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PREFACE

It is a great honour and pleasure for us to write a message for the "INTERNATIONAL
CONFERENCES ON ADVANCES IN MECHANICAL AND CIVIL ENGINEERING 2023 (IC-
AMCE -2023)" scheduled during Feb.24 & Feb.25, 2023. This International Conference aims to
provide international forum and a vibrant platform for academicians, researchers and industry
practitioners from Civil, Mechanical and allied Engineering to share their original research work,
practical challenges, recent innovations, trends and to explore methods of application of research to
the technological development leading to human welfare. The conference program includes Design,
Manufacturing, and Thermal Engineering. Our conference sessions are designed to help & solve
existing challenges, accelerate career, and get practical insights on Innovations. The papers
contributed in this volume are of Keynote speakers and authors of selected power point presentations.
Who were given the opportunity to submit a manuscript for publication. These manuscripts were
reviewed by the conference editors and members of the Editorial Committee. Only those papers
judged suitable for publication following the author’s consideration of reviewer suggestions appear in
this volume. The IC-AMCE 2023 acknowledges and appreciates the contribution of the editors and
the reviewers. They have made a significant contribution to improving the quality of this publication.
I am sure, these contributions will enrich our knowledge and motivate many of us to take up these
challenging application areas and contribute effectively for the Sustainable Global Development.
TCET has successfully held parallel four International events IC-ICN-2023, IC-HSTE 2023, IC-
CCDS 2023 and IC AMCE 2023. MULTICON- W 2015, 16, 17, 18, 19, 20, 21 and 2022 in
association with international journals of repute and multinationals in the Mechanical & Civil
Engineering industry with an objective to reach new horizons. We feel that the present endeavour
could not have been possible without the moral support, strong belief and time to time motivation
from management of Thakur Educational Group. We are grateful to all the participants at the meeting
and for their contributions. We thank to all the members of the organizing and editorial committee for
supporting the event and extending their cooperation to make it a grand successful event. My
apologies to our readers and contributors for that and request them to kindly send / e-mail their
criticism and suggestions, which will be vital for the improvement.

Convener (IC-AMCE 2023)
Dr. Siddesh Siddappa
Professor,

HoD Mechanical
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Abstract—To combat Increase in demand on energy sectors
alongside environmental concerns, the Government of India
has announced goals to hit zero carbon emissions by 2070 and
to increase the renewable energy sector to cover 50% of the
electrical needs of the nation by 2030. This research paper
covers the challenges in designing, manufacturing and
distribution of means to harvest and utilize the renewable solar
and wind energy by mass production of a Solar Wind Turbine.
The core focus of the project is to make the model cheap, easy
to maintain and accessible for middle to low class individuals,
who are usually unable to harness renewable energy harvesting
due to various factors. The model will be able to produce a
greater range of energy compared to currently commercially
available wind turbines, which can output anywhere from 250
to 400W per hour. Solar panel with solar tracking technology
would be attached to vertical axis wind turbine.

Keywords— renewable, solar, wind, turbine, energy, VAWT,
Solar Tracking

BACKGROUND AND INTRODUCTION
l. The Background

In today’s world, we are slowly seeing the decrease in usage
of fossil fuels. This isn’t only due to there being a better
option in terms of energy efficiency, but due to other factors
unrelated to their energy vyield. Fossil fuels are an
unsustainable means to gain energy as they are non-
renewable resources that take millions of years to make, and
therefore, have a finite amount we can utilize. According to a
study [1] performed in 2015, humans will run out of usable
oil in 51 years and coal in 114 years.

The excavation of fossil fuels as well as the burning of fossil
fuels also causes great environmental damage which as time
passes, causes more and more damage to the health of beings
in said ecosystem. Data shows [2] that the CO2 emissions
have increased by 47% from 2000-2021. Alongside the
damage caused, the increased demand of fossil fuels lead to
increase in prices. From 2020 to 2022, coal prices surged
from 52$/T in May, 2020 to 427$/T in May,2022.[3]

Coal

2010 2012 2014 2016 2018 2020 2022

source: radingeconomics.com

Figure 1: Price of Coal in USD/T over time [3]
Il.  The Shift

The world has started swapping fossil fuels for other
more cleaner alternatives. Among the primary of those kinds
include the antithesis of non-renewable resources. Things in
nature such as wind, sunlight, flow of water, etc. which are
not finite and can therefore be harvested to run our complex
machinery. India has increased reliance on renewable energy
sources for energy generation by 50% [4]. Of the two, Solar
and Wind constitute the vast majority of energy. Of the total
163 GW of power, Wind contributes 41.2 GW and Solar
contributes 59.34 GWI[5]. Solar and Wind have seen vast
usages in locations to gain immense amount of power. Today
we will propose utilizing wind turbines with solar energy
absorption components on roadways to conserve more
energy.

As covered earlier, fossil fuels are a major source of energy
in our current world which is slowly running out. Alongside
this, the general populace is more against methods of energy
generation that leads to environmental damage. To remove
both these hurdles, it is necessary to adopt some amount of
renewable energy usage.
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Share of primary energy from renewable sources
Renewable energy sources include hydropower, salar. wind, geothermal, bicenerdy, wave, and tidal. They don't
include traditional biofuels, which can be a key energy source, especially in lower-income settings.
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Source: Our World in Data based on BF Statislical Review of World Energy [2022)
Note: Primary energy is caloulaled using the 'substitution method', which accounts for the energy production inefliciencies of fossil fuels.

Figure 2: Energy Dependence of Various Countries on
Renewable Sources [4]

LITERATURE SURVEY

Research work done on our objective can be broken down
into two separate parts. Work tied to Solar Panels and solar
tracking systems and work tied on wind turbines and
configurations. The former can be further divided based on
their trackers into ones based on drives used as well as the
axis, whereas the latter can be divided based on their axis of
rotation.

I Solar Panels and Tracking Systems

Solar is the leading source of energy in India and across the
world for generation of energy, only overshadowed by wind
based on region.

A. Basic Working of Solar Panels

Solar panels are constructed using photovoltaic cells. The
word “Photovoltaic” comes from the Greek word “Photo”,
which means light and “volt”, which means electricity. These
cells capture sunlight and convert it into electricity. Besides
generating electricity, these cells can be used to generate
hydrogen, which can be used as an alternative fuel source.

B. Solar Tracking

However for photovoltaic cells and consecutively solar
panels to generate the maximum energy, they must be held
perpendicular to incoming sunlight. To solve this issue, solar
tracking is involved. Solar trackers are devices that are
implemented into solar devices to help in capturing
maximum amount of energy possible by reorienting solar
panels towards the sun. They are divided based on type of
drive and based on axis of rotation.

GurWorldinData.orglenergy + GC BY

Time Without Tracking With Tracking
(Hrs) Voltage | Current Power Voltage | Current Power
(v) (A) (W) (V) (A) (W)
9am 5.5 0.11 0.605 12.2 0.23 2.8
10 am 9 0.19 1.71 13.5 0.25 3.4
11am 10.5 0.2 2.1 14 0.28 3.92
12 am 12.5 0.28 3.5 14 0.3 4.2
1pm 14 0.32 4.49 15 0.3 4.5
2 pm 13.5 0.3 4.05 14 0.3 4.2
Total - 65 1.4 16.455 82.7 1.66 23.02

Figure 3: Solar Energy gained Without and With
Tracking.[6]

i. Solar Trackers based on Drive Types

These can be separated into two types, passive and active
trackers.

a) Passive Trackers: These type of trackers are usually
two tanks containing fluid placed on the sides of
solar panels. The mechanism works on principles of
basic thermos hydraulic principles. When the
orientation of the sun changes to be away from the
panel, the fluid in the tank heats up and leads to a
difference in pressure to be formed, which tilts the
panel to move towards the sun. This form of
tracking is less expensive however also yields less
results due to sluggishness of system to changes.

b) Active trackers: This system is comprised of motor
and gear assemble that is controlled by a controller
which responds to the position of the sun. Due to
the moving parts of the system, it requires more
maintenance however its quick responsiveness
allows it to generate more energy compared to
passive systems

ii. Solar Trackers based on Axis

These can also be separated into two types, Single and Dual
Axis trackers.

a) Single Axis: These trackers are only able to rotate
along a single axis. There are Three main
configurations of this kind. Horizontal Single Axis
Trackers or HSAT, whose axis of rotation is along
horizontal axis; Polar aligned Single Axis Trackers
or PSAT, whose axis alignment is along the polar
direction and Vertical Single Axis Trackers or
VSAT, whose axis of rotation is along the vertical
axis.

b) Dual Axis: As the name suggests, this system has
two degrees of rotation which allows the panel to
move both horizontally as well as to manipulate its
tilt. This system can manipulate its direction and
angle to more accurately receive more solar energy.
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1. Wind Turbine

Wind is the second most utilized renewable energy in India.
To harvest this energy, wind turbines are utilized. These
turbines utilize the wind to turn the turbine blades, which
works similar to an airplane wing.

A. Working of Wind Turbine

When wind flows across the blade of turbine, there is a
difference in pressure on both side of the blades. This
difference leads to the creation of lift and drag. The lift ends
up being stronger than drag, which leads to the rotation of
the blades of the turbine. The spinning rotor is connected to a
generator which leads to generation of electricity.

B. Types of Wind Turbine

Wind Turbines are of 2 Types based on axis of rotation.
These are horizontal axis and vertical axis wind turbines.

i Horizontal Axis Wind Turbine

Horizontal Axis Wind Turbines or HAWTSs are the most
common wind turbine design currently in use. HAWTS use
airfoils fitted to a rotor, which are positioned either upwind
or downwind. These airfoils are made to be aerodynamic and
are affected by aerodynamic lift to turn. HAWTs can be
either two or three bladed depending on the situation or need.

il. Vertical Axis Wind Turbine

Vertical Axis Wind Turbines (VAWTS) are a type of wind
turbine which are most frequently used for residential
purposes to provide renewable energy source to the home.
They include the rotor shaft and two or three blades where
the rotor shaft moves vertically.

METHODOLOGY

The aim of our work is to generate a composite of renewable
energy generation systems in an effort to improve efficiency.
Alongside improving efficiency, we also aim to minimize
costs to make it economically viable for manufacture and
purchase.

l. Solar Tracking
A. Components

Components
Arduino Uno (ATmega328P)

Servo Motor

Light Dependent Resistors

10K Resistors & Potentiometers

Light dependent resistors (LDR) — Also known as
Photoresistor are a passive electronic component,
which has a resistance that varies depending of the
light intensity. An LDR is made of a semiconductor
which has high resistance that absorbs photons from
sunlight and based on the quantity and frequency of
the photons, the semiconductor material gives
bound electrons energy to move into conduction
band. This results in free electrons conducting
electricity which results in lowering the resistance
of the LDR.

Servo motor — This component is a rotary or linear
actuator which allows for precise control of factors
such as angular or linear position as well as the
velocity and acceleration. It consists of a motor
which matches design specifications coupled to a
sensor which provides position feedback. For the
functioning of servo motor, a dedicated
controller/module is required.

Microcontroller — A microcontroller is a small
integrated circuit (IC) designed to control specific
operations in an embedded system. Standard
microcontroller consists of processor, memory and
input/output (1/0) peripherals on a chip. They are
also referred as microcontroller unit or embedded
controllers. In simple terms they are mini personal
computers designed to control small features of
large components.

B. Microcontroller Technical Specifications

Microcontroller ATmega328P
Operating Voltage 5V

Input Voltage 7-12V

Input Voltage Limit 6-20V

Digital 1/0 Pins 14 (6 Provide PWM
Output)

SRAM 2KB

EEPROM 1KB

Clock speed 16MHz
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C. Circuit Diagram

lektop  right top

Figure 4: Arduino Uno (ATmega328P) Circuit Diagram [7]

Il.  Wind Turbine
Components and Material
Components Material
Stator Coil Copper
Hub Steel
Blade Aluminum
Magnetic Disk and Spindle Mild Steel
Stator Casting Epoxy
Magnet Neodymium

i. Stator — This is an electrical component of the turbine
which contains the coils which will be induced with
voltage with the help of magnets that would be passed
over them. Copper is used to construct these due to it
being a material that can easily conduct electricity.

ii.  Rotor Hub — The rotor hub is the component that holds
the blades of turbine and connects them to the main
shaft, rotation of which drives the generator. By holding
the blades in the proper place, it assures maximum
aerodynamic efficiency and in turn, energy generation.

iii. Blades — Airfoils that rotate in response to oncoming
wind, leading to the generation of energy.

IMPLEMENTATION

These designs will see 2 areas of major implementation, one
for public and/or governmental use and the other in
residential areas. For public/governmental use these turbines
will be placed along roadways that have high volume of fast-
moving traffic. The idea behind this is that air displaced due
to fast moving traffic would cause rotation of wind turbine as
a side effect. This would lead to recouping some of the
energy utilized by vehicles. The electricity generated from

this implementation would either be stored in batteries or
converted from DC power to AC power before being sent to
the electricity grid to lessen the load on the grid.

Meanwhile, a smaller scale setup can be implemented for
domestic/ residential use. These settlements already are
accustomed to using smaller scale wind turbines to generate
electricity to lower electricity bills or in case of an energy
outage or disconnection from the energy grid. The output of
smaller scale wind turbines reaches up to 88 kW. With our
setup we aim to increase this amount due to matching the
setup with a potentially more efficient wind turbine setup
alongside a solar panel.

CONCLUSION AND FUTURE SCOPE

Our future scope with this project is to comb through data
acquired by past research work done in fields of wind and
solar renewable energy generation alongside our own
calculations and findings to create a cheaper model that can
be purchased by the common man. Our aim with said model
is to make it economical to produce and sell, while also
utilizing materials that are abundant and resilient.
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Abstract—In this paper we discussed about how to detect and
locate gas pipeline leaks, several different wireless sensors for
detecting the different types of gases (e.g., Infrared gas sensors,
ultrasonic gas sensors etc.) Have been proposed. This paper
addresses the issue of gas leaks from high-pressure gas pipelines.
This approach will be helpful for gas pipeline industry and other
firms. Here, we are travelling with a various gas sensor. An IR
remote is used to instruct the robot to move in plant site. A SMS
service Arduino module is used to send the SMS to inspector. A
GPS sensor is used to identify the real position of the robot on
plant site. A motor drive unit is used to get the motion of the
wheels. Leakage, or damage to the pipeline, is detected by gas
sensors and then output signals then processed by the
microcontroller if signal gets detected the SMS Arduino or Wi-Fi
module sends the signal will be send to mobile app. An app will
be used to show which gas is leaking from the pipeline. Using an
I0T module attached to the controller, the web server will be
updated with all this data.

Keywords—Safety, IR Remote, Arduino, GPS Sensor, WIFI
Module.

I. INTRODUCTION (HEADING 1)

A gas detection system is used to allow inspector to work
autonomously in changing environments. In this project, we
briefly describe a mobile robot system that are used for
detection and location of leaked gases: a universal mounting
system that allows the inspector to connect various sensors
and cameras as needed, a communication system between
the robot and the user, and a self-positioning system. In
today’s market, an autonomous surveillance robots are
tremendous used in many industries and in everyday life.
Advances in robotics enable many applications of mobile
robots, especially in places and situations where human
activity is dangerous, such as radioactive or explosive
environments. 3-2008 hazardous environment), difficult (e.g.
dusty environment) or even impossible. The detection and
containment of harmful gases emitted to avoid damage to
people, nature and property, or simply to avoid financial
losses, is of particular importance in industry and the public
sector. The development of new leak detection technologies
helps reduce facility operating costs while providing better
coverage of what is being inspected. It also frees inspectors
from repetitive tasks to focus on value-added monitoring and
optimization. The proposed system consists of a gas
detection equipment and an autonomous mobile surveillance

robot with local intelligence at different distances. The
sensing system enables autonomous operation in a variety of
environments. This project presents the following mobile
robot systems for the inspection of technical objects:
Universal installation system for the installation of various
sensors and video cameras if necessary; communication
system between the robot and the user; and its own tracking
system during missions. Advances in robotics have made
many applications possible for mobile robots. Especially in
places and situations where human activity is dangerous
(e.g., explosive or radioactive hazardous areas, 3-2008),
difficult (such as dusty environments); or even impossible
(as in space). To prevent this, there is great interest in
industry and society in tracking and monitoring hazardous
gases.

Gas leaks can be incredibly dangerous, potentially
leading to explosions or fires. As a result, it is critical to
detect and repair gas leaks as quickly as possible. However,
traditional methods of gas leak inspection, such as manually
checking pipes and equipment, can be time-consuming,
labor-intensive, and even dangerous for human workers. This
is where gas leak inspection robots come in. These robots are
designed to safely and efficiently detect gas leaks, helping to
protect both workers and the public.

Gas leak inspection robots come in a variety of forms,
but most are designed to be small, mobile, and able to
navigate through tight spaces. They may be equipped with a
variety of sensors, such as infrared cameras and gas
detectors, to detect leaks. Some robots are even able to
identify the specific type of gas that is leaking. Many gas
leak inspection robots are also equipped with cameras and
lights, allowing operators to see inside pipes and other
equipment.

One of the key advantages of gas leak inspection robots
is that they can operate in environments that may be too
dangerous for humans. For example, they can be used to
inspect pipelines in remote or hard-to-reach areas, such as
offshore oil rigs or underground mines. They can also be
used in hazardous environments, such as chemical plants or
refineries, where toxic gases may be present.

Gas leak inspection robots can also save time and money
by reducing the need for human workers to perform
inspections. They can be programmed to perform inspections
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on a regular schedule, without the need for human
intervention. This can help companies to quickly identify
andrepair gas leaks, reducing the risk of accidents and
minimizing downtime.

Another advantage of gas leak inspection robots is that
they can provide more accurate and detailed information than
human workers. For example, a robot equipped with an
infrared camera can detect temperature variations that may
indicate a gas leak, even if the leak is not visible to the naked
eye. This can help to identify leaks that may have been
missed by human inspections.

Gas leak inspection robots can also be used to perform
maintenance and repair tasks. For example, some robots are
equipped with tools that can be used to tighten loose
connections or replace faulty valves. This can help to reduce
the need for human workers to perform these tasks, reducing
the risk of accidents and minimizing downtime.

Overall, gas leak inspection robots are an important tool
for detecting and repairing gas leaks. They can operate in
dangerous environments, save time and money, provide
accurate and detailed information, and perform maintenance
and repair tasks. As technology continues to improve, we can
expect to see even more advanced gas leak inspection robots
in the future.

It's worth mentioning that, while the usage of these robots
could bring a lot of benefits, they also require a significant
upfront investment, and the maintenance cost is high.
Therefore, a cost-benefit analysis should be performed
before implementing these robots in any company.

We will be working on the project to achieve following
objectives:-

1. To avoid the accident occurs due to explosion of
flammable gases.

2. Minimize the potential occurrence due to accident
from the industrial gases.

3. Ensure the safe working environment of the firm as
well as employee working in the enterprise.

4. To advance the inspection used in manufacturing and
petroleum industry.

5. Establish suitable fire suppression systems to swiftly
contain and put out any reasonably foreseeable fire that
might break out during routine operations.

6. Make that there are enough safety mechanisms and
redundancy to detect, isolate, and prevent uncontrolled
releases of flammable and poisonous liquids and gases.

7. To avoid damage of property of the public and the
financial loss of the industry.

8. To ensure the efficiency of the inspection of the
industry.

9. To remove the headache of the inspector to carry out
the inspection of the industry.

10. To allow the clean and hygienic process of inspection
carrying out in the industry.

Problem Statement :-

Inspection ot underground pipe 1s a chaotic Job In Industries,
factories etc. Proactive monitoring and frequent inspections are
critical to maintain pipeline health, as gas, oil, water pipelines
have become an indispensable part of life. The main aim of the
project is to design a robot that can crawl in to a metal pipeline
check the gas.

Methodology: -

Sensing and Detection: The robot is equipped with
sensors such as gas sensors, infrared cameras, and ultrasonic
sensors to detect the presence of gas leaks. The gas sensors
can detect the specific gas that is leaking, while the infrared
cameras and ultrasonic sensors can detect the location and
size of the leak.

Movement and Navigation: The robot is designed to
move through industrial environments and navigate through
tight spaces using wheels, tracks, or a combination of both.
The robot can also be equipped with a robotic arm for
accessing hard-to-reach areas.

Data Collection and Analysis: The robot collects data
from the sensors and transmits it to a remote-control system
for analysis. The data is analyzed to determine the type,
location, and size of the gas leak.

Communication and Alerts: The robot can communicate
with a remote-control system and send alerts in case of a gas
leak. The alerts can be sent to a control room or to a mobile
device to alert the operator of the leak.

Safety Measures: The robot is designed with safety
features such as explosion-proofing and fire-resistance to
protect the robot and operators from potential hazards.

Maintenance and Calibration: The robot is designed to be
easy to maintain and calibrate. Regular maintenance and
calibration can ensure the sensors and other components of
the robot are working correctly.

Human-Robot Interaction: The robot can be operated
remotely, allowing for a safe distance between the operator
and the gas leak. The robot can also be programmed to
follow specific instructions, such as performing a specific
task or following a specific route.

Literature Review: -

A literature survey on industrial gas leakage inspection
robots in India is relatively limited, as the use of these robots
in the country is still in its early stages. However, there are a
few studies and research papers that have been published on
the topic in recent years.

Industrial gas leakage inspection robots have been an
active area of research in recent years due to the potential
safety and cost benefits they can provide. These robots are
designed to detect and locate gas leaks in industrial settings,
such as petrochemical plants, power stations, and oil and gas
pipelines.
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One of the main advantages of using robots for gas
leakage inspection is their ability to operate in hazardous
environments without putting human workers at risk. They
can also be programmed to detect leaks at a much faster
rate than manual inspections, reducing the overall time and
cost of inspections.

Several different types of industrial gas leakage
inspection robots have been developed and tested. These
include ground-based robots, aerial drones, and underwater
robots. Ground-based robots are typically equipped with
sensors and cameras to detect and locate leaks, while aerial
drones use infrared cameras and gas sensors to detect leaks
from above. Underwater robots, also known as remotely
operated vehicles (ROVSs), use sonar and other sensors to
detect leaks in underwater pipelines.

One of the main challenges facing industrial gas
leakage inspection robots is their ability to accurately detect
and locate leaks. Many current robots rely on sensors that
can beaffected by environmental factors, such as wind and
temperature changes, which can lead to false alarms or
missed leaks.

One study, published in the International Journal of
Advanced Research in Engineering and Technology in
2018, presents the design and development of a robot for
inspecting gas pipelines. The robot was equipped with
sensors for detecting methane and carbon monoxide, and it
was able to navigate through a pipeline using a combination
of ultrasonicand infrared sensors. The study found that the
robot was able to detect leaks with a high degree of
accuracy, and it was concluded that the robot had the
potential to be a useful tool for inspecting gas pipelines in
industrial settings.

Another study, published in the International Journal of
Applied Engineering Research in 2019, focuses on the use
ofdrones for inspecting gas pipelines. The study proposed
the use of a drone equipped with a methane sensor and a
thermalcamera, and it was able to detect and locate leaks in
apipeline with a high degree of accuracy. The study also
discussed the potential benefits of using drones for gas
pipeline inspection, such as cost savings and improved
safety.

There are also some papers that are discussing the
applications of the robots for gas leakage inspection in the
context of Indian industries and the challenges that comes
with that like the cost and the environmental conditions.

It's important to note that, the research in this area is
ongoing and new studies and papers will be published
regularly in the future, as more and more organizations in
India are starting to explore the potential of industrial gas
leakage inspection robots for improving safety and
reducing costs in industrial settings.

Process chart of the robot: -

Power Processing
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Microco- — Unit
ntroller (LCD.
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The results of industrial gas leakage inspection robots
vary depending on the specific design and implementation of
the robot, as well as the conditions in which it is used.
However, in general, the literature suggests that these robots
have the potential to be a cost-effective and efficient method
for detecting and locating gas leaks in industrial pipelines.
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A Review On Industrial Gas Leakage Inspection Robot

One study found that a robot equipped with sensors for
detecting methane and carbon monoxide was able to detect
leaks with a high degree of accuracy and concluded that the
robot had the potential to be a useful tool for inspecting gas
pipelines in industrial settings. Another study that proposed
the use of a drone equipped with a methane sensor and a
thermal camera, found that the drone was able to detect and
locate leaks in a pipeline with a high degree of accuracy.
The study also discussed the potential benefits of using
drones forgas pipeline inspection, such as cost savings and
improved safety.

However, there are still several challenges to be
addressed in the development and implementation of
industrial gas leakage inspection robots, including
improving the accuracy and reliability of the sensors and
navigation systems, and developing robust and easy-to-use
control interfaces for operators. It's also important to note
that the use of gas leakage inspection robots will depend on
the specific needs and requirements of the industry and
organization. For some cases, it may be more cost-effective
and efficient to use traditional methods, while in other
cases,the use of robots may be the best option.

CONCLUSION OR PROJECT OUTCOMES: -

In this project we have made a Robot which is used to
detect & locate the escaping the from the pipeline. We have
used the several sensors to detect the leaking gases from the
pipeline which is carrying the gases from the one point to
another point. The Raspberry Pi 3 point and Arduino UNO
was used for both robotics & process management. When the
hazardous gas gets detected by the (e.g. Methane, CO,CO2,
H: etc.) Gets detected by the inspexo Robot, the alert will be
shown on the mobile or on the buzzer as well as display. The
approach is very straight forward but highly dependable. The
inspexo robot has Remarkable leakage detection it can be
used for both Petrochemical as well as manufacturing
industry & gaseous industry. The inspexo robot can be used
to save lives in perilous situation. The GSM module process
the output signal and sends out a warning. Gases such as
CO., oxygen and propane Methane are detected by the
sensors Equipped on the robot. The Arduino OND
Microcontroller is used for processing Signals & driver
mechanism of the robot. The project is built for the
purposeto reduce inspection cost, safe working environment,
Remove reduce the efforts required for inspection. The
inspexo robot is constructed, conceived and successfully
executed as a prototype. The robot was tested on the field
and as well as in industry with different gases.

P
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Abstract— The design, development, and motion planning of
mobile robots are actively researched fields within robotics.
These robots have a wide range of applications, from space
exploration and military use to industrial applications. Among
the different types of mobile robots, quadrupedal robots are
particularly noteworthy due to their ability to navigate various
terrains, much like humans and animals. This research project
aims to design a quadruped robot capable of stable and efficient
movement on both even and uneven terrain. This robot will be
modelled after the natural mobility, autonomy, and speed of
four-legged animals. The ultimate goal is to create a reliable
solution that allows for the exploration of inaccessible landmass
that are difficult or dangerous for humans to navigate. The
objective is to mimic the sophisticated locomotion patterns of
four-legged creatures, providing a means of traversing
challenging surfaces that are inaccessible to wheeled robots.

Keywords—quadruped motion, quadruped robot, kinematics,
dynamics. Gait development

I. INTRODUCTION

The current research endeavors to create a quadruped robot by
utilizing commercially available components, as opposed to the
custom-made and complex parts utilized by renowned research
institutions such as Boston Dynamics, ANYMal, and ETH
Zurich. The objective is to develop a robot that possesses
similar capabilities to those of the aforementioned laboratories.
The study implements finite element analysis to verify the
strength of the selected parts.[1] The focus of the research is to
provide a thorough examination of the various components that
constitute a quadruped robot. The body parts of the robot are
constructed using Polylactic Acid (PLA) produced through 3D
printing technology. The design also includes provisions for
incorporating electronic components.

Il. BODY
A. General Structure

The quadruped robot is comprised of four legs, each attached to
the main body via a hip joint. To achieve a total of twelve
degrees of freedom, each leg is equipped with three servo
motors. The robot also features a torso, which houses the
Arduino microcontroller and the Inertial Measurement Unit
(IMU) sensor. The front and rear sections of the robot provide
space for the installation of ultrasonic sensors, which assist in
detecting nearby objects. The design philosophy emphasizes
the creation of a robust and uncomplicated structure, utilizing
as few components as possible.
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Fig 1. Body of robot

B. 12 DOF Design

Quadruped robots can have different topologies, including 8-
DOF, 12-DOF, and 16-DOF configurations. The 8-DOF structure
consists of four hip joints and four knee joints, all aligned parallel
to each other. This design allows for fast forward and backward
movement, but lacks transverse swing freedom of the hip joint
and steering capability. On the other hand, the 16-DOF
quadruped robot has more joints for agile locomotion, but is
challenging to control. Therefore, the 12-DOF design, which has
three rotational joints per leg, is considered the most suitable for
this study as it provides a balance between agility and control
complexity.

Torso of the Quadruped Robot
Lateral Swing Freedom of Hip Joint

Longitudinal Swing Freedom of Hip Joint

Longitudinal Swing Freedom of Knee Joint

Lower Leg

Fig 2. 12 DOF robot front view
C. Hip Joint

The hip joint is a crucial component in the design and is
responsible for generating two degrees of freedom, one for rolling
and another for pitch motion. It also serves as the connection
point between the torso and legs. A servo motor is placed within
the joint cavity and secured using a six-petal flower servo horn.
The fabrication process involves integrating the shaft end and hip
joint, which streamlines installation and minimizes assembly
inaccuracies. Furthermore, the servo for the pitch motion of the
hip joint is mounted within the hip joint bracket to conserve
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space.

Fig 3. CAD model of Hip Joint
D. Torso

The torso of the robot serves as the main housing for electronic
components, with carved out holes for securely attaching an
IMU sensor using nuts and bolts. Additionally, the plate has a
designated groove to accommodate the USB port on the
Arduino board for efficient code testing. The design also takes
into consideration the placement of the robot's center of mass
and battery, and includes fixtures on both the front and rear for
attaching the shoulders and legs, respectively.

Fig 4. CAD model of torso

E. Leg

The design of the legs of the quadruped robot is of utmost
importance as they are in constant contact with the ground and
serve as a source of power. The forward motion of the hip joint
is facilitated by the use of bearings to manage axial forces. To
minimize theoretical errors, the thigh and lower leg are
designed to be as lightweight as possible. Servo motors are
utilized at both the hip and knee joints, with space provided to
accommodate the motors. The portion of the leg below the knee
joint is particularly significant as it bears the majority of the
ground forces and is susceptible to bending or breaking under
the weight of the machine. To mitigate these issues, a wheel-
like, grooved leg component is added to the end of each leg,
providing the ability to traverse various types of terrain with a
strong grip.[3]

I1l. KINEMATICS ANALYSIS

The quadruped robot is a robotic system that comprises a stiff
body and four legs with three degrees of freedom each, and
all legs share the same structure. The legs are made up of
links that are linked to one another via rotary joints. A
diagram of the physical representation of the quadruped
robot can be seen in Figure 5.

* oy RH_HAA
RH_HFF g Y

6

LH_HFE
.

LH_KFE

- Leg2
e X

€2
RF_KFE

Legd

Fig 5. Physical model of quadruped robot

The parameters and the different notation used in kinematics
analysis is given in the table below.

The Length of Robot L=1[m]
5 g The Width of Robot W=0.4 [m]
ég The Length of Side Swing Joint L1=0.1 [m]
o g The Length of Hip Joint L2=0.4 [m]
The Length of Knee Joint L3=0.4 [m]
E The Coordinate System of centre of Body [¥ms Y, Zm]
2 The Main Coordinate System of Each Leg [o. Yo, Zq]
ﬂg)' The Coordinate System of Side Swing Joint [%1. ¥4, 24]
% The Coordinate System of Hip Joint [X2, Ya. 23]
E The Coordinate System of Knee Joint [%a, Ya. 23]
o The Coordinate System of Endpoint of Leg [Xs. Ya, Za]
The Yaw Angle of Robot [}
The Pitch Angle of Robot 0]
% The Roll Angle of Robot w
E The Angle of Side Swing Joint 6,
The Angle of Hip Joint 0
The Angle of Knee Joint [+

Table 1. The parameters of robot

The relationship between the rotational movements (¢, v, ©)
around the center of the robot's body and the coordinate system
of each leg's endpoint (x4, Y4, z4) is studied because the robot's
body configuration can vary based on the leg coordinates. To find
the position and orientation of the robot's center of body in the
workspace, a transformation matrix is obtained using rotation
matrices (Eq. 1, Eq. 2, Eq. 3, Eq. 4) in Eq. 5.
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1 0 0 0]
|0 cosw —sinw O
Rx= 0 sinw cosw O -Eql
0 0 0 11
cosp 0 sing O]
0 1 0 0
Re=1 0 0 cosdp 0 - Eq2
—sinp 0 0 1]
cosyp —sinyp 0 O]
R, = sinyp cosyp 0O O Ea3
S 0 10 d
0 0 0 1.
Ryy: = Rx Ry R; ..Eq4
1 0 0 Xm
_ 01 0 Ym
Tm=Ry: X 00 1 Zm ..Eq5
0 00 1

The relationship between the center of the robot's body
coordinate system (Xm, Ym, Zm) and the main coordinate system
of each leg (Xo, Yo, Zo) is described by the transformation
matrices in Eq.6, Eq.7, Eq.8, Eq.9. Based on the position and
orientation of the robot's body, the positions and orientations of
each leg can be determined.

[ cos(m/2) 0 siln(m/2) —L/2
o 1 0 0
N LE
rohtback = IM ) _sin(m/2) 0 cos(m/2) W/2 !
0 0 0 1
6
[ cos(m/2) 0 sin(m/2) L/2
0 10 0
B LE
fohtfont = Im N _sin(m/2) 0 cos(m/2) W/2 e
0 0 0 1
cos(—m/2) 0 sin(-m/2) L/z
Teftfront = Tm —sin(-m/2) 0 cos(-m/2) -W/2| " wa
0 0 0 1
cos(-n/2) 0 sin(-m/2) -L/2
Teftback = Tm —sin(—m/2) 0 cos(—m/2) —-W/2| '~ Fa?
0 0 0 !

Forward kinematics of robots involves understanding the
relationship between the movement of the joints and the
position, velocity, and acceleration of the links. Inverse
kinematics, on the other hand, involves determining the joint
angles required to achieve a specific position and orientation of
the end effector or endpoint of the robot. This is important for
controlling the movement of the robot and achieving desired
motions.

In the case of a quadruped robot, all the legs have a similar
structure but may be in different orientations. Therefore, it is
sufficient to study the forward and inverse kinematics of a
single leg to understand the overall movement of the robot. The
process of forward and inverse kinematic analysis involves
mathematical calculations and models of the robot structure to
accurately predict the motion and determine the required joint
angles.

IV. DENAVIT-HARTENBERG METHOD

The illustration of the right front leg of a robot displays the
coordinate systems and the angular positions of its joints. The
Denavit-Hartenberg parameters are used to describe the forward
kinematics of the leg. These parameters, presented in a table,
provide a mathematical model for the relationship between the
movements of the joints and the position of the end effector.

The Denavit-Hartenberg parameters are widely used in the field
of robotics for the analysis of forward and inverse kinematics of
robots. They allow for a systematic and precise calculation of the
position and orientation of the end effector based on the joint
angles. Understanding and using these parameters is crucial for
controlling the motion of a robot and achieving accurate and
precise movements.

Fig 6. The Coordinate Systems of Leg Joints

Link Qi1 ai1 di 0i
0-1 0 L1 0 61
1-2 —1/2 0 0 /2
2-3 0 L2 0 62
3-4 0 L3 0 03

Table 2. DH parameters for links of robot

Each transformation matrix (To, T:2, T2% Ts* are given in the
equation below and the forward kinematics equation To* follows
further.
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cosf; —sinf; 0 Lzcosfs
in 60 cos O 0 Lssinf
T#= [T 3 38Uz Eq13
: 0 0o 1 0 q
0 0 0 1
myy My Mz Myy
m m m m
T =Tt TR TRATA=| 20 2 23 2% Eq14
0 oL T2 s M3y Mgz Mzz M3 4
My Myy Myz Myy

The values of my; to masare given in the table below. These
are called as the elements of a forward kinematics matrix.

M11 = cos B, cos B, sinB; — sin b, sin O, sin O,
My2= —cos B, sinf; sinf; —cosH; sinb; sinb,
M13= — cos 6,

Mys= Lo cos @, sinf; —L; cosO; +
L, cos 8, cosf3 sinf; — L3 sin B, sin G, sin O,
My1 = cos 6, sin B, sin 6; — cos 6, cos 8, cos 05
My, = cos 6, cos B, sin B; + cos B, cos B;sin b,
M3 = — sin 91
M4 = L5 cos 8 sin 6, sin 85 — L, cos 8, cos 8, —
L3 cos 8, cos 8, cosB; — L, sin B,

M31 = cos 6, sin 8; — cos B4 sin 6,

M3z = cos 6, cos B; — sin B, sin B,

M33 = 0
M3s= L,sin 8, + L; cosB,sinf; + L; cos B sinb,
ms1=0
ms=0
ms3=0
mau=1

Table 3. Elements of forward kinematics Matrix

To obtain an inverse kinematic solution for a quadruped robot,
the necessary transformation and forward kinematic matrices
are first acquired, and then analytical methods are utilized.
This involves formulating equations that describe the angular
positions of the joints (01, 62, and 63) as depicted in Equations
15, 16, and 17. It is essential to keep in mind that the inverse
kinematic solutions comprise nonlinear equations, and not all
calculated mathematical expressions may have a physical
solution. Furthermore, there may be multiple solutions to
position a leg's endpoint to reach the desired location.[4]

0, = —atan2(-y,,x,) —atan2 (\/xf + y2—12 ,—L1) ..Eq15

0, = atan2 (z4,/x2 + y? —13) —atan2 (Lgsin 03, L, +
Lz cos83) ... Eq 16

Below are presented both the solutions which the inverse
kinematics provides.

65 = atan2 (—V1 —DZ,D) (For leg 1 and 3)

6; =atan2 (V1 —D?,D) (Forleg2and4)
..... Eq 17

D=(xf +yi — LT +25 — L3 — 13)/ (2 LyLs)

V. LOAD ANALYSIS

The load analysis was conducted using the FEA simulation tool
in SOLIDWORKS and the results showed the strain and
displacement diagrams for the lower leg when subjected to a
vertical contact force. The dynamic load coefficient, 1, can be
adjusted to take into consideration factors such as environmental
conditions, ground-foot interaction, and movements of other legs.
The results indicated that the generated strains were within
acceptable limits, being less than 3.0 x 107-4. Additionally, the
maximum displacement under maximum torque was found to be
only 0.34 mm, meeting the design requirements. These findings
indicate that the design of the lower leg is sound and capable of
handling the applied forces.

ESTRN URES (mm)

l KQR'\-Z:;
74872120
5990x10¢
aa92x20*

299510

Fig 7. Load analysis of lower leg
VI. ELECTRONIC COMPONENTS

The design of the Quadruped Robot incorporates a range of
electronic components, including servo motors, sensors such as
an ultrasonic sensor and an IMU sensor, motor drivers, a
microprocessor such as an Arduino MEGA, a buck converter, a
LiPO battery, and connecting wires. Careful consideration has
been given to the placement of each component in the design,
ensuring that all parts are utilized effectively. Furthermore, the
design accommaodates potential future developments and aims to
ensure versatility in its applications.

A. Motors

The motors are considered as the critical component of the robot,
as they enable all useful functions of the robot. The selection of
the appropriate motors is crucial in ensuring the success of the
robot. In order to drive the leg joints effectively, the motors must
meet two essential requirements, namely the ability to provide
angular feedback for accurate positioning of the leg and the
capability to generate enough torque to support the weight of the
robot.

Servo Motors were deemed as the best choice to meet these
criteria due to their affordability and capabilities. The team
decided to use MG 996R motors, with a total of 12 being
integrated mainly into the legs of the robot. These servo motors
provide both angular feedback and ample torque, making them
suitable for driving the leg joints and ensuring proper function of
the robot.

B. Sensors

The robot is designed with a range of sensors that enable it to
gather information about its surroundings and map it out. One

of these sensors is an ultrasonic sensor, which uses proximity to
detect objects in its environment. Another important sensor that
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the robot has is the Inertial Measurement Unit (IMU) sensor.
The IMU sensor provides information about the orientation of
the robot by measuring the six degrees of freedom through three
axes of gyroscopic and three axes of accelerometric data.[2]
The use of IMU sensor, along with controllers such as PID,
allows the robot to maintain balance on uneven surfaces or
slopes. By combining the data from these sensors and utilizing
advanced control systems, the robot is able to operate
efficiently and navigate challenging environments with ease.

VII. OVERALL DESIGN

The figure below presents the complete design of the quadruped
robot, which has a total of 12 degrees of freedom and a full-
elbow leg configuration. The design uses four identical legs,
making it easier to control the robot. The hip joint is connected
directly to the servo motor, streamlining the internal structure,
while the knee joint incorporates a servo motor within its
design. This design approach simplifies the control and
movement of the quadruped robot.[7]

g?“!r:.. el

Fig 8. 3D exploded view of the quadruped robot assembly.

VIII. GAIT ANALYSIS

Gait analysis is a critical process utilized to examine the
movements of quadruped robots during their locomotion. The
technique involves the utilization of several sensors, including
accelerometers, gyroscopes, and motion capture systems, to
monitor and record the robot's movements. The data collected
during this process is analysed to study the robot's coordination
and gait during various forms of locomotion, such as walking
and running.[5]

Through gait analysis, an in-depth understanding of the robot's
performance, identify any anomalies or inconsistencies in its
movements, and improve its locomotion strategies.
Additionally, gait analysis can help determine the most efficient
way for the robot to move and adapt to different terrains. This,
in turn, can enable the development of better control algorithms
for the robot, thus improving its stability during locomotion.

A. Walking Gait

Walking gait in a quadruped robot involves the coordinated
movement of all four legs to achieve forward motion. During
the walking gait, the robot's legs alternate between two
support phases and two swing phases. In the support phases,
the robot's legs are in contact with the ground, providing
stability and support to the robot. In the swing phases, the
robot's legs are lifted off the ground and moved forward to
take the next step.

The walking gait can be further subdivided into specific
phases, which include the stance phase and the swing phase.
During the stance phase, the robot's leg is in contact with the

ground, providing support and propulsion for the robot's
forward movement. The swing phase, on the other hand, is when
the robot's leg is lifted off the ground and swung forward to
prepare for the next step.

B. Pace Gait

Pace gait is a type of locomotion used by quadruped robots that
involves the coordinated movement of diagonal pairs of legs.
During trotting gait, the front left leg and the rear right leg move
together, and the front right leg and the rear left leg move together
in a cyclic pattern.[6] This gait is faster than walking and is
commonly used by quadruped robots for faster locomotion.

During pace, the robot's body bounces up and down with each
stride, and the legs experience both vertical and horizontal forces.
The robot's legs are extended out in front of the body and then
pulled back under the body to push off the ground and take the
next step. This motion creates a rhythmic pattern that propels the
robot forward.

C. Trotting Gait

Trotting gait is a faster and more dynamic gait used by quadruped
robots for locomotion. During Trotting gait, the robot's legs move
in a cyclic pattern, with all four legs lifted off the ground during
the swing phase of the gait. The robot's body is also lifted off the
ground during the running gait, creating a more dynamic and
rapid movement.

The Trotting gait involves the legs moving in a coordinated
pattern, with the front and hind legs moving together. The robot's
legs are extended out in front of the body and then pulled back
under the body to push off the ground and take the next step,
creating a galloping-like motion.

Trotting gait requires more complex control strategies than other
gaits, as the robot must maintain balance and stability at higher
speeds. This is achieved through a combination of open-loop and
closed-loop control, with the robot's sensors providing feedback
to the control system to adjust the robot's gait and maintain
stability during the high-speed locomotion.

Low Speed
Walk

[ : Stance Phase
[] : Swing Phase

Direction of Travel

Pace

Trot

Bound

High Speed 0 025 05 075 1

Fig9. Different gaits w.r.t to speed

IX. CONCLUSION

This study investigates various aspects of a quadruped robot
based on the design of the Boston Dynamics robot. The study
utilizes the Denavit Hartenberg method for forward kinematics
and analytical solutions for inverse kinematics to perform
forward and inverse kinematic analysis of the robot. The
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resulting kinematic equations are subsequently utilized for 8. Hutter, M.; Gehring, C.; Lauber, A.; Gunther, F.; Bellicoso, C.D.;
further analysis of the robot's movement. Tsounis, V.; Fankhauser, P.; Diethelm, R.;

In addition, the study examines the electronic components of ~ Bachmann, S.; Bloesch, M.; et al. ANYmal—Toward legged robots for
the robot and provides suggestions for future development. girsgl‘;mgéinr['ggt;g%" Robot. 2017,

The lower portion of the robot's leg, which bears the majority ’ '

of the body weight, was subjected to Finite Element Analysis

(FEA) to test for strength and durability. The analysis resulted

in determining the load capacity of the leg, which was found

to be without any signs of failure or cracks, indicating the

overall stability and robustness of the robot.

Finally, the study explores the different gaits used by the robot

and the associated gait analysis, which is critical for the robot's

locomotion. This involves identifying and analysing various

parameters, including joint angles, leg displacement, and

ground reaction forces, to determine the most efficient and

stable gait for the robot. The results of this study provide

important insights into the design and development of

quadruped robots and their movement capabilities, paving the

way for their use in various applications.

IX. FUTURE SCOPE

Our current research focuses on enhancing the capabilities of
our quadruped robot. We are exploring the addition of wheels
at the knee joint to increase its speed and efficiency when
moving on smooth surfaces. Additionally, we are working to
add more sensors to make the robot more versatile and
applicable to a wider range of industries. To achieve full
autonomy, we aim to integrate advanced technologies like
Kalman filters, path planning algorithms, and probability. Our
goal is to create a quadruped robot that can operate
independently and handle complex tasks with ease.[8]

ACKNOWLEDGMENT

We would like to take a moment to thank TCET, and for our
patient guidance, enthusiastic supporter, and useful critic of
this research work, our advisor, Dr. Hemant Kasturiwale and
Mr. Sachin Oak.

REFERENCES

1.Li, X.; Zhou, H.; Feng, H.; Zhang, S.; Fu, Y. Design and
experiments of a novel hydraulic wheel-legged robot
(WLR). In Proceedings of the 2018 IEEE/RSJ International
Conference on Intelligent Robots and Systems
(IROS), Madrid, Spain, 1-5 October 2018; pp. 3292-3297.
2. Fu, Y.; Luo, J.;; Ren, D.; Zhou, H.; Li, X.; Zhang, S. Research on
impedance control based on force servo
for single leg of hydraulic legged robot. In Proceedings of the 2017
IEEE International Conference on
Mechatronics and Automation (ICMA), Takamatsu, Japan, 6-9
August 2017; pp. 1591-1596.
3. Bellicoso, C.D.; Jenelten, F.; Gehring, C.; Hutter, M. Dynamic
locomotion through online nonlinear motion
optimization for quadrupedal robots. IEEE Robot. Autom. Lett. 2018,
3, 2261-2268. [CrossRef]
4. Hwangbo, J.; Lee, J.; Dosovitskiy, A.; Bellicoso, D.; Tsounis, V.;
Koltun, V.; Hutter, M. Learning agile and
dynamic motor skills for legged robot. Sci. Robot. 2019, 4, 1-13.
[CrossRef]
5. Raibert, M.; Blankespoor, K.; Nelson, G.; Playter, R. BigDog, the
rough-terrain quadruped robot. Int. Fed.
Autom. Control 2008, 41, 10822-10825. [CrossRef]
6. Semini, C.; Tsagarakis, N.G.; Guglielmino, E.; Focchi, M.;
Cannella, F.; Caldwell, D.G. Design of
HyQ—A hydraulically and electrically actuated quadruped robot. J.
Syst. Control Eng. 2011, 225, 831-849.
[CrossRef]
7. Spotmini Autonomous Navigation. Available online:
https://youtu.be/Ve9kWX_KXus (accessed on
11 August 2018).

16



,Department of Mechanical

Thakur College of Engineering
and Technology Mumbai

Review on increasing the efficiency of
pulsating heat pipes

Saniya Bhurke Bhagyashri Ghuge
Department of Mechanical
Engineering Engineering

and Technology Mumbai

Thakur College of Engineering Thakur College of Engineering

Gayatri Narale Namita Nene
Department of Mechanical
Engineering Engineering

and Technology Mumbai and Technology Mumbai

Pawan Tiwari
Department of Mechanical
Engineering
Thakur College of Engineering
and Technology Mumbai

Abstract: Heat pipes are one of the most
important elements used for cooling of
electronic components. By definition, it
transfers heat between two devices through
phase transition. There are two types of heat
pipes: Open loop heat pipe and Closed loop
heat pipe. They are widely used in cooling
systems of laptops and computers,
spacecrafts, solar energy, etc. Efficiency in
heat pipes is one of the most important
factors for effective heat transfer in cooling
systemsi®®,  Our paper discusses the
efficiency of an open loop copper heat pipe
using different mixtures in different
diameters

Keywords: Pulsating heat pipes, heat,
dimensions, working fluid, temperature,
evaporator, adiabatic, condenser

Introduction
What is a heat pipe?

Heat pipes have been used in several
applications since many decades(®l.
Applications of heat pipes are:

Aeronautical Engineering
Space Equipments
Electronics cooling

Solar Energy
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Heat pipes and vapour chambers have
emerged as the most significant technology
and cost-effective thermal solution owing
to their excellent heat transfer capabilities,
high efficiency and structure simplicity.!?!
A selection of the working fluid is based on
the operating temperature of the
application.[?

Heat Pipes can also be used in several
environmental applications in future as it is
the most developing field recently.

Parts of a heat pipe
Any heat pipe consists:

Condenser
Evaporator
Adiabatic
Wick
Working Fluid

arwpdeE

No power source other than heat is required
in a heat pipe as long as the temperature
difference in the heat pipe is large enough
to carry out the operation .°!

The adiabatic section is important for
improving the anti-dry out ability of the
heat pipe which is one of the key factors in
determining the efficiency of heat pipel*.

Department of Mechanical

Thakur College of Engineering
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The condenser section is the section where
the working fluid is cooled and the
evaporator section is the section where it
gets vaporised.

The function of the wick of the heat pipe is
to vary the capillary force about the cross
section of the heat pipe to return the
liquid®®  from the evaporator and
condenser.

The working fluid is responsible for the
heat transfer capabilities of the heat pipe.
Thus the heat transfer capability depends
largely on the working fluid of the heat

pipe.
Introduction to Pulsating Heat Pipe

By definition, a pulsating heat pipe, a type
of wickless heat pipe, is a medium of heat
transfer between hot and cold sources.
Oscillating, loop type or pulsating heat
pipes (PHPs) are a relatively new type of
heat transfer devices, which may be
classified in a special category of heat
pipes. They have been introduced in the
mid-1990s.[!

a b

vapor slug C

S Wa¥a A A AN A A A

liquid

plug X

FRAFAT LV TATATAY AT AVRVEY

Figure 1 (a) closed PHP; (b) closed PHP
with check valve; and (c) open PHP by
Xiaohong Han, Xuehui Wang, Haoce
Zheng, Xiangguo Xu n, Guangming
Chen
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There are three types of pulsating heat
pipes:

1. Open Loop Pulsating Heat Pipe

2. Closed Loop Pulsating Heat Pipe

3. Closed Loop Pulsating Heat Pipe
with check valve

The features of the open loop and closed
loop pulsating heat pipe are as follows:

1. Closed loop heat pipe is an endless
heat pipe and the open loop heat
pipe’s tube ends are not connected
to each other.

2. Though closed loop and open loop
heat pipes consist of both
evaporator and condenser sections,
adiabatic sections may or might not
be present.

3. Theends of the open loop heat pipes
are sealed post the working fluid is
filled in it.

Filling Ratio for a Heat Pipe

The optimal filling ratio for the heat pipe is
considered to be 40% as at 100% filling
ratio, the device acts as a buoyancy driven
thermosyphon(”

Required Number of turns

An optimum number of turns are required
in a heat pipe so that the dry-out ability and
heat flux of the heat pipe are not affected.

Design of the pulsating heat pipe
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Figure 2: (a) Experimental set-up
photograph; (b) copper/ glass tube
arrangement; (c) heater arrangement;
(d) schematic of experimental set-up by
Pramod R. Pachghare, and Ashish M.
Mahalle

We are going to consider the given
dimensions for our heat pipe.

The working fluids for which the heat pipes
are going to be tested are water-methanol
and water-ethanol solutions for 2 mm and 3
mm ID

The material used for the heat pipe is
copper.

The wall thickness is 0.5 mm in the given
heat pipe.

Results and Discussions

For 2 mm ID
Heat Input  Evaporator Condenser
In Watts Temperature(K) Temperature(K)
10 351 320
30 368 333
50 375 344
70 386 351

Table 1: Effect of water-methanol
solution on a heat pipe with 2mm ID by
J.Venkata suresha,P.Bhramarab
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For 3 mm ID

Evaporator Condenser
Temperature(K) Temperature(K)
317 303

327 306

333 307

339 308

Table 2: Effect of water-methanol
solution on a heat pipe with 3mm ID by
J.Venkata suresha,P.Bhramarab

For 2 mm ID
Heat Input  Evaporator Condenser
In Watts Temperature(K) Temperature(K)
10 317 303
30 378 333
50 397 347
70 410 354

Table 3: Effect of water-ethanol solution
on a heat pipe with 2mm ID by
J.Venkata suresha,P.Bhramarab

For 3 mm ID

Evaporator Condenser
Temperature(K) Temperature(K)
316 303

325 306

330 307

339 308

Table 4: Effect of water-ethanol solution
on a heat pipe with 3mm ID by
J.Venkata suresha,P.Bhramarab
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Figure 3: Temperature Contours of
PHP Water-Ethanol as Working fluid
10W Heat Input (v/s) Fill Ratio For
2mm inner dia by J.Venkata
suresha,P.Bhramarab
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Figure 4: Temperature Contours of
PHP Water-Methanol as Working fluid
10W Heat Input (v/s) Fill Ratio For
3mm inner dia by J.Venkata
suresha,P.Bhramarab

Future Scope

We have included the test results of heat
pipe with water-ethanol and water-
methanol solutions.

Water-ethanol, water-methanol, water-
acetone solutions fall under the category of
conventional working fluids.

The above heat pipe can be tested with non-
conventional fluids like FS39E and Al203.
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ABSTRACT

Condition monitoring together with predictive
maintenance of electric motors and other equipment
used by the industry avoids severe economic losses
resulting from unexpected motor failures and greatly
improves the system reliability. This project describes a
Machine Learning architecture for Predictive
Maintenance. The system will be tested on a real
industry example, by developing the data collection and
data system analysis, applying the Machine Learning
approach. Data has been collected by various sensors,
machine microcontroller and communication protocols
and made available to Data Analysis Tool on the
ThingSpeak Cloud architecture.

I. INTRODUCTION

Recently, with the emergence of Industry 4.0 (14.0), smart
systems, machine learning (ML) within artificial
intelligence (Al), predictive maintenance approaches have
been extensively applied in industries for handling the health
status of industrial equipment. Due to digital transformation
towards 14.0, information techniques, computerized control,
and communication networks, it is possible to collect
massive amounts of operational and processes conditions
data generated form several pieces of equipment and harvest
data for making an automated fault detection and diagnosis
with the aim to minimize downtime and increase utilization
rate of the components and increase their remaining useful
lives. Predictive maintenance is inevitable for sustainable
smart manufacturing in 14.0. Machine learning (ML)
techniques have emerged as a promising tool in Predictive
maintenance applications for smart manufacturing in 14.0,
thus it has increased attraction of authors during recent
years. This project aims to provide a comprehensive review
of the recent advancements of ML techniques widely
applied to Predictive maintenance for smart manufacturing
in 14.0 by classifying the research according to the ML
algorithms, ML category, machinery, and equipment used,
device used in data acquisition, classification of data, size
and type etc.

11. Background

Breakdown maintenance was practiced in the early days
of production technology and was reactive in nature.
Equipment was allowed to run until a functional failure
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occurred. Secondary damage was often observed along
with a primary failure. This led to time-based
maintenance, also called preventive maintenance.

Due to the high maintenance costs when using
preventive maintenance, an approach to rather schedule
the maintenance or overhaul of equipment based on the
condition of the equipment was needed. This led to the
evolution of predictive maintenance and its underlying
techniques. Predictive maintenance requires continuous
monitoring of equipment to detect and diagnose defects.
Only when a defect is detected, the maintenance work
is planned and executed.Today, predictive maintenance
has reached a sophisticated level in industry. Till the
early 1980s, justification spreadsheets were used in
order to obtain approvals for condition-based
maintenance programs. Luckily, this is no longer the
case.The advantages of predictive maintenance are
accepted in industry today, because the tangible
benefits in terms of early warnings about mechanical
and structural problems in machinery are clear. The
method is now seen as an essential detection and
diagnosis too that has a certain impact in reducing
maintenance costs, operational vs. repair downtime and
inventory hold-up.

I11. OBJECTIVES & SCOPE

To design and develop a system for predictive
maintenance of motor which has the following features:
Collects data using various sensors.

Logs data to cloud server.

Data logged can be exported to csv file.

Machine learning approach for predictive maintenance
based on the csv file obtained.

IV . LITERATURE SURVEY

The recent explosion of smart manufacturing applications,
the Internet of things (10T), and big data has considerably
increased the amount of data collected and analyzed in
different areas such as health care, transportation, power
energy, food and beverage, multimedia, environment,
finance, and logistics. Several types of predictions,
production forecasting, fault detection and, predictive
maintenance result from analyzing various datasets [1], [2].
One of the most common data types collected in this new
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growing era of Industry 4.0 is time-series data. Time-series
data are known as observations sequentially recorded over
time [3], [4]. Time-series data are intensively analyzed, as a
preventive tool, in the manufacturing industry where
unforeseen failures of machinery can conduct to very long
production downtime and losses. Studying and analyzing
data to detect faults and threats in devices before they occur
and taking appropriate measures to reduce the risk of
failures is called ‘‘predictive maintenance’’ [5]. As per [6],
predictive maintenance is an ensemble of activities that
detect any abnormal physical condition changes in
equipment (signs of failure) to carry out the required
maintenance tasks to boost the service life of equipment
without increasing the risk of failure. For the past years,
predictive maintenance has been subject to much research to
bring improvement. One of the current innovative trends for
this concept is the use of machine learning (ML) techniques
in combination with advanced technological concepts to
offer better predictive maintenance results. Machine
learning (ML) is a field of Artificial Intelligence (Al) to
extricate useful insights from various data (time-series data)
[7] through some of the following paradigms: supervised
learning, semi-supervised learning, unsupervised learning,
and reinforcement learning [8]. It is also commonly known
as a study that offers machines different means and ways to
make correct decisions on their own and execute tasks
without explicit assistance from human beings. Deep
Learning is a branch of ML that has the capability of
extracting data representation. Some popular deep learning
methods are Artificial Neural Network (ANN), Convolution
Neural Networks (CNN), Deep Belief Network, Recurrent
Neural Networks, and Stacked Auto-Encoders. In this
research, we focus on CNN, which is a deep learning
technique that tries to imitate the operations of a human
brain, especially its ability to recognize and classify objects
based on their appearances. This feature has made CNN the
conventional method used for image classification and
identification [10]. In 2015, [11] initiated an inventive
approach that improved classification and imputation by
encoding univariate time-series (UTS) data to images and
using them as inputs to CNN models. The concept of
computer vision introduced the transformation of time-
series into images. By learning spatially invariant features
from raw time series (inputs to the model), the CNN method
can reduce the risks of losing temporal information and
those that the features learned are no longer time-invariant,
which are with the traditional multilayer-perceptron
approach [12]. The outcome of this study generated better
results than traditional machine learning techniques for
classification. Since then, fewer more studies were
conducted in the same vision utilizing the basis of timeseries
imaging encoding and deep learning approaches to
ameliorate classification modelling in various sectors.
Reference [13] developed a similar framework that uses
Relative Position Matrix with CNN. The method was named
RPMCNN and was used to perform the classification by
transforming 2D images from time-series data received as
inputs. Their results displayed improved performances. In
the manufacturing sector, an approach was int roduced by
[14] using multivariate timeseries (MTS) data as input to a
classification of Tool wear for a CNN model. Because of the
large volume of MTS data and in order to ease data
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processing, this approach divided MTS inputs into three
channels before being converted to images and fed into the
CNN model. Reference [3] conducted another research in
that direction by converting MTS data to coloured images
and feeding them as inputs of a CNN model for sensor
classification. Their research encodes MTS data into
multiple images combined into a single bigger image used
as an input to a CNN model.

V . PROPOSED WORK

Sensors will be used to monitor and collect data.

The data collected will be passed to NodeMCU
Microcontroller.

NodeMCU microcontroller is chosen because it
supports inbuilt Wi-Fi. Hence data can be directly
stored to cloud storage over the internet.

Cloud Storage that will be used for storing data is
ThingSpeak Cloud. It supports data storage along with
visualizations. Once sufficient amount of data is
collected it can be exported into Excel .csv format.
The data exported from ThingSpeak Cloud is the
dataset which will be used as a dataset for Machine
Learning.

Pre-processing steps such as exploration, cleaning and
transformation of dataset will be done using Python.
Machine learning prediction models such as Random
Forest, Decision Tree, Naive Bayes etc. can be used for
predictive maintenance of motor and to predict failures
in motor.

Visualisation of the data can be done using Python
Modules such as matplotlib, seaborn, ggplot etc.

VI. WORKING

The system comprises of sensors such as Temperature,
Humidity, Vibration, Current, Voltage. These sensors are
connected to the ESP32 Microcontroller. The reason for
using ESP32 Microcontroller is, it has inbuilt Wi-Fi which
makes it suitable for loT applications. The sensors are
connected in order to monitor the Motor which is the device
that has to predict failures. The Temperature, Current and
Voltage Sensors work on analog pins of microcontroller
with supply voltage 3.3V while the Humidity and Vibration
sensors work on Digital Pins with supply voltage 5V. All the
sensors collect data and provide it to the microcontroller.
The microcontroller then processes this data and if any of
the sensor value exceeds threshold it sends an alert and
switches off the supply to the motor by de-energizing the
relay. All this data is then sent to ThingSpeak Cloud Storage.
This data can then be exported and used for Machine
Learning i.e. Predictive Maintenance of Motor. Once the
data is exported it needs to be cleaned for inconsistent data
removal and dropping data which is not required. Then the
data is explored in order to identify the relationship between
data. Necessary adjustments are done in the data
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transformation step so that the machine can correlate the
data. Once these stages are completed, we train the machine
by giving 70% of the data. Testing is done on the next 30%
data and a model is built based on this. Now live data can be
provided for predicting failure of the system.

VIl . ALGORITHM

Step 1: Start

Step 2: Is device connected to internet. If yes go to step 3
or else repeat step 2.

Step 3: Collect sensor data

Step 4: Log sensor data to cloud.

Step 5: Export sensor data from cloud

Step 6: Use ML for predictive maintenance on exported
data.

Step 7: Stop

VIl . CIRCUIT DIAGRAM
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IX. MATHEMATICAL MODELING

Current Sensor

cavg = 150 sample values of current / 150
Sensitivity = 0.66

current = (2.5-(cavg*(5.0/1024.0)))/0.066;

Voltage Sensor
vout = (vtgsensed * 5.0) / 4095.0
voltage = vout / (7500.0/(30000.0+7500.0))

Temperature Sensor
milliVolt = Im35voltagesensed * (3300.0 / 4096.0);
tempC = milliVolt / 10;

Logic

if (temp > 50 or hum > 75 or vib == 1 or vol > 230 or cur >
3) --> Alert

else --> No Alert

X . ADVANTAGES

Increase in machine productivity
Improved repair time & product quality
Increase machine life
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Resources for repair can be properly planned
Save maintenance costs.

X1l . APPLICATIONS

Assess engine degradation, shaft and rotor alignment,
insulation, gears, scan for short-circuits.

XI1. RESULTS AND DISCUSSION

The result of the project was that we were able to learn the
basics of machine learning and python. We were able to
form a bridge between the hardware part and the software
analysis. We have started working on the implementation
process. We understood that with the help of python
language we could use the machine learning algorithms on
the jupyter notebook which we would later feed it to the
microcontroller.

X111 . CONCLUSION

Predictive maintenance requires continuous monitoring of
equipment to detect and diagnose defects. Only when a
defect is detected, the maintenance work is planned and
executed. Today, predictive maintenance has reached a
sophisticated level in industry. Till the early 1980s,
justification spreadsheets were used in order to obtain
approvals for condition-based maintenance programs.
Luckily, this is no longer the case. The advantages of
predictive maintenance are accepted in industry today,
because the tangible benefits in terms of early warnings
about mechanical and structural problems in machinery are
clear. The method is now seen as an essential detection and
diagnosis too that has a certain impact in reducing
maintenance costs, operational vs. repair downtime and
inventory hold-up.

XIV . FUTURE SCOPE

Customized Cloud server can be developed instead of
using ThingSpeak Cloud Server.
Data logging rates can be adjusted for more accurate results.
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Abstract—This paper focuses on power generation on
highway by using Vertical Axis Wind Turbine & Solar System.
Energy is a very essential part of life which has unlimited usage
but the resources of it is limited. So, there is a need to establish
a relationship between resources and the population. In this
context, renewable energy has a huge role. And, from the
numerous available renewable sources, our paper will focus on
wind power. Wind is available on each corner of the world, but
harnessing it as a energy source came to mind in 19" century.
In the highway, the vehicles provide considerable amount of
wind that can be extracted for small purposes. VAWT is a
special type of windmill which is capable to perform such task.
The air will rotate the turbine in one direction and the solar
system will also generate electrical energy and the output of
both this system will be stored in the battery that will be
utilized for street lighting, toll gates and so on.

Keywords—Vertical Axis Wind Turbine, Renewable Energy,
Wind Power, Solar Panels, Battery, Highways.

I. INTRODUCTION

Wind is generated through uneven heating of earth
surface by the sun. And, this wind can be utilized as the
renewable source of power. To harness the wind, the turbine
is used, whether horizontal which is very common and
vertical which is our attempt of project. The prime aim
behind our project is to design a Vertical Axis Wind Turbine
which can effectively catch the wind from the vehicle speed
running on the highway. From the main two types of VAWT,
we will be working on Savonius VAWT.

The savonius turbine was introduced by Finnish Engineer
S.J. Savonius in 1922. This type of windmill are commonly
used for wind speed instrument such as the anemometer. The
solar panels installed will help to generate electricity in sun
mode and in the absence of sun, wind will do his work of

XXX-X-XXXX-XXXX-XIXXI$XXK.00 ©20XX |IEEE
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generating power. The electrical output produced will be
stored in the battery which can be utilized according to the
small or minimal needs or at the time of power grid failure.
This project will also fight for Mother Earth by reducing the
burning of fossil fuels and restricting the emission of gases.

Il. LITERATURE SURVEY

THE FOLLOWING LITERATURE PERTAINED BY US WHICH
WHERE RELATED TO OUR EXPERIMENTAL METHODS.

"A REVIEW ON THE DEVELOPMENT OF VERTICAL AXIS
WIND TURBINES" BY MAJID AMIDPOUR ET AL.
(RENEWABLE AND SUSTAINABLE ENERGY REVIEWS, 2019):
THIS REVIEW PAPER PROVIDES AN OVERVIEW OF THE
DEVELOPMENT OF VERTICAL AXIS WIND TURBINES,
INCLUDING THEIR HISTORY, CLASSIFICATION, DESIGN, AND
APPLICATIONS. "*A COMPREHENSIVE REVIEW OF VERTICAL
AXIS WIND TURBINES" BY KARIM M. M. ET AL.
(RENEWABLE AND SUSTAINABLE ENERGY REVIEWS, 2018):
THIS REVIEW PAPER PROVIDES A DETAILED OVERVIEW OF THE
VARIOUS TYPES OF VAWTS, THEIR AERODYNAMICS,
STRUCTURAL DESIGN, AND PERFORMANCE
CHARACTERISTICS. '"'VERTICAL AXIS WIND TURBINES:
HISTORY, TECHNOLOGY AND APPLICATIONS" BY S.
PARASCHIVOIU (RENEWABLE ENERGY, 2009): THIS PAPER
PROVIDES A HISTORICAL OVERVIEW OF VAWTS AND THEIR
VARIOUS DESIGNS, INCLUDING THE DARRIEUS, AND
SAVONIUS DESIGNS.

I11. DESIGN

This phase is one of the most important and essential
phases of our project. The design required and intended for
our project is to enhance and improve the efficiency of our
turbine. It should have low cut-in wind speed, lightweight
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and should be easily movable without adding extra cost and
without reduction of it’s efficiency. The low cut-in speed
will make it suitable for urban applications. The design of
VAWT can be varied according to their applications and
usage, but they all consists of rotor, shaft and blades.

Our model have a simple design with two or three blades
are attached to a hub. The blades are curved in a semi-
circular shape around a central shaft. Fig. 1 shows the image
of our proposed turbine.

Fig 1: Savonius VAWT’s Model

The structure of our proposed model is kept simple for
the economic feasibility of our project. The model consists of
a rotor blades, shaft, bearings, and the generator. Fig 2 shows
a sample model or design of our VAWT.

Fig 2: Savonius VAWT on Fusion 360 software

IV. MATERIAL SELECTION

As mentioned earlier, the prime components of the
Savonius VAWT are rotor blades, shaft, generator, solar
panels, battery.

A) Rotor Blades —

Blades are the most important part of turbine
which can reduce or increase the efficiency of the
turbine depending upon their design. VAWT are of
two types — Drag Machines which are self-starting
but have low efficiency and another one is Lift
Machines which have great efficiency but are not
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self-starting. And, in case of Highway Windmills,
self-starting is most important feature. For our
project, we are using PVC pipe as main material and
the blade strip will be of mild steel.

Shaft —

Shaft should be less in thickness and light in
weight. It should be properly fitted to the blade.
Shaft will be made up of Mild Steel in our project.

B)

C) Bearing —

Bearing is one of the most essential mechanical
components. It will used in our project for smooth
functioning of our shaft. Same dimension bearing is
used at both the ends of shaft for smooth function.

D) Battery—

Battery is very crucial part of our project for
storing the electrical output. For our project, we are
using, a sealed lead-acid (SLA) gel battery which is
also called as valve regulated acid lead battery. It’s a
maintenance free battery.

V. METHODOLOGY

Design Parameters for Wind Turbine is considered for our
project and the related calculation is pertained in this paper.

Length of blades/turbine, L = 900mm (Effective)
Diameter of turbine, D = 700mm

No. of turbine blades = 6

No. of casing/guide blades = 6

Swept Area i.e., the air enclosed in the movement of turbine
is calculated as —

S=2RL (1) =2x0.35x0.9 = 0.63m2
Where, S is the swept area [m2], R is the rotor radius [m],
and L is the blade length [m].

Power that can be extracted from the wind can be calculated
from the following formula —

Pw="%pSVo3

The theoretical calculation for 6 m/s wind is as follows;
Pw="%p S Vo3 =1/2x1.225x0.63x63

Pw = 83.249 watt. Hence from above Power available (Pw)
at 6m/s we get the output of 83.249watt.

Considering the efficiency of 16.67%, the power captured as
13.894watt.

For 10m/s, Pw =% p S Vo 3 = 1/2x 1.225X0.63x 103 Pw =
385.875 watt Again considering efficiency of 15-20%, the
power captured is 64 watt approximately.

Number of blades has a direct effect in the smoothness of
the turbine —

Considering tip-speed ratio to be 2, then linear velocity at
the tip is 5m/s.

Tmax= Pmax /(V/R) = 385.875/ (5/.35)

Tmax = 27.01125 Nm

Maximum force acting on blades,
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Fmax = Tmax /R = 27.01125/.35

Fmax = 77.175 N For good lift force and minimize the drag
force, angle of attack should be in between 300 -450 .

In our case, this is taken care by guide blades on casing.
The turbine blades are made up of PVC pipes which were
cut in semi-circular shape to serve the purpose.
Angle of attack = 300

Lift = 77.175cos (300) = 66.835 N

Drag = 77.175sin (300) = 38.587 N

Collapse resistance of blades = 735.75 kPa... (From Std.
catalogue of PVC pipe)

Blade strength = Fmax /Area of single blade (10) = 77.175/
(rdb 2L/4) = 77.175/(nx.1532x.9/4) = 4664.0305 Pa <
collapse resistance of blade.

Hence, design of blades is safe.
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Abstract—As the project is related to the
agriculture field and converting any manual
process into mechanized one has many
challenges to solve the defined problem. There
are seed dropping drones available in the market
for curing deforestation and no such product is
available for seed sowing in farming by using
drones. The aim is to have a drone which sows
seeds with having a heavy payload of 15 - 20 kg.
The challenge is to fly the drone at a given height
with a determined speed by carrying variable
payload. The target is to have a product which
can be useful for the majority of crops but the
seed rate differs for all therefore there arises a
need to make the functions automatic so as to
make the product more user friendly. The plan
of work flow is to build a scaled down prototype
with 2 kg payload and on the basis of the results
develop design for 20 kg payload. For this
project the seeding mechanism used in different
products is needed to be studied. This paper
gives the detailed information of different types
of seeding mechanism.

Keywords—Drone, seed wowing, mechanism

I. INTRODUCTION

In farming there are many problems but by
research the problem which can be solved by
engineering is lack  of mechanization.
Mechanization plays an important role in speeding
up any process. It gives power and speed to the
process but sadly the agricultural activities in India
are not using much machinery in the field. The green
revolution is the growth of production of crops but
there is a need for evergreen revolution to produce
more crops for the increasing population.

The problem statement of the project revolves
around the low vyield produced by the manual
processes and which leads to less profit and low
production of food for the population. Agricultural
sector in India is yet to follow and develop the
technological advancements for enhancing the crop
yield. Our objective is to fill this gap using drone
technology. To identify proper seed treatment
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achieve the required seed rate for sowing.

LITERATURE REVIEW

A. Seed and seed treatment

Let's focus on seeds to get the problem

narrowed Seeds for quality seeds production Seeds can
be sold by anyone either a farmer or a company etc.

The company can produce quality seeds and can get
them certified through the certification process. Before
the use of seed the seeds need grading Grading is also
been done for the year produced by the farming

Problems related to quality seeds and their production
is Quality seed in the market for farming are costly If
the farmer self-produces the seeds and uses them it can
be profitable for the farmer and also he will get the
guality seeds and can also sell those seeds in market if
in access.

Types of seeds: Nucleus, Breeder, Foundation,
Certified

Talking about the farmer, the farmer can only produce
certified seeds.

The steps to be followed
e Area selection
e Selection of land
e Selection of season

Selection of crop and varieties

Seeds and sowing

Isolation & factors influencing isolation
Distance

Pre sowing seed treatment

Seed rate

Time of planting

Rouging space

Irrigation rouging

Fertilizer and supplementary pollination
Weeding

Plant protection measures

Harvest

Processing

Seed storage
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The points which are important for project are
e Seeds and sowing

e Pre sowing seed treatment

e Seed rate

Seed & sowing: good seed is required for seed
production

Seed treatment: nutrient treatment soaking and
mechanical and chemical processes Seed rate:
position of crop plant line showing scattered sowing
etc population of crop and density of crop in a
particular area

Seed production is different from farming

e Not much of the standards are taken care of
in farming

e Seed quality is not considered as the first
priority because the seeds used are certified
seeds, only the vyield is taken into
consideration

e No isolation is required

The question arises that is seed production possible
with the farming process?

The answer is partially yes and partially no. The
quality seed production cannot be done
simultaneously with the farming but it can be done
separately on the same farm with isolation. Here
different factors stated above in this document are
needed to be considered.

Seed quality testing equipment are available in
market at higher price but not the scope of our
project

The project aims to solve problem of low yield and
time consumption

Seed treatment is important for good yield and is
also the focus of project problem statement

There is generally two times where the seed
treatment is done

e Seed treatment for seed production
e Seed treatment for farming

Seed treatment for farming is also known as pre
sowing treatment of a particular crop. In general for
farming there are three types of pre- sowing seed
treatment

1) Dry treatment
2) Wet treatment
3) Slurry treatment
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B. Drone for Basics

Types of drone: Industry based drones,

commercial Systems in drone: hardware, software and
mechanical

Hardware: This is a multilayer Power Circuit Board that
helps in accommodating the SOC (system on a chip) and
different components of the subsystems interconnected
via copper traces (part of the PCB) or using physical
wires. SOC, Subsystem(input, output, communication
device) The drones have certain specifications and some
components Motors, sensors, gyroscopes, transmitter,
receiver, main controller, propellers, etc

Software: main categories are: Firmware components;
Operating System and drivers; Sensing, navigating, and
controlling and more Application-specific components

Mechanical: Includes all the mechanical parts. The
propellers, the motors, the exterior and interior, etc

POV: Heavier drones are mostly powered using alternate
fuels other than batteries, such as solar power or gasoline.
Drones operating with such fuels are not only heavy but
use different technologies and are designed for different
purposes.

Controllers and accessories: There are two types of
controllers, ground based controller and integrated
system controller. Alternatively, the drones can also be
controlled with a smartphone, thanks to the latest
technological advancements, but the only condition is
that the drones should be capable of connecting to the
3G/LTE mobile network.

C. Seeding Mecahnisms
Fluted feed type

The fluted wheels are also known as fluted rollers
which are driven mostly by a square shaft. There are
horizontal grooves provided along its outer periphery
of the wheel and the wheel can be shifted sideways
depending upon the seed rate. These rollers are
mounted at the bottom of the seed box. They get the
seeds in the longitudinal groves which is passed on to
the seed tube throughthe seed hole.
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Auger Feed Mechanism

This type of mechanism is a distributing
mechanism, consists of an auger which due to
which substances flow evenly in the field or land,
through an aperture at the base or on the side of
the hopper. Many of the fertiliser drills of our
country uses an auger feed type of mechanism.

In feed
At —) — Motor
Agitator —"L
::3?'. /—Hopper
i\‘:'-, ],"
Auger/tube
clearance q Spinner plate/
e | = tube clearance
funnel
\ |

Picker Wheel Mechanism

In this type of mechanism, a vertical plate is
provided with radically projected arms, which
works by dropping large seeds like potato in furrows
with the help of suitable jaws.

Pickwheel
Stepper Motor

\"‘\ -
) R /

¥

Volume Adjustment Servo

Star Wheel Mechanism:

This is a type of feed mechanism which consists of a
toothed wheel, that rotates in a horizontal plane and
conveys or delivers the fertilizer through a feed gate
which is locatedjust below the star wheel.
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D. Market survey for agricultural drone e Design of the power system (battery)
Various start-ups and companies are using drone o Design of mechanical systems

technology for deforestation and agriculture (all structures)

purposes. It is challenging for humans to go in high e Design for heat dissipation of

terrains and in the deep forest to plant the trees. But system Architecture of

this can be done accurately and more efficiently software system Programming

with the help of drone. Here are some of the of the product

companies that uses drone for agriculture and e Design for manufacturing

deforestation purpose: e Design for assembly

1) Drone seed Prototyping

2) American Robotics e Testing

3) Skycision

4) Top flight Technologies Requirements aimed

5) Honeycomb Use of drone for seeding in farming

The drone should have the capability to change the

Im. METHODOLOGY . .
seed rate and distance for sowing
Seed The drone should have certain amount of capacity to
Crop properties store seed in it
name Sowing Seed Refills The plrone should work faster tha_n the humans
process rate required working and should have an economic effect on the
(kg/acr overall process.
e) The function will be preloaded with all the
Rice Sprink 20 1 parameters for the given crop the user just needs to
le, enter the crop name and the drone will perform as per
transpl the parameters preloaded (seed rate, speed, seed
_ ant' treatment, seed depth)
Pg&gf’ Sprinkle a 35-40 2 There_should be a prqvision to use the seeding
ndsow operation by custom settings (parameters)
fur?und Drop and sow  80-100 > Height_ obtained by the drone depend upon the
Soyabe | Drop, 2535 1 following factors:
an sprinkle
Wheat Sprinkle 35-40 2 1. The height of flight is directly proportional
Millets | Dropping 2. to the thrust produced by the mqtors used to
3 fly the drone. The thrust obtained by the
Vegeta Dropping 8-10 0 propeller is dependent upon the speed(rpm)
bles of the motor.
2. The rpm of the motor is directly proportional
The work plan for the project is: to the power supplied. The more KV we
supplied the thrustwill generated
e To achieve a specific height with the 3. Size of the propeller, different types of
given weight propeller used for different applications.
e Design the electronic circuit for the 4. For every motor there is a limitation of height
system Hardware block design and the weight lifted by drone.
e PCB design

e Finalizing all the electronic components

e To design the block model of the system
(The completearchitecture)

e Design of flight system

e Design of the drone structure
(Frame)Design for seeding
system

31



MULTICON-W-2023

IV. COSTING

The above items and estimated expenditure may
vary if any additional requirement is there for the

project
Sr. |Head Items Estimated
No Expenditure
(Approx.)
1 |Consumabl {Wires, Sensors 3,000
es
2  |Equipments
Aurdino 400

Wireless Camera 7,000

Motor stepper and |10,000
driver

Other hardware  |5,000

Electronic Speed |1600+200
Controller(4)&

Propeller(4) =1800
3 AxXis: 500
Accelerometer &
Gyroscopic

module

Flight Controller {3000

3 |Books & |-

peripheral

4 |Contingenc
Yy

Grand Total 30,700

V. CONCLUSION

The team has completed the defining of the
problem statement and has also found the desired
outcomes from the project. The results which are
required to achieve to call it a successful project. We
have also defined the targets to achieve and the tasks
which are needed to be performed in order to
complete the project. The team is working on the
design part of the drone from now and will be
definitely building the prototype for the project.
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ABSTRACT

In this developing tech-savvy world,
technology is advancing every day.
Technology is the best way to complete a
particular task efficiently and it is not time
consuming. Introducing advanced
technology in agriculture can prove
beneficial for the farmers as the harvest of
the crops will take less effort and more
profit. Humidity Control in Grid
Technology is the new invention we are
introducing to reduce labor work and focus
on a good quality harvest of the crops.

As per our current research, we’re
designing the system of the project. We
have chosen to work on Kharif crops
which give a good quality harvest during
the monsoon season. Thus, it is mandatory
to maintain the humidity throughout the
year to give the best quality harvest all
year along.

The humidity sensor will sense low or high
humidity and pump sufficient water to the
crops. This will only require supervision
until the project is undergoing analysis and
iterations. Once the project is in picture, it
will require less maintenance.

KEY WORDS

Humidity, agriculture, crops,
irrigation, grid sampling, sensors.

harvest,

INTRODUCTION
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The most crucial element when it comes to
agricultural income is crop growth and
good quality at the appropriate time of
harvest. Grid sampling is a popular
technology right now that focuses on
giving crops the nutrients they need based
on their specific needs. In addition to
nutrients, HUMIDITY is an important
component in determining how well crops
grow and produce. The crops must have
their humidity maintained. Regardless of
the humidity, the irrigation system pumps
water to the harvest. This may result in the
harvest dying or growing poorly. One
strategy to deal with these effects is
humidity control in grid technology.

The surrounding humidity saturates leaves
with water vapor as plants transpire. A
plant cannot make water evaporate (part of
the transpiration process) or extract
nutrients from the soil when relative
humidity levels are too high or there is
insufficient air circulation. The result of
this is that a plant finally rots when it
happens frequently. A plant's transpiration
rates rise in warm environments with low
relative humidity levels, which minimizes
the requirement for fertilizer application
by a gardener.

Plant growth is frequently hampered by
low humidity because crops take
significantly longer to reach a size that is
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suitable for sale. Lower leaves frequently
fall off, growth is difficult, and increase
production cost.

PROPOSED WORK

Humidity, or atmospheric moisture, is a
crucial element of the environment for
plant growth and development.
Physiologists for a long time ignored the

significance of humidity for plants in favor
of focusing on the more dramatic effects of

radiation, temperature, soil moisture, and
mineral nutrition on plant growth.
However, extensive study over the

previous ten years has shown and clarified
the crucial role that humidity plays in plant

growth. This most recent research was

motivated by the need to better understand
how humidity impacts how sensitive plants

are to contaminants and how efficiently
plants use water.

To complete soil sampling in the past, a
composite paddock sample that

represented a farm's land management area

was used. However, there has recently
been a shift toward more comprehensive

sample techniques such as direct/zonal soil

sampling, grid soil sampling, and
all-paddock survey.

The grid-based approach's utility was
demonstrated by analyzing 10 fully
mapped grassland plots, which revealed
spatial dependence at a much lower
sampling effort than mapping each plant.

Ripley's K-function, a commonly used test

for point patterns, performed well on the
grids, while the gridded quadrat approach
performed well for quantifying space
patterns.

In the winter, common grid sizes for

applying nutrients such as phosphorus (P),

potassium (K), magnesium (Mg), and
micronutrients include 2.5-5 acre-sized
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blocks and typically range from 2.5 to 10
acres. You can connect the georeferenced
grid created by various agriculture
software providers to the same (or similar)
processing software at your local
analytical lab.

Traditional losses such as deep
percolation, runoff, and soil erosion are
reduced by efficiently supplying irrigation
water to the root zone of plants using drip
irrigation. It also allows for the use of
irrigation water, fertilizers, insecticides,
and other water-soluble substances,
resulting in higher yields and
higher-quality produce. Drip irrigation
systems can solve many problems in dry
land agriculture while also increasing the
productivity of irrigated farmland. With
these considerations in mind, the current
study was designed to investigate the
scope of benefits obtained from drip
irrigation in horticultural crops as well as
the challenges farmers encountered when
implementing the technique.

The purpose of this research is to see how
humidity and nutrients affect the plant
growth. Similarly how grid sampling
results in better yield of crops.
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IMPLEMENTATION

SOIL UNDER CONSIDERATION

This area contains various types of soils
but mainly contains Clayey and Loamy
soil which have the following properties :

Loamy Soil combines sand, silt, and clay
so that the advantageous qualities of each
are present. For instance, it can hold onto
nutrients and moisture, making it more
ideal for cultivation. Due to the
equilibrium of all three types of soil
materials—sandy, clay, and silt—as well
as the presence of humus, this soil is also
known as agricultural soil. Due to its
inorganic origins, it also has increased
calcium and pH levels in addition to these.

Compared to the other two forms of soil,
clay has the tiniest particles. There is little
to no airspace between the soil's particles,
which are closely packed together.
Because of its excellent capacity to hold
water, this soil is impermeable to moisture
and air. When wet, it feels quite sticky to
the touch; when dry, it feels silky. The
most dense and heavy form of soil is clay,
which does not drain effectively or give
room for plant roots to spread out.
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I. DRIPIRRIGATION

Coming to drip irrigation , application
consistency for drip irrigation is extremely
high, typically exceeding 90%.Sprinklers
and gravity watering are difficult to use in
areas with irregularly shaped plantings,
while drip irrigation is quite flexible.Drip
irrigation is capable of germinating seeds
and setting transplants which eliminates
the need for "sprinklering up" and
eliminates the resulting waste in the early
stages of crop growth . Early maturity
results in higher and faster returns on
investment. Fertilizer use efficiency
increases by 30%

Thus due to these reasons we have decided
to combine drip irrigation with our project

Layout of Drip Irrigation System (57 fif=id wgfa &1 Tanf)

Il. PARAMETERS CONSIDERED
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1. Fertilizers
2. Sprinklers
3. Sensors

Hygrometer

Data of the crops which are to be
cultivated in that particular region

Soil Moisture (VWC):

Also known as soil volumetric water
content, soil moisture allows you to see at
a glance whether or not your plants need to
be watered. This can prevent overwatering,
especially in cases of high humidity or
rainfall where additional watering is not
needed.

Soil Temperature:

By monitoring underneath ground level,
farmers are able to figure out if the soil is
at the right temperature for planting,
watering, or weeding. Crops thrive when
they are planted at the right temperature,
and watering plants before it gets too hot
outside ensures that water won’t be wasted
from evaporation.

Air Temperature:

Like soil temperature, knowing the current
air temperature can offer ideal planting and
watering times.

Leaf Wetness:

Detecting the moisture on the leaves
through a sensor that acts as a “digital
leaf” with a flat surface to collect rainfall,
leaf wetness helps determine if watering is

36

needed and can be beneficial in tracking
the crops by knowing how moisture affects
growth.

Solar Radiation:

Sun and weather in a specific geographical
region can make a huge impact on crop
growth and output. Solar radiation sensors
measure the active radiation and ultraviolet
rays of the sun, which can help farmers
best decide what crops to plant each
season.

Atmospheric Pressure:

Looking up weather in a search engine or
app for your city often gives a large
approximation that may not be accurate for
your exact land. By measuring
atmospheric pressure in your exact area,
you can better predict weather patterns and
climate changes. This will cut down on
watering and helps farmers know the best
time to seed or fertilize their fields.

Wind Direction:

Wind direction is another useful metric for
tracking watering and weather changes.
This helps you be better prepared for
weather and to take protective measures if
needed.

Air Humidity:

Depending on the local climate and time of
year, humidity can play a part in crop
growth and watering. By tracking
humidity of your land over a period of
time, you can better schedule planting and
harvesting.

Components for drip irrigation

1) Water Pump

A pump of a suitable capacity Water pump
is used to supply water through the drip
irrigation system components at a specific
level of pressure.

The electric motors or diesel engines are
the common prime mover of the pump.



Drone for seed sowing

Recently the solar pump is being used to
popularize it for drip irrigation purposes.

2) Control Head

The control head consists of valves to
control the discharge and pressure In the
entire system. It may also have filters to
clear the water. Common types of filter
include screen filters and graded sand
filters which remove fine material
suspended in the water.

3) Main Line:

The mainline transfers the total amount of
water for the irrigation system. It connects
the different sub-mains to a water source.
The main pipes are commonly made of
flexible materials such as PVVC (polyvinyl
chloride) or plastics.

4) Submain:

The sub-main feeds to the laterals on one
or both sides. It is made of either
medium-density polyethylene (PE) or
PVC. There should be a balance between
the diameter of the main and sub-mains.

5) Laterals:

Laterals are made up of low-density
polyethylene (LDP) or linear low-density
polyethylene (LLDPE) material and are
available in different sizes, 12 mm, 16mm,
and 20 mm. Based on the availability of
water, crop, and spacing, 12 millimeter
16-millimeter laterals are installed.
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6) Drippers:

Drippers are also called emitters. The
dripper is discharging water from the
lateral pipe to the soil. Drippers are
generally manufactured from
polypropylene materials.

RESULT & DISCUSSION

We have collected the data of the crops
and site so far. We will be designing and
analyzing our system as soon as we Visit
an industry and have a word with the
industrial experts.

The analysis will show the humidity of the
crop soil and indicate the need to provide
water and nutrients to the soil.

CONCLUSION

In a nutshell, our project will be beneficial
for farmers, government and agro based
industries and will provide profitable crop
harvest with good quality crops.

To conclude we will be implementing 3
important domains of agriculture - Grid
sampling, humidity and drip irrigation
simultaneously.
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ABSTRACT

There are five basic senses in living beings - hearing, seeing,
smelling, tasting and feeling. These senses are evolved in living thing
through million of years and we have did multiple work to insert these
senses into machine and | will say that we have successfully achieved
that. Right Now we are moving into the new era of 6" sense
technology where machine will be able understand human gestures.
Basically it sounds like miracle or alive machine, which is beyond
science. Sixth Sense Technology is a neck worm wearable gestural
interface that amplifies the physical world around us with the digital
information. It is the new technology that plays with the human
gestures to make the world more interactive and make work simpler.
Its basic use is to cause computers to adapt to human needs. It’s a
developing technology, once fully developed it has the potential to
give human being any source of information about the world around
him. The aim of sixth sense is to let the computer assist or help human
in making correct decisions by molding/showing information into
various forms. Sixth Sense technology bridges the gap between
tangible and non-tangible world. 6™ sense is like breathing a new life
in the world of virtual reality. Using the 6" sense technology,we can
make changes or development easy in developing cities or countries.

Keywords

Camera, projector, mirror, microphone, color markers, gestures.

1. INTRODUCTION

In the rising world of technology, we follow different technologies
for specific tasks in our daily life. Moreover, technology has been
running in our daily lives in all sectors, no matter what industry you
are dealing with, it has an impact in an unquestionable manner. Today
each and every member, regardless of age is aware of the technical
devices. All over we can say is “Technology is our useful servant”.
However, technology is emerging rapidly and there are no chances
for being slowing in nearer future. Since for last many years,
technology has taken the world in terms of the products we purchase,
communicate, the way we live, learn and has brought lots of changes
with this constant advancement of technology. The technology which
we use is constantly evolving due to which innovations in technology
in today's time is very common.one of the most example of
innovation we see is computer size it is decreased on year by
year.sixth sense technology is also a such type of innovation..Sixth
Sense is a gesture based wearable device developed at MIT Media
Lab by Mr. Steve Mann in 1994 and 1998, and further it developed
by Pranav Mistry in 2009. It comprises a head worm or neck worm
that contains both a data projector and camera.Headword versions are
built at Media mat Lab in 1997 that combined cameras and
illumination systems for interactive photographic art, and also
included gesture recognition

(e.g finger tracking using colored tapes on the fingers).[1]
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1.1 Why Sixth Sense Technology?

Sixth sense technology is a elevated platform which connects the
physical world with the digital information using natural hand gestures
to interact with that information in a simplest way. This technology
has a wide application in the field of artificial intelligence.

Sixth sense technology has a power of connecting the real world with
the digital world, and making many work more digital which will save
our lot of time. It recognizes the objects around you, displaying
information automatically and letting you access it in any way you
want, and you can carry it to anywhere. The sixth sense technology
sample model shows various applications like visual clock that
displays the ability, usefulness, viability and flexibility of the system.

[2]
1.2 6™ SENSE TECHNOLOGY PROTOTYPE

Sixth sense is a mini projector coupled with a camera and a
smartphone, designed for obeying hand gestures. Sixth sense is a

Extra sensory perception that aims at a more developed future with
both physical and digital world connected without the help of
hardware devices.

However, instead of requiring you to be in front of a big screen like
computer, laptop or mobile phone, Sixth Sense can do its magic
everywhere. [3]

The basic components of 6th sense device are;-

* Camera.

*  Projector.

®  Colored markers.
*  Mirror

®  Smart phone.
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MOBILE COMPUTING DEVIC

Figure2: Components of Sixth Sense Technology
1.2.1 Camera

The function of the camera is like that of a human eye, the only
difference being it will provide digital information. Camera
recognizes and tracks user’s hand gestures and physical objects
around us to be used as interfaces.

1.2.2 Projector
The projector is basically an output device which projects visual
information enabling Surfaces, walls and physical objects to be
used as interface. The projector itself contains a battery inside,
with a life span of 3 hours.

1.2.3 Colored Markers

Colored markers are placed at the tip of the user’s fingers using
simple computer vision techniques. It helps the webcam to track the
movement of the fingers. Marking the user’s fingers with red, yellow,
Green and blue tape helps webcam recognize gestures. The
movements are arrangements of these fudicials are interpreted into
gestures that act as interaction instructions for the projected
application interface.

1.2.4 Mirror
Mirror is placed just below the projector. The projector can project
the information in any direction with the help of a mirror which can
be tilted in any direction as per the user’s requirement.

1.2.5 Mobile Device
Mobile device may be a laptop, PDA, smart phone etc. these are
connected to other hardware devices and send information to the
projector for projection. The important thing is that the device is a
mobile device. It means it is so light that we can take it with us where
we want to. It is as small a cell phone and is so simple to use. [8]

2. WORKING of SIXTH SENSE
TECHNOLOGY

In Sixth Sense Intuition gadget inspect what an individual view and
works on the surfaces and actual item where individual is interfacing
with... To form a Brand new interaction experience, a number of
gadgets like projector, mobile phone and a webcam have been
combined which is done by the researchers. The various object
around us, Presenting information and provide access in any way
what user wants in a simple way is identified by sixth sense
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technology. The technology is mainly based on hand gesture
recognition, image capturing, processing and manipulation etc.

The Working Of The Sixth Sense Device

. Tmager
e |
Grrlwens

J

Sowd by
|Hi g

——

Nend lale ’

Wafhest On fhosiend
Propeet bmage Variwe Tnds v
’ Smine

Figure 3: Working of Sixth Sense Technology [8]

The camera is used to capture and recognize hand gestures of the user,
individuals, images and physical objects using computer vision based
technologies, while the projector is used to project visual information
on walls or on any physical object around us to be used as an interface.
Other hardware includes mirror and colored caps to be used for fingers.
The Sixth Sense Technology has a camera doing live video stream to
tracks the location of object if the tip of the fingers is used to identify
the gestures. The process is done using some techniques of computer
vision. Basically it is device which is a mini projector and which can
be projected on any surface. It carries the information stored in it and
also collects information from the web. It is the one which obeys hand
gestures of ours and give us what we want to see and know. it is the
combined technology of computer along with the cell phone. It works
when a person hang it on his neck and start projecting through the
micro projector attached to it. Our fingers work like a keyboard as well
as the mouse.

3. APPLICATIONS
3.1 Motion Capture

The new camera was praised by majority people at the time of
demonstration. The pictures can be edited, managed into galleries
and shared on any interface. The data is stored inside an inbuilt
storage device. At the time of using a surface, the entire data is
taken into that surface and after editing, it is stored in the device.

ge—

Figure 4: Motion capture

3.2 Capturing Photos using Fingers

The burden of carrying a camera and keeping it safe and sound free
on a trip can now be avoided by simply using the Sixth sense
technology. We can do this with sixth sense. If you make the square
using your index fingers and thumb then your picture is clicked by
the camera.
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Figure 5: Capturing image using fingers

3.3 Check the Brand of the Product

A product of the best brand can be chosen.

Figure 6: Check the brand of the product.
3.4 Reviewing Flight Status

Because of sixth sense we can review flight status. we can use any
background as a screen for projection, on which the status of flight
can be checked by placing the ticket in front of this technology.

Figure 7: Reviewing Flight Status

3.5 Time without watch

Time can be viewed merely by drawing a circle on the wrist instead
of physically wearing a wristwatch.

——a=

CHECK THE TIME

Draw a circle on your wrist to get a virtual watch that
gives you the correct time

Figure 8: Time without watch

3.6 3D Drawing

Provides a pencil that allows users to draw in 3D, a good way to learn
for the beginners in the field of 3D modeling.
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Figure 9: 3d drawing

3.7 Call using palm as dialer

It gives the provision of using the hand as a screen onto which the
dialer is projected, using which an individual can make a call.

Figure 10: Call using palm as dialer

3.8 Video newspaper

It determines the news headline and the displays the appropriate video.

Figure 11: Video newspaper

3.9 Zoom in Zoom out
It helps to view images and related things in the way one wants to see.

(6]

Figure 12: Zoom in Zoom out
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Application Description

Makea Call This Technalngy enahles the nser ta make a
call without using dialer

The device can tell whether is user is in
delay or on time by booking at the tickets.

It allow the user to navigate a map that
displayed on a nearby surface by using our
hand gestures, which is similar (o (he
gestures supported by the multi touch based
system allows the user to zoom in and zoom

out,

Get Flight updates

The Map

3D Drawing Application It lets the user draw on any surface by
tracking the tips movements of the user

index finger.

I'he Clock Ihe user just needs to make a gesture of a
circle on (he wrist and he clock with
current time will be projected on the user's

hand,

Motion Capture Using fingers the user can capture photos
without carrying an extra gadget

This device also identify the articles in the
newspaper, retrieve the recent stories from
the internet and then then show them on

pages for indiy iduals,

Video Newspaper

BookInformation For book lovers it proved to be a blessing as
vom just apen any haak and find the ratings
of the ook, also move on any page and get

additional information.

Figurel3: Applications of Sixth Sense Technology [7]

4. ADVANTAGES OF SIXTH SENSE
TECHNOLOGY

a) The digital information and its objects are combined into the
physical world by using the Sixth sense interface, thereby
making the entire world as our own computer.

b) Sixth Sense makes machines like computers to adapt to human
needs and not the other way round.

€) Hand gestures are used to communicate with digital information,
multi-touch and multi-user interaction is also supported.

d) Data from machine is directly accessed into real time. It is open
source and it is cost effective and map idea can be minded
anywhere.

e) Our relevant information is provided by the gesture controlled
wearable computing device that manipulates any surface into a
display.

f) Itis portable
g) Comparatively easy to carry as can be worn in our neck

h) Even a naive man with little or no knowledge of mouse and
computer can use this device.

i)  The cost that arose for the making of the sixth sense technology
proto type is very low. A normal sixth sense device sums up to
$300. [5]
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5. DISADVANTAGES OF SIXTH SENSE
TECHNOLOGY

a) Excessive use of a technology can cause addiction and can
hamper social life as well. It can diminish humanness.

b) Exposure of rays on surfaces like human arms can lead to health
problems.

c) This technology will affect the hardware market and will result in
less revenue being generated and lower the cash inflow.

d) Itcan affect the vision of the user because of its peculiar and better
use at night time and in dark areas as compared to mornings and
bright places.[5]

6. CONCLUSION

The Sixth sense technology is continuously evolving to combine
information into real world. The coming life is based on Al in that sixth
sense has much use. It can grant an simple power over equipment and
machinery in industry. It can assist in en-rooting multiple application
areas for different engineers and builders upon their innovation,
imagination, what’s their requirement and how they need. Due to its
worldwide application it is also Known as open source software. It is
a replacement of Fifth sense Technology. The Sixth sense technology
will bring a severe alteration in the area of science and technology.

7. FUTURE SCOPE

Further development in this technology will lead to involvement of
new markets. Hardware used in the current technology can be
perfected as it plays an important role in this technology by interacting
with the user. Security of the current technology can further be
improved and more accuracy should be aimed for. Enhancements
should be made so that visually impaired people can use this
technology. The current technology is a little bulky to carry around, so
few improvements can make it user friendly.
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Abstract—Waste Management and segregation is a much-
needed process in metro cities and urban areas due to spreading
of diseases. It is estimated that India produces 42.0 million tons
of municipal solid waste annually at present. Waste lying
littered in the surrounding, dumped on open lands, becomes a
major problem for various types of disease-causing bacteria and
viruses hence, segregation, transport, handling and disposal of
waste must be managed properly to minimize the risks of the
public and environment. When mixed dry and wet waste breaks
down in lowland, it creates nasty greenhouse gases. Segregation
makes it attainable to utilize and recycle the waste effectively.
This waste segregator system can easily segregate waste. When
waste is thrown in the pipe, IR sensor will sense the waste. Waste
is divided into three categories namely Wet, Dry and Metallic.
Another sensor will sense the garbage category. As per the
algorithm used, if the waste is metallic then the mechanism will
bring the metal collecting bin below the pipe and with the help
of servo motor the waste will fall into the metal bin. Similarly,
the process will repeat if wet waste is sensed. If the sensor
doesn’t activate both the sensor category then the waste will be
considered to be a dry waste segregation system for household
use, so that it can be sent directly for processing. It is designed
to sort the refuse into metallic waste, wet waste and dry waste.
The AWS employs parallel resonant impedance sensing
mechanism to identify metallic items, and capacitive sensors to
distinguish between wet and dry waste. Experimental results
show that the segregation of waste into metallic, wet and dry
waste has been successfully implemented using the AWS.

(Keywords- waste management, segregation, metro cities,
metallic waste, IR sensor, pipe, AWS. )

I. INTRODUCTION

In India about 60 million tonnes of waste is being
generated every year. Ten million tonnes of garbage is
generated in metropolitan cities. The landfills of most of these
cities are overflowing with no space for fresh garbage waste.
The philosophy of “waste management hierarchy” has been
adopted by most nations as the step for developing municipal
solid waste (MSW) management strategies.

According to a sanitation survey called ministry of
urban development under the swachh bharat mission, it was
found that about 50% people in India face the problem of
improper waste collection and management. According to
centre of science and environment, innovative disposal and
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recycling methods must be introduced instead “Swachh
Survekshan-2016" conducted.

Thus, we have proposed a cost effective Automatic
waste segregator categorizes the waste as plastic, metallic
or organic. The monitoring system helps to monitor the waste
collection process. The common method of waste disposal
is by unplanned and uncontrolled dumping at landfill areas
. This method is hazardous to human health, plant and
animal life. When the waste is segregated into basic streams
such as plastic, metallic and organic, the waste hasa higher
potential of recovery, and then, recycled and reused
“Automatic waste segregator and monitoring system” for
proper management of waste.

The organic waste Is converted either into compost or
methane-gas or both Compost can replace demand for
chemical fertilizers, and biogas can be used as a source of
energy. The metal waste could be reused or recycled. Even if
there are large scale industrial waste segregators present, it
is always feasible to separate the waste at the source itself.
The hazard for waste workers is reduced Also, the
separated waste could be directly sent to the recycling and
processing plant instead of sending it to the segregation plant
then to the recycling plant.

Il. EASE OF USE

Sorting of waste at the primary stage will make the waste
management more effective and fruitful.

It can make the dustbins cleared as and when they are
filled, thus giving way to a cleaner environment.

It also helps to reduce the requirement of manpower to
manage the waste collection process.

It helps to convey direct message transformation between
smart segregation system and municipal department the
traffic flow on the road reduces.

I1l. LITERATURE REVIEW

Nimisha S Gupta, Deepthi V, Mayakunnath, Rejeth Pal S,
Badsha T S, Nikhil Binoy C, proposes a spot automatic waste
segregation unit that effectively gives a solution to this
problem. In order to segregate the metallic waste a parallel
resonance impedance system is used, and for the separation
of wet and dry waste capacitive sensors are used. The benefits
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of this work are, the waste has a higher potential for recovery
and the occupational hazards of waste separating workers is
also reduced. Ms. Suchitra Vmr. Shariq Mohammed Shaik
Ms. Stuti Jha Ms. Suchitra V, It deals with the minimization
of blue-collar method utilization for exclusion of waste into
an automated panache. An automation of this style not only
saves the manual segregators of the numerous health issues,
but also proves to be economical to the nation. Besides, this
system utilizes low cost components for the successful
segregation of most types of waste. When installed in
apartments or small colonies, it proves to be beneficial in
sorting the waste at the site of disposal itself. Amrutha
Chandramohan et. Al.states there is no such system for
segregation of wastes into categories such as dry, wet and
metallic wastes at the household level. An Automated Waste
Segregator (AWS) can be used at the household level so that
the waste can be sent directly for processing. The AWS
employs inductive sensors to identify metallic items, and
capacitive sensors to distinguish between wet and dry waste
depending upon the threshold values set. However, it cannot
segregate ceramic into dry waste because it has the higher
relative dielectric constant as compared to other dry wastes
that are segregated. By increasing accuracy and overall
efficiency, we can eliminate noise. Nishigandha Kothari et.
All. used Ultrasonic Sensors are used to monitor the garbage
collection. When the garbage reaches the sensor level an
interrupt is sent to the microcontroller. J.S. Bajaj et. Al. says
many upgradations can be done to the existing project. Some
of which are listed below: Advanced processing techniques
can be incorporated once the waste has been segregated,
methods for individual material feeding for local use so that
the segregation can be performed continuously once the waste
is dumped, image sensing can be used to segregate materials
through Image processing technology. Rashmi M. Kittali et.
Al. says that even PLC can be used for AWS. It has an
advantage of reduced manpower, improved accuracy and
speed of management of waste. It also avoids the risk of
working in hazardous places. This work can be implemented
by making use of a robotic arm in the future to pick and place
certain materials which can be re-used. The bins can be
unloaded by placing limit sensors at the top of each bin.

IV METHODOLOGY

Fabrication is an important industry that involves
cutting, manipulating and assembling materials to
produce desired structures. And while different
fabrication companies use different techniques, most
rely on three basic processes: cutting, bending and
assembling.

1) Cutting

The first process of fabrication is cutting. During this
process, the metal fabrication company cuts one or
more pieces of raw metal for use in the creation of a
new metal structure or product. Whether it’s steel,
aluminum, iron or any other common type of metal,
though, cutting metal requires special tools. Some
metal fabrication companies use torches to cut metal,
whereas others numerical control (CNC) machines
involving lasers or water jets. When finished, the
company will have clean, appropriate-sized sheets or
sections of metal with which to work

2) Bending
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After cutting raw metal, metal fabrication companies
must bend it. Again, there are different ways to bend
metal after cutting it. Some metal fabrication
companies hammer the metal sheets or sections into
the desired shape. Hammering can be done by hand, or
it can be done using a machine (power hammering).
Recently, though, many metal fabrication companies
have begun using press brakes to bend their metal. This
heavy industrial machine automatically presses metal
sheets and sections into a specific shape when
engaged. It essentially clamps the metal between a
punch die, forcing the metal into the desired shape.

3) Assembling

The third and final process of metal fabrication is
assembling. As the name suggests, this process
involves assembling the metal sheet or sections into the
desired finished product. Assembling is typically
performed via welding, though other steps may be
included in the process as well. In addition to welding,
for example, metal fabrication companies may crimp
seams, apply screws or other fasteners, and apply glue.
After assembling the metal, the company will finalize
the product before shipping and selling it to its
customers.

Metal fabrication is a driving force behind the
country’s  ever-growing  manufacturing  sector.
Although there are countless machines and techniques
used by metal fabrication companies, must rely on a
three-step process that consists of cutting, bending and
assembling. These three processes allow metal
fabrication companies to transform raw metal
materials into new products.

V DESIGN CONSIDERATIONS

Several structural design considerations should be taken
into account for economical and efficient manufacturing.
Many of these apply to other joining methods, and all apply
to both subassemblies and the complete structure.

1. The device should be suitable for local manufacturing
capabilities.

2. The attachment should employ low-cost materials and
manufacturing methods.

3. It should be accessible and affordable by low-income
groups, and should fulfill their basic need for mechanical
power

4. It should be simple to manufacture, operate, maintain
and repair.

5. It should be as multi-purpose as possible, providing
power for various agricultural implements and for small
machines used in rural industry.

6. It should employ locally available materials and skills.
Standard steel pieces such as steel plates, iron rods, angle iron,
and flat stock that are locally available should be used.
Standard tools used in machine shops such as hacksaw, files,
punches, taps & dies; medium duty welder; drill press; small
lathe and milling machine should be adequate to fabricate the
parts needed for the dual-purpose bicycle.

7. It should make use of standard parts wherever possible.
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8. The device should adapt easily No permanent structural
modification should be made

9. Excessive weight should be avoided, as durability is a
prime consideration.

VI MECHANICAL PROPERTIES OF MATERIALS

e  Strength

e  Stiffness/Rigidity
o Elasticity

e Plasticity

e Ductility

e  Birittleness

o Malleability

e Toughness

e Machinability

e Resilience

o Creep
o Fatigue
e Hardness

VIl AESTHETIC

Another important criterion in any product design is to
consider the looking of the product itself, which is
known as aesthetics of the product. This product’s
aesthetic contributes substantially to satisfy the
customer needs. In the proposed chair design, several
aesthetics issues such as social appeal, colour,
dimension, cushion material, etc., were also
considered into account. Various aesthetic issues with
respect to students’ needs of the proposed chair are
highlighted in Table X with brief explanation.

VIII COMPONENTS

Servo Motor (MG996R)
Base Plate

Container

Round Plate

Rod Spacer

Supporting Frame
Mounts

Joints & Screws
Coupler

IX WORKING
e Drop the waste into the pipe.

e IR sensor will sense the waste and it will rest on the
bottom plate.
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e Now the sensor on the plate will sense the waste as
in 3 categories — Metallic or wet.

e Now the algorithm is so made that if the waste is
metallic then the mechanism will bring the metal
collecting bin below the pipe and the servo will let
the waste fall into the bin.

o Similarly, the process will be repeated for wet test.

e If both the sensor doesn’t activate then the waste
will be detected as dry waste.

X RESULTS

Automatic Waste Segregation System” sorts wastes into
three different categories, namely metal, plastic and the wet
(organic) waste. Wet waste refers to organic waste such as
vegetable peels, left-over food etc. Separating our waste is
essential as the amount of waste being generated today causes
immense problem. Here, we have tested the household wastes
whichh are generated in every home today and we have come
up with the following result. When exposed to our automatic
waste segregator and monitoring system. The proposed
system would be able to monitor the solid waste collection
process and management of the overall collection process. It
would provide in time solid waste collection. The
technologies which are used in the proposed system are
good enough to ensure the practical and perfect for solid
waste collection process monitoring and management for
green environment.

X1 CONCLUSIONS

This paper enhances the cleanliness of the smart cities by
the practical application of Automatic waste management and
segregation system using automation with urbanization and
increasing population, disposal of waste is a major concern.
This proposed system is an effective waste segregation system
that has no human intervention or interference to separate dry
and wet waste. It provides timely collection and disposal. The
proposed system can be deployed on a domestic scale in a
household or a large scale in public places.
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Abstract: Man has needed and used energy at
an increasing rate for the substance and well
- being since time immemorial. Due to this a
lot of energy resources have been exhausted
and wasted. Proposal for the utilization of
waste energy of foot power with human
locomotion is very much relevant and
important for highly populated countries
like India where the railway stations,
temples, etc., are overcrowded all round the
clock. In this project the simple mechanism
of rack and pinion and piezoelectric
assembly mechanism is used for generating
power by utilization of force which is
obtained during the walking on steps is
converted in to electrical energy with the
help of mechanical systems.

I. INTODUCTION

The most frequent activity in a person's life is
walking. Due to the transfer of weight onto the
road surface through foot falls on the ground
with each step, when a person walks, he sends
energy to the road surface in the form of impact,
vibration, sound, etc. This energy can be
captured and transformed into a form that is
useful, like electrical form. We are creating a
foot step power generating equipment in order
to develop a method to collect footstep energy.

If this device is buried in a sidewalk, it can
transform the energy of a footfall into an
electrical charge. The device's top plate will
slightly droop when a pedestrian steps on it
because of the weight of the pedestrian,
according to the working theory. Piezoelectric
material used in the device is compressed as a
result of the plate's downward movement,
creating electrical energy.
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Dept. Mechanical
Thakur College of
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Il. LITERATURE SURVEY

To know the problems in the current situation
in the world we first analysed the global data
regarding energy consumption. When we came
to the conclusion that we need to harvest energy
by some method, we thought of tiles that can
produce electricity.

We read several papers regarding this on
websites like Science Direct, JSTOR, EBSCO
etc. Complementarity, we also consulted
secondary sources such as Google Scholar,
ResearchGate and Academia. We found papers
from 2012 to 2022, by choosing those whose
content have information on methods of
generation and energy harvesting.

There were mainly two main methods to
produce electricity using pressure and they
were piezoelectric and Rack and Pinion Gear
systems. We have planned to maximize the
power output by combining both the systems
into a single system. Limiting the usage of a
single system individually does have losses in
terms of limitations in the PEC’s, or the
frictional losses in the gears etc. We have
planned to keep these tiles at places where we
have the maximum number of people walking
onto this.

I1l. PROBLEM STATEMENT

Proposal for the utilization of waste energy of
foot power with human locomotion is very
much relevant and important for highly
populated countries like India and China where
the roads, railway stations, bus stands, temples,
etc. are all over crowded and millions of people
move around the clock. Using piezoelectric to
harvest vibration energy from humans walking,
machinery vibrating, or cars moving on a
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roadway is an area of great interest, because this
vibration energy is otherwise untapped. Since
movement is everywhere, the ability to capture
this energy cheaply would be a significant
advancement toward greater efficiency and
cleaner energy production.

IV. MODE OF OPERATION & DESIGN

Fig. 1 shows the system model of the power
generation.

The projections on the tile surface come in
contact with the piezo material and hence apply
force on it. For maximizing the output we have
also added rack and pinion arrangement below
it, so that the excess force which is wasted is
converted into electricity and stored in the
generator.

Gear Arrangement
+

DC
Generator

Piezoelectric

Fig 1

Study of Piezoelectric Materials:- Piezoelectric
ceramics belong to the group of ferroelectric
materials. Ferroelectric materials are crystals
which are polar without an electric field being
applied. The main component we are using is
the piezoelectric material. The proper choice of
the piezo material is of prime importance. Next,
to check the connection that gives considerable
voltage and current necessary, for that six piezo
transducers are connected in series. The process
for selection is better output voltage for various
pressures applied. In order to understand the
output corresponding to the various forces
applied, the VI characteristics of each material
namely, Piezo transducer are plotted.
Voltmeters are connected across both of them
for measuring voltages and an ammeter is
connected to measure the current. As various
forces are applied on the Piezo material,
different voltage readings corresponding to the
force are displayed. For each such voltage
reading across the force sensor, various voltage
and current readings of the Piezo test material
are noted.

The energy generated depends upon the weight
of the person, type of movement, and maximum
deflection. This kinetic energy is converted into
electricity. This generated electricity is stored
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in the form of batteries.to which the rectifier is
connected to get pure dc supply.

V. CALCULATIONS

Charging Time:

The entire energy that is produced when the
load is applied on the footsteps is stored in a
storage device called BATTERY. So, it is taken
as important criteria to determine the charging
time taken by the battery.

Charging Time = Battery Rating/Charging
current

Battery Backup Time:
Backup Time = Battery Rating/Load Applied

Spring Stiffness:

Hooke's law is a principle of physics that states
that the force F needed to extend or compress a
spring by some distance X is proportional to
that distance.

That is: F = kX, where Kk is a constant factor
characteristic of the spring: its stiffness, and X
is small compared to the total possible
deformation of the spring.

The spring constant K is measured in newtons
per metre (N/m), or kilograms per second
squared (kg/s"2)

Now, to the matter:-

Find force exerted by the weights which you
have. i.e., for example if you have a 20 Kg
block of weight, then

F = (mass) x ¢

F=(20 kg) x (9.8 m/s"2) =196 N

Now use F=kX where X is the displacement
produced in the spring when the weight is
suspended.

The displacement in this case of our project
work is 0.1524 m.

=> k=F/X
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=>k =196/0.1524

=> k= 1286.08 N/m.

So, for a minimum weight of a person of 20 kgs
the stiffness of the spring is given as 1286.08
N/m.

Theoretical Output:

To determine the output power of the device it
is essential to determine the force applied on the
model. Let the force applied be calculated as,

Force = Weight of the body = m.g.

Work done = Force x Displacement

Power = Work done/sec

Let the weight applied by the body is 20 kgs,
then the maximum displacement of the spring
can be noted as 0.05 m

Force =20 x 9.81 = 196.2N

i.e., work done = 9.81N

Power =0.981/60 i.e., power = 0.1635

Power generated per hour = 0.1635 x 3600 =
588.6 watts

No of | Duration | Total | Energy/Step
steps of light | Energy
250 6 600 2.4
500 12 1200 2.4
750 18 1800 2.4
1000 24 2400 2.5
VI. RESULT

Piezoelectric flooring is ideal for places that
receive heavy foot traffic. It can be placed at
tourist attractions, dance floors or town halls,
schools, stadiums, In fact, the hard Energy
Floors has a product called the Sustainable
Dance Floor especially designed for clubs.
Piezoelectric tiles can also be placed in other
busy places such as subway stations, airports,
universities, and malls. The technology of using
piezoelectric tiles to generate electricity using
pressure is new, companies in this sector are
still looking for wventure capitalists and
investors. It would be interesting to see if any
automotive companies develop an interest in
this technology to harvest electricity from the
movement of cars and other vehicles.

VIl. CONCLUSION
A piezo tile capable of generating 12V has been

devised. = Comparison  between  various
piezoelectric materials shows that PZT is
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superior in  characteristics.  Also, by
comparison, it was established that series
parallel combination connection is more
suitable. The weight which is applied to the
piezoelectric tile and corresponding voltage
generated is studied and they are found to have
a linear relation. It is especially suited for
implementation in crowded areas. This can be
used in street lighting without the use of long
power lines. It can also be used as charging
ports, and lighting of pavement side buildings.
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Abstract—The current project involves the creation of a
vertical axis wind turbine (VAWT) that has been designed and
fabricated to meet specific requirements. The VAWT blades have
an aerodynamic shape that allows for less weight and greater
rigidity. The turbine is mounted on the street divider, where the
speed of air from passing vehicles is sufficient to turn the blades.
The VAWT is unique in that it is constructed to allow vehicles on
both sides of the street to move the blades. The blades are
connected to an inner shaft that generates power, which is then
stored in a battery and can be used for various applications. A
small-scale model was created and tested in the lab, and it was
found that at a speed of 25 m/s, the VAWT could generate up to
4kW of power. It can also function with low wind speeds ranging
from 4 m/s to 35 m/s.

Keywords—VAWT, design, simulation.

I. INTRODUCTION

Wind power is a renewable energy source that can serve as
an alternative to traditional fossil fuels. It is clean, abundant, and
has the potential to help address the issue of global warming.
Vertical Axis Wind Turbines (VAWTSs) have several
advantages, such as the ability to place heavy parts on the ground
for easy servicing and the capacity to detect wind from all
directions. Asynchronous connection directly to the grid is one
of the most straightforward methods for wind power generation.
In addition, wind power can complement conventional
combustion processes to provide additional power.

Vertical axis wind turbines (VAWTS) have higher efficiency
and are a feasible option for power generation in areas without
access to electrical mains. They differ from the conventional
horizontal axis wind turbines as they rotate around a vertical axis
using rotors. VAWTSs have various advantages such as the
ability to rotate regardless of wind direction, easier maintenance,
lower noise, and reduced gravity-induced errors. The
development of VAWTS has been studied for 30 years, and
recently more focus has been on optimizing their profitability
and power generation.

Il. DESIGN

A. Product Performance

The Savonius vertical axis wind turbine (VAWT) has been
developed with a focus on educational and household use. To
ensure its effectiveness, the VAWT's ability to withstand various
environmental conditions and winds was analyzed.
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Additionally, the VAWT's response to specific wind conditions
was considered to ensure proper movement and performance.

The Savonius wind turbine operates by utilizing the
difference in forces exerted on each blade. The concave half of
the lower blade facing the wind direction catches the wind and
generates a force that causes the blade to rotate around its central
vertical shaft. On the other hand, the convex half of the upper
blade facing the wind direction hits the wind and deflects it
sideways around the blade.

The curvature of the Savonius wind turbine blades results in
the blades experiencing less drag force (Fconvex) when moving
against the wind than when moving with the wind (Fconcave).
As a result, the half cylinder with the concave side facing the
wind experiences more drag force than the other cylinder, which
causes the rotor to rotate. The differential drag force is what
enables the Savonius turbine to spin. However, due to the
significant amount of power used to push the convex half of the
blade, Savonius turbines typically extract less of the wind's
power than similarly sized lift type turbines, resulting in lower
efficiency. The three-blade Savonius wind turbine is constructed
from three half cylinders arranged at 120 degrees relative to each
other, as shown in the figure.

D,

Figure 1: Schematic drawing showing the drag forces exert on
three blade Savonius

B. Structure

The decision to use a Savonius type wind turbine in the
VAWT was based on its suitability for a drag-type turbine
design and the positive readings obtained through simulations.
Additionally, the blade design of the Savonius turbine can be
easily modified or changed to meet future development goals.
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Figure 2: Savonius Blade Design on Fusion 360

Savonius turbines are known for their simplicity, as they
consist of two or three blades in a drag-type design. The blades
are typically shaped like half-cylinders and are arranged
vertically. In cross-section, a two-blade Savonius wind turbine
would resemble the shape of the letter "'S."”

I1l. COMPONENET SELECTION

A. Blades

Aluminum sheet plate is a common material used for rotor
blades in wind turbines due to its lightweight nature, corrosion
resistance, rigidity, recyclability, ease of construction, and low
cost. Thicknesses available for aluminum sheet plates range
from 3mm, and sizes range from 2000 x 1000mm. For this
project, the rotor blade was manufactured with a length of up to
1000mm and a width of 300mm. The blade was designed using
the Twisted Savonius method, which is a modified version of
the Savonius design and is one of the subtypes of the vertical
axis design.

Increasing the infill density can help to strengthen the
structure and prevent breakage under stress. However, it can
also increase the weight of the blade and may affect its
aerodynamic performance. Therefore, the infill density needs to
be carefully selected based on the specific requirements of the
blade. Additionally, 3D printing may not be the most cost-
effective option for mass production of blades, but it can be
useful for prototyping and testing.

B. Shaft

The material used for the shaft is also an important
consideration. Mild steel is a common choice for shafts due to
its strength, durability, and cost-effectiveness. The diameter of
the shaft should be selected based on the torque requirements
and the strength of the material. The length of the shaft should
be selected based on the distance between the blade rotor and
the generator or gearbox. It is important to ensure that the shaft
is properly fitted to the blade rotor to prevent any wobbling or
instability during operation. Additionally, the weight of the
shaft should be minimized as much as possible to reduce the
load on the bearings and increase the efficiency of the turbine.

C. Bearing

Ball bearings are commonly used in wind turbines to
support the rotor shaft and reduce friction between the rotating
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parts. Grease is used to lubricate the bearings and reduce wear
and tear. It is important to maintain the bearings properly to
ensure smooth operation of the turbine and prevent premature
failure of the components.

D. Spur gears

The spur gears are being used as a speed increaser to
improve the output power of the wind turbine. The two gears
used have different sizes, with the larger gear having more teeth
than the smaller gear. As the wind turbine rotates, the smaller
gear turns the larger gear, resulting in an increase in speed of
rotation. This increase in speed allows for more power to be
generated by the wind turbine.

E. Generator

The generator is a crucial component in our Savonius wind
turbine design as it converts the rotor's rotational energy to
electrical energy. The generator type we select will depend on
factors such as the required power output, electrical output
voltage and frequency, and cost and availability. Common
generator types for wind turbines include induction,
synchronous, and permanent magnet. We'll need to consider
how the generator is connected to the rotor shaft and electrical
load, as well as efficiency, reliability, and maintenance
requirements.

I\VV. METHODOLOGY

To optimize the design of a vertical axis wind turbine
(VAWT), several parameters must be considered, including
wind speed, blade area, blade pitch angle, number of blades,
generator efficiency, gear ratio, and power output. These
parameters affect the amount of power that can be generated
and how efficiently it can be converted to electrical energy. By
carefully adjusting these parameters, the VAWT can be
designed to achieve maximum power output and efficiency.

The average natural wind speed in India to be 5.3m/s.
Density of air 1.225kg/m?®,

For minimum speed = 14.4 km/hr

=4m/s

For Maximum wind speed = 21.6 Km/hr
=6m/s

For Average wind speed = 19.8 Km/hr
=5.5m/s

Power in the wind

The power of the wind is described by:
P kin= 0.5*m*v?

Where:

P kin = kinetics power [W];

m = mass flow = p*A*v [kg/s]

p = density [kg/m®]

A = area [m?]

v = speed [m/s]

Although the frequency distribution of wind speed varies
across different locations, it generally aligns well with the
distribution.

For VAWT (Vertical Axis wind turbine) the area is
calculated by
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A=d*h
Where d= diameter of the rotor (m)
h= height of the blades (m)
So area A= 0.6*1
A=0.6 m?
Power in the wind:
P kin= 0.5*m*v?
m = p*A*v
=1.225*%0.6*5.5
m = 4.0425 kg/sec
P kin= 0.5*m*Vv?2
= 0.5%4.0425*5.52
=61.143W
=0.06 KW
This is the power of the shaft, the power obtained from the
generator may reduce 30% because of power losses.

V. CONCLUSION

The experiment will be conducted within the college
premises using a blower with varying wind speeds, while
measuring the wind speed using an anemometer. The motor will
be connected to a digital multimeter to record the corresponding
voltage and current at each wind speed, which will then be used
to calculate the power generated. The theoretical power output
at wind speeds of 4m/s, 5.5m/s, and 6m/s are 0.02KW,
0.06KW, and 0.08KW, respectively. However, the actual
output will be lower due to losses in both the mechanical and
electrical systems.

w8

SHSHTEH

Figure 3: Solidworks Flow Simulation Results

Joe @&
= Ffa3sosme

» v m

BAeuTE>

Figure 4: Soliorks Flow Simulation Top iew

- % 0

51

Figure 5.3: Solidworks Flow Simulation Side View

Figure 5: Solidworks Flow Simulation Side View

The VAWT is constructed to be able to harness wind from
any direction, and its power output at a wind speed of 6m/s is
calculated to be 0.08kW. To improve the efficiency of the
VAWT, the size and shape of the blade can be modified. The
theoretical and experimental results differ due to the
assumption in theoretical calculations that the wind is hitting all
three turbine blades, while in practice, it only hits one blade at
atime.

The "Vertical Axis Wind Turbine" project is suitable for
both household and industrial applications and can be easily
implemented. Based on the project, it can be inferred that wind
turbines have a wide range of applications in generating power.
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Fake Currency Detection System

Abstract— Currency is a very important aspect in our day
to day lives. Almost all countries in the world are facing the
problem of fuke currencies including India. Counterfeit notes
can be easily printed with high accuracy which makes it
difficult to differentiate the original note. Over the year various
studies and researches have been carried out on technologies
to detect fuke currency and as a result different methods were
introduced but there exist problems in these methods which
makes them less accurate. Hence an advance method to
identify fake notes is the necessity of time which can overcome
the flaws of the existing detection methods. This paper
introduces a new technology to detect fake notes based on
unique features and image correlations. The main aim is to
design a simple but efficient algorithm to detect counterfeit
currency. This method requires no human intervention and is
automatic which can be easily used. For classifications,
convolution neural network is used as a tool for pattern
recognition. The use of Neural Network improves the accuracy
of the system.

Keywords— counterfeit notes, fake currency, classification
technique extraction of features, image processing, detection
methods, currency crimes, rupees, currency crime, bank
crimes, economical crimes.

1. ORGANIZATION OF PAPER

This paper is divided into sections including
organization of paper.

II. INTRODUCTION

Currency is used in every country on large basis by
banks, offices etc. Also, small shops, vendors as well as
common people currencies in their day to day lives. With
growing technology counterfeit notes are printed with
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great accuracy and perfection that it becomes difficult for
an individual to detect the authenticity of the note merely
by basic observations. Hence there is a need of a system
which can detect fake currency easily with accurate
results and which can not only function in large
organizations but also for common man. Previously
existing hardware systems have various flaw and cannot
be used as a handy day to day note detector, as it can
only be of use in banks and offices. Also these cash-
sorting machines are costly. The new approach for
solving these issues is by using image processing
techniques. According to the denominations, paper notes
have different features. Each feature can be extracted and
then used for recognition. The features of the paper
currency can be detected using image processing. After
the image is processed, the quality of the pictorial
representation of the image is enhanced. Convolution
Neural Network (CNN) used for feature detection. Also
CNN improves recognition with high accuracy.

III. PREVIOUS TECHNIQUES.

Paper currency is the most secure way of transaction. Though it
can not be made by anyone with the same accuracy but it can
easily made with considering paper quality and certain
parameters.

Techniques to detect counterfeit notes kept on evolving with
checking some official parameters to machine learning and
neural network.

A. Generally used methods to detect counterfeit currency

1. Watermark
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In a fake currency, the watermark usually looks thick. Pay detail
attention to the watermark. The fake currency gang apply oil,

grease or wax to give the picture a translucent feel.
2. Figures & Alignment

In real currency, the figures will be aligned perfectly. But in the
fake currency, chances are there to get the figures out of
alignments. The gap between digits, smaller or bigger number,

and the unaligned digits should be observed carefully.

3. Ink Smudge

Real notes will not have ink smudges and broken rinted lines.
The notes with broken printed lines and ink smudges should be
regarded with suspicion.

4. Security Threads

Security threads that are just drawn or printed on the currency,
instead of the original one that is incorporated through the
currency.

5. Typography

In fake note s, the typography for "Reserve Bank of India" will
be thicker whereas in real Indian currency will have smoother
lettering

6. Micro lettering

In real currency, the micro-lettering feature appears between the
vertical band and Mahatma Gandhi portrait which contains
RBI'.

A magnifying glass would be required to see this feature well.

B. Digital image processing method

The design flow of fake currency detection system includes
eight stages: Image acquisition, pre-processing, gray scale
conversion, edge detection, image segmentation, feature
extraction, comparison and output [11]. This system is works
on two images, one is test currency image on which
authentication is to performed and other is the original currency
image.

IV. waaT 1s CNN

A system that has interconnected artificial neurons that
exchange the messages between one another is called Neural
network. An accurately trained network will respond correctly
when presented with an image or pattern to recognize, due to the
connection having numeric ways are turned during the training
process. Multiple layers of feature detecting neurons are placed
in the network. Each layer consists of a number of neurons which
respond to various combination of inputs from the previous
layer.

Ref. the figure no.1 shown, the layers are built up in such a way
that the first layer identifies a set of primitive patterns in the
input, the patterns of pattern are detected by the second layer,
and then the following layer detects pattern of the existing

53

pattern and so on. A typical CNN uses 5 to 25 distinct layers of
pattern recognition.
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Figure 1:an artificial neural network

Biological Neural Network stimulates the neural network.
Neuron is the basic computational of the brain and it is connected
with the synapses. Figure 2 compares the biological neuron with
the basic mathematical model.
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Figure 2: Illustration of a biological neuron (up) and its
mathematical model (down)

e Letus consider a real animal neural system, a
neuron receives the input signals from its
dendrites and produces output signals along its
axon. The axon branches are connected via
synapses to dendrites of other neurons. When the
combined input signals reaches the saturation
among its input dendrites, it triggers the neurons
and the successor neurons is communicated by
its activation.

e Now considering the neural network
computational model, the signal travelling along
the axons multiplies with dendrites of other
neurons based on the synaptic strength. We can
learn and control the influence of one neuron or
another. The signals are then carried by the
dendrites to the cell body, where they are all
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summed up. If the final sum observed is above a
specified threshold the neuron bursts, giving a
spike along its axon. In computational model we
assume that the particular timings of the firing
does not matter but the frequency of the firing
communicated the information.

We are using CNN in this project because in recent
past there has been tremendous growth in the field of
convolutional neural networks, while other pattern
detection networks have been around for the past 50 years.

L ProroseDp METHOD

BLOCK DIAGRAM

| Image Acquisition |

I Dataset Preparation

v

Crop ROI (centre value) |

N2

ROI Data Extraction |

v

Classification. |

N2

Result |

e Image Acquisition
We have scanned images for each denomination of
100,200,500- and 2000-rupee notes.
e Pre-processing
Following pre-processing steps are required to be
applied,
1. Rotate and crop

As we are interested only in the currency part, the images are
scanned in A4 size boundary. So first we rotate images to 90
degrees and then crop the image by setting the dimensions
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2. Covert to standard dimension

As all the currencies are different in dimensions so to apply
uniform logic to all the currencies, we initially convert all
currencies to standard dimensions of 250*150.

e Region of interest

We are focusing watermark, numeric value and other important
features of the note

e Data Extraction

In order to achieve the ultimate extracted images initially
convert the cropped ROI images to grayscale images.

e Classification

In order to classify neural networks, pattern recognition app is
used that is available in MATLAB. The neural network pattern
recognition app will help us to train a network of specific data,
and determine its performance using CNN.

e Result

A. Authors and Affiliation

The template is designed for, but not limited to, six
authors. A minimum of one author is required for all conference
articles. Author names should be listed starting from left to right
and then moving down to the next line. This is the author
sequence that will be used in future citations and by indexing
services. Names should not be listed in columns nor group by
affiliation. Please keep your affiliations as succinct as possible
(for example, do not differentiate among departments of the
same organization).

1) For papers with more than six authors: Add author
names horizontally, moving to a third row if needed for more
than 8 authors.

2) For papers with less than six authors: To change the

default, adjust the template as follows.

a) Selection: Highlight all author and affiliation
lines.

b) Change number of columns: Select the
Columns icon from the MS Word Standard toolbar and then
select the correct number of columns from the selection
palette.

c) Deletion: Delete the author and affiliation
lines for

the extra authors.

B. Identify the Headings

Headings, or heads, are organizational devices that
guide the reader through your paper. There are two types:
component heads and text heads.

Component heads identify the different components of
your paper and are not topically subordinate to each other.
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Examples include Acknowledgments and References and,
for these, the correct style to use is “Heading 5”. Use
“figure caption” for your Figure captions, and “table
head” for your table title. Run-in heads, such as
“Abstract”, will require you to apply a style (in this case,
italic) in addition to the style provided by the drop down
menu to differentiate the head from the text.

Text heads organize the topics on a relational,
hierarchical basis. For example, the paper title is the
primary text head because all subsequent material relates
and elaborates on this one topic. If there are two or more
sub-topics, the next level head (uppercase Roman
numerals) should be used and, conversely, if there are not
at least two sub-topics, then no subheads should be
introduced. Styles named “Heading 17, “Heading 27,
“Heading 37, and “Heading 4" are prescribed.

C. Figures and Tables

a) Positioning Figures and Tables: Place figures and
tables at the top and bottom of columns. Avoid placing
them in the middle of columns. Large figures and tables
may span across both columns. Figure captions should be
below the figures; table heads should appear above the
tables. Insert figures and tables after they are cited in the
text. Use the abbreviation “Fig. 17, even at the beginning
of a sentence.

TABLE L
Table Table Column Head
Head
Table column subhead Subhead Subhead
copy More table copy®
B Sample of a Table footnote. (Table footmote)

Fig. 1. Example of a figure caption. (figure caption)

Figure Labels: Use 8-point Times New Roman for
Figure labels. Use words rather than symbols or
abbreviations when writing Figure axis labels to avoid
confusing the reader. As an example, write the quantity
“Magnetization”, or “Magnetization, M”, not just “M”. If
including units in the label, present them within
parentheses. Do not label axes only with units. In the
example, write “Magnetization (A/m)” or “Magnetization
{A[m(1)]}”, not just “A/m”. Do not label axes with a ratio

of quantities and units. For example,
write  “Temperature  (K)”, not
“Temperature/K”.

ACkNOWLEDGMENT (Heading 5)

The preferred spelling of the word “acknowledgment™ in
America is without an “e” after the “g”. Avoid the stilted
expression “one of us (R. B. G.) thanks ...”. Instead, try “R. B.
G. thanks...”. Put sponsor acknowledgments in the
unnumbered footnote on the first page.

REFERENCES

The template will number citations consecutively within
brackets [1]. The sentence punctuation follows the bracket[2].
Refer simply to the reference number, as in [3]—do not use
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published, even if they have been submitted for publication,
should be cited as “unpublished” [4]. Papers that have been
accepted for publication should be cited as “in press™ [5].
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language citation [6].
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Abstract— Chess is an ancient strategy board game that is played
on an 8x8 board. Although digital games have become attractive
today, chess still retains its popularity in the onscreen version of
the game. There has also been considerable development in the
chess game engines to play against a human counterpart. The
objective of this work is to integrate these chess engines with an
actual board game experience and create an autonomous chess
player. The system is designed around the use of an open source
chess engine and a computer numeric control (CNC) controlled
magnetic moving mechanism for moving around the chess
pieces. The moves from the human counterpart are taken
through an overhead computer vision system. The robot makes
the game much more interactive and builds a link between the
human and computer system.

Keywords— Chess engine, ROS, Arduino, Computer vision,
CNC control.
l. INTRODUCTION

We live today in an increasingly digitized world and
technology has developed tremendously due to which
computer chess games and online chess hubs have become
very popular. Unfortunately, they do not give the feeling of
playing a real game of chess with chess board and pieces.

A lot of mobile and desktop applications are available that
allow users to play chess with a computer through an user
Interface(Ul) but they do not consider the interactive domain of
the game.

Motivation behind the development of an autonomous
chess robot comes from the goals that can be achieved with
it. The robot as an industrial product can help in conducting
professional chess matches remotely from two different
places. Chess being one of the most popular strategy games
requires tremendous practice and training. Chess training
centers around the globe can use these robots for giving
remote training sessions to children from experts around the
world.
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Automation of the game of chess has been previously
attempted through different robotic models. The most
common approaches used for handling the autonomous
movements of chess pieces is using a mobile manipulator[1].
The design and development of such a manipulator which can
carry out accurate and precise onboard movements is difficult
and expensive. Use of passive electronic sensors such as reed
switches and hall sensors have been used previously by Susac
and Filip [2] to keep track of the piece engines and make its
mechanical unit work in sync. The basic system architecture
of the proposed system can be seen in Fig. 1.

As an additional feature, a voice command gaming
positions on the physical chess board but they are fragile
magnetic switches which are susceptible to permanent
damage in case of any mechanical jerk on the robot positions
on the physical chess board but they are fragile magnetic
switches which are susceptible to permanent damage in case
of any mechanical jerk on the robot.

The objective of this work was to create a simple and
durable automated chess playing robot that will be able to
interact with a human chess player and play full-length
matches. It utilizes an electromagnetic head to latch on to
magnetic bottom ends of the chess pieces and drag the pieces.

Department Of Mechanical Engineering
Thakur College Of Engineering and
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Autonomous Chess Playing Robot

Il.  LITERATURE REVIEW

Existing efforts in developing chess-playing robots
generally greatly simplify the challenges of creating a holistic
perceive-compute-actuate system by applying significant
constraints. The most common is the use of a Digital Game
Technology (DGT) board, which uses sensors physically
embedded in the board and the pieces to report the current square
location of each piece to a computer, thus removing any need
for external perception. Examples of this include Chesska from
Russia and the KUKA Monstr from Germany, which competed
in a “World Championship for Robot Chess”. However, DGT
boards are not only expensive but far less common than standard
non-digital chess sets, immediately restricting the generality of
the chess robot.

In cases where computer vision is used for perception,
common simplifications include using non-standard colours
(suchas pink and green) to help the camera differentiate between
the board squares and pieces, and mounting the camera directly
above the board to reduce perspective distortion. Chess uses
Harris corner detection and heatmaps to detect the board and
piece movements at acute camera angles from a laptop webcam,
but requires manual move triggering and is susceptible to errors
with an inability to recover. Neufeld and Hall propose a
probabilistic matching algorithm based on image masks to
detect and classify the pieces and their current positions,
although with lower accuracy than our method. Tam, Lay, and
Levy use a combination of Hough line transforms and domain
knowledge to segment squares from populated chessboards in a
similar approach to ours, although no piece detection is
implemented. Bennett and Lasenby present a feature detector
that identifies chess board vertices in a robust way, although
again this method only finds chess boards and does not identify
occupancy or pieces. Czyzewski describes a three-step system
that finds, then analyses, and then refines the chess board
segmentation from different angles using neural networks, but
only a draft of the algorithm has been released and more tests
need to be conducted to verify the reliability and robustness of
this approach.

One of the common simplifications used by hobbyists for
the mechatronics subsystem is to use an XY linear slide system,
mounted on top of the board so that a gripper can easily and
consistently move to a square and pick up or put down a piece.
However, this requires a fixed board position, and can
sometimes occlude the board from a human player, while also
making the board much less portable.

A. Slider Mechanism

The mechanical unit of the robot primarily contains a
three-layer design for implementing an XY slider that can
maneuver an electromagnet to each and every position of the
chess board. Two railings are used in the Y direction and one
in the X direction. Linear gear along each axis and motors
with circular gears, mate to drive the sliders along both the
axis. The chess pieces have small neodymium magnets
attached to their base for coupling with the electromagnet.
Fluorescent yellow papers are attached on top of the pieces
for detection using image processing.
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Position accuracy is achieved by implementing IR
feedbacks from both the axis of motion. Slider displacement is
quantized by using black and white strips of width 3mm. The
IR circuit counts the strips and moves according to the
demanded count. A Low Pass Filters (LPF) has been used to
filter out the noise in the feedback due to mechanical
vibrations. This feedback signal is further processed with a
time-based filter in the microcontroller to get accurate position
feedbacks. This setup is can be seen in Fig 2.
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Fig. 3: Control Circuit

B. Vision system

The user’s physical moves are fed to the system
using a Logitech C270 720p [13] overhead camera which
takes real- time images of the board at a rate of 40 Frames per
Second (FPS). Three copies of each frame are made for three
different tasks consisting up color segmentation for chess
piece detection, edge detection for square center tracking and
hand detection for process control. The acquired square
centers are mapped on the binary frame generated after piece
detection to produce an 8X8 binary integer matrix
representing the occupancy of each square in the image of the
chess board. The generated matrix is considered for further
processing only if there is no hand detected in the hand
detection output, thus preventing any ambiguous input to the
system.

Irregular lighting conditions in an indoor
environment makes edge detection difficult thus creating
problems in accurate square center detection. To solve this
issue the tracked square coordinates are latched to a buffer
and gets updated each time when all 32 white squares are
tracked. This is feasible because the board remains static with
respect to the camera during the entire game-play.The setup
of the overhead camera fitted on a stilt can be seen in Fig. 4.
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These 32 white squares can then map to the rest 32 black

squares and thus track the entire chess board in every frame.
The vision algorithms are developed with the OpenCV [14]
libraries in C++.

C. Control system and chess engine

The software for the robot is powered with a chess engine
which processes the user input and gives the corresponding
best move as the output. Currently, the open- source Stockfish
engine has been used by default which is also the World’s best
chess engine. The 8X8 matrix is processed to determine the
onboard position changes to generate the user input in the
form of a string according to the Universal Chess Interface
(UCDH[15] format which is recognized by all the chess engines
globally. Once the engine gives its output as another UCI
string, it is encoded into a move sequence string which is sent
to the microcontroller through serial communication. The
microcontroller then reads this string to carry out on board
changes with the XY slider.

The user is assisted with an interactive Ul during the entire
game-play to keep him/her updated with the game which
provides all the virtual game features including save, restart,
load, undo and delete options. This makes the game more
user-friendly and interesting as it includes both real and virtual
features of the chess game. The control system is developed
with the Robot Operating System (ROS) framework in C++
and Python assisted with Ul (User Interface) developed with
Qtin C++. The interactions with the chess engines and game
state tracking are handled by python chess module. Serial
communication with the microcontroller is achieved with
pyserial python module[16]. The interaction between
individual nodes in ROS can be visualized with the node map
in Fig. 5.
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I. METHODOLOGY

Chess board pattern detection methods are based on
corner detection algorithms. These have two basic
drawbacks.

e  The number of false positive outputs increase with

increasing noise in the captured image.

e Outliers detected are difficult to segregate from the

correct set of points.

The algorithm used in this work for center detection of the
chess squares requires further filtering of the output to get the
approximated position of the chess pieces. The algorithm
assumes static configuration between camera and the chess
board in real-time, it is a simple yet effective approach to
solve the problem of chess board square center detection. This
algorithm uses a latched vector approach for consistent center
detection based on HSV image segmentation and canny edge
detection. The robustness was tested by using prints of the
chess board for giving tough detection challenge to the
algorithm. The algorithm works in 6 steps.

A.  Cropping the Image

The image obtained is cropped to get the Region of
Interest (ROI) that is the chess board. This removes
unnecessary noise from the surroundings during detection of
the centers.

B. Cloning the frame

The obtained cropped frame is cloned thrice to make a
total of four frames. Each frame is used for a different purpose
in the subsequent steps.
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C. Chess piece position detection

A cloned RGB frame is converted into a corresponding
HSV frame. This frame is threshed with respect to the color
of the yellow markers attached on the top of the pieces, to
obtain a binary image highlighting the position of the pieces
in the frame. The result can be seen in Fig 6.

Fig 6: Threshed image for chess piece position detection

D. Detection of the square Centres

A cloned RGB frame is converted into a grayscale image.
This frame is then blurred by Gaussian Blur convolution with
a kernel size of 7X7. The blurred frame is then processed with
the canny edge detection algorithm [17] to get the contours
present in the image. This can be seen in Fig. 7. The obtained
contours are filtered with respect to their shape and area to get
the contours corresponding to the white squares on the chess
board image. Each of the obtained contours is processed with
respect to their moments to get the center of area, which in
the real world would correspond to the center of the white
square on the board. The center coordinate vector (32X2)
obtained is not in an accessible format as the contours are
randomly detected during the contour detection process.
Hence this vector is sorted in ascending order according to the
sorting criteria given below.

Fig.7: Canny Edge Detected output

A vector of 32 points having each point represented as
(Xi, Yi). First, we sort the vector with respect to the Y
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coordinates. Then we divide the 32 element vector into 8
equal parts. Each part is sorted with respect to X coordinates.
The algorithm is illustrated in Fig. 8. This converts the vector
into a systematic format for accessing the position of a
particular square on the image of the chessboard.

Random vector of white centre coordinates

Length : 32

Sort Condition : Y(i) < Y(i+1)
T 1
Sort Condition : X(i) < X(i+1)

EEEERERERRINRRANAREEN

Fig. 8: Sorting Algorithm pictorial representation

Length:32

The black square centers are mapped with respect to their
corresponding white square. This mapping is done with a
pixel offset which depends on the vertical distance of the
camera from the chess board. Fig. 9 represents the above
mapping technique. As the vertical distance of the camera
increases the offset value decreases and parallax error
reduces. With this step, we have obtained the coordinates of
all the 64 square centers present on the board image. The
vector of 64 coordinates is latched in the memory for
reference until a new set of coordinates is detected by the
process. This step is essential because edge detection
algorithms are sensitive to lighting conditions of the
environment. As the position of the camera remains fixed
with respect to the board throughout the game, the latched
coordinates can be assumed to be reliable for referencing the
center of the squares.

Fig 9: Mapping of the black squares from the detected white
squares

E. Generating the binary position array

The obtained coordinate vector is accessed to get the
coordinates of each square. The HSV threshed frame obtained
in Step-C has the same dimensions as that of the frame
processed in Step-D. Hence a white pixel cluster in the HSV
threshed frame at a coordinate obtained from the vector will
represent the presence of a piece on the real board
corresponding a specific square. This method when applied to
all the 64 coordinates in an iterative manner gives the board
configuration in the form of a 2D binary array of 1s
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and 0s. 1 correspond to a position being occupied by a chess

piece and 0 corresponds to an unoccupied position. Fig. 10 These results_ suggest that our system presents a reliable
shows the binary matrix corresponding to é béard and robust chess playing robot. Although the data set is small the

configuration at the start of the game overall result suggests a high potential for further improvement.

V. DISCUSSION
In this section, we will discuss the terms of the chess

11 1 1 1 i 1 I 1 robot’s performance against humans, quantitative analysis of the

olololololololo QV_aIgorlthm, and some qualitative comments about the overall

olololololololo]| timinganderrors.

oO|lo|Oo|jO0OfO|O|O |O

olo|o|o|o]o oo e Playing Chess Against Humans

1 1 1 1 1 1 1 1

gl g7 )1 (1 [a Stockfish is a very strong chess engine, so the average
person is not able to beat it since we use a minimum search
depth of 6 (most humans only plan two or three moves
ahead). As we have not tested Baxter against any

Flg 10: Tracked coordinates of all 64 squares and Binary Grandmasters, in over 50 complete games, no human has
matrix representation of the initial chess board beaten Baxter at chess yet.

configuration
F. Hand Detection

e Analysis of Computer Vision Algorithm(s)
The hand detection is a simple procedure for preventing

any input errors to the system during the user’s move. The We took a sample of 500 frames from Baxter’s camera,
user is asked to wear a fluorescent color gl_ove w_hlle play!ng with variations in the chess board orientation, chess board
the game. These gloves are easy to detect in the image using position, piece positions, external lighting intensity, and

the same HSV thresholding methods as described in step-C.
The binary image obtained after thresholding is checked pixel
by pixel to determine the presence of the gloves in the frame
in real-time. The computation of the binary matrix for piece
position detection is done only in the absence of the gloves
thus preventing any possible input errors.

external lighting orientation. Of those, only about 270 frames
were suitable for further analysis, because in many of the
frames the camera was saturated, making it impossible to
distinguish between edges or between white squares and
white pieces, even to a human looking at the image. Most of
this saturation would be temporary, so when running our
algorithm in the real-world, it would simply reject these
images and wait for a more suitable frame. In this test set,
only 76 samples were taken in what could be considered
“normal” lighting conditions; all other samples involved the
use of a lamp to create extreme lighting conditions in order
to challenge the CV algorithm

IV. RESULTS

The Wizard Chess was able to play complete games
with several human opponents and an extensive analysis was
made on the overall performance. Our prototype showed
relatively less problems in detecting user moves and generating
machine moves accordingly. However, we note that most of the
problems encountered by our system were caused by off-center

lacement of a piece by the mechatronic system. Using a PD - -
Eontroller in thepmotor ¥eedback system thig/ error was rgeduced We see that Baxter plays chess with different timing
significantly. requirements to h_uma_n players. Wh_en humans pla_y at a high

In our analysis, we evaluated our system in three parts. !evel, the perception time f_or d(_etectmg an_d _analysmg amove
Firstly, we checked the problems encountered in user move IS veryshort_, the computation time ofd_eC|d|_ng the next move
detection. We took 40 trials and analyzed the data. Secondly, we 1S con]paratlvely long, and the ac_tua}tlon time of moving 6_1
analyzed success rate in picking a piece and placing it in the right pIEce 15 very short, For_ Baxter, this is exactly the opposite;
destination. We took 20 trials without the PD controller and 40 running on a 1.9 GHz i5 processor, the CV_subsystem_ can
trials with the PD controller. Lastly, we analyzed the prototype only process a few frames per second (faster if the algorlthm
playing an entire game of chess for ten times. It was able to does not find a chess board or s_quares), and the chess engine
finish the game uninterruptedly 6 times. Most of the errors subsystem returns @ move in a few seconds or less

encountered during the full games were caused by the serial (deper_1ding on _the difficulty Ievgl/ sga}rch depth). Howe_ver,
connection between PC and Arduino actuating the piece can take a significant amount of time,

about 45-90 s, depending on if Baxter needs to move one
piece or two (such as during piece capture or castling). This

Timing and Errors

[ABLLE L SATISTICAL DA T A OF THL PEREORMANCTL OF WCR

. Name ini'llllr :i‘\[ o nlj'“lri:i]- \_"_llll.'L'l'j"-_ |;:|li‘ can give the impression that Baxter is a very slow player,
man move deteetion b il La> limes) - - .
Proce pick up with P contraller ST 1570 19 e particularly at the beginning of the game when a human
Prece pick up with PD controller T 3 (31 tmes) player usually executes well-known opening sequences from
Picce drop with P eontroller 20 17 times ) memory without much computation.
Picee drop with PR comroller 1 3 mes)

Complete chess game 1 ol
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However, as the game progresses and becomes more
complex, human players slow down as they consider the
different options and consequences of their moves, so
Baxter can outpace them since its move time remains
roughly the same throughout the game.

In future, we intend to use a single board computer such
as Raspberry Pi inside the mechatronic system to make our
proposed robot more user-friendly and robust. This will
eliminate the use of a personal computer to run the chess
program and make it an independent gaming console. We
also intend to include voice recognition system to provide
user moves so that disabled persons can also be benefited
from our system.

VI. CONCLUSION

This robot is aimed towards giving the user a realistic
experience of playing chess with a computer. The challenge
was to create a fully functional and working interface
between the physical world and the engine. The robot was
tested in different indoor environments with variations in
lighting conditions and the results of the position tracking
were robust and consistent. The robot could play full length
matches with more than 50 moves independently.

A. The Advancements in technology haven’t entered the
game as of now. The physical chess playing experience is not
matched in the digital world

B. Thus the project will help to bridge this gap and
provide a hassle free experience for a human to play against
a Al based system

C. It’s time to move back from a virtual world to the real
world. And not just moving back but taking the best out of
both the worlds. In this project me make use of Al to help our

mind be better at critical thinking. It is supposed to serve as
a tool to the mind.
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Abstract—The use of solar power is growing as a result of
rising electricity costs and concerns about the environmental
impact of fossil fuels. Photovoltaic (PV) panel arrays are the
main way to harness solar energy. Keeping the panels clean is
crucial, as a single dirty panel can reduce its energy output by
up to 50%. Our project's goal is to create an automated solar
panel cleaning system to mitigate the impact of dirt and debris
on industrial PV cells. The target is to increase a dirty panel's
maximum energy output by 10%. However, autonomous
cleaning robots tend to be cost-prohibitive for smaller
installations due to both the expense of installation and the need
for custom-made mounts

Keywords—component, formatting, style, styling, insert (key
words)

I. INTRODUCTION (HEADING 1)

The growing interest in renewable energy has led to the
expansion of the solar photovoltaic (PV) industry globally in
the past decade. In 2014, a total of 3.03 million gigawatt
hours (GWh) of electricity was generated in the European
Union, accounting for 3% of the total electricity demand. As
solar energy is a readily available technology, it has become
a popular investment for both companies and households.
This demand has driven the search for ways to increase the
output of solar systems, leading to research into making the
technology more efficient and cost-effective.

The PV industry is expanding worldwide due to its
technological and financial advantages, with conversion
efficiency ranging from 10 to 13%. The reduction in
efficiency is due to losses in the inverter, wiring, and dust
pollution. Dust is made up of substances such as beach sand,
bacteria, mill dust, pollen, wood smoke, and explosive
vapors, as well as suspended solid atmospheric particles that
remain in the air for long periods. Studies have shown that
airborne dust deposits on outdoor PV modules can reduce the
transmittance of the cell glazing and significantly decrease
the transformation efficiency of PV modules.

However, cleaning solar panels is not always straightforward.
First, accessibility is a challenge as PV panels are often
placed in hazardous and difficult-to-reach locations. Cleaning
them manually can be difficult and time-consuming. Second,
cleaning a panel once may not have a significant impact on
the monthly energy yield, as dust can accumulate again
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quickly, making the difference negligible. If you need to hire
someone to clean the panels, it may not be cost-effective.
Nevertheless, leaving panels uncleaned can lead to permanent
damage to the glass, reducing the longevity of the installation.

Il. PREVIOUS WORKS AND IMPORTANCE

A. Background

Cleaning solar panels by hand is a traditional approach, but
new solutions like robotic cleaners, waterless vibration, and
special coatings can be expensive and inefficient, especially
for smaller installations and unique setups like agrivoltaics. To
effectively clean panels, special brushes and basic cleaning
tools like those used on car windshields can be used.

B. Importance of Project

The full generating capacity of solar PV panels is often not
reached due to the buildup of dirt and debris, especially in
dry, dusty climates where long periods without rain are
common. Rain run-off also leaves stains and deposits that
decrease efficiency. Existing cleaning methods are either
expensive, risky (such as manual cleaning on residential
roofs), or ineffective for dry solar PV installations (such as
water-based cleaning in desert areas). PV Cleanser is an
affordable, self-sufficient, and dry mechanical device that
maximizes solar panel performance while minimizing owner
impact.

1. LITERATURE SURVEY AND PROPOSED WORK

Sims et al. and Bock et al. designed a self-cleaning PV
module based on electrodynamics Their designs demonstrate
that as voltage values increased, dust removal rates also did
so. However, because it doesn't include any liquid, this sort
of cleaning procedure has several drawbacks, such as the
inability to remove sticky or muddy particles, and the high
initial and ongoing costs. Mani et. al discussed the impact of
dust settlement on the operation of the PV module during two
phases. The main focus is on how ecological factors affect the
performance of PV modules without identifying practical
ways to lessen their impact. Mekhilef et al. studied the effects
of dust settlement, wind speed, and humidity on the PV
module. They claimed that because each factor affects the
others, they ought to be measured at the same time. Syed et
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al. revised the impact of the ecological condition and dirt
settlement on the output of the PV module.They came to the
conclusion that the weather conditions at the installation site
determine the most efficient method of dust removal. Since
the frequency of dust storms largely determines the required
rate of PV module cleaning, there is no set recommendation.
The studies done by Costa et al, Darwish et al., Sayyah et al.,
and Sarver et al. , offer data associated with soiling impact at
the overall performance of the PV gadget in specific regions
and countries. The purpose of this research is to use Arduino
to build a solar panel cleaning robot. The project's objectives
are to design and construct a microcontroller-based dust
cleaning system using the Arduino UNO as the primary
system, to optimise PV panel operation performance in a
dusty environment, and to increase solar panel efficiency by
maintaining their cleanliness.

A. Obijectives and Scope

The robot uses the Arduino UNO as its main control system,
which controls the movement of the robot and its cleaning
mechanism. The robot is equipped with a cleaning
mechanism such as brushes or wipers to remove dirt and
debris from the surface of the solar panels. The robot moves
along the tracks mounted on the photovoltaic panel structure,
cleaning the panels as it goes. The goal of the project is to
increase the efficiency of the photovoltaic panels by
maintaining their cleanliness, optimizing their performance
in dusty environments, and reducing power losses.

B. Units

e Useeither SI (MKS) or CGS as primary units. (Sl units
are encouraged.) English units may be used as
secondary units (in parentheses). An exception would
be the use of English units as identifiers in trade, such
as “3.5-inch disk drive”.

e Avoid combining Sl and CGS units, such as current in
amperes and magnetic field in oersteds. This often
leads to confusion because equations do not balance
dimensionally. If you must use mixed units, clearly
state the units for each quantity that you use in an
equation.

e Do not mix complete spellings and abbreviations of
units: “Wb/m2” or “webers per square meter”, not
“webers/m2”. Spell out units when they appear in text:
“...afew henries”, not “. . .a few H”.

e Use a zero before decimal points: “0.25”, not “.25”.
Use “cm3”, not “cc”. (bullet list)

C. Equations

The equations are an exception to the prescribed
specifications of this template. You will need to determine
whether or not your equation should be typed using either the
Times New Roman or the Symbol font (please no other font).
To create multileveled equations, it may be necessary to treat
the equation as a graphic and insert it into the text after your
paper is styled.

Number equations consecutively. Equation numbers,
within parentheses, are to position flush right, as in (1), using
a right tab stop. To make your equations more compact, you
may use the solidus ( /), the exp function, or appropriate

Identify applicable funding agency here. If none, delete this text box.
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exponents. ltalicize Roman symbols for quantities and
variables, but not Greek symbols. Use a long dash rather than
a hyphen for a minus sign. Punctuate equations with commas
or periods when they are part of a sentence, as in:

a+b =y (1)

Note that the equation is centered using a center tab stop.
Be sure that the symbols in your equation have been defined
before or immediately following the equation. Use “(1)”, not
“Eq. (1)” or “equation (1)”, except at the beginning of a
sentence: “Equation (1) is...”

D. Some Common Mistakes

e The word “data” is plural, not singular.

e The subscript for the permeability of vacuum o, and
other common scientific constants, is zero with
subscript formatting, not a lowercase letter “o”.

e In American English, commas, semicolons, periods,
question and exclamation marks are located within
quotation marks only when a complete thought or
name is cited, such as a title or full quotation. When
quotation marks are used, instead of a bold or italic
typeface, to highlight a word or phrase, punctuation
should appear outside of the quotation marks. A
parenthetical phrase or statement at the end of a
sentence is punctuated outside of the closing
parenthesis (like this). (A parenthetical sentence is
punctuated within the parentheses.)

e A graph within a graph is an “inset”, not an “insert”.
The word alternatively is preferred to the word
“alternately” (unless you really mean something that
alternates).

e Do not use the word “essentially” to mean

“approximately” or “effectively”.

e In your paper title, if the words “that uses” can
accurately replace the word “using”, capitalize the “u”;
if not, keep using lower-cased.

o Be aware of the different meanings of the homophones
“affect” and  “effect”, “complement”  and
“compliment”, “discreet” and “discrete”, “principal”

and “principle”.
e Do not confuse “imply” and “infer”.

e The prefix “non” is not a word; it should be joined to
the word it modifies, usually without a hyphen.
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e There is no period after the “et” in the Latin

abbreviation “et al.”.

e The abbreviation “i.e.” means “that is”, and the
abbreviation “e.g.” means “for example”.

An excellent style manual for science writers is [7].

IV. USING THE TEMPLATE

After the text edit has been completed, the paper is ready
for the template. Duplicate the template file by using the Save
As command, and use the naming convention prescribed by
your conference for the name of your paper. In this newly
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created file, highlight all of the contents and import your
prepared text file. You are now ready to style your paper; use
the scroll down window on the left of the MS Word
Formatting toolbar.

A. Authors and Affiliations

The template is designed for, but not limited to, six
authors. A minimum of one author is required for all
conference articles. Author names should be listed starting
from left to right and then moving down to the next line. This
is the author sequence that will be used in future citations and
by indexing services. Names should not be listed in columns
nor group by affiliation. Please keep your affiliations as
succinct as possible (for example, do not differentiate among
departments of the same organization).

1)  For papers with more than six authors: Add author
names horizontally, moving to a third row if needed for more
than 8 authors.

2)  For papers with less than six authors: To change the
default, adjust the template as follows.

a) Selection: Highlight all author and affiliation lines.

b) Change number of columns: Select the Columns
icon from the MS Word Standard toolbar and then select the
correct number of columns from the selection palette.

¢) Deletion: Delete the author and affiliation lines for
the extra authors.

B. Conclusion

In conclusion, the automatic brush type solar panel cleaning
system is a promising solution for cleaning solar panels, as it
reduces water consumption and improves panel efficiency.
However, further improvements can be made to the system,
such as increased eco-friendliness, improved assembly,
smaller size, and enhanced features such as proximity sensors
and a thermal camera module. It is important to determine
public willingness to pay for the long-term savings promised
by the project through public opinion research.

C. Result and Discussion

The PV Cleanser robot effectively cleans solar panels,
reducing the cost of cleaning by 80% compared to manual
cleaning. It is efficient and quick, taking less time to clean a
panel. The cleaning process removes sticky materials and
dust, improving the solar panel's efficiency by 25% by
allowing more sunlight to penetrate the surface. The robot
consumes 90% less water and is suitable for almost all panel
sizes worldwide. The cleaning process reduces the labor force
needed and increases power production. The reduction in
water consumption and cost per area make this an attractive
solution for cleaning solar panels.

We suggest that you use a text box to insert a graphic
(which is ideally a 300 dpi TIFF or EPS file, with all fonts
embedded) because, in an MSW document, this method is
somewhat more stable than directly inserting a picture.

To have non-visible rules on your frame, use the
MSWord “Format” pull-down menu, select Text Box >
Colors and Lines to choose No Fill and No Line.
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ACKNOWLEDGMENT (Heading 5)

The preferred spelling of the word “acknowledgment” in
America is without an “e” after the “g”. Avoid the stilted
expression “one of us (R. B. G.) thanks ...”. Instead, try “R.
B. G. thanks...”. Put sponsor acknowledgments in the
unnumbered footnote on the first page.
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The template will number citations consecutively within
brackets [1]. The sentence punctuation follows the bracket [2].
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Abstract—We propose a Solar energy-based water purification + Use advanced technologies to make an efficient
system with the utmost use of technology, for the welfare of the system.
people living in the rural area and barely using any technical «  Use naturally available resources to reduce costs.
eqmpment: Solar energy_—based products are always encouraged «  Make operation of the system free of cost.
as energy is non-conventional and renewable. The sound use of .« Use IOT svstems to track real time data and aet lert
energy will lead to the sure betterment of human life. We have tried . y L ata and getan aler
our best to modify the traditional water purification system by i the quality of water diminishes.
using the latest versions of technology.
THEORY:

Keywords—Technical, solar energy, modify human lives,
water purification. Water purification is the process of removing undesirable
] chemicals, biological contaminants, suspended solids, and
INTRODUCTION: gases from water. The goal is to produce water fit for specific
The water problem is the most faced natural calamity in the purposes. Most water is purified and disinfected for human
world and purification Is the very subset of that problem. consumption (drinking water), but water purification may
Only 3% of the total water on the earth is drinkable and hence also be carried out for a variety of other purposes, including
it's a big challenge ahead in future to purify the other 97% of ~ medical, pharmacological, chemical, and industrial
water to make it suitable for use. Hence scientists are finding applications. The methods used include physical processes
new techniques for the purification of water. Traditional such as filtration, sedimentation, and distillation; biological
water purification systems do exist but they are not processes such asslow sand filters or biologically active
economical and are remote. One such system is the solar  carbon; chemical processes such
water purification system. Solar purification is flexible and  as flocculation and chlorination; and the use  of
can be modified in many ways to make it more effective. Itis  electromagnetic radiation such as ultraviolet light. Water
a green project as there is no emission of any pollutants nor purification may reduce the concentration of particulate
there is the use of any conventional resources for the same. It matter including
is carried out by the SOID process followed by chemical and suspended particles, parasites, bacteria, algae, viruses,
mechanical filtration. The project is tried to make as much as  and fungi as well as reduce the concentration of a range of
versatile and economical and mobile. dissolved and particulate matter. The standards for
drinking water quality are typically set by governments or by
international standards. These standards usually include
PROBLEM DEFINITION: minimum and maximum concentrations of contaminants,

The need for water purification systems in rural and urban  depending on the intended use of the water.

areas is increasing. Providing access to clean drinking water  y/isyal inspection cannot determine if water is of appropriate
to everyone. Energy consumption of an electrical system o )ity Simple procedures such as boiling or the use of a
drastically increases operation costs. So, a Solar Energy o gehold activated carbon filter are not sufficient for

]E)ased_ system dto sac;/e o;l)_eratlon Coﬂ' Toh ensure smooth  yeating all possible contaminants that may be present in
unctioning and good quality output through an 10T systém \yater from an unknown source. Even natural spring water —

with a feedback mechanism. considered safe for all practical purposes in the 19th century
— must now be tested before determining what kind of
treatment, if any, is needed. Chemical and microbiological

OBJECTIVES: . . . . .
- o ) analysis, while expensive, is the only way to obtain the
* Tomake clean drinking water available. information necessary for deciding on the appropriate method
* Make use of Green Energy to reduce the carbon  of purification.

footprint.
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According to a 2007 World Health Organization (WHO)
report, 1.1 billion people lack access to an improved drinking
water supply; 88% of the 4 billion annual cases of diarrheal
disease are  attributed to  unsafe  water  and
inadequate sanitation and hygiene, while 1.8 million people
die from the diarrheal disease each year. The WHO estimates
that 94% of these diarrheal disease cases are preventable
through modifications to the environment, including access
to safe water. Simple techniques for treating water at home,
such as chlorination, filters, and solar disinfection and for
storing it in safe containers could save a huge number of lives
each year. Reducing deaths from waterborne diseases is a
major public health goal in developing countries.

WATER TREATMENT:

The goals of the treatment are to remove unwanted
constituents in the water and to make it safe to drink or fit for
a specific purpose in industry or medical applications. Widely
varied techniques are available to remove contaminants like
fine solids, micro-organisms and some dissolved inorganic
and organic materials, orenvironmental persistent
pharmaceutical pollutants. The choice of method will depend
on the quality of the water being treated, the cost of the
treatment process and the quality standards expected of the
processed water.

Ph ADJUSTMENT:

Pure water has a pH close to 7
(neither alkaline nor acidic). Seawater can have pH values
that range from 7.5 to 8.4 (moderately alkaline). Freshwater
can have widely ranging pH values depending on the geology
of the drainage basin or aquifer and the influence of
contaminant inputs (acid rain). Lime addition increases the
calcium ion concentration, thus raising the water hardness.
For highly acidic waters, forced draft detoxifies can be an
effective way to raise the pH, by stripping dissolved carbon
dioxide from the water. Making the water alkaline
helps coagulation and flocculation processes work
effectively and also helps to minimize the risk of lead being
dissolved from lead pipes and from lead solder in pipe
fittings. Sufficient alkalinity also reduces the corrosiveness of
water to iron pipes. Acid (carbonic acid, hydrochloric
acid or sulfuric acid) may be added to alkaline waters in some
circumstances to lower the pH.

COAGULATION AND FLOCCULATION:

One of the first steps in most conventional water purification
processes is the addition of chemicals to assist in the removal
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of particles suspended in water. Particles can be inorganic
such as clay and silt or organic such
as algae, bacteria, viruses, protozoa and natural organic
matter. Inorganic and organic particles contribute to
the turbidity and color of the water. The addition of inorganic
coagulants such as aluminium sulfate (or alum) or iron (lI11)
salts such as iron(l1l) chloride cause several simultaneous
chemical and physical interactions on and among the
particles. Within seconds, negative charges on the particles
are neutralized by inorganic coagulants. Also, within
seconds, metal hydroxide precipitates of the iron and
aluminium ions begin to form. These precipitates combine
into larger particles under natural processes such as Brownian
motion and through induced mixing which is sometimes
referred to as flocculation. Amorphous metal hydroxides are
known as "floc".

SEDIMENTATION:

Waters exiting the flocculation basin may enter
the sedimentation basin, also called a clarifier or settling
basin. It is a large tank with low water velocities, allowing
floc to settle to the bottom. The sedimentation basin is best
located close to the flocculation basin so the transit between
the two processes does not permit settlement or floc break up.
Sedimentation basins may be rectangular, where water flows
from end to end or circular where flow is from the centre
outward. Sedimentation basin outflow is typically over a weir
so only a thin top layer of water—that furthest from the
sludge—exits. In 1904, Allen Hazen showed that the
efficiency of a sedimentation process was a function of the
particle settling velocity, the flow through the tank and the
surface area of the tank. Sedimentation tanks are typically
designed within a range of overflow rates of 0.5 to 1.0 gallons
per minute per square foot (or 1.25 to 2.5 litres per square
meter per hour). In general, sedimentation basin efficiency is
not a function of detention time or depth of the basin.
Although, basin depth must be sufficient so that water
currents do not disturb the sludge and settled particle
interactions are promoted. As particle concentrations in the
settled water increase near the sludge surface on the bottom
of the tank, settling velocities can increase due to collisions
and agglomeration of particles. Typical detention times for
sedimentation vary from 1.5 to 4 hours and basin depths vary
from 10 to 15 feet (3 to 4.5 meters).

Carbon filters:

Carbon filters work with the aid of using adsorption, wherein
pollutants present in the fluids to be dealt with are trapped by
the porous structure of the carbon substrate. Granulated
Activated Carbon (GAC) is the most commonly used
substrate. This substrate is manufactured from many carbon
granules, which are already very porous. As a result, the
substrate has a huge surface area for activation inside which
contaminants may be trapped. Activated carbon is commonly
utilized in air and water filters thanks to its extensively large
surface area. One gram of activated carbon can provide up to
3000 m2 of activation surface.

Specifications:

Dimensions: 270x60 mm

Weight: 400 Grams

GAC weight: 186 Grams

Filtration: 0.5-50 microns
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Solar Energy Based Water Purification System

Impurities: dust, dirt, rust, chlorine, nitrites, organic
compounds, improves color and odour.
Maximum water force: 1GPM
Maximum Pressure: 125 Psi
Service life: 3000-5000 Gallons
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SLOW SAND FILTER:

Slow sand filters may be used where there is sufficient land
and space, as the water flows very slowly through the filters.
These filters rely on biological treatment processes for their
action rather than physical filtration. They are carefully
constructed using graded layers of sand, with the coarsest
sand, along with some gravel, at the bottom and finest sand
at the top. Drains at the base convey treated water away for
disinfection. Filtration depends on the development of a thin
biological layer, called the zoogleal layer or Schmutzdecke,
on the surface of the filter. An effective slow sand filter may
remain in service for many weeks or even months, if the
pretreatment is well designed, and produces water with a very
low available nutrient level which physical methods of
treatment rarely achieve. Very low nutrient levels allow water
to be safely sent through distribution systems with very low
disinfectant levels, thereby reducing consumer irritation over
offensive levels of chlorine and chlorine by-products.

CUTAWAY OF THE DOULTON
CERAMIC WATER FILTER
SHOWING CONTAMINANTS REMOVED|

T

DISINFECTION:

Disinfection is accomplished both by filtering out harmful
micro-organisms and by adding disinfectant chemicals.
Water is disinfected to kill any pathogens which pass through
the filters and to provide a residual dose of disinfectant to kill
or inactivate potentially harmful micro-organisms in the
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storage and distribution systems.
include viruses, bacteria,

including Salmonella, Cholera, Campylobacter and Shigella,
and protozoa, including Giardia lamblia and
other cryptosporidia. After the introduction of any chemical
disinfecting agent, the water is usually held in temporary
storage — often called a contact tank or clear well — to allow
the disinfecting action to complete.

Possible pathogens

WATER CHLORINATION:

The most common disinfection method involves some form
of chlorine or its compounds such as chloramines or chlorine
dioxide. Chlorine is a strong oxidant that rapidly kills many
harmful micro-organisms. Because chlorine is a toxic gas,
there is a danger of a release associated with its use. This
problem is avoided by the use of sodium hypochlorite, which
is a relatively inexpensive solution used in household bleach
that releases free chlorine when dissolved in water. Chlorine
solutions can be generated on-site by electrolyzing common
salt solutions. A solid form, calcium hypochlorite, releases
chlorine on contact with water. Handling the solid, however,
requires more routine human contact through opening bags
and pouring than the use of gas cylinders or bleach, which are
more easily automated. The generation of liquid sodium
hypochlorite is inexpensive and also safer than the use of gas
or solid chlorine. Chlorine levels up to 4 milligrams per litre
(4 parts per million) are considered safe in drinking water.
The use of chloramines is becoming more common as a
disinfectant. Although chloramines are not as strong an
oxidant, it provides a longer-lasting residual than free
chlorine because of its lower redox potential compared to free
chlorine. It also does not readily form THMs or haloacetic
acids (disinfection byproducts).

OZONE DISINFECTION:

Ozone is an unstable molecule that readily gives up one atom
of oxygen providing a powerful oxidizing agent which is
toxic to most waterborne organisms. It is a very strong, broad
spectrum disinfectant that is widely used in Europe and in a
few municipalities in the United States and Canada. Ozone
disinfection, or ozonation, is an effective method to inactivate
harmful protozoa that form cysts. It also works well against
almost all other pathogens. Ozone is made by passing oxygen
through ultraviolet light or a "cold" electrical discharge. To
use ozone as a disinfectant, it must be created on-site and
added to the water by bubble contact. Some of the advantages
of ozone include the production of fewer dangerous by-
products and the absence of taste and odour problems (in
comparison to chlorination). No residual ozone is left in the
water. In the absence of a residual disinfectant in the water,
chlorine or chloramines may be added throughout a
distribution system to remove any potential pathogens in the
distribution piping.

ULTRAVIOLET DISINFECTION:

Ultraviolet light (UV) is very effective at inactivating cysts,
in low turbidity water. UV light's disinfection effectiveness
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decreases as turbidity increases, a result of
the absorption, scattering, and shadowing caused by the
suspended solids. The main disadvantage to the use of UV
radiation is that, like ozone treatment, it leaves no residual
disinfectant in the water; therefore, it is sometimes necessary
to add a residual disinfectant after the primary disinfection
process.
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WORKING:
Solar power is the conversion of
energy from sunlight into electricity, either directly

using photovoltaic (PV), indirectly using concentrated solar
power, or a combination. Concentrated solar power systems
use lenses or mirrors and solar tracking systems to focus a
large area of sunlight into a small beam. Photovoltaic
cells convert  light into  anelectric  current using
the photovoltaic effect. Photovoltaics were initially solely
used as a source of electricity for small and medium-sized
applications, from the calculator powered by a single solar
cell to remote homes powered by an off-grid rooftop PV
system. Commercial concentrated solar power plants were
first developed in the 1980s. As the cost of solar electricity

has fallen, the number of grid-connected solar PV
systems hasgrown into the millionsand  utility-
scale photovoltaic  power stations with  hundreds  of

megawatts are being built. Solar PV is rapidly becoming an
inexpensive, low-carbon technology to harness renewable
energy from the Sun. The current largest photovoltaic power
station in the world is the Pavagada Solar Park, India with a
generation capacity of 2050 MW.

The basic idea behind the working is a waterfall-like structure
of the machine itself. With the help of solar energy, water will
be sucked through a pile with the help of a motor. The aim is
to have a range of at least 2-3 Km. this way application of the
system increases.

Starting from the top the system will comprise of a
mechanical filtration system for the screen of suspended
wastes and dust particles. It trickles down to the secondary
sedimentation stage, where sedimentation and coagulation
will take place and sediments will be separated. The next and
last stage is chemical filtration where chlorides and
ultraviolet filtration will take place.

DESIGN OF SWP:
A solar water purifier consists of a solar panel, battery,
heating coil, filtering column, pump and several water vessels
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(storage tanks). It may come up with some accessories like
inverter, controller, water tap, wheels for mobility etc.,
depending upon the cost of the project.

&

Solar Radiation

Sea
Water
Tank

Basin

Fresh Water Tank

Brine Tank

The design is made for aiming for an optimal costing of the
project with less maintenance cost in future. The initial cost
may vary to the factors like availability of space, water
requirement, input water take quantity etc.

SOLAR PANEL.:
The tilt of the panels is important because your panels will

produce a maximum of energy when the sun is directly
perpendicular to them. During the spring the best angle is 45°,
and during the summer when the sun is high in the sky, it's
best to have a low tilt at 20°. The aim is to produce more heat
in the winter and less heat in the summer. Example: In
Marseille, for conventional thermal energy, 4m2 of panels are
necessary for a typical home’s hot water needs (200 L at 45 °©
C) and the best inclination of the panels is between 50° and
55°. This inclination does not correspond to maximum
sunshine, but because there is a surplus of production in the
summer, it is better to optimize the angle for the winter.

The more the area of the solar panel, the more is the rate of
heat transfer acquired (Q occArea). The supports of the solar
panel are made to hold the solar panel and in the case of pipe
built along with the solar panel, they are also designed to hold
the flowing water. The water is taken as Uniform Distributed
Load (UDL).

_ W N/m2

< Tilt angle

PUMPING SYSTEM:
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Solar Energy Based Water Purification System

The system requires a way to pump water from the primary
holding tank into the solar water purification stage.
Purchasing a pump is a possible choice, but that increases the
overall price of the system and needs the power to operate
which could increase the number of required solar panels.
With this consideration, building a hand pump was more
appealing for cost-benefit reasons and still completes the
same job as a mechanical pump.

FILTERING SYSTEM:

The first layer consists of gravel to filter out impurities that
are visible, the second layer consists of sand which filters out
smaller impurities and the third which is the last layer consists
of activated charcoal which has a huge internal surface area,
packed with nooks and crannies that attract and trap chemical
impurities through a process called absorption.

ADVANTAGES:

It is well documented that solar energy can be an effective
means of cleaning contaminated water. This is because
ultraviolet (UV) light destroys the formation of DNA
linkages in microorganisms, thereby preventing them from
reproducing and thus rendering them harmless. The World
Health Organization lists solar disinfection in clear bottles by
the combined action of UV radiation, as well as thermal
disinfection (pasteurization) in opaque vessels with sunlight
from solar cookers or reflectors and combination systems
employing chemical coagulation-flocculation as some of the
most promising and accessible technologies for household
water treatment. Solar energy treats water contaminated with
bacteria, viruses, protozoa and worms safe to drink.

Water contaminated with non-biological agents such as
toxic chemicals or heavy metals require additional steps to
make the water safe to drink. It is a simple water treatment
method using solar radiation (UV-A light and temperature) to
destroy pathogenic bacteria and viruses present in the water.
Its efficiency to Kkill Protozoa is dependent on the water
temperature reached during solar exposure and on the
climatic and weather conditions.

e Improves the microbiological quality of drinking
water
e Does not change the taste of water,
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e Is applicable at the household level,

e Issimple in application,

e Relies on local resources and renewable energy,
e Isreplicable with low investment costs Relevant

Public water supply systems in developing countries often
fail to provide water safe for consumption. SODIS provides
individual users with a simple method that can be applied at
the household level under their control and responsibility.
Consequently, the use of SODIS reduces deforestation, a
major environmental problem in most developing countries,
and SODIS decreases air pollution created by burning
conventional energy sources. SODIS reduces the need for
traditional energy sources such as firewood and kerosene/gas.
SODIS is easy to understand. Everybody can afford SODIS,
as the only resources required are sunlight, which is cost-free
and plastic bottles.

PROTOTYPING:
The prototyping phase was a bit difficult for us as we had
lockdown imposed due to COVID-19.
We choose a Hybrid Plant solar system for the project
which uses both solar energy as well as battery backup
produced by the solar energy itself.
Consideration of the working conditions:

1) SWP is operated where solar energy is available for

at least 8-10 hours per day.

2) Water is taken from a large reservoir(tank).

Pump:

Input Output

For initial consideration, we didn't require a high-end pump
for the project. So, we choose the Stookin DC 12V 60W
High-Pressure Water Pump. The flow rate of 5 L/min. was
adequate and overall, the pump didn't take much of the space.

Pump Calculations:

PSI (Pounds per square inch) generally — 30-60 PSI
Average flow rate of domestic water supply required for
proper performance of the filters is 6-12 gpm (Gallons per
minute)

Pump parameters:
Voltage: 12V

Current: 3-5 Amps
Calculating Power of the motor.
W=AxV
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W= Power in Watts

A=amps rating

V= Voltage rating

W= 5x12 = 60 Watts

Pump capacity = 0.8 MPa = 116 psi

(We chose a higher-pressure rating as the pre filter will

reduce water pressure making it suitable for the carbon and
sediment filters)

Pump efficiency = 70%
Therefore, watts of pump = 60+(60%0.3) = 78 Watts
Now, the energy consumption in 1 hour = 78 watt-hour

If the pump is running for 5 hours, we get = 5x78 = 392 watt-
hour = 0.39 kilowatt-hour

Solar Panel:

As per the requirement of the pump i.e. (60W, 12V), we
selected the UTL Solar PV Panel 60 Watt/12 Volt
(Polycrystalline). We also choose a battery backup for the
project which could be charged up when the SWP is not in
use. This will also help to run the project in the absence of
sunlight.

QUTLSOLAR

Measuring solar panel output:

What are Standard Test Conditions?

A good place to start is by understanding the parameters that
earn asolar panel its wattage rating. How many watts your
solar panel is able to produce might be anywhere between 250
watts and 370 watts. Does this mean that your system will
generate that exact amount all of the time? Not really. That’s
where those variables come in. But a solar panel efficiency
number is a gauge of how many watts your solar panel is
capable of producing in ideal conditions.

These ideal conditions are simulated in a laboratory where
solar panels are tested, known as Standard Test Conditions
(STC). Standard Test Conditions for solar panel wattage
would mean your solar panel is operating at 77 degrees
Fahrenheit while there are 1000 watts of sunlight per square
meter hitting the panel. So, under these ideal conditions, a
250-watt solar panel will produce 250 watts of
electricity. This standard is a good way to ensure that
all solar panels meet specific criteria when they’re
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manufactured. As for how well they perform in the
wild, let’s get into some of those variables.

Solar Panel Output Calculation:

Here’s a simple formula for calculating your solar panel’s
power output. Solar panel watts x average hours of sunlight x
70% = daily watt-hours

Let’s say you have 80-watt solar panels and live in a place
where you get 7 hours of sunlight per day. What’s that 70
percent for? That’s to account for all those variables we've
been going over.

150 watts x 7 hours x 0.70 = 735 daily watt-hours

To translate this into the more familiar kilowatt hours you’re
used to seeing on your electricity bill, simply divide by 1000.
735/1000 = 0.735 kWh

That is 0.735 kilowatt-hours per solar panel.

BATTERY:

A car battery rated 60 AH and 12V will give an output power
as:

Output Power = 60x12 = 720 watt-hour = 0.72 Kkilowatt-
hour
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PWM (Pulse with Modulation) Charged controller:
The technology for solar photovoltaic battery charge
controllers has advanced dramatically over the past five
years. The most exciting new technology, PWM
charging, has become very popular. Some frequently
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asked questions about PWM battery charging are
addressed here.

What is PWM?

Pulse Width Modulation (PWM) is the most effective means
to achieve constant voltage battery charging by switching the
solar system controller's power devices. When in PWM
regulation, the current from the solar array tapers according
to the battery's condition and recharging needs.

Why is there so much excitement about PWM?

Charging a battery with a solar system is a unique and
difficult challenge. In the old days, simple on-off
regulators were used to limit battery out-gassing when a
solar panel produced excess energy. However, as solar
systems matured it became clear how much these simple
devices interfered with the charging process.

The history for on-off regulators has been early battery
failures, increasing load disconnects, and growing user
dissatisfaction. PWM has recently surfaced as the first
significant advance in solar battery charging.

PWM solar chargers use technology similar to other modern
high quality battery chargers. When a battery voltage reaches
the regulation set-point, the PWM algorithm slowly reduces
the charging current to avoid heating and gassing of the
battery, yet the charging continues to return the maximum
amount of energy to the battery in the shortest time. The result
is a higher charging efficiency, rapid recharging, and a
healthy battery at full capacity.

In addition, this new method of solar battery charging
promises some very interesting and unique benefits from the
PWM pulsing. These include:

1. Ability to recover lost battery capacity and disulfate a

battery.

Dramatically increase the charge acceptance of the
battery.

Maintain high average battery capacities (90% to 95%)
compared to on-off regulated state-of-charge levels that
are typically 55% to 60%.

Equalize drifting battery cells.
Reduce battery heating and gassing.
Automatically adjust for battery aging.

Self-regulate for voltage drops and temperature effects
in solar systems.

2.

No ok

Advantages:
The benefits noted above are technology driven. The more
important question is how the PWM technology benefits the
solar system user.
e Longer battery life:

o Reducing the costs of the solar system

o Reducing battery disposal problems

e  More battery reserve capacity:
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o Increasing the reliability of the solar system
o Reducing load disconnects
o Opportunity to reduce battery size to lower the

system cost
e  Greater use of the solar array energy:

o Get 20% to 30% more energy from your solar
panels for charging

o Stop wasting the solar energy when the battery is
only 50% charged

o Opportunity to reduce the size of the solar array

to save costs

e  Greater user satisfaction: get more power when you need
it for less money.

Filtration Unit:

Chemical Filtration was required to make the water
drinkable. Ceramic Water Filtration with activated carbon
provided the necessary Filtration followed by UV light for
sterilization and ionizing resin.

Water is taken from a large reservoir (tank in case of domestic
house purpose). The pump is driven by the energy produced
from the solar panel. A Lithium battery stores the extra
energy developed by the solar panel when it is not in use,
thereby creating a backup source.

The water is further passed to the filtration unit. At the end of
the filtration unit, we obtain clean drinkable water. The flow
rate obtain varies from 4-5 L/min.

We have planned to adopt a different approach too for the
same project after the termination of lockdown and when we
could perform the project physically.

For improvement, we are planning to provide a solar panel
with more transferable energy (say 100W) and use part of the
energy to produce bhoiled water and eliminate some filtration
components.

Design:
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Filters:
Sediment Filter:

Depth Filter Cartridges

Depth filters are commonly seen as wound string, spun, or “melt-
blown” cartridges that trap particles of larger size on the surface and
smaller particles under the surface down to the center core.

They work best when a variety of particle sizes are being
filtered. Depth filters remove more sediment and hold more
sediment in general, without losing pressure, than a surface filter
cartridge. The material used for the same is Polypropylene. Thus it
is also called PP spun filter.

Carbon Filters:

WHAT IS ACTIVATED CARBON?

Activated carbon (also called activated charcoal, activated
coal or active carbon) is a very useful adsorbent. Due to their
high surface area, pore structure (micro, meso and macro),
and high degree of surface reactivity, activated carbon can be
used to purify, dechlorinate, deodorize and decolorize both
liquid and vapor applications. Moreover, activated carbons
are economical adsorbents for many industries such as water
purification, food grade products, cosmetology, automotive
applications, industrial gas purification, petroleum and
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precious metal recovery mainly for gold. The base materials
for activated carbons are coconut shell, coal or wood.

APPLICATION OF ACTIVATED CARBON

Different types of activated carbon are suited for various
specialized applications.

Granulated activated carbon
Pelletized activated carbon
Powdered activated carbon
Impregnated activated carbon
Catalytic activated carbon

Each grade and size of activated carbon is application
specific. Selecting the correct activated carbon product and
mesh size depends on the application and contaminants you
plan to remove.

Typical applications are:

e  Removal of volatile organic compounds such as
Benzene, TCE, and PCE.

e  Hydrogen Sulfide (HS) and removal of waste gases

e  Impregnated activated carbon used as a bacteria
inhibitor in drinking water filters

e  Removal of taste and odor causing compounds
such as MIB and geosmin

e  Recovery of gold

e  Removal of chlorine and chloramine

Designing a proper activated carbon filtration system with
enough contact time, pressure drop, and vessel size is
important. Also, activated carbon’s physical and chemical
characteristics play an important role in removing
contaminants effectively. Therefore, material testing is
essential and ASTM test methods such as butane activity,
surface area, density, and water content (moisture) can be
carried out to find the best suitable material for your
application.

Different types of activated carbon are suited for various
specialized applications

e Granulated activated carbon dechlorinates water,
adsorbs organic material and produces a chemical-
reducing environment

e Granulated activated carbon impregnated with
silver salts inhibits the growth of bacteria

e Catalytic activated carbon removes chloramines
from drinking water

e Pelletized (or extruded) activated carbon effectively
dechlorinates and removes chemicals

e Powdered activated carbon is used to eliminate trace
synthetic chemicals and taste and odor causing
chemicals, and for chemical spills or algal blooms

TYPES OF ACTIVATED CARBON

1. COCONUT SHELL ACTIVATED CARBON
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Coconut shell activated carbon has a very high hardness and
is more abrasion resistant than any other type. It is a totally
natural, environmentally friendly product, that has a very
small carbon foot print, since it is derived from coconut
shells. As most of its pore structure consists of micropores
(more than 80%), coconut shell carbon can efficiently absorb
impurities with micropore molecular structure, such as those
present in drinking water. In addition, because of its high
abrasion resistance and exceptional chemical and physical
characteristics, only coconut shell activated carbon can
support applications such as recovery of gold and other
precious metals.

APPLICATIONS:

e Portable water purification

e Wastewater purification

e Gold absorption from gold solution (precious metal
recovery)

e Organic impurity removal in food and beverage
applications

e Medical use

e Catalyst support

2. COAL BASED ACTIVATED CARBON

Coal based activated carbon is available in four different
types of base material - bituminous, sub bituminous,
anthracite, & lignite, consisting of micro, meso and macro
pore structures. This unique pore distribution makes coal
based activated carbon ideal to remove small to large
molecular structures. Typical applications include but not
limited to odor control in liquid & vapor phase applications,
improve taste in liquids, liquid decolorization and

purification of wastewater & potable water. Coal base carbon
is also available in granular, extruded (Pelletized), and
powder forms.

APPLICATIONS:

Portable water purification
Wastewater treatment

Industrial air purification
Purification of food and beverage
Medical and pharmaceutical uses
Automotive uses

Chemical purification

3. WOOD BASED ACTIVATED CARBON

Wood based activated carbon is produced from selected types
of wood and sawdust. This type of carbon is produced by
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either steam or phosphoric acid activation. Most pores in
wood based carbon are in the meso and macro pore region
which is ideal for decolorization of liquids and water. Wood
base carbon is primarily used in surface water and wastewater
filters to remove organic impurities and to effectively remove
larger molecular structures like MIB (2-Methylisoborneol)
and Geosmin. Wood base phosphoric acid activation can
yield carbon with a very high surface area, ranging from
1500-2500 m2/g. The product is available in granular,
pelletized, or powder forms.

APPLICATIONS:

Potable water purification

Surface and wastewater treatment

Food and beverage decolorization
Pharmaceutical industry

Purification and decolorization of edible oil

4. CATALYTIC/SURFACE-MODIFIED CARBON

Catalytic carbon is a class of activated carbon used to remove
chloramines and hydrogen sulfide from drinking water.

It has all the adsorptive characteristics of conventional
activated carbons, as well as the ability to promote chemical
reactions.

‘b RN
WHAT ARE CHLORAMINES?
Chloramines are added to water as an alternative to chlorine.
They inhibit the formation of carcinogenic trihalomethanes
(THMs) caused by the interaction of chlorine with organic
plant materials.

CATALYTIC CARBON IS NOT IMPREGNATED
WITH CAUSTIC CHEMICALS
Because catalytic carbons have no impregnates, you won’t
have to worry about reduced organic odor capacity or the
higher bed fire potential of the impregnated carbons.
Catalytic carbon is created by altering the surface structure of
activated carbon. It is modified by gas processing at high
temperatures to change the electronic structure and create the
highest level of catalytic activity on carbon for reducing
chloramine and H2S in water. This added catalytic
functionality is much greater than that found in traditional
activated carbons. Catalytic carbon is an economical solution
to treat H2S levels as high as 20 to 30 ppm.
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Catalytic carbon converts adsorbed H2S into sulfuric acid
and sulfurous acid which are water soluble, so carbon systems
can be regenerated with water washing to restore H2S
capacity for less frequent physical change-outs.

THE BENEFITS OF USING CATALYTIC CARBON:

° More effective than conventional carbons; catalytic
activity promotes a variety of chemical reactions

° Faster chemical reaction means less carbon and
smaller equipment

° Non-Impregnated carbon eliminates worries about
exothermic reaction, ignition temperature and toxic disposal

° On-site regeneration lowers operating costs and
extends service life

° Can be recycled and reused through thermal
reactivation

5. IMPREGNATED ACTIVATED CARBON

Carbon Activated makes a variety of coconut shell-based,
impregnated activated carbon, in standard and custom sizes,
for applications where non-treated carbon may not be
effective.

Surface impregnation chemically modifies activated carbon
through a fine distribution of chemicals and metal particles
on the internal surfaces of its pores. This greatly enhances the
carbon’s adsorptive capacity through a synergism between
the chemicals and the carbon and provides a cost-effective
way to remove impurities from gas streams which would
otherwise not be possible.

TYPES OF SEDIMENT FILTER CARTRIDGE IN
PIPING SYSTEMS:
Based on their filtration mechanism, sediment filters can be
described as either surface, depth, or adsorptive sediment
filters.

1) Surface Sediment Filters

These filters are usually made of some thin, permeable
material, such as cloth, and trap sediment on the surface as
the fluid passes through. They are recommended when
dealing with evenly sized sediment. Because the filtration
occurs on the surface, these filters are easier to clean. That is,
getting rid of the trapped sediment so that it can continue to
filter with ease. In certain cases, it can also be unclogged by
shaking or some other means to dislodge the trapped
sediment. The bag filter is a surface filter.

2) Depth Sediment Filters

Depth sediment filters work by forcing the liquid to pass
through several layers of the filter material in order to
eliminate debris. As the fluid passes through these layers of
filter material, the filter traps increasingly smaller particles.
By design, depth filters are meant to be disposable, for while
the top layer of filter material may seem easy to clean, and
may seem so after a rinse. It is not possible to remove the
finer particles trapped further within the filter.

3) Adsorptive Sediment Filters
Adsorption is the process by which a compound or particle is
attached to another by chemical attraction. And, that is
exactly how these filters work. Adsorbents, the compounds
used to bind unwanted impurities from the fluid, have
inordinately large surface areas peppered with binding sites
that adhere to the impurities. A pound of activated carbon, the
best-known adsorbent, has an estimated surface area of 40
hectares. Once these binding surfaces are used up, the filter
must be replaced. Adsorptive filters are best for removing
volatile organic compounds and can be engineered to filter
out other compounds and chemicals. They are usually used in

WATER TREATMENT

Because of its antimicrobial/antiseptic properties, silver-
impregnated carbon is an effective adsorbent for purification
in earth-bound domestic and other water systems.

GAS PURIFICATION

Impregnated activated carbon is used to treat flue gases in
coal-fired generation plants and other air pollution control
applications. Carbon can be specifically impregnated for
removal of acid gases, ammonia and amines, aldehydes,
radio-active iodine, mercury and inorganic gases such as
arsine and phosphine. Carbon impregnated with metal-oxide
targets inorganic gases including HCN, H2S, phosphine and
arsine.
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multi-stage systems, installed after depth filters which trap
compounds that would, otherwise, and needlessly, use up
precious binding sites on them.

Examples include granular activated carbon filter and carbon
block filters. Zeolite and activated alumina are also used as
adsorptive filters.

UV Tube Filter:

UV stand for Ultra Violet and a UV water purifier means a
water filter which uses UV or Ultra-Violet light to kill germs,
bacteria, protozoa, cysts, etc. in water. The term UV also
appears commonly as RO UV UF in water purifiers and the
meaning of RO UV UF in water purifier is that it uses RO and
UF membranes together with a UV light sterilizer. Here is a
what a UV water purifier looks like inside.

1) Is UV water safe to drink?
UV purified water is free of deadly diseases causing bacteria,
viruses, and protozoa such as E. What's more, UV
purification does not make the water taste or smell bad.


https://en.wikipedia.org/wiki/Zeolite
https://askinglot.com/goto/434346A4

Solar Energy Based Water Purification System

Limitations of UV Purification. While UV purified water is
not harmful to us, it does have a few limitations.

2) Does UV kill bacteria in water?
UV light kills bacteria, viruses, and some cysts. It does not
kill Giardia lamblia cysts or Cryptosporidium parvum
oocysts, which must be removed by filtration or distillation.
It is important to note that, although UV is an effective
disinfectant, disinfection only occurs inside the unit.

UV water purifier bulb or lamp

The most important part of a UV water purifier is the UV bulb
or lamp. It is this UV bulb which produces the ultra-violet
light source. To protect the bulb from direct contact with the
water there is a quartz glass sleeve around the UV tube-light
which protects it against water entry and consequent electric
shorting. The quartz sleeve should be of the correct quality of
glass to allow the glass to be transparent to short wave UVC
light of 254 nanometers, the most effective UV light
wavelength to kill germs in the water. Service life is about
9000 hours.

UV Tube Calculations

IoT Integration:

By integrating Arduino Wemos with a turbidity sensor, it is
possible to constantly track water quality. We are using this
system to ensure the purity of water and to obtain an
immediate response if the standards are not met.
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Circuit Diagram

Construction and Working:

The connections are made as shown in the circuit diagram.
The SEN0189 sensor is used to detect the NTU of the output
water of the filter, thereby determining the quality of the
output water. It uses light to detect suspended particles in
water by measuring the light transmittance and scattering
rate, which changes with the amount of total suspended solids
(TSS) in water. As the TTS increases, the liquid turbidity
level increases. Turbidity sensors are used to measure water
quality in rivers and streams, wastewater and effluent
measurements, control instrumentation for settling ponds,
sediment transport research and laboratory measurements.
This analogue sensor generates a voltage value when placed
in testing. The relationship between NTU and is given as
follows :
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NTU=(-1120.4*x/2)+(5742.3%)-4353.8....For Volt > 2.5

NTU=3000............. For Volt <=2.5

The LEDs in the circuit are used for indication of the state of
water.

The Arduino is made to connect to Wi-Fi before any code
execution. After a successful connection, the sensor begins to
send the values to the Arduino. Due to fluctuations in voltage
values, we take at least 8 values of voltages and use the mean
of the same. Using this mean value, the corresponding mean
NTU is calculated.

Now this NTU is compared with the standards given by
World Health Organization (WHO). If the NTU is between 1
to 5, the water is safe to consume. But if the NTU is out of
these limits, then the board will begin to send an alert to the
customer or manufacturer. A server connection will initiate
which would link the PHP file on the server.

Now in this PHP file which sits in the webserver would
contain the details that link the receiver's mail, subject, body
text etc. Using the mail function of PHP, the mail is sent to
the required address. As for this project application we used
Google Host Free Web servers.

APPLICATION:

1) It can be used for purifying water for household purposes.
2)Used by industries to produce mineral water.

3) Can be used in schools and other administrative offices.
4) Solar energy is sustainable green energy thus it goes hand
in hand with nature.

FUTURE GROWTH OF SOLAR IN INDIA:

The solar industry's structure will rapidly evolve as solar
reaches grid parity with conventional power between 2016
and 2018. Solar will be seen more as a viable energy source,
not just as an alternative to other renewable sources but also
to a significant proportion of conventional grid power. The
testing and refinement of off-grid and rooftop solar models in
the seed phase will help lead to the explosive growth of this
segment in the growth phase. Global prices for photovoltaic
(PV) modules are dropping, reducing the overall cost of
generating solar power. In India, this led to a steep decline in
the winning bids for INNSM projects. With average prices of
15 to 17 cents per kilowatt-hour (kWh), solar costs in India
are already among the worlds lowest. Given overcapacity in
the module industry, prices will likely continue falling over
the next four years before levelling off. By 2016, the cost of
solar power could be as much as 15 percent lower than that
of the most expensive grid-connected conventional energy
suppliers. The capacity of those suppliers alone, nearly 8 GW
in conventional terms, corresponds to solar equivalent
generation capacity potential of 25 to 30 GW. Due to
implementation challenges, however, it's unlikely that all of
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this potential will be realized by 2016. Grid parity will be an
inflexion point, leading to two major shifts in the solar
market. First, thanks to favorable project economics, grid-
connected capacity will rise at a much faster rate than before,
and second, regulations and policy measures will be refined
to promote off-grid generation. According to one estimate,
the combination of electricity demand growth, fossil fuel cost
and availability challenges, and supportive environmental
regulations could increase solar power capacity to more than
50 GW by 2022. The market will see a significant change
after 2016. Lower solar costs combined with rising prices of
grid power will convince off-takers (including distribution
companies, private firms using open access, and firms putting
up their own captive capacity) that solar power is
economically viable. This shift will signal the start of the
growth phase, during which grid-connected solar capacity
will rise rapidly to about 35 GW by 2020 as developers build
capacity to meet both RPO requirements and demand from
off-takers seeking cost-efficient alternatives to conventional
power.
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Abstract— Regenerative braking systems for electric and
hybrid vehicles enable the range of the vehicle to be extended,
but experience has indicated that the benefits are not always as
great as might be expected because of inefficiencies in the
power conversion processes. Extra mass and cost can often
combine to limit the financial viability of a regenerative
braking system. Regenerative braking systems are typically
mechanical, electrical, or hydraulic in nature; however, this is
not strictly necessary, providing there is a way to store and
later re-use energy. ESU, CVT, controller, regenerative brake
controller are the main parameters to be considered for
performance and for increasing efficiency of Regenerative
Braking. A new regenerative braking system, the RBS was
developed with the design, construction and testing of a proof-
of-concept  prototype. It involves a  fast-spinning
flywheel/alternator unit with a uniquely designed progressive
braking system and an epicyclic gear train. This new RBS can
be readily adapted for braking of electric and hybrid gas-
electric vehicles during coasting and braking. The RBS will be
proof-tested for its feasibility and practicality for the intended
applications.

Keywords—epicyclic gear train, regenerative braking system

I. INTRODUCTION

In response to the changing global landscape, efficient
energy generation, its utilization and storage has become a
primary concern for mankind. Making the energy recovery
systems efficient by developing new and better systems,
methods and techniques are the factors to be aimed for.
Taking the mentioned factors into the account we have
designed a regenerative braking system which is capable of
acquiring and transmitting a huge chunk of energy, by
contributing thrice the braking torque that of the
conventional regenerative braking system with the help of a
planetary gear set with a velocity ratio of 1:3 embedded
inside the hub of a motorcycle’s rear wheel. In this system
the shaft is connected to the wheel though an overrunning
clutch and that same shaft shares a solid connection with the
sun gear. So, when the power is transmitted from the battery
to the wheel through the vehicle’s transmission it looks like
a straight path as the sun gear and ring gear shares the same
connection while rotating anticlockwise but as we apply
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brakes the supply of power to the motor is stopped which
causes the wheel to get free off the shaft with the help of its
connection through overrunning clutch. Meanwhile, the
motion of the carrier i.e., revolution of the planets is
constrained by a miniature disc brake which helps the
transmission of energy back from the wheel rim i.e., ring
gear to the sun gears via planets. As the gear ratio given is
1:3, the sun gear is made to rotate in clock-wise direction
with thrice the speed of wheel and at the same time the
wheel will be experiencing a resisting torque which will be
thrice that of the resisting torque offered by the 250w motor,
eventually contributing towards the overall braking torque
required to stop the vehicle in a specified distance while
supplying the energy from the wheel to the battery via the
same D.C. motor, which would else go wasted.

II. LITERATURE SURVEY

o Tijani H Peng (2008).

This work presented the major advantages of planetary gear
system one of which is splitting the power among the shafts
by constraining the motions of various gears, as per the path
for the power to be transmitted.

o AJ Walenty (2011)

In this work they discussed about the regenerative and
friction brake blend control method for use in a vehicle with
at least one hydraulic brake actuator for achieving friction
braking and an electric motor capable of converting kinetic
energy to electrical energy by providing some resistance.

e Mohit Singh et al. (2016).

This paper discusses about the use of composite material to
provide adequate strength with weight reduction. They
compared different composite material and their properties
and suitable material was selected by analyzing on materials

e S. Mahendran et al. (2014)

In this work they have design spur gear model using design
software and studied impact analysis for cast steel and
composite material they have also studied torque loading for
cast steel and composite material.
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e Robert F. Handschuh et al. (2012).

In this work it is given about the comparison of the hybrid
gear with all steel gear. As result of which it was found that
the hybrid gears were more convenient in all aspect i.e.
weight reduction without affecting strength

II. OBJECTIVES

e The recovery of kinetic energy in the form of electricity
during the application of brakes to stop a vehicle’s motion,
which would else go wasted.
e The project is based on the usage of an in-wheel
planetary gear train which uses torque reduction from ring
to sun gear which is helpful for increasing generator shaft
speed. Hence generating more electrical energy while
braking.
o Applications like Solid works and Creo are used for
designing and the analysis of the model.
e The designed model is compared with the existing
Regenerative braking system.

IV.SIGNIFICANCE

As the project “Improving efficiency of regenerative
braking system” is mainly focused on increasing the
efficiency of a conventional regenerative braking. The usage
of the in-wheel epicyclic gear train led us to recover the
energy almost 2.5 times to that of the conventional
regenerative braking which was calculated as 3 times
theoretically. The conventional regenerative braking has an
efficiency of about 1.5%. In this model we have been able
achieve an efficiency of about 3.5%. Another fact about this
project which makes it a topic of research is that the
planetary gear set which is used in the wheel is acting as a
braking torque multiplier, which is providing RPM three
times at the motor shaft than that of wheel during the
application of brakes in the vehicle while maintaining the
same stopping distance of the motorcycle with the help of
torque blending.

V. DESIGN SPECIFICATION
e Planetary Gear set

Parameters Ring Planet Sun
Pitch Circle 120 40 40
Diameter(mm)
Teeth 96 32 32
Clearance(mm) 0.3125 0.3125 0.312
5
Addendum(mm) 1.25 1.25 1.25
Dedendum(mm) 1.5625 1.5625 1.562
5
Thickness(mm) 15 15 15

Gear Ratios:

Epicyclic gear ratio = 1:3
Final drive gear ratio = 1:4
Overall gear ratio = 1:12
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Bearings

e Shaft bearing (6003-2Z/C3)
Outer diameter- 35mm

Internal diameter-17mm
Thickness-10mm

e Planetary gear bearing (608Z2)
Outer diameter-21mm

Internal diameter-17mm
Thickness-7mm

VI. CALCULATIONS

Considerations:
Vehicle model: Honda CB Shine
Average rider’s weight: 62kg
Vehicle’s weight: 123kg
Assembly’s weight: 3kg
Overall weight considered of the vehicle: 188kg.
Wheel diameter: 457mm = 0.457m
Wheel radius: 0.228m
Initial velocity of the vehicle: 50 km/h or 13.88m/s
Required time stated to stop the vehicle: 1.6 seconds [8]
Required deceleration can be calculated by equation:
v=ut+a*t
13.88 =0+ a *1.6.
By the above equation we get a = —8.675 m/s?

The total braking force required will be =m * a

=188 * 8.675
=1631N
Hence, total torque required will be:
fxr =1631%0.228

=371Nm.
Total Kinetic Energy in possession of the vehicle while
moving at a velocity of 50km/h or 13.88m/s

=1/2 % m*v?

= 1/2 * (188) * (1388)?

=18.11Kj.
Losses considered:
e Rolling resistance ~ ex.: energy getting lost in heating the
road ~ 4.2%.
e Mechanical friction ~ ex.: losses in bearing ~ 5.6%.
e Aerodynamic resistance ~ ex.: energy lost in heating the
surroundings ~ 2.6%.
Available kinetic energy that can be recovered after the
above-mentioned losses:
= Total kinetic energy — (rolling loss + mechanical loss +
aerodynamic loss)
=18.11-(0.76 + 1.01 + 0.47)KJ
=(18.11 - 2.24)KJ
=15.87KJ.

VII. RESULTS
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CASE 1.

When conventional regenerative braking
system is installed, the braking torque
contribution will be

= rated torque * gear ratio
=1Nm* 4
=4Nm.

Its overall contribution will be =(4/371) * 100

=1.078%.

Case 1II: When
regenerative braking system is installed, the

in-wheel  epicyclic

braking torque contribution will be

=rated torque * gear ratio
=INm=4=*3
=12Nm.

Its overall contribution will be = (12/371)*100

=3.25%

VIII. COMPARISON

Here, as we know that energy is directly
proportional to torque while keeping the

angular displacement constant:

E =T=*86.
CASE 1:

Energy recovered by conventional

regenerative braking system
=(1.07/100) * K.E of Vehicle
=(1.07/100) * 15.87 KJ
=0.1698KJ =~170J.

CASE 2:

Energy recovered by in-wheel epicyclic
regenerative braking system

= (3.5/100) * K.E of vehicle
= (3.5/100) * 15.87 KJ

=0.55545 KJ = 555.45J
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Percentage increase in recovery of energy by
using the proposed concept.

= [(555.45-170)/170]*100
=226%

*Theoretically, we are able to achieve a 226%
of increase in the recovery of energy with
respect to conventional regenerative braking.

IX. CONCLUSION AND FUTURE
SCOPE

The energy recovered from the vehicle’s kinetic energy
is expected to be more than twice with respect to
energy recovered through conventional regenerative
braking system while making the vehicle come to rest
from a speed of 50kmph. Even with low oil prices, the
future of electric vehicles seems to be bright.
Decreasing battery prices, availability of longer-range
models and more charging stations are the reasons for
the exponential growth of the electric vehicle sales and
alongside auto industry is investing in billions of
dollars to reduce the strong pollution levels globally,
the oil industry has good reasons to be nervous. Also,
as per the predictions of experts, the EV sales is
expected to grow 60% worldwide last year, Bloomberg
new energy finance, which predicts in an article that
the EVs will account for 35% of new car sales globally
by 2040. Hence the efficiency of regenerative braking
system will be matter of concern. Furthermore, this
system is relatively reliable as compared to the
conventional system.

The future work can be carried out by:

It can be used for high end electric bikes to
increase their range.

Further the weight of the assembly can be reduced.

The analysis and simulation of the system at
higher speeds can be performed.

It can be made more efficient by just
increasing the gear ratio of the planetary
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gear set.
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Abstract— In Rural area there is no proper supply of
electricity so, we are unable to know the proper timing of
electricity which directly affect the irrigation of crops. There
is also a problem of destruction of crop by animals. We use
sensors to detect the soil properties like pH, Moisture,
Humidity ,Temperature and store the data on cloud with the
help of IOT . we also Integrate our Cloud system with other
weathering website to get the weather report and suggest the
farmer which type of crop we should cultivate and should we
water our crop or not. With the help of moisture sensor we
detect the water Quantityand water supply will be
automatically start as per the requirement. Based on pH value
on we supply the fertilizer mixed with water and this whole
system is work on 10T basedautomation.

Keywords— PH sensor, Moisture sensor, humidity ,
Temperature

l. INTRODUCTION

The utilization of water for water system has been a
cultivating practice since more seasoned days. Farmers were
utilized to inundate their properties physically or use flood
water system by redirection of ground water from wells,
surface water removed from streams, lakes or repositories or
from non-regular sources like treated wastewater, seepage
water or other related sources. Such act of manual water
system isn't effective with constraints among others, non-
uniform dispersion of water for the harvests or plants,
filtering off soil supplements and manures, disintegration
because of flooding, loss of water from plant surfaces through
dissipation, water wastage which can result to watershortage
in dry season regions and creation of unfortunate yields and
frail efficiency Rivalry for water assets, the decay and
shortage of water assets, high water system siphoning costs
and the general effect on our current circumstance and
environment drives us to make a legitimate and successful
water system the board. On the planet, water advancement for
farming is really important, however ineffectively planned
and arranged water system water the executives methodology
and practices sabotages endeavors to further develop jobs and
uncovered individualsand climate to gambles As of late, a
few exploration works have been finished to foster feasible
water system control frameworks incorporating with capacity
of remotely overseeing ranch fields.

Water system water siphons will be initiated from a distance
from a phone keypad when there is a need of watering of the
ranches. A few works have likewise shown microcontroller
based water system control frameworks where controlling is
executed in view of the estimation of the dirt water pressure,
soil water pull, soil water potential which all are boundaries
straightforwardly connected with the dirt dampness content The
higher the outright soil water strain (estimated in units ofPascal
or bars), the higher how much energy that the plant expects to
separate water from the dirt.

Every one of the proposed frameworks depend on soil
dampness content of the dirt, which thus flags the
microcontroller that controls the water-siphons relying upon the
sensor input. The dirt dampness sensor types can be
tensiometric frameworks, which measure water potential,
resistive sensors which measure the dirt water resistivity, time
space reflectometry in view of dielectric steady of soil water
and capacitance based sensors The WATERMARK granular
grid sensor is an illustration of soil dampness sensor in light of
estimating the electrical obstruction or conductivity of soil-
water.

It comprises of a granular grid upheld in a metal or plastic
screen and a wafer of gypsum implanted in the granular
network.

The terminals are implanted in the granular fill material and the
deliberate electric conductivity between the installed cathodes
gives an incentive for the water strain inside the sensor
Considering the electrical conductivity of water, the granular
framework sensor answers changes in the items in soil
dampness. As the dirt dries, water is taken out from the sensor
and the opposition estimation increments and on the other
hand, when the dirt is rewetted, the obstruction brings down
and in this manner giving different obstruction estimations as
per the items in soil dampness. In this work, weexpected such
kind of soil dampness sensor as sensor input information of the
by and large electronic framework. As opposed to the past
related works, which are microcontroller based water system
frameworks, the generally electronic plan in this work depends
on effectively accessible discrete uninvolved and dynamic
electrical and electronic parts.
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1. SYSTEM ARCHITECTURE
Hardware

ARDUINO

Due to its open-supply nature, arduino has come to be an
international phenomenon. It evolved as a prototyping
platform for hobbyist, artist, designers and extra
importantly to the scholars who are new to the sector of
electronics initiatives. Arduino comes with a
microcontroller and a software program IDE to upload the
code into the hardware board. Seeing the recognition of
Arduino amongst hobbyist many sensors which might be
well matched with Arduino were launched. The
microcontrollers that got here before Arduino don’t have a
software program IDE for importing code into the
hardware. One had to use a separate hardware device to
add the code into the hardware. because of this flexibility
function, it is easy to interface sensors with Arduino.

MOISTURE SENSOR

Soil moisture sensors measure the volumetric water content
material in soil. for the reason that direct gravimetric
measurement of unfastened soil moisture requires casting
off, drying, and weighing of a pattern, soil moisture sensors
measure the volumetric water content material indirectly
via using some other assets of the soil, including electric
resistance, dielectric constant, or interaction with neutrons,
as a proxy for the moisture content.

PH SENSOR

PH is the numeric representation of gram-equivalent per
liter of hydrogen ion concentration in any solution. It varies
between 0 tol4. It is the logarithmic measurement of moles
of hydrogen ions per litre of solution. The solutions having
a pH value between 0 to 7 are acidic solutions with a large
concentration of hydrogen ions whereas solutions having
pH values between 8 to 14 are basic solutions with small
hydrogen concentration. The solutions having a pH value
of 7 are neutral solutions. Measuring the pH gives the
measure of alkalinity or acidity of a solution.

WIFI MODULE

Itis a SOC (System On-chip) integrated with a tack, which
can provide microcontroller access to any type of Wi-Fi
network. This article deals with the pin configuration,
specifications, circuit diagram, applications, and
alternatives of the ESP8266 Wi-Fi module. An ESP8266
Wi-Fi module is a SOC microchip mainly used for the
development of endpoint applications. It is referred to as a
standalone wireless transceiver, available at a very.

Pin out Diagram of Node MCU (7)

It is used to enable the internet connection to various
applications of embedded systems. It can work as either a
slave or a standalone application. If the ESP8266 Wi-Fi runs
as a slave to a microcontroller host, then it can be used as a
Wi-Fi adaptor to any type of microcontroller using UART or

SPI. If the module is used as a standalone application, then it

provides the functions of the microcontroller and Wi-Fi
network. The ESP8266 WiFi module is highly integrated with
RF balloon, power modules, RF transmitter and receiver,
analog transmitter and receiver, filters, digital baseband,
power modules, external circuitry, and other necessary
components.

Mini Water Pump

Micro DC 3-6V Micro Submersible Pump Mini water pump
For Fountain Garden Mini water circulation System DIY
project. This is a low cost, small size Submersible Pump
Motor which can be operated from a 3 ~ 6V power supply. It
can take up to 120 liters per hour with very low current
consumption of 220mA. Just connect tube pipe to the motor
outlet, submerge it in water and power it. Make sure that the
water level is always higher than the motor. Dry run may
damage the motor due to heating and it will also produce
noise.
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Background:

In traditional farming method generally the
farmer wholesome control all the features related
to farming and irrigation due to which destruction
of water resources is more because farmers
manually turn on or off the water pump which
result in either lack in water or abundance of
water. If the crop does not get water efficient as
per the crop requirement than it will lead to
destroy the crop so when IOT is used for
irrigation thanit will use the limited resources in
efficient way.

Importance of the Project:

In rural areas there is frequent cut off of electricity which
lead to wastage of time and wastage of energy . so when
farmer manually supply the water either it result in lack of
water or excess of water which lead to deficiency of
nutrients in soil and the soil gets infertile

. With the help of these project , Farm will get automatic
water by means of iot and sensors and these project will
help the farmer to save their time and in proper irrigation.

Objectives and of the project:

The conventional irrigation system is manually
operated and it is based on real-time weather and
soil conditions observed manually. Water schedule
driven by Heuristics based on the experience of the
farmer, which is highly dependent on manual labor.
The main problem faced by farmers is water
scarcity due to less rainfall. The farmers sometimes
have to water the field in odd hours due to variation
in supply. There are also chances of overwatering
and under watering in few circumstances due to
human error.

Summary:

The Aim of the Entire project is to help the farmers
grow their production as well as the profits with the
use of Smart technologies available in the market.
The system that we have proposed will not only help
the farmers to Irrigate their but also they can use
fertilizers along with water. which help then to
maintain sufficient level of water and fertilizers in a
farm. For that purpose we will use sensors like pH
sensor , humidity, moisture, temperature. With the
help of 10T farmers can also get data in their mobile
phone only.
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RESULT AND DISCUSSIONS

The fundamental thought process of the venture is to guarantee
no wastage of harvest happens while giving each cultivating
firm a potential chance to acquire and foster their abilities
through the easiest innovation. The usage of straightforward
parts will make it extremely basic for the ranchers to
comprehend the kind of development waiting be established in
the dirt. This not just guarantees no material is squandered yet
in addition a tremendous piece of the rancher's pay gets saved
as there is no longer a need to keep overview check groups
drifting around for the dirt items. The venture will work with
the simple comprehension of innovative viewpoints with the
reconciliation of regular cultivating to order and make an air
great for all. This chiefly focuses on the low income gathering
of ranchers with no or extremely less information. As our
undertaking plans to be spending plan amicable, it would be
effectively available for all.

Consequently allowing an opportunity for each rancher to jump
forward and coordinate innovation throughout everyday life.
The central issues of the learning? The featured discussions
and information will be pre-stacked into a point of interaction.
This point of interaction will be effectively available to
ranchers on their cell phones. A look onto the information with
every one of the parametric qualities and it will be not difficult
to develop with next to no preliminary and blunder. The
undertaking expects to move the utilization of a
straightforward microcontroller and use the easiest of parts to
establish a climate which is sans bother.

CONCLUSION

A system to monitor moisture levels in the soil was designed
and the project provided an opportunity to studythe existing
systems, along with their features and drawbacks. The
proposed system can be used to switch on/off the water
sprinkler according to soil moisture levels thereby automating
the process of irrigation which is one of the most time
consuming activities in farming. Agriculture is one of the
most  water-consuming activities. The system uses
information from soil moisture sensors to irrigate soil which
helps to prevent over irrigation or under irrigation of soil
thereby avoiding crop damage. The farm owner can monitor
the process online through a website. Through this project it
can be concluded that there can be considerable development
in farming with the use of IOT and automation. Thus, the
system is a potential solution to the problems faced in the
existing manual and cumbersome process of irrigation by
enabling efficient utilization of water resources

Future scope

The scope of the project is in future we can add more sensors
and study variety of data about soil .we can add the features
likeanimal warn alarm ,Al based crop recommendation
system, weather conditioned monitoring system and rain based
irrigationsystem
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Abstract— The lack of proper training of new graduates as
well as the workers is an important challenge that is not
considered, mainly in heavy industries. The heavy
industries are still working like the old times without any
advancements. The manufacturing processes might be
upgraded but the training and certification of
professionals is never given importance. This is mainly
because lack of resources like proper software and
workforce. The data collection and data sorting are
another issue faced by these industries. Many a times there
is not even a single computer required for the whole
manufacturing. We have focused on forging industry for
our project and this industry has the least amount of
modernization. We saw that not even a single computer
was needed and used in the process.

1.1 Introduction

The challenge is based totally on schooling enterprise
partnership, in which we seeking to

join the scholars with the generation used with inside the
industries. We are going to apply the brand-new generation
of AR so that it will assist us construct an interface for the
scholars. While making of this challenge we can
additionally make a product records base for the enterprise
that allows you to display their clients their merchandise and
what all they could offer. We are seeking to apprehend the
real practices of industries and will be capable of rectify
what all may be completed for far off production and
automatic production.

The selection of parameters was another task in our project
we had selected forging industry where there are many
kinds of parameters that come into action. We have
identified the parameters with predominant impact on the
production and pace of production. We have researched on
parameters like working temperature, no of cycles, total area
of product, the capacity of forging machine, loading actions,
electricity consumed, the material used, the change of
material properties. As discussed, we were able to identify
the parameters and we also found the challenges in the
process. Our biggest challenge was lack of cad models of
the forging machine. So we have to build the entire machine
on our own in the solid works. We have identified the
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information that can help students when they refer to our
project.

We were able to find the right industry partner for our
project. We have short listed an

forging company. We have done the survey of their plant.
We have seen the processes and working of machines. We
have seen the resources used in the manufacturing.

The use of AR isn't always a brand-new phenomenon as this
generation is demonstrated has a top notch ability in
schooling. Recent technology including augmented truth
(AR) provide the proper gear for growing incorporated
getting to know environments that assist the manipulation of
bodily items and visualization of contents, enriching the
getting to know enjoy. Essentially, AR is a pc generation
that makes use of cameras to seize and show actual
international environments, items, or images, and juxtaposes
virtual information (e.g., audio or graphics) onto truth in
actual time. In evaluation to the artificial surroundings
rendered onto a digital truth (VR) device, an AR device
augments the bodily surroundings (as visible via the digital
digital lens) with an artificial representation. Thus, the
environments co-present collectively may be considered as
some hybrid surroundings—one finishing the other, and vice
versa.

As pc generation turns into extra advanced, such as cell
generation and wearable generation, AR can now be skilled
via way of means of nearly every person who owns a first
rate cell phone, that is generally ready with a digital digital,
accordingly engendering a brand new time period of
generation so known as the cell AR. Integrated in cell
getting to know systems, AR will offer revolutionary
approaches to switch information in schooling.

The software of AR with inside the schooling subject is
recommended because of its

numerous blessings. Among the blessings encompass its
capacity to assist college students ‘cognitive process,
specifically with inside the visible spatial process (Khalil et
al., 2005; Schefter et al., 2009), its capacity to elevate
college students ‘motivation level, its high quality affects in
getting to know enjoy specifically for vulnerable college
students (Freitas& Campos, 2008).
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Augmented Reality (AR) has been extensively used in lots
of academic contexts to allow college students to examine in
an extra engaging, fascinating, and powerful environments.
The adoption of AR in getting to know, is pushed via way of
means of having easy, low priced get admission to effective
contemporary-day devices (e.g., cell phones) that may be
used as a green shipping medium for getting to know. An
augmented truth device combines actual and digital items in
actual environments, run interactively in actual time and
check in items in environments concurrently (Azuma et al,
2001). The continuum of AR is depicted in Picture 1. Itis a
brand-new generation that generates three-dimensional (3-d)
digital items and offers an interactive interface with which
human beings can paintings and engage concurrently each
within side the actual international and 3-d digital items.
Thus, it makes AR an exciting generation for growing
academic packages that permit manipulation and
visualization (Ocelli et al. 2005). Additionally, in Di Serio et
al., (2012) study, AR generation additionally has proven a
high-quality effect at the motivation of middle-faculty
college students. It’s proved that AR environments should
improve scholar motivation and interest, which in flip
should assist them to broaden a higher know- how in getting
to know contents.

create creaie
POl Database ARLib browse AR Marker Painter
edit, browse || |
upload
3D Model Database browes
l data sending
AR Tool-kit

Figure 1: Basic Planning Structure

In this image one can understand what the different
elements of AR project are. POI stands for point of interest.
There are different points on the scale that are to be formed
in order to make the AR platform. This POI can be made
using different types of methods like 3D scanning and GPS
sensors based on which one can create an entire layout. AR
library java applet which helps the programmers to add and
modify the AR features.

e

Figre 2: Vision of the project

1.2 Background
We are engineering students and when we were learning

about various machineries there

we’re not enough resources to explain concepts especially
the modern technologies. The

technology that are used in industries cannot be simply
explained in words. There is need

of a pictorial representation for the process understanding
and sometimes even more like

animations and AR too. So, we came up with idea of
developing the platform where one

can see the manufacturing in almost real experiences. This
was our main motto for

developing this project.

Augmented reality content can be viewed in several ways.
Initially, people may have

encountered web applications which let them view quick
response (QR) codes through

their webcam. Using QR codes
information, including 3D animations,
can be attached, in a sense, to images on paper, cards, or
other surfaces. When a marker is

held in front of a webcam, those using AR applications
through a computer or console can

view digital content superimposed over their real
environment (the paper in their hands), as

shown by the display screen (which simply shows the room
as the webcam sees it,

augmented by the AR content). Usually, when the user
moves or rotates the marker image,

the digital content moves and rotates as well. Another
viewing option is to use a head mounted display (HMD).
While wearing a HMD (which covers the eyes), users can
see digital content on the HMD screen and their real
environment through the screen (or displayed on the screen
by an attached camera). Today, many mobile AR
applications are location based. To utilize these AR
applications on a mobile device or a smartphone, the

phone must be equipped with several necessary tools: (a)
GPS technology; (b) an accelerometer, and (c) a digital
compass (magnetometer). mobile AR applications, users
may view the world through smartphone cameras in order to
see digital content mixed with the real environment.

Our industry partner is Mahesh Industries which has forging
machines and specializes in iron plumbing solutions. The
premises have different types of machines with varying
loads so that different dimension forging can be made.
Forging is mainly done by die so there has to be different
types of dies of different layouts and sizes. There is an
furnace as well as an electrical induction machine for
heating of metal. Our industry partner has facilities and
experience to make product of different materials as well
right from copper up to normal MS products.

(markers), digital

1.3 Importance of project

We had selected a forging company because this topic is
related to Industrial engineering and is most neglected
among the students because of vast theories and lack of
pictorial representation. When we look at this subject there
are not many methods for explanation except for 2-D
diagrams from the textbook. Adding AR in this topic could
do wonders for the students.

After selecting the subject for the project, the next part was
deciding what should be the contents of this AR platform
which should be added. Because there is a lot of information
and adding every single one cannot be possible. We are
categorizing what are the possible ways we can group
different information so that none of major things are left
behind. This also includes things like working temperature
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and tools used, power of the machines and much more. And since been gradually extended to support a variety of
this all information is not available on the internet, so we desktop, mobile, console and virtual reality platforms.
had to find the user manual and brochure from the company.
For this we contacted our industries as well as the

manufacturing company of this machines.

Our industry partner is also going to get few advantages 1 -.
from this project. Our AR layout is not only to help the Unltv
students but also the clients of industry. We are planning to

give this all data and platform to them too for their website.
The clients would understand the machineries used and how

the process work. What products can be made and what . Figure 9: Unity )
customize products can be order. The client will not have to - VUFORIA: Vitoria Engine is a software development kit
visit the actual location so basically international business ~ (SPK) for creating Augmented Reality apps. With the SDK,
can also be grown by taking them into confidence. you add advanced computer vision functionality to your

application, allowing it to recognize images, objects, and
spaces with intuitive options to configure your app to
interact with the real world.

o~ -
< vuforia

Figure 10: euphoria

1.4 Perspective for stakeholders and customers

Figure 3: Workshop As discussed earlier this project has primarily two stake

TOOLS REQUIRED _ holders. One is Thakur college of engineering and
SOLIDWORKS: SolidWorks is a solid modelling technology and other is Mahesh Industries. Our primary
computer-aided design and computer-aided engineering focus is on educational use of this product, but we are also
application published by Assault Systems. trying to bend in worker guidelines and safety protocol

training so that our industry partner is also benefited from
our product. We are going to build a website for students
who are interested in knowing the insides of the forging
industry. This is going to help them develop deep
knowledge of industrial working.

Advantages of augmented reality in education

[1 Access to learning materials. The lack of new and
F advance resources is a hindrance in

;',:-"5 SOLIDWORKS new education system. So, adding this is value addition.
[ Access to virtual equipment. To travel every day for
learning at location is not possible
and installing this heavy machine is not possible so
availability of virtual equipment can
be boon for the students
[1 Higher student engagement. For younger generation
virtual reality is a fascinating

concept so they are more inclined to learn from this
ble de ' technology rather than normal chalk
n r and board.

[] Faster learning. A new way of presenting information

Figure 7: Solid works
- BLENDER: Blender is a free and open-source 3D
computer graphics software tool set used for creating
animated films, visual effects, art, 3D-printed models,
motion graphics, interactive 3D applications, virtual reality,
and, formerly, video games.

Figure 8: Blender helps reduces the overall learning
“UNITY 3D: Unity is a cross-platform game engine time. Subsequently, there is more time for practice and in-
developed by Unity Technologies, first announced and depth examination of niche
released in June 2005 at Apple Worldwide Developers topics.

Conference as a Mac OS X game engine. The engine has
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[] Safer practice. In such cases as anatomy lessons, students
no longer need to dissect real

animals; this can be accurately simulated through software.
Students get the same level of

practice without harming anything or working with
dangerous tools.

DIAGNOSTICS

DISTRIBUTION
SUPPLY

Figure 4: Mind Map

1.5 Obijective and scope of project

Using mobile device as a learning tool is a new way for
learners to learn anywhere and anytime, they like. A number
of studies have found that mobile devices play a major role
in education nowadays and sees the impact and advantages
of these devices in regards to the potential for pedagogical
perspectives Moreover, an application that contains
multimedia elements such as animation, graphic and video
encourages parents to attract the attention of their children
with it. The use of devices like smartphones and tablets can
facilitate the children to learn. There are many studies that
proved that there are improvements in terms of children
performance before and after they used the multimedia
mobile application as a learning tool.

Mobile AR application with the ability of mobile devices
which has the features and properties such as portability,
social interactivity, connectivity, context sensitivity and
individuality have made a learning experience more
meaningful. Based on the previous studies most of the users
felt motivated, enjoyed and the research shows a positive
educational effect on participants that leads to students to
achieve higher levels of engagement in learning
performance.

1.6 Summary

We are expecting to compile the raw data and the ideology
till this semester while the actual implementation is going to
start in the winter break because to gain exact information is
we need frequent visits in the industries and that is not
possible during college hours. We have started the work on
the initial phases where we have images of all the
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machineries their working temperatures and soon. We have
also made a first stage machine and a die. All the
information is not available on the internet.
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Abstract :- Collision prevention and warning
systems are progressively being installed in
automotive vehicles to foresee the possibility of
colliding with an external object, such as another car
or a person. Such systems often start an action to
prevent the accident and/or alert the driver of the
vehicle when they identify a probable collision. The
vehicle and an IR transmitter and receiver circuit
make up this braking system. The obstruction is
located using the IR sensor. The IR sensor detects
any obstacles in the path and delivers a control signal
to the microcontroller, which in turn transmits. This
concept uses an electromagnet to enable a frictionless
braking system. Included in this construction module
is a circular disc connected to a solenoid and a dc
motor. A sensor and solenoid are included in the
embedded system module together with a
microprocessor. Electronic and magnetic power are
used to apply the brakes during electromagnetic
braking. Here, we apply the electromagnetic
principle to produce frictionless braking. As there is
no friction, brake wear is reduced, which tends to
lengthen the lifespan and reliability of brakes.

Keywords—Electromagnet, contactless braking,
sensor, Arduino uno microcontroller, Battery.

I. INTRODUCTION
Background and Justification Electromagnetic
brakes, also known as electro-mechanical brakes or
EM brakes, mechanically apply electromagnetic
force to slow or halt motion.
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resistance  (friction)  (friction). The term
"electromagnetic brakes” has replaced the earlier
word "electro-mechanical brakes,” which referred to
how the brakes were activated. The range of uses
and brake designs has greatly risen since becoming
common in the 20th century, particularly in trains
and trams, although the fundamental principle of
operation has not changed. Brakes that use both
magnetic and electric power are known as
electromagnetic brakes. They operate according to
the electromagnetic theory. These brakes are quite
good. due to their many benefits, they should be used
instead of traditional brakes. The use of this
frictionless brake in automobiles is done so as to
lessen brake wear. The rotating wheel or rotor is
intended to be stopped by the eddy current. As a
result, the rotating wheel or rotor comes to rest in the
neutral position. All nations' economy depend on the
creation and use of energy, which is required for a
variety of tasks like lighting, phone charging, riding
a bike, and many other things. Typically, non-
renewable energy sources like gasoline, kerosene,
and nuclear power produce pollution, which is the
major motivation for the idea of creating energy.

Objective

Our project's primary goal is to design and create a
model of an electromagnetic braking system.

These are our auxiliary goals in addition to the

primary one.:-



Automatic Frictionless Braking System

*  Recognize the planning and
implementation of projects.
« + To comprehend fabrication procedures
used in a mechanical workshop
e To understand the usage of various
mechanical machine tools and also
measuring tools
* To use technology in a way that makes
daily living easier for people.
Our design overcomes the previous system which
was in very high cost
*  Simple in construction
e Less space required
e Low energy consumption

*  No need of skilled persons

I1. LITARATURE REVIEW
1)Author- MOHD SHAHRIZAN B. SAHR
Title-ULTRASONIC CAR BRAKING SYSTEM
An ultrasonic car braking system includes an ultra-
sonic wave emitter provided in a front portion of a
Title-automatic braking car producing and emitting
ultrasonic waves frontward in a predetermined
distance in front of the car.
2)Author- Eung Soo Kim
Title-Fabrication of Auto Braking System for Pre-
Crash Safety Using Sensor
This module can detect the distance between the
front vehicle and the driver’s vehicle to keep a
constant distance using a sensor and operate the
brake system forcibly if the driver does not decrease.
3) Author- Sahil Jitesh Thakur
Title-ANTILOCK BRAKING SYSTEM
ABS generally offer advanced vehicle control and
minimize the stopping distance on a slippery and dry
surface, conversely on a loose surface like gravel or
snow-covered pavement, ABS can significantly
increase braking distance, although still improving

the vehicle control speed of the car.
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Il. METHODOLOGY
Preparation Of Design:
This step focuses primarily on the design portion,
which considers several design choices in
accordance with the installation requirements as
planned in the preceding steps.
The process of fabricating a model involves a
systematic design and seven processes of problem-
solving.
The steps are as follows:
Analyzing Research Papers:
Gather all the pertinent information regarding the
issues, current research projects, and their results.
Then, compare them to other research projects in
order to analyse them and determine how best to
separate the drawbacks of more traditional braking
methods.
Selection Of the Electromagnetic Brakes to
Overcome the Problems:
The electromagnetic braking system was chosen in
order to reduce the issues that typically arise with
conventional braking systems and to address issues
with efficiency, maintaining parameters, and safety.
Thus, the electromagnetic braking system has been
chosen for the following process in order to solve
these issues.
Analysis Of the Electromagnetic Braking System:
To research and evaluate the system, concentrating
on its working theory, the fabrication materials and
design necessary to construct the model, and even
conducting research into how the brake system
would operate in accordance with the design
intended.
Fabrication:
This stage of the process involves putting the
selected design and methodology into practise. The
model is then built in accordance with the
instructions provided, and the functionality of each

mechanism is tested.
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Testing:
The model is put to the test to see whether it achieves
all of the goals, then it is put to the test again to see
if any improvements or alterations need to be made.
The model is then created for implementation after
the test has been completed in full.

IV. DESIGN WORK

CAD is utilised throughout the engineering
process, from basic product design and layout
through strength analysis of assemblies to the
defining of production techniques for components.
It is mostly used for thorough engineering of 3D
models of physical components.

Figure 1

Figure 2

V. WORKING

When the motor receives power, it will rotate the
main shaft via the drive system, rotating the MS
plate that is welded to the shaft in front of the
electromagnet. The brake control switch is turned on
when Hence, the

braking is  necessary.

electromagnet receives a voltage application.

An energising coil generates a magnetic field by
applying voltage or current. The armature is drawn
to the metal disc's surface by the coil, which creates

magnetic lines of flux between the metal discs.
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The metal disc is free to rotate when the current or

voltage is released from the brake (electromagnet).

In our project, an IR sensor has also been utilised to
detect objects that are about to pass in front of the
vehicle. When an object passes in front of the
vehicle, the electromagnet system receives signals
to apply the brakes. Moreover, a manual magnetic
brake button and a release button have been added
to the remote control, which will assist you avoid

the IR sensor when parking.
VI. DESIGN CALCULATIONS
Assume Data

Following calculation is done for robot who’s speed

per km hr

k=d xrx0.001885

Where,

k = Kilometre Per Hour(km/hr)

d = Wheel Diameter(cm)

r = Revolution Per Minute (RPM)
k= 27.6 x 150 x 0.001885

k=7.8039 Kilometre Per Hour

Braking force
The total braking force required can easily be

calculated by using Newton’s Second

law of Motion:

V =TIT*d*N/60

=(ITx 0.276 x150)/60 =2.1666m/s
A= (v-u)/t

= (2.1666-0)/2.5 =0.86664m/sec?
F=m*A=12 x 0.867=10.40N

Braking force

T =(Fx0.5d)/R

= (10.40 x 0.5 x 0.276)/1.725 = 0.832Nm
Clamp force

C=T/(uxRe)
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=0.832/(0.25 x 0.06) =55.46 N

Brake power

Assuming the stop is from the test speed down to
zero then the kinetic energy is given by: -
KE=0.5xm x v2

=0.5x12x2.16662 =28.149336 Joules

Rotational Energy:

The energy required to slow rotating objects is
known as rotational energy. Taking 3% of the
kinetic energy is a realistic assumption, albeit it
depends on the vehicle and the gear picked.

The power is then given by:

P=E/t =29.0/2.5 =11.61watt

This is the average power. The peak power at the

time of braking is double of this.

Brake heating

Fade Stop Temperature Rise

At= (P x t)/ (p x ¢ x Volume)
=(11.61x2.5)/ (7850*465*3.601*10-5)
=1.01900C

Magnetic flux density(B):
T=1/2*1*8*n*R2*m2*B*22*[1- () ]

= (0.5%59.6x106 x0.003x5%2 x 0.0152 x 0.0072 x
B2) x (1-(0.035/0.996))

B =18.01Wb/m2.
B=(usxpoxnxI)/L

18.01 = (2000 x 411 x 10-7 x n x 8)/0.048
N= 43turns/m

Magnetic field strength (H):
H=NXxI/L
= (43 x 8)/ 0.048 =7166.66 A/m

VII. COMPONENETS

1.Electromagnet

e

Figure 3
Electromagnets are excellent for both industrial uses
and research projects. This solenoid electromagnet
has an iron core and a coil to attract magnetic
materials. It can raise objects weighing up to 5 kg
thanks to its holding force of 10 kg (98 N)!
Moreover, it has a threaded screw hole at the back
that can be used to mount the electromagnet to a flat
surface.
Specifications:
Holding Force: 10kg
Lifting Force: 5kg
Operating Voltage (VDC): 12
Max. Operating Current(A): 0.33
Material: Mild steel
Power Consumption (Watt): 4
Operating Temperature Range: -20 to 120
Cable Length (cm): 30
Bolt Size: M4
Dimensions in mm (LxWxH): 30x22 (Dia. X
Length)
2.Metal Disc
The metal disc is one of the important components
been used here. It is made up of MS plate of 2 mm

thickness. The diameter of the disc is 90 mm.

Figure 4

3.Switch and Wires
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ON/OFF switch used to control the power supply to
the electromagnet. It is connected with the
electromagnet. A typical common electric switch is
used here. When the rotation of the pulley is to be
stop, the braking is applied by turned the switch on.
When the free rotation of the pulley is required, the

switch is turned off. To provide the

Figure 5

4.Motor
High Torque Dc Geared 12v 200rpm - Grade A

Features:

e 200rpm 12v Dc Motors with

Metal Gearbox And Metal Gears

18000 Rpm Base Motor

6mm Dia Shaft with M3 Thread Hole

Gearbox Diameter 37 Mm.

Motor Diameter 28.5 Mm

Length 63 Mm Without Shaft

Shaft Length 30mm

180gm Weight

13.5kgcm Holding Torque

No-Load Current = 800 Ma, Load Current

= Up to 7.5 A(Max)

e Recommended To Be Used With Dual
Dc Motor Driver 20 Or Dual Dc Motor
Driver 20

Figure 6

5.Battery
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Figure 7

NVENTO 12V 1.3Ah 1300mah Rechargeable
sealed lead acid battery

e Maintenance free lead acid battery with
Strong ABS Body. Recharge after every
use.

e Voltage: 12V - 1.3AH (1300mah); Intitial
Current: Less than 0.39A

e Cycle Use: 14.4V - 15V; Standby Use:
13.5V 13.8V

e Battery Size: 97 x 45 x 53 mm (L x W x
H)

6. IR Proximity Sensor Module

Infrared Photoelectric Sensor E18-D80ONK Obstacle

Avoidance

Figure 8

Description

A photoelectric sensor that combines transmission
and reception is this one. You can change the
detecting distance as needed. Long detection range,
minimal interference from visible light, simple
installation, and practical application are all features
of the sensor.

Parameter

Induction distance: 0-50cm adjustable;
Working voltage: 6-36V can be;

Brown - positive, blue - negative , black - data
U:5vDC

1:100mA


https://robokits.co.in/motor-drives-drivers/dc-motor-driver/dual-dc-motor-driver-20a
https://robokits.co.in/motor-drives-drivers/dc-motor-driver/dual-dc-motor-driver-20a
https://robokits.co.in/motor-drives-drivers/dc-motor-driver/dual-dc-motor-driver-20a
https://robokits.co.in/motor-drives-drivers/dc-motor-driver/dual-dc-motor-driver-20a
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Sn:3-50CM

Working environment: temperature -40 to +70
degrees Celsius;

Note:

1. When the switch is connected to the power supply,
check whether the wiring is correct and check
whether the voltage parameter is rated.

2. The switching load cannot be short-circuited,

and the power supply in the load should not exceed

the maximum output current

7.Arduino uno micro controller

Fig. 9

8. frame

et

Fig. 10

VI RESULT
Automatic frictionless braking system can operate
safely and effectively in a wide range of driving
conditions, such as different weather conditions,
road surfaces, and traffic patterns. The system would
need to be able to detect and respond to potential
hazards in a timely and accurate manner to avoid
accidents. Overall, while the idea of a frictionless
braking system is promising, it is still in the research
and development stage and it may be some time
before it becomes a reality in the automotive

industry.

IX. FUTURE SCOPE

The advantages of electromagnetic brakes over
frictional slowing mechanisms are numerous. This
brake is more effective due to the interaction
between swirl presence and attracting powers. This
brake can be used in a vehicle as an additional
stopping device. Two-wheelers can use this brake
system. Modern automotive braking technology
includes the usage of electromagnetic braking
systems. All forms of light motor vehicles,
including cars and large motor vehicles, will use
electromagnetic braking systems.

Avoid the mishap.
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Abstract—QOcean waves have tremendous potential of energy
generation as these waters contribute two third of our Earth.
Decline in fossil fuels have escalated the need of renewable energy
generation. Moreover, the existing sources such as coal, petrol,
oil etc. contribute to crisis such as global warming. Converting this
oscillating wave motions is indeed challenging spanning over
many areas of physics, e.g., hydrodynamics, mechanics, solid me-
chanics, fatigue, electro- magnetism, electrochemistry, electronics,
power electronics, marine biology etc. This technology is costly
including sensors, cables, turbines and other infrastructure could
potentially harm marine biology. And because the plants rely
on coastal locations, they may not be able to support whole
populations. So, these are some of the major challenges we tend
to overcome by our design.
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work.

)

The power of ocean waves, i.e., the energy flow or energy
flux, is usually presented as the average power per meter of
crest length of a wave, and the unit is thus usually [W/m]. What
this given value really means is the aver- age energyper
second that is passing under one meter of wave crest,from
the surface to the seabed. Wave energy is the storage of wind
energy in the form of waves in the ocean. The height andwidth
of waves can vary depending on the time of year and other
factors. Wave energy is a promising renewable resource that
can be used to generate electricity. Sea waves are ever-
changing, their heights and widths in flux due to the passing
of time and the change in seasons. The power available in a
sea wave is expressed as the following formula: -

P = 0.55*3* Hy* T, kW per meter length of wave crest.

Where,

Hs = average of one-third of the highest waves in meter T,

= zero crossing period in seconds.

Currently in India, the facilities are generating energy in the
order of 1200MW and 7000MW respectively for the Gulf of
Kutch and Khambhat and 100MW for Sundarbans and 150KW
for Kerala.

Till now there is no estimation of the amount of energy which
our mechanism can generate since the design is still un-der
development and there has been no actual tests performed for
the design.

Sneh Bheda (e-mail: snehbheda@gmail.com)

Harsh Gore (e-mail: harshgore2002@gmail.com)
Saurabh Gupta (e-mail: sgupta220704@gmail.com)
Suditi Kuperkar (e-mail: suditi.kuperkar03@gmail.com)
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A. Chapter 1 Overview
B. Introduction

The challenge for societies and environments to find clean
sources of energy is only one of many they face, but the
journey to a future with less pollution from energy sources
is a long and difficult one. Oceans contain a vast amount of
energy in the form of waves and currents and this has been
known for quite some time. Estimates show that the power
levels on coastlines around the world could be as high as one
terawatt.

C. Background

Wave power advancement has confronted numerous trou-
bles, thus the large number of solutions. Some of the main
challenges of wave power technology are the durability of parts
exposed to the ocean’s forces, the high investment costs of
large structures, the need for excessive reinforcement to handle
mechanical overloads, long-term mooring difficulties,
transmission of energy to shore, and the conversion of wave
motion into high-speed, rotating generator motion. Many in-
novations in wave power research and development have been
focused on hydrodynamics and mechanics.

D. Importance of the Project

The main aim of the project was to use simple mechanical
mechanisms to generate electricity from wave motion. There
have been many systems designed to harness wave energy.
Some of the technologies are said to have reached commercial
or close to commercial stage, some are performing small scale
prototype testing of their technology, and still some
technologies have not left the drawing board.

E. Objectives and Scope of the project:

The primary objectives of this project are:

. To utilize the ocean waves that are often unused and to
capture its oscillating motion.

. To harness the ocean energies for power generation and
to overcome the barrier of energy deficiency.

. To accelerate and enhance support for the resource as-
sessment and deployment of ocean energy in the country

. To have a renewable, emission-free, and reliable source
of energy.
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1.4  Perspective of Stakeholders and Customers 1
15  Objectives and Scope of the Project 1
1.6  Summary 2
02 Literature Survey and Proposed Work 2
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IV. SCOPE:

India has the potential to extract a lot of energy from the
ocean because it is surrounded by water on three sides. The
to-tal theoretical potential of wave energy is estimated to be
about40,000 MW. Not to mention, the cost of electricity
would be reduced because this is a shoreline project.
Additionally, the cost of setting up this plan is cheaper than
many other options. Due to its optimal design, it can be
adapted to any location with only minor changes.

A. Summary:

Need for renewable sources of energy is rising leading
to several developments and research. Ocean waves have
potential to generate energy throughout day and night
unlike solar energy. Harnessing this massive energy if done
in properway will achieve success but is indeed challenging.
One such effort is done by our team where we propose to
develop a mechanism that converts ocean wave energy
into electricityby capturing the on-coming wave forces.

Chapter 2 Literature Survey

Currently, there exist lot of different ocean wave energy
generation systems such as floating buoys, point absorbers,
bi-direction turbines and over-stopping devices. However,
os- cillating buoys have proved to be a popular choice
among these considering the technological and economic
aspects.

Linear induction generators, turbines with oscillating air
column and flapping devices attached to shores or ships are
common components used in tracing wave motion. Some
other mechanisms also include piezoelectric devices that
generate electricity by wave force or impact. Despite
developments, these technologies prominently capture only
one-dimensional movement.

Some of the major units in India are located in the Gulf of
Kutch, Gulf of Khambhat, Sundarbans in West Bengal and
in Thiruvananthapuram, Kerala. This units are generating
energyin the order of 2200MW and 7000MW respectively
for the Gulf of Kutch and Khambhat and 100MW for
Sundarbansand 150KW for Kerala. But all these facilities
capture only thetidal energy and not the wave energy. Some
of the major units in India are located in the Gulf of Kutch,
Gulf of Khambhat, Sundarbans in West Bengal and in
Thiruvananthapuram, Kerala. This units are generating

energyin the order of 1200MW and 7000MW respectively
for the Gulf of Kutch and Khambhat and 100MW for
Sundarbansand 150KW for Kerala. But all these facilities
capture only thetidal energy and not the wave energy. Thus,
we are proposing the design and mechanism and developing
it to capture both heave and pitching motion of ocean waves.

Work (Phase wise)

PHASE 1:

In this phase, brainstorming for selecting appropriate
mech- anism is done. Getting general idea of current
developments inthe field and challenges faced by them are
studied. Future as- pects and potential changes in existing
models were identified by team.

PHASE 2:

Sneh Bheda (e-mail: snehbheda@gmail.com)

Harsh Gore (e-mail:

harshgore2002@gmail.com) Saurabh Gupta (e-

mail: sgupta220704@gmail.com)

Suditi Kuperkar (e-mail: suditi.kuperkar03@gmail.com)

This is the most crucial phase in which detailed
researchon selected mechanism is done. Study of various
components used in assembly from fields of mechanical,
electric and electronic will be done. This is required for
process of storing the electrical output to its fullest. The
mechanical system will be designed in commensurate
way to electronics andelectrical systems used. Iterations
of model will be made on cad software. Finally,
feasible design will be selected for further analysis.
PHASES:
Simulations on final cad model will be done to ensure
rigidity, motion and safety of model. Results will be
acquired. Finally, we plan to make a small-scale
model/prototype of our final mechanism. Testing the
prototype in appropriate environmental conditions.
Gathering the results and do small modifications if
required. The results will be then presentedin
appropriate documents
Chapter 3 Analysis and Planning
Initially, through literature review, we discussed various
mechanisms which can be implemented. We plan to
designthe CAD model using certain specifications of the
componentsand build a prototype using 3D printing
technology and testthe outputs of the design. According
our workplan we will be simulating our model and
parameters such as maximum load; factor of safety of
components and frame will be estimated.A rigid structure
is our objective. If it is not achieved, we will perform
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modifications.

On the other hand, small prototype will be tested in lab
or appropriate environment. The functioning and
limitations of mechanism will be observed. As electrical
component suchas generators will generate values above
certain threshold or in a particular range depending upon
wave nature, we have to select other components
accordingly as well. Thus, with collected results, suitable
power storage units and other electronic components can
be updated.

Chapter 4 Design and Implementation

Initially, we had designed two mechanisms to trace both
longitudinal and transverse motion of waves. First being
slidercrank. Here, the floater is attached by sliding rack on
both the sides as shown which allows the movement of the
rods. In thisdesign, we faced issue in rotating the crank as
the movements were restricted. The mechanism is able to
completely capture wave only in single direction. As a
result, elliptical motion of buoy is not traced. Thus, losing
almost half of wave energy.

Consequently, we went for next iteration —Rack and

The electric output generated in this case will be
fluctuatingand of different amplitude due to irregular wave
frequency. Toconvert this AC voltage into constant DC is
significant to storeit in batteries is not an easy task. In case
of current design, even with application of rectifiers and
stabilizers, major losses are inferred to occur. This also
requires thorough knowledge ofelectronics and electrical
field to design an efficient and robust mechanism. As a
result, the current design is comparatively not feasible and
requires modification.

We plan to develop a mechanism which is suitable to
convert wave energy and at the same time store it
efficiently

Fig. 3. Flow of the designed system

Pinion mechanism. In this iteration, while capturing the
oscillatory wave motion, the gear rotates in both
anticlockwise and clockwise motion over the two racks.
Even though it now captures both heave and pitching
motion, there are challenges yet to tackle

Fig. 1. Slider-crank Mechanism

in respective storage units without major losses.

Chapter 5 Results and Discussions

After many iterations, the CAD model of the mechanism
was successfully developed which was capturing both the
pitching and the heaving motion of the waves. The
electrical systems and circuits required for the successful
application were also identified based on their application
and require- ments.

Chapter 6 Conclusion
We have accomplished the first two phases of our
workplan by gathering information of development and
limitation of OCWEC field and design a Cad of same.

Fig. 2. Rack and Pinion Mechanism



Energy Generation using Floating Buoys

EE0

Reference

[1] Kahraman, Ahmet, Load sharing characteristics of
planetary gear set, SAE International, 1999, Vol. 108.

[2] Greg Solberg, Tesla regenerative braking, 2007.
[3] Cibulka, Kinetic energy recovery system by means of
flywheel energy storage, Advanced Engineering Journal

3(1) (2009).

[4]Lichade, Sudhakar and Kumar, Nitish, Introduction to
HV by using regenerative braking system, IJISET 2014.

[5] V. B. Bhandari, Design of machine elements, 2015.
[6] K. Tamizharasan, T. Sowndharya and M. Kirthikajain,

Fabrication & analysis of regenerative braking system,
Academia 2017.

100



The Flying Bionic Eye

Ms. Arya Bansode
Department of Mechanical Engineering
Thakur College of Engineering &
Technology
bansodearya6@gmail.com

Mr. Shivam Gadekar
Department of Mechanical Engineering
Thakur College of Engineering &
Technology
bansodearya26@gmail.com

Abstract—Humans’ initial desire for flight stems from the
imitation of flying creatures in nature. The advances in the
flight principles of several natural creatures are then
introduced, from the perspective of bionic aerodynamics. In
this paper, an ornithopter prototype that mimics the flapping
motion of bird flight is developed, and the lift and thrust
generation characteristics of different wing designs are
evaluated. This project is focused on the spar arrangement and
material used for the wings that could achieve improved
performance for surveillance purposes. The study of flapping
flight from an experimental standpoint brought insight into the
lift-generating mechanisms produced during flapping. These
vehicles are meant to address a large number of civilian and
military applications including intelligence, surveillance, and
reconnaissance.

Keywords— Aerodynamics, Bio-Inspiration,
Surveillance.

Ornithopter,

I. INTRODUCTION

A Fluttering Wing Automated Ethereal Vehicle is
otherwise called an Ornithopter, the name is gotten from
two Greek words, 'Ornithos' important bird, and 'pteron'
significant wing. An Ornithopter is a gadget that flies by
fluttering its wings. However these gadgets may contrast in
structure, they are based on a similar scale as the animals
they copy. The wings create the expected lift furthermore,
the push expected for flight by means of a fluttering
component which changes over the turning movement of the
engines through the gears into swaying movement of the
wings. These vehicles present different regular citizen and
military applications in the field of observation and
surveillance. Scaling, fluttering flight, and streamlined ways
of behaving are concentrated as bio-motivation and
conceived in the MAV Bird of prey plan. With an
interdisciplinary methodology, the coordinated result of
primary and material designing, streamlined features,
control framework, and gadgets are used to plan and foster
the examined airborne vehicle. It is demonstrated as an
assortment of three unbending bodies (a focal body, two
wings, and a tail). The wings and tail have recommended
movements comparative with the focal body, i.e., they are
kinematically driven. The mathematical mix of all the
overseeing conditions, which are differential-mathematical,
is performed all the while and intuitively in the time-space.
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IL.

KL aspect ratio coefficient

NOMENCLATURE

SW area of wing
p density of air
6 Strouhal number
v velocity of the wing through the air
B positive angle of attack
f flapping frequency
p Kinematic viscosity
L dimensional length
FL lift force
CL coefficient of lift
a angle of attack

A aspect ratio of the wing

II1.

A few efforts have been made to construct fluttering
robots or ornithopters (Bento 2017 and Box 2017). The first
sensibly fruitful of these tests happened nearly a thousand
years after the fact in 1060, when a priest figured out how to
coast around 200 yards before his typically horrendous
(however non-lethal) experience with the ground
(Sanderson et al. 2016). A remarkable step in the right
direction in ornithopter configuration came from Leonardo
Da Vinci, spite the fact that it was never appropriately
explored until the nineteenth 100 years (Sanderson et al.
2016). Leonardo da Vinci started to concentrate on the trip
of birds) (Srigrarom 2015). He got a handle on that humans
are excessively weighty, and not sufficiently able, to fly
utilizing wings essentially connected to the arms. In this
way, he portrayed a gadget in which the pilot rests on a
board and works two huge, membranous wings utilizing
hand switches, foot pedals, and an arrangement of pulleys
(Sail et al. 2016). The principal ornithopters equipped for
the flight were built in France Jobert in 1871 and utilized an
elastic band to drive a little model bird (De Warble 2009).

LITERATURE REVIEW
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Cron et al additionally made elastic-fueled ornithopters
during the 1870s Tatin's ornithopter were maybe the first to
utilize dynamic twists of the wings, and evidently, it filled in
as the reason for a business toy presented by Pichancourt C.
1889. Gustave Trouve was quick to utilize inner burning and
his 1890 model flew a distance of 70 meters in an exhibition
for the French Foundation of Sciences (Bhargava 2015).
The wings were fluttered by gunpower charges initiating a
whiskey tube. While some were effective, numerous neither
take off nor fly just for a brief term because of their higher
intricacy.

IV.

For planning falcon MAV, the motivation was taken from
birds that make a lift by fluttering its wing and Maneuvering
through its tail. For this, a full investigation of birds was
finished for plan and streamlined features. Weight decrease
was finished for a streamlined trip with solidarity to satisfy
the necessary observation. Two existing ornithopter ideas
were examined. The principal idea was a straightforward
monoplane with one bunch of wings.

SYSTEM DESIGN

The second was a biplane idea where two arrangements of
wings were set over one another. These wings moved in the
counter stage on a typical rotational pivot. The two ideas
were contemplated regarding the flight speed, power
utilization, and strength of the ornithopter body during
flight. Since Bird of prey was intended for gliding
furthermore, gliding additionally, the monoplane idea was
chosen for low weight and aspect. Be that as it may, because
of the great shaking adequacy of the monoplane in the
fuselage, it is less appropriate for the camera stage.

V. METHODOLOGY

A. Flapping Flight

The structural movement and the resulting unsteady
fluid dynamics of flapping flight present a more
complicated situation in design. The flapping mechanism
produces both lift and thrust. During flapping, in down
stroke, the relative velocity between the air and the wing is
inclined upwards from below, while on the upstroke, the
velocity of the air is angled from above. The thrust is
produced as a forward component of inclined force of wing
lift during upstroke and downstroke.

By considering the non-flexible characteristics of wing
motion to be designed, the mean lift force calculation

[Linton (2007)] is based on eq. (1) as

Thrust %KI._H,, il
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In order to keep the vehicle in flight, lift force is required to
be created by flapping. It is done by using a positive angle
of attack, . The mean lift force calculation is based on eq.
(2) as

Lifi =K, S, fipv’

Strouhal number plays an important role in flapping flight
which should be in the range of 0.2 -- 0.4, and for birds in
cruising flight it is almost always nearly equal to 0.2 [Linton
(2007)]. For our design, the value of 0.2 was selected for
calculations with the Strouhal angle [Taylor et al. (2003)] of
22°. The work done in pushing the bird through the air is
simply the thrust multiplied by speed given in eq. (3) as

Power

]—K.S" ol
6

By putting the values for a speed of 15 m/s and calculating
an expected weight of 25 grams with KL as 5, the thrust is
coming out to be 0.48N, the lift is 31 grams and power is
2.80W for the design. The effects of different parameters,
such as wing area and wingspan, on the flight
characteristics, based on dimensional analysis is done for
scaling of aerial vehicles. First, the balance between lift and
weight during steady-state flight is considered for
calculation. The flapping frequency scaling is done based on
eq. (4) obtained by comparing Reynolds number and
Strouhal number calculations [George et al. (2012)].
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For a bird like falcon, the values in the above equations
were put and the scaling was done to fit with size of a Micro
air vehicle of 300mm maximum dimension to be designed.

L Jml 2



The Flying Bionic Eye

REFERENCES

D. Tang, X. Huang, J. Che, et al., Quantitative analysis of the
morphing wing mechanism of raptors: Analysis methods, folding
motions, and bionic design of Falco Peregrinus, Fundamental
Research, https://doi.org/10.1016/j.fmre.2022.03.023

Aerospace 2015, 2, 235-278; doi:10.3390/aerospace2020235

Design of Bio-Inspired Autonomous Aircraft for Bird Management
Brayden Muller, Reece Clothier, Simon Watkins and Alex Fisher Sir
Lawrence Wackett Aerospace Research Centre, RMIT University,
GPO Box 2476, Melbourne, VIC 3001, Australia.

Jackowski, Zachary John, Design and construction of an autonomous
ornithopter, PhD diss., Massachusetts Institute of Technology, 2009
Cheng, Xin, and Mao Sun, Wing-kinematics measurement and

aerodynamics in a small insect in hovering flight, Scientific reports 6
(2016): 25706.

103

(]

Pornsin-Sirirak, T.N.; Tai, Y.C.; Ho, C.H.; Keennon, M. Microbat-A
Palm-Sized Electrically Powered Ornithopter; NASA/JPL Workshop
on Biomorphic Robotics: Pasadena, CA, USA, 2001



A Collaborative Study of Generative Design andAdditive Manufacturing in

Automobile Industry
Parth Sharma Gaurav Yadav Aryan Upadhyay Harshit Toshniwal
Department of Mechanical Department of Department of Mechanical Department of Mechanical
Engineering Mechanical Engineering Engineering Engineering
Thakur College of Engineering Thakur College of Thakur College of Thakur College of Engineering
and Technology Mumbai, India Engineering and Engineering and and Technology Mumbai, India
Technology Mumbai, Technology Mumbai,
India India

Mr. Rajeshwar Deshmukh
Department of Mechanical Engineering
Thakur College of Engineering and
Technology Mumbai, India

Abstract—A new emerging technology with great contrast to orthodox manufacturing
potential in the industry known as Metal additive technologies, AM offers greater freedom of

manufacturing. Moreover, with the help of new and desi q ibilities ..
advanced technologies like generative design, we can esign and possibllities for mass customization

maximize this potential for additive manufacturing [3]. Furthermore, this technology is capable of
solutions by computing complex optimized parts. constructing prototypes or even finished parts

recent studies on automotive design aim to cut in a short period without tooling or casts [4]. It
vehicle and components weights, optimizing vehicle

performances, and contribute to the challenge of

reducing fuel consumption and operational costs. In can also vyield intricate parts for both
this  perspective, innovative materials and professional and personal uses.
technologies are developed but also advances in Additionally,evolving Computer-Aided Design

design methods and tools. Generative Design is a . . . .
different tactic to automatically augment the (CAD) technologies like generative design can

component design. The design process must be maximize the already huge potential of AM.
considered to accomplish the finest solution, about The generative design tools help create
desgn_ parameters,_ requwement_s, and limits optimized parts or assembly by employing
Additive manufacturing technologies can now be ¢ d ontimization technologi
used in constructing metallic parts. This revolution compu_ e': power and op 'm_lza 1on techno Og_les
in manufacturing technology makes way for the [5]. Similar to the AM field, the generative
fabrication of new shapes and geometrical features. design ecosystem keeps budding every year.

There is the rising use of generative design
Keyword_s- generative De5|gn,A(_jQ|t|ve Manufactl_mng, resolutions in chief industries like the
Automotive Industry, Metal Additive Manufacturing . .

automotive and aerospace domains, as well as

I. INTRODUCTION an increasing number of generative design

Additive manufacturing (AM) methods have tools.[2]

been wusually used for rapid prototyping
purposes for a great period of time in the last 30
years. They comprise of building an object
“from scratch” or a semi-finished part acting as
substrate. Thanks to many technological
enhancements, these developments can now be
used for swift manufacturing purposes [1].
Additive Manufacturing (AM) is an embryonic
production technology in engineering every so
often seen as the subsequent industrial
revolution. Undeniably, AM is budding bigger
every year and calculations on the related
market see this trend growing even more, as a
result of increased usage of this technology and
expansion in the fields of application [2]. In

Il. GENERATIVE DESIGN
Generative Design (GD) is “a category of
technologies that suggests design options, or
optimizes an existing design, to meet criteria
defended by the user” [5]. Indeed, designers lay
down their part constraints and objectives in
GD software. Then the software’s objectives
are to propose an improved part design. The
recommended options can be adjusted for
weight, stiffness, frequency, etc. [6] In that
way, GD has a substantial impact on the design
process. Part of the design procedure is now
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automated by GD software, saving time for
designers but also altering their orthodox
working method. Their new role is now to make
a comprehensive study of the part, so they can
set up every applicable input (simulation
parameters, criteria, and objectives) for the GD
software. At the end of the GD process, it is also
the designers’ role to evaluate the diverse
design possibilities and choose amid them the
best suited for their application,[7] Generative
Design is a design method for apprehending the
designer’s intent, engendering new solutions.
Categorized by data-driven collaborative
cloud-based technology, it depends on a highly
automated activity. A set of parameters and
rules (commands to the designer) is taken into
consideration as the DNA of the design process;
rules and parameters are considered as the
genes. They are conjoined by evolutionary
algorithms or even “brute force” calculations.
The introduction of such trials into the design
procedure allows the development of
innovative design resolutions by adjusting the
rules that outline a final design, difficult or
impossible to attain via other methods.
Grammar-based techniques exploit the
principle of database strengthening the
identification of rules, creating complex forms
and patterns from simple stipulations.
Generative design principles established
particular attention in architecture; some good
definitions coming from that field are reported
here [8]

Lars Hesselgren stated that Generative design
isn't about designing the structure — It’s about
designing the system that builds a structure.

Paola Fontana states that it is the initial
conditions of an object rather than modeling the
final form in the Generative Design Process

Kristina Shea appends that Generative Design
Systems are made to create New Design
Processes that generate spatially new yet
effective and buildable designs through the
exploitation of current computing and
manufacturing capabilities.

A. Topology Optimization
There are different tools accessible for GD,
for instance, lattice infill or meta-structure
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blending. But the most widespread tool,
booming automated optimization, is topology
optimization.[5] Topology Optimization
(TO) is the technology optimizing the
material layout within a specified design
space.[9] Topology Optimization goals are to
augment a part property (weight, stiffness,
frequency ...) while valuing a definite set of
limitations. To do so, the Topology
Optimization ~ process  uses  various
mathematical algorithms and methods. Each
Topology Optimization method has several
versions aiming at faster optimization or
addressing  characteristic ~ optimization’s
issues one of the most popular Topology
Optimization methods is the Solid Isotropic
Material with Penalization (SIMP) method.
This distinct method idea is to give an
element a continuous virtual density between
0 and 1 and steer the result to 0 or 1 after each
iteration with a penalization factor. Another
noteworthy  distinct method is the
Evolutionary Structural Optimization (ESO)
method which is based on biomimicry. This
discrete method uses finite component
breakdown to determine and remove the
inefficient components and make the
structure evolve into its optima counterpart.
Indeed, after each iteration, the components
with the lowest stress density are removed
until all the residual components have an
equal stress density [10]. One direct
improvement of this method, even closer to
mimicking nature growth, is to also add
components near the highest stress density
components as well as eliminating the lowest
stress density one.[11] The discrete element
methods face some disputes of their own, the
two most common are the mesh dependency
issues, i.e., optimization results vary
depending on the mesh, and the checkerboard
issue, i.e., stiffness is virtually high due to a
checkboard pattern of the elements.
Addressing these issues, a recent Topology
Optimization method emerged: The Movable
Morphable Component (MMC) method. In
opposition to the two previous methods,
MMC is not distinct. The core idea is to find
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the optimal structure topology by optimizing
the thickness, shape, orientation, and layout
of a set of morphable components, i.e.,
building blocks [12]
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Topology Optimization: on the left SIMP method iterations [9],
on the upper right ESO method iterations [10], on the bottom
right MMC method iterations [12]

B. Synthesis of Generative Design

The study of GD is essential to comprehend the
GD tools optimizing operations. It is also
acceptable to review the various tools
possibilities, similarities, and differences.
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Multiple Design Options of the same General Motors Seat
Bracket proposed by Autodesk Generative Design tool [15]

I1l. GENERATIVE DESIGN WITHIN THE
DESIGN FOR ADDITIVE MANUFACTURING
APPROACH
Nowadays it is commonly accepted that in
automotive and industrial applications, we can
attain the key advantages from the introduction
of advanced design procedures if we associate
them with Additive Manufacturing (AM)
processes and techniques. Therefore, we must
contemplate also the coupling of evolutionary
algorithms with innovative manufacturing
processes, like Additive Manufacturing, and
new materials. This combination introduces
more degrees of freedom in the final design
concept: for example, the mixing of materials

with different properties allows having
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different properties distributed in different
zones of the same part, leading to multi-
functional concepts. The opportunities offered
by AM are not constrained to multi-functional
concepts. Deliberate that, over the last years,
AM’s implementation has increased across
industries, with the aerospace industry
contributing about 10.2% of AM’s global
revenues in 2012. AM provides the flexibility
to create complex part geometries that are
problematic to build using traditional
manufacturing, such as internal cavities or
lattice structures that help reduce parts’ weight
without compromising their mechanical
performance.[13] Additionally, AM’s impact
on economies of scale and scope makes it a
natural fit for automotive, which is mainly
geared toward customized production. The new
system, once manufactured thanks to AM,
should fulfill the practical requirements in an
innovative and more efficient way, also
targeting a humbler design and a substantial
cost reduction. Novel structural materials and
advanced AM techniques make these
technologies ready to be presented within the
generative design process also for safety-
critical contexts, such as the aeronautical. Even
if the advantages from the introduction of the
couple Generative Design and Additive
Manufacturing have been widely considered.

IV. GENERATIVE DESIGN APPROACH IN
PRODUCT DEVELOPMENT AND
AUTOMOTIVE INDUSTRY
Typical automotive design practices consider
the design process spread into three main
phases: the conceptual design, the preliminary
design, and the detailed design. Conceptual
Design is an early phase of the design process.
Preliminary Design means that part of the
Development Phase where all of the geometric
design elements, Detailed design is the phase
where the design is refined and plans,
specifications, and estimates are created The
design solution is proposed throughout the
typical diverging — converging process, in
relation to design necessities and limits.
Multidisciplinary optimization processes are
currently being developed to support the
designer in assessing the optimal solution, in
relation to all design features and constraints.
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Generative Design is a novel form-finding
process that considers structural performances,
material properties, and ergonomic demand,
throughout an automatic iterative holistic
approach for component topology
optimization.[14]

V. GENERIC GENERATIVE DESIGN

WORKFLOW
Before starting the GD process, an initial study
relating to the part Specification is required.
This study is decisive since all the final GD
options projected in the end rely on it. Meaning,
the designer needs to have a seamless
understanding of all part interactions with its
environment before starting the GD process
entire volume available in which GD software
can operate, every space outside the design
space cannot be used. Thus, according to its
former study of the part, the designer’s role is
to determine the utmost space the part could ft
in, so the results at the end of the process are the
most augmented ones. To complete the design
space, the designer also needs to specify the
conserved geometries and voids within the
design space, i.e., the functional volumes.
Then, the designer applies the set of loads and
boundary conditions, i.e., the load cases, on this
design space.

I Defining Design Space I

I Defining Non-Design Zones ]
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| Defining Load Cases I

¥

Optimization's Setup

Results’ Reviewing

I Refining |

Processing

Generic Generative Design Workflow [16]

A. Translation Phase

The first phase in the GD process, based on the
outcomes of the past functional analysis, is
translation. In this phase, the part specifications
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are “translated” into inputs for the GD software.
The designer must define the basis of his
optimization: the design space. The design
space is the entire volume available in which
GD software can function, every space outside
the design space cannot be utilized. Thus,
according to its preceding study of the part, the
designer’s role is to govern the maximal space
the part could fit in, so the results at the end of
the process are the most optimized ones. To
complete the design space, the designer also
needs to mention the preserved geometries and
voids within the design space, i.e., the
functional volumes. Then, the designer applies
the set of loads and boundary conditions, i.e.,
the load cases, on this design space

B. Processing Phase

To begin with the second phase, the designer
needs to arrange his/ her optimization, i.e., to
point out the optimization objectives and
restraints. Some usual parameters are the
material, the percentage of the design space
volume for the solution, the minimal element
size, etc. The designer can now run the
optimization process. The second step of the
GD process is the computing, this step usually
does not include the designer except for
software proposing live feedback and live
alteration on the optimization runs. With all the
previous step information, the software finds
solutions attaining the specified objectives and
constraints. In the third step of the GD process,
the designer must evaluate the options proposed
by the GD software to find the one best suited
to its requirements. The designer’s proficiency
IS once again decisive as the choice is based on
the part context in terms of cost, manufacturing,
production, quality, etc. If the designer is not
satisfied by the GD proposed options or if he
wants to enhance the optimization results, he
can loop back to the first step to adapt the
optimization parameters and produce new
options. In the fourth step, the designer can
refine even more the solution subsequently by
blending complex meta-structure in the
optimized part. For example, some software
proposes to blend complex meta-structures like
lattices, gyroids, bone-infill-like structures, etc.
Once this augmentation is done, the designer
should finally run an analysis of his/her solution
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to determine its performance and certify the
validity of the part specifications. If the
specifications are not met, the designer should
loop back to the first set-up step and modify the
initial parameters.

VI. CASE STUDY on How Generative Design
Enhances Autonomous-Vehicle Development [19]

The technological ramp to completely
independent  vehicles  present  striking
challenges for the company’s imperative

independent-vehicle (AV) programs. Advanced
detector technology, high-speed and high-
bandwidth data networks, and slice-edge
artificial intelligence are all decisive to the
functional and marketable success of AVs. In
addition, utmost approximations prognosticate
that AVs will bear billions of country miles
worth of testing to certify their safety.
Manufacturers will need to integrate the
assignments learned through dissembled and
real-world testing into their AV designs to
remain competitive.

Sensors Field of Perception in Autonomous Vehicles [17]

1. Autonomous- vehicle platforms must
connect an array of advanced detectors and
computers through high-speed data networks to
perceive, assess, and act on environmental
stimulants.

The Society of Automotive Engineers (SAE)
states six situations of complication for
independent vehicles, from zero to five. An
auto with position-two autonomy may feature
active voyage control, a lane-departure warning
system, lane keep help, and parking backing. In
total, this auto requires about 17 detectors to
enable its motorist-backing systems.

The calculations performed by such an auto’s
automated systems are fairly primitive. The
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lane- keep- help system, for case, is only
assigned with covering the vehicle’s position
relative to the lines of the road. Should the
motorist begin to transgress, the system will
notify the motorist or take corrective action, but
the ultimate responsibility for control of the
vehicle lies with the motorist.

A position-five AV will have complete control
over the driving task, taking no mortal input. As
a result, a position-five auto is projected to have
further than 30 fresh detectors of an important
wider variety to cover the immense number of
tasks an independent vehicle will need to
attain.On top of the ultrasonic, compass
camera, and long-and short-range radar
detectors of a position-two auto, position five
will bear long-range and stereo cameras,
LiDAR, and dead-reckoning detectors. The
increase in detectors will increase the quantum
of wiring demanded in the harness and the
necessary computational coffers to handle the
gigabits of data being produced by the
detectors.

2. A completely independent vehicle will bear
numerous types of detectors to directly perceive
dynamic  driving  surroundings.  While
designing a position-five platform,
masterminds will need to perform armature and
concession analyses to examine architectural
proffers, similar to a centralized vs. sphere vs.
distributed armature. These analyses will need
to regard for hundreds of factors and millions
of signals while enhancing function locales,
network quiescence, error rates, and more.

Despite these challenges, the independent
drive is a raising request. At least 144
companies have blazoned AV programs. Some
of these are major automotive manufacturers
seeking to stay ahead of the coming assiduity
interruption, but utmost are startups or
companies from other diligence seeking to
enter a traditionally impenetrable request.

These companies warrant assiduity-specific
experience and the engineering coffers to
spontaneously force their way through the
complications of independent vehicle design.
Indeed the major automotive OEMs will face
problems that their heritage design overflows
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are ill-equipped to handle. To contend, these
companies will need a new design methodology
that permits youthful masterminds to design
accurate and optimized systems, which can
only be done by landing the experience and
knowledge of expert masterminds. They will
need generative design. Generative Design and
Engineering

Generative design takes system delineations
and conditions as input and generates
architectural flings for the sense, software,
tackle, and networks of the electrical and
electronic  systems using rules-grounded
robotization. These rules capture the
knowledge and experience of the expert
masterminds to guide youngish masterminds
throughout the design. Landing this IP helps
companies to advance both  vehicle
infrastructures and new generations of
masterminds as they learn and apply being
company knowledge.

3. Generative design uses rules-grounded
robotization to induce proffers for the sense,
software, tackle, and networks of the electrical
and electronic (E/ E) system.

The adding electrical and electronic content of
ultramodern vehicles is formerly conclusive
current design styles to their limits, yet the
complexity of automotive systems will only
continue to grow in the future. Autonomous
buses will contain the most complicated
electrical and electronic systems yet seen in the
automotive assiduity.

For case, further, than 30 detectors, country
miles of wiring, and hundreds of ECUs will be
needed to gather, move, and process the data
necessary for independent driving. The data
networks will need to be extremely fast to
support  real-time  perceptivity, decision-
timber, and action to help collisions and
detriment to mortal passengers or climbers.
Masterminds developing these vehicles will
also need to balance performance conditions
against power consumption, physical space
constraints, weight, and thermal considerations.

Generative design authorizes automotive
masterminds to attack the challenges of
electrical and electronic systems design for
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independent vehicles. It employs rules-
grounded robotization for rapid-fire design
admixture, enables masterminds to design in
the environment of a full vehicle platform, and
tightly integrates colorful design disciplines to
ensure data abidance.

Originally, employing robotization throughout
the process will help design brigades manage
design complexity without adding time-to-
request. Robotization helps masterminds
concentrate on the most dangerous aspects of
the design and verification of the functionality
of the E/ E system’s functionality and reduces
crimes from homemade data entry. This
empowers masterminds to concentrate further
of their time on applying their creativity and
inventiveness to creating the coming generation
of automotive technology improvements.
Robotization also applies company IP to the
generated proffers through design rules, adding
the delicacy and quality of the designs.

Next, designing in the full platform
environment helps masterminds to understand
the way signals, cables, and other factors are
enforced across the entire vehicle platform,
thereby reducing crimes at interfaces or due to
the complexity of the harness. This design
inflow also enables brigades to exercise
undisciplined data across vehicle platforms to
ameliorate quality and reduce development
costs.

Eventually, a tightly unified terrain enables the

electrical masterminds to partake data with
masterminds and tools in other disciplines,
similar to mechanical or PCB design. The
relations between the electrical, mechanical,
and software factors of a vehicle are adding.
Flawless synchronization of data between these
disciplines improves the integration of them
into a single system.

Generative design also creates a nonstop thread
of data from the primary system description and
conditions to full-scale product and service.
The same data forages each stage of the
generative design inflow so that nothing is lost
between design stages or design disciplines.
This nonstop thread of data keeps all
engineering platoon members up to date and
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working with the most current data while also
icing that designs are meeting colorful
conditions for functionality, safety, weight, and
so forth.

4. Generative design ensures data continuity
from initial system definitions through
production and after-sales for full traceability
and acquiescence with requirements.

Data continuity ensures that projects have a
single data source, providing a clear picture of
the innumerable inter-domain and inter-system
interactions. Designs can be automatically
checked against design rules to ensure their
functionality, accuracy, and quality. As
changes are made to the design, they can be
examined with detailed impact analysis that
will inform the engineer of issues the change
may cause in other domains. For instance,
moving or removing an ECU could be
evaluated for its impact on network timing,
signal integrity, or physical clearance and
collision issues. As a result, changes are made
knowing their full impact on the system.

Generative design will be a key enabler for new
and established automotive companies in their
quest of developing fully autonomous vehicles.
The ability to generate electrical system
architectures automatically enables early
exploration and optimization of designs while
entrenching company IP into the design flow.
In addition, a singular source of data promotes
consistency between domains, design reuse,
and enhances the analysis of change impact.
Finally, tight integrations between the electrical
domains and with mechanical and product
lifecycle management tools streamline the
entire design flow from the outset through
production.

The massive intricacy intrinsic in AV design
will continue to push the tools and
methodologies used by automotive engineers.
This is especially true in the electrical and
electronic systems domains as they come to
dominate the operation of a vehicle’s safety-
critical systems and conveniences. The winners
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in this disruptive technology will be those
companies that can most effectively integrate
the advanced technologies required for an
autonomous drive into a package that’s reliable,
safe, and attractive to consumers, and then get
those technologies to market quickly and with
a high level of quality.

VII. CONCLUSION

Generative Design is an innovative procedure
to support the designer in widely exploring the
design space. It is not only a topology
optimization, nor an evolutionary algorithm,
but it syndicates several optimization modules
to topology definition within a CAD
environment, according to design requirements,
limits, and the bounding space. The output is
not only the most appropriate solution, while it
is a family of different results that the designer
could properly select and modify. The solution
space is generally established considering
freeform shapes: it would not be possible to
reach a better solution using a traditional design
method. Additionally, the selected shape is
designed to be manufactured by an Additive
Manufacturing process. Even if some case
studies and some tools have been developed,
the potentials brought by Generative Design
principles are not yet discovered enough. Some
examples have been well-thought-out in small
component design. Additive manufacturing is
formerly being used at the sports auto
manufacturer in  prototype construction,
manufacturing spare corridor for classic sports
buses as well as in other areas. For the first time,
the pistons for the high-performance machine
of the 911 flagship model were designed using
topology optimization, the GT2 RS, are now
being produced with a 3D printer with the help
of generative design. General Motors also used
generative design before this time in an
evidence-of-conception design to develop a
featherlight seat-type prototype for its electric
buses of the future. The technology is also
proving its value for the future of space
exploration.
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Abstract— The environmental problems of passenger cars are
serious and require a wide range of evolutionary and innovative
solutions. Gasoline, the most common fuel used in such vehicles,
contributes to vehicle pollution as it produces carbon dioxide,
nitrogen oxides and unburned hydrocarbons. A potential
alternative to petrol cars is air-powered vehicles. Abundant,
contaminant-free air can be cheaply compressed to high pressures.
Compressed air powered vehicles (CAVs) offer an
environmentally friendly and efficient method of generating and
transmitting electricity. Air-powered propulsion systems for
transportation applications are receiving increasing research
attention as one of the technologies with the potential to achieve
zero emissions targets.

Keywords— Renewable Energy, Air compression, stroke piston,
zero pollution

I.  INTRODUCTION

This project focuses on design and calculation of an Air
Powered Vehicle. In its first phase, it will be more centred
towards two wheelers, the power generation aspect of things
and the actuation mechanism of the vehicle. We have
achieved this by using pneumatic cylinders and solenoid
valves along with the use of Arduino for Input output
processing. Alternatively, a compressed air power unit can be
integrated with a conventional internal combustion engine
(ICE) to form a hybrid system. A hybrid powertrain system
can be used as a transitional vehicle propulsion system
between a fossil fuel-fueled internal combustion engine and a
zero-emission propulsion system. B. Electric or compressed
air driven units are considered.

Hybrid powertrains are currently one of the most viable
solutions for improving fuel economy and reducing emissions
at a relatively low total investment cost compared to lithium-
ion battery electric powertrains. A hybrid powertrain consists
of two power units, including an internal combustion engine
and an auxiliary power unit powered by a clean energy source
such as a battery or compressed air unit. Hybrid powertrains
allow conventional internal combustion engines powered by
fossil fuels to operate under optimized conditions to reduce
fuel consumption and pollutant emissions.

Il. BACKGROUND

In today’s world most of the vehicles we see on road are
either powered by petrol/gas or are electric. The former option

as a fuel is most definitely Non-renewable and is also
responsible for climate change in major aspect. The latter is
also shaping the world to move towards renewable sources butit
is not completely renewable. Thus, air as a fuel is chosen as it is
renewable, has zero carbon emission and is cost effective.

I11. OBJECTIVES AND SCOPE OF THE PROJECT

Although some advancements have been made by MDI and
TATA Motors in this domain; these are made in the four-
wheeler segment. The project in this phase aims to develop a
two-wheeler air powered vehicle using pneumatic cylinders as
main power generating source of the vehicle. If this is scaled
and made it a level where it can carry a group of 30-40 people,
then contracts with government can be made to develop them
into public transport.

IV. LITERATURE SURVEY &PROPOSED WORK

The exhaust emission standards are getting more and more
stringent and there now exists a discussion about the
introduction of a mandatory emissions standard for CO2, a
greenhouse gas that contributes to the climate change which is
an issue of growing international concern. This demand for
lower exhaust emission levels together with increasing fuel
prices leads to the demand of combustion engines with better
fuel economy, which forces engine developers to find and
investigate more efficient alternative engine management.
Gasoline is already the fuel of the past. Automobile
manufacturers know all of this and have spent lots of time and
money to find and develop the fuel of the future. An air
powered engine is a type of motor which does mechanical
work by expanding compressed air. Pneumatic motors
generally convert the compressed air energy to mechanical
work through either linear or rotary motion. Linear motion can
come from either a diaphragm or piston actuator, while rotary
motion is supplied by either a vane type air motor, piston air
motor, air turbine or gear type motor. Compressing a gas into
a small space is a way to store energy. When the gas expands
again, that energy is released to do work [1].

Two centuries before that Dennis Papin apparently came up
with the idea of using compressed air (Royal Society London,
1687). The Mekarski air engine was used for street transit (In
1872), consisting of a single stage engine. A numerous
locomotives were manufactured and a number of regular lines
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were opened up (the first in Nantes in 1879) [1]. Robert
Hardie introduced a new method of heating that at the same
time served to increase the range of the engine which in turn
helped to increase the distance that could be traveled at a
stretch (In 1892). The engine as a compressor during
deceleration, air and heat were added to the tanks, increasing
the range between fill-ups. The first urban transport
locomotive was not introduced until 1898, by Hoadley and
Knight, and was based on the principle that the longer the air
is kept in the engine the more heat it absorbs and the greater
its range. Charles B. Hodges will always be remembered as
the true father of the compressed air concept applied to cars,
being the first person, not only to invent a car driven by a
compressed air engine but also to have considerable
commercial success with it. Guy Negre has developed an
engine that could become one of the biggest technological
advances of this century, after twelve years of research and
development. He designed a low consumption and low
pollution engine. First air cars will almost certainly use the
Compressed Air Engine (CAE) developed by the French
company, Motor Development International

(MDI). Air cars using this engine will have tanks that will
probably hold about 3,200 cubic feet (90.6 kiloliters) of
compressed air. The vehicle's accelerator operates a valve on
its tank that allows air to be released into a pipe and then into
the engine, where the pressure of the air's expansion will push
against the pistons and turn the crankshaft. This will produce
enough power for speeds of about 35 miles (56 kilometers)
per hour. When the air car surpasses that speed, a motor will
kick in to operate the in-car air compressor so it can compress
more air on the fly and provide extra power to the engine [5].

Piston-type CAEs have been commonly used in high-power
machines that require a high-starting torque. Compressed air
is supplied intermittently instead of continuously so that the
air consumption is much less than that of the rotary
compressed engine [13]. Piston-type CAEs are powered by
compressed air, which is stored in a tank. Instead of mixing
fuel with air and burning it in the engine to drive the pistons
with hot expanding gases, compressed-air engine use the
expansion of compressed air to drive the pistons. Thus, in
CAEs, the pressure outside of the intake valve (at the intake
port) is always higher than that inside the cylinder. The intake
valve must be modified to open and close at high pressures,
and the cam profile must be modified to change the engine
from a 4-stoke to a 2-stroke operation. Therefore, the
conventional combustion engine does not applied to the CAE

[71.

V. WORKING

A. Introduction to Components
1. Two-wheeler frame:

The two-wheeler frame will serve as the main
skeleton for the other electric and pneumatic

components. The main aim is to design the frame as
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light and strong as possible within certain cost limits.
The frame needs to have good strength to weight
ratio.

Compressed Air tank:

The air tank will consist of compressed air which is
fuelled from a compressor. It will be connected to
valves and hoses for movement of the fluid.

Pneumatic single piston cylinder:

This is the main power generating source of the
vehicle. Expanded air is passed into the cylinder and
then it is compressed by piston which results in
power generation for the vehicle.

Crank lever mechanism:

This mechanism serves as the power transmission
system for the vehicle. Power is generated at the
cylinder and is transmitted via crank lever
mechanism to the drive wheels.

Electronic controlled valves:

Solenoid valves will be used which will control the
flow of the air from the air tank outlet.
o 2/2 valve for single cylinder use
o 3/2 valve for double cylinder or a 3-way
electric ball valve
Flexible Rubber Hose:
Flexible rubber hoses are used for transmission of

air.

Arduino Circuit:

To provide a relay and electrical system to the
vehicles, arduino will be used. It will also be used the
control the valve timings.

LiPo batteries:

Small power supply using normal LiPo batteries
which can be recharged (for current use).

Infrared Beam Sensor:

To measure the angle by counting the number of
teeth on the driver sprocket to help the relay system
to control the pressure supplied to the piston

cylinder.
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11.

. Push button Switch:

To reset or zero down the angle measured by the IR
beam sensor.

Driver and driven sprocket and chain:

This will consist of the drive mechanism to the

wheels.

B. Line Diagram
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C. Workflow and Process
1 The compressed air tank is firstly filled with
compressed air at a pressure of 9 bar.

2 This tank is then connected to the
electrically controlled valves. This flow of air
from the tank to the valves is controlled by the
arduino which is programmed to relay the
compressed air according to necessity.

3 The compressed air when it reaches the
valves is made to flow through the flexible rubber
hose connected to the pneumatic cylinder. This is
the flow of air until now.

4 Now once the piston starts to move due to
pressure of the air the end of the cylinder is
connected to a crank mechanism which helps in
moving the drive sprocket. Behind this drive
sprocket there is an IR beam sensor which helps in
measuring the angle of the rotation done by a fixed
point/ tooth on the sprocket.

5 The data of angle received from the IR
beam sensor is then conveyed to the arduino
which then replies to the system by beams of
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adjusting the pressure of the air by means of
valves.

6 Such working majorly guides in the
initial stroke performed by the stroke
thereby providing the initial torque to the
wheel.

7 The driver sprocket then conveys the
rotational energy to the driven sprocket and
the wheel is set into motion.

V1. RESULTS& DISCUSSION

From above calculation we can say that with 40 km/
hr velocity we should capable of get energy 25.44 KW
which is enough for low distance tour.

For identical electricity we want to get 486.1 N. m

torque.

To obtain equal torque.

The project is still in the calculation phase. There
is needfor repetitive analysis and simulation of Actuator
circuit is needed for proper verification of the results
achieved.

VII. CONCLUSION

For the entire disruption, it can be said that using an
air vehicle results in less air pollution. The advantages
of using this zero-emission technology for emissions are
clear. Additionally, cost savings and local job creation
are project goals. The lack of gasoline and its exorbitant
cost are also addressed with air cars. There will be a
shortage of gasoline (petrol, diesel), and in the future,
the only option will be an engine that operates on
compressed air. This is because the price of gasoline
and diesel is rising, and the price of oil is prone to
fluctuation for motorists.
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Abstract-— A bot that can help us in many areas such as
carrying objects, work with more precision in less time in
every kind of work. A robot that can help us in the hospital
or bring medical supplies in any emergency will be more
useful for doctors in emergencies. This type of robot has so
many advantages and will be useful in the future. This
type of robot can be close to people is very possible. This
useful project is focused on trying to follow the right
person or obstacle. In this robot, infrared sensors are used
to move the robot in direction and ultrasonic sensor for
forward and backward direction. We used an Arduino Uno
microcontroller as the brain of this project. This robot is
powered by four DC motors and controlled by a motor
driver. The main purpose of designing this useful project
is to make our life better and more luxurious. In this
project, a robot car senses a person using an IR sensor
automatically and follows the person and obstacles. This
type of robot will be more useful and will be the trend of
the future.

Keywords—: Arduino, DC gear motor, Infrared sensor,
Microcontroller, Ultrasonic sensor, Robot.

. INTRODUCTION

The aim of the projects is to design a robot that can be
controlled using an Android mobile phone. The robot is
controlled wirelessly via Here in the project, an Android
smartphone is used as a remote control to control the robot.
Android is a software package for mobile devices that
includes an operating system, middleware, and key
applications. Android boasts a healthy range of connectivity
options, including Wi-Fi and wireless data over cellular
connections (such as GPRS, EDGE (Enhanced Data rate for
GSM Evolution) and 3G). Android provides access to a
wide range of useful libraries and tools that can be used to
build rich applications. In addition, Android includes a full
set of tools that were built from the ground up with the
platform, giving developers high productivity and deep
insight into their applications. A specification for short-
range radio frequency (RF) connectivity technology that
promises to change the face of computing and wireless
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communications. It is designed as a low-cost wireless
networking system for all classes of portable devices such as
laptops, PDAs (personal digital assistants) and mobile
phones. It will also enable wireless connections for desktop
computers, so the connection between monitors, printers,
keyboards and CPUs will be cable-free. The control device
of the entire system is a microcontroller. RFID module, DC
motors are connected with microcontroller. Data received by
the module from the Android smartphone is fed as input to
the controller. The controller acts on the robot's DC motors
accordingly. The robot in the project can move in all four
directions using an Android phone, this task will be done
using an app and voice commands. In performing this task,
the controller is loaded with a program written using the
Embedded 'C' language.

We are designing a robot which can follow humans and
carry weight for them and traverse rough landscapes due to
its unique design.

The Robot uses a combination of Ultrasonic and infrared
sensors to track an object. The device is really very simple
to build and very effective.

We have added the rocker bogie mechanism to the robot to
make it traverse through rough terrain.

The mechanism relies on the algorithms provided in the
raspberry-pi which will help in recognition and mobility of
the carrier Bot .

Il.  PROBLEM STATEMENT

We are all aware of the difficulties aged people face while
carrying luggage from one place to another, the same goes
for the people with physical disabilities. This carrier bot is
designed to solve these problems at different locations like
Airport, Malls, Warehouses by carrying all the luggage
without much attention of the owner. The Bot is fitted with a
Rocker boogie mechanism which helps it to traverse rough
terrain as well as stairs, it follows the person with the unique
Bluetooth address and uses algorithms from the Arduino to
distinguish between things and plot a path for the
destination.
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I1l.  LITERATURE REVIEW

The techniques used to calculate the relative positions of the
transmitter and receiver use the PIR and RF localization
system as a wireless pyroelectric infrared sensor fusion
system to monitor the location information of robots and
people. It reduces the error of high-frequency localization
information using a dynamic triangulation (DTN) method
designed by tiles. An algorithm called as WPIR interference
algorithm is also used. This algorithm determines a fused
position from both a PIR localization system and a radio
frequency signal localization system that uses a received
signal strength (RSS) tile propagation model. They
developed and experimentally demonstrated a WPIR
sensory fusion system that can be successfully used in the
localization of targets such as humans and robots. With a
precise localization mechanism for the indoor environment
of the tiles, the provision of appropriate services to people
can be realized.

A mathematical algorithm can also be used that uses DOA
measurements from sources with known positions to
estimate the vehicle's position and heading. The parameters
OA and L\A show the position of the vehicle and HA shows
the direction of the vehicle. OFi and AEi show the position
of the emitter and Bi shows the direction of the emitter.
These values are calculated using mathematical formulas.
The error in the calculation of these values is taken into
account in the mathematical equations and the output is
adjusted accordingly. If a new error appears in the system, it
must be included in the equations.

A method to calculate the position of the receiver with
respect to the emitter uses radio frequency identification
(RFID) technology to navigate a location. A proposed
cordic architecture with floating arithmetic operation is
implemented and verified on FPGA chip. The cosine law is
used to calculate the location of the reader with respect to
fixed locations of high frequency RFID tags. The CORDIC
algorithm is adapted to the cosine rule

An RF-based system for locating and tracking users inside
buildings is provided. The signal strength information
gathered at multiple receiver locations to triangulate the
user’s coordinates is used by RADAR. Both empirically
determined and theoretically computed signal strength
information is done using Triangulation. Experimental
results are quite encouraging. With high probability,
RADAR is able to estimate a user’s location to within a few
meters of higher actual location. Larger classes of location-
aware services can be built over an RF local-area wireless
data network. Using the synchronized timestamps, we
mixed all of the traces collected during the off-line phase
into a single, unified table containing tuples of the form
(x,y,d,ss,snr,), where i E {1,2,3}corresponding to the three
base stations. For each (x,y,d) tuple, we computed the mean,
the standard deviation, and the median of the corresponding
signal strength values for each of the base stations. For
much of our analysis, we use the processed data set rather
than the original, raw data set. To determine exact as well as
closest matches we wrote routines to search through the
processed data set. There is a lot of database research
literature that describes efficient data structures and
algorithms. The focus of the research is on the analysis and
not on developing an optimal closest match implementation.
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A Bluetooth controlled robot contains an RF transceiver;
baseband and protocol stack and provide services allowing
the connection of various devices and the exchange of
different data classes. Bluetooth devices can be divided into
slave and master, which are able to actively initiate and
negotiate with other Bluetooth modules. They have various
effective ranges in different situations. This is because of the
influence of the environment, material coverage, battery's
power and antenna configuration. The range is lower than
the theoretical distance due to attenuation caused by signal
reflections. For different classes of device and maximum
power, their specified ranges are distinct. The distance for
Class 3,2 and 1 radios are up to 1, 10 and 100 meters.
Mobile devices are based up on class 2 radio are mostly
found in industrial environments.

Another way to control the robot is by sending directions to
the microcontroller with the help of Bluetooth module, then
Arduino handles the motor driver which further supports the
dc motors and enables the high signal at specific motor pins.
The motor driver has several pins and those pins are for
power supply, ground, and each dc motor has its own
respective pins which when gets a high signal activates the
dc motor. The distance of the robot from the obstacle is
calculated by the ultrasonic sensor which gives an output on
the app screen showing the distance

IV. METHODOLOGY

A systematic research methodology is adopted keeping in
mind the ultimate goal of a fully functional and autonomous
human following Carrier robot. A decentralized top down
approach is used for this project. The project is divided in to
three modules. Each module is independent from one
another. Different phases were carried out step by step,
starting from basic sensor testing and proceeding towards
obstacle avoidance, object detection, object tracking and data
transmission. Due to the decentralized approach, all modules
and sensors act independently. Data obtained by different
sensors and modules is collectively analyzed and an
intelligent decision on the basis of information obtained is
made that instruct the robot to follow a particular direction.
Two separate units are used i.e. microprocessor and a
controller. The processing is carried out by microprocessor
and the information obtained by the sensors is controlled by
a controller i.e. Arduino board. A serial communication
between microprocessor and controller is established to
exchange the visual sensing information. This approach was
most suitable because if there is a fault in any one of the
modules then it would not affect the entire system. Hence
this provides the best possible results by maintaining
accuracy. Human tracking, obstacle avoidance, maintaining a
specific distance from the object and establishing a
communication link between microprocessor and controller
are the main aspects of this project..

The implementation of human interactive robot seems to
be an easy task but there are some problems related to it. For
example, detection of a particular tag. Similarly the tag needs
to be unique so that it should not be merged into colors in a
vivid environment. So we have designed a novel algorithm to
overcome this problem. There are several features of the
project such as the mechanical structure, design of circuits,
tag detection and intelligent tracking system. The
implementation of human interactive robot is as follows
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A. Design of a custom tag

In order to make the target distinctive and unambiguous, a
tag was designed in particular. This tag had four different
colors in box arrangement. The whole research is based on
the fact that the target has to be specific to the robot. The
robot should only detect that target and not some other
target. All these colors enable the robot to detect the person
by tracking the tag. This tag is placed on the person that
needs to be pursued. Once the tag is put on the person the
robot detects the colors and recognizes the target through
the detection

B. Design of Mechanical Structure

The mechanical structure of the robot is comprised of a
rocker-boogie mechanism. It is designed keeping in view
that the camera on robot has to be mounted over a certain
height from the ground. The height of this camera is
adjustable according to height of a person so that better
visual information can be obtained. So initially the height of
the camera is set up to 4

C. Image Processing Algorithm

A novel algorithm to process the real time video is used to
detect and follow the unique tag. We have used a computer
vision camera for recognizing the tag at the back of person
and an OpenCV python Platform to develop this algorithm.
In this algorithm, a tag having the four color are used. The
algorithm is designed in a way that the tag is only detected
when the four colors are all together and it that particular
order. Once the tag is detected, the centroid of the common
region of four colors is found to get the center coordinates
of the tag. These center coordinates are then serially
transmitted to control unit for further processing and to
make an intelligent decision by fusing it with information
obtained by the other sensors and modules.

V. APPLICATIONS

Looking deeply into environment or our surrounding, we
will be able to interpret that “YES” there is a need of such
robots that can assist humans and serve them. Such a robot
can be used for many purposes. With a few changings, the
robot can act as a human companion as well

Some other applications of the robot are —

Can assist in carrying loads for people working in
hospitals, libraries, airports etc

Can serve people at shopping centers and public
areas.

Can help elderly people, special children and
babies

Can follow a particular vehicle.

VI.

The use of both antenna and PIR technology
ensures accurate calculation of position for direct
line of sight.

Calculation of position using only triangulation of
the emitter is a fast process.

ADVANTAGES

VII.

Combining PIR and antenna data requires lots of
time.

DISADVANTAGES
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The use of only triangulation method may produce
inaccurate results

VIIl. CONCLUSION

A successful implementation of a prototype of human
following Carrier robot is illustrated in this paper. This robot
does not only have the detection capability but also the
following ability as well. While making this prototype it was
also kept in mind that the functioning of the robot should be
as efficient as possible. Tests were performed on the
different conditions to pin point the mistakes in the
algorithm and to correct them. The different sensors that
were integrated with the robot provided an additional
advantage. The human following robot is an automobile
system that has ability to recognize obstacle, move and
change the robot's position toward the subject in the best
way to remain on its track. This project uses arduino, motors
different types of sensors to achieve its goal. This project
challenged the group to cooperate, communicate, and
expand understanding of electronics, mechanical systems,
and their integration with programming. A successful
implementation of a prototype of human following robot is
illustrated in this paper. This robot does not only have the
detection capability but also the following ability as well.
While making this prototype it was also kept in mind that
the functioning of the robot should be as efficient as
possible. Tests were performed on the different conditions
to pin point the mistakes in the algorithm and to correct
them. The different sensors that were integrated with the
robot provided an additional advantage. The human
following robot is an automobile system that has ability to
recognize obstacle, move and change the robot's position
toward the subject in the best way to remain on its track.
This project uses arduino, motors different types of sensors
to achieve its goal. This project challenged the group to
cooperate, communicate, and expand understanding of
electronics, mechanical systems, and their integration with
programming.
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Abstract—Hyperloop transportation systems require robust and
reliable  wireless communication to ensure seamless
communication and control within the Hyperloop. In this study,
we focus on four key concepts that are critical for enabling high-
speed wireless communication in Hyperloop transportation
systems: LTE-R, GSM-R, Wi-Fi 6, and 5G-NR. Our research aims
to provide a comprehensive understanding of these concepts and
their suitability for Hyperloop wireless communication. This
includes evaluating the performance of LTE-R and GSM-R
networks in a high-speed Hyperloop environment, exploring the
capabilities of Wi-Fi 6 and 5G-NR for supporting high-bandwidth
applications, and identifying the challenges and opportunities
associated with these technologies. Our findings have the potential
to inform the selection and implementation of wireless
communication technologies for Hyperloop transportation
systems and support the development of this innovative mode of
transportation.

Index Terms—LTE-R, 5G-NR, GSM-R, WiFi-6

I. INTRODUCTION

The evolution of trains into new forms and a breakthrough in
terms of transportation. With hyperloop, vehicles, referred to as
pods, gradually accelerate through a low-pressure tube using
electric power. After trains, planes, and boats, the Hyperloop
intends to offer a new means of transportation. With the
guarantee in improving the safety, speed, cost, and comfort of
trains, vehicles, and boats. The hyperloop also aims to be
convenient, weatherproof, and self-sustaining. Hyperloop
Technology consists of a long vacuum tube, and it has a
compartment like a capsule. Those compartments are called
pods. These pods run at high speed inside the vacuum tube.
These tubes are called loops. The inside of the pod has normal
pressure while the tube is almost vacuum, creating a pressure
difference that must be accommodated for in the design. As a
result, the pod behaves like an aircraft-like pressure vessel. The
fundamental feature of the pods design is a cylinder, which is
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an ideal shape for this pressure vessel. Since the tube cannot be
brought to absolute vacuum, the Hyperloop pod's shape will
still retain aerodynamic characteristics. It mainly uses two types
of technology- Magnetic levitation and Air pressure. Because
of this, there is very less friction between the pods and the tube.
Due to this, its speed is so fast that it leaves the maglev train too
far behind. Because in this technology transportation takes
place in the loop itself, which means when passengers want to
travel, they will travel through this loop. Hence this is named
hyperloop technology. For such high speed hyperloop
technology following wireless communication technologies has
been given below:

GSM-R:

GSM-R is based on the cellular GSM technology, with further
enhancements specific to the requirements of Railways. The
Radio link uses both FDMA (Frequency Division Multiple
Access) and TDMA (Time Division multiple Access[1].

LTE-R:

LTE for Railways (LTE-R) is a next-gen communications
network dedicated for railway services, enabling high-speed
wireless voice and data communications inside trains, from the
train to the ground and from train to train. This network
supports voice communication among drivers, control center
operators, maintenance and other railway staff supporting;
push-to-talk group communication, broadcasting, location-
dependent addressing and multilevel prioritization.[2]

Wifi6:

IEEE 802.11ax, officially marketed by the Wi-Fi Alliance as
Wi-Fi 6 (2.4 GHz and 5 GHz and Wi-Fi 6E (6 GHz), is an IEEE
standard for wireless local-area networks (WLANS) and the
successor of 802.11ac. It is also known as High Efficiency Wi-
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Fi, for the overall improvements to Wi-Fi 6 clients in dense
environments.

5G NR:

5G New Radio, or 5G NR, is a set of standards that replace the
LTE network 4G wireless communications standard. An
important goal of 5G NR is to support the growth of wireless
communication by enhancing electromagnetic radiation

spectrum efficiency.

Il. THEORETICAL BACKGROUND

India has been consistently pushing efforts to promote high
speed railways since 1980s. As a part of this venture, various
feasibility and design reports have been prepared by MNCs to
provide financial assistance, selection of appropriate
technologies and initiation of construction tasks.

Along with the introduction of HSR, India is also trying to
prioritize safety and this is evident through the utilization of
multiple technologies in their implementation such as
REMMLOT and 3D Technology.

However, as per the international standards, India so far lacks
railways that can be classified as HSR as the speed of HSR is
usually above 200 km/hr. Additionally, the country is putting
in efforts to promote sustainability with making lives of the
people easier.

The control systems used in HSR use “Global System for
Mobile Communications - Railway” as major communication
system.

Data is being collected by sensors which are placed in two
ways. One way is placing the sensors at the pod to collect the
current situation of the pod. The sensors placed at the
infrastructure shall determine the speed of the pod. Along with
speed, the location of the pod and air pressure inside the tube
can be tracked easily by this setup. A centralised data
processing system shall also be present to make maximum
decisions related to the pod and the tube it runs through.[3]

To generate communication in the system, the part of this
system is divided into two parts: Pod to Pod i.e. P2P and pod
to infrastructure i.e. P2l which means the communication from
the pod towards that centralised system.

Numerous Hyperloop components must be joined via digital
buses or ethernet switches in order to carry out
communications operations efficiently.

The taxonomy of communication-based services is
constructed as follows:

a. Critical Communication Applications: address all aspect
required for the Hyperloop service to run smoothly.
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In the context of hyperloop, critical communication refers to
communication systems that are essential for the safe and
efficient operation of the hyperloop system. These
communication systems might include train control, signaling,
and safety systems.

These are mission-critical and safety-related, therefore various
stakeholders must exchange the information produced by these
apps (e.g., transportation operator and infrastructure operator).
This set of systems demands the highest Safety Integrity Level
(SIL 4) in order to reduce the risk brought on by equipment
failure. Because the information supplied is authorizations for
capsule position, speed, and movement, the bandwidth needed
is minimal (less than 10 Mbps per capsule). Extremely
stringent delay requirements—in the worst scenario, fewer
than 5 ms delay and less than 1 ms jitter—are the most crucial
in this situation. Because the signalling information has
temporal caducity and because UDP packets without
retransmissions are typically used in these sorts of
communications to reduce jitter.

b.Performance Communication Applications: incorporate all
programmes required to enhance capsule performance and
closely resemble cutting-edge HST communications .
Performance communication refers to communication systems
that are optimized for speed and efficiency and enable the
real-time transfer of data between the various components of
the hyperloop system, such as train location and speed,
passenger information, and network status.

Since the security of the capsule does not depend on these
applications, they will be classified as SIL 2. For this
application, the onboard 4K real-time video CCTV
surveillance is used to help automated driving. To enhance
operating and passenger security, video surveillance is
required for the region in front, back, and within the capsule
and to make driving automatic. Although CCTV might
technically be regarded a critical application (SIL 4), it would
be extremely difficult (almost impossible) to meet the latency
requirements of the critical communications system, hence
they are typically treated as SIL 2. In addition to some basic
internet services for the passengers like instant messaging,
email, and voice calls that can enhance the performance of the
capsule and the comfort of the passengers, other performance
services include capsule diagnostics and monitoring and
passenger information.

With regard to each of these services, a data rate of around
100 Mbps is needed, along with a latency of no more than 10
milliseconds, and two wireless communication networks—one
for the Hyperloop services and the other for passenger
performance services. On-capsule voice communication,
station public address, wireless data communication for
Hyperloop staff at platforms, capsule departure data
communications, augmented reality data communication, and
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real-time translation of speech data communication are just a
few of the applications that will be supported.

c.Business Communication Applications: Onboard users
anticipate having access to the internet for both work and play,
including in-car video conferences, online gaming, chatting,
live broadcasts, etc. In order to provide multimedia
information systems and on-demand streaming services, these
telecommunication services must have a high data rate and
good QoS. However, there are no safety implications for this.
Business communication refers to communication systems
that support the decision-making and coordination processes
of the hyperloop operator and other stakeholders, such as
customer service, marketing, and financial management.
These systems might include email, video conferencing, and
enterprise resource planning (ERP) systems.

The Hyperloop passenger experience will be more immersive
and connected than that of current transportation industries,
which is typically delivered by telecommunication operators.
In order to give passengers the impression that they are
outdoors looking at the actual world even if they are inside a
tube, capsules will include augmented reality windows. [4]

The design of communication network in hyperloop system
follows a concept of Capsule-to-X which serves as a medium
of transmitting data from capsule to any entity that may bring
an effect in the capsule. The following types of
communication are used in the system:

a. Capsule to Grid: "Capsule to grid" refers to the
communication and control systems used to manage the
movement of the hyperloop capsules within the hyperloop
system. It involves the exchange of information between the
hyperloop capsule and the central control system, or "grid," in
real-time, allowing for the efficient and safe operation of the
hyperloop system. This communication and control system
can include real-time monitoring of the capsule's position,
speed, and status, as well as the management of passenger
information and other system-wide data. The capsule to grid
communication system is critical for ensuring the safety and
reliability of the hyperloop system.

b. Capsule to Passengers: "Capsule to passengers" refers to the
communication and information systems that are available to
hyperloop passengers, typically within the hyperloop capsule
itself. These systems can include passenger information
displays, audio announcements, Wi-Fi connectivity, and other
in-cabin technology that helps passengers navigate the
hyperloop system, stay informed about their journey, and have
a more comfortable experience. Capsule to passengers
communication systems play an important role in enhancing
the overall passenger experience and making the hyperloop a
more attractive transportation option.
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c. Capsule to Centralized Network: "Capsule to centralized
network" refers to the communication and control systems
used to manage the hyperloop capsules within the hyperloop
system. The communication and control system is typically
centralized, meaning that all data and information from the
hyperloop capsules are transmitted to a central control center,
where it can be analyzed and used to control the movement of
the capsules. This communication and control system is
critical for ensuring the safety and efficiency of the hyperloop
system. It allows for real-time monitoring of the capsule's
position, speed, and status, as well as the management of
passenger information and other system-wide data. The
capsule to centralized network communication system is also
essential for ensuring that the hyperloop system operates
smoothly and reliably, and for responding quickly to any
issues that may arise.

d. Capsule to Capsule: "Capsule to capsule" refers to the
communication and control systems used to manage the
movement of hyperloop capsules within the hyperloop system.
This communication and control system allows for real-time
exchange of information between the hyperloop capsules and
the central control system, enabling the efficient and safe
operation of the hyperloop system.

Examples of capsule to capsule communication in a hyperloop
system include the exchange of information on the location,
speed, and status of other hyperloop capsules, allowing the
system to dynamically adjust to changing traffic conditions
and minimize potential collisions. The capsule to capsule
communication system is also essential for ensuring that the
hyperloop system operates smoothly and reliably, and for
responding quickly to any issues that may arise.

e. Capsule to Infrastructure: "Capsule to infrastructure" refers
to the communication and control systems used to manage the
interaction between the hyperloop capsule and the physical
infrastructure of the hyperloop system. This communication
and control system allows for real-time exchange of
information between the hyperloop capsule and the various
components of the hyperloop infrastructure, such as the
guideway, propulsion system, and station platforms.
Examples of capsule to infrastructure communication in a
hyperloop system include the exchange of information on the
capsule's position, speed, and status, as well as the
management of energy transfer, pressure control, and other
physical parameters. The capsule to infrastructure
communication system is critical for ensuring the safety and
reliability of the hyperloop system, as well as for optimizing

energy efficiency and system performance.[5]
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IIl. METHODOLOGY
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Advantages of GSM-R are:

e Improved safety: GSM-R provides real-time
communication between train drivers and
dispatchers, improving overall safety on the railway
network.

e Increased efficiency: GSM-R enables more efficient
train management, reducing delays and increasing the
capacity of the railway network.

e Better coordination: GSM-R allows for better
coordination between different trains and dispatchers,
reducing the risk of incidents and improving the
overall flow of traffic.

Limitations of GSM-R are:

e Cost: Implementing and maintaining a GSM-R
network can be expensive for rail operators.

e Limited coverage: GSM-R coverage can be limited in
certain areas, especially in rural or remote regions,
where the network infrastructure may not be fully
developed.

e Interoperability issues: GSM-R is a proprietary
technology, and compatibility between different rail
operators' networks may not always be guaranteed.

Advantages of LTE-R are:

e Increased bandwidth: LTE-R provides higher
bandwidth and data rates than GSM-R, enabling the
transmission of large amounts of data, including
multimedia applications.

o Improved coverage: LTE-R provides better coverage
and more robust network connectivity than GSM-R,
especially in areas with challenging terrain or
weather conditions.

Limitations of LTE-R are:

e  Cost of deployment: Deploying an LTE-R network
can be expensive, particularly for rail operators that
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need to upgrade from existing communication
systems.

Interference with other services: LTE-R operates in
the same frequency band as other communication
services, which can result in interference and
degradation of network performance.

Network complexity: LTE-R networks can be
complex to design, deploy, and maintain, requiring
specialized technical expertise and equipment.

Advantages of 5G-NR are:

Less tower congestion

5G networks allow users to avoid them due to better
speed and more bandwidth.

High resolution and bi-directional large bandwidth
shaping.

High resolution and bi-directional large bandwidth
shaping.

Limitations of 5G-NR are:

Limited global coverage

The main disadvantage of 5G is that it has limited
global coverage and is available only in specific
locations.

Decreased broadcast distance it requires more towers
for coverage that is time-consuming and expensive.
Rain can also cause problems to 5G coverage that
needs more protection.

Wi-Fi 6 is the latest version of the Wi-Fi standard for wireless
networking. It is also known as 802.11ax, referring to the
technical specifications developed by the Institute of Electrical
and Electronics Engineers (IEEE). Wi-Fi 6 builds upon the
previous generations of Wi-Fi and introduces several new
technologies that improve the performance and efficiency of
wireless networks.[6]

Advantages of Wifi-6 are:
e Range and connection capacity

This model has a spectrum extension of 12000 MHz in

addition to a wireless LAN capacity that helps to grow the

networks and the capacity of connections supported without

generating bottlenecks in the future.

This is ideal to implement in business networks that are

constantly growing, changing, and use a variety of

applications and equipment. And we know that with the
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increasingly accelerated digital transformation in all economic
sectors, it is likely that your company requires this evolution
Enhanced wireless performance

Wi-Fi 6 could potentially deliver up to three times your
wireless capacity, offering dramatically better performance for
more connected devices, increasing productivity and
efficiency, and providing a new and improved end-user
experience.

Extended battery life and reduced power usage

This new version for Wi-Fi networks allows better
management of energy usage as it takes advantage of the
benefits of TWT (Target Wake Time) technology, that detects
when a device is in use and disconnects it from Wi-Fi when it
is not. The process is so smooth that most people will not
notice the difference.

Limitations of Wifi-6 are:

Lack of compatibility

One of the downsides of Wi-Fi 6 is that it has not yet been
widely adopted.

Cost

Another negative aspect of Wi-Fi 6 is that in order to make the
most out of its advantages and benefits, it is necessary to
upgrade the devices and part of the infrastructure such as cat6a
0 cat7 quality cables, a new router with 1Gbps support, or Al
MIMO antennas.
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Figure 1: Communication network for WiFi-6

IV. CONCLUSION

Wi-Fi 6, also known as 802.11ax, is the latest iteration of the
Wi-Fi standard for wireless networking. It offers several
advancements over its predecessor, Wi-Fi 5 (802.11ac),
including increased network capacity, improved network
efficiency, and higher speed and reliability. Additionally, Wi-
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Fi 6 is designed to support the growing number of connected
devices and the increasing demand for high-bandwidth
applications, such as streaming video and online gaming. These
benefits make Wi-Fi 6 an attractive option for both consumers
and businesses looking to upgrade their wireless networks.
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Abstract— The earliest form of sewer cleaning was hand
excavation whereby labourers loaded sediment into barrows
which were moved down the sewer and then lifted out at
manholes by bucket. The work is not only dirty, unpleasant and
dangerous. The major problem in manual scavenging is the
health issues faced by the workers and more over the cleaning is
done by human beings because of earning. Nowadays even
though automation plays a very important role in all industrial
applications, the proper disposal of sewages from industries and
commercials are still a challenging task. Drainage cleaning
system is proposed to overcome the real time problems. In this
project our aim is to replace the manual work in drainage
cleaning by introducing a automated system in an efficient way
to control the disposal of wastages and with regular filtration of
wastages. The amount of garbage produced is too large and the
manual efforts required to process it is very tedious. With
evolution of technology in every field, automated ways can be
adopted to prevent the piling of the garbage. The waste
segregator is designed to provide ease in the disposal of waste
that is collected. The system consists of three bins, each one for
wet, metal, and dry waste. The conveyer belt system detects the
incoming waste and classifies it as metal, dry or wet using
different sensors connected to the system and deflects it in the
respective bin. The whole setup brings about automation and
hence reduces the human intervention required in segregating
the waste and provides successful collection of the garbage from
the bin at the appropriate time. The system is driven by a
microcontroller- Arduino, and the sensors are programmed.

Keywords— Drainage , dry , wet , metal sensor , Arduino ,
segregation

. INTRODUCTION

Manual Scavenging is the most nauseating thing to do; for
others, it’s the only way to make a living. From drains and
sewers to septic tanks and railway tracks, more than half a
million manual scavengers across the country are cleaning,
carrying and disposing human excreta. They force themselves
into choked sewers and septic tanks; hang on for hours,
scooping out filth with bare hands and bearing the stench of
sewage. Every year, hundreds of manual scavengers die,
asphyxiated by poisonous gases. There are structural
problems as well, which force people to

enter septic tanks. Septic tanks are designed badly. They
have engineering defects which means that after a point, a
machine cannot clean it. Adding to the problem is the fact that
many cities do not have sewerage that covers the whole city.
Sometimes, sewage lines are connected to storm water drains
which get clogged and demand human intervention. Open
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drains, are also badly designed, allowing people to dump solid
waste into them, which accentuates the problem. Improper
disposal of plastic bags and bottles, napkins and other
materials clog the drains. Few people take up this lowly job,
not knowing that human faeces and urine harbour a variety of
diseases. They may carry Hepatitis A, E. coli, Rotavirus, Nor
virus, and pinworms. The community risks infection by
coming in contact with 2 these wastes. That also explains why
sewer workers die as young as 40, falling prey to multiple
health issues: cholera, hepatitis, meningitis, typhoid and
cardiovascular problems. In fact, repeated handling of human
excreta without protection leads to respiratory and skin
diseases, anaemia, jaundice, trachoma and carbon monoxide
poisoning. It is not going to be possible to eliminate manual
scavenging unless we create the right technologies. With
proper use of technology, automated sewage cleaning
machines can be built to save the lives of those unsung heroes.

Every year, as the population grows, more waste is
produced, which is a huge rise. Numerous risky issues have
resulted from this. The landfills are created when garbage is
accumulated across a big region of land, which can be
dangerous. The scent of the decaying garbage pollutes the area
by creating an offensive odour. The dumping of rubbish into
water bodies contaminates the oceans and seas that connect
them, which has an impact on the water's quality and the
survival of aquatic life. The entire ecosystem is impacted
when the hazardous chemicals are discharged into the
atmosphere. As a result, waste management is a very
important problem in the modern world. Many things can be
altered and prevented if the waste created is properly managed
at the source level. Waste may be properly disposed of and the
Reuse, Reduce, and Recycle principle can be put into practise
by classifying it into wet, dry, and metallic categories. The dry
trash, metallic waste, and wet waste can all be recycled, and
the wet waste can be broken down to make plant fertiliser.
India demands an efficient waste management system due to
its rapid urbanization and growing population. As a result,
we've proposed automatic waste segregation. The waste is
divided into three categories: dry, wet, and metal in this
system.

Il. METHODOLOGY

The concept behind this project is to automate drainage
cleaning in place of the manual labour it actually requires. We
all know how crucial water is to human existence, especially
when it flows through a sewer clogged with trash like bottles
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and polythene. These wastes in the water cause the drains to
become clogged. Even though mechanical equipment is

Table no. 1: List of sensors

essential in today's industrial applications, properly disposing
of sewage from businesses and industries remains a difficult

issue. We use the "Automatic sewage cleaning system"

design to solve this issue and save lives.

Type of Sensor Type of detection
Metal sensor Metals
Moisture sensor Wet

Nowadays, work is done automatically because it is
important for all industries and requires no systemic effort.
The automated method is being used to complete the work.
However, automation now has a significant impact on all
industrial applications. Industrial sewage waste disposal is a
challenging task. This is a difficult challenge in businesses
and commercials. Drainage pipes were used by people in
earlier times to eliminate sewage water. When cleaning the
block, there is a drawback that could result in human life loss:
work in the drainage pipes. Some outside work is done in this
project to help reduce the issue and save lives. The device is

A. Mechanical part

The mechanical portion of the project is the mechanism
for rotating the waste separating section and dropping the
waste into the correct bin. It consist one dc motor, one servo
motor, and one sorting arm. Table 2 lists the motors used in
this project, as well as their purpose.

Table no. 2: List of mechanical part

positioned across the drain so that only water flows through

Parts Working

lower grids containing waste bottles, paper, etc. These grids
are raised by teeth that are connected by a chain and are then

For rotating the conveyor belt withgarbage
DC
motor

withdrawn from the drain. The garbage is raised from the

Servo For rotating the sorting arm to pushthe
motor garbage

drain to the waste storage tank using a chain drive. The chain
drive is powered by the dc motor. When the bucket is raised

For pushing the waste into

Sortin respective bin
garm

from the drain with the aid of a dc motor, the waste materials
are divided by bucket and are kept in the waste storage tank.
Dc motor control is crucial in a variety of applications. Every
time the motor runs, automated drainage water cleaning
eliminates all drainage issues and encourages a continuous
flow of drain water without blockages. The second half,
known as waste segregation, follows waste collection.

First, the trash is loaded onto a conveyor belt. As soon as the
conveyor motor turns, an inductive proximity sensor detects
the waste. Whether the waste is metallic is determined by the
metal sensor. When waste is metallic, moving arm 1 slips it
into bin 1, while the conveyor handles nonmetallic waste. It
keeps rotating and is picked up by the moisture sensors.
Waste is identified as moist if it is wet. If not, the waste is
found to be dry. The moving arm 2 pushes the garbage into
bin 2 if it is determined to be wet; otherwise, if it is
determined to be dry, the waste goes directly into bin 3.

SORTING ARM 2 SORTING ARM 1

INDUCTIVE SENSOR
MOISTURE SENSOR ’ | )
.. 1
@ T CONVEYOR @
DRY WET METAL
CONTROL UNIT

As illustrated in Fig 1, the detecting circuit is built using
an inductive proximity sensor and a moisture sensor. To
discriminate between different sorts of waste, each sensor
has a particular purpose.The moisture sensor detects the
presence of moisture in the waste, while the inductive
proximity sensordetects the presence of metal.
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A Working

The segregation process in this system starts with a
conveyor belt that rotates continuously with the help of a
motor. We place the waste on this conveyor belt first. As
waste moves forward, there is an inductive proximity
sensor. It can detect whether the waste is metallic or
nonmetallic. If thegarbage is metal, the sensor sends an
output to the Arduino, which then sends a signal to the
sorting arm for push the waste into the metal waste bin. If
the waste is not metallic, it goes to the next sensor station,
which hasa moisture sensor.

Moisture sensors detect moisture in waste and provide
output based on that. If the waste is wet, the Arduino sends
a signal to the sorting arm, which causes the waste to be
pushed into the wet waste bin. If the waste is dry, the
Arduino does not provide any commands to the sorting arm,
it will stay neutral. The dry waste is dumped straight into the
dry waste bin at the end of the conveyor belt. As a result, the
waste is separated.




Sewage Cleaner & Waste Segregation System

CAD MODEL :

“Timeltic

HARDWARE REQUIREMENTS

B. Hardware

ARDUINO KIT :

7/8~

Arduino consists of both a physical programmable circuit
board (often referred to as a microcontroller) and a piece of
software, or IDE (Integrated Development Environment)
that runs on your computer, used to write and upload
computer code to the physical board.

1. For Segregation :

CONVEYOR BELT-

The belt is the moving object of the system. The system is a
combination of at least two pulleys that ensure circular
movement of the belt which pivots about them. The belt and
the object placed on it move forward as the pulleys are
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powered. The pulley which is powered is the driver pulley
and the unpowered pulley is the idler pulley.

DC MOTOR-

It is utilized to drive the conveyor belt. It is interfaced with
the Arduino UNO by means of L298 bridge IC. The direct
current energy is converted into mechanical energy with the
help of the rotational motor. A variable supply voltage is
used to control the speed of the engine. The speed is also
affected by changing the quality of current in the field
windings.

SERVO MOTOR-

It is used to deflect the waste to the respective bins. A
servomotor is defined by “a rotary actuator or linear actuator
that takes into account exact control of angular or linear
position, velocity and acceleration.” A suitable motor is
coupled to a sensor for obtaining position feedback. The
digital or analog input control signal represents the position
directed for the output shaft.

MOISTURE SENSOR-

It is used to identify if the garbage is wet or dry. The content
of moisture in the waste is tested and accordingly it is
dropped in the appropriate dustbin.

< 4

METAL SENSOR-

The presence of objects is detected without any physical
contact with the help of proximity sensor. It detects objects
by “emitting electromagnetic field or electromagnetic
radiation and observes the changes in the field or return
signal.” The Inductive proximity sensor is used to identify the
metallic waste. For the identification of paper and plastic
Capacitive Proximity sensor is used. It also differentiates
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between them as paper and plastic have different permittivity
value.

IR SENSOR -

An infrared sensor is an electronic device, that emits in order
to sense some aspects of the surroundings. An IR sensor can
measure the heat of an object as well as detects the motion.
These types of sensors measure only infrared radiation, rather
than emitting it that is called a passive IR sensor. Usually, in
the infrared spectrum, all the objects radiate some form of
thermal radiation.

FLOW DIAGRAM :

I111. CONCLUSION

The equipment is positioned across a sewer so that water can
pass through the lowest portion of it. Plastic bottles, cans,
diapers, and other floating items are gathered in the jaws
of the device. Now that the motor is spinning thanks to
Arduino, we can elevate. The chain begins to circulate as the
motor operates at a lesser speed, lifting the jaws up. Jaws are
used to lift the waste materials, which are then placed in a
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collection bin. The "safai karmacharis" (sewer cleaners) will
come and empty the collection container once it is full,
eliminating the need for hand scavenging.

India is a developing nation with the second-largest
population in the world. It produces a lot of waste every day.
There are 62 million tonnes produced. Urban India produces
gallons of municipal solid waste (MSW) annually.

20% of which is processed, and 70% of which is collected.

It is highly challenging to dispose of the waste due to the
nature of the many forms of waste. By promoting reuse,
segregation significantly reduces waste. If segregation is
carried out at the base level, treating the waste also becomes
simpler. Figure 3 depicts the rise in garbage production from
the year 2016 to the years 2030 to 2050 over the world.

Millions of tonnes per year

MiddleEas and  Sub-Saharan Africo Latn Americaand  Nowth America

Southdsta  Eastond Central  Exst Asiaand

North Afiica Caribbean Asla Pacific

Fig. 3. Estimated increase in waste production across the world till
the year 2050. The blue data represents the year 2016, red represents
2030,and green represents 2050.

Consequently, this shows the growing need for effective
waste processing to preserve ecological equilibrium. Since
there is no need for human supervision and the model
described in this research uses less electricity, it is effective
and long-lasting. The model can also determine when the
trash can is full and request that the authorities come and pick
it up. This effectively lowers the amount of labour, time, and
fuel the collection van needs. This type is a great replacement
for older trash cans and fits in nicely with the concept of smart
cities. Future plans include making the bins solar-powered,
using improved methods of garbage separation such digital
image processing, and making the waste that is gathered in
the bins compact to maximise storage space.
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Abstract — A flywheel is a type of reservoir that may be
found in machines. It stores energy during periods in which
there is an abundance of supply relative to the demand for
energy and then releases that stored energy during periods in
which energy demand is abundant. For instance, in internal
combustion engines, the energy is only produced during the
power stroke, which is far longer than the load on the
engine. In contrast, in four-stroke engines, there is no energy
produced during the suction, compression, or exhaust
strokes. The flywheel stores the extra energy that is
produced during the power stroke, and then releases it to the
crankshaft during the other strokes of the cycle when there
is no energy production. This keeps the crankshaft turning at
the same speed throughout the cycle. The crankshaft has a
flywheel attached to one of its ends, and this component
performs a dual duty. To begin, its inertia helps to dampen
vibrations by easing the transition from the power stroke to
the power stroke of the next cylinder as it fires. Second, it
serves as the mounting surface that is utilized to attach the
engine to the weight that it is carrying. The project's
objective is to create a flywheel for a multi-cylinder
gasoline engine that makes use of a variety of speeds and
then analyze the data to determine how to get improved
outcomes. The calculations are used to create a drawing in
two dimensions. CATIA, a 3D modeling program, is
utilized in the creation of a parametric model of the
flywheel. Additionally, the forces that are exerted on the
flywheel are computed. By applying the forces that will be
exerted on the flywheel within the analytical program
Ansys, the flywheel's strength will be verified.
To compare the results, analysis is performed on two
different materials: cast iron and aluminum alloy. CATIA is
the industry standard for 3D product design because it offers
productivity tools that are at the forefront of their field and
encourage design best practices. ANSYS is a finite element
analysis (FEA) software tool that may be used for a variety
of purposes. The numerical approach known as finite
element analysis is used to break down complicated systems
into extremely small components, or elements, of a size that
is specified by the user.
Keywords— Flywheel,
Energy.

Stress, ANSYS, Deformation,

I. Introduction

Flywheel

The flywheel is a disk of cast iron, aluminum, or zinc that is
positioned at one end of the crankshaft to generate engine
inertia. Inertia is characteristic of matter that allows any
physical body to remain at rest or in uniform motion unless
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acted on by an external force. Inertia is a characteristic of
matter, not a force.

Combustion happens at regular intervals throughout the
operation of a reciprocating engine. The flywheel provides
the inertia necessary to avoid engine speed decrease and
probable crankshaft rotational halt between combustion
intervals.

Variations in speed and force impact the flywheel,
crankshaft, and other engine components throughout each
stroke of an internal combustion engine. The crankshaft of a
four-stroke cycle engine is rapidly accelerated during the
power event by the fast action of the piston and connecting
rod assembly. The flywheel's resistance to acceleration
smoothes out part of the rpm and force deviation. The
flywheel's inertia dampens the engine as a whole, evening
off radial acceleration forces and rpm variations produced
by the engine.

1.1 What is the function of a flywheel?

The flywheel, also known as a torque converter, aids engine
performance by collecting part of the energy during the
power stroke and releasing it during the other strokes.

The vibration damper (harmonic balancer) dampens
torsional vibrations in the crankshaft caused by power
impulses. As each cylinder ignites, the crank throw for that
cylinder accelerates. The remainder of the crankshaft tends
to lag, resulting in a twist. Torsional vibrations are
produced, which are dampened or partially absorbed by the
vibration damper.

The flywheel aids in the consistent spinning of the
crankshaft and assists the engine in overcoming weights
while starting the wvehicle from rest as well as during
operation. Even though a multicylinder engine's power
impulses follow or overlap, extra smoothing out of the
power impulses is needed. This is done by the engine
flywheel. The flywheel is a massive metal wheel that is
securely linked to the crankshaft. The flywheel gains kinetic
energy as a result of its rotation; when the flywheel speeds
up, it stores extra kinetic energy, and when it slows down, it
releases that energy. The amount of energy stored by a
flywheel for a given change in speed is determined by its
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inertia, which is determined by its mass and effective
diameter. The energy delivered to the crankshaft by the
engine pistons varies, being largest when a piston begins its
power stroke, considerably less on the exhaust and suction
strokes, and negative during the compression stroke. These
energy oscillations to and from the crankshaft. Cause
equivalent changes in its speed; the flywheel's role is to
lessen speed fluctuations by storing energy when the
crankshaft accelerates and returning it when the shaft begins
to slow down. The smaller the speed changes, the heavier
the flywheel or the wider its diameter.

The flywheel is designed to withstand rapid changes in
crankshaft (engine) speed. As a result, when a power
impulse begins (with its initial high pressure), the crankshaft
receives a brief forceful push (through the connecting rod
and crankshaft). The flywheel, on the other hand, inhibits
the crankshaft's desire to push ahead. As a result, the
engine's brief power surges are smoothed out and it runs
smoothly.

Because the flywheel also functions as part of the engine
clutch, its back face is meticulously machined. A tiny
depression on the flywheel's front face is utilized to identify
the location of the piston in the first cylinder. The piston is
at the top dead center when this indentation aligns with a
particular hole in the bell housing (TDC). This indentation
denotes the initiation of fuel injection into the first cylinder
in certain engines. Some engines include markers on their
flywheels that indicate the serial numbers of the cylinders
where the compression stroke occurs. The flywheel
markings and indentation are used to align the valve and
ignition systems with the crankshaft's specified locations.
Furthermore, the flywheel features teeth on its outside edge;
when the engine is cranked for starting, the electric-starting-
moto pinion teeth mesh with these teeth.

A flywheel is often installed at the rear main bearing.
Because it must carry the weight of the flywheel, this is
frequently the longest and heaviest of the major bearings.
The flywheel's role is to help the engine idle smoothly by
carrying the pistons through periods of the operating cycle
when no power is produced.

The heavier the flywheel on the engine, the smoother the
engine will idle. An extremely heavy flywheel, on the other
hand, will cause the engine to accelerate and decelerate
slowly due to inertia. Massive duty or truck engines feature
huge and heavy flywheels for this purpose. Flywheels are
light in racing engines and high-performance engines.

The flywheel's back surface is typically machined flat. This
surface is utilized to match one of the clutch's surfaces.
When no clutch is utilized in an automatic gearbox, a
portion of the fluid flywheel or torque converter is joined to
and becomes a component of the flywheel.

The energy differences during a whole cycle of a particular
horsepower engine are largest if the engine has only one
cylinder. To maintain the transient speed changes within
normal bounds, single-cylinder engines require big
flywheels. The energy changes in multicylinder engines
grow smaller as the number of cylinders rises. The reason
for this is that not only are the cylinders smaller, but their
impulses are more frequent, and in the case of engines with
several cylinders, one piston produces power while another
is compressing. As a result, the needed size of the flywheel
is quite tiny. The rotational weight of the cranks, crankpins,
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and big ends of the connecting rods is comparable to that of
a flywheel. The rotor of a linked electric generator does as
well. As a result, flywheels are not required in some big
multicylinder engines and are hence not employed.

This is the large heavy metal disc attached to the crankshaft
(and hence the pistons) on the engine side and has the clutch
attached to it on the gearbox side, as well as the ring gear
required to start the engine. The torque converter becomes
the "flywheel" in an automatic gearbox; therefore this wheel
is normally more of a plate.

Il. LITERATURE SURVEY

A literature review is an assignment of a prior task that was
completed by certain writers and a collection of information
or data from research papers that were published in journals
to advance with our task. It is a channel via which we might
discover new ideas and ways of thinking. There have been
many works of literature written in the past on the same
topic; some of these articles have been taken into
consideration and are the source of the concept for the
project. Flywheels store energy more effectively than
rechargeable chemical batteries, while also having certain
advantages in terms of control, and as a result, mission-
critical technology initiatives have lately shifted their
attention to employing flywheels. The concept of storing
energy in a rotating mass using a mechanism that is
essentially no more complicated than a flywheel dates back
millennia. This technique has only recently gained a lot of
interest ever since the introduction of high-strength
materials and magnetic bearings. The investigation of
materials with great strength enables designers to achieve
high working speeds, which results in the production of
more Kkinetic energy. By utilizing magnetic bearings, it is
possible to achieve high running speeds, resulting in bearing
equipment that is cleaner, quicker, and more efficient even
when subjected to harsh temperatures. Recent innovations in
flywheel design have the potential to give orders of
magnitude improvements in performance and service life, in
addition to huge control torques and the capacity to store
momentum for use in aerospace applications, launch
vehicles, aviation power systems, and power supply.

The housing, magnetic bearings, motor/generator, flywheel
rotor, and power transformation electronic system are the
primary components that make up the flywheel system.
Current investigations have concentrated on boosting the
performance of the flywheel while still satisfying the safety
factors, such as material, housing, and bearing failures. This
is part of the development process for the flywheel. The
computation of kinetic energy is the first step in the
investigation of energy storage and the factors that
contribute to its failure.

In 2012, Sushama G Bawane, A P Ninawe, and S K
Choudhary developed a design for a flywheel and analyzed
the process of selecting materials for it. To get a deeper
comprehension of the mesh type, mesh size, and boundary
conditions that must be implemented to finish an efficient
FEA model, the FEA model itself will be discussed.

These algorithms were proposed by Hamid Reza Chamani
and are based on the dynamic analysis of the crankshaft.
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They were used in the design of flywheels for internal
combustion engines.

It has been suggested by Sudipta Saha, Abhik Bose, G.
SaiTejesh, and S.P. Srikanth that the value of the flywheel
geometry design choices and their contribution to energy
storage performance is significant. This contribution is
presented  utilizing  computer-aided  analysis and
optimization processes on a few sample crosssections. The
results of the proposed computer-aided analysis and
optimization procedure show that intelligent design of
flywheel geometry may have the potential to both have a
significant effect on the Specific Energy performance and
reduce the operational loads that are exerted on the shaft and
bearings as a result of reduced mass at high rotational
speeds.

It was recommended by Bedier B. EL-Naggar and Ismail A.
Kholeif that the disk-rim flywheel be used because of its
low weight. The mass of the flywheel is reduced as much as
possible while still adhering to the limits placed on it by the
necessary moment of inertia and the maximum allowable
stress. The theory of spinning disks of uniform thickness
and density is applied to both the disk and the rim in their
own right, with adequate matching conditions at the junction
between the two. After applying appropriate boundary
conditions on the centrifugal stresses, the dimensional ratios
required to achieve the desired minimum weight are
calculated. It has been demonstrated that the desired design
comes quite near to resembling a disk of uniform thickness.

I11. OBJECTIVES AND METHODOLOGY

The goal of the work being done on this project is to
effectively develop a design of a flywheel that can be used
for a gasoline engine operating at variable speeds. This
system is supposed to be dependable, easy to understand,
and technically doable. This project of flywheel mechanism
aims to produce a design that may be used in the engine of a
vehicle when it is operating on unbanked curves. Because
the side force felt by the flywheel at different speeds in an
engine assuming a position is substantially smaller in a
direct transmission system, this technology is also believed
to improve the engine's comfort.

The technique that was selected to employ standard and
currently utilized components in the design rather than
designing each component from the ground up was
accepted. Because these components have previously
demonstrated their value in applications relevant to the real
world, using this technique has the benefit that you do not
need to invest an absurd amount of time and money in
verifying the authenticity of each component.

The mechanism that was first designed was based on using
the engine by its study to elevate and lower each wheel of
the automobile. The design was first adapted from an
already existing flywheel, and small alterations were made
to suit our goal. Due to the conditions that followed, this
system was eventually put through its paces in the testing
phase.
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1. Because of its inertia, it minimizes vibration by
smoothing out the power stroke when each cylinder fires,
and the flywheel itself will take on the load that was
previously carried by the engine.

2. The amount of wear and tear on the flywheel and the
contact surface is too high for their simultaneous usage in an
engine to be considered satisfactory.

3. In addition, the forces that are operating on the flywheel
are computed. By applying the forces to the flywheel, the
strength of the flywheel may be verified. [Creative
Commons]

4. An analysis is performed for both the Cast Iron and the
Aluminum Alloy materials to compare the findings at
different speeds.

As a result of these factors, the original concept for the
flywheel was scrapped in favor of an entirely new design.
Catia V5, which will be used for design, will be paired with
Ansys, which will be used for testing the design.

3.1 A brief overview of capabilities

It is always being improved, just like any other program, to
incorporate new features and capabilities. Instead of
providing precise data on the unique feature of the product,
the following information is intended to provide an
overview by outlining the extent of available capabilities.
One of the many items that are comparable to Catia
Elements can be found in the category of
CAID/CAD/CAM/CAE  software applications. Catia
Elements is one of these applications.

Catia Elements is a modeling architecture that is parametric
and feature-based, and it is combined into a single database
philosophy. It also has powerful rule-based design
capabilities.

The capabilities of the product may be roughly classified as
falling under one of three primary categories: engineering
design, analysis, or manufacturing. After that, the data is
either captured in an industry-standard 2D production
drawing or the ASME Y14.41-2003 standard for 3D
drawings.

3.2 Engineering Design

Catia Elements provides users with access to a variety of
tools that make it possible to generate an accurate digital
depiction of the product they are designing. In addition to
the tools for general geometry, there is also the capability to
produce the geometry of other integrated design disciplines,
such as industrial and standard pipework and comprehensive
wiring specifications. These capabilities are in addition to
the tools for general geometry. Additionally, there are tools
available to help development through collaboration.

The subsequent process of engineering the product might
make use of a variety of concept design tools, which are
those that deliver preliminary ideas concerning the industrial
design of the product. These include reverse engineering
using point cloud data, extensive freeform surface tools, and
conceptual drawings for industrial design.
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3.3 Analysis

Ansys Elements provides users with access to a wide variety
of analysis tools, including thermal, static, dynamic, and
fatigue FEA analysis, in addition to other tools, all of which
are created to assist in the process of developing the
product. Human factors, manufacturing tolerance, mold
flow, and design optimization are some of the instruments
that fall under this category. In combination with the FEA
study, design optimization may be employed at the
geometry level to determine which design dimensions are
the most effective and efficient.

IV. DESIGN TERMINOLOGY OF FLYWHEEL

A device that stores energy using inertia is called a
flywheel. It does this by taking in mechanical energy
and acting as a reservoir, storing energy at times when
there is a greater supply of energy than there is a need
for it, and then releasing that energy during times
when there is a greater demand for energy than there is

supply.
*
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Flywheels: Essential Functions and Methods of

Operation The primary purpose of a flywheel is to
even out changes in the speed of a shaft that is brought
on by shifts in the torque being applied to it. If the
nature of the source of the driving torque or the load
torque is variable, then a flywheel is often required to
stabilize the system. A great number of machines have
different load patterns, which results in the torque time
function having varying values throughout the cycle.
Engines that run on internal combustion and have one
or two cylinders are a good illustration of this. Other
types of devices, such as rock crushers, punch presses,
and piston compressors, are equipped with flywheels.

The flywheel stores energy by increasing its angular
velocity and then releases it by slowing down. This
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cycle continues until the flywheel has absorbed all of
the available mechanical energy.

4.1 Methodology of the Design

The design process for a flywheel is broken up into
two sections. First, it is necessary to ascertain the
quantity of energy that is needed to achieve the level
of smoothing that is wanted, as well as the mass
moment of inertia that is needed for absorbing that
energy. The shape of the flywheel then has to be
established in such a way that it can provide the
necessary moment of inertia in a package of a
reasonable size while also being resistant to failure at
the rates of operation that were planned.

4.2 Design Parameters

The required amount of inertia (size) for the flywheel
is directly proportional to the amount of variation in
speed that may be tolerated.

4.3 The equation for the amount of energy that
may be stored in a flywheel

The amount of Kinetic energy that can be stored in a
flywheel is a function of both the angular velocity and
the moment of mass inertia.

The relation is given below

EJ{U

o= angular velocity
1= the moment of inettia of the mass about the center of
ofation.

For solid cylinder

Fora thit-walled empty cylinder
[=mr?

Fora thick-walled empty cylinder

— _ 21, 2
[= m(rextemnl +TEnfernaIJ

2

m=mass of flywheel

r=radius
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4.4 Variability of the Speed Consequently, the relation is used to calculate the mass
The change n the shaft speed duringa cycle is called the speed fluctuation and s equal 10 Gy moment of inertia Im that must be present across the
entirety of the rotating system to achieve the desired

O coefficient of speed fluctuation. Using the
aforementioned equation, one can determine the

Fl= Owar Oy suitable flywheel inertia Im corresponding to the

known energy change Ek for a given value of the
coefficient of speed fluctuation Cf. This may be done
o o , for any given speed fluctuation coefficient.
We can nomnalize tis to a dimensionless ratio by dividing it by the averave or nominal shat
s (). V. The Desigr! Proces-s for the Flywheel of
a Gasoline Engine
(i= (mm“- Ohin)/ ) In the Catia V5 program, the design of the gasoline
engine flywheel is accomplished by a combination of
part modeling and assembly modeling. The following

4.5 The coefficient of the variability in speed procedures are being used to mimic this phenomenon:

Where 0 is nominal angular velocify

Modeling of a Portion of a Gasoline Engine
The above ratio is termed as coefficient of speed fluctuation Crand it s defined as Flywheel

Cf: ((ﬂmax- Oyiy) /O Sketch: It provides the profile, including the outer
diameter and the inner diameter, through the intended
use of the line and rectangle command.

) G- e AT 1 ) o
Bt OB Do [ Mo ot Dok e Mk
e

Where a represents the intended average or mean shaft
speed and ve represents the nominal angular velocity
of the shaft. This coefficient is a design parameter, and
the designer is responsible for selecting it.

If this number is decreased, then the flywheel will
need to be larger, which will increase both the cost and
the amount of weight that must be added to the system.
However, the smoothness of the device's functioning
improves in direct proportion to the value's decrease.

In precision machinery, it is normally fixed to a range
between 0.01 and 0.05, but in applications such as
crusher hammering machines, it may be as high as
0.20.

=y o £

4.6 Design Equation

_ o B ot~

The kinetic enerpy Ey in a rotating system

2609, 89 0 hO BERE wE3A85800H0 wiEED 24 0805 %

Sttt e cemmnd a

E,=1/2 I((ﬂz) Fig: 54: Using Sketch Command for outer profile

Pad: This component adds the necessary thickness to
Hence the change in kinetic enerpy of a system can be given as, the overall assembly. When you are finished with the
drawing, click the icon that looks like a closed
workbench. This will bring up the pad command, and
_ 2 2 . when you click it, a dialog box will open where you
E=111, ([ﬂ max- 0 mm) may input the appropriate value.

Mavg = ([ﬂmax'l- [ﬂmin)/ 2
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Fig: 5.7: Using Pocket Command for removing material/ thickness
Fig: 55: Using Pad Command for thickness Circular Pattern: This command is used to replicate
the profile structure throughout the entirety of the
specified workbench and is referred to as the Circular
Sketch: It gives the profile of the pear teefh, like a fner tooth or outer ooth gear by intended Pattern. This is the command that must be entered into
the supplied dialog box to determine the number of

profiles that are to be repeated on the workbench.
s il o W T

n B I N I L )

means of circle, arc, trim, reference line commands.
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)
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i L
% Fig: 5.8: Using Circular Pattern Command for gear tooth formation
1] .
B VI.Procedure for the analysis of the
1904 89 0 69 BARY KT+e44,0600EE 16RA 58 N AL A flywheel:
Sdec el 3 emmnd [ il

The tetrahedral element that exhibits quadratic displacement
Fig: 5.6: Window for hool circles profile behavior and is ideally suited for modeling irregular meshes
(of the sort that may be generated by a variety of
Pocket: The gear component receives the necessary ~ CAD/CAM software). The element is defined by 10 nodes,
pocket, groove, or hole as a result of this feature.  and each of those nodes has three degrees of freedom, which
When you are finished with the drawing, click the icon are translations in the x, y, and z directions relative to the
that looks like a closed workbench. This will bring up ~ node. In addition, the component possesses the capabilities
the pocket command, and when you click it, a dialog ~ Of Plasticity, creep, swelling, stress stiffening, big
box will open where you can input the appropriate  Jeflection, and large strain.
value.
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VIl. DISCUSSION ON ANALYSIS e
RESULT

7.1 Structural Analysis Results for Flywheel:

7.1.1 Results of Displacement Analysis:

Fig: 7.6: Strain Analysis of FLYWHEEL RING GEAR
7.2 Dynamic Analysis Results for Flywheel:

07.2.1 Results of Displacement Analysis:

Fig: 7.2: Displacement of FLYWHEEL RING GEAR

7.1.2 Results of Stress analysis:

Fig: 7.7: Displacement Analysis CI — 3500

Fig: 7.4: Stress Analysis of FLYWHEEL RING GEAR

Fig: 7.8: Displacement Analysis AL — 3500
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VIIl. CONCLUSION

It is clear from the previous result that one of our goals was
to determine what happened after the loads that had been
placed on the flywheel of the petrol engine that had varying
speeds. The plan has been carried out well. The
displacement of the entire design assembly was meshed and
solved with Ansys, and the results showed that it was just
0.059 mm, which is a very little amount. This was illustrated
in the images displayed above. This demonstrates to us that
each component in the assembly is experiencing some
degree of displacement.

Analysis of the Structure

The source of the tension is at the fixing location (Minimum
Stress which is acceptable). The number, 1.356 MPa, is
significantly lower than the yield value; hence, it is lower
than the point at which the yield begins.

The maximum stress is approaching; this problem is being
solved with the assistance of the Ansys software to ensure
that the maximum stress is only 788.31 MPa, which is a
rather low value. As a result, we can draw the conclusion
that our design parameters are approximately accurate. At
the spot being fixed, the strain caused by the intended model
may be felt. The result is 0.0051 MPa for the value.

Dynamic Analysis

SNo Results

Al-3500

0l Displacement(nmm)  0.0462

02 Rotational (in mm) 0.0899

03 Von Misses Stress (Mpa) ~ 518.96

04 Vo Misses Stein (Vpa) 0033

The investigation showed that the design of the flywheel in
the gasoline engine's system for varied speeds functioned
perfectly. All of these details point to the achievement of
our goal, which we hold in very high respect.
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Finite Element Analysis of Camshaft Using Ansys
Software
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Abstract— The camshafts rotate at high speed, causing
vibrations in the system. Therefore, modal and fatigue analysis
of camshafts must be performed to ensure safety and
determine component life. In this study, the finite element
numerical technique was applied to the camshaft model to
perform the above analysis. The camshaft end up modeled This
study applied the finite element numerical technique further
analysis. ANSYS software

Keywords— Camshaft, CATIA V5, ANSYS, Chiled Cast Iron
(CCI), Follower, Rocker Arm etc

Introduction

The internal combustion engine (IC) is an important
automotive system that consists of several components,
including the camshaft. The camshaft consists of cylindrical
rods with pear-shaped lobes that connect to a variety of other
rotating components within the engine The role of the
camshaft in the engine is designed to control valve timing,
which allows the fuel-air mixture to flow into the engine and
out the exhaust, affecting engine performance. The internal
combustion engine system fails when the camshaft is broken
or cracked, causing other components to fail.

Camshafts are of one of four types:

[ Hydraulic flat-tappet
[ Hydraulic roller

[1 Solid flat-tappet

[ Solid roller

|. EASE OF USE

A. Vibration and FEM analysis of the camshaft using the
ANSYS program.

We prepare the full synchronization mechanism of the SlI
engine in the modeling programs and analyze the causes of
vibration. After calculating the causes and frequency of the
vibration, we optimize the vibration by changing the
material and try to find the most suitable material to
manufacture the shafts and cams. Increase the performance
of an engine

By controlling vibration and optimizing the camshaft,
engine performance can be improved since vibration causes
very high energy losses during engine operation.

Mohd Mohiuddin
Assistant Professor
Mechanical Engineering Department
Shadan college of engineering and
technology
Hyderabad, India
mohdmohiuddin.mech@gmail.com
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B. SCOPE OF STUDY

Thanks to the work we do here, the performance, efficiency
and lifespan of any spark ignition engine that uses camshafts
can be improved. This work can be helpful in calculating the
exact loading and operating conditions of the camshaft in
the engine. The main purpose of this test is to calculate the
total camshaft vibration and the different vibration modes
calculated at different frequencies.

These tests are also useful for analyzing vibration and
friction of the cam mechanism and cam follower. The
material tested for the manufacture and testing of the
camshaft structure, namely EN8 D/EN24 steel, is a suitable
material for the manufacture of the camshaft, has highly
effective torsional resistance and exhibits serviceable
properties.

Il. METHODOLOGY

Keep your text and graphic files separate until after the
text has been formatted and styled. Do not use hard tabs, and
limit use of hard returns to only one return at the end of a
paragraph. Do not add any kind of pagination anywhere in
the paper. Do not number text heads-the template will do that

for you.
Planning of . Pre processor — Creating the
analysis : ) model
\L.
Applying
Applying a Mesh > Apply Loads > Boundary
Conditions
\L.

A. DESIGN MODELLING

Using the SolidWorks software for this study is essential for
the design of the camshafts. Computer-aided design (CAD)
is a type of design software that allows developers to create,
modify, evaluate, and optimize designs. CAD software was
used to increase efficiency, improve overall design quality,
communicate effectively through documentation, and create
a manufacturing record. Camshafts are a rod-like component
containing pear-shaped lobes and specifications must be
accurate to avoid camshaft failure. Manufactured from gray
iron and cast carbon steel, the camshaft has eight lobes, each
rotated through multiple angles. The camshaft was saved to
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a STEP file before being exported to ANSYS for the FEA
software Units

B. ANALYSIS PROCEDURE

Planning the Analysis

Pre-Processor Creating a Model

Applying a Mesh

Apply Loads Applying Boundary Conditions Solution Post-
Processor

C. Material used for the analysis

Cast iron
Structural steel
EN 8D steel
EN 28 steel
EN 24 steel

D. TOTAL DEFORMATION IN CAMSHAFT OF
DIFFERENT MATERIALS

The camshaft is a rotating detail that incorporates vital
loads. Accurate stress calculation is very important for the
part compared to other rotating parts of the engine. This
article provides guidelines for dealing with such situations.
The aim is therefore to analytically design the camshaft and
to analyze the frequency and vibrations in the modal
analysis as well as the overall static deformation.

For EN8D

EN8 D is a medium strength carbon steel primarily used for
steering knuckles, bolts, automotive and general engineering
products or components. Can be heat treated when extra
strength is required

is a medium carbon steel that can be strengthened by heat
treatment after forming The 's run ability weldability is well
and good

For Cast iron

Cast iron is iron or an iron alloy that has been heated to
liquefy after which poured right into a mildew to solidify. It
is usually made of pig iron. The components of the alloy
affect its color after fracture: White cast iron contains
carbide impurities that allow cracks to pass directly through.
Grey iron has graphite flakes that will deflect a temporary
crack and initiate countless new cracks as the material
fractures. It's a very good vibration dampener, but because
it's brittle in structures, its strength isn't as high for
applications like camshafts.

For EN 24
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EN24 is a very popular hardened alloy steel best suited for
making parts such as heavy-duty axles and shafts, gears,
bolts and studs. EN24 can be further case hardened by
induction or nitride processes, typically to 58 to 60 HRC,
producing components with increased wear resistance.
EN24 is able to maintain good impact resistance at low
temperatures

E. STATIC STRUCTURAL ANALYSIS

Static structural analysis was another FEA method used to
accomplish  the research study's objectives. The
implementation of this approach was extremely crucial in
predicting the camshaft's fatigue performance. The total
deformation, maximum von-Mises strain, maximum von-
Mises stress, and safety factor of the designed camshaft
were all determined and assessed using this analytical
method.

s

000

(a)

F. MODAL ANALYSIS OF CAMSHAFT

Camshaft Modal Analysis is a free camshaft vibration
analysis that calculates the idle natural frequency. We used
software to calculate and compare camshaft frequencies for
different materials. The results are verified by a simple
vibration analysis of a structural steel rod that was available
as a test set in the laboratory. The results were validated
under or during the same boundary conditions as for the
warhead free shaft rotation.
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Modes for cast carbon steel using modal analysis. (a) Mode
1, (b) Mode 2, (c) Mode 3, (d) Mode 4, (¢) Mode 5 at, and
(f) Mode 6.

> EN24

Following are the natural frequencies at different modes for
the material EN24.

Showing the natural frequencies and deformation with
different modes of EN24 camshaft

Mode

Frequency [Hz|

Deformation

16036

67.055 mm

16137

61.155 mm

16645

65.871 mm

16715

61.475 mm

18593

100.89 mm

18814

81. mm

»  Structural steel
Following are the natural frequencies obtained for the
structural steel camshatft.

Mode

Frequency [Hz]

Deformation

15650

67.055 mm

15749

61.155 mm

16244

65.871 mm

16312

61.475 mm

18145

100.89 mm

18360

81. mm

Showing the natural frequencies and deformation with
different modes of SS camshaft

» Castiron
Following is the table that is obtained for the natural

frequencies and the deformation at different mode shape for
cast iron camshaft.

Showing the natural frequencies and deformation with
different modes of cast iron camshaft

Mode

Frequency [Hz]

Deformation

1

17505

64.724 mm

2.

17605

59.219 mm

18131

63.392 mm

13200

59.479 mm

20268

97.121 mm

20493

79.219 mm

> END8
For EN8D following are the natural frequencies obtained
with respected deformations.

Showing the natural frequencies and deformation with
different modes of EN8D

Mode Frequency [Hz] Deformation
! 12125 69.292 mm
2 12196 63329 mm
3 12367 67.929 mm
4 12616 £3.62 mm
5. 14044 104.07 mm
6. 14204 86.32 mm

Graph showing the comparison between the natural

frequencies of the different material camshaft
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Natural frequencies

23000
20000
17000
14000
11000

8000

5000
0 1 2 3 4 5 6 7

enz24 engd cast iron

G. VALIDATION

a) Problem description:

The investigation of the vibrations and natural frequencies
of the model is the main problem of this study. Deformation
can only be determined by calculating the force generated
by the cylinder, but no one can determine exactly the same
load conditions and the exact environment in which the
camshaft operates. There is no direct method to calculate the
exact loading and boundary conditions. There will therefore
be a slight difference between the two values. For the
solution here, we used ANSYS software to solve the
problem analytically, and the theoretical solution is realized
through our own research.

b) Shaft specifications

Elasticity of shaft 189x 10°N/m

Length of shaft 106.5 Cm

Diameter 3Cm

Mass 80 gm

Gravity 9.8 m/sec’

¢) Boundary conditions for shaft

Boundary conditions for the shaft can be specify in three
modes first when it’s both ends are fixed second when it’s
simply supported and third when both the ends are freed.

The rotational speed was given to shaft in each case and the

frequency was calculated for respective cases.

I=n/64 x d4

7. Moment of inertia of cylinder

=1/64 (3x10-3)4

= 3.96x10-12m4

W= weight per unit length

=0.080%9.8/1.065

=7.36 N/m

8.Natural Frequency (both ends fixed):

Fn= [n/2(n+1/2) N (gEI)] / WL4

For n=1

Fn=10.152 Hz

For n=2

Fn=28.2 Hz

For n=3

Fn=55.27 Hz

9. Natural frequency (both ends are supported):

Fn= [n/2(n2) \ (gEI)]/ WL4
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For n=1

Fn=4.512 Hz

For n=2

Fn=18.078 Hz

For n=3

Fn=40.601 Hz

10. Natural frequency (both ends are freed):
Fn= [1/2(n -1/2) \ (gEI)] / WL4
For n=1

Fn=1.128 Hz

For n=2

Fn=10.152 Hz

For n=3

Fn=98.2 Hz

H. CONCLUSION

A finite detail evaluation of the camshaft became executed
and we located that the appropriate material to manufacture
the camshaft could be cheap and readily available on the
market. Here we have seen the different parameters on
which the manufacture and application of components is
based, but sometimes when we talk about performance we
need the least disturbed component or components in the
system and therefore a point of performance. As far as
performance is concerned, a cast iron camshaft is a real
option for us, but it also has major disadvantages: high
weight and more deformation over time, but very low
vibration value because we all know that cast iron is the best
anti-vibration mount, but it does not have the sufficient
strength required for the application. Now looking at weight
versus performance mild steel and EN24 steel are good
options for fabricators but mechanically they do not appear
to be a good option while service conditions show very high
strain values at resonance. We only have one material left
and that is EN8D.This material has good low distortion
performance at resonant frequencies and is lighter than mild
steel and EN24. They have good torsional strength, but
higher than cast iron. If we have to choose a material from
these four elements, we have to find a compromise between
performance and component weight, so we can conclude
that EN8D is a material that can be used to manufacture a
camshaft.

I. RESULTS

Comparison between total deformation and frequencies of
different materials.
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Total deformation | Total deformation | Frequency
Materials (Dynamic, (Static) (Natural)
w=2200 rad/sec)
ENSD 7.3881%10" mm | 149x10%mm 16036 Hz
EN24 6.2958x107 mm | 119107 mm 17505 Hz
Structural steel | 7.7575¢10”mm | 1.66%10%mm 15650 Hz
Castiron 1.3135%10°mm | 2.80x10*mm 12125 Hz

Frequencies at different modes
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18000 ey o en8d

16000
a castiron

quencies (Hz)

“00 +—— e . Linear (En24)

Natural fre

2000 Linear (en8d)
Linear (ss)

Linear {cast iron)

E}
-
~
w
IS
w
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J.FUTURE SCOPE

With the assist of this paintings the producing strategies for
the camshaft may be decided. With this work one can do
more analysis related to the camshaft. For another
application the material selection for camshaft become
easier for the manufacturer. In today's fast-paced world,
CAD/CAM systems have become an indispensable part of
manufacturing companies around the world. Technology
and communications are changing rapidly, driving the way
organizations do business and requiring capitalization to
remain competitive. Knowing before investing in the system
is critical to ordering to maximize the benefits of developing
CAD/CAM systems. In the rapidly developing modern
manufacturing industry, many materials such as plastics and
polymers are used to construct the camshaft, and the
thickness is also one of the important factors in camshaft
dynamic analysis. Therefore, the material properties of the
camshaft system should be compared for small and large
changes in speed and time.
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Abstract— Numerous studies in the past have focused on the
previous techniques of developing a mathematical model,
evaluating several factors, and then determining the
machine's operating conditions. Machine learning
approaches have been used extensively in the identification
of mechanical faults during the past three decades. Several
machining and manufacturing operations that use machine
learning can be successfully monitored for condition. The
potential for fault identification based on health monitoring
methods and machine learning applications is tremendous.
For fault detection, machine learning's potential can be
effectively leveraged. A dependable and efficient solution for
preventative maintenance is provided using machine
learning algorithms in the fault detection industry. This
paper gives the review of existing health monitoring systems
and describes how machine learning methods are applied.
This review includes supervised learning, unsupervised
learning approaches.

Keywords— Machine learning, fault detection, supervised
learning, unsupervised learning, classification, sound &
vibration analysis.

I. INTRODUCTION

A fault detection system deals with monitoring and
identifying faults in a machine. The fault is detected when
the reading of any sensor or measuring machine device
crosses a specific threshold that point is detected as fault.
Fault diagnosis can be done with two methods: Model
based and Signal based approach. Model-based method is
used to determine whether a defect has occurred whereas
in signal-based approach to extract meaningful features
about the defect, a neural network algorithm is trained
using samples and then various mathematical or statistical
procedures are applied to the inputs.

Methods for data collecting, such as vibration analysis,
sound analysis, etc., are performed to spot the flaws that
are most likely to cause failure. These data are then
processed using various machine learning techniques. To
identify the underlying cause of the problem, the analysis
outcomes are used in a basis for failure analysis. To
correctly identify the redundancies, defects, and odd
samples in a labelled dataset, mathematical classification
models—which really fall under the category of
supervised learning techniques—are trained on the
training set. In this field of study, several classifications,
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