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Abstract—The rapid development of vehicle tracking technology
has significantly enhanced the safety and security of vehicles
worldwide. This paper presents the design and implementation
of a real-time vehicle tracking system utilising Global
Positioning System (GPS) and Global System for Mobile
Communication (GSM) technologies, based on the Arduino Uno
platform. The proposed system enables vehicle owners to
continuously monitor their vehicle's location, receiving instant
SMS notifications for unauthorised movement, speed violations,
and historical location data. The system's core components
include an Arduino Uno microcontroller, interfaced with a
SIM900A GSM module and a NEO-6 M GPS module, enabling
real-time tracking via SMS alerts and Google Maps integration.
Key features include automatic alerts for unauthorised car
startups, exceeding speed limits, live tracking requests, and
location history retrieval. The system stores the last five GPS
coordinates in EEPROM memory and offers a user-friendly
interface for retrieving data via SMS. The integration of Google
Maps enhances the tracking experience by providing a visual
representation of the vehicle’s location. This solution offers a
cost-effective and reliable means of vehicle monitoring,
contributing to improved vehicle security and owner peace of
mind.

Keywords—Vehicle Tracking, Mobile Communications, Control
System, GPS

L INTRODUCTION

The integration of Global Positioning System (GPS) and
Global System for Mobile Communication (GSM)
technologies has revolutionised vehicle tracking systems,
offering real-time monitoring and enhanced security for
vehicle owners. These systems enable precise location
tracking, facilitating applications such as fleet management,
theft prevention, and personal vehicle monitoring. However,
the rising sophistication of car theft, driven by advancements
in technology, poses a growing challenge for vehicle owners
and security systems worldwide [1], [2].

Historically, vehicle theft has been a significant concern,
with criminals relying on traditional methods such as hot-
wiring and manual bypassing of security systems. With the
rapid development of technology, thieves have become
increasingly organised, utilising modern tools such as signal
jammers, key cloning devices, and hacking techniques to

bypass existing anti-theft systems. This has led to a rise in
vehicle thefts, particularly in urban areas, where the demand
for high-value vehicles is high. Furthermore, older vehicles,
which often lack modern security features, are more
susceptible to theft. These cars are frequently targeted by
thieves due to their simpler electronic systems and the
absence of advanced anti-theft mechanisms, making them
easier to steal compared to newer models equipped with state-
of-the-art protection technologies [3]-[5].

The development of car alarm systems has been greatly
impacted by the increasing demand for advanced vehicle
security, which is being driven by the rise in auto theft.
Steering wheel locks and other mechanical solutions were
among the earliest attempts to deter theft. By physically
stopping the steering wheel from turning, these gadgets
served as a deterrent to opportunistic theft. These early
mechanical solutions worked well for providing rudimentary
protection, but they lacked the technological sophistication
required to counteract more sophisticated and organised theft
techniques [6], [7].

Car alarm systems were developed to meet these new
challenges as car theft techniques became more organised and
sophisticated. To make it harder for burglars to get past the
alarms undetected, alarm systems started to include sensors
that could detect motion, vibrations, and glass breaking. More
sophisticated security features, such as remote keyless entry
systems and immobilisers, were introduced in the 1990s. In
addition to offering stronger security, these systems made it
harder for criminals to access cars. The introduction of
systems that could connect to remote transmitters marked yet
another advancement in the development of automobile
alarm systems [8], [9]. By the late 1990s, even when they
were far away, car owners could get alerts when their vehicle
was tampered with. Real-time notifications were made
possible by these systems, enabling car owners to act right
away in the event that their vehicle was compromised. This
was a major turning point in automotive security, giving car
owners more security and peace of mind [10]-[12].

Car smart systems have come a long way, especially in
improving anti-theft security. Modern cars incorporate a
variety of technologies, including the Body Controller,
telecommunication systems, and specialised modules like
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anti-theft and keyless entry, as shown in the diagram in Fig.
1. Together, these systems offer cutting-edge theft protection.
The Body Controller Unit, for example, controls lights and
locks, making sure that doors stay firmly locked while the
airbag and engine control systems keep an eye out for odd
vehicle behaviour [13], [14].

I's

Fig. 1. Modern automotive control systems and connected units

The potential for the cyberattacks has increased with the
development of in-vehicle networks, sensors, and
connectivity choices of the recent technologies such Wi-Fi,
Bluetooth, and cellular  connections. = Nowadays,
cybersecurity measures are crucial to preventing unwanted
access to these systems, especially from hackers who take
advantage of holes in USB ports, SD card slots, on-board
diagnostic (OBD) systems, and servers run by automakers.
By enabling remote disabling of stolen vehicles, real-time
location tracking, and even biometric identification, these
cutting-edge features have completely changed anti-theft
systems and made it more difficult for criminals to access and
steal contemporary the automobiles [15], [16].

In this paper, we use the Arduino Uno, NEO 6M GPS
module, and SIM900A GSM module to design and
implement a real-time vehicle tracking system. Vehicle
owners will be able to track the location of their vehicle,
identify any unauthorised movement, and get real-time SMS
alerts thanks to the system. Location tracking, speed limit
alerts, and the capability to access historical data via SMS
commands are some of the main features. An economical and
practical solution for improved vehicle security is provided
by the system's integration of Google Maps, which gives a
visual depiction of the vehicle's location.

I1. LITERATURE SURVEY

The development of advanced vehicle tracking systems
has been greatly aided by the widespread availability of
small, inexpensive electronic components, particularly
Arduino microcontrollers, GPS modules, and GSM modules.
This section explores several research initiatives that have
used these technologies to develop a range of solutions for
remote control, security improvement, and real-time vehicle
monitoring. Together, these studies show how the field of
vehicle tracking is changing, with a focus on user
accessibility, accuracy, and affordability. These range from
simple SMS-based location updates to integrated web
platforms and smartphone applications. Numerous studies
have been conducted in the literature; a few of these are
reviewed as follows:

The authors Zeki et al. (2023) developed a real-time
vehicle tracking system that leverages readily available
hardware components to enhance vehicle security through
continuous location monitoring. Their proposed system
integrates an Arduino Uno R3 microcontroller with a NEO
6M GPS module for precise location acquisition and a
SIM900A GSM module for communication. The core
methodology involves establishing serial communication
between the Arduino and these modules, enabling the system
to transmit timely vehicle location updates via SMS. The
reported results indicate that this system effectively provides
accurate and real-time tracking capabilities, with SMS-based
notifications significantly contributing to improved vehicle
security [17].

The authors Al-Hilali ef al. (2022) advanced the field of
vehicle tracking by developing a smart system that integrated
real-time monitoring with smartphone accessibility. Their
solution utilised an Arduino UNO as the central processing
unit, coupled with a GPS module for accurate positioning and
a GSM module for communication. A key innovation of their
work lay in the smartphone integration, which facilitated
enhanced user interaction. The system operated by
transmitting location updates via SMS, which were then
visualised on Google Maps through a dedicated smartphone
application. The experimental results demonstrated the
system's efficacy in real-time vehicle tracking and location
display on a smartphone, thereby significantly improving
user experience and overall vehicle management capabilities
[18].

The authors Alquhali and Roslee (2018) focused on
developing a real-time vehicle tracking system that leveraged
web-based technologies for remote monitoring. Their system
incorporated an Arduino Uno R3, a GPS module for location
acquisition, and a GSM module for data transmission. The
methodology involved transmitting vehicle data via the GSM
network, with the vehicle's location then being displayed on
a web interface utilizing platforms such as ThingSpeak and
Freeboard. The results indicated a successful implementation
of real-time vehicle location tracking through a web-based
platform, demonstrating its effectiveness for remote vehicle
monitoring [ 19].

The authors Tummanapally and Sunkari (2021)
developed a smart vehicle tracking system that emphasised
the use of affordable hardware for real-time location
monitoring. Their research integrated an Arduino UNO
microcontroller with a GPS NEO-6M module for precise
positioning, a GSM 900A module for communication, and a
16x2 LCD for on-device display. The system's operational
method involved sending location updates via SMS, with
visual tracking further enhanced through Google Maps
integration. The results demonstrated the system's
effectiveness in real-time vehicle tracking, highlighting its
reliance on low-cost components, which rendered it a
practical and affordable solution for widespread
implementation [20].

Ghatul et al. (2024) designed a real-time vehicle tracking
system that extended beyond mere monitoring to include
remote vehicle control, leveraging GPS and GSM
technologies. Their system integrated a GPS module for
accurate location determination and a GSM module for
communication, all managed by an AT89C51
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microcontroller. The methodology involved transmitting
location updates via SMS, while also enabling vehicle control
through SMS commands. The reported results indicated the
successful implementation of both real-time vehicles tracking
and remote-control functionalities, thereby providing
enhanced security measures for vehicle owners [21].

The author Morallo (2020) presented the design of a
vehicle tracking system that combined the capabilities of
Arduino with GPS and GSM technologies for real-time
monitoring and location tracking. The system's hardware
consisted of an Arduino Uno, a GPS module for acquiring
location data, and a GSM module for communication. The
methodology involved sending vehicle location updates via
SMS, with Google Maps employed for visual representation
of the vehicle's position. The results demonstrated successful
real-time vehicle tracking with accurate location updates,
ultimately contributing to enhanced vehicle security [22].

The authors, Mustafa et al. (2020), proposed a
comprehensive vehicle security system aimed at both
intrusion detection and theft control, integrating GSM, GPS,
and microcontroller technologies. The system's hardware
comprised a GPS module for location tracking, a GSM
module for communication, a microcontroller for processing,
and a relay for control functionalities. The methodology
involved detecting intrusions through integrated sensors,
while vehicle control was made possible via SMS-based
commands. The results demonstrated the successful
implementation of a functional vehicle security system that
offered both tracking and control features for enhanced
vehicle protection [23].

The authors Ibraheem and Salam (2018) focused their
work on developing a modern low-cost, secure vehicle
tracking system that leveraged GPS, GSM, and XBee
technologies for communication, with Google Earth
integration for location visualisation. The system's hardware
consisted of a GPS module for location acquisition, a GSM
module for broader communication, an XBee module for
local wireless data transmission, and an Arduino
microcontroller. The methodology involved transmitting data
via XBee, with the vehicle's location then being visualised
using Google Earth. The results demonstrated the successful
implementation of a system that offered both enhanced
security and cost-efficiency, alongside improved location
tracking capabilities [24].

The author Al-Khedher (2012) introduced a hybrid GPS-
GSM localisation system specifically designed for
automobile tracking, which integrated Google Earth for
effective location visualisation. The system's hardware
consisted of a GPS module for precise positioning, a GSM
module for data transmission, and an Arduino
microcontroller for processing. The methodology involved
sending location data via GSM, which was then visualised on
Google Earth for comprehensive tracking. The reported
results indicated the achievement of accurate and reliable
vehicle tracking, with enhanced localisation accuracy, thus
providing a robust tracking solution [25].

The authors Sahoo and Rath (2013) integrated GPS,
GSM, and cellular phone systems to create a comprehensive
solution for vehicle location tracking and monitoring,
specifically targeting security applications. The system's
hardware comprised a GPS module for positioning, a GSM

module for communication, and a cellular phone for user
interaction. The methodology involved sending SMS-based
location updates, with the vehicle's path visually displayed on
both a dedicated monitor and the cellular phone. The results
demonstrated the effective implementation of wvehicle
location tracking and monitoring, ultimately enhancing
overall vehicle security [26]. The overview of the current car
tracking systems covered in the previous studies is
summarised in Table 1.

Table 1. Overview of vehicle tracking systems in the literature [17]-[26]

Authors

Proposed Method

Application

Zeki et al. (2023)

Real-time vehicle tracking
using Arduino Uno, GPS, and
GSM for SMS-based location

updates to enhance vehicle

security.

Integrated vehicle tracking
with smartphone access, using

Vehicle security
and real-time
tracking

Enhanced user

Al'l({;gizl‘zs’ @ Arduino, GPS, and GSM for e"pe“f:.‘cf and
SMS updates, visualized on vehiete
. management
Google Maps via an app.
Web-based vehicle tracking .
. . Remote vehicle
. using Arduino, GPS, and .
Alquhali and . monitoring
Roslee (2018) GSM. Data displayed on through web
ThingSpeak and Freeboard for roug
o interface
remote monitoring.
Affordable tracking system
Tummanapally with Arduino, GPS, GSM, and Afgf;:g;zrllfi
and Sunkari LCD for SMS-based location ptime vehicle
(2021) updates and Google Maps .
. . tracking
Integration.
Combines real-time tracking
and remote-control using GPS, Enhanced
Ghatul et al. GSM, and AT89CS51 security with
(2024) microcontroller. Vehicle tracking and
control through SMS remote control
commands.
Vehicle tracking with
Arduino, GPS, and GSM for Vehicle security
Morallo (2020) real-time tracking, SMS and location
location updates, and tracking
visualization on Google Maps.
Vehicle security system using .
Intrusion

Mustafa et al.
(2020)

Ibraheem and

GSM, GPS, and
microcontroller for intrusion
detection and vehicle control

via SMS-based commands.

Low-cost vehicle tracking
system using GPS, GSM, and
microcontroller for real-time

detection and
vehicle theft
control

Secure, low-cost

Salam (2018) location tracking with a focus vehicle tracking
on affordability.
Al-Khedher H};brslig};z-tgi}l\fololzag;iion Automobile
(2012) ¥ & tracking

Sahoo and Rath
(2013)

visualisation
GPS, GSM, and cellular phone
integration with SMS-based
updates and monitoring

Vehicle location
and security

III.  PROPOSED METHODOLOGY

The working mechanism of a standard vehicle tracking
system, which is essentially dependent on the smooth
integration of GPS and GSM technologies, is fully depicted
in Fig. 2. The procedure starts when GPS satellites send out
signals, which a car with a specialised tracking device
precisely receives. The precise geographic coordinates of the
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vehicle are determined by processing the signals received by
this strategically placed onboard unit. The SIM900 GSM
module then uses the existing cellular network infrastructure
to send this crucial positional data to a GSM mobile tower.
The GSM tower then sends this data to the designated user's
device, like a computer or smartphone, usually in the form of
an SMS message. As the Google Maps icon in the mentioned
illustration clearly illustrates, the user can then easily view
the vehicle's current position and trajectory on a digital
mapping platform after receiving it. The diagram's visual
flow effectively delineates this process: initiating with GPS
satellite signal transmission (indicated by a dashed blue
arrow) to the wvehicle, followed by the vehicle's
communication with the GSM mobile tower (solid blue
arrow), and culminating in the SMS delivery to the user's
device for Google Maps visualization. This robust system
facilitates accurate and dynamic tracking of wvehicle
movements and finds widespread application across diverse
domains, including fleet management, personal vehicle
security, and logistics, thereby playing a pivotal role in
enhancing safety, control, and operational efficiency.

E"Ff

GPS Satellite

GSM Mabile Tower

.
Jl SMS

/ \cr') cking Vohiclo
. Vohicle with
Vehicle Tracking Device

Go Maps

Fig. 2. Graphical illustration for the proposed methodology

This paper proposes the design and implementation of a
real-time vehicle tracking system based on Arduino, utilising
Global System for Mobile Communications (GSM) and
Global Positioning System (GPS) technologies. The
proposed system consists of three key stages, which are
outlined below:

e Location Stage: In order to track the location of the
vehicle, navigation technologies like GPS and GSM are
used during this stage. The system is built into the car so
the owner can keep an eye on its location in real time. The
GPS module is in charge of obtaining the car's geographic
coordinates. The vehicle's precise location on the surface
of the Earth is determined by a GPS receiver, the 6M-Neo
module, which communicates with orbiting satellites to
obtain precise latitude and longitude data for car's
position.

e Processing Stage: An Arduino microcontroller receives
the raw GPS data and uses it to interpret the location data.
After processing the data, the microcontroller transforms
the geographic coordinates into a format that is easy to
use, typically a URL. The location of the car can then be
conveniently tracked using a smartphone or other web-
enabled device by opening this URL in a mapping app,
like Google Maps.

e Stage of Communication: In the last step, a GSM
module sends the location data that has been processed to

the car owner. This module connects to a cellular network
so that it can send an SMS with the exact location of the
vehicle and a link to Google Maps. Real-time location
tracking is made possible by this communication, giving
the car owner convenient remote access to updates.

IV. UTILISED HARDWARE COMPONENTS

The careful selection and integration of numerous
hardware components is essential to the successful
deployment of vehicle tracking and security systems.
Microcontrollers, the main processing units in these systems,
are in charge of managing data and controlling peripheral
devices. While Global System for Mobile Communications
(GSM) modules offer vital communication features, such as
sending SMS alerts and relaying data to web-based platforms,
the integration of GPS modules is essential for precise real-
time vehicle location determination. The hardware
components used in this system will be thoroughly discussed
in the following section, with an emphasis on their functions
and roles within the overall design.

A. Arduino Microcontroller

Based on the ATmega328P microcontroller, the Arduino
UNO is an affordable microcontroller board. The GPS
module is directly interfaced with the Arduino UNO, which
serves as the system's central control unit. Since our
application does not require onboard data storage, we chose
this board because it has enough input/output pins to meet our
system requirements and a sufficient amount of memory. The
Arduino UNO is also well known for being inexpensive, easy
to use, and having a large community. The Arduino UNO
serves as the "brain" of the system, controlling data
processing, enabling communication between linked
modules, and carrying out commands that have been
programmed by the user. The board has six analogue input
channels and 14 digital input/output pins, six of which
support pulse width modulation (PWM). A 16 MHz ceramic
resonator, a USB port for programming and serial
communication, a power jack for an external power source,
in-circuit serial programming headers for more complex
programming options, and a reset button are among its
features [27], [28]. Fig. 3 represent the Arduino Uno
microcontroller with its features.

Fig. 3. Arduino Uno microcontroller board [28]

The processing power and memory limitations of Arduino
are frequently adequate for applications such as vehicle
tracking systems. Its capabilities are sufficient for the real-
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time tracking, simple data processing, and communication
tasks needed in these systems, even though it might not be
appropriate for sophisticated optimisation algorithms or high-
performance tasks. For these kinds of applications, where
sophisticated computational requirements are low, Arduino's
affordability and ease of use make it a viable option [28]-[37].

B. GPS 6M-NEO Module

Usually using a default baud rate of 9600 bps, the module
connects to microcontrollers through a common UART
(serial) interface. It provides location data in the NMEA
(National Marine Electronics Association) sentence format,
including latitude, longitude, altitude, speed, and time, as
seen in Fig. 4. The NEO-6M module's salient characteristics
include [38], [39]:

o Positioning accuracy: typically, 2.5 meters

Cold start time: ~27 seconds

Warm start time: ~25 seconds

Hot start time: ~1 second

Operating voltage: 3.3V (with onboard regulation for 5V
logic)

e Data protocol: NMEA 0183 or U-Blox binary

The NEO-6M GPS module is a great option for
applications like vehicle tracking, personal navigation, and
geofencing systems because of its dependable performance
and simplicity of integration with microcontrollers like the

Arduino UNO [40].
/ CERAMIC \
PATCH ANTENNA (1575MHz)
M £
o NS

"
u.FPX
RF CONNECTOR

v Cea, MEMORY  FIXLED
mwnun?®

Fig. 4. GPS 6M-Neo module [13]
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C. GSM SIM 900 Module

The GSM SIM900 shield, a modular hardware interface
designed to facilitate cellular communication in embedded
systems and microcontroller-based projects, is depicted in
Fig. 5. The SIM900 GSM/GPRS module is integrated into
this shield to enable data transmission via GPRS protocols,
SMS messaging, and voice calls. This module operates
within the standard GSM frequency bands (900/1800 MHz).
Its architecture includes essential subsystems for signal
processing, power management, and peripheral interfacing,
ensuring robust operational stability across a range of
applications, including remote monitoring and Internet of
Things deployments [41]. A voltage regulator is incorporated
into the shield's structural design to reduce external
oscillations and ensure consistent power delivery. Power
management is further improved, and seamless switching
between primary and backup sources is made possible by a
power key control circuit and a DC jack for power supply
selection. For radio frequency connectivity, a specialised
antenna interface ensures optimal signal transmission and

reception. The shield enables extensive microcontroller
integration through GPIO, PWM, and ADC pins, enabling
digital control and analogue sensor interfacing. Microphone
and earphone jacks provide audio channels for voice-based
applications, while UART serial communication enables AT-
command-based module configuration. Additionally,
configurability is offered by serial port select jumpers, and
NetLight and Status LEDs visually convey operational status
by displaying network connectivity and system activity,
respectively [42].

The GSM SIM900 shield serves as a stand-alone
communication platform by abstracting the complexities of
GSM protocols into a standardised hardware interface. Its
design, which prioritises compatibility with development
boards (like Arduino) while ensuring adherence to
telecommunications standards, makes it an essential
component of scalable, low-power wireless systems [43].

Voltage
Regulator tad

Power Supply
Selection
DC jack

To Antenna

%

V. PROPOSED SYSTEM IMPLEMENTATION

Fig. 5. SIM900 GSM module [44]

Fig. 6 illustrates the operational block diagram of the
proposed real-time vehicle tracking system, which uses GPS
and GSM technologies to remotely track the location of
vehicles. The system gets precise spatiotemporal coordinates
directly from satellite constellations using a 6M-NEO GPS
module that is mounted inside the target vehicle. This
geolocation information is subsequently processed and
relayed by an integrated GSM module, which establishes a
cellular connection with the nearest base station. The module
provides the owner's mobile device with the coordinates as a
formatted SMS and embeds a dynamic hyperlink to Google
Maps. This link enables continuous real-time tracking by
providing the authorised user with immediate visual access to
the vehicle's current location on a digital map.

The Arduino Uno microcontroller, which controls
communication between a SIM900 GSM module and a NEO
6M GPS module, is the major component of the proposed
real-time vehicle tracking system. The Arduino, which serves
as the brain of the system, analyses location data from the
GPS module, while the NEO 6M continuously determines the
latitude and longitude of the vehicle by locking onto satellite
signals. The SIM900 GSM module then transmits this crucial
positioning data over cellular networks, sending coordinates
to the owner's mobile device via SMS, which contains the
latitude and the longitude of the car's position. Owners can
see the vehicle's current location at a glance thanks to the
instant SMS alerts that include both the raw geographic data
and a clickable Google Maps link. A thorough depiction of
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the hardware arrangement is shown in Fig. 7, which shows
how the parts are methodically assembled and housed inside
the enclosure.

GPS Module

Cellular Base Station

1911041409019}y OUINPIY

GSM SIM900 Module

Smart Mobile Phone Google Maps Car Position Indication LED

4
- . ‘—“’e { ’-
\[—}[ Gmg?,..np Soo e ﬂ)

Fig. 7. Internal view of the implemented proposed system

To achieve optimum performance, the SIM900 GSM
module requires a peak current of up to 2A. Instead of
depending just on the Arduino's 5V pin, which might not be
enough to meet the module's power requirements, it is
advised to use an external power source, such as a 12V 2A
adapter, to guarantee steady performance. By means of
particular  wiring connections, the Arduino Uno
communicates with the GPS and GSM modules, allowing for
location tracking and real-time data exchange. As shown in
Fig. 8, the wiring configuration connects the GPS module's
RX pin to pin 3 of the Arduino and its TX pin to pin 4 of the
Arduino.

In a similar arrangement, as illustrated in Fig. 9, the GSM
module's RX pin is connected to pin 7 of the Arduino, and its
TX pin is connected to pin 8 of the Arduino. With this
configuration, the Arduino can send data to the GSM module
and receive data from the GPS module. In order to guarantee
dependable signal transmission, all modules also share a

common ground. Location information is recorded by the
GPS module, formatted into a system-specific packet, and
sent to the user via SMS.

Fig. 8. Connection diagram of Arduino Uno with GPS

—lA external supply

Fig. 9. Connection diagram of Arduino Uno with GPS

After that, three LEDs, each with a specific function, are
connected to the Arduino Uno once the GPS, GSM, and
Arduino microcontroller wiring is finished. The first LED
illuminates to show that the system is operating correctly
when it is turned on. To save power, the second LED
indicates whether the system is in sleep mode. Notably, the
Arduino starts this sleep mode when the system is not in use.
When the SMS is successfully sent by the system, the third
LED is finally turned on. A tiny push button that simulates
starting the car's engine initiates this process. The system
provides the owner with an SMS message that includes a link
to the vehicle's current location on Google Maps when the
button is pressed, indicating that the engine of the car is
running. The third LED turns on to show that the SMS
message was sent successfully after the location information
has been successfully sent to the vehicle owner. The
constructed system inside its enclosure is shown in Fig. 10.

VI.  OBTAINED RESULTS AND DISCUSSION

The results obtained in this section of the paper show that
the vehicle tracking system works as planned, sending SMS
alerts based on predefined conditions like:

e Location Updates
e Speed Violations, and
e Unauthorised Movement

The real-time tracking and alert notifications were made

possible by the Arduino Uno's dependable integration of the
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GPS and GSM modules. By switching to sleep mode when
not in use, the system also efficiently reduces power
consumption. The project's overall objective of developing a
useful and effective vehicle tracking system was met, though
there is room for additional advancements in response time
and accuracy. The system instantly sends a brief message to
the car owner's mobile phone after starting the vehicle and
pressing the push button, which simulates a theft attempt. The
Google Maps URL that shows the car's current location is
included in this message, along with the warning prefix
"UNAUTHORISED MOVEMENT" to warn the owner of the
possible theft. As demonstrated in Fig. 11, the system's
responsiveness to these inputs shows how well it works to
give the vehicle owner timely information and guarantee that
security measures are actively maintained.

o 2 s T
@ Push But:on

Main Power Switch ‘

- System Operation .

Successful Transmission Q

System in Sleep Mode .

Fig. 10. The implemented car tracking system

4

The GPS tracks the car's speed continuously. The system
automatically sends an SMS with the alert message "Alert:
Speed Limit Exceeded!" and the vehicle's current coordinates
if the speed of the vehicle surpasses 80 km/h. Fig. 12, which
shows the received alert message, demonstrates this
functionality. The system has been enhanced with an
additional feature that enables it to switch to live tracking
mode when it receives an SMS command that includes the
word "track." Following receipt of this command, the system
will transmit the location of the vehicle every 60 seconds for
a maximum of five updates. The owner of the car can follow
the movement of the vehicle in almost real-time thanks to this
feature. Fig. 13 shows the procedure and the live tracking
capability of the system. The final feature of the proposed
system is that the current latitude and longitude are saved in
the EEPROM memory each time the GPS data is updated.
The last five locations are saved by the system and can be
retrieved by sending the SMS command "history." The user
can easily access the vehicle's past locations by clicking on
links to Google Maps that are sent back to them from these
stored locations. Fig. 14, which displays the location history
sent to the user, serves as an example of this functionality.

The results of the practical assessment of the suggested
real-time vehicle tracking system demonstrate a swift and
effective response in various test scenarios. In normal
operating conditions, the system's 2.5-meter horizontal
positioning accuracy ensures accurate and dependable
location tracking. Real-time data updates are supported for

both standard and high-speed applications by the navigation
update rate of 1 Hz, which can be increased to 5 Hz. In
addition, the system's sensitivity of -161 dBm guarantees
stable operation even in situations where GPS signal
reception is poor, increasing its dependability under trying
circumstances. When it came to initialisation, the system
showed a 27-second cold start time and a 1-second hot start
time. A cold start, which usually results in a longer
initialisation period, is the amount of time it takes the system
to acquire satellite signals when no previous position or
satellite information is available. On the other hand, a hot
start occurs when the system has stored satellite data from
earlier operations in a cache, which allows for much faster
satellite signal acquisition and a much shorter waiting time.
Fig. 15 provides a summary and visual representation of these
important system features, highlighting the system's
capabilities for improved security and real-time vehicle
monitoring. Regarding the limitations of the suggested
system, Fig. 16 offers a thorough summary of the difficulties
faced during the real-time vehicle tracking system, which
makes use of the Arduino Uno and GPS 6M-Neo modules.

UNAUTHORIZED MOVEMENT
speed: Okm/h

?

la=|

o Al-Hussein District

Five-Pental Stadium

P

Map data ©2025

33°17'10.4"N 44°18'09.2"E

maps.google.com

Fig. 11. Alert SMS received by car owner

Alert: Speed Limit Exceeded!
speed: 80km/h

?

0k
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Fig. 12. Speed limit exceeded alert SMS with car position
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Fig. 13. Live tracking mode with vehicle location updates
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Map data ©2025
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Fig. 14. Location history sent to user with Google maps links

Key Performance Characteristics of GPzg c?M-Neo

25
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Measured Values
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Fig. 15. Performance Metrics of the Real-Time Vehicle Tracking System

This system underwent a battery of demanding tests
intended to evaluate its functionality in a range of operational

scenarios. A number of significant limitations emerged
during the testing process, pointing out areas where the
system's dependability and efficiency could be further
enhanced. The following provides a thorough examination of
the elements that affected the system's overall functionality,
as the limitations found during these trials have been
methodically categorised:

e Limited Processing Power: In situations requiring high
computational demands, such as sophisticated route
planning or real-time data analysis, the Arduino Uno's
comparatively low processing power limits its capacity to
carry out more intricate computations or manage several
tasks at once.

e Problems with GPS signal reception: The system's
capacity to sustain a steady GPS connection is severely
impacted in locations with low satellite visibility, such as
urban canyons or densely forested areas, which may result
in inaccurate or lost position data.

e Accuracy restrictions: Although the GPS 6M-Neo has a
2.5-meter horizontal position accuracy, this may not be
enough for applications that need high-precision location
tracking, like auto navigation or applications where
accuracy down to the centimetre is crucial.

e Limitations on the power supply: When the system is
powered by a battery, its total power consumption—
which includes the Arduino Uno and the GPS module—
may lead to a short operating time. This calls for effective
power management techniques, especially in applications
that need to run continuously without requiring
recharging.

¢ Environmental Sensitivity (Temperature Effect): Both
the GPS 6M-Neo and Arduino Uno may perform less well
in extremely hot or cold temperatures. When exposed to
high temperatures, the Arduino Uno in particular may
become unresponsive or even "hang," which could cause
instability in the system. In a similar vein, high
temperatures may result in decreased accuracy or slower
GPS signal acquisition. Therefore, stable environmental
conditions are essential for the system's dependability,
especially in outdoor applications.

e Cold Start Time Delay: The 27-second cold start time of
the GPS 6M-Neo could cause a lag before the system
receives its first reliable satellite signal. When quick
position fixes are needed, like in real-time vehicle
tracking or emergency response situations, this delay is
more apparent.

VII. COMPARATIVE ANALYSIS OF MICROCONTROLLERS:
EFFECTIVENESS, COST, AND COMPLEXITY

The performance of three different microcontroller
options, the Arduino Uno, PIC, and Raspberry Pi, was
compared in order to assess the efficacy of the suggested
Real-Time Vehicle Tracking System. The Arduino Uno
performs better than the PIC in the majority of categories, as
shown in Fig. 17, but it scored highest in ease of use and
community support. According to [45], the Arduino Uno is
well-known for its simplicity, which makes it perfect for
rapid prototyping and educational applications. However, as
[46] and [47] demonstrate, the Raspberry Pi offers
substantially more computational power and is better suited
for complex tasks, so it lags in terms of real-time processing
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and processing speed. Despite being extremely effective and
power-efficient, the PIC received lower scores for real-time
processing and ease of use, suggesting that it is more
appropriate for low-power applications but may need more
time and experience to develop [48]. Overall, the Raspberry
Pi is better suited for sophisticated, resource-intensive
applications, the Arduino Uno offers a well-balanced choice
for simple systems, and the PIC fills specialized use cases
where low power consumption is essential, as explained by
[49] and [50].

Limitations of the Arduine Uno and GPS 6M-Neo-based Real-Time Vehicle Tracking System (Including Temperature Effects)

ColdSart Time Delay E

Environmental Sensitivity (Temperature Effect) 5

Limited Communizatian Banduwidth 3

Power Sugply Limitations ‘ a

peeureey CD"ﬂrmms_ :
GPS signal Reception Issues| 3

Limited Processing Pawer

Limitations

B B
Impact Severity 151

Fig. 16. Limitations of the proposed tracking system

When choosing the best platform for real-time vehicle
tracking systems, the price of microcontrollers is a major
consideration. At about $10, the Arduino Uno is the most
economical option, as seen in Fig. 18, which makes it a great
choice for low-budget projects and educational applications.
With prices usually starting at $5, the PIC microcontroller is
a little less expensive, making it a desirable option for
straightforward embedded systems requiring little processing
power [51]. However, the Raspberry Pi is much more costly;
models usually run about $35. Its higher cost, however, is
justified by its increased computational capacity,
adaptability, and suitability for more complicated, resource-
intensive applications like networking, multimedia, and real-
time data processing [52] and [53]. Therefore, the Raspberry
Pi justifies its higher price with enhanced capabilities that are
advantageous for complex tasks requiring advanced
processing power and connectivity, while the Arduino Uno
and PIC offer affordable options for simpler and cost-
sensitive applications [54].

Effectiveness Comparison: Arduino UnoE\? PIC vs Raspberry Pi
—— Arduino Uno

— PIC
—— Raspberry Pi

Real-time PPRce

unity Support

Fig. 17. Effectiveness comparison of Arduino Uno, PIC, and Raspberry Pi

In terms of development time, resources, and scalability,
microcontroller complexity is a significant consideration

when choosing the best platform for a particular application.
With the smallest development complexity score, the
Arduino Uno is the most straightforward microcontroller, as
shown in Fig. 19. It is perfect for novices and quick
prototyping in educational environments because it is easy to
use and has extensive documentation [55]. Despite being
power-efficient, the PIC microcontroller is comparatively
more complicated, necessitating a deeper comprehension of
its hardware interface and assembly language for
development [56]. The PIC is appropriate for applications
requiring low power and minimal resource usage due to its
increased complexity, but it might not be the best choice for
quick development or non-expert users. With more
processing power, network capabilities, and a large library,
the Raspberry Pi is the most sophisticated of the three.
Although it works well for more complex tasks, simple
embedded systems are less suited for it due to the additional
setup, programming, and resource management complexity
[57] and [58]. Consequently, the PIC and Raspberry Pi offer
more sophisticated functionality at the expense of greater
development complexity, making them appropriate for more
demanding applications, even though the Arduino Uno is still
the most user-friendly.

Cost Comparison of Microcontrollers (USD)

35
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25

Cost (USD)
N
o
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Arduino Uno PIC
Microcontrollers
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Fig. 18. Cost Comparison of Arduino Uno, PIC, and Raspberry Pi (USD)
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Fig. 19. Complexity Comparison of Arduino Uno, PIC, and Raspberry Pi

VIII. CONCLUSION

This paper illustrates the design and implementation of an
economical and effective vehicle tracking system that makes
use of GPS, GSM, and Arduino Uno microcontroller
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modules. Real-time tracking, speed monitoring, alert
notifications for illegal movement, speed limit violations, and
location updates are some of the system's primary features.
The system simulates a theft attempt and sends an SMS alert
with a link to the car's location on Google Maps when the
engine is started. The system also tracks the vehicle's speed
and notifies the user if it surpasses 80 km/h. By sending an
SMS command to activate live tracking mode, which sends
location updates every 60 seconds, the car owner can also
follow the movement of the vehicle in almost real-time.
Additionally, the "history" command allows the owner to
access the last five GPS locations that the system has stored
in EEPROM memory. In this work, the sleep mode exploit is
triggered when the system is not in use, which in turn reduces
the power consumption of the system. The system is made
accessible and reasonably priced by the design's use of
inexpensive and user-friendly hardware components,
including the Arduino Uno, GPS and GSM modules, and
simple electronic components. This vehicle tracking system
successfully satisfies its goals of delivering location history
retrieval, real-time tracking, and timely alerts while
guaranteeing vehicle security and consuming minimal power.
Together with the system's functionality, the hardware
components' affordability and ease of use make it the perfect
way to improve vehicle security at a reasonable cost.
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