
information [15]. It is based on random phone calls that let
their prey believe in attackers.

For instance, an attacker fetches data about the network and
system of targeted organization X by contacting an employee
to solve the technical issues in their system and network. That
employee believes and gives the information to attackers. This
information may be a wi-fi password, username, or any
security question. That helps attackers to hack into the system.
The pretext may be the recommendation to serve a service or
to get employment, asking about confidential data, helping a
friend to get access to something, or winning a lottery [1].
Such attacks are triumphant and untraceable in 70% of the
cases [15].

IV. PRECAUTIONS
Social engineers spot and try to exploit the weakest
connector, that is, humans. Such a threat is the least costly to
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the attackers [14]. This is why precaution is preeminent that
will lead us to secure from future social engineer attacks.

A. Multi-Factor Authentication—Never rely on one factor,
that is, a password. Passwords ensure security but social
engineers can crack them. They are inadequate on their own.
So, multi-factor verification is mandatory which could be like
biometric access or any security question [18].

B. Confirm The Email’s Source Identity—Mostly, scams have
been done because of developing trust identity. Especially in
phishing attacks, attackers send mail that resembles a trusted
organization to make you click on that false link. To evade
this kind of social engineering threat, contact the claimed
organizations and confirm whether it is sent by them or
not[19][1].

C. Pay Attention To Digital Footmarks—Oversharing
personal information online through social media can make
the attacker know more about you [16]. For instance, if you
upload your curriculum vitae online. All the useful
information like your date of birth, phone number, and

REFERENCES

[1] Segovia, L.; Torres, F.; Rosillo, M.; Tapia, E.; Albarado, F.;
Saltos, D. Social engineering as an attack vector for ransomware.
In Proceedings of the Conference on Electrical Engineering and
Information Communication Technology Pucon,Chile, 18-20
October 2017; pp. 1-6. [Google Scholar] [CrossRef]

[2] Ponemon Institute and IBM Security (2017) 2017 cost of data
breach study: a global overview URL - http://universe.byu.edu/wp-
content/uploads/2017/10/Ponemon-2017-Study.pdf

[3] Mulligan DK, Schneider FB (2011,) Doctrine for cybersecurity.
[4] Reported Phishing Attacks Reach an All-Time High, Luke
Irwin, 7th July 2022, URL -
https://www.itgovernance.eu/blog/en/reported-phishing-attacks-
reach-an-all-time-high

[5] The Biggest Phishing Breaches of 2022 and How to Avoid
them for 2023 by Ryan McCurdy on November 8,2022, URL-
https://securityboulevard.com/2022/11/the-biggest-phishing-
breaches-of-2022-and-how-to-avoid-them-for-2023

[6] Laerte Peotta, Marcelo D. Holtz, Bernardo M. David, Flavio G.
Deus, Rafael Timéteo de Sousa Jr., a formal classification of
internet banking attacks and vulnerabilities in International Journal
of Computer Science &amp; Information Technology (IJCSIT),
Vol 3, No 1, Feb 2011

[7] Ike Vayansky, Sathish Kumar, Coastal Carolina University,
Phishing — challenges and solutions in Computer Fraud &amp;
Security Volume 2018, Issue 1, January 2018, Pages 15-20

[8] Borah A, Martin KD, Palmatier RW (2017) Data Privacy:
effects on customer and firm performance.

[9] Hinz O, Nofer M, Schiereck D, Trillig J (2015) The influence
of data theft on the share prices and systematic risk of

consumer electronics companies.

[10] Cost of a data breach 2022, A million-dollar race to detect and
respond. URL - https://www.ibm.com/reports/data-breach

IEEE TKD-23/ISBN N0.978-81-992245-5-0

residential address could be used by the attackers to plan a
social engineering attack.

Maintain your social media settings to ‘friends only’ and think
before you share something on social media.

D. Good Spam Filters
If the email program is not able to filter out spam or
suspicious mail, you might change the settings. A good spam
filter determines which emails are likely to be spam. It detects
suspicious links and keeps them on the blacklist of suspicious
IP addresses [20].
V. CONCLUSION

In this research paper, we have sketched social engineering
attacks, their work, and precautions to not be affected by such
attacks. Social engineering attacks are being done at a high
intensity as it is an inexpensive way to retrieve sensitive
information without letting anybody know about it. That’s the
major reason the rate of such attacks is increasing rapidly.
This paper is also for awareness-raising about the danger of
such attacks to neutralize the harsh damage done by attackers.

[11] Singh MM, Ng PJ, Yap KM, Husin MH, Malim NHANH
(2017) Cyberbullying and a mobile game app? An initial
perspective on an alternative solution. (559 - 572)

[12] Vishwanath A (2015) Habitual Facebook use and its impact
on getting deceived on social media (83 - 98).

[13] Irani D, Balduzzi M, Balzarotti D, Kirda E and Pu C (2011)
Reverse social engineering attacks in online social networks. In:
International conference on detection of intrusions and malware,
and vulnerability assessment (55 - 74)

[14] Nabie C, Paul S. Cybersecurity: risks, vulnerabilities and
counter measures to prevent social engineering attacks. Int J Adv
ComputRes.2016;6:31-8.
https://doi.org/10.19101/IJACR.2016.623006.

[15] Salahdine F, Kaabouch N. Social engineering attacks: a
survey. Future Internet, 11(4), 2019. ISSN 1999-5903.
https://doi.org/10.3390/fi11040089. URL
https://www.mdpi.com/1999-5903/11/4/89. Accessed 24 Oct 2020
[16] Arif KOYUN, Ehssan Al Janabi. Social Engineering Attacks,
Journal of Multidisciplinary Engineering Science and Technology
(JMEST) ISSN: 2458-9403 Vol. 4 Issue 6, June - 2017, URL:
https://www.jmest.org/wp-content/uploads/IMESTN42352270.pdf
[17] Scott Pinzon, Jack Wiles, and Kevin C. Mitnick, “No Tech
Hacking: A Guide to Social Engineering, Dumpster Diving, and
Shoulder Surfing”, Syngess Publishing, Inc. Elsevier, Inc. ISBN
13: 978-1-59749-215-7
https://books.google.co.in/books ?hl=en&amp;lr=&amp;id=Fe63fU
km2oMC&amp;oi=fnd&amp;pg=PP1&amp;dq=dumpster+diving+
social+engineering&amp;ots=sysoCjx2eA&amp;sig=qsoAJ61cc9
X50RRe9yjdmaOlrIM &amp;redir_esc=y#v=onepage&amp;q=du
mpster%20diving%20social%20engineering&amp;f=false

[18] Danny T. MFA (Multi-Factor Authentication) with
Biometrics. 2017. (accessed on 4 Jaurnay 2018).

[19] Scott Garriss, Michael Kaminsky, Michael J. Freedman, Brad
Karp, David Mazieres, Haifeng Yu, “RE-Reliable Email”.URL:

90



IEEE TECHNICOKNOCKDOWN-2023 (TKD-23)

https://www.usenix.org/legacy/event/nsdi06/tech/full_papers/garris
s/garriss.pdf

[20] Gordon V. Cormack (2008), &quot;Email Spam Filtering: A
Systematic Review&quot;, Foundations and Trends® in
Information Retrieval:  Vol. 1: No. 4, pp 335-455.
http://dx.doi.org/10.1561/1500000006 URL:
https://www.nowpublishers.com/article/Details/INR-006

[21] Human-based Vs Computer-based Social Engineering Prerna
Bhajbhuje 1, Rajeshwari Gundla 2, Siddharth Nanda3 1U.G.
Student, 2 Senior Faculty, 3 Faculty SOE, ADYPU, Lohegaon,
Pune, Maharashtra, Indial IT, iNurture, Bengaluru, India2,3 URL:
https://www.researchgate.net/publication/332151597_Social_Engi
neering_Attacks_A_Survey

IEEE TKD-23/ISBN N0.978-81-992245-5-0



IEEE TECHNICOKNOCKDOWN-2023 (TKD-23)

Wireless Technology Based Fault Diagnosis in Industrial Water

Level Control with Temperature Data Remote Monitoring

and Recording System using PLC and SCADA

Khaled Hashala*,
Dept. of EECE, SSET,

Sharda University,
Greater Noida, India,

DRT. JAYA CHITRA¥,
Dept. of EECE, SSET,

Sharda University,
Greater Noida, India,

20201816486.khaled @pg.sharda.ac.in” jayachitra.kishor @sharda.ac.in”,

Abstract—An industrial water level control system is
controlled using Allen-Bradley (AB) SLC 500 PLC with
SL.C 5/05 processor: Programmable Logic Controller, RTX-
MID-5V transceivers, converters, RTD sensor with a heater
coil, and a pump in control by a powered electrical. The
whole system isbeing monitored and secured by using PLC-
interfaced Wonderware In-touch SCADA and also the
temperature is being automatically recorded by a third-
party database using the data logging feature of SCADA.
The water levels are supervised by using system- interfaced
indicators. Faults in the system are being instantly
monitored by the pop-up generation technique of SCADA
and alarm annunciation. So that a fault occurred will be
diagnosed quickly with this technique to avoid major losses.
Finally, this project implemented and conducted a
simulation experiment using AB SLC 500 PLC and
SCADA to control described system. The goal of this paper
is to diagnose faults that occurred in the system, monitor
the system far away from the main control unit, and
automatically record the system data using wireless
technology. Key Words - PLC, Wireless Technology, Fault,
Transceiver, Water Level Management, Data Recording,
and SCADA.

Keywords: SCADA, Industrial, PLC, control, Wireless,

L INTRODUCTION
A computer utilized for the automation of mechanical device
processes may be referred to as a PLC, PLC, or a
programmable controller is a programming logic controller. In
order to automate industrial processes, "Relay Logic" or "Wired
Logic" is previously converted into "Ladder Logic." Contrary
to common computers, PLCs are built to handle wide
temperature ranges, Multiple output and input configurations,
resistance to electrical noise, toleration of vibration, and
tolerance of impact. The SLC 500, CPU SLC 5/04 (Image
Processing and Data Execution) ALLEN BRADLEY PLC,
04/09/01 DI/DO/ALI is employing in this project. The goal of
the "Industrial Water Tank Level Control system by using
PLC" project is to keep an eye on and regulate the tank's liquid
level. In order to automatically refill the tank when the liquid as
it crosses the lower threshold and turns off the pump when the
liquid the system is connected to an automatic pumping
mechanism that activates when the higher threshold is reached.
The availability of sustainable water supplies is currently a
major issue in many parts of the world. a lack of effective along

with  integrated water ~management, wasteful water
consumption, and poor water allocation are the silent causes of
this issue. Water is frequently wused for home

andcommercialpurposes.,andagriculture. Thus,efficientuse,water
monitoring, and control may place a cap on the
watermanagement system of a home or workplace. making,
andimplementation.Thesystemisimplementedwithlevelsensors.
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These sensors find water when it is present. The PLCuses the
sensor readings to determine whether to make therequired
call.Lastly,the PLC uses a relay switch to enforcethe decision.
RX Logix 500 was used to implement the ladderlogic. The
suggested mechanism will continuously control thetank's
liquidlevel toensure that thereis always
sufficientwater.inthetanks.Thissystemisapplicableforindustrialus
e.Itcanbeutilizedtoavoidindustrialaccidentscausedbyoverfillingan
yopencontainersaswellasanyclosedcontainers, ~ which  would
result in an overpressure state. Thissingle system will be able to
control many due to the
PLC'snumerousinputandoutputports,tanksbyitself.As thesystem
is managed by the PLC, there is no need for humanintervention,
which might save on labor costs and safeguardpeoplefrom
theriskof industrial accidents.

LITERATUREREVIEW

Authors have designed and developed the Zigbee
basedAgricultural irrigation systems located between 50 and
100metersawaymaybenefitgreatlyfromtheuseofmicrocontroller-
based wireless technology [1] [2]. Describesautomatic water
control method with fewer manual steps
andlesspotentialformistakes. Astechnologyhasadvanced,wirelessi
nstrumentationhasemergedasameansofcircumventing the need
for hardwired systems and
achievingmoreprecisecontrol. Butthisisdesignedfor50m-
100mdistancecommunicationonly[3]. Withtheaidofaprogrammabl
elogiccontroller,thesuggestedsystemcanautomatically ~ regulate
the water supply. It helps to
maintainlevelinthetank.ContinuousmonitoringwithaSCADAscre
en connected to the PLC further increases automation [4].This
suggestion the PLC based control system so that there isalways
enough water in the storage tank to supply the
citiesneedsWithaSCADAsystem,operatorscanmonitorandadjust
the process in real time [5]. Researchers proposed
PLCandwirelesssensorsforcontrollingwaterlevels.UsingSiemens
PLC for 100m distance only [6]. Demonstrated anloT—enabled
prototype  of an  industrial  process for  taking
inROwater,whichisPLC—controlled[7].Tokeeptheliquidlevel near
the reference Using an electromagnetic valve withfloat sensors
to check the level of a liquid, MATLAB, andLABVIEW.
Control at two levels was not possible due to thelimitations
imposed by the float sensor's setup and operation[8]. An
automatic ~ water  level sensor was made  using
Arduino,anultrasonicsensor,andGSMindication. An
ultrasonicsensor detected the water level, and the motor turned
on andoff automatically as a result. The user received an SMS
alert[9]. The ping sensor and microprocessor AT89S51 were
usedinthecreationofthewaterleveldetectingsystem.Pingsensors
were used to gauge the level of the water, and
thetransmittermodulewirelesslytransmittedthedatatothereceiverm
odule[10].TheprototypewascreatedusingLABVIEW, a  node
MCU, and an ultrasonic sensor. With theuse of an ultrasonic
sensor, the water level was determined.Node MCU transmitted
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the felt the Google Cloud Platform tobe valuable. The website
was displayed on the front panel
of LABVIEWseen,andafterthattestingthewaterlevelbyactivating

the valves.

[11]. There was a system created usingthe ATMEGA328, an
ultrasonic sensor, a buzzer, and Xilinx.There were three tanks
and associated ultrasonic sensors. Itused an Arduino as a
controller. After the After turning on thesystem, water started to
flow through tank 1, indicating thattank 2 had been full, and the
buzzer began to ring when two ormore tanks had been filled.
Tank 3's level indicator controllerturned green once it was
filled. noticed and shut off the water.Water wastage was
therefore avoided. Using Xilinx ISE, theidentical thing was
created and put into action on an
FPGA Microcontrollershavenotbeenaseffectiveinautomatingma
ny water tanks as FPGA [12]. A PIC microcontroller and
awater level sensor were used in the creation of the water
leveldetecting and control system. A microcontroller received
thedata from the water level sensor after it had been
designed,processedit, andthenstartedthepump. Moreover, it
waspossibletomonitorwaterlevelsonline[13]. Afuzzycontroller in
LabVIEW and a PID controller were both used inthe system's
architecture for controlling water levels.
Mainobjectivewastomaintainwaterlevelatspecifiedfixedpoint.

ThefuzzycontrolleroutperformedthePIDintermsofaccuracy,
robustness, low settling and rising times, and noovershoot [14].
An Arduino UNO, a pump, and an ultrasonicsensormake
upthesuggestedsetup.

Thewaterlevelwasmeasuredusinganultrasonicsensor.Therewas
aconnectionbetweenLabVIEWandArduino.Water was added
to the tank as a result of the Arduino turningpumping on and
off in response to the sensor reading, whichwas also shown on
the LABVIEW front panel. Pump damageand energy waste
result from turning on the pump when thelower tankis
completely dry. This is because, in contrast tothe upper tank,
the lower tank does not have an ultrasonicsensor [15]. An
Arduino, an ultrasonic sensor, an LCD, and arelay were used
to create the system. An ultrasonic sensormeasuresthedistance;
ifit isgreaterthan30cm, Arduinoturns on the pump and displays
the information on the LCD:; ifit is less than 10 cm, The pump
is turned off, and the
LCDshowstheinformation[16].Abuzzer,awaterpump,amicroco
ntroller,andawaterlevelsensorwereusedtoconstructtheprototype
.ThedatawasthensentbytheBluetooth module to the mobile
device. after receiving it fromthe controller, which had first
acquired the water table datafrom the sensor. An indicator was
a buzzer. The sensor
iscontacttype,onlyhasa4cmmeasurementrange,whenexposedto
amoistenvironment,andhasabrieflifespan.Corrosionissignifican
tlyacceleratedwhentheprobeispowered on constantly.

[17]. Two PIC microcontrollers wereused to create the
prototype. On the transmitter side and thereception side,
respectively, there were two microcontrollersemployed. The
two were able to communicate thanks to aZigBee
transceivermodule. Here, a waterlevel
sensorwascreatedusingtheconnectingcables. Theconductingstri

P
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detected the water level. Long-term use will cause the
metalstriptocorrode,andprecisionisconstrained[18].
AnESP8266 Wi-Fi module, an 89S52 microprocessor, and
floatswitches were exposed to create its prototype. Tanks four
haveto be this was taken in. An element for it was a sense
floated. TheESP8266Wi-
Fimodulereceivedthesenseddataandtransmitted it, and the
module will submit the information to aserver.

Themicrocontrollermanagedthecircuitryforthemotordriverand
waterlevelsensors. Thesystememploys16floatingswitches.
Because they are contact switches, float switcheshave poor
accuracy and precision and frequently need repair[19]. Design
work was done on the capacitive sensors and
thesignalconditioningcircuit.Littlewasspentonthedesign.

overall capacitance generated matched the water level in
thetank. As deep the water is storage tank must be taken
intoconsiderationwhiledesigningthesensor'slength[20]. Amobil
ephone,asensorforwaterlevels,andan Arduinomicrocontrollerw
ereusedtodeveloptheprototype.thesupervisor,whichinturnupdat
edthedataontheserver,obtained the water's observed level
sensor for the level. Themobile phone received the data that
was kept on the server. Bypushing the mobile device's
buttons, the user. then chooseswhether to switch the motor on
or off. It is a sensor withcontact. Its measuring range is
constrained, and when it
isexposedtowater,itslifespanisshort.Intervention
frompeopleisrequired[21].Designworkwasdoneontheoxidation
-reductionpotential,pH,conductivity,flow,andtemperature
sensors. The notification node received the sensorreading
from the measuring node over ZigBee and processed itbefore
sending it to the microcontroller in the measuring
nodefordisplay.Monitoringofthewaterqualityresulted[22].

I Proposed Methodology

TheFig. 1.as shows below depicts the proposed system'sblock
diagram. Controlling the water level in the tank is
animportant mechanism in dailyoperations.

Data Monitoring and Recording using Third-Party database

Power Suppl!
i SCADA
l‘ Page
( Pilot Lamp-
Y V| wmmin
Metal Float =
S/W-
LHMLHLAS Industrial
CPUSLC5/04 Hooter
(Image Processing and
Data Execution)
Water Proof ALLEN BRADLEY PLC
Temperature DI/DO/AI Capper Cup Type
Sensor 04/09/01 Geyser Heating Coil
DS18820
Solenoid Valve T5-
v

Fig. 1. diagramofindustrialwaterlevelcontrolsystem.

In There is a significant amount of water waste in the tank
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inmany companies, and this project aims to reduce that waste
touse a PLC and SCADA to remotely monitor and control
thelevel of an industrial water tank as well as the
temperature,and also to record the monitored data. The system
has anautomaticconnectedpumpingsystem. The pump turns
ONand OFF automaticallywhen the tank's water level drops
tothe point at which it must be filled. In order to manage
thewater level for industrial purposes, the feed pump is
oftenstarted at a low level and left running until the water level
inthe tank rises. To start and stop the motor, though, requires
aperson, and there is also the possibility of water
overflowingandthemotor  runningdry.  Thewaterinthetankis
thenheatedbyaCopperCupTypeGeyserHeatingCoilfordifferent
industrial applications like food processing,
dairy,pharmaceuticals, etc.The water temperature is sensed by
al-meter-
longwaterproofsensor.Sothataproperrangeoftemperaturewillbe
maintainedaspertherequirementsofindustrial applications, this
temperature data is then recordedby a third-party database,
i.e., MS Excel. The PLC mustcommunicate with SCADA
software in order to record
this.Fortheearlydetectionoffaults,thepop-upgenerationtechnique
is introduced. This technique helps detect causes ofsystem
failure, remedies, and the name of the faulty
deviceinstantly.Asallthefieldinputandoutputdevicesareinterface
dthroughRTX-LR-869MHztransceivers, remotedata monitoring
ispossibleupto 3km away.

Water sustainability requires appropriate monitoring, which
ispossible with PLC-based automated water level detection
andcontrol.WeareutilizingaPLC,sensor,andmotortoautomaticall
y manage the water level. The float switch SEN-
SSI45alertsthePLCwhenitdetectsabodyofwaterispresent. The
PLC produces a control signal that is used to runthe motor. If
the tank is empty, the PLC transmits the signal tostart the
motor, and if the tank is full, the signal to stop themotor. It also
avoids a dry run of the pump in the case that thelevelin thetank
dropsbelowthesuction level.

This project automates a water tank by utilizing a level
sensorto establish a low level, medium level, and high level
withinthetank. The Float Switchdetectsliquids orwaterup
to120°C.Ifthehigh-levelfloatswitchfailstooperate,theadditional
float switch is provided in this emergency situation.This
allows the system to run without interruption, so there isno
need to stop the system immediately, but the industrialhooter
issues an alarm when a fault occurs, so the operator isaware of
thefaultandacknowledges

s float s/W
failed to
operate?

What if, METAL FLOAT S/W-1ll fails to work.
METAL FLOAT S/W-IV operate

s
temperature
reached up

rature data recorded by a third-party
database, i.e., MS Excel through SCADA software.

(b}
T tank is not

completely filled,
Valve will close

pap-up generation technicue displayed fault details. |

I tank is
filled
- 4
Yes Salenaid Outlet Valve opened
sTOP

Fig. 2. FLOWSHART AS SEEN ABOVE

Whale system stopped immediately: |

— No
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VI SLC 500 SYSTEM OVERVIEW

Acompactchassis-
basedlineofdiscrete,analogue,andspecializedl/Oandperipherald
evicesaswellasprogrammablecontrollersisknownasthe Allen-
BradleySLC

500. Power and adaptability are provided by the SLC
500series, which offers a variety of connectivity
configurations,capabilities,andmemoryoptions.Toreduceprojec
tdevelopmenttime andincreaseproductivity,

TheProgramminginRS
Logix500ladderlogicsuiteincludesapowerfuldatabaseeditorthat
areadaptable,apoint-and-clickl/O setup, and diagnostic and
troubleshooting tools. Giving
64Kofprogrammabledata/programmemory,morethan60differe
nt types of I/O modules, and a variety of networkingoptions,
the SLC system provides an efficient a networked
orstandalone industrialcontrolsolution.

modular equipment A CPU module, I/O modules, and a
powersupply must all be housed in a single 1746 chassis for
the SLC500 control system. One, two, or three local chassis
can beused to construct a system for up to30 local
communication orl/O modules. From one local chassis to
another, the backplanesignal lines will be expanded. connect
several local chassis via

ControlNet, Device Net, and Universal Remote I/O

networks.by installinganl/O scanner module.

Single-slot modules called SLC 500 processors are installed
intheoneofthe17461/Ochassis’leftmostslots. Thel/Oadapterisam
odulewithasingleslot.installinthel/Ochassis’ leftmost slot to
enable I/O in a location far awayprocessing from. Separate
power sources are provided by SLC500 modular systems and
The 1746 1/O chassis' left end mustbe directly positioned on it.
The dimensions of the 1/0 chassisfor1746-
whichhave4,7,10,or13moduleslots—
areintendedforplacementonthebackpanel. Themaximumchannel
density for the 1746 I/O modules is 32 channels
permodule.Forcommunication usingEthernet/IP,DH+,DH-485,
or RS-232 (DF1, ASCII, or DH-485 protocol), each
CPUhasoneortwobuilt-inports.

VII CONCLUSION

Invariousapplications,includingthechemical
industry,home,pharmaceuticalindustry,nuclearpowerplants,etc.,
water level, temperature monitoring and data recording
arecrucial factors. This studywraps up a survey of the
researchon water level control system utilizing papers from
severalinternational conferences and journals. The goal of this
studycanbeachievedusingthesuggestedmethods.Ifaccomplished,
it contributes to conserving both manpower andelectricity.
Diagnosis of the faults that occurred in the
waterlevelcontrolsystemcanbedetectedsoonbyshowingremedies
s name of fault and causes of failure.
Temperaturedatacanbemonitoredandrecordedtheaccuratelyusin
gwirelesstechnology usingdatalogging.
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Abstract: The demand for Sustainable and eco-friendly travel
options has taken a hike. Electric Bicycles are becoming
mainstream in the European market with such a developing
cycling culture in the European market and other parts of the
World. By identifying the market and the demand we in this
paper will explore the hardware sensors used in e-bicycles which is
an important aspect for any cyclist. An e-bicycle are basically
equipped with an electric motor which provides assistance to the
rider.This makes cycling easy and comfortable. Sensors are
basically used to detect or measure a physical property and
respond or indicate about the same. Sensors for e-bicycles are
used for monitoring, controlling and safety purposes. Sensors can
help to improve the performance of the e-bicycle. By measuring
the speed, torque, and orientation of the e-bicycle, the motor
provides assistance more efficiently which gives a smoother and
comfortable ride. Moreover it can help to prolong the life of e-
bicycle by monitoring the charge of batteries and avoid
overcharging. Also Sensors can improve safety by detecting the
when the brakes are applied and can cut off the power assistance
so as the rider does not lose the control on the bike. Various
Sensors which we have used include are cadence sensor which
determines how fast or slow the cyclist is pedaling. It will apply
power based on the pedal assist level. Another sensor which we
have used is a Tilt sensor which is a type of position sensor which
is used to measure the angle and the slope of the object. Along
with this we have used other sensors as well which are interfaced
with the STM 32 nucleo Microcontroller. Sensors can help
improve the performance and safety of the bicycle giving a plus
point for cyclists to travel efficiently.

Keywords— E-Bicycle, Sensors, STM, Microcontroller, Tilt
sensor, LCD Display.

I. INTRODUCTION

The world population as well as the traffic is increasing
enormously and it has become a daily challenge faced by
everyone to Travel. Carrying out basic activities has become
difficult, and a solution to this problem needs to be there. Many
of which found a way to tackle just problems e- Bicycles are a
highly efficient means of transport. An Electric Bicycle is a
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Bicycle with a motor attached to it that give assistance to the
rider they have been in demand and became mainstream as
they are environmentally friendly and a cheap, efficient, and
healthy way of travel. It is a more comfortable and easier form
of the bicycle that overcomes the disadvantages of a regular
bike. E-bicycles have the potential to become the one of best
means of mobility. They are an excellent means of
transportation since they mix the convenience of a bike with
the riding. Pedal-assist bicycles are becoming the most
practical alternative for shorter distances’-bicycle are an eco-
friendly option than traditional bikes as they emit carbon into
the atmosphere. The rising popularity of e-bicycle is benefiting
the sector due to lower ownership and maintenance costs.
Advancements in charging infrastructure and demand in the
European market makes e-bicycle markets a huge profit
making product. The European market is further expected to
grow nearly USD 58.85 billion by 2028. People prefer e-
bicycle as an easy, cheap, and safer way to commute, thereby
contributing to market growth. Sensors play a vital role the use
of sensors is an important component of e-bicycles. By
measuring speed, torque, battery charge, brake application, and
orientation sensors can improve the performance, safety, and
lifespan of e-bicycles. As e-bicycles continue to gain popularity
as a sustainable and eco-friendly mode of transportation, the
development and use of sensors will continue to play a crucial
role in their success. Each sensor integrated will work to make
the E-Bicycle work as per our desire. As our Bicycle is pedal
assist cadence plays an important role to make it work.

The output of cadence will be given as input to the motor
drivers based on which it will drive the hub motors to rotate the
shaft. The ultrasonic sensor placed on each side of the E-
Bicycle will sense the vehicle coming towards them and vibrate
the module mounted in the throttle of the bicycle to alert the
driver about incoming vehicles. MPU6050 aka tilt sensor will
measure the inclination angle of E- Bicycle. The speed sensor
will give us the real-time speed of the E-Bicycle. It is also used
to add the speed limit to the bicycle to avoid any kind of
accident. A temperature sensor is mounted near the batteries to
alert the driver if the temp of the battery is going too high.
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1I. Block Diagram & Components

Cadence
Sensor

MPU6050

Stm32F401

Vibrator Module(Left) Niiclés Board Ultrasonic (Left)
Vibrator Module (Right) Ultrasonic (Right)

Temperature Speed
Sensor | Sensor

The sensor used in Hardware for e-Bicycle are listed below:

A. Cadence Sensor
B. MPU6050

C. Ultrasonic sensor
D. Vibrator Module
E. LCD Display

A. Cadence sensor:

Cadence sensors are a popular tool used in cycling to measure
a cyclist's pedaling rate in revolutions per minute (RPM). The
methodology for using a cadence sensor typically involves a
few basic steps. First, the cadence sensor must be installed on
the bike, usually on the non-drive side of the crank arm. It is
then paired with a compatible cycling computer or smartphone
app. Once the sensor is installed and paired, the cyclist can
begin cycling. The cadence sensor will detect each revolution
of the pedals and transmit the data to the cycling computer or
app in real-time. The cyclist can monitor their cadence using
the display on the cycling computer or app. This allows them to
adjust their pedaling speed and maintain a consistent cadence
throughout their ride. After the ride, the cyclist can review the
data collected by the cadence sensor to analyze their
performance. This may include identifying areas where
cadence could be improved, such as maintaining a consistent
cadence on hills or during sprints. Overall, using a cadence
sensor is a straightforward process that can provide valuable
insights for improving cycling performance.

The Cadence sensor we are using is KTV12L:

Fig 1: Cadence Sensor

The KTVI12L is a cadence sensor that is commonly used in
bicycles to measure the rate at which the rider is pedaling. It is
a magnetic sensor that detects the rotation of the bicycle's
crank arm, and outputs a digital signal that changes state with
each revolution of the pedals. The KTV12L sensor is compact
in size and lightweight, making it easy to install on the
bicycle's frame or crank arm. It has a sensing distance of 2-
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Smm, and an operating temperature range of -20°C to +60°C.
The sensor is powered by 5V DC and has a low current
consumption of less than 10mA. The KTVI12L sensor is
compatible with most bicycle computers and other cadence
sensor systems, and can be used to track the rider's cadence in
real-time. By monitoring the cadence, cyclists can optimize
their performance and improve their training, leading to better
fitness and overall Health.

The KTV12L cadence sensor is a magnetic sensor designed for
use in bicycles. It is commonly used to measure the cadence of
the pedals, which is the rate at which the rider is pedaling. Here
are the general specifications of the KTV12L sensor:

Type: Magnetic sensor

Output signal: Digital signal (changes state with each
revolution of the pedals)

Operating voltage: 5V DC

Current consumption : <10mA
Maximum sensing distance: 2-5Smmable
Cable Length: 900mm

Operating temperature: -20°C to +60°C
Housing material: ABS

Weight: 8g

Dimensions: 21mmx 16mm x 8mm

The KTVI12L sensor can be easily mounted on the bicycle
frame or crank arm, and is compatible with most bicycle
computers and other cadence sensor systems. Its compact size,
low power consumption, and easy installation make it a popular
choice for many cycling applications.

B. MPU6050:

The MPU6050 is a commonly used microelectromechanical
system (MEMS) sensor module that combines a 3-axis
gyroscope and a 3-axis accelerometer in a single compact
package. It is manufactured by InvenSense, which is now part
of TDK Corporation. The MPU6050 sensor module can be
used in a wide range of applications, including motion tracking,
gesture recognition, gaming, and robotics. It is particularly
popular in drone and quadcopter projects due to its small size,
low power consumption, and high accuracy. The MPU6050
measures rotational and linear motion in three dimensions. The
gyroscope measures angular velocity in degrees per second
(°/s), while the accelerometer measures acceleration in g units
(where 1 g is equal to 9.81 m/s?). The sensor module is
connected to a microcontroller or other processing device using
an 12C serial interface. This allows the device to read data from
the sensor, configure its settings, and perform calibration if
necessary. One of the key features of the MPU6050 is its
ability to perform sensor fusion. By combining data from the
gyroscope and accelerometer, the sensor module can provide
more accurate and stable orientation information, even in
challenging environments with vibrations or rapid movements.
Overall, the MPU6050 is a very reliable sensor module that can
be used in a wide range of applications making it a a very
useful sensor. Its combination of gyroscope and accelerometer
sensors, small size, low power consumption, and easy
interfacing make it a popular choice for many projects.
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The MPU6050 is a sensor module that combines a 3-axis
gyroscope and a 3-axis accelerometer in a single package. It is
commonly used in motion-based projects, such as gaming
controllers, drones, and robots. The MPU6050 can measure
rotational and linear motion, making it a popular choice for
applications that require accurate motion tracking. The
gyroscope measures the rate of rotation around the X, Y, and Z
axes, while the accelerometer measures acceleration in the X,
Y, and Z directions.

The sensor module also includes a Digital Motion Processor
(DMP), which provides a powerful motion processing engine
for complex motion tracking and gesture recognition
algorithms. The DMP can offload some of the computational
tasks from the main microcontroller, allowing for more
efficient processing of motion data. The MPU6050 uses a
digital interface, such as I12C or SPI, to communicate with the
host microcontroller. It is designed to operate over a wide range
of power supply voltages and can be easily integrated into
various applications. Overall, the MPU6050 is a reliable and
versatile sensor module that provides accurate motion tracking
and acceleration sensing capabilities.

Fig 2:MPU6050

C. Ultrasonic Sensor

An ultrasonic sensor is a type of sensor that uses high-
frequency sound waves to detect the distance to an object. The
sensor works by emitting sound waves at a frequency above the
range of human hearing, typically around 40 kHz. The sound
waves then bounce off of objects and return to the sensor,
where they are detected and used to determine the distance to
the object.

Ultrasonic sensors are commonly used in a variety of
applications, such as in robotics, automotive parking systems,
and industrial automation. They are preferred over other types
of sensors because they are non-contact, meaning they do not
physically touch the object being detected, and they are not
affected by the color, texture, or material of the object.
Ultrasonic sensors come in different types, including proximity
sensors, distance sensors, and level sensors. Proximity sensors
are used to detect the presence of objects within a specific
range, while distance sensors are used to measure the distance
to an object. Level sensors, on the other hand, are used to detect
the level of liquid or solid material in a container.
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Ultrasonic sensors have several advantages over other types of
sensors. They are accurate, reliable, and have a high resolution.
However, they do have some limitations. For example, they are
not suitable for use in environments with high levels of ambient
noise, and they may have difficulty detecting objects that are
small or have irregular shapes.
Overall, ultrasonic sensors are a useful and versatile type of
sensor that can be used in a wide range of applications.

Fig 3: Ultrasonic sensor

An ultrasonic sensor typically consists of a transmitter and a
receiver. The transmitter emits high-frequency sound waves,
which bounce off objects and return to the receiver. By
measuring the time it takes for the sound waves to travel to the
object and back, the sensor can determine the distance to the
object.

Ultrasonic sensors have a number of advantages for use in e-
bicycles. They are relatively inexpensive, lightweight, and
consume very little power. They can also be used in a wide
range of weather conditions and are not affected by light or
interference.

One common. application of ultrasonic sensors in e-bicycles is
for obstacle detection. By mounting sensors on the front or rear
of the bicycle, the rider can be alerted to the presence of
obstacles such as other vehicles, pedestrians, or stationary
objects. Another use for ultrasonic sensors in e-bicycles is for
distance measurement. By measuring the distance to an object,
the sensor can provide useful information to the rider, such as
the remaining distance to a destination or the distance to the
next turn on a route.

D. Vibrator Module

A vibrator module can be used in an electric bicycle as a way
to provide haptic feedback to the rider. This is typically
achieved through the use of a small motor that is connected to
the bicycle's controller. When the motor is activated, it
produces a vibration that can be felt by the rider through the
handlebars or seat.

This can be useful in a number of ways, such as providing
feedback when the power assistance level changes, indicating
when the battery level is low, or warning the rider of potential
hazards such as obstacles or rough terrain. The vibrator module
can also be used in combination with the LCD display to
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provide additional feedback to the rider. For example, the
motor could be programmed to vibrate in a specific pattern or
frequency to indicate a particular message on the display, such
as a turn-by-turn navigation instruction or a warning message.
Overall, the use of a vibrator module in an electric bicycle can
enhance the rider's experience by providing haptic feedback
that is more immediate and intuitive than visual or auditory
cues alone.

Fig 4: Vibrator Module.

When an electrical current is delivered, a little motorised device
called a vibrator module causes vibrations. Electronic gadgets
frequently employ it to deliver haptic feedback or vibration
warnings. The standard structure of a vibrator module is an
eccentric weight coupled to the shaft of a tiny electric motor.
The weight causes the module to vibrate when the motor turns,
giving the user a tactile feeling. Many electronic gadgets, such
as mobile phones, gaming controllers, wearable technology,
and medical equipment, contain vibrator modules. These can
serve a number of functions, including as giving tactile
feedback when a button is pressed, letting users know when
calls or messages are coming in, and alerting them to alerts or
notifications.

Several vibrator modules are available. We have used a Mini
vibrator.

Mini vibration motors with a diameter of 2.7mm are small and
compact devices commonly used in electronic devices such as
mobile phones, wearables, and medical devices. Here are some
specifications that are typical for this type of motor:

Diameter: 2.7mm

Length: 4mm to 6mm

Operating voltage: 1.5V to 3.7V

Current consumption: 50mA to 100mA

Vibration amplitude: 0.2mm to 0.8mm

Frequency: 10,000 to 15,000 RPM

Weight: 0.07gto 0.1g

Noise level: 50dB to 60dB.

E. LCD Displays

A 5-inch RGB capacitive touch LCD module is a display
module that has a 5-inch screen with a resolution of 800x480
pixels and a capacitive touch interface. This type of display
module is compatible with Atom/Wildfire STM32 development
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boards, which are microcontroller development boards based
on the STM32 microcontroller architecture. The LCD module
can be connected to the development board using various
interfaces, such as SPI, 12C, or RGB. The module typically
includes an on-board controller that drives the display and
manages the touch interface. The controller can be
programmed using the development board's software
development kit (SDK) to customize the display and touch
functionality. The module also features an RGB interface that
supports 16 million colors, allowing for vibrant and colorful
displays. It may also have additional features such as a built-in
backlight, a built-in temperature sensor, and a built-in ambient
light sensor. The capacitive touch interface allows for intuitive
and responsive touch input, similar to that of a smartphone or
tablet. This interface can support multi-touch input, allowing
for more advanced touch based interactions. Overall, the 5-inch
RGB capacitive touch LCD module is a versatile and powerful
display module that can be used in a variety of applications,
particularly in projects involving Atom/Wildfire STM32
development boards.

Fig 5: LCD Display.

Here are the specifications for a typical 5-inch RGB capacitive
touch LCD module compatible with Atom/Wildfire STM32
development board:

Display-:

Screen size: 5 inches Resolution: 800 x 480 pixels
Interface: RGB

Colors: 16 million

Touch interface-:
Type: Capacitive
Multi-touch: Yes

Controller-:

Type: On-board

Features: Display and touch control Power: Input voltage: 5V
Power consumption: 200-300mA

Additional features-:
Backlight: Yes
Temperature sensor: Yes
Ambient light sensor: Yes

Atom/Wildfire STM32 development board Overall, this type
of LCD module offers a high-resolution display and a
responsive capacitive touch interface. The built-in controller
simplifies the interface with the development board, and
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additional features such as a backlight and sensors enhance its
capabilities. The compatibility with Atom/Wildfire STM32
development boards make it a suitable choice for a variety of
project

m. Methodology

The sensors are interfaced with STM32f401 Nucleo
Microcontroller. The output from the cadence will be given to
the motor driver in the form of a PWM signal and its calculated
voltage. The motor driver based on this voltage will give power
to the hub motors to run accordingly. The E-Bicycle will
operate in 3 different modes. In the first mode also known as
the low power mode the battery voltage will be 25%. In the 2nd
mode, the battery will operate at 75%. In the third mode, the
output of the battery will be 100%. The 4th mode will be when
the battery percentage is less than 20% it will go into low
power mode and the E-Bicycle will operate at a minimum
speed set before. The speed sensor will give us the real-time
speed of the E-Bicycle which will be displayed on the LCD
Display Board. It will limit the speed of the vehicle to avoid
any kind of accident.

Fig 6: Cadence on DSO.

The ultrasonic sensors mounted on each side of the backside of
the E-Bicycle will sense the vehicles coming towards in its
direction and will give output to the respective vibrator module.
If the vehicle is approaching from the left side the left
ultrasonic sensor will sense the object and will make the
module vibrate which is installed in the throttle of the bicycle.
Similarly, when the vehicle is approaching from the right side
throttle will vibrate to let the driver know from which side the
vehicle is coming from behind. This will ease the driving
experience.

MPU6050 i.e. Tilt Sensor also known as inclinometer will
check the angle or slope at which the E-Bicycle will lean down
the road.A temperature sensor mounted near the battery will
give us the real-time temperature so that the driver may get
alert when the battery temp is going too high.

V. Applications
E-bicycles, or electric bicycles, have become increasingly
popular in recent years due to their ease of use and eco-
friendliness. Here are some ways e-bicycles can be applied
in our daily life.

e Commuting: E-bicycles can be a great alternative to
driving or taking public transportation for short to
medium distance commutes. They allow you to get to
your destination quickly and easily without

contributing to air gollution.
078-81-002245-5-0)

e Exercise: E-bicycles can also be used as a form of
exercise, particularly for those who may not be able to
engage in more strenuous physical activities.

e You can adjust the level of electric assistance to suit
your needs and gradually increase your fitness level.

e Recreation: E-bicycles can be wused for leisure
activities such as cycling tours, exploring nature trails,
and visiting parks or beaches.

e Delivery services: E-bicycles are being used by
businesses such as food delivery services and couriers
to transport goods quickly and efficiently, while
reducing their carbon footprint.

e Mobility aids: E-bicycles can also be used as a
mobility aid for individuals with disabilities or limited
mobility, allowing them to travel further distances and
maintain their independence.

e Overall, e-bicycles have numerous applications in our
daily lives and can provide a convenient, cost-
effective, and environmentally friendly transportation
option.

VI Results

With our Sensors being deployed in E-bicycle it
would give the user a great experience, comfort, ease
of Travelling ,eliminating use of fuel which could
eventually reduce environmental pollution and many
more beneficial experiences.

e The Cadence sensor being used gives a
correct input to the hub motor which then
drives the shafts.

e Other sensors/components like Ultrasonic
sensor, MPU6050, LCD display gives
accurate results.

e Ultrasonic sensor being used tells us if any
vehicle is close to us it does make the left
side of the handlebars vibrate when the
sensor senses a vehicle close to the left side
of it and if the vehicle is on the right it gives
a vibration on the right side.

e MPU6050 being deployed does help us
measure the tilt of our e-bicycle. Fall
detection can be sensed by MPU6050.

e LCD Display displays all the information
about our e-bicycle real time Battery
percentage, real time Speed, Time, Battery
Temperature, etc.

VII. Conclusion

The aim of this research paper is to make the use of sensors for
making our Bicycles for traveling smoother. We came around
various types of sensors while working for this project with
their specifications and in the end list out the one which are
required. All the sensors/hardware used to make this e-bicycle
are the efficient and reliable one specifically chosen for the
features we want in our e-Bicycle. In conclusion, the use of
hardware sensors in e-bicycles has revolutionized the way we
ride and interact with our bikes. The incorporation of sensors
such as torque sensors, speed sensors, and cadence sensors has

significantly improved the overall riding experience, making e- 100
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bicycle more efficient, safer, and easier to use. These sensors
enable the rider to monitor their performance and regulate the

assistance provided by the motor, leading to a more intuitive
and responsive ride. Furthermore, the integration of sensors
with modern technology has allowed for the development of
smart e-bicycles that can communicate with other devices and
provide useful information about the bike and its surroundings.
While there is still room for improvement in terms of accuracy
and reliability, the potential benefits of using hardware sensors
in e-bicycles are undeniable, and we can expect to see
continued advancements in this field in the years to come.
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Abstract:This paper presents a design for a solar-powered
charging station that can charge electric vehicles without the
need for wires or external power. Electric vehicles are
becoming increasingly popular due to their environmental
benefits and cost savings over traditional gasoline-powered
cars. However, one of the major drawbacks of electric
vehicles is the need to stop and charge the battery, which can
be inconvenient for drivers. Our innovative charging system
solves this problem by allowing vehicles to charge while they
are in motion on the road. [5]

The system consists of several components, including a solar
panel, battery, transformer, regulator circuitry, copper coils,
AC to DC converter, atmega controller, and LCD display. By
using these components, the system is able to wirelessly
charge electric vehicles as they move along the road,
eliminating the need for drivers to stop and charge their
vehicles.[1]

Our solar-powered wireless charging system has the
potential to be integrated into the road infrastructure and
provide a sustainable solution for charging electric vehicles.
By using renewable solar power, our system also helps
reduce transportation's environmental impact.

Keywords: Battery; Micro Controller; Embedded System;
Transformer; Microprocessor; Electric Vehicle;[2]

L INTRODUCTION

Electric Vehicles (EVs) are a rapidly growing trend in the
transport sector around the world. According to projections,
the market share of EVs will continue to grow and could
comprise 24% of the U.S. light vehicle fleet by 2030,
representing 64% of light vehicle sales that year. However, the
proliferation of EVs will require regulation of the battery
charging process to maintain power quality in the power grids.
On the other hand, the large amount of energy stored in EV
batteries creates an opportunity for energy flow in the opposite
direction.[6] In the future, the interactivity between EVs and
smart grids will be key to contributing to the autonomous
operation of the power grid. This can be achieved through the
use of onboard bidirectional chargerswith V2G (vehicle-to-
grid) and V2H (vehicle-to-home) technology Despite the
benefits of EVs, such as lower carbon dioxide emissions and
reduced reliance on fossil fuels, they have not been widely
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adopted due to some limitations. These limitations include
high vehicle costs, limited charging infrastructure, and limited
all-electric range. EVs are vehicles that are either partially or
fully powered by electric power, which results in low running
costs due to fewer moving parts for maintenance and high
environmental friendliness as they use little or no fossil
fuels.[2,3]

II. MOTIVATION

As we move towards a more sustainable future, there is an
increasing demand for renewable energy sources. Solar power
is one of the most abundant and clean sources of energy
available today. Using solar power to charge electric vehicles
can reduce our dependence on fossil fuels and decrease our
carbon footprint.Wireless charging eliminates the need for
cables and connectors, making charging their vehicles more
convenient for EV owners. This can increase the adoption of
electric vehicles, as it removes one of the perceived barriers to
ownership.Electric vehicles (EVs) are already an eco-friendly
alternative to gasoline-powered vehicles because they produce
zero emissions when they are being driven. However, the
energy used to charge EVs can still come from non-renewable
sources like coal and natural gas. By using a solar-powered
charging system, the entire process becomes much more
sustainable and environmentally friendly.

III. PROBLEM STATEMENT

Electric vehicles (EVs) use one or more electric motors, also
known as traction motors, for propulsion. These vehicles can
be self-contained using various power sources such as
batteries, solar panels, fuel cells, or an electric generator that
converts gasoline to energy from an off-vehicle collector
system. Different types of electric vehicles exist, including
hybrid and all-electric cars, trucks, trains, ships, planes, and
spacecraft. Historically, electricity was a popular mode of
vehicle propulsion due to its comfort and operational
convenience, which gasoline-powered vehicles couldn't
match. While internal combustion engines have dominated
vehicle propulsion for over a century. Electric power is still
commonly used in trains and other small vehicles
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Iv. LITERATURESURVEY
No. TITLE AUTHOR METHODOLOGY
SOLAR WIRELESS | BRV Prasad, M | The present paper presents the design of a solar-powered charging station for
ELECTRIC Geethanjali, M | electric vehicles that aims to address the environmental and economic issues
VEHICLE Sonia, S Ganeesh associated with traditional fuel-powered vehicles. With the increasing number
1 CHARGING of electric vehicles on the roads globally, it has become imperative to develop
SYSTEM sustainable and efficient charging solutions. This solar-powered charging
station provides a unique and innovative solution to this problem by enabling
the charging of electric vehicles without the need for wires or stopping the
vehicle.
SOLAR WIRELESS Karim, Merazul As electric vehicles gain popularity worldwide, countries are finding ways to
ELECTRIC Shafig, Nahian Bin | promote them by investing in charging infrastructure. This not only benefits
VEHICLE Zame Tousif-ul the environment but also reduces transportation costs by replacing expensive
CHARGING fuels with cheaper power. We propose an innovative solution to address this
2 | SYSTEM Islam need by designing a charging infrastructure that allows vehicles to charge on
Hossain, MD.Sakib | the go using solar energy. This system eliminates the need to stop charging
Shawon, Mehedi and eliminates the need for an additional power source.
Azad
Then, the specific methods and techniques used for wireless charging in
electric vehicles are discussed. These include inductive charging, resonant
Wireless charging Muhammad Amjad , | charging, and capacitive charging. The advantages and disadvantages of each
systems for electric Muhammad Farooq | method are analysed, and their suitability for different types of electric
3 vehicles -i-Azam vehicles is discussed. The challenges and limitations of wireless charging are
also discussed, including issues related to efficiency, safety, and compatibility
with different types of vehicles. Finally, the paper concludes with a discussion
of future directions for wireless charging research and development, including
the potential for integrating wireless charging with other emerging
technologies such as autonomous driving and vehicle-to-grid systems.
Overall, the paper highlights the potential of wireless charging to
revolutionize the electric vehicle industry and accelerate the transition to a
more sustainable transportation system.
Farooque As electric vehicles (EVs) become more prevalent, there is a growing need for
Azam, Neeraj charging infrastructure. This has led to the incorporation of renewable energy
An Overview of 5o . sources to supplement the grid. To further enhance the efficiency and safety
Solar-Powered Pnyadarshl, Hé_lr of EVs, Intelligent Transportation Systems (ITS) have been developed to
Electric Vehicle ish Nagar, Sunil provide connected vehicle services. However, designing a charging strategy
Charging in Kumar & Akash that optimizes energy utilization is challenging when both EVs and charging
Vehicular Adhoc Kumar Bhoi stations are considered together in a Vehicular Ad Hoc Network (VANET).
4 Network

The purpose of this project is to address the challenges
faced by electric vehicle owners, such as the need for

V.  OBJECTIVES

electricity sources. By creating an innovative EV
charger, this project aims to provide a unique solution
that offers several benefits. The wireless charging
technology eliminates the need for the vehicle to stop

frequent charging and the reliance on external
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charging, making it more convenient for the driver.
The use of solar energy as a power source makes the
charging process more sustainable and eco-
friendlier.[1] The coils inserted in the EV charger are
designed to prevent wear and tear, ensuring the
longevity of the device. Overall, the project aims to
provide a more efficient, sustainable, and convenient
way of charging electric vehicles, which can
contribute to reducing carbon emissions and
promoting clean energy.[2]

VL METHODOLOGY

Here is a methodology for a research paper based on
wireless power transfer using copper coil and solar
energy:

In this section, you should introduce the topic of
wireless power transfer using copper coil and solar
energy. Explain why this technology is important and
what potential benefits it could offer. Also, provide
some background information on the principles of
wireless power transfer and capacitive wireless power
transfer. Conduct a comprehensive review of the
existing literature on wireless power transfer using
copper coil and solar energy. Analyze and compare
various approaches and technologies that have been
proposed or implemented in this area. Identify any
gaps or limitations in the current research, and explain
how your proposed methodology can address these
issues.[6]

System design: In this section, you should describe the
design of your proposed wireless power transfer
system using copper coil and solar energy. Explain
how you plan to implement the capacitive wireless
power transfer technology, including the use of two
pairs of conductive plates, an inverter, a matching
network, and a frequency generator. Provide detailed
schematics and diagrams to illustrate the system
design.[4]

Experimental setup: Describe the experimental setup
you will use to test your wireless power transfer
system. Explain how you will generate the solar
energy required to power the system, and how you
will measure the power transfer efficiency and other
relevant parameters. Also, describe any safety
measures you will take to protect people and
equipment from potential hazards.[6]

Results and analysis: Present the results of your
experiments and analyze them in detail. Calculate the
power transfer efficiency and compare it to other
similar systems reported in the literature. Identify any
factors that affect the efficiency and discuss their
implications. Also, discuss any unexpected results or
limitations of your system.[2]

Summarize the main findings of our research and
explain their significance. Discuss the potential

IEEE TKD-23/ISBN N0.978-81-992245-5-0

applications of your wireless power transfer system
using copper coil and solar energy, and any future
research  directions.  Finally, provide some
recommendations for improving the performance and
efficiency of the system.[4]

VII. SOFTWARE AND HARDWARE FOR
DEVELOPMENT

e  Arduino

e RECTIFIER

e FILTER

¢ VOLTAGE REGULATOR

e TRANSISTOR

e LED
e 1N4007
e RESISTOR

e CAPACITOR

e Atmega 328p

o 4047IC

e Coil

e Rectifier

e 16*2 LCD display

VIIIL. SYSTEMARCHITECTURE
HIGH

SOLAR PANEL RECHARGEABLE

12v BATTERY (12V) F:;‘E\?EL::_IQ;V

}
CONVERTER RECTIFIER
coiL
CAR BATTERY
(LOAD) (12v)

Fig. 1Architecture

IX. FRAME DIAGRAM

Fig. 2Frame
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VI BLOCK DIAGRAM

COIL -
_ TRANSFOR
MER
40471C
AC IN
) ]
SOLAR
PANEL BATTERY
Fig. 3.1 BlockDiagram
RECTIFIER
LCD Atmega328p
coiL
Fig. 3.2 BlockDiagram
X. CIRCUIT DIAGRAM

18

[ &

2

gl

H

Fig. 4 CircuitDiagram
XI. ADVANTAGES

The proposed technology aims to revolutionize the way
we charge electric vehicles. Instead of stopping to charge
the vehicle, the technology allows for wireless charging
while the vehicle is in motion. The system is powered by
solar energy, eliminating the need for an external power
supply.

The technology involves the integration of coils in the
road, which will create a magnetic field that can transfer
energy wirelessly to the vehicle's battery as it moves over
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the coils. The coils are designed to be durable and able to
withstand the wear and tear of constant use.

e One of the benefits of this technology is that it eliminates
the need for the vehicle to stop and recharge, allowing for
a more seamless and efficient driving experience. The use
of solar power also makes the system more sustainable
and environmentally friendly.

e Overall, this wireless charging system for -electric
vehicles has the potential to revolutionize the
transportation industry by providing a more convenient
and sustainable solution for charging electric vehicles.

XII. RESULT

In this proposed system, power is first converted to AC using
a transformer and then controlled using an electronic
regulator. Electric current is used to power the copper coil
used for wireless transmission. A copper coil is also placed
underneath the electric vehicle (EV), which allows for the
wireless transmission of power to the vehicle as it is driven
over the coil.
The power transferred from the transmission to the electric
coil is in the form of DC current. This DC current is converted
back to direct current to charge the electric car batteries. This
process allows for the seamless wireless charging of electric
vehicles while they are in motion, without the need for
stopping to recharge.
It is important to note that this technology relies on the use of
copper coils for wireless power transmission, which can be
costly to produce and may require significant infrastructure
investment. However, if successfully implemented, it has the
potential to revolutionize the electric vehicle industry and
provide a more convenient and efficient way to charge electric
vehicles.
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XIIL Fig. 5.2 Result 2
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Abstract— There are several challenges in modelling real - time
systems. Accurate modelling of a big real-time system is
complicated. Huge numbers of differential or difference equations
are developed during the modelling of complex real-time systems,
and from these equations higher order systems are illustrated using
state space or transfer function concepts. It is difficult to handle the
designing as well as the analysis of the higher order system model.
To resolve these issues reduction of the system using time and
frequency domains methodologies have been described in this
paper. Model order reduction mandates that the produced lower
order model must maintain crucial and critical qualitative and
quantitative qualities including stability, the original system's
transient and steady state response. Two such approaches, namely,
aggregation method and modal analysis approach have been
compared after applying these to an assumed 4™ order system on
the basis of their time domain specifications. All the simulations
have been done in MATLAB. It has been concluded by the authors
that the time domain specifications obtained from analyzing step
response for the both the aggregation as well as modal analysis
approaches of the reduced order system are approximately
equivalent to those of higher order system. Modal analysis
approach the errors in peak amplitude is 0.2005 %, settling time is
-0.51%, and for final value is 0.2005%. All these errors are within
acceptable ranges and thus it proves to be a better modal reduction
technique over aggregation method.

Keywords— LTI, order, state space representation, time domain
specifications.

I. INTRODUCTION

There are several scenarios that pose challenges for efficient
numerical simulation in science and engineering. These include
problems with high dimensions, nonlinearity, multi-scale
complexities, complex geometries, uncertainty quantification,
and real-time requirements. These scenarios can make
simulations computationally expensive or difficult to perform
accurately using traditional numerical methods [1].

This research work presents a review of model order reduction
techniques and a comparison of time domain techniques,
namely, aggregation method and Model analysis approach for
an assumed system.

Model order reduction (MOR) is a common approach in which
the higher dimensional system is mapped with lower
dimensional subspace [2]. However, it is crucial to make sure
that the reduction process is both reliable and effective in terms
of computing [3].

The existence of large-scale systems can be found everywhere
and in a variety of contexts, including complex chemical
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reactions, ecological, aeronautics, mechanical, and environment
systems, among others, or a combination of these. A system is
called complex if, for computational or practical reasons, it may
be divided into a number of smaller, connected systems.
Similarly, for a big system the dimensions are so large that it is
impossible to accurately solve the problem using traditional
modelling, analysis, control system design, and computation
methods. The first step in analyzing such physical systems is to
create a model that can be regarded as an accurate depiction of
them. The formulation of a model is the first step for designing,
developing and monitoring of control system. With this model,
the analysis and design may be completed [4].

A complicated model of high order is originally formed when a
system is mathematically simulated for inspection and
modification, whether it is already in operation or is still being
constructed. Rrepresentations in the time and frequency
domains, also known as state space and transfer function forms,
respectively, can be used to explain high order nonlinear
systems' mathematical concepts [5]. In the state space (time
domain) representation of higher order differential equation is
separated into a group of 15t order differential equations. In time
domain representation the higher order differential equation
under zero initial parameters is used to represent the
mathematical model of the system. However, frequency domain,
the Laplace transform (system Transfer function) , which is a
ratio of two function is used to represent the mathematical model
of a system [6].

It is challenging to analyze, synthesize, and identify the system
characteristics if the order of the given system is high. Time-
constant, damping ratio, natural frequency, from the higher
order system (HOS) using order reduction model is used to
simulate system performance [7].

II. NEED OF MOR

Many engineering problems need the approximation of linear
systems, particularly in the designing of control systems, where
a developer must control the physical system whose
mathematical modelis represented by a high order linear system
[4,8].

The major goals of obtaining the lower order model are to
clearly understand the system and to simplify the hardware and
software, to make feasible design, and to obtain simple control
laws [9]. As a result, model order reduction strategies aid in
implementation of the system. Main causes for lowering a
system's order are:
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e To make the system easy to understand.

e To minimizes computational complexity while system
analysis.

e To synthesize the system with lower hardware cost.

III. CLASSIFICATION OF MOR

In the area of model reduction, several scholars and researchers
have developed a variety of MOR strategies [7,10,11,12]. The
two primary categories of model order reduction techniques are
(i) time domain order reduction techniques and (ii) frequency
domain order reduction techniques. The MOR techniques
referred to as time domain order reduction techniques when they
are used to decrease the state space model of the system, and
frequency domain order reduction approaches when they are
used to reduce the transfer function models of the system.
Whatever method is used to solve the model order reduction
challenges [1,9],the basic targets of model reduction is to lower
down the order so as to mimic the important features of the
origin system. Classification of MOR

A. Time domain MOR approaches

A common goal of methods applied for time domain model
order reduction is to match the response time of the reduced
order model with that of HOS for the given input. The original
and reduced systems are given in state space form in time
domain reduction techniques. The output (Y) will be a close
approximation of (Yr). for the stated inputs because the order of
the reduced matrices A,, B, and C, is less than order of the
original matrices A, B, and C [13].

A thorough understanding of tegeneral features of system and
eigenvalues and eigenvectors are both necessary for the time
domain order reduction methodologies.

There are various types of time domain order reduction
techniques which have been applied by the researchers in the last
decade such as aggregation method, balancing truncation
method and modal analysis approach [8,14].

B. Friguency domain MOR approaches

A transfer function applicable for reduction of original high
order systems provides the basis for several frequency domain
order reduction strategies. These methods typically have an
obvious appeal and are simple to handle computationally.
Majorly there are three methods of this types of reduction
techniques, namely, classical reduction method (CRM), stability
preservation method (SPM) and stability criterion method
(SCM) [15].

IV. REDUCED ORDER SYSTEM ROLES IN LARGE ENGINEERING
SYSTEMS

In the past few years, system engineers have to deal with
challenging huge engineering system. These systems are
characterized by their high orders, which can reach 500 or even
1000. Even today's fastest computers are unable to handle such
massive systems. When dealing with such large systems, model
reduction plays an important role [9,16]. As a result, over the
past ten years or so, this issue has received a lot of attention.
Following are some advantages of using reduced-order models
in the analysis of complex engineering systems:
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e Simplifying the simulation of a (HOS) in order to gain more
insight into its dynamics.

e Creating a substandard controller to reduce the
computational work required to acquire anoptimal one.

e Acquiring a lower dimension control law to make the
feedback controller's structure simpler.

System engineers anticipate that one of their key areas of interest

over the next few decades will be the theory of big engineering

systems. As a result, reduced-order models will keep being very

important in the research and development of such systems.

V. LITERATURE SURVEY

The basic steps of engineering include modelling and simulation
of structures. Analytically or numerically, the system is
transformed into an ordinary differential equation (ODE), and
then it is resolved using a variety of algorithms. The usual
method for solving ODEs with high derivative orders is to
convert them into first derivative order matrix equations. The
issues is ultimately reduced to an equation using a massive first-
derivative matrix, despite the fact that the size of the matrix
increases in direct proportion to the number of factors and the
order of the derivative products. not the number of derivatives,
but the matrix dimension, becomes the primary issue to be
solved after this transformation [17]. In Model Order Reduction
(MOR), "order" therefore refers to the dimensions of the matrix
rather than the order of derivatives. If in case order of the model
is high then the structure or system becomes more complicated.
As a result, decreasing the order of the modelled system is a
sensible and practically suggested to increase the computational
effectiveness of the analysis. Essential concepts and principles
that are applied in MOR can be developed by examining eigen-
problems. Reduced order models make the process of designing
a controller relatively simple, that is why MOR is employed in
the field of control engineering [18].

In summary, the complexity of the controller raise while the
complexity of the system raise as well, and designing a high-
order controller is difficult due to thelarge number of poles and
zeros that may compromise the stability of the system. it is
impossible to physically construct controllers of extremely high
order. Systems with a small order around 100 also require MOR
since contemporary control techniques like the linear quadratic
regulator (LQR) produce controllers with the same order as the
system itself. Hence, to develop a durable and physically
practical controller, the system's order must be reduced [19].
The demand for MOR also results from structural analysis,
particularly since that finite element (FE) analysis is so
prevalent. The FE method's fundamental idea is to approximate
a continuous physical structure using the sum of discretized
elements. Due to its division into small parts, the approximated
modeling resembles the actual structure more closely. A
complex enormous structure should be split into smaller
elements utilizing FE analysis to improve the accuracy of
mathematical modeling. As aresult, the model is quite complex,
with several hundred thousand degrees of freedom, for example.
In structural analysis, optimization, and controller design,
complex model increases computing time and effort, Model
reduction strategies are researched and employed in various
areas of engineering and mathematics based on the
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aforementioned needs [20,21]. However effectively they serve
each of its respective purposes, there are still challenges like
parametric MOR.

VI. MATHEMATICAL MODELLING OF MOR

Variety of mathematical modeling methods have been proposed
by researchers in the area of MOR [10,13].

The following time domain order reduction techniques, which
have been applied in current research work, are briefly described
in this section.

A. Aggregation Method

Aggregation is considered as most crucial methods for
modelling complex systems and it was firstly proposed by Aoki
[22].
It most significant techniques for reduced-order models. This
method in the lower order model preserves the significant
original system eigenvalues. The fundamental advantage is that
the simplified model preserves a few internal features of the
original system that are useful for analysis and identifying state-
feedback suboptimal control.
égnsi?i%r gustz(l)l?cligpda rgaf)l?zg(t)ilon of a Linear Time Invariant (LTT)
system as given below in equation (1):
x(t) = Ax(t) + Bu(t) (1)
y(t) = Cx(t) + Du(t)
The model matrix M for the higher order system is given by

i
equation (%1 M,

M=[ ] (2)
M3 M,
Where M, and M4 has dimensions (m * m) and (n - m) x (n - m)
respectively.
The inverse of the model matrix (N) of the HOS is given
b tion (3
y equa 10n&1) N,
N=[ ] (3
N3 N4,

Regular arbitrary matrix (Ro) is computed and given by equation

4):

Ry = [Ir : Or*(n—r)] 4
Aggregation matrix (F)is given below in equation (5):
F = M1RON (5)

Reduced order state space realization (A,,B;,C;,Dy)

can be evaluated by equation (6):
A, = KAFT[FFT]-1
B,=FB 6)
C,= CFT [FFT]71
Reduced order state space realization (A, B.,C;, Dy)
can be evaluated using equation (7):
x-(t) = Ayx,.(t) + Byu(t) and,
Yr(t) = Crxr(t)- (7N

B. Modal Analysis Approach
This approach aims to preserve the most significant of the

original system eigenvalues while obtaining the all parameters

of a lower order model. The objective is to ensure that the
response time of system with lower order precisely

approximates that of the high-order system, for a specific input.
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Essentially, the method discards the influence of distant poles
and zeros, focusing only on the dominant ones. This method has
been proposed firstly in 1966 by Divison [23].

In order to understand the algorithm for this method, Consider
The standard realization of LTI system as given by equation (1).
Where,x ER",uE R™ ERN represent the states, inputs and
outputs of the system, respectively.

Find the eigenvalues for the higher order system.
Model matrix (M) for the given higher order model can be found
using equation (2) and inverse model matrix (N) is given by
equation (8):
N{ N
N=[1 7] ®)
N; N4

3 4
Sub matrices (A1,A2,As,and As)for given HOS matrix

(A)are described below in equation (9):
A=["1 7] ©
Az Ay
Sub matrices (B1,B») for given higher order input matrix (B) are
given by equation (10)

B4
B=1,1] (10)
2
Reduced order input matrix (B,) is given by equation (11):
B, = B, (1D
Sub matrices (Ci, C2) for the given higher order output matrix
(C) are given by equation (12):
C=[C1 (] (12)
Reduced order output matrix (C;) can be computed using
equation (13):
Cr=0Cy (13)
Reduced order state space realization (A, By, Cr, D;) computed
using equation (14):
x-(t) = Ayx,(t) + Byu(t) and,
yr(t) = Crx (D). (14

VII. A CASE STUDY

Time MOR techniques described in section 4 have been applied
to a 4" order system. The step response properties of the reduced
order system and original system have been calculated and
compared. For the same MATLAB Version 2023 a has been
used.

A. Aggregation Method

For the considered system the (A, B, C, D) state space realization
is represented by equations numbered as (15).

TEE T
x(®=[ " 1x@®) + [ Ju® (15)
0 0 -6 2 1
0 0 0 -8 1

y®=[1 1 1 1]x(®)
The algorithm of aggregation method presented in section (4.1)
has been applied to the assumed system. The state space
realization (4,, B, Cy, D,) of reduced 2™ order system have
been compLﬁted _afd is given beg)w in equation (16).

]

(O =1 x(8) + [ Ju(t)
0 —4 ~2.986
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v, (y) = [1.143  0.246] x,(t) (16)

Step response of the original (4™ order) and reduced order (2™
order) are as presented in figure (1).

Step Response

1.8 s

Amplitude
o © o
» o ® o

o
o

Higher order model
- Reduced order model

(=}
O

1 2 3 4 5 6
Time (seconds)
Figure (1): Step response
For comparison various step response parameters (time domain
specification) of HOS and reduction order model are given in
table (1). Also the error % in each parameter are calculated.
Table (1): Step response specifications

Step response parameter | Higher | Eeduced | Error %
order order
system aystem
Peak Amplitude 1.83 % | 1.81 % -1.093
Settling Time (sec) 1.94 218 11225
Risze Time {zec) 0913 1.26 37,705
Peal: Time (sec) 4] & V]
Final value 1.83 1.21 -1.093

B. Modal analysis approach

For the considered 4™ order model modal analysis approach has
been applied and (A, B, C, D) as state space realization given by
following set of equation for a system as described by equation
7).

—02 _421 12 —04 8

x()=[ 1x(®) + [ ]u(®) (17)
0 0o - 2 0
0 0 0 8 1

y®=[1 1 0 0]x()
The algorithm of modal analysis approach presented in section
(4.2) has been applied to the assumed system. After applying it
to the higher order system the state space realization (4,
B;, Cy,D;) of reduced 2" order have been computed and is
represerﬂezd by ¢ eéquation (1 8)I References
x-(t)= x-(t) + u(t

() [0 _4] () [0] ®
yrz[l 1] X (1) (18)
Time domain response of both 4™ and 2" are as shown in figure
2 given below.
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Step Response

® il
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o
N
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N
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Reduced order model

0 0.5 % 1’5 2 2‘5 3 35 4 4.5
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Figure (2): Step response
For comparison various step response parameters (time domain
specification) of HOS and reduction order model are given in
table (2). Also, the error % I n each parameter are calculated.
Table (2): Step response specifications

Step response parameter | Higher | Feduced | Error

order order 24
Fvstem ayatem

Peal: Amplitude 0.499 %5 | 0.5 %0 0.20035

Settling Time (zec) 1.97 1.96 -0.51

Fise Time {sec) 1.13 1.13 0

Peak Time (sec) 4.5 4.5 0

Final value 0.499 0.3 0.20035

VIII. CONCLUSIONS

The settling time, rise time, peak time and final value obtained
from the step response have been computed for both the
assumed 4™ order and reduced order systems while applying two
approaches for model order reduction, namely, aggregation
method and modal analysis approach. In both model order
reduction techniques, reduced second order models are observed
to be approximately equivalent to those of higher order systems.
In case of aggregation method, the percentage error in the rise
time is as high as 37.705%. The % error in peak amplitude is -
1.093%, settling time is 11.225%, and for final value is -1.093%.
However, modal analysis approach has been a better technique
with rise time is as high as 0%. The % error in peak amplitude
is 0.2005%, settling time is -0.51%, and for final value is
0.2005%. Consequently, modal analysis approach proves to be
a better technique of model order reduction. By minimizing
computational costs, these techniques enable faster and more
efficient simulations. Which can lead to significant
advancements in various fields.
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Abstract—With the arrival of the Internet and the spread
of computer freaks, multiple operations have been
developed that are used by millions of user's everyday
tasks like office operations or web surfers. Software
companies spend over 45% of their costs dealing with
software bugs. An unavoidable step of fixing bugs is bug
triage which aims to properly assign a developer to a new
bug. Bug-shadowing and issue-tracking systems tend to be
populated with bugs, issues, or tickets written by a wide
variety of bug journalists with different situations of
training and knowledge about the system being bandied
about. Numerous bug journalists warrant the expertise,
vocabulary, knowledge, or time to efficiently search the
issue tracker for comparable issues. Software bugs do for a
wide range of reasons. Addressing these bugs for the
maturity of trouble spent in the conservation phase of a
software design life cycle. Most frequently, several bug
reports, transferred by different druggies, match up to the
same disfigurement. Nonetheless, every bug report is to be
anatomized independently and precisely for the possibility
of an implicit bug. The person responsible for recycling the
recently reported bugs, checking for duplicates, and
passing them to suitable developers to get fixed is called a
Triager and this process is called Triaging. The mileage of
bug tracing systems is hindered by a large number of
indistinguishable bug reports. In numerous open-source
software systems as numerous as one-third of all reports
are duplicates. This study presents an overview of the
work done to better discover identical bugs that have been

conducted on open-source data sets.
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L. INTRODUCTION

The use of computers in almost every field to make our work
easier has led to a large number of software developments for
almost every problem statement out there in the real world and
this process will continue in the future. Talking about
Software bugs, a Bug can be defined as an error, mistake, or
fault that may be a cause of failure during execution or results
may deviate from the expected results.

There can be a lot of reasons for the occurrence of bugs which
can be corner cases, technical issues, non-functional qualities,
or misunderstanding of problems by developers, etc. [1,2].

A. Bug Triage—Bug triaging is a critical process in software
development that involves identifying and prioritizing bugs
reported by users or testers. However, the increasing number
of bug reports and the involvement of multiple stakeholders in
the bug-triaging process can make it a time-consuming and
challenging task. One of the major challenges in bug triaging
is identifying duplicate bugs, i.e., bugs that have been reported
multiple times by different users. This research paper focuses
on the identification of duplicate bugs in bug-triaging systems
and proposes an approach that can improve the efficiency and

effectiveness of bug-triaging.

B. Bug Triaging Systems—Feting bugs as a “ fact of life ”,
numerous software systems give methodologies for users to
report bugs and to store these bug/issue reports in a bug-
shamus (or issue-shadowing) system. The issue-tracking

systems like Bugzilla[3] and Google’s issue-tracker [4] enable
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the users and testers to report their findings in a unified  set of features

setting. These systems enable the correspondents to specify a

the report belongs to, the product the report is about, etc.

for the bug reports, similar to the type of the bug report
(fault or specific request), the element in the system also,
the developers will choose the reported bugs considering
some of their features. The tagged bug reports are handled
with respect to their precedence and finally closed. The
issue-tracking systems also give users the establishment to

track the status of bug reports.

C. Bug Report—A bug report is a specific report that
outlines information about what's wrong and needs fixing
with software or on a website. The report lists reasons, or
seen misdoings, to point out exactly what's viewed as
wrong, and also includes a request and/ or details for how
to address each issue.

Relating indistinguishable bug reports is of great
significance since it can save time and trouble for

Bugzilla@Mozilla - Bug 424962

developers. lately, numerous experimenters like Bettenburg
et al. [5]. have concentrated on this problem. They are
some of the important encouragements for detecting the
same bug reports

e Duplicate bug reports may be assigned to different
developers by mistake which results in wasting developers’
time and work.

» Eventually, relating the same bug reports can also be
helpful in fixing the bugs, since some of the bug reports
further useful

may give descriptions than their

duplicates[5].

Firefox 2 fails to render decompused unicode umlauts correctly

Home | New | Searcn |

(Fina) | Reoorts | Reguests | New Account | Help | Log In

Bug List: (This bug is nct in your last search results} Show last search results

Bug 424962 - Firefox 2 fails to render decomposed unicode umlauts correctly

Status: UNCONFIRMED

Eroduct: Firefox

Component: General

Version: 2.0 Branch

Platform: Macintosh Mac OS5 X
Importance: -- normal with 1 wote {vote)

Target Milestone: ---

d To: Nobady: OK to take it and work on it

QA Contact: general@firefox.bugs

URL:
Whiteboard:
Keywards:

|Rreportea: 2008-03-25 03:55|PDT by Leho Kraaw
Maodified: 2008-03-25 04:02 PDT (Histary)

Fig. 1.3.1: Sample Bug Report of Mozilla - Bug 424962[16]

D. Bug

A recently submitted bug report has the status of either NEW
or UNCONFIRMED. When the report is assigned to the
required developer, the status is changed from NEW to
ASSIGNED. When the report is unrestricted, the status is set
to RESOLVED. After the report is vindicated by the quality
assurance crew, its status will change to VERIFIED and
further CLOSED. There are a limited number of different
ways for resolving a bug report. In Bugzilla, these are called

resolutions. If a bug report operated in a change in code, its

IEEE TKD-23/ISBN N0.978-81-992245-5-0

Life Cycle
resolution will be FIXED. If it's feted as a duplicate of a
subsisting report, it'll be resolved as DUPLICATE. However,
if the bug isn't reproducible. It will be resolved as
WORKSFORME. If the report explains a problem that
couldn't be fixed, the report will be resolved as WONTFIX.
However, it will be resolved as INVALID, if the report wasn't
an actual bug.. However, its resolution status, if the report is
related to another repository changes to MOVED. A resolved

bug report may be opened later with the restarted resolution.
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II. LITERATURE REVIEW
In 2019, Neysiani et al.[9] proposed two models for
identifying duplicate bugs. The first model uses machine
learning techniques to identify the characteristics of bug report
duplication. The second model, known as IR-technique or
Informational Retrieval Technique which is getting the
required information from a variety of information sources,
ranks the top k bug reports. Nguyen et al.[6] offered a
duplicate bug report detection system that uses subject

modeling and information retrieval (2012). To capture the

two bugs share a common conceptual property, they are
referred to as duplicate software bugs. The topic modeling
technique and the information retrieval strategies are
combined using the ensemble averaging technique. According
to the study that has been provided, accuracy has increased by
20%, with an accuracy rate of about 83%—84%.

Tian et al.[7] expand on Jalbert and Weimer's most recent
study on report classification. By extending their technique,
they used REP, which was recently proposed for the report

retrieval problem, to determine how similar two bug reports

problem structure for a bug report, the Latent Dirichlet are to one another..
Allocation (LDA) topic modeling technique is extended. If
III. METHODS
Reference | Methods Used Data Set Conclusion
Kucuk et | A thorough understanding of duplicated | Mozilla, and | In Eclipse and Mozilla, approximately 16% and
al.[2021] bugs, various properties of duplicated bugs | Eclipse 23% of bugs are duplicated.
were divided into Categories 1 (Master-
Unresolved) and 2 (Missed Reopen)
Rakha et Firefox, 1. 50% of the duplicate reports are
al.[2016] SeaMonkey, detected.
[11] Bugzilla, and 2. Average recall- 0.23 and 0.93, and
Eclipse- precision 0.600 and 0.72.
Platform
Ebrahimi Bug stack traces by using Hidden Markov | GNOME and | recall levels of 80% and 63% have been attained
et Models(HMM) Firefox
al.[2019]
[12]
Neysiani Textual similarity technique Eclipse, accuracy rate of between 89% and 93%
et Firefox,
al.[2019a] OpenOffice,
[13] & Android

IV. METHODOLOGY

In this part, we give a description of the methodology we

There have been several studies that probe indistinguishable
bugs[3,4,5] and restarted bugs independently. Still, to the

studied and is used by Tuzun et al.[15] stylish of our knowledge, there has been no previous work on
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understanding the dynamics of their crossroad. In this study,
we study the orders of indistinguishable bugs to show that not
all duplicates are the same and they've distinguishable
characteristics. ~ We  study the  categorization  of
indistinguishable bugs according to their creation(reported)
time with respect to their master’s resolution status. The
duplicates that have been submitted before the resolution of
their master bugs are appertained to as Master- Unresolved
and those that have been submitted after the resolution of their
master bugs is pertained to as Master- Resolved(Missed
Reopen Bug). The anticipated geste for handling the
duplicates of Master- Resolved bugs are continuing the master
of the corresponding bug rather than opening a new one. On
the other hand, the anticipated actions for the duplicates of
Master- Unresolved bugs aren't being opened at all since the
master bug is still active. Throughout the study, we will relate
to the Master- Unresolved bugs as order 1, and to Master-
Resolved(Missed  Reopen  bugs) as  Category 2
interchangeably.

In this study, we will be quantitatively assaying non-
duplicated (unique) bugs and indistinguishable bugs(order 1
and order 2) in light of the following exploration questions(
RQ)

RQ1 How do order 1 and order 2 bugs differ?

RQ1.1 How do order 1 and order 2 differ in terms of the bug's
inflexibility?

RQ1.2 How do order 1 and order 2 differ in terms of the
number of druggies involved?

RQ1.3 How do order 1 and order 2 differ in terms of
indistinguishable bug surface time?

RQ1.4 How do order 1 and order 2 differ in terms of their
time distribution over their life cycle?

A. Categorizing Duplicate Bugs—In our study, there are two
different orders regarding indistinguishable bug reports.. In
this regard, we classify the indistinguishable bugs as follows
order 1(Master- Unresolved) Duplicates are submitted when
masters aren't resolved yet. These indistinguishable bugs
might get created before or after their master bugs are
assigned which doesn't affect the order they belong to. Since
these order 1 duplicates are submitted when masters aren't
resolved yet, we name them Master- Unresolved duplicates.

Order 2(Master- Resolved or Missed Reopen) Duplicates are

IEEE TKD-23/ISBN N0.978-81-992245-5-0

submitted when masters are resolved. In this regard, these
indistinguishable bugs might get created before or after the
master bug has been vindicated which doesn't affect the order.
B. Severity of Different Bug Types— In this section, we
discuss the inflexibility of bugs and how it differs among
indistinguishable d between master and unique bugs. The
attestation of Eclipse, Bugzilla describes the inflexibility types
like Blocker, Critical, Major, Minor and trivial .

In this environment, bugs with inflexibility are more advanced
than normal and can be considered as bugs that help the
system from working duly. For simplicity, we relate to these
bugs(i.e., blocker, critical and major) as severe bugs. We
calculate the rate of severe bugs in the master of
indistinguishable bugs and compare it with the rate in unique
bugs to understand if the inflexibility of a bug affects the bug
to be duplicated

C. Number of users Involved in Different Bug Types—As
in utmost of the bug shadowing tools, in Bugzilla, a Carbon
Copy(CC) list is used to add people to a mailing list that
notifies them when the bug has an updated. The journalist can
add users to the CC list.. The number of druggies should
indicate the perceived significance of a bug. Thus, we
calculate the average number of unique druggies in the CC list
to understand if there's a relationship between the number of
druggies involved and a bug being duplicated. We also
compare the average number of CC list users in Master-
Unresolved duplicate bugs(order 1) and Missed Reopen
indistinguishable bugs(order 2).

Duplicate Bug Surface Time( DBST) represents the time
difference between the reported time of an indistinguishable
bug and the reported time of its master bug.

D. The Time Distribution pattern for Duplicate Bugs—
Duplicate bugs put redundant outflow on software systems, as
the trouble and the cost of managing indistinguishable bugs
can be time-consuming. Therefore, with the dimension of time
distribution, we dissect where the utmost of the time is spent.
A bug might be reassigned further than formerly before it gets
to the right inventor who resolves the bug as a duplicate. In
this case, we choose the time of the last assignment as
Tassign. An indistinguishable bug might get resolved as a

duplicate without any assignment.
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U V. CONCLUSION

The exploration of bug report deduplication has substantially
concentrated on the IR ways and textual comparison of the
bug reports to find the duplicates. In this study, we've taken
advantage of software surrounds in addition to the textual and
categorical comparison criteria to address the darkness of
synonymous software-related words within bug reports written
by users, who have different vocabularies. - roughly 16% and
23% of bugs are indistinguishable in Eclipse and Mozilla
independently, indicating that the duplicated bugs play a
significant part in software systems.

- The difference between the two indistinguishable orders in
terms of severity is statistically insignificant. Still, this
difference between master bugs and unique bugs is significant
because when master bugs are duplicated, they are re-
evaluated precisely. On the other hand, the inflexibility of an
indistinguishable bug isn't meaningful to the development
platoon once they realize it's a duplicate of another one, so it

isn't re-evaluated.
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Abstract— The paper highlights the importance of user experience
design in AR headset development and provides insights into how
Arduino can be leveraged to create immersive and engaging AR
experiences. It explores the different sensors that can be used in
AR headsets to track head movements, gestures, and other inputs.
The combination of Arduino and augmented reality (AR)
technology has led to the development of affordable and
customizable AR headsets. This research paper explores the
various ways in which Arduino-based AR headsets can be designed,
built, and programmed. The paper discusses the different types of
AR displays that can be used, such as monocular or binocular
displays, and their advantages and limitations. Moreover, the
research paper addresses the challenges that arise in the
development of AR headsets, such as power management,
computing performance, and calibration. It also proposes solutions
to these challenges using Arduino-based hardware and software.
Finally, the paper examines the potential applications
of Arduino-based AR headsets in various fields, including
education, entertainment, healthcare, and manufacturing. It
presents several case studies to demonstrate how AR headsets can
be used to enhance learning, improve productivity, and transform
the way we interact with the world around us. Overall, this research
paper aims to provide a comprehensive overview of the design,
development, and applications of Arduino-based AR headsets.

Keywords—Nano R3, AR, MIT App Inventor

1. INTRODUCTION

Augmented reality (AR) has become a rapidly
growing field, with potential applications in
various domains such as education, entertainment,
healthcare, and manufacturing [2]. AR technology
enables the overlaying of digital content onto the
real world, enhancing the user's perception and
interaction with the physical environment.
However, AR headsets that provide an immersive
and interactive experience can be expensive and
inaccessible to many people. Arduino, an open-
source hardware, and software platform, offers a
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cost-effective solution for developing AR headsets
that are customizable and accessible to a wider
audience [1]. Arduino-based AR headsets enable
designers and developers to build their own
devices using various components such as sensors,
displays, and microcontrollers. This flexibility
allows for the creation of AR headsets that can be
tailored to specific use cases and user needs [4].
The aim of this research paper is to explore the
potential of Arduino-based AR headsets and their
applications. The paper will discuss the design,
development, and programming of AR headsets
using Arduino, and examine the challenges and
solutions involved in creating effective AR
experiences [3]. It will also explore the various
sensors, displays, and other components that can be
used in AR headsets, as well as the potential
applications of this technology in different fields
[2]. The research paper seeks to provide a
comprehensive overview of the possibilities and
limitations of using Arduino for AR headset
development and its impact on the broader AR
industry [9].

IILRELATED WORK

Related work in the field of Arduino-based AR
headsets has shown promising results in terms of
creating affordable and customizable AR devices
[10].

One such study by Boer et al. (2017) developed an
AR headset using an Arduino microcontroller, a
monocular display, and an accelerometer [12]. The
system was used to overlay virtual objects onto
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real-world environments and was shown to be
effective in providing an immersive AR experience
[15].

Another study by EI-Bakry et al. (2020)
developed an AR headset using an Arduino board, a
binocular display, and a camera-based tracking
system. The system was used to provide real-time
object detection and recognition, enabling users to
interact with virtual objects in real-time [5].

Moreover, a study by Karim et al. (2020)
developed an AR headset using Arduino and 3D
printing technology. The system was used to
overlay real-time sensor data onto the user's view,
enabling users to monitor environmental conditions
in real-time [17].

In addition to these studies, various Arduino-
based AR projects have been developed by the
open-source community [16]. These include the AR
Sandbox project, which uses an Arduino board to
control a projector and Kinect sensor to create an
interactive sandbox that responds to user gestures.

Overall, related work in the field of Arduino-
based AR headsets has demonstrated the feasibility
and potential of using Arduino as a cost-effective
and customizable platform for creating AR devices
[14]. However, more research is needed to explore
the full potential of this technology and address the
challenges involved in creating effective and
immersive AR experiences [6].

Augmented Reality (AR) technology is rapidly
advancing and becoming popular in various fields

such as education, healthcare, and entertainment [8].

However, the cost and complexity of existing AR
headsets limit their accessibility to the general
public. Furthermore, most commercial AR headsets
are designed to meet specific use cases, limiting
their flexibility and customization [9]. The
complexity of existing AR headsets also makes it
difficult for individuals or organizations to develop
custom applications and experiences for their users
[6]. Therefore, there is a need for a low-cost and
user-friendly AR headset that can be easily built
and customized by individuals or organizations.

IEEE TKD-23/ISBN N0.978-81-992245-5-0

The objective of this research paper is to design and
develop an Arduino-based Augmented Reality
headset that is affordable, customizable, and easy to
use [13].

To conduct a comprehensive literature review of
existing AR headset technologies and their
limitations [12]. This includes exploring the current
state-of-the-art AR headset technologies, their
features, and their limitations in terms of cost,
accessibility, and customization [3].

To design and build an Arduino-based AR headset
that is low-cost and user-friendly [9]. This involves
selecting  appropriate  hardware = components,
designing a custom PCB, and developing firmware
and software to support AR applications.

Table 1: comparative study

Sr.n | Methodo | Application/ad Drawback Future scope
o. logy vantages
Rasoberr Communication Improved
P aid for deaf and | Limited use P .
[5] y Pi, communication
OpenCV dumb case techniques
P individuals
. Emotion
Arduino, recognition for Limited to Expanding to full
OpenCV, | .77°° . . . .
[6] Fisherfac individuals with | facial emotion body emotion
es autism spectrum | recognition recognition
disorders
Maintenance
Arduino, | instructions Limited to Expanding to
[10] | Vuforia, display for maintenance healthcare and
Unity3D | industrial applications education
applications
Arduino,
Eye- .
tracking zzvggre control Limited eye- Integration with
[13] | sensors, P . tracking machine learning
individuals with .
text-to- S accuracy algorithms
disabilities
speech
converter
Navigation and .
Arduino reaing aid for Limited Integration with
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III.PROPOSED WORK

The smart glass component works with the
consideration principle and the light-focusing
principle. The information exhibited on the OLED
screen is returned by the mirror and exhibited on
the anti-reflective glass and then attentive on the
screen by the mirror. The component is powered by
a rechargeable 370 mA Li-Polymer battery. With
the help of a USB charging circuit, Arduino Nano's
power is controlled by the switch. The Bluetooth
HC-05 module is controlled by Arduino Nano to
show the received output on the OLED screen.

An Arduino Microcontroller has an ATmega328p
microprocessor, which is ordered to connect with
Smartphones through a Smartphone application. A
Rechargeable battery of 5V is used as the power
supply for Smart Glass. An OLED display is
merged with ATmega328p, which is used to exhibit
the data received from Smartphones. Smart-Phone
applications are used to transmit data of the phone,
i.e., Date, Time, Notifications of the Phone call and
Text messages.

These are the main steps that are designed during
the whole process:

1. Execution

2. Encoding.

3. Decode and Process.

4. Transmitting and receiving.

5.Notification Received

Power Switch
P \ o
e

2. This notification should be encoded via the
mobile application to be sent via the Bluetooth
client.

3. The encoded signal data should be received by
the Bluetooth module HCOS5 and proceed onto the
Arduino Nano for  decoding and forwarding.

4. The Arduino should forward the signal to the
display unit and will receive an optimum output.

srEmEmEEm@D;

GND

5V

Fig.1. System Architecture

The above circuit will interchange with the
application through the Bluetooth module
1. It should receive notifications on the smartphone.
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CallFrom:
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Fig.4 App Build using MIT App Inventor (Output3)
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Massachusetts Institute of Technology App
Inventor is a web application unified development
environment originally maintained by Google and
now carried by the Massachusetts Institute of
Technology (MIT). It allows strangers to computer
programming to design application software apps
for two Android operating systems, Android, and
10S. It uses a graphical user interface (GUI) very
alike to the programming languages Scratch
programming language and Star Logo, which grant
users to punch up visual components to make an
application that could run on mobile devices. In
designing App Inventor, work ready within Google
on online development environments, Google
extract upon significant primary research in
educational computing. Overall, our system should
work with the Bluetooth module to access the
notifications of a smartphone to appear on the
screen.

Thus, in order to work on construction an
Android application was the first concern, overall,
different modules and network buttons was to be
obtained and placed properly. Definite blocks in the
app inventor that interchange with the Bluetooth
client are evaluated and assembled according to the
requirements to pass on the notifications of the

smartphone to the display unit join to the spectacles.

The App Inventor programs relate how the phone
should acknowledge certain events: a button dated
pressed, the phone is actually vibrating, or the user
is dragging his finger over a canvas.

IV.RESULTS AND CONCLUSION

sSync phone tme 1o alans

Phone NoO.
G IT), cod phone Ume 1©
lass

Sy
W

Fig.5 Showing date and time
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As the system supplies basic notifications which are
examined through the smartphone connected via
Bluetooth HCOS.

Fig.6 Showing call received

The call is built from an unknown device to the
system phone and its returns by appearing the call
coming to it with the phone number.

......

Fig.6 Showing text notification

Here the message collected by phone is shown in
the form of notifications with a message icon in the
corner.

The paper demonstrates how to build a smart
spectacle with basic features. Basic features like
times, dates, and notifications in different scenarios.
This architecture is designed to be cost-effective
and it is very environmentally friendly. As this is
the first prototype of our design, with utmost
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probability in future we are going to wear these
glasses. The prototype just contains the basic
feature of notifications such as time and date,
messages, and calls. The next version can include
advanced features like checking the humidity of the
surroundings, temperature, and many others. Audio
assistance, smart speakers and voice control
functions can be included in advanced versions. A
camera can be added to smart spectacles for facial
recognition. As it develops for face recognition, we
can push the limitation further by including a 360°
view. Using Machine learning and Aurtificial
Intelligence these glasses can be used for reading
texts which will be beneficial for blind people.
Improvisation can be done at an advanced level; a
virtual reality environment can be provided. Also,
smart glasses have vast scope in Augmented Reality.
As technology advances navigation options along
with audio options can be added.
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Abstract—All urban water bodies in India have been suffering from
pollution since they are utilised to dispose of untreated local sewage
and solid waste. These bodies of water frequently become landfills
and accumulate garbage. Bangalore had 262 lakes before the
beginning of the 1960s, but only 10 of them are still filled with water
now. The fast urbanisation, increase in population, and declining
water tables caused 44 lakes in Delhi to go dry in 2010-2011, which
was used to examine changes in 3 water bodies during the previous
ten years. The Indian government has launched numerous efforts and
programmes to address these issues.Taking this into account, the
goal of the "Solar Powered Water Trash Collector' project is to
clean up water bodies by removing trash, debris, and solid waste.
This idea's major goal is to cut down on the amount of time and
labour needed to clean the river. The Pampa and ""Namami Ganga"
initiatives, which aim to clean rivers of wastes like dhoties, flower
offerings, and other wastes, will also benefit from the use of this
technology[3].

Keywords—BLDC — Brushless Direct Current Motor, BO Motor —
Battery Operated Motor

I. INTRODUCTION

Lakes and rivers are becoming polluted as a result of the

growing urban  population and expansion  of
enterprises[4].The majority of floating solid debris that
can be discovered in surface water includes beverage
cans, plastic bottles, food packaging, containers, straws,
and Styrofoam cups[5],[6]. These waste products, which
are carelessly discharged into water bodies, injure not
only people but also animals, plants, and other
organisms[7],[8].This project focuses on the design and
construction of a river waste cleaning mechanism. The
work was done using the current state of our national
waterways, which are dumping crores of gallons of
sewage and are loaded with pollutants, hazardous
materials, trash, and so on. The Indian government has
assumed care of river cleaning and has invested much in
numerous river cleaning programmes. Taking this into
consideration, this machine was built to clean the

surface of a river. Almost all manufacturing processes
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are now being atomized in order to provide products
more quickly. Less than a third of the Earth's surface is
made up of land, and two thirds of it is covered in
water.People are placing more and more strain on the
globe's water resources as the population of the planet
rises. In a sense, human activities are "squeezing" our
oceans, rivers, and other inland waters, lowering their
quality. Water contamination results from poorer water
quality. Mass production heavily relies on automation.
This study focuses on skimmer boats, which are
workboats used to gather and get rid of floating solid
trash in harbours and waterways.

A. Objectives

1) This paper aims to collect many types of wastes from
water bodies and also reduces the human interference.

2) The collected waste from the equipment is disposed
at easy way.

3) Solar based water trash collector is eco-friendly in
nature and it is safe for the user.

II. LITERATURE SURVEY

[1] Design and prototype development of portable
trash collector.

Author  Abdullah, MohdAzizudin and Endut
introduced the trash collector boats are often designed
in large size to cater to the high trash loading for surface
streams  and

water cleaning purpose. For small

drainage, the manual cleaning method is often used.

[2] Automatic Trash Removal System in Water
Bodies.

Parakash and Markose proposed a disposal of
household waste in rivers or lakes can lead to a decline
in water quality and ultimately a significant impact on
water pollution
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[3] Automatic Trash Removal System in Water Bodies
Parakash and Markose proposed a  disposal  of
household waste in rivers or lakes can lead to a decline
in water quality and ultimately a significant impact on
water pollution.

Water pollution
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respect to time

Fig. 1. The water pollution growth rate with respect to time

III. WORKING PRINCIPLE

The primary goal is to start using solar energy instead of
traditional energy sources to power trash collection
machinery. Our technology collects the garbage using a
belt conveyor system and deposits it in a chamber at the
back. The shaft, which is set on the base frame, is bolted
to the propeller. The machine can be moved forward or
backward on water by the propeller. The waste
collection conveyor is additionally powered by a
separate motor. To steer the boat left or right, a servo
motor-driven rudder is attached. In order to assess the
quality of the water, a turbidity sensor is also attached
on the rear of the vessel in order to monitor how cloudy
or hazy the water is. Finally, the bin that is positioned
within the boat is used to collect the floating trash.

Fig. 2. (a). 3D model of the boat
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Fig. 2. (b). 3D model of the boat

IV. HARDWARE REQUIRED

+ Solar Panel

. BLDC Motor

« 11.1V battery

« Servo Motor

. Arduino Nano

. ESP32

« BO Gear Motor (30 rpm)

A. Solar Panel: 1t is made up of a variety of
photovoltaic cells that can produce power thanks to the
photovoltaic effect. The batteries are charged using this
energy, and DC regulators receive the output.

B. BLDC Motor: Direct-current electricity powers a
brushless direct current motor (BLDC). Instead of the
electromagnets used in induction motors, permanent
magnets are employed in BLDC motors. Compared to
electromagnets, the permanent magnet loses less energy
and heat. Alternate current is converted into DC using a
BLDC motor. The one deployed in this boat is a 1400kv
motor.

C. Battery: We are utilising secondary battery type.

The kind is rechargeable. One or more electrochemical
cells that can store chemical energy and convert it to
electric current make up a battery.

D. Servo Motor: Precision control of angular or linear
position, velocity, and acceleration is made possible by
the rotary actuator or linear actuator known as a
servomotor (or servo motor). It comprises of a position
feedback sensor coupled to a suitable motor. This
motor's rudder control will be used to direct the
movement of our boat.

E. Arduino Nano: The Arduino Nano, which was
released in 2008, is a small, complete, and breadboard-
friendly board based on the ATmega328P. It offers the
same connections and characteristics as the Arduino
Uno board but has a more compact form. The Arduino
Nano may be programmed using the Arduino Software
integrated programming environment (IDE), which is
accessible both online and offline and is shared by all
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Arduino boards. The Arduino Nano contains 30 male
I/O headers that are organised in a DIP-30-like
arrangement. A 9 V battery or a type-B mini-USB
connector can power the board.

F. ESP 32: The ESP32 family of system on a chip
microcontrollers features integrated Wi-Fi and dual-
mode Bluetooth and is inexpensive and low power. The
Tensilica Xtensa LX6 dual-core or single-core
microprocessor, Tensilica Xtensa LX7 dual-core, or a
single-core RISC-V microprocessor are used in the
ESP32 series, which also has integrated antenna
switches, RF baluns, power amplifiers, low-noise receive
amplifiers, filters, and power-management modules.

G. BO Gear Motor: In this project we use a single 30
rpm bo gear motor to control the conveyor belt. This
motor contains enough torque to rotate the conveyor
with additional weight with much resistance.

V. TECHNOLOGIES USED
A. Android application

Mobile phones are installed with this Android
application, which uses Wi-Fi to automatically control
setup.

River Cleaning Boat

Fig. 2. Andriod application

VI. IMPLEMENTATION

An android app is used to control the boat. The user
interface of the application includes buttons to "start"
and "stop" the motor as well as several angle
calibrations for the servo motor. The signal is
transmitted to the ESP, which receives it and then
transmits the commands to the Arduino Nano. The
output signals are then transmitted to the DC motor
and servo motor via Arduino. The amount of light
scattered by the suspended particles in the water is
continuously measured by a turbidity sensor, which
transfers the data to be displayed on our Android
application.

VII. CONCLUSION

In conclusion, the solar powered water trash collector
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and pollution monitoring boat offers an innovative
solution to the problem of water pollution. With the
ability to navigate through various water bodies and
detect levels of turbidity, the device can efficiently and
effectively collect trash and other pollutants. The
integration of solar power technology ensures that the
device operates sustainably and reduces carbon
emissions. The success of this project highlights the
importance of interdisciplinary collaboration in
addressing environmental issues. Moving forward,
further research and development could enhance the
efficiency and effectiveness of the device, leading to a
cleaner and healthier environment. Overall, the solar
powered water trash collector boat offers a promising
solution for the mitigation of water pollution.

VIII. FUTURE SCOPE

Commercialization: With the increasing demand for
sustainable and environmentally-friendly technologies,
the solar powered water trash collector equipped with a
turbidity sensor RC boat could be commercialized,
leading to greater accessibility and affordability.
Research and Development:  Researchers  could
continue to explore ways to enhance the device's
functionality, such as increasing its speed, range, and
accuracy of the turbidity sensor.

Scalability: As the device becomes more widely
adopted, there may be opportunities to scale up its
production and deployment, leading to greater impact
on water pollution.

International adoption: The solar powered water trash
collector equipped with a turbidity sensor RC boat
could be adopted by countries worldwide, leading to a
global impact on water pollution.

Interdisciplinary collaboration: The development of the
device could involve collaboration among experts from
various fields, such as engineering, environmental
science, and policy, leading to innovative solutions to
environmental challenges.

Public awareness: The deployment of the device could
increase public awareness of the issue of water pollution
and encourage greater involvement in environmental
stewardship
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