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Abstract
Fossil fuels have been discovered since the industrial revolution in the 18th century, over the
centuries, fossil fuel consumption has increased significantly where global consumption
increased between 2007 and 2017 from 86.8 to 97.2 million barrels per day. In 2018, the
consumption has been increased to reach about 1.6 billion barrels per day until today. Fossil
fuels still considered an essential and ideal source of energy worldwide, as many industries
and transportation sectors around the world depend on fossil fuels, as a result, fossil fuel
reserves are depleting. Furthermore, fossil fuels come with several negative impacts whereby
burning fossil fuel will produce carbon dioxide which is considered the largest driver of
global climate change. In addition, fossil fuels are a major contributor to local air pollution,
which caused many respiratory diseases. As of Saudi Arabia's Vision 2030, new
environmental policies are being developed to reduce carbon emissions, and to achieve that,
there is a strong push to use clean energy and resources such as solar and wind energy. Our
project aims to design an electric vehicle (EV) to help reduce air pollution, help with the
expensive cost of gasoline, and maintenance cost of conventional cars. Our project is done at
PMU under the Senior Design Project in the College of Engineering. A DC motor is used to
drive the vehicle by using pulse width modulation (PWM). The PWM is generated by a
microcontroller. The DC motor is powered by a DC battery bank while a solar panel is used
to supply power to the auxiliary loads. Moreover, our project consists of a battery monitoring
system that indicates the battery levels of the car. We have also implemented the cruise
control feature which helps in long drives. The car has an entire lightening system and last
but not least a safety system (reversing camera, obstacle avoidance, emergency brake,
indicators, a horn).

4

1.

Introduction

1.1 Project Definition
To design and implement an electric vehicle powered by batteries that are charged through an
external charging station. The auxiliary load is powered by solar panels. The car will be
equipped with cruise control feature along with battery monitoring, light control, and safety
systems.

1.2 Project Objectives
1. Increase awareness of renewable energy.
2. Increase awareness of carbon footprint and electrification of the transportation
system.
3. Make electric vehicles more comfortable by adding different features such as cruise
control, light control, and safety systems

1.3 Project Specifications and Design Constraints (ABET Outcome: 2a)
1.3.1

Project Specifications

1. Seating capacity for one person, and an estimated weight of the car is around 150-200
kg.
2. The car is capable of going a maximum speed of 35 km/h.
3. The maximum power for a motor is 0.5 kW operated at 48V.
4. The car is equipped with instrumentation for battery level indication and speed
display.
5. Solar panels are used to power up auxiliary load.
6. The car has a cruise control feature and a lighting system.
7. Safety system consists of:
a. Reverse sensor
b. Reversing camera
c. Indicators
d. Horn
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e. Emergency break
1.3.2

Design Constraints and Engineering Standards

1.3.2

Design Constraints: Engineering standards

In our project, we are working on many subsystems which are the cruise control system,
PWM, lighting and safety systems, battery monitoring and display systems, and solar power
system. There are certain standards that we were dedicated to applying throughout our
working process to establish a professional working environment in the process of doing so.
In our major, we follow the IEEE standards and we try to apply these standards in most of the
technical projects that we do throughout our years of study. By working on our system, we
focused on covering these main standards: requesting project authorization, assembling a
working group, and having a review committee. We also followed these basic standards in
everything we were aiming to finish in our project throughout the semester.

1.3.2

Design Constraints: Economics

Fossil fuel has been a fundamental diver of the transportation sector since the industrial
revolution continues to play a huge role in the energy system. Moreover, global consumption
of fossil fuel has increased significantly in the last centuries, according to the International
Energy Agency that the transportation sector consumes 18 million barrels of oil per day,
which represents 18.7% of the total daily consumption of about 96 million barrels. In
addition, Saudi Arabia is considered one of the main counties in fossil fuel production. Since
our car is running on batteries and motors that are dependent on electrical power, as a result,
that may affect the main income of the country. Therefore, before starting our project, we as a
group took into consideration whether our project would be beneficial or unfavorable to the
Saudi Arabia economy.
1.3.2

Design Constraints: Manufacturability

Most of the tools and equipment’s that we wanted to use were not available locally, where we
had to order them online and due to COVID-19 we were not able to order anything from
outside the country, as a result of that we alter our design to match the parts that we found
locally.
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1.4 Product Architecture and Components

Figure 1: Project architecture
Our project consists of two systems which are electric and solar systems. However, the major
source of energy is a DC battery bank (electric). And for the auxiliary load, is supplied
through a removable solar PV installed on the roof of the EV. Additionally, there are five
different subsystems which are speed control using Pulse Width Modulation, Cruise Control
Feature, Battery Monitoring System, Light Control System, and finally a Safety System.
The figure above shows a block diagram of the project’s architecture and as shown above, it
starts with an electric source which is power the batteries that in their part is connected to the
motor driver and also connected to the third subsystem which is the battery monitoring
system. Moreover, the microcontroller controls the Cruise control feature, using a speed
sensor. As the cruise control feature allows the driver to set the desired speed for the cruise
control and maintain it, in addition to increasing and decreasing the speed using two push
buttons that are available on the steering wheel. The microcontroller also controls another
subsystem which is the light control system that can be either manual or automatic using an
LDR sensor, and it also gives the driver the opportunity to control the intensity of the light.
Lastly, the safety system consists of a different part such as having an Ultrasonic sensor to

7

avoid obstacles when the car is reversing, having a reversing camera, four indicators with a
hazard button, and finally a horn.

1.5 Applications
Can be used in following areas:


Inner city public transport.



Inside airports, moving between terminals.



On-campus transportation between buildings.



Inside industrial factories.

2. Literature Review
2.1 Project background
The three problems this project is trying to solve are:
1. Air pollution
2. Cost of gasoline
3. Maintenance cost
Air pollution and its effect on the environment and human’s wellbeing are at the top of the
list. The largest source of greenhouse gas emissions from human activities is from burning
fossil fuels. Ambient air pollution causes serious illnesses and is a cause of 4.2 million deaths
per year. The cost of gasoline is always fluctuating, sometimes it is manageable but recently
it has almost doubled in price, getting a full tank of gas can cost 180 SAR. Maintenance cost
in cars costs a lot, not only that but the frequency in which one must get their car checked is
high. Solutions of these problems are:
 Air pollution is reduced by EV because it produces fewer emissions and it reduces
the production of GHGs.
 Since the car will be run by rechargeable batteries, gasoline consumption will reduce
greatly and thereby reduce cost and pollution too.
Our project compared to the project done previously at PMU is uses rechargeable dry
batteries. Our project has a cruise control feature. Our project also has a battery monitoring
system.
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2.2 Previous Work
Our vision was to achieve high specifications and build an impressive project. To do so, we
need to go through many previous experiences to build an electric car. We focused on
features and difficulties that the projects went through which is help us in our project. Here
are some of the works that we went through:
First project that we have been discussed is a fully electric car with solar cells as secondary
source of power designed by the Mechanical Engineering students in Prince Mohammed bin
Fahad university in Saudi Arabia at Spring (Jan-May) 2017. The main goals of this project
were to build a car that is entirely based on renewable energy. Where the project consists of
two subsystem which are the electric and solar system. Each system includes a number of
main components. The solar system contains of solar panels, solar charge controller and
battery where electric system consists of the DC motor, motor controller assemblage and
barriers. In addition, to be able to convert the electric power to machinal power they
implemented a Chain- Sprocket mechanism. Before the motor, solar panels and batteries
could be selected, the necessary power, torque and energy had to be determined. Where the
maximum power of the motor is 3KW and the torque is 2800 RPM, so the voltage needed is
48V. for the solar panels, their size was 100W. to feed the motor with required voltage they
used four Lead-Acid batteries connected in series. A fully electric car with solar cells as
secondary source is shown in figure 2 and 3.

Figure 2 Implementation of solar panels and DC motor

9

Figure 3 Final prototype
The second project that we went though was a personal project of an educational electrical
vehicle that was implemented in Belgium. The main aim of this car was a purely educational
purpose, it was to implement the knowledge of engineering in a fundamental way, and to
build a small scaled car that can be upgraded to a bigger scale and help save the environment.
The car is designed to run between 50Km/h. The electric system consists of the motor, motor
controller, gear box and batteries. To establish the mechanical part they need the steering,
suspension, brakes and wheels. Steering is used to give more stability and safety, the
suspension is used is to give the user a stable ride and to protect the car and panels from
sudden shocks, the brake system is used to provide the safety of the car while travelling and
the wheels are selected based on the rolling resistance that determine how far the car can
travel. To be able to run the car for this desired distance and for it to give the care and
stability they want, they did some calculation to select the components of both systems. For
the electric system they used AC induction motor with maximum power of 4KW, and five of
12 V lead-acid batteries.
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Figure 4 Mechanical brake system

Figure 5 Motor assembly
Third project the we looked through is an Electric Vehicle implemented by the Automotive
and Tractors Engineering Department, Faculty of Engineering at Minia university at Egypt on
22 September 2015. The main goal was to construct a car that has a high level of optimal
power management of the electric vehicle, such that its velocity and acceleration is similar
with that of conventional vehicles. The components that is used in this project are the motor
and batteries and additional equipment’s that gave the care, stability and safety such as,
brakes and sensors. Before selecting the main components, the necessary calculations for
power, torque and voltage had to be done. The main component in electric system which are
motor and batteries are chosen based on certain calculation. The selected motor is DC series
motor with 15HP, 3200 RPM and 72 V and the selected battery is eight lead acid batteries of
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8V connected in series which total of 64V as shown in figure6. The final prototype of the
Electric Vehicle as shown in figure 8.

Figure 6 Eight batteries connected in series

Figure 7 Final prototype of electric vehicle
The fourth and final project that we went through is the senior design project of the university
of Connecticut. They built an electric car system and called it the heart and soul of an electric
car. Their car had was capable of working by a DC- series excitation motor, it is capable of
running at a rate of 40km/h, and they used for its engine unsealed lead-acid batteries.
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Figure 8 Motor of the car

2.3 Comparative Study
Table 1

Project 1
Motor

DC motor

Project 2
DC motor

Project 3

Project 4

DC motor

DC motor

Our project
DC motor

battery

Lead- acid

Unsealed
lead acid

Lead- acid

Lead-acid

Lead- acid

Speed

50 km/h

40 km/h

70 km/h

60 km/h

35 km/h

Cruise
control

-

-

-

yes

yes

Camera
system

-

-

-

-

yes

Safety
system

-

-

yes

-

yes

LCD
screen

-

-

yes

-

yes
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3. System Design
3.1

Design Methodology (ABET Outcome: 2b)

Figure 6 Project architecture
In order to successfully complete this project, we went through many stages and process to
design a powered prototype, as following
1.

Gather information from different resources such as articles and previous projects

for project design and know about challenges that we may face, also to find a good idea that
can be included in our project.
2.

Check how feasible is the project

3.

Set the objectives and specifications of the project.

Moreover, since there are a large number of formulas and calculations that must be
considered to produce a prototype that is well-functioning, sufficiently powered, and safe.
We did the calculation, so we can determine the power requirements for the DC motor,
torque, batteries, and speed. as shown below:
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Table 2 Calculation DC motor
DC Motor
Weight of the motor

15 Kg

Rated Voltage

48 V

Rated Current

10.4 A

Maximum power

500 W

Table 3 Batteries required
Lead Acid Batteries
Number of the batteries

4 batteries Connected in Series

Voltage of each batteries

12 V

Total voltage of batteries

12*4= 48V

Ampere- hour for batteries

7 Ah

Weight of each batteries

2Kg

Capacity of the batteries

12*4* 7Ah= 336 wh

Total weight of batteries

4*2= 8 kg

Table 4 Calculation for batteries requirement
Driving Duration
Mileage
Charging time

30𝑘𝑚
× 0.67ℎ = 20 𝑘𝑚
ℎ
12𝑉 × 4 × 7𝐴ℎ
= 0.67ℎ = 40 𝑚𝑖𝑛
500 𝑤
It will take 2-4 hours

Table 5 Calculation for solar panel
Solar panel
power of solar panels

120W

voltage of solar panels

12 V

number of solar panels

1

15

Weight of solar panels

15 Kg

Table 6 Weight calculation
Weight
Weight of chassis

140 Kg

Weight of motor

15 Kg

Weight of batteries

8 kg

Weight of solar panels

15 kg

Total weight of the car approximately

180 Kg

1.2 Product Subsystems and Components
Subsystem 1: Speed control using pulse width modulation
Pulse width modulation is the core of control, as it is a modulation technique that generates
variable-width pulses to represent the amplitude of an analog input signal. PWM is widely
used in many power electronics applications. However, it is also used to control the speed of
a DC motor, which made it the main reason for us to implement it in our project.
Before heading to our second subsystem which was the cruise control feature, we had to first
understand our motor and its capabilities. To do so, we had to test the maximum speed that it
can reach, and we needed to find a way to control it so that it would make placing the speed
sensor and adjusting it an easy process. There are many advantages of implementing the
PWM motor testing, some of these advantages are that it can cut back on energy loss, the
motor will consume less power, it can greatly reduce cost, and it allows finer tuning control
of the motor.
o What PWM does?
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The mechanism of how this PWM motor testing was implemented in our project is very
simple. We first take a variable resistor and connect its three pins to an Arduino Mega
microcontroller. We connect the first pin to 5V, the middle pin to the ground, and the last
pin to A0 from analog in. we then take the oscilloscope and connect it to the ground and
5V. we then adjust the oscilloscope so that it can show us a wave with 4 kHz. After
generating our desired signal, we wanted to control the speed of the motor using PWM,
therefore we have connected the speed sensor to the Arduino and we started to monitor
the speed by reading it on an LCD screen. We then were able to control the speed of the
motor through varying duty cycles. Due to our observation and testing, we observed that
higher duty cycles lead to a higher speed. Therefore, we kept on varying the signal till we
settled on our desired period and frequency which was 4kHz.

Figure 7 Generating of PWM

After finishing the testing of our motor through PWM, we learnt the capabilities of our motor
and the maximum speed that it can reach. Therefore, this step helped us significantly through
our project and especially with our second subsystem which is the cruise control feature.

Subsystem 2: Cruise Control feature
The cruise control feature is a system that will automatically regulate the speed of your motor
after reaching any desired set speed.
Cruise control feature is one of the most convenient features to have in your car nowadays as
it can significantly reduce the chances of subconsciously violating speed limits
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, especially when it comes to those of us suffering from lead-foot syndrome as they would
probably get a lot more speeding tickets, along with the fact that it is extremely useful for
long drives across highways or populated areas.
o What cruise control does?
The mechanism of how to use the cruise control feature that is implemented in this EV is
very easy. As shown in the figure of the steering wheel bellow, there are 3 different buttons
that are meant to control this specific feature, the first button is for activating cruise control as
it is going to maintain whatever speed you were driving at as it can start from a very low
speed such as 2km/h and that is because this EV is not a high speed car that can start this
feature from a minimum speed of 45km/h for example, this same button is also used to
deactivate cruise control whenever it is not needed anymore, however, EV can also be
stopped using an emergency brake or a mechanical brake instead of deactivating the feature.
Moreover, the two buttons on top of each other on the rare left side of the steering wheel are
the buttons we use to increment and decrement the already set speed, each button press can
either increment or decrement by 1 km/h. For example, if the set speed was 20 km/h and you
press the increment buttons 5 times the speed of the motor will accelerate to 25km/h.
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Figure 8 Cruise control buttons

Figure 9 Cruise control buttons
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In this subsystem, a 5 v relay was used, as a switch to alternate between the voltage given from
the race pedal and the voltage produced by the microcontroller, which reads the last voltage
taken from the race pedal and generates it constantly until switched back to the race pedal or
increased/decreased. As shown in the cruise control circuit diagram bellow, there’s also a noninverting amplifier that was needed because the race pedal’s voltage range for this EV is from
0.8v to 3.67v, however, the microcontroller can generate a lower range which is from 0.5v to
2.75v, therefore, a non-inverting amplifier was included. When it comes to the value of the
resistors, they were chosen to ensure the gain is the difference between the maximum voltage
from the race pedal and the voltage generated from the microcontroller.

Figure 10 Circuit of Cruise control
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Figure 11L293D

Figure 12 Op-Amp
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Cruise control is connected to the microcontroller to pin 2 exactly, and have been declared as
an input. We are using an external interrupt which is a method by which Arduino stops or
stops its normal task and goes to the interrupt function to complete its interrupt function task.
Externally induced external interrupts. Similarly, we are using the same process for both
incrementing and decrementing the set speed. However, the increment button is connected to
pin 3 in the micro-controller, and the decrement button is connected to pin 5. There’s a
capacitor connected in this circuit to ensure that we do not receive multiple interrupts and
instead, the capacitor can charge and discharge giving room for delay.

Figure 13 Connection of Cruise control
In the figure below, a snapshot of the code is available as shown if the race pedal gives us
voltage then the DAC value is adjusted and the relay is going to operate and the cruise
control feature will be activated.
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Figure 14 Code for Cruise control
This subsystem is connected to another subsystem which is the display system, whenever the
cruise is on or off the LCD will display the state of cruise control. In addition to a green LED
that is placed along with the LCD on a monitoring box in front of the steering wheel, this
LED turns on whenever the cruise control state is on as shown in the figures below, the
snapshot of its code and where is it placed a snapshot of its code and where is it placed.
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Figure 15 Code for LED

Figure 16 Display for cruise control
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Subsystem 3: Safety system
It is very important to be mindful that road traffic accidents remain a major public health
concern. If road safety services are used correctly or effectively, they can help save lives,
avoid accidents and injuries, and ensure the most optimal functioning of a community.
Therefore, we have implemented an entire safety system that consists of different features
that make this EV safer, these features are (parking sensor/obstacle avoidance system,
reversing camera, indicators with a hazard button, horn, emergency brake, and a seatbelt)
o Parking sensor / obstacle avoidance system:
This subsystem consists of an Ultrasonic sensor that can detect whether you have enough
space while reversing or not. Ultrasonic sensors use ultrasonic waves to calculate distance.
The trig of the sensor emits an ultrasonic wave and receives from the target the wave
reflected back. By measuring the time between emission and receipt, ultrasonic sensors
determine the distance to the target. This ultrasonic sensor can measure the distance up to 4
m, however, in this EV it measures the distance up to 1.5 m and it can be modified by
modifying the code. Whenever there’s anything in that range the EV will stop automatically
to avoid crashing into anything and for better parking experiences. The ultrasonic sensor does
not need more than the microcontroller to function properly, we have the trig connected to
pin 32 and assigned as an output, and the echo connected to pin 31 and assigned as an input.

Figure 17 Defining the pins of ultrasonic sensor

25

Figure 18 Code for reverse

Figure 19 Ulreasonic sensor

26

Figure 20 Ultrasonic sensor

Figure 21 ultrasonic sensor
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o

Reversing Camera:

There are advantages to installing a reversing camera to this EV such as it gives the driver
great visibility and makes the driver park with confidence in addition to reducing accidents as
a lot of accidents occur while the driver is backing up.
The reversing camera is connected to the screen through a wire that is connected to the 12 v
battery that charges through a solar panel, and this 12v battery is connected to a relay along
with the positive terminal to both the camera and the screen, and the relay is connected to the
Arduino, the camera is connected to pin 7 and assigned as an output.

Figure 22 Connection for the Camera
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Figure 23 Code for the reversing

Figure 24 Camera installed in the car
o Emergency Brake
The emergency brake is considered one of the most important features in the safety. The
emergency brake is designed to hold the car in place, usually, the emergency brake is used as
an additional brake if the primary brake fails, then the driver can use the emergency brake to
slow down the speed then stop the car. Emergency brake comes in different forms whether
it’s a manual lever in the center console, a foot brake on the floor near the pedals, or a
modern electric push-button in the dashboard. In our project, we have the electric push-button
brake that is placed in the steering wheel and it helps to stop the car after a few minutes. the
emergency brake is connected to the Arduino through pin 10 as input and to the main
controller which can control the speed of the motor.
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Figure 25

Figure 26 Emergency brake

o Horn
Since the invention of the car, drivers have used various warning signals to alert other drivers
or road users to their presence, approach, or potential danger. in the beginning, the drivers
used either manually pressed horns or bells. but nowadays, As the cars continued to achieve
increased speeds, it became necessary to use another device such as a horn. Horn is soundmarking device that warns other drivers about upcoming danger or avoiding any possible
accident. In our project, we placed the horn that is directly connected to a 12V battery and to
the ground.
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Figure 27 Horn
o Seatbelt
Seat belt considered one of the safest choices that drivers and passengers can make while
driving, where the seat belt can make a difference between life and death. According to the
NHTSA, in 2017 the seat belt use in passenger vehicles saved an estimated 14,955 lives.
There are many advantages of using a seat belt such as, keep the driver safe and secure inside
the vehicle even if the car has a crash and protecting the driver's body from airbags since the
direct collision with airbags can kill the driver. Therefore, we make sure to have a seat belt in
our car.

Subsystem 4: Display system
Since our main goal is to design an EV that is more comfortable, smooth, and easy to drive,
therefor we must have a display system in our project. The Display system is an information
display system that provides the driver information about the condition of the engine either it
works forward or reverse, shows the driver the cruise details such as, cruise ON/OFF And
most important thing is to monitor the speed of the driver. To achieve that we went through
the following process.
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o Speed Sensor
Since we care about safety and follow the stander of safety, we have installed the speed
sensor that enables us to monitor the speed, where the speed sensor has three pins which are
ground, Vcc and signals as shown

Figure 28 Speed Sensor
We connected the ground and Vcc directly to Arduino Due and signals to pin 33.

Figure 29 Code for speed sensor
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o Display screen
As the speed sensor enables us to measure the speed, we must have the LCD that provides us
information about the car. Moreover, LCD has 4 pins as shown

Figure 30 LCD from back
The ground and Vcc are directly connected to the Arduino Due, SDA, and SCL also
connected to pin 20 and 21 in Arduino. we defined the LCD as input and we have to define
the number of the rows and columns, also initialize the LCD and that will able us to monitor
the status of the car.

Figure 31code for LCD
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Figure 32 Code for LCD

Figure 33 code for LCD

Figure 34 LCD
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Subsystem 5: battery monitoring system
in an electric vehicle that is powered through batteries, one of the most essential subsystems
to be implemented is the battery monitoring system. A battery monitoring system is an
electronic system that monitors any rechargeable battery. This type of subsystem is of great
importance because it is related to the safety of the rider. We need a battery monitor system
to inform us constantly about the car's volts status and whether it needs to be charged or not,
to avoid any emergency situations such as the car running out of battery in the middle of the
road.
o How does a battery monitoring system work?
In our car, we have placed a voltmeter that is connected directly to the controller and as
soon as we turn on the car the voltmeter will automatically point towards the number of
voltages in the car’s battery. If the car is fully charged then it will automatically point
towards 48V, and if it’s not fully charged then the arrow will show exactly the voltage
count through the voltmeter.

Figure 35 voltmeter
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Figure 36 Voltmeter in the car

Subsystem 6: Lighting Control System
A lighting system in the car is considered essential for its performance and safety. The lights
help increases the visibility for the driver and allowing other drivers to see a vehicle's
presence and the driver's intentions regarding the direction and speed of travel. Moreover, the
light can make the difference between life and death especially at night where 30% of
accidents in Europe, because of the lights. Therefore, we made sure that the lighting system
is part of our project since it plays an important role in safety. Our lighting system consists of
a headlight, indicators, and hazard light.
o Headlight
Headlights are the most important part of the lighting system, where the primary task of
the headlight is to illuminate the roadway and safe driving. As we care about safety in our
project, we installed the headlight where it can work manually and automatically. In the
manual mode, the headlight can be controlled by using a toggle switch since there are
three positions either the switch is moved up which will receive 3.3V, as a result of that
the headlight will turn on or the switch is in the middle which will receive 0V and this
will turn off the lights or the switch moved down which will receive 2.5V where it is
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possible to vary the intensity of the light through a dimmer knob (variable resistor). On
the other hand, in automatic mode, the headlight turns ON/OFF automatically based on
ambient light sensed using LDR in the front and back of the car, as shown in the
following working mechanism:
1.

When the LDR receives less than 0.4V it will turn on the light automatically.

2.

When the LDR receives more than 0.4V it will turn off the light automatically.

Figure 37 Lighing installed in the car
Moreover, the light connected to the Arduino Due through pin 9 to generate the single of the
light and to control the status of the light either ON or OFF through pin A1, moreover, to
varied the intensity of light the through pin A10

Figure 38 Code for lights
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Figure 39 LDR

Figure 40 LDR on the car
LDR is connected to Arduino through pin A5 as shown

Figure 41 Defining LDR
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Figure 42 lighting switch and variable resistor
o Indicators and hazard button
One of the most important parts of the lighting system that ensure the safety in the car is the
signals and hazard button that clarify the action that the driver will do, so we designed
indicators that show us the direction the driver will take. Moreover, to achieve that we used a
12 V two-pin rely on, toggle switch, indicators, and 12 V battery. The positive terminals of
the right indicators in the front and back are connected then they are connected to the one
side of the switch and also the left indicators have the same connection. However, the
negative terminals of all indicators on both sides are connected then they are connected to the
negative terminal of the battery. For the 12 V relay, the negative connected to the switch and
the positive to the battery, as shown in the figure

Figure 43 Indicators connection
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Figure 44 Indicators switch

Figure 45 Front indicators

Figure 46 Back indicators

40

Figure 47 Indicarors front & back
Moreover, we designed a hazard button that enables the driver to alert other drivers about the
possible danger ahead. We installed a push-button that help to turn on the 4 indicators, to
achieve that we connected the 2 pins of the push button (upper pin and lower pin) then
connected them to the middle pin in the switch as well as the negative terminal of rely
connected to the middle pin. Moreover, the upper pin of the push-button connected to the
positive terminal of left indicators and they connected to the switch, also the lower connected
to the positive pin of the right terminal then they connected to the switch. Other terminals of
left and right indicators are connected to each other then they are connected to the negative
terminal of the battery. The positive terminal of battery connected to rely as show
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Figure
48 Hazard button connection

Figure 49 Hazard button
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Subsystem 7: solar panel system
In our project, we had sources of power. One was through a battery and an external charging
station, and the other is through solar panels. The whole essence behind our project is to
create and implement a car that is 100% electric and that it does not count on fossil fuels or
any source of pollution, therefore adding a solar system really highlighted our whole purpose
of creating an environment-friendly car. Solar panels are designed to absorb the sun's rays as
a source of energy to generate electricity. Solar panels work by allowing particles of light to
generate a flow of electricity through knocking electrons free from atoms, which will
therefore give us photovoltaic cells. Solar panels can be used to power homes, businesses,
and to supplement a building’s electricity, and provide power at many remote locations.
There are three types of solar panels, monocrystalline, polycrystalline, and thin-film, and they
vary by how they’re made, appearance, performance, cost, and installation. In our project, we
have implemented the monocrystalline solar panel in our car with ratings of 120W and
17Vmp. We chose the monocrystalline due to the factor that it was available in our university
and its rating matched our car rating in regards to power and voltage. There are many
advantages of placing a solar system in our car such as that it’s an excellent source of energy
to the fact that we live in Saudi and its sunny most of the time, therefore it would make solar
panels extremely beneficial, also it’s an excellent way to demonstrate the usage of clean
energy. However, there are also some disadvantages in solar panels such as that solar energy
storage is expensive and that it uses a lot of space and is weather-dependent, therefore, we
have used it as a secondary power source, not as a primary one.
o How does the solar panel system work?
Through implementing this subsystem in our car, we did it the following way, we first bought
a charge controller that is suitable for a 12 V battery and with a power rating greater than or
equal to 150 W for it to match our car and solar panels specifications. This charge controller
is very essential because it’s what connects the solar panels to the car and it also keeps the
batteries from overcharging. The charge controller regulates the voltage and current that are
coming from the solar panels to the battery and it will work by connecting the controller to
one of the 12V batteries that are used as a primary power source. This charge controller will
feed the auxiliary load of the car which is the lights, horn, and the Arduino.
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Figure 50

Figure 51 Solar specification

Figure 52 Solar panel on the car
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Figure 53 solar panel placed in the car

3.3 Implementation
We now have a clear understanding of how to start our project. as the first step after doing the
calculation, we started to design a chassis that meet our specifications as shown,

Figure 54 Chassis
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Figure 55 chassis
Moreover, despite the fact that we have a compact space in our car, we managed to decide on
where to place the parts, we place the main controller, batteries and second controller in the
back at the boxes

Figure 56 place of batteries
The DC motor is placed under the batteries for ease of connections and the motor is
connected to the rear side of the car in order to attach the motor sprocket with the rear axle
sprocket. Moreover, there is a speed sensor placed next to the motor to be able to measure the
RPM of the tire, ultrasonic sensor and camera was installed in the back as shown
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Figure 57
For horn, cruise control, and emergency brake were placed in the steering wheel, and for
other features such as voltmeter, screen, LED, and other buttons, we installed them in the box
in front of the steering wheel.

Figure 58
The solar panel is placed on top in order to perpendicularly attract more sun rays, also the
LDR will be placed on the top so it can detect the sunlight and helps to turn on the light at
night. Headlight installed in front and indicators have been installed in the front and back of
the car on both sides, right and left. As shown
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Figure 59

4.

System Testing and Analysis
4.1 Subsystem 1: PWM

Objectives:
to be able to control the speed of our motor and to regulate it through PWM and adjusting the
speed sensor to our desired speed and to be able to check the speed through an LCD screen.
Setup:
Arduino Mega, potentiometer, LCD screen, hall effect speed sensor
Results:
1- to be able to adjust our motor to our desired speed and to find out the capability of our
motor and how fast can it reach.

4.2 Subsystem 2: Cruise Control
Objectives:
to design and implement a cruise control feature with the possibility of increasing and
decreasing that set speed, to have an LED to remind you that the system is activated, and
finally have the cruise control state printed on the LCD.
Setup:
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Arduino DUE, 5v relay, 3 capacitors, 6 resistors, Op-Amp, 3 push buttons, green LED, LCD.
Results:
Cruise control is implemented and runs smoothly whenever active, speed can be increased
from 1 km/h up to 33 km/h using increment button only, LED turns on whenever cruise
control is activated, and lcd displays the cruise control state at all times.

4.3 Subsystem 3: Safety system
Objectives:
to enhance the safety of the EV by adding a reversing camera, parking sensor / obstacle
avoidance, a horn, indicators with a hazard button, emergency brake, and a seatbelt.
Setup:
Arduino DUE, 5v relay, ultrasonic sensor, reversing camera with a screen.
Results:
1- The car stops whenever there’s an obstacle at the range of 1.5 m behind the car.
2- The reversing camera automatically starts and the screen opens whenever we switch
to the reversing state.
3- The car has a horn on the steering wheel that is loud and hearable.
4- The emergency brake stops the car whenever pressed.
5- There’s an adjustable seatbelt on the seat.

4.4

Subsystem 4: Display System

Objectives:
To provide the driver with the information that needed about the condition of the engine,
cruise details, and the most important thing is to monitor the car speed
Setup:
Arduino DUE, Speed Sensor, and LCD
Results:
1. Monitoring the speed of the car
2. Showing the status of cruise control
3. Provide the condition of the engine

4.5 Subsystem 5: Battery Monitoring system
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Objectives:
to implement a constant monitor in the car that will show us repeatedly the car’s voltage
level and to inform us whether the car needs to be charged or not
Setup:
voltmeter, microcontroller
Results:
1- The voltmeter will constantly show us the car’s voltage level and weather its suitable
to be driven or not

4.3 Subsystem 6: Lighting system
Objectives:
To ensure the performance and safety of the electrical vehicle by including the lighting
system that includes headlight, indicators, and hazard lights.
Setup:
Arduino DUE, 12V two pin rely, 12V battery, indicators, LDR, push button and toggle
switch
Results:
1. Headlight turn ON\OFF manually through switch
2. Headlight turn ON/OFF automatically based on ambient light sensed using LDR
3. The indicators will be activated depends on the driver direction
4. The hazard button will activate the 4 indicators to warning other drivers about
possible danger

4.7 subsystem 7: Solar power system
Objectives:
to implement a power system and install it in the car to work as a secondary power source
and will feed the auxiliary load in the car
Setup:
solar panels, charge controller, 12 V battery.
Results:
1- The car’s auxiliary load is being fed through solar panels which will lift of burden
from the motor
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2- Excellent way of using clean energy
3- Serves the whole purpose of our project.

4.3 Overall Results, Analysis and Discussion
The testing for the system and subsystems were very important to get a clear idea of how
each system is functioning as it is supposed to be. We have worked on our test results and
went through a decision-making process to change, and replace any malfunctioning
component. Where we decide to replace the speedometer into LCD as shown

Figure 60

Figure 61
Then we went to speed sensor testing and the result was satisfied with our specification.
where the result shows that the maximum speed of the car is 33 km/h which is closed to our
calculated speed.
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Figure 62 speed sensor testing

After that, we went through the testing of the cruise control, where the cruise should apply at
any speed of the car since the car will not run at a speed more than 35 km/h, also we tested
the increment and decrement buttons of cruise control and the results for all the system was
appealing. Moreover, as we care about safety in our project, we tested both the ultrasonic
sensor and camera and screen where all help to have safe parking. The ultrasonic sensor
should stop the car if there is any obstacle placed in the front of the sensor as mentioned
before the safe distance is 1.5m. however, the testing for both subsystems was satisfied and
meet our goals and specifications. Our final prototype can be seen below
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Figure 63 Final prototype
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Figure 64 Final prototype

Figure 65 Final prototype
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Figure 66 Final prototype
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5. Project Management
5.1 Project Plan
To have a successful and efficient project, the first thing that we needed to do was to plan
correctly. While implementing our project we tried to split the tasks and load equally
amongst us group members to speed up our progress and finish on the required due date. The
major things that we have divided between us were the subsystems, the first subsystem that
we implemented was the motor speed control using PWM. Since that it’s an easy subsystem
we did it together in a one-day time span. After that came the cruise control and we split the
task by letting one member buy the speed sensor and the remaining members worked on the
programming part of the system. The remaining subsystems such as safety, battery, light
monitor, and solar panels were all distributed between the team members equally where one
member can participate in bringing the equipment and the others will work in the
programming sector of the subsystems. The project plan was designed based on the Work
Breakdown System and planned as shown in the flow chart in figure 5.1.

Figure 67 Project plan

56

5.2 Contribution of Team Members

Task
Material Selection

Table 7 Members contribution
Aljowhara
Maram
33%
33%

Najood
33%

Project Management
Project Planning
PWM testing
Cruise control testing

30%
33%
25%
33%

30%
33%
30%
33%

40%
33%
30%
33%

Solar panel testing
Battery monitor testing
Safety system testing
Display system testing
Light control system testing
Project Testing
Project Documentation

33%
30%
25%
33%
33%
33%
30%

33%
30%
35%
33%
33%
33%
0%

33%
40%
35%
33%
33%
33%
30%

5.3 Project Execution Monitoring
The project execution was continuously done by weekly-meetings with project
advisors and members. In each meeting, the project is evaluated as shown in figure
5.2.

Figure 68: Project execution
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5.4 Challenges and Decision Making
During project execution, the following challenges were faced:
•

The short period that we had to accomplish this project due to the quarantine

and COVID-19
•

The availability of acquiring the materials.

•

Availability of the hall effect speed sensor. Online ordering solved this issue.

•

Availability of solar panels.

5.5 Project Bill of Materials and Budget
Table 8 Budget

Components
DC motor
Tires
Battery
Back axle and sprocket
Chassis iron and aluminum
Sprocket lathe machine
Electric kit
Brake system
Mechanical kit
Speedometer
Voltmeter
Solar panels
Solar panel extension
Aluminum box
Inverters
Banner
Charge controller
Total

Specifications
4 tires
4 of 12 V batteries

12 V 30A

Price
853 SR
480 SR
600 SR
140 SR
400 SR
160 SR
300 SR
350 SR
1000 SR
200 SR
30 SR
350 SR
750 SR
50 SR
240 SR
190 SR
175 SR
6268 SR
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6. Project Analysis
6.1

Life-long Learning

In this project, the following new areas were learned and the team members gained
new knowledge
•

How does pulse width modulation works in motor speed control.

•

How hall effect sensor works.

•

Limits and capability of an ultrasonic sensor.

•

New electrical standards learned.

•

Smart grid IEC communication standards.

•

New knowledge gained in cruise control systems.

•

New knowledge in electrical systems wiring standards and codes.

6.2

Impact of Engineering Solutions

One of the greatest issues that our generation is phasing is air pollution and global warming
that is mainly caused by the burning of fossil fuels from huge industries and vehicles running
on fossil fuels. Global warming has already impacted the globe through the significant rise in
the climate level which is causing the ice to melt and the water level to rise. Therefore,
scientists are trying to find multiple solutions to reduce pollution and save the planet by
trying to cut back on fossil fuels and rely on renewable clean energy. One of the ways that
have shown a significant impact in solving the pollution issue is through electric vehicles.
Electric vehicles will cut back greatly on the burning of fossil fuels because it works on
batteries and solar panels, which will help the society in many ways such as saving the planet
and it will also help by making the industrial field cut back on their production since that the
people will not be relying on fossil fuels as much as they do now.

6.3 Contemporary Issues Addressed
The electric vehicle was invented to solve the worldwide issue of global warming, and to cut
back on the usage of fossil fuels. New features with much-developed specifications were
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implemented to enhance existing electric vehicles in many fields. The following are some
issues the electric vehicle industries addressees in Saudi Arabia:
•

The lack of knowledge about electric vehicles:

It's well known that the economy of Saudi Arabia is still sole dependable on gas and
oil. For the production of fossil fuels to power up the industry sectors and to use for
running cars. Introducing the electric vehicle would cut back greatly on global warming
and would make Saudi Arabia a pioneer in this field due to its extremely hot weather.
•

Lack of charging stations:

Car charging solar panels and battery charging are major issues in Saudi Arabia.
•

The high cost of importing the vehicle:

If an individual decides to buy an electric vehicle and import it to Saudi it would cost him a
fortune, therefore, the consumer would immediately go the choose of buying a normal local
car that works on fossil fuels, therefore, we need to simplify the process of buying an electric
vehicle in Saudi to attract consumers.

7. Conclusions and Future Recommendations
7.1 Conclusions
Fossil fuel is still considered an essential and ideal source of energy worldwide, as many
industries and transportation sectors around the world depend on fossil fuels, as a result,
fossil fuel reserves are depleting. Also, fossil fuel comes with several negative impacts.
Therefore, we need to utilize a cleaner source of energy such as, electric and solar power, so
we designed a car that completely dependent on electric batteries, DC Motor, and a Solar
Panel to charge the batteries. Our testing shows that our EV has the ability to regulate the
speed of the motor after reaching any desired set speed, also it can reach up to 33 km/h and it
is stable and safe. Moreover, the testing illustrates that whenever there’s anything in the range
of 1.5m, our EV will stop automatically to avoid crashing into anything and for better parking
experiences in reverse mode. Furthermore, our EV is able to give you information about the
car's condition and helps you to park safely by using the camera. Previous projects done by
other groups in different fields inside PMU depend only on a single source system either
electric power or sun power, but in our project, we combined the two systems to be
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incorporated in a car. Furthermore, in our project, we have advanced features, such as cruise
control, lighting system, and safety system which is none of the previous projects have any of
these features. The individual experience that each one of us has been through is invaluable
and full of information and knowledge and has many challenges. We learned more about
power generation and utilizing renewable energy, also we learned about some new
electronics components. We eventually had an opportunity to put together the knowledge that
we had gain through the years in PMU to a real-life project. This was achieved due to
dedication, passion, teamwork, and hard work. However, by the end of our project, we came
up with the conclusion
1. Solar panel can be used in electric car as additional source
2. Implementation of the electric car is possible in Saudi Arabia
3. Cruise control and other features can be implemented easily in electric cars

7.2 Future Recommendations
There are many different features that can be added to this EV such as:
1- Self-drive system.
2- GPS
3- Touch screen
4- The chassis can be extended for a more comfortable seating.
5- The tires can be changed
6- Tires can be covered with a shield for safety purposes.
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Appendix A: Progress Reports
Progress report (1)

Progress report (2)
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Progress report (3)

Progress report (4)
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Progress report (5)

Appendix B: Bill of Materials
Components
DC motor
Tires
Battery
Back axle and sprocket
Chassis iron and aluminum
Sprocket lathe machine
Electric kit
Brake system
Mechanical kit
Speedometer
Voltmeter
Solar panels
Solar panel extension
Aluminum box
Inverters
Banner
Charge controller
Total

Specifications
4 tires
4 of 12 V batteries

12 V 30A

Price
853 SR
480 SR
600 SR
140 SR
400 SR
160 SR
300 SR
350 SR
1000 SR
200 SR
30 SR
350 SR
750 SR
50 SR
240 SR
190 SR
175 SR
6268 SR
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Appendix C: Datasheets
1
2
3
4
5

Hall effect sensor
voltmeter
Solar panels
Ultrasonic Sensor
L293D – H-bridge IC
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Appendix D: Program Codes
Example:
 Labview codes,
 Matlab codes
 Microcontroller codes….

Appendix E: Operation Manual
Include guidelines steps that can be used to:
 Run projrct prototype,
 Run the codes
 List expected outputs

69

70

71

Appendix D: Program Codes
#include <LiquidCrystal_I2C.h>
#include <Wire.h>
int ldr_pin = A5;
// LDR is connected here
int speed_sensor = 33; // Speed sensor pin
float hall_thresh = 6.0;
float rpm_val;
float a;
int emergency_in = 10; // Emergency brake is connected
int light_status = A1; // Light control is connected
int light_intensity = A10;// Light intensity control
int light_signal = 9; // Light signal is generated
int echoPin = 31;
// digital pin 31 (Echo Pin)
int trigPin = 32;
// digital pin 32 (Trig Pin)
int cameraPin = 30;
// digital pin 30 (Camera Pin)
int reversePin = 12; // digital pin 12 (Reverse signal)
int reverseLED = 13; // digital pin 13 (Reverse LED)
int relayPin = 7;
// digital pin 7 (Relay control)
int inPin = A0;
// Race pedal is connected
int val = 0;
// variable to store the read value
volatile int DAC_val = 0;
// DAC Value
float voltage_val = 0.0; // Voltage value
volatile bool cruise_status = false;
bool cruise_led_status = false;
int step_change = 100;
bool reverse_status = false;
LiquidCrystal_I2C lcd(0x27,16,2);
long duration; // variable for the duration of sound wave travel
int distance; // variable for the distance measurement
int safe_dist = 150; // distance in cm
const byte cruisePin = 2;
const byte cruiseLED = 4;
const byte cruise_plus = 3;
const byte cruise_minus = 5;
volatile bool speed_inc = false;
volatile bool speed_dec = false;
void setup() {
lcd.begin(16, 2);
lcd.init();
lcd.backlight();
pinMode(speed_sensor, INPUT);
pinMode(inPin, INPUT);
pinMode(emergency_in, INPUT);
pinMode(light_signal, OUTPUT);
pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);
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pinMode(reversePin, INPUT);
pinMode(cameraPin, OUTPUT);
pinMode(reverseLED, OUTPUT);
pinMode(cruisePin, INPUT);
pinMode(cruiseLED, OUTPUT);
pinMode(relayPin, OUTPUT);
pinMode(cruisePin, INPUT_PULLUP);
attachInterrupt(digitalPinToInterrupt(cruisePin), cruise, RISING);
pinMode(cruise_plus, INPUT);
pinMode(cruise_plus, INPUT_PULLUP);
attachInterrupt(digitalPinToInterrupt(cruise_plus), speed_increase, RISING);
pinMode(cruise_minus, INPUT);
pinMode(cruise_minus, INPUT_PULLUP);
attachInterrupt(digitalPinToInterrupt(cruise_minus), speed_decrease, RISING);
Serial.begin(115200);
analogReadResolution(12);
analogWriteResolution(12);
speed_inc = false;
speed_dec = false;
cruise_led_status = false;
cruise_status = false;
digitalWrite(cruiseLED,LOW);
digitalWrite(relayPin, LOW);
digitalWrite(cameraPin, LOW);
analogWrite(light_signal,0);
}
void loop() {
float hall_count = 0.0;
float start = micros();
bool on_state = false;
a = 0;
// counting number of times the hall sensor is tripped
// but without double counting during the same trip
while(true){
a = a+1;
//Serial.println(a);
if (digitalRead(speed_sensor)==0){
if (on_state==false){
on_state = true;
hall_count+=1.0; }
}
else {on_state = false;}
if (a>=550000){ rpm_val = 8; hall_count = 0; break;}
if (hall_count>=hall_thresh){ break; }
}
float end_time = micros();
float time_passed = ((end_time-start)/1000000.0);
//Serial.println(a);
//Serial.print("Time Passed: ");
//Serial.print(time_passed);
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//Serial.println("s");
rpm_val = (hall_count/time_passed)*60.0;
//Serial.print((rpm_val-8.0)/3.0);
//Serial.println(" RPM");
//Serial.print(int(((rpm_val-8.0)/3.0)*2*3.14*0.39*60.0/1000.0));
int spd = int(((rpm_val-8.0)/3.0)*2*3.14*0.39*60.0/1000.0);
//Serial.println(" Speed");
//delay(0.3);
// delay in between reads for stability
lcd.setCursor(0, 0);
lcd.print ("Speed ");
lcd.print (spd);
lcd.print (" km/h ");

if (digitalRead(emergency_in)==LOW) { cruise_status = false; digitalWrite(relayPin, LOW);
digitalWrite(cruiseLED,LOW);}
if (analogRead(light_status)<100){analogWrite(light_signal,0);}
else if (analogRead(light_status)>100 && analogRead(light_status)<2500){int val =
analogRead(light_intensity); analogWrite(light_signal,val);}
else if (analogRead(light_status)>2500){ if (analogRead(ldr_pin)>500) {analogWrite(light_signal,4095);} else
{analogWrite(light_signal,0);}}
if (digitalRead(reversePin)==HIGH) {
reverse_status = false;
digitalWrite(reverseLED,LOW);
digitalWrite(cameraPin, LOW);
if (!cruise_status) {digitalWrite(relayPin, LOW);}

}
else {reverse_status = true;
cruise_status = false;
digitalWrite(reverseLED,HIGH);
digitalWrite(cameraPin, HIGH);
digitalWrite(cruiseLED,LOW);
digitalWrite(trigPin, LOW);
delayMicroseconds(2);
// Sets the trigPin HIGH (ACTIVE) for 10 microseconds
digitalWrite(trigPin, HIGH);
delayMicroseconds(10);
digitalWrite(trigPin, LOW);
// Reads the echoPin, returns the sound wave travel time in microseconds
duration = pulseIn(echoPin, HIGH);
// Calculating the distance
distance = duration * 0.034 / 2; // Speed of sound wave divided by 2 (go and back)
// Displays the distance on the Serial Monitor
Serial.print("Distance: ");
Serial.println(distance);
if (distance <= safe_dist) {digitalWrite(relayPin, HIGH); analogWrite(DAC1,0);}
else {digitalWrite(relayPin, LOW);}
}
if (speed_inc) {
Serial.println("Speed Increase");
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if (DAC_val >= (4095 - step_change) ) {DAC_val = 4095;}
else {DAC_val += step_change;}
analogWrite(DAC1,DAC_val);
speed_inc = false; }
if (speed_dec) {
Serial.println("Speed Decrease");
if (DAC_val < 950 ) { DAC_val = 950;}
else {DAC_val -= step_change;}
analogWrite(DAC1,DAC_val);
speed_dec = false; }
if (reverse_status == false){
lcd.setCursor(0, 1);
lcd.print ("Forward ") ;}
else {
lcd.setCursor(0, 1);
lcd.print ("Reverse ") ;
}
if (cruise_status == false){ lcd.setCursor(9, 1); lcd.print ("Crz OFF") ;}
else { lcd.setCursor(9, 1); lcd.print ("Crz ON "); }
}
void cruise() {
noInterrupts();
cruise_status = !cruise_status;
cruise_led_status = cruise_status;
//Serial.println("Cruise ON");
if (cruise_status) {
val = analogRead(inPin); // read the input pin
voltage_val = 3.3*val/4095.0;
//Serial.println(voltage_val);
if (voltage_val > 0.84) {
DAC_val = 1428.1*voltage_val - 1018.2; }
else {DAC_val = 0;}
//Serial.println(DAC_val);
analogWrite(DAC1,DAC_val);
digitalWrite(relayPin, HIGH);
digitalWrite(cruiseLED,HIGH);
}
else {digitalWrite(relayPin, LOW);
digitalWrite(cruiseLED,LOW);}
interrupts();
//Serial.println("Cruise ON");
Serial.println(cruise_status);
}
void speed_increase() {
if (cruise_status) {
noInterrupts();
speed_inc = true;
interrupts(); } }

void speed_decrease() {
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if (cruise_status) {
noInterrupts();
speed_dec = true;
interrupts(); }
}
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