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Abstract

In this paper, an efficient vehicle tracking system is proposed that is used to track the location of any equipped vehicle
with the help of an android application. The SIM808 module is used which incorporates GPS and GSM modules. The GPS
module is used to get vehicle’s location coordinates. These coordinates are sent to the Smartphone with the help of a GSM

module. On a Smartphone, an android based application is developed to plot the location of a vehicle on a Google map.
The application also has the capability to keep the previous route history of the vehicle. The proposed system is
implemented and tested in a practical environment. Experimental results have proved that the proposed tracking system is

accurate and feasible for the vehicle owners.
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1. Introduction

The global number of vehicles is expected to increase as
ownership becomes more affordable due to the growing
economies of developing countries such as China, India
and Pakistan [1]. On the other hand, automobile thefts
also increased to an alarming rate all over the world. Like
many other countries, many cases of stolen vehicles are
reported in Pakistan and it is increased every year. It is
reported that over 80 cars and bikes are stolen every two
months in Islamabad and the situation is alarming if the
auto theft statistics are collected for the whole country [2].
To minimize vehicle theft, vehicles are equipped with
basic locks by the manufacturers. However, these locks
are not sufficient to secure the vehicle.

Vehicle tracking system is a system that can be used to
determine the location of a vehicle at any given period of
time. The main components of the system are the Global
Positioning System (GPS) module [3-6], which is used to
obtain the vehicle's location coordinates and the Global
System for Mobile Communications (GSM) module [7]
module, which is used to transmit the obtained
coordinates to the user's smartphone through a cellular

O EAI

network. Such a tracking system can be used for many
applications including security of personal vehicle, public
transportation systems, fleet management and others.

Today, GPS is widely used in many vehicles. It assists the
drivers in navigating to their destinations. It was
developed by several U.S government organizations,
including the Department of Defense (DOD), the National
Aeronautics and Space Administration (NASA), and the
Department of Transportation (DOT). GSM is the second-
generation digital cellular mobile network which is widely
deployed around the world. GSM’s simple and
inexpensive Short Message Service (SMS) allows users to
send up to 160 characters through a cellular network
which is sufficient to send the location coordinates
obtained from the GPS module. However, the deployment
of GPS/GSM based system is still very much lacking in
the market. This is because the commercially available
anti-theft vehicular tracking systems are very expensive.
Therefore, there is a need to develop an efficient vehicular
tracking system that is cost effective, user friendly and
has the capability to secure the theft of a vehicle by
tracking the position of a vehicle at remote places.

In the era of mobile internet and smartphones, the
smartphones  based monitoring and  controlling
applications attract users due to high penetration of low
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cost android smartphones in the market. Since these
mobile devices have become more powerful and
distributive, mobile computing has become more
important [8-9]. The most popular mobile operating
systems are Apple’s iOS, Microsoft’s Windows mobile
and Google’s Android. Android provides API’s to
develop applications on android platform using Java
programming language. These smartphones have limited
storage and battery life, therefore the developers should
pay more attention to the efficiency of the program when
they develop applications. Vehicle tracking systems based
on Android based smartphones are suitable for developing
countries like Pakistan as the number of smartphones
users are increasing day by day.

To track vehicle’s location, various schemes have been
proposed. In [10], a wvehicle tracking application is
developed. The data collected from GPS receiver is sent
to the web server via GPRS cellular network. When the
users need to monitor their vehicles, a request is sent from
an application to the web server, that will process these
request and responds back to the requesting application.
Since the application is server dependent, therefore server
failure will cause serious problems. In vehicle tracking
device (VTD) [11], a user must send a message to a sim-
card installed on VTD hardware. The user will get a reply
from the VTD in terms of coordinates i.e., latitude and
longitudes. The user clicks on received coordinates in
order to view the location of a vehicle on google maps. In
VTD, the absence of user friendly application makes it
inappropriate for many users.

In [12], vehicle tracking system is developed that receives
GPS signals and transmit it to the web server.
Additionally these signals are sent to the vehicle owner in
the form of SMS. The system provides location, date and
speed information to the owner in case of vehicle’s theft
to track the stolen vehicle in the shortest possible time. In
[13], client software based android platform is developed.
The whole system consists of four parts i.e. car terminal,
monitoring server, smart phone application and a GPRS
network. GPRS network is used to transmit data to the
server. Car terminal is used to collect real time vehicle’s
state information such as location and speed and then
sends this information to the server via GPRS. The smart
phone application is used to access the server and to show
the location of the vehicle on a map. Most of the existing
schemes for vehicle tracking rely on a central web server.
The users send request message to the server in order to
track the location of a vehicle. The server then replies
with the required information to the user after receiving
the GPS coordinates from the vehicle. The drawback of
this scheme is a usage of central server which is a single
point of failure. If the server stops working, the whole
system will collapse. Moreover, if a single user is
interested to track his vehicle, the usage of central server
is termed as waste of resources.
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To address these problems, An Android based Vehicle
Tracking System is developed. The main components of
the system are GPS and GSM modules. An Arduino Uno
is interfaced with a GPS receiver and GSM to control
both modules and to provide an easily customizable
platform for any required application. An android
application is developed to map the received vehicle’s
coordinates on a Google map. It is envisioned that the
proposed system will be easily customizable for various
applications. The proposed system can be used globally
and is expected to be cheaper.

The remainder of this paper is organized as follows.
Section Il describes architectural overview. The design
and the detailed implementation are explained in Section
I11. Section 1V describes the experimental results. Finally,
Section V provides some conclusions.

2. Architectural Overview

On the basis of the functionality of the system, the
architecture of the project consists of two main layers.
They are briefly described below.

2.1 Hardware Layer

The hardware layer is the most important part of the
project because it connects with the satellite to provide the
location coordinates of the vehicle. The hardware layer
consists of the following components:

2.1.1 Arduino UNO

The Arduino UNO is a microcontroller board named
ATmega328p as shown in Fig. 1. It has 14 digital 1/O pins
among which 6 are PWM outputs and 6 are analog inputs.
It has a 16 MHz crystal oscillator, a power port and a reset
button. It is connected to computer with the USB cable
and different programs can be written on it to get started.

2.1.2 SIM808 GPS/GSM Module

In this project, SIM808 module is used that provides two-
in-one functionality i.e., it supports GPS and GSM
technologies. It is a complete quad band network. This
module helps in the easy development of GPS/GSM
based hardware systems. Additionally, it reduces the cost
of the hardware implementation of system. It contains a
mini GPS and GSM antenna. GSM antenna is attached to
the board for the operation of GSM module. The module
also supports a GSM SIM that can be inserted in the
board. SIM808 is connected to the Arduino board through
a cable and is controlled by AT commands. It operates on
a 12V battery and a power supply is provided by an
adapter as shown in Fig. 2.

2.1.3 Arduino Software (IDE)

To interface Arduino UNO and SIM808, the coding is
performed in Arduino IDE that uses AT-commands. The
commands are uploaded on Arduino board to receive
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coordinates from GPS module and transmit it through
GSM module. Arduino IDE can run on Windows, Mac
OS X, and Linux. The code is written in C language.
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Reset Button
USB

External

Power

Ground Pins

Fig. 1: Arduino UNO
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Fig. 2: SIM808 GPS/GSM module

2.2 Software Layer

In order to design and implement the software, softwares
like Eclipse Environment, Android Studio, and the App
Builder were studied, but the best among all is “Android
Studio” because it is easy to use and provide user friendly
environment. Android Studio provides a platform to
develop applications for smart phones and for windows.
Android Studio contains main activity and a java file. The
java file contains the main coding of the application. It
supports different languages like JAVA and C/C++ for
developing an application. As JAVA is derived form of C
and C++, so it is easy to use it to develop an application.
Its programming paradigm is based on the concept of
Object Oriented Programming (OOP). The followings are
the different classes used in the application layer.

2.2.1 SOQLite Class

In order to create a database, SQLiteOpenHelper class is
created. It manages all the operations related to the
database. It automatically manages the creation and
updating of the database. Two tables are created i.e., one
for storing the received SMS and other for storing the
Users information. Android comes with built in SQLite
database implementation. SQL.ite database has methods to
create, delete, execute SQL commands, and to perform
other common database management tasks.
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2.2.1 SQLite Class

When the GPS module receives location coordinates,
these coordinates are sent by the GSM module in the form
of a message which contains a key word “VTS” to the
android application. In order to receive that message,
SMS receiver class is used which receives particular
intents that are registered in androidmanifest.xml file. A
SMS receiver is an Android component which allows to
register system or application events as shown in Fig. 3.
In this project, “VTS” is the intent which is registered in
the android SMS Receiver manifest.xml file. Therefore,
the registered “VTS” system event is notified by android
when the received message contains the key word “VTS”.
The SMS receiver saves this message in a database. If a
received message does not contain “VTS”, then it is
discarded as shown in Fig. 4.

2.2.1 SQLite Class

Two helper classes are created i.e., one for the messages
and other for the users. Message helper class inserts
received messages (which contain latitude, longitude, date
and time information) into the database. User helper class
adds new users to the

Register for Intents to Observe
Gets Notification when Intents Occur

Fig. 3: SMS receiver observing intents

Discard
Meszage

Store in
Databaze

Google
Map

Fig. 4: SMS receiver flow chart

database by asking for their names, emails and passwords
and saves them into the database.

3 DESIGN & IMPLEMENTATION

The block diagram of the project is shown in Fig. 5. In the
hardware part, it is shown that the GPRS Shield SIM808
is connected with the satellite. The satellite sends GPS
strings to GPS receiver installed in SIM808 module. The
sample strings received by the GPS receiver from the
satellite are shown in Fig. 6. The latitude and longitude
coordinates are extracted from the received strings using
AT+CGPSINF command.
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Fig, 5: Block Diagram of the project

SGPRMC.123519.000.A.7791.0.N.627.44.E.022.4.084.4.230394.003.1.W*6 A

SGPGGA,104534.000,7791.0381,N,06727.4434,E,1,08,0.9,510.4,M,43.9,M, *47

Fig. 6: Sample Strings

Afterwards, these coordinates are sent through GSM
module installed in SIM808 to a mobile phone that has an
android application. In the application part of Fig. 5, it is
shown that the message receiver in an android application
receives this message, stores it in a database and also
maps the received coordinates on a google map. For
mapping purpose, Google Maps Geocoding API is used
that provides geocoding and reverse geocoding of
addresses. Reverse geocoding is the process of converting
geographic coordinates into a human-readable address.

3.1 GPS Workflow

Fig. 7 shows the workflow of the GPS module. When the
GPS module is switched on, it will continuously check for
the available GPS strings provided by the satellite. Once
the string is available, the GPS module will receive it and
sends it to the Arduino. For that purpose, software serial
library is used that provides a platform to use a baud rate
other than 9600 which is fix for pin 0 and 1 of the
Arduino. In order to get the GPS coordinates from the
satellite, $GPGGA string command is used whose
description is shown in Table 1.

Table 1. GPGGA String Description.

Identifier Description

$GPGGA Global positioning system fixed data
HHMMSS.S88 Time in hour, minute, second and milliseconds format
Latitude Latitude (Coordinate)

N Direction N=North, S= South
Longitude Longitude (Coordinate)

E Direction E=East, W= West

FQ Fixed Quality Data

NOS No. of Satellites being used

HDP Horizontal Dilution of precision
Altitude Altitudes (meters above from sea level)
M Meter

Height Height

Checksum Checksum data
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Fig. 8: Hardware Connections

3.2 Hardware Connections
The hardware connection between GPRS SIM808 and
Arduino module are shown in Fig. 8. The hardware
implementation of the vehicle tracking system is shown in
Fig. 9.
e Txof GPRS connected to Pin 2 of Arduino
Rx of GPRS connected to Pin 3 of Arduino
The grounds of both modules are connected with
each other.
e Both modules are getting power supply from a
battery where GPRS/SIM808 is operated with 12
V and the Arduino is operated with 6 V

3.3 Flow Chart

Fig. 10 shows the flowchart of the project. It contains two
parts i.e. the hardware and the software. In the hardware
part, the system starts to collect the coordinates from the
satellite. If the received coordinates are valid i.e., no
garbage or empty string is received, then these
coordinates are sent in a message to the desired mobile
phone where the android application is installed. If there
is a connection problem and the message could not be
sent to the mobile phone, then system will return to start
to collect more coordinates and repeat the same process
again.
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In the software part of Fig. 10, it is shown that when a
message is arrived, the message receiver module receives
and stores it in a database. Additionally, the received
coordinates are mapped on a Google map. If a user wants
to check the previous route history, he enters the required
information i.e., the date and the time for which he wants
to check the history of the vehicle. After providing the
required date and time, the route history will be mapped
on a Google map.

As long as the user is using the application, the received
messages  will be  continuously mapped and
simultaneously will be saved in the database. However, if
the user is logged out from the application, the process
will stop.

Fio. 9: Hardware imnlementation of vehicle trackino svstem
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Fig. 10: Flow chart
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4 Experimental Results

Android Studio provides a platform to develop
applications for smart phones and also for windows.
Android Studio is selected because it is easy to use and
provides user friendly environment. Fig. 11 shows the
graphical user interface (GUI) of the android based
vehicle tracking system. Fig. 11(a) shows the welcome
screen that will appear when the users click on the
application icon in their mobile phones. Afterwards, the
login screen will appear as shown in Fig. 11(b). The login
screen is used to protect the data from unauthorized users
and attackers. An authorized user must register itself
before accessing the application. If the user is already
registered, he enters the email and the password in order
to login into the application. Otherwise, the user registers

- [
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Password O
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(b): Login screen

(a): Welcome screen

elcome! Saima
Last Name (&, E0A ssimegpnill st
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(e): Location mapping w.r.t received
coordinates
Fig. 11: GUI of the android based vehicle tracking system

(f): Previous route mapping

itself by clicking on the sign up button located at the
bottom of login screen. Afterwards, the registration screen
will appear as shown in Fig. 11(c). The user enters his
first name, last name, email and the password to create an
account. Once the user is login to the application, the
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main screen appears as shown in Fig. 11(d). When the
user clicks on the current location button, the current
location of the vehicle will be plotted on a google map
with respect to the received coordinates from the
hardware module as shown in Fig. 11(e). The message list
button will list all the received messages that are stored in
the database. The previous location button is used to
display the previous history of the vehicle. For that
purpose, the user provides the date, start time and the end
time to map the previous route of the vehicle as shown in

Fig. 11(f).

Conclusions

An android based vehicle tracking system is designed
that could be installed on any vehicle to track its position.
The system provides GPS coordinates to a mobile phone
where these coordinates are mapped on a google map with
the help of an android based application. The graphical
user interface (GUI) of the application is user friendly
where users can easily track their vehicles. The cost of the
system is relatively very low which makes it a perfect
choice for the customers to install it in their vehicles to
make them secure.
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