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Abstract

Global energy demand has increased, and traditional power producing techniques have a
negative impact on the environment. Therefore, we are here to provide an unconventional
method of power generation that continuously utilizes lost energy in order to meet the
expanding need for energy.

The fundamental idea behind this system is to capture energy created when someone walks on
a particular plate and transform it into electrical energy. The generated energy is then stored in
a rechargeable battery to be used later. The amount of power produced using this
unconventional method depends on how many steps a person walks and her/his weight. The
system uses loT technology by connecting it to a cloud that stores and analyzes the obtained data
from the system. Additionally, the system enables us to view the output voltage amount, weight
of steppers and number of steps using LCD. The system is secured; It allows only authorized users
to use the generated power that is stored in the rechargeable battery.

The implemented system is tested and it is successfully achieves all its objectives. The system
was able to generate 28 volts as a maximum voltage that can be obtained from one step.
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Chapter one
Introduction

1.1 Preface

Finding sustainable and renewable energy sources is one of the most significant difficulties that
humanity faces. Thus, our initiative aims to look into that. As people are walking daily, this
movement can be used to generate power. We will use this movement to our advantage by
turning the mechanical energy generated by footsteps into electrical energy, which we can store
in rechargeable batteries to be used later.

1.2 Project Aims and Objectives

Our aim is to leverage human movements to generate sustainable energy that will be stored in a
battery, the system is connected to the cloud to collect and analyze data and provides secure use
of the generated power.

It is necessary to accomplish the following aims in order to realize this worthwhile aims:

v The system aims to generate power from moving steps. This is accomplished by building
a plate that transfers the mechanical power to electrical power saved in a rechargeable
battery.

v' The system aims to preserve security by using a technology that permits only authorized
people to use the system.

v" The system aims to analyze the collected data observed by the system and helps users to
find the available plate locations, the amount of preserved power in each plate and the
peak and off hours, by using the loT technology.

1.3 Problem Statement

Energy is essential for life. However, as population and other aspects of society develop, there is
an enormous demand for energy. The best way to obtain energy is to produce it from a source
that is limitless or unrestricted, such as human movement; because it is a waste of power that
we should exploit. Walking is a daily habit which human do that does not require extra effort to
generate power and is a promising clean alternative to electrical power especially in highly
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populated countries. Such project should be designed to protect the generated power from
abuses. Therefore, security issues should be added. There is a need for multiple plates to
generate power in different locations, where the use of 1oT will help in collecting and analyzing
data that is collected from the different plates to get best decision regarding the best hours of
using the system.

1.4 Project Requirements

1.4.1 Functional Requirements

The system should be able to:

» Be user friendly: the LCD gives the users information and instructions of how to
use the system.

» Collect data: number of steps, weight of the steppers and the time holding the
steps are all should be collected by the system and sent to cloud to be used later.

» Analyze collected data to decide the peak and off hours of the system.

» Give decisions to prevent unauthorized users from using the power.

1.4.2 Non Functional Requirements
» Secure: only authorized users can use the system. The abuse of the system is not
allowed, too.

» Usable: users can get voltage by using USB cable.

» Effective: it will help customers charge suitable/permitted devices in an efficient
manner.

» Recoverability: all system data are uploaded on cloud.
» Maintainability: easy to fix.

» Availability: steps on the plate can generate power at any time.
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» Scalability: the performance is unaffected by the addition of more plates. On the
contrary, the system will be more efficient.

> Integrity: the system's data cannot be altered accidently.

1.4.3 Security Requirements
Our system will be adopted from specific organization and only the people who the
company is concerned with can allows them to use the system and this is achieved by
owning specific card by them so they can use the generated power by the system.

1.5 System Description

The major goal is to construct a secure, noise-free power generator that is activated by human
foot pressure on sensors that are positioned beneath the platform as shown in figure 1.1.
Electrical energy is created by converting the mechanical power to an electrical power. The
energy is kept in a rechargeable battery to be used later. By using secure mechanism, the system
can only be used by authorized users. By using the loT technology the system is connected to the
cloud. Therefore, the system will be more efficient in analyzing and helping users to choose the
system efficiently.

The cloud will keep an eye on the system and perform data analysis to determine when it is
optimal to charge, generate more power, when, and who is charging.

Figure 1.1: Illustrative view of the system
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1.6 Project Limitations/Constraints

» The system should be connected to internet permanently.

» The weight of the steppers should not exceed the limit (75 kg).

> The system will be designed using three plates, however only one plate will be

implemented in reality.

1.7 Project Schedule

There are six tasks to accomplish the project, as shown in table 1.1.

Task 1: finding the idea

Task 2: defining and analyzing the system requirements

Task 3: software and hardware system design
Task 4: implementation
Task 5: testing and result analysis

Task 6: documentation

Table 1.1 Gannt chart of project tasks during the two semesters

Task

Duration (weeks)

First Semester

Second Semester

68|10 |12 | 14

16 | 18 |20 |22 | 24 | 26 | 28 | 30

32

T1

T2
T3

T4

T5
T6

12




1.8 Project Outline

The structure of this report is as follows: The introduction and project overview are presented in
chapter 1. Chapter 2 discusses the theoretical background of the project, and literature review.
Chapter 3 discusses the system's conceptual design, system components and different design
options, pseudocode of the system, design diagrams, and schematics of the system design.
Chapter 4 includes the hardware and software implementation of the system, chapter 5 shows
the testing and system analysis and finally chapter 6 is about the conclusion.
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Chapter two
Theoretical Background

2.1 Preface

In this chapter we will review the important theoretical concept that will be used within the
project and present the previous works and techniques that others used in similar projects.

2.2 Theoretical Concepts

Our project focused on generating power from steps of human movements by converting the
mechanical energy to electrical energy. It aims to design integrated system that achieves and
preserves the power to use it later. The human race depended on huge amounts of electric power
to fuel our evolution, but they are also non-renewable and rapidly depleting, so we need
renewable energy that are replenished constantly such as solar, wind, ocean, hydropower,
biomass, geothermal resources, and biofuels and hydrogen [1]. In our project, the power will be
generated from human walking.

The most well-known renewable energy sources are:
e Solar power

More than 486GW of installed capacity makes solar the third biggest renewable power
source in the world, with photovoltaic (PV) technology being dominant. The use of
concentrating solar power (CSP) technology is also on the rise, with global CSP installed
capacity reaching 5.5GW by the end of 2018. China, US, Germany, Japan, Italy, and India
possess the biggest solar PV capacity in the world, while Spain has 42% of the global CSP
capacity [21].

e Wind energy

Wind is the second most widely used renewable energy source, as global installed wind
power capacity exceeded 563GW in 2018, accounting for approximately 24% of the
world’s total renewable energy generation capacity [21].

e Bio-power

Bio-power is the fourth biggest renewable power source after hydro, wind and solar. The
world’s net electricity production capacity from bio-mass currently exceeds 117GW, while
global bio-power generation increased from 317TWh in 2010 to more than 495TWh in
2018 [21].
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The system will generate the power using piezoelectric characteristics. It also uses the loT
technology and the system will be secured. The following subsections will present these
important concepts briefly:

2.2.1 Piezoelectric Characteristics

Piezoelectric pressure sensors exploit the effect of converting mechanical energy into
electrical power by measuring the voltage across a piezoelectric element generated by the
applied pressure. They are very robust and are used in a wide range of industrial applications
[4]. In our project, the piezoelectric sensor will be placed beneath the platform so when
human foot force applied on it, the mechanical energy of this force will be turned into
electrical energy, where the produced voltage is proportional to the generated pressure as
shown in figure 2.1.

PRESSURE
’—‘%ELH
Diaphragm

ouT

Figure 2.1: piezoelectric sensor working principle

The piezoelectric produces a voltage following equation 2.1.

dFt

V=——
€,.€,4

Equation 2.1: how piezoelectric produces voltage

Where:

V — voltage

d — piezoelectric coefficient
t = thickness

F — force

&, — relative permittivity

£, = Vacuum permittivity

A — area
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2.2.2 Internet of Things (loT)

The term "Internet of things" refers to the physical items equipped with sensors, processing
power, software, and other technologies that link to other systems and devices over the
Internet or other communications networks and exchange data with them [2]. In our project,
we will use this technology to connect the system with cloud to save data, monitor the
system, make a statistical analysis for the users and decide the best time to charge and the
best time to generate power. Other statistics regarding the number of steps, the weight of
the steppers and the time holding the steps will be applied to. Here are some of loT protocols
that are used:

e User Datagram Protocol (UDP)

A communications protocol that enables process-to-process communication and runs on top
of IP. UDP improves data transfer rates over TCP and best suits applications that require
lossless data transmissions [3].

e Advanced Message Queuing Protocol (AMQP)

A software layer that creates interoperability between messaging middleware. It helps a
range of systems and applications work together, creating standardized messaging on an
industrial scale [3].

e Message Queue Telemetry Transport (MQTT)

A messaging protocol designed for lightweight machine-to-machine communication and
primarily used for low-bandwidth connections to remote locations. MQTT uses a publisher-
subscriber pattern and is ideal for small devices that require efficient bandwidth and battery
use [3].

2.2.3 Security [5]

Security should be maintained to protect devices and services from being disrupted, stolen
or exploited by unauthorized users. Security consists of two areas:

e Physical security:
Physical security is the protection of people, hardware, software, network
information and data from physical actions, intrusions and other events that could
damage an organization and its assets [5].

e Information security
Information security is also referred to as infosec. It includes strategies used to
manage the processes, tools and policies that protect both digital and non-digital
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assets. When implemented effectively, infosec can maximize an organization's ability
to prevent, detect and respond to threats [5].

In our project, physical security was used to control access to the charging system of a
specific entity which only its subscriber are allowed to use the system. To achieved that,
RFID was used and each subscriber has his/her own cards. The system has no sensitive
data of subscriber that may affect on them badly so it does not need encryption to data.

2.3 Literature Review

In this section, we will talk about some projects and ideas related to our project idea.

2.3.1 Walk to generate power [6]

This project was done by Amal Badarin and Wala' Zayed [6]. The system is designed based on
the foot force applied on the “piezoelectric” sensors which are placed below the platform.
Then the applied energy allows user to monitor the voltage. The voltage is stored in a Lead
Acid battery. The circuit is connected to USB cable for charging some specific devices. All of
these components convert voltage to power that enables the charging of devices like: Mobile,
Tablets, MP3 devices, and charger light [6]. This project differs from our project that it does
not use loT technology and it is not secure.

2.3.2 Footstep Piezo Generator [7]

This project was done by Khalid Al-Hamoudi and et al [7]. The main idea is designing a system
that generates voltage by the humane footsteps force. The system uses piezoelectric sensors
that will convert the measurements of acceleration, force and pressure into electrical signals.
The project had two subsystems. The weighting machine and the monitoring circuit. At first
by placing the piezoelectric sensors under the weighting machine, the applied pressure on
the weighting machine is converted into voltage (mechanical to electrical) that is provided to
the microcontroller. The monitoring circuit is based on a microcontroller that allows the
system to calculate the voltage charge and display it on the LCD display [7]. This project differs
from our project that it does not use loT technology and it is not secure.

2.3.3 Footstep Power Generation System [8]

The system generates voltage using footstep force. The system is placed at entry points where
people travel through entrance or exits and they have to step on this device to get through
[8]. These devices then generates a voltage on every footstep and when mounted in series
they produces a sizeable amount of electricity. For this purpose, they used the piezoelectric
sensors. A voltmeter is attached to the system in order to measure its output and small led
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lights for demonstration [8]. This project differs from our project that it does not use loT
technology, it is not secure and doesn’t display the generated voltage to users.

As shown in table 2.1, we will establish a system that will generate enough power to charge
a mobile and to operate simple devices. The use of the loT technology by connecting the
system to the cloud is the essential difference between our project and previous projects.
The voltage and number of steps will be displayed on LCD and this is another difference
between our project and the second and the third ones. Moreover, the system will be secure
that will allow only authorized users to use the power generator system and block authorized
users who is abusing the system and this is not available in all previous projects.
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Table 2.1: Summary of previous work

(1)
Walk to generate

(2)
FuntsteP Piezo

(3)

Pontstep Power

(4, our project)
10T based Advanced

anl:[Secu.mFuntsteP

power Generator Generation System power generator
Design and develop a | Design and develop a | Designed to be useful | Design and develop a
free noise power free noise power to be |at Pub].ic P]aces like secure, noise-free
generator to charge able to cha.tge a mobile taﬂwa}' stations where power generator using
Goals simple devices such as | phone and a 12V lead | a lot of people keep IoT technology.
a mobile Phnne. acid ]:uatter:.r. walkin z thru:rugh all
da}'.

Achievements

Generate encugh
power to charge
mobile, also display
voltage on LCD.

The maximum amount
of voltage that they

generatecl was 76 volts.

Generate a few power
but couldn’t enough
charge mobile also
display number of
steps and voltage

general:ecl.

(Generate power to

male a LED ].ight.

In progress, but
suPPnsed to generate
secure power that will
be enough to at least

charge a mobile Phone.

Design components

Piezoelectric sensors,
UNO({ATmega 328),
LCD1 672, PCE,

Various capacitors,
L’ltra—caPacitcurs ;

WVarious resistors,

Piezoelectric C1}r5tal
Material, Resistors

Piezoelectric sensors,
ESP32, LCD, Battery,
Resistors, USB cable,

Arduino UNO, Scldering wire, RFID
Battery, Platform, 12v Vu:l-ltage regu]atu:l-r, Capacitors, card, load cells. [to be
adal:l-tnt, Besistors, Transistor BIC547, Transistors, Cables e:r_plained later in the
Capacitors, 14007 diode, 12V and Connectors next chapter]
Transistors(7805), IC Battery lead acid, LCD | Diodes, PCB and
Base, Diodes, LCD screen, Piezoelectric Breadboards, LED
strips, LED strip, USB | material, Weighing Transtormer/Adapter
cable, USB Connector, | machine, Power Push Buttons, Switch
LEDS, Push button, transistors IC, IC Sockets
Soldering wire. Mounting Frame
Use of IoT No No No Yes
technology
View data on LCD | Yes Yes No Yes
Sﬁcurit}r Nao Nao Na Yes
Maximum 76V N/ N/ 28V

pnwerfm]tagf:
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2.4 Summary

In this chapter we reviewed the main theoretical concepts, and showed how each of these
concepts related to our project. Some of previously accomplished projects were discussed and
the main differences to our project are raised, too.
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Chapter three
System Design

3.1 Preface

In this chapter we will review the fundamental software and hardware components that will be
used in our project. The different alternatives for each component. The conceptual description
of the system and the general block diagram is presented. Also, we will review algorithms and
methodologies of our system by using flowcharts, sequence diagram and use cases. The
interactions and interfaces between components in schematic diagrams are shown, too.

3.2 System Components and Design Alternatives
This part describes the hardware and software components and their design alternatives.

3.2.1 Hardware Components
We have to use a control circuit to deal with the data received from the connected sensors,
send the data to cloud using loT technology, then make the proper decisions.
The control circuit, could be implemented using software application that run on a desktop.
It could be a digital or an electronic circuit. Finally, a microcontroller-based system is another
alternatives. In our system, the last choice (microcontroller-based system) is chosen as
prescribed in the ILOS of the graduation project course.

3.2.1.1 Controller

As mentioned above, we need a microcontroller to control and manage the system. The
options for the microcontroller will be used as listed in Table 3.1.

Table 3.1 List of Microcontroller alternatives

Microcontroller
Types Cost | Wi-Fi module | Number of pins Memory module
1. 54 digital Contains 268KB
Does not
Arduino Low input/outputs
built
mega [9] cost 2. 16 analog
inputs
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From

Raspberry pi
3 model B
be Hioh and later built
Ty 8 in Wi-Fj, 40 pins No internal storage
pi[10] cost

older model

not built in

Wi-Fi

18 x 12 bits
Low Built in Wi-Fi
ESP32[11] ADC input Contains 520KB of RAM
cost
channels

We choose ESP32 because it is suitable for achieving our system objectives, easy to operate,
a low cost and with built-in Wi-Fi [11].

3.2.1.2 Power generation circuit

We need a circuit to convert the mechanical power of footstep to the corresponding
electrical power. Piezoelectric sensor can be used to convert the mechanical energy to
electrical power. Some of piezoelectric sensors are listed in table 3.2.

Table 3.2 Piezoelectric sensor alternatives [12]

Piezoelectric Sensor
Types Power consumption Usage
Piezoelectric pressure Measuring change in
Low power consumption
sensor liquid and gas pressure
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Piezoelectric force sensors

Low POWGI’ consumption

Designed for generating
analog voltage signals
when a force is applied

on

Piezoelectric

accelerometers

Low POWGI’ consumption

OEM appiications

We choose piezoelectric force sensor because it meets the purpose of our project [12].

3.2.1.3 LCD

We need LCD to display the amount of voltage that will be stored in battery, the number of
steps, and other guidelines. The options for the LCD are listed in Table 3.3.

Table 3.3 List of LCDs alternatives [13]

LCD
Types Size Number of characters

16x2 character LCD

) 2.96x5.56mm 32 characters
display
20x4 character LCD 484102 80 charact

. XY. mm characters

display
8x2 character LCD display 2.45x4.954 mm 16 characters

We choose 20*4 character LCD display because it can displays 20 characters per line and
there is 4 lines so it is enough to display all information needed [13]. It needs small space,

too.

23




3.2.1.4 USB Cable

The shape of the cable relies on the associated loads, such as: mobile and lighting, since it

is used to charge the load that may be attached. List of alternatives are shown in table 3.4.
Table 3.4 USB cable alternatives [14]

USB Cable

Types Suitable for entrance of controller
USB Micro B Yes
USB A No
USB B No

We choose USB Micro B because it is included in the chosen microcontroller.

3.2.1.5 RFID

We need RFID to make the system secure so only authorized user can use the system. The
options for the RFID will be used are listed in Table 3.5.

Table 3.5 List of RFIDs alternatives [15]

RFID Cards
Reading
Types Cost Batte Size
YP Ty listance
Active RFID High cost Built in battery 200 m Larger
Passive Low cost Not built in
10 cm — 15 m | Smaller
RFID battery

We choose passive RFID because it is not built in battery that makes it very low cost and
smaller in size [15].

3.2.1.6 Load Cells

We need load cell to measure the steppers’ weight. The options for the Load cells are
listed in Table 3.6.
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Table 3.6 List of Load cells alternatives [16]

Load Cells
Types Size Weight Shape

Alloy steel flat /
thin force 34*34*2.5mm 50 Kg y - S Fadl

ALy 1077
sensor load cell — 2\4\{'
Single point 3 -120Kg -

1303022 R
load cell m | 23 ;
Micro load cell | 130*31.8*31.8mm 1-25Kg ‘\
"ﬁ

We choose alloy steel flat thin force sensor load cell because it meets the shape of plate in
our project [16].

3.2.1.7 Rechargeable Battery
The system main aim is to store power in a rechargeable battery, so, it is necessary to add
this component to the system. The options for the batteries are listed in Table 3.7.
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Table 3.7 List of batteries alternatives [17]

Batteries
Types Range of voltage Cost
Lead acid batt 4-6V
ac acic battery High cost
Nickel-metal hydride 1.2V High cost
Lithium ion 3.7V Low cost

We choose lithium ion battery because it is lower cost, easy handling and long service life.

3.2.2 Software Components

The cloud system is needed to keep an eye on the system and perform data analysis to
determine when it is optimal to charge, generate more power, and when and who is charging.
The options for the used cloud are listed in Table 3.8.

Table 3.8 List of clouds alternatives

Clouds
Storage | Notifications | Triggering Data analytics
Types | Subscription )
space services
Google
15 GB
cloud Not free ‘ Available Available Applicable
ree
[19]
Amazon
5 GB
cloud Not free ; Available Available Applicable
(18] ree
Free
Cayenne high
Free Available Available Applicable
[20] storage
space
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We choose cayenne because it is free, it has high storage space and it has a triggering
service to send the microcontroller the needed notifications when needed.

3.3 Conceptual System Description

Our system will be designed to generate power through human footsteps as a source of
renewable energy. The system is powered by ESP32 microcontroller and will use loT technology
by connecting it to the cayenne cloud as shown in the general block diagram of the system in
figure 3.1. When the system is activated by allowing people to walk over a piezoelectric sensor it
undergone some of pressure and this kinetic energy is converted into electrical energy. The
produced energy is stored in a battery for a long time and can be used, later, by multiple users.
The amount of obtained voltage is sent to the ESP32 to display it on the LCD. To use this power,
the user should have a permission by using RFID card. When he/she swipes the card, the RFID
reader scans RFID tags: If the information stored in the tag matches that on the system's
database, the user is authorized. Therefore, the system turns on the charging service and he/she
will be able to charge the device. If the information doesn't match, then the user he/she is an
unauthorized. The system displays a message on the LCD indicating that he/she is unauthorized
user. The collected data from plate, such as: the time of holding the steps, weight of steppers,
and the number of steps, and the amount of generated power will be sent to the cloud via Wi-Fi
using MQTT protocol. The cloud will analyze data to decide the peak and off times of the system
according to the amount of generated voltage. The system consists of 3 plates, distributed in
three crowded points. The design will consider these 3 plates as shown in figure 3.2. However,
the real implementation will be only for one plate at this stage.

Plate 1 Rechargeable
Voltage

Piezoelectric battery

sensor
Controller

LcD

s Weight
Weight
sensor
i L =
Security module System Power supply T

Blater2 Voltage Plate 3

Rech bl

- - » echargeable - - Voltage Rechargeable
Piezoelectric battery Piezoelectric ™
sensor . Controller sensor Controller
Weight

Weight E— LcD Weight

battery

Weight

LCD

sensor sensor

| T
Security module System Power supply Security module 4,—Sylem Power supply |

Figure 3.1: General block diagram of the system
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Electrical Power

System
power supply

' '
i '
'
' '
i '
i '
'
H 1 System
E E power supply
'
'

System
-J‘lj’@t power supply

Figure 3.2 Conceptual diagram of the system

3.4 Algorithms and Methodologies

e Flow chart
Figure 3.3 shows the flow chart of the set up mode, the controller will be supplied with power,
then the LCD work and a welcome message will displayed on it.

Figure 3.4 shows the flow chart of power generation mode, the human make a pressure on
the plate and the generate voltage form the pressure will be stored in the battery, the load
cells will measure the amount of weight on the plate, also the amount of voltage and the
weight will be displayed on the LCD and uploaded it to the cayenne cloud.

Figure 3.5 shows the flow chart of power provision mode, the user should connect the USB
cable to charge also the user should passed his/her card to determine if he/she authorized or
not. If the user authorized the charging circuit will be open and he/she must passed the card
again to prevent the other people to exploit the opening of the circuit, if not, the circuit will

still close.
The serial number of card and the status of user’s authority will be displayed on the LCD
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No
Start

Check for footsteps ?

riNO

check power on?

YES

¥

Convert mechanical
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energy
YES
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Initialize LCD : .

Y

Display voltage generated
on LCD

\

Display Welcome v
Message

Measure weight

I

Send data to

go to olher modes microcontroller

Cloud processing

! J

Figure 3.3: flow chart of Figure 3.4: flow chart of

setup mode power generation mode
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No

cable connected ?

Yes

'

Pass Card

'

RFID scanner

Display unauthorized
user message

Is user authorized ?

Yes

v

Open charge circuit

Pass card

Y

close charge circuit

Figure 3.5: flow chart of power provision mode
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e Sequence Diagram
Figure 3.6, figure 3.7 and figure 3.8 show the sequence diagrams for the operation modes of

the system.
‘ System |
T
Acltor |
| |
U move in plate
>
| I
| !
alt | i
[ if move ] |
E: power
__________________ [ = e — —
[Else] 1|_ |

- no power generated

Figure 3.6: Sequence diagram of power generation mode
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iE: — ~smen |

Actor

I
D pass the card

verify user

Y

S S O

I
I
I
I
|
I
I
Authorized user
I

|
alt i
[if is valid] |
- permission to use the system o
b e e s Lo v s e o s v o v s e v vl s e e s e v e i o e b s e e e ]
[Else] | I

|
|
h can't use the system E Unauthorized user
|
|
I

Figure 3.7: Sequence diagram of security module
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Actor |

ask for permisssion to use the system

|
I
|
|
1 |
I
|
i

I
([ alt i
[ at ) I

I
I
i
— .
[if is authorized] i Authorized

i Authorized user L
.
i Start chargin
e - |
[Else] | T _||

Unauthorized

A

Unauthorized user

Figure 3.8: Sequence diagram of power provision mode

3.5 Schematic Diagram

The following figures show the schematic diagrams for main system components with their basic
interfaces. Fig 3.9 shows schematic diagram of storage and generation circuit where the rectifier
was used to convert the AC voltage from piezoelectric to DC voltage to be stored in battery, also
we used voltage sensor to measure the DC voltage after it was converted and the diode to
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prevent the voltage sensor takes the generated voltage so it will be assured that all the generated
voltage will stored in the battery.

Fig 3.10 shows schematic diagram of LCD where the interface was used to limit the number of
pins that is connected with the controller ESP32.

Fig 3.11 shows schematic diagram of load cell where the interface was used to be connected
directly with the controller ESP32.

Fig 3.12 shows schematic diagram of provisioning circuit, relay sensor was used as a switch to
open/close the charging circuit for the user to be able to charge any device based on the authority
status of the user.

Fig 3.13 shows schematic diagram of RFID module, and fig 3.14 shows schematic diagram of
whole system.

n iy
PizzoalzatricPlzte RECTIFIER BRIDGE

U3
WoltageRegulator

|
| D2
ZENER_DIOCE

IS | I |

i
WE_BATTERYWE_BATTERY

gy
— ij

Figure 3.9: Schematic diagram of storage and generation circuit
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Figure 3.10: Schematic diagram of LCD
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HED 2-EN D23-22
—= Y D22-£2
—3_VN TX0—2&-
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Figure 3.11: Schematic diagram of load cell
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Figure 3.13: Schematic diagram of RFID module

ESP32-WROVER

Figure 3.12: Schematic diagram of provisioning circuit
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Figure 3.14: Schematic diagram of the whole system

3.6 Summary

In this chapter, we discussed the system hardware and software components with their
alternatives. The conceptual description of the system and the general flow of the system with

all necessary diagrams are presented, too.
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Chapter four
System implementation

4.1 Preface

This chapter provides an overview of the software and hardware implementation, issues and
challenges related to the implementation.

4.2 Hardware implementation
4.2.1 Piezoelectric implementation

8 piezoelectric sensors which is the same configurations for the piezoelectric sensor
performed in [6] are used here; the 8 sensor was divided into 2 groups, each group includes
4 sensors connected in series and then the 2 groups are connected in parallel as shown in
figure 4.1.

Figure 4.1 configuration of piezoelectric sensor

4.2.2 Load cells implementation

To measure the weight of a person who will walk on the plate, we needed 4 of 50 kg load
cells. Since each load cell has three wires (red, black, and white), it was necessary to
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determine which of these wires is the middle one by measuring the resistance value between
white and black, which was 2 KQ, red and white, which was also 1 KQ, and black and red,
which was also 1 KQ. This indicates that the red wire is the middle one, so the black wires in
each load cell connected with the black from the other load. We have four poles: A+, A- will
serve as measurement wires, and E+, E- will serve as power wires. In order to connect the
previously mentioned 4 poles with the esp32 microcontroller, we also need the HX711
amplifier module as shown in figure 4.2.

Figure 4.2 load cells configuration

4.2.3 Security module implementation

To achieve security in our system, we used the RFID module. The first component of RFID is
the reader, which is attached to the ESP32 microcontroller. The second component is card
that must be presented to the reader, then we passed the card in front of the reader.

As shown in figure 4.3, the reader was connected with ESP32.
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Figure 4.3: RFID connection

4.2.4 LCD implementation

To display the required information [ amount of generated voltage, weight and status for
authorizing ], we used 20x4 LCD and connected to an ESP32 controller using 12C interface
which converts the LCD’s 16 lines into 4 lines in order to limit the number of pins that must
be connected to the controller as shown in figure 4.4.

Figure 4.4: LCD connection
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4.2.5 Storage circuit implementation

To store the generated voltage in rechargeable battery we built an integrated circuit that
include the following electrical elements:

- Full bridge rectifier to convert the AC generated voltage to DC voltage to match the
voltage stored in rechargeable battery.

- Voltage regulator to keep the voltage in the circuit relatively closed to the desired
value which is 3.7 volt. Any value less than 3.7 it will be considered as zero and it will
not be stored, also any value more than 3.7 it will be cut to 3.7 volt.

- Piezoelectric sensor that we mentioned previously.

4.2.6 Provision circuit implementation

Using the pervious project[6], 8 piezoelectric sensors have been taken, 2 groups of 4 of them
was connected in series and the two group with each other in parallel because it gives more
output voltage[6].To charge from battery, the user must be authorized. To achieve this, we
built simple circuit that merge between security module and storage circuit by using relay
module that act as switch as shown in figure 4.5.

If user passed the card in front of the reader and he/she was authorized the relay module will
open the charging circuit and the user can charge the device. To prevent the people who
exploit the opening of circuit, user must passed the card again to close the circuit.

If the user was not authorized the relay module will not open the circuit.

Figure 4.5 provision circuit
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4.3 Software implementation

4.3.1 Libraries installation
Several libraries have to be installed on the Arduino IDE for the system to function such as:

CayenneMQTT as a protocol to provides functions to easily connect to the Cayenne
loT project builder. This library is designed to work with Arduino, ESP8266 and ESP32
devices. With it you can send data to and receive data from Cayenne.

ESP32: we need this library to define ESP32 as a board on the Arduino IDE to select

the ESP32 type we have ( ESP32 Wrover Module ) and upload the code we need on it
as shown in figure 4.6.

HX711_ADC for the interface that connect between load cells and the controller.

12C_LiquidCrystel for the interface that connect between LCD and the controller.

MFRC522 for RFID to know the serial humber of the card and use it later as a
permission to the user to charge from the system.

Ctrl+Shift+]
Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

WiFi101 / WiFiNINA Firmware Updater

ronst 1 =
Upload Speed: "921600"
Flash Frequency: "80MHz" ESP32 Pico Kit
Flash Mode: "QIO" TinyPICO
Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)” > S.ODI Ultra vi
Core Debug Level: "None” > MagicBit
| . Port Turta loT Node
| Seria it TTGO LoRa32-OLED VT .
| =7 . TIGOT1
scale PIN)
Programmer g £ TIGO T7 V13 Mini32
Burn Bootloader TTGO T7 V1.4 Mini32
1oo XinaBox CW02
= p ( ) { SparkFun ESP32 Thing
E(isealeis ready()) { SparkFun ESP32 Thing Plus
i 9 = Lol i u-blox NINA-W10 series (ESP32)
‘long reading = scale.read(): e
srial.print ("HX711 reading: "): | Electronic SweetPeas - ESP320.
S 5 3 Nana32
ial.println(reading) ; Lol b3

LOLIN D32 PRO

WEMOS LOLINZ2
WEMOS LOLIN32 Lite.
Dongsen Tech Packet

| A\ inc WiFi R Rhie

i.p&:intln ("HX711 not found."):

Figure 4.6 Select ESP32 board

4.3.2 Cloud setup

First, we had to create an account on Cayenne Cloud. We defined ESP32 on the account, the
cayenne cloud provides us username, client id and password to change in the code related
with MQTT library, also change the default network’s name and password to our network as
shown in figure 4.7.
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ESP32.ino

= r

14

15 //#define CAYENNE_DEBUG

16  #define CAYENNE_PRINT Serial

17  #include <CayenneMQTTESP32.h>

18

19  // WiFi network info.

20 char ssid[] = "PPU-WIFI";

21 char wifiPassword[] = "";

22

23 // Cayenne authentication info. This should be obtained from the Cayenne Dashboard.
24 char username[] = "25f@cfbe-bdcl-11ed-b72d-dafe595c509d";

25  char password[] = "f9d1be6841d9al6@ch3bo4f81chlescafcfgf169”;
26 char clientID[] = "17ac9ac@d-cc93-11ed-b72d-d9f6595c5b9d";

27

28

29 void setup() {

30 Serial.begin(96@0);
31 Cayenne.begin(username, password, clientID, ssid, wifiPassword);
2}

33

34 void loop() {

35 Cayenne. loop();
%}

37

38 // Default function for sending sensor data at intervals to Cayenne.

39 // You can also use functions for specific channels, e.g CAYENNE OUT(1) for sending channel 1 data.
40 CAYENNE OUT DEFAULT()

4

MQTT USERNAME:
16dS6b30-953d-11e6-89ff-a79ab9c56619
MOTT PASSWORD:

2e10ce97-asb4-40c6-Sel1c-7864ef6a792b

CLIENT I1D:

d5c50a10-at8a-11e6-94d8-c10888b7cfOb

MQTT SERVER: MQTT PORT:

va-staging-mqgtt.mydevices.com 1883

= Waiting for board to connect...

Make sure. .

Figure 4.7 Cloud setup
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4.4 Implementation choices and challenges

e Three plates were designed, but only one plate was implemented due to time and
financial constraints.

e |t was supposed to use one 200 kg load cell. However, it needs much time to deliver so
we replace it by 4 each of 50 kg load cells.

e We wanted to use 4 diodes to make bridge rectifier, but we found one piece that has this
feature as built in with that circuit.

e Connecting LCD with no interface needs much pins that other components need so an
interface used to limit the number of pins between LCD and ESP32.

4.5 Summary

In this chapter we reviewed the hardware and software implementation each component was
fully explained and then we discussed the issues and challenges we faced during the
implementation phase.
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Chapter five
Testing and results

5.1 Preface

The testing of all system components and the results will be covered in this chapter.
5.2 Hardware testing
5.2.1 Unit testing
5.2.1.1 ESP32 testing

We connected ESP32 controller with laptop using suitable USB and uploaded GetChiplD
code from ESp32 library, then the ESP32 light up so that indicates that it worked.

5.2.1.2 Piezoelectric testing

By connecting the positive pole of the sensor with the positive side of the led and the
negative pole with the negative side of led, we ensured that the sensor in the previous
project worked. Then, we applied pressure to the sensor to cause the led to light up,
demonstrating the sensor's ability to generate a voltage. Additionally, the multimeter was
switched to the AC mode to measure the amount of AC voltage produced by each sensor.
We discovered that applying pressure to one sensor causes it to produce a specific value
that was identical to the values in previous project [6]. This value increased proportionally
as more sensors came under pressure. Table 5.1 below contains these results.

Table 5.1 relation between number of sensors and output Voltage

Number of sensors Output voltage
1 1.3
2 2.1
3 3.2
4 4.4
5 5.7

5.2.1.3 Load cells testing
We connected the HX711 interface with load cells as:

e With the red wire from the first cell
e A+ With the red wire from the second cell
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e With the red wire from third cell
e E+ With the red wire from fourth cell

Then we connected the pins of the interface with ESP32 as:
e DOUT with GPIO2, SCK with GPI04, ground with GND and VCC with 3.3v.

After that we wrote the calibration code to calibrate the load cells using known masses.
Finally we measured more masses and confirmed that it gives the closest value to the
right weight of the mass as shown in table 5.2.

Table 5.2 load cell testing using different masses

Right value ( kg ) Measured value ( kg ) Absolute diff between values
63 62.83 0.17
58 58.10 0.1
74 74.01 0.01
49 48.92 0.08
71 70.91 0.09

We measured the error rate by using the equation 5.1 and it was 9%.

1 n
MAE = — T —
nz|x-a x|

i=1
Equation 5.1: Absolute Error Formula

5.2.1.4 RFID testing ( Security testing )

RFID tested by connecting with controller and we write code in the Arduino IDE to detect
and receive information about each card's kind and NUID tag on the serial monitor after
it was passed to the reader. All times were correctly succeed managed and the system
gives a rate of 100%.

5.2.1.5 LCD testing

I12C interface was connected to the controller, then we tried to display some words to
check that the LCD work correctly by writing appropriate code.
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5.2.2 Block testing

5.2.2.1 Generation circuit testing

When we made a pressure on the piezoelectric sensor, an Ac voltage was generated then
we assured that the rectifier converted the AC voltage to DC by using the multimeter
where was put in the DC voltage measurement mode, after number of steps we checked
the battery was charged by using the multimeter in DC measurement mode. The circuit
mentioned is shown in figure 5.1 and the testing results are listed in table 5.1.

Figure 5.1 Storage circuit testing

Table 5.3 testing results

Person 1
Weight of step based on its strength Amount of output voltage
0.23 0.09
7.29 2.91
15.71 6.28
22.91 9.16
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40.16 16.06
55.62 22.25
Person 2
Weight of step based on its strength Amount of output voltage
1.09 0.44
3.72 1.49
15.60 6.24
36.78 14.71
66.08 26.43
Person 3
Weight of step based on its strength Amount of output voltage
4.70 1.88
19.69 7.88
47.82 19.13
66.35 26.54
70 28

» Weight of step based on the strength: when the human walks on the plate he/she
will steps quickly and that mean he/she will not put her/his weight directly on the
plate so the sensor will not measure the weight of a person, just weight of the step
will be taken.

5.2.2.2 Provision circuit testing

After we test the storage circuit, we tried to charge from the battery to assure that it was
charged, we needed to pass the RFID card on the reader to check if the user has
authorized card or not. When we tried the authorized card the relay module open the
charging circuit then we could charge the device we had from the battery, but when we
tried the non-authorized card the relay module did not open the circuit so we couldn’t
charge the device, these 2 cases are shown in the figures 5.2 and figure 5.3 and the table
5.2 shows the results of security testing.
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Figure 5.3 Unauthorized status
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Table 5.4 results of security testing

# of attempts | Read card Status of authority | Status of charging circuit
1 Yes Authorized Open

2 Yes Non-authorized Closed

3 Yes Non-authorized Closed

4 Yes Authorized Open

5 Yes Authorized Open

» The error rate of security was 0%, all attempts done successfully.

5.2.3 System testing

After we connected all the components with each other as shown in figure 5.4, we ensured
that all components worked in the right way and gives the appropriate expected results.

Figure 5.4 configuration of the whole system
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5.4 Software testing

We tested cayenne cloud after we connected ESP32 with it by using MQTT protocol by uploading
the load cells and voltage readings and the cayenne cloud can shows the readings in live so any
change for the reading of values will directly changes in the cloud so we can decide the peak and
off hours by the time given in cayenne as shown in figure 5.5 and figure 5.6.

Cayenne + Create new project T o

Community Docs  User Men

I overview | SData ESP32 o

Commercialize your loT solution
using your own brand. Learn more Voltage Weight

@ esP32
WA Channel 0
@ Time
@ Voltage

%8 Weight

®5 47 “17.00

Time Channel 0

4950509.01

Figure 5.5 readings of weight and voltage

ESP.

ammercialize your loT solution

sing your own brand. Learn more Live m h d w 1mo Custom Query
3 ESP32 Timestamp ~ Device N...7 Channel ¥ % Sensor Name v Sensor ID Y ¢ DataType¥ & Unit < Values
& Channel 0 2023-05-17 2:09:11 ESP32 2 Voltage a5138ce0-f4a0-11ed-9ab8-d5... 13.466
@i 2023-05-17 2:09:10 ESP32 1 Weight f6877f0-f49c-11ed-9ab8-ds... 33.666
2023-05-17 2:09:09 ESP32 2 Voltage a5138ce0-f4a0-11ed-9ab8-d5... 19.722
@ Voltage 2023-05-17 2:09:09 ESP32 1 Weight f68770-f49c-11ed-9ab8-ds... £49.306
% Weight 2023-05-17 2:09:09 ESP32 0 Channel 0 b2a795c0-f4a2-11ed-9ab8-ds... 640132
2023-05-17 2:09.07 ESP32 2 Voltage a5138ce0-f4a0-11ed-9ab8-d5... 2.064
2023-05-17 2:09:07 ESP32 1 Weight ef6877f0-f49c-11ed-9ab8-ds... 5.161
2023-05-17 2:09:06 ESP32 2 Voltage a5138ce0-f4a0-11ed-9ab8-ds... 3.052
2023-05-17 2:09.05 ESP32 1 Weight ef6877f0-f49c-11ed-9ab8-ds... 7630
2023-05-17 2:09:04 ESP32 2 Voltage a5138ce0-f4a0-11ed-9ab8-ds... 0545
2023-05-17 2:09:04 ESP32 1 Weight f6877f0-f49c-11ed-9ab8-ds... 1.364
2023-05-17 2:09:02 ESP32 2 Voltage a5138ce0-f4a0-11ed-9ab8-ds... 3232
2023-05-17 2:09:02 ESP32 1 Weight f6877f0-f49c-11ed-9ab8-ds... 8081
2023-05-17 2:09:01 ESP32 2 Voltage a5138ce0-f4a0-11ed-9ab8-ds... 4833
2023-05-17 2:09:00 ESP32 1 Weight ef6877f0-f49c-11ed-9abs-ds... 12,083
2023-05-17 2:09:00 ESP32 1 Weight f6877f0-f49c-11ed-9ab8-ds... 1867
2023-05-17 2:09:00 ESP32 2 Voltage a5138ce0-f4a0-11ed-9ab8-ds... 0.747

m

Figure 5.6 results shown live
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Weight [ Kg)
0.23
1.09
3.72
4,70
7.29

15.71
13.65
22.91
36.78
40.16
55.62
66.08
70.00

5.5 Summary

» Based on the data that was uploaded to the cloud, figure 5.7 shows the analysis on

the data where it describes the relation between the weight and voltage.

Voltage (V)
0.09
0.44
1.45
1.88
2.91
6.28
7.88
9.16

14.71
16.06
22.25
26.43
28.00

30.00

25.00

20.00

15.00

Voltage

10.00

5.00

-

& 73720 7291
PR [

000 €51 109, uns

0.00

10.00

-

£2251,9.16

& 1968, 788
&15.71,6.28

20.00

30.00

-

-
§e,

&1 40.16, 16.06

& 36,78, 1471

40.00
Weight

Figure 5.7 relation between weight and Voltage

In this chapter we discussed the hardware and software testing.
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Chapter six

Conclusion and future work

6.1 Preface
The chapter introduces a summary of the project, the future directions, and future work.

6.2 Conclusion

The main aim of the system is to generate electrical power from sustainable source of energy.
The system was studied theoretically, analyzed, and proposed a suggested design. The objectives
of the project were discussed, and the problem statement is raised with a short survey of
previously related works. The system was explained in details, in terms of the components that
will be used in implementing the system considering several alternatives for each component. In
addition. The components interfaces are introduced.

One plate was implemented in the system, the system now is able to generate voltage by the
fallen weight on the plate and stores it in a rechargeable battery. Only the authorized person
could use the generated voltage and all these requirements tested successfully. The maximum
voltage generated from one step was 28 volt.

Finally, all the readings of weight and voltage sensors uploaded to the cayenne cloud successfully
where the obtained data was stored and analyzed.

6.3 Future work

In the future, we look forward to adding important features to the system, the most important
can be supplies itself with the power that is generated from itself and the ability to add more
plates to generate more voltage.
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