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Abstract 

 

The main purpose of the project was to design, build and test a GPS car tracker that could 

provide specific information to the user’s phone via text messages (SMS). Car dealers have 

been providing services to locate their cars for several years, but to date the prices are 

elevated.  For this reason, the goal was to build a low-cost GPS tracker with the possibility 

to provide different information regarding the actual state of the car in which the device is 

installed. For example, speed of the vehicle, altitude, coordinates, etc. 

This document first presents the different evaluations made for choosing the elements of 

the prototype, in which their technical characteristics, hardware limitations and economic 

factors were taken into account. In a second stage of this thesis, the hardware arrangement 

and the software development are explained in order to have a specific knowledge of how 

the device was designed. Finally, a complete chapter was dedicated specifically to present 

the different tests that were carried out to ensure the correct functioning of the system. This 

section was divided into three parts. The first one, to guarantee the correct operation of the 

GPS. The second one, to ensure the correct functioning of the GPRS module. The third 

one, to test the integration of the hole system and guarantee that the prototype was able to 

receive a command, prepare a message with the information requested and finally send it 

back to the user’s phone. 

The prototype was implemented with an Arduino Mega, a GPS NEO-6m and a GPRS 

shield. The final results show that the GPS tracker is able to provide its location 

successfully. Additionally, regardless of the limitations of the technology used, some 

considerations for improving the behaviour of the device were presented. 
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  Resumen 
El principal objetivo de este proyecto fue diseñar, construir y probar un rastreador GPS 

para coches que fuese capaz de proporcionar diversos datos al teléfono móvil del usuario 

mediante mensajes de texto (SMS). Los concesionarios de coches han estado disponiendo 

de servicios de localización desde hace ya más de una década. Sin embargo, los precios 

son muy elevados. Por esta razón, el objetivo fue construir un rastreados GPS de bajo coste 

con la posibilidad de proporcionar información como la velocidad, altitud, coordenadas, 

etc. 

Al principio de este documento, se presentan las diferentes evaluaciones realizadas con el 

propósito de elegir los elementos del prototipo tomando en cuenta sus características 

técnicas, limitaciones de hardware y factores económicos. En la segunda etapa, el 

conexionado del hardware y el desarrollo del software son explicados con la intensión de 

aportar un conocimiento detallado de cómo el dispositivo fue diseñado. Finalmente, una 

sección completa es dedicada específicamente para presentar las diferentes pruebas que se 

llevaron a cabo para asegurar el correcto funcionamiento del sistema. Este apartado está 

dividido en tres partes. La primera, para garantizar que el GPS estuviese funcionando 

correctamente. La segunda, para comprobar el funcionamiento del módulo GPRS. La 

tercera, para probar y avalar la integración completa del sistema y así garantizar que el 

prototipo es capaz de recibir un comando, preparar el mensaje con la información 

solicitada y enviarla al teléfono móvil del usuario. 

El prototipo fue construido con un Arduino Mega, un módulo GPS NEO-6m y un módulo 

GPRS. Los resultados finales demuestran que el rastreador GPS es capaz de suministrar la 

localización de forma exitosa. Adicionalmente, a pesar de las limitaciones técnicas de la 

tecnología utilizada, algunas consideraciones para mejorar el comportamiento del 

dispositivo son presentadas. 
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1.    Introduction 

Every day technology is becoming more and more accessible to regular people. Its 

application has reached practically every field. Whether it is applied for security reasons 

or for many other different targets, it has become easier to reach. Nowadays, the use of a 

Global Positioning System (GPS) is common among every person with a smartphone. The 

aim of the project was to design, build and test a localizing system for car. For that purpose, 

GPS module, GPRS/GSM shield and Arduino Mega have been used. 

Diversity of companies that provide security systems for private cars can be found in the 

market. In fact, most of the car dealers give the possibility to hire a GPS tracking services. 

Some examples are InControl®, NissanConnect Finder®, Safety Connect®, for companies 

such as Range Rover, Nissan, and Toyota respectively. Generally, to have the advantages 

of these services, the prices are yearly payments quite elevated compared to the cost of the 

device itself. 

The aim of this project is to design a GPS tracker with the possibility to provide different 

information regarding the actual state of the car in which the device is installed. For 

example, speed of the vehicle, altitude, coordinates, etc.  The final outcome is a low-cost 

prototype of easy installation based on Arduino. The communication between the device 

and the user is implemented using the General Packet Radio Service (GPRS) which is an 

extension of the Global System for Mobile Communications (GSM). Additionally, there 

is a GPS module responsible for obtaining the coordinates in real time. 
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2.   Theory 
2.1. Beginning of a Global Positioning System. 

 
Since the early civilizations, there has always been an interest in surveying and localizing 

one’s property. Some men started to observe the sky for years trying to understand the stars 

constellations. They eventually became specialist in this area. The evolutions from the first 

surveyors to today’s geodesist is a clear evidence that civilizations have always had the 

ambition to become experts of time and space. Surveyors started developing specific 

techniques to determine land boundaries. Normally these techniques consisted on setting 

a variety of triangulations between different point’s, which then they had to be oriented to 

specific stars in order to fix or determine a distinct point on the surface of the earth. With 

this system, the locations could have errors of hundreds of meters, leading to a lack of 

connection or interrelationship between continents [1]. 

During World War II, with the intention to get the position of aircrafts, the first attempt to 

connect the continents was with the development of an electronic ranging system called 

HIRAN. It was one of the first approaches applying electromagnetic procedures. Today’s 

global positioning system had its direct predecessor developed by the United States of 

America. They gave it the name of Navy Navigation Satellite System (NNSS), also called 

TRANSIT system. But it had two mayor problems, first, users would get updated 

information when a satellite passed overhead, and this would normally take around 1:30hs. 

The second problem was poor navigation accuracy [1]. 

Todays’ modern positioning system (GPS) was developed as a substitute of the NNSS 

system. It needs to have at least 4 satellites visible to calculate the location. The system 

consists of 32 earth orbiting satellites to provide global 

coverage. Their orbits are arranged so that at anytime 

and anywhere on earth there are at least 4 satellites 

available.    

The calculation of the current location is based on the 

trilateration principle Fig. 1 [2]. Knowing the relative 

distance between the GPS receiver and one satellite, a 

large range of possible location is known. After 

intercepting three spheres, the range is reduced to two 

potential location points.  Since one of them is not on 
Fig. 1. Trilateration Principle. Source: 

Wikimedia 
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the surface of the earth, it is discarded. A forth satellite is needed for improving the 

precision. 

2.2. NMEA-0183 standard 
 

After successfully calculating the position coordinates, the GPS receiver has to present the 

information in a specific format. The majority GPS modules are configured to provide the 

data in NMEA sentences following the NMEA-0183 protocol. This standard was defined 

by the National Marine Electronics Association (NMEA). It consists on translating the 

binary information into human readable sentences. Each of them carry a number of fields 

separated by commas. A list with the most common sentences by default are shown in 

table 1.  

 

 

 

 

 

 

 

 

 

 

 

NMEA message ID Description 

GPGGA Global positioning system fixed data. 

GPGLL Geographic position – latitude/longitude. 

GPGSA GNSS DOP and active satellites. 

GPGSV GNSS satellites in view. 

GPRMC Recommended minimum specific GNSS data. 

GPVTG Course over ground and ground speed. 

Table 1.  NMEA sentences.  

Fig. 2 NMEA Protocol Frame. Source: Manual U-Blox 6  
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Every sentence starts with a ‘$’ character and it is terminated with a carriage-return + line-

feed sequence (<CR><LF>). The maximum length of the message is limited to 82 

characters including the start and end sequence [3]. Fig. 2  

The ‘$’ character is followed by the sentence ID. The content of the message consists of 

different data fields separated by commas. To be able to verify the integrity of the 

information, the NMEA sentences include an 8-bit field at the end dedicated for a 

checksum value which is a sum of all characters between ‘$’ and ‘*’.  

The information given by the GPS module was extracted from these sentences. Not all of 

them were used, in fact, some of these 6 sentences were ignored in order to reduce the data 

processing by the Arduino. In later sections of this document a more precise explanation 

on how this data was handled will be given.  

 

3.   Project 
 

The aim of these project was to build a device capable of providing its location. The idea 

is simple and the solution can be approached in different ways. The first step to take into 

account is the autonomy nature of the device. And second, it needs to be able to provide 

its location from a remote location. With these two concepts in mind, several solutions are 

valid. To satisfy the first essential requirement, it’s enough to provide the device with a 

rechargeable battery and an appropriate software. Furthermore, different methods can be 

followed in order to present the data. For instance, it could be uploaded using a HTTP 

request to a web server, so that user is able to access the corresponding webpage and get 

the location.  

A second option for providing the location was considered. Instead of using the internet, 

the device could rely on the Global System for Mobile communication (GSM) network to 

send a SMS directly to the user’s phone. After evaluating this option it was decided that 

the final prototype would work in this way. As a result, a GPS tracker was designed. The 

complete system was formed by 3 individual elements. A GPS receiver to obtain the 

location coordinates, an Arduino to process the data, and finally, a GPRS shield to interact 

with the user.  
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3.1. Hardware 
 

3.1.1. Block Diagram  
 

The connection configuration of the prototype was simple. It consisted using a compatible 

pin arrangement and correct power supply. After selecting all the components demanded 

to build the GPS tracker, the next step was to carry on with the interconnection. As 

mentioned before, 4 pins from the Arduino are connected to the RX and TX pins of the 

GPS and GPRS modules. For a better understanding, Figure 3 and Table 2 show the 

arrangement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arduino GPS GPRS Adaptor 9V/2A 

Pin 13 /SoftwareSerial / RX TX pin   

Pin 12 /SoftwareSerial / TX RX pin   

Pin 18/ UART/TX1  Pin 8/TX pin  

Pin 19/ UART/RX1  Pin 7/RX pin  

Supply  5V battery   

5v output Supply JACK    

GND GND GND  

  Supply JACK 9v/2A output 

Table 2. Pin connection between modules 

Fig. 3. Block diagram of the prototype`s design 

5V battery 
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3.1.2. Electrical Characteristics 
 

For proper operation of the system all grounds have to be connected. For this reason, the 

GND from the Arduino was connected to both the GPS and GPRS modules.  

The motive for using an external 9V/2A adaptor is due to the current limitation on the 

Arduino 5V output pin. In some situations, the GPRS module, especially when it is sending 

a SMS, can draw up to 1 A. Since the current limitation of the Arduino is 500 mA, it was 

not enough.  

When the prototype is eventually installed in a car, the Arduino would have to be supplied 

with a 5 V battery and the GPRS with a 9 V/ >1 A battery. 

 

 

GPS Tracker 

Parameter Value 

Voltage supply 3-5V 

Current supply >1A 

Time-to-first-fix1 ≈ 26 s 

Time-to-GSM-connection2 ≈ 20 s 

Position Accuracy ≈50 m 

Table 3 

 

 

 

 

 

 

 

 

 

 

_________________________________________________________________________   
1. With at least 4 satellites visible and after a cold start. 
2. The software waits 20 seconds for modem to connect to the GSM network after it is powered on.                                      
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3.1.3. Grounds of Proposed Solution 
 

After evaluating different modules, these were selected to design the GPS tracker: The 

“GPS U-blox NEO 6m” module, responsible for providing the location coordinates, time, 

speed, altitude, etc. The “GPRS shield V1.0” based on SIM900 to access the GSM network 

and exchange information with the user. Finally, the “Arduino Mega 2560” for processing 

all the data provided by the GPS receiver, and acting upon the user’s command.  

 

3.1.4. GPS module selection 
 

There are several GPS modules available in the market. For the purpose of this project a 

compact and small module was needed. It also had to have the antenna already included to 

simplify the design. Most of the modules available were capable of satisfying the 

requirements. They varied in terms of accuracy, baud rates (which are programable), 

maximum update frequency, etc. Nevertheless, the price of the unit was considered. One 

of the most important objectives of this project was to build a prototype with a considerably 

lower price compared to the services that car dealers offer. In table 4, there is a list for 

some of the GPS modules and shields considered before selecting the definite one. 

 

Table 4. List of GPS modules/shields considered 

 

In terms of the BaudRate, there was no specific requirement since the Arduino is flexible 

in this matter. It can work with BaudRates 300, 600, 1200, 2400, 4800, 9600, 14400, 

19200, 28800, 38400, 57600, or 115200 bps. 

Regarding accuracy of positioning, there was no need to implement the most accurate GPS 

on the market, normally the price would increase much more than the actual gain on this 

GPS Receiver Accuracy 
(m) 

Default 
BaudRate 

(bps) 

Max. update 
rate (Hz) 

Voltage Supply 
(Vdc) 

Aprox.  Price 

Copernicus II DIP < 2.5 115200 1 2.7 - 3.3  74€ 

Venus GPS 2.5 115200 20 3.3  43€ 

NavSpark-GL 2.5 15200 10 3.3 20€ 

Ublox NEO-6m 2.5 9600 10 3.3 or 5 15€ 

PAM-7Q GPS 
Module < 2 9600 10 3.3 or 5 43€ 
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feature. In later sections, there will be an explanation on how several factors influence the 

precision of the coordinates supplied by the receiver. 

The Arduino used for the prototype has two voltage supply pins of 3.3V and 5V. Each of 

them with the possibility to deliver the current needed. In this matter, all the options in 

table 4 were compatible. 

After all these considerations, the GPS module chosen was the “Ublox NEO 6m”. Due to 

is considerably good positional accuracy and its surprising low price. 

 

3.1.5. GSM/GPRS shield selection 
 

As mentioned in earlier sections, a car tracker can provide the location coordinates in 

different ways. In this project, it was decided that the information requested would be sent 

directly to the user`s phone. The easiest way to approach in this direction is with a certainly 

common tool used nowadays in IoT applications. A GSM/GPRS module is a device that 

creates a communication between a central processing unit, better known as CPU, and a 

GSM/GPRS system relying on a GSM network. Two innate characteristics of this type of 

modules are:  send/receive SMS messages and make/receive voice calls. For the purpose 

of this project only the first mentioned is required. 

After evaluating the options available, the decision was made based on the price and the 

complexity of its implementation. To avoid problems in the process of fabricating the 

proper PCB and welding electronic components, the purchase of a single GPRS modem 

without the required circuitry was discarded. The search was focused on shields that came 

already with antenna, DC/DC adaptor circuits, 6 pin holders for SIM Card and others 

components needed for a plug and play essence. There are many shields that fitted these 

characteristics, some of them even came with an integrated GPS module. 

The final choice was the “GPRS Shield V1.0” from Seeed Studio. This particular board 

was one of the cheapest available. This shield was released on 2011 and up to now a few 

upgraded versions with more featured are available. Since for this project only a GSM 

network connection is required, the old version 1.0 was enough to fit the requirements. 
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3.1.6. Arduino selection 
 

After choosing both the GPS and GPRS modules, a third board is needed, and this is the 

Arduino microcontroller. Considering that this part would be for interconnecting the whole 

system, there are a few details that cannot be overlooked. First, it is required to have a 3V 

or 5V output pin to supply the other two modules. Second, the right number of digital IO 

pins is needed. In terms of connecting the modules, the GPS and the GPRS operate with a 

serial communication. Hence, only 4 pins are needed (2 TX and 2 RX) for communication 

purpose. Furthermore, with the intention to discard any problems when loading the 

program code into the Arduino, a small flash memory was not acceptable. Table 5 gives 

the most common Arduino boards.  

 

Arduino Model/chip on 

board 

 IO 

pins 

Program 

Memory 
5V Output UART 

UNO-R3/ATmega 328 14 32 kB yes 1 

Leonardo/ ATmega32U4 20 32 kB yes 1 

Pro Mini/ATmega 328 14 32 kB no 1 

Mega/ ATmega 2560 54 256 kB yes 4 

Table 5. Common Arduino Boards  

 

As mentioned previously the board is required to have at least 2 serial communication ports 

better known as UARTS. In the beginning of this project it was believed that the serial 

communication had to be established via hardware, or UARTS.  For this reason and for 

the memory size, the Arduino Mega was the one chosen. When developing the software, 

a new way to set a serial communication was found. The Arduino environment comes with 

a library that makes possible the use of regular digital pins as communication ports. Hence, 

in the final connection arrangement, only 1 UART was used. 
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    3.1.7.     Prototype hardware price 
 

The complete prototype will be formed by 4 hardware parts and their corresponding prices are 
gathered in the next Table 6. 

         Material Precio 

EFcom/GPRS Shield 27€ 

Tarjeta Sim 10 € 

GPS NEO-6M 17€ 

Total 54 € 
Table 6. Prototype Cost 

   

3.2. Software 
 

Developing the code for this project was clearly the main point. After making all the 

interconnections between the different modules, a specific sketch had to be uploaded in 

order for the prototype to work as a GPS tacker. Several workspaces can be used to write 

the program. For simplicity reasons, the sketch was developed using the Arduino’s 

environment IDE 1.0.6. 

 

The main job of the software is to answer the user’s request. The interaction between the 

user and the device is through the GPRS module. When an SMS containing a key word is 

sent to the device, the software treats it as a data request. Six different commands can be 

sent to request specific data such as speed, location coordinates, altitude in meters, etc. 

Once the SMS is received, the software prepares a String containing the requested data and 

sends it back to the user. A complete list of key words supported by the software is shown 

in Table 7.  

  

Key Word Description 

#speed Speed in kph. 

#loc Location coordinates in decimal degree format (DD). 

#alt Altitude in meters. 

#map URL to see the location in google maps. 

#fix Quality of the GPS fix with the satellites. 

#report All of the above except the google maps link. 
Table 7. List of key words supported by the software. 
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The idea is simple, but in order to answer the user’s request in time, the program has to be 

constantly controlling if the incoming GPS data is reliable or not. Depending on the quality 

of the GPS fix, the program either sends back the current location or, in case the connection 

with the satellites was lost, sends the last valid information along with the last time of 

connection. In this way, the user is able to know the time at which the data was acquired. 

Figure 4 shows a flow chart describing the way on how the software works. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.1. Libraries 
 

The Arduino language is essentially a set of functions written in C and C++ that can be 

called from the code. There are a set of libraries that can make the programming process 

much easier. In fact, the final program relied in two different libraries. The final sketch 

used only one external library downloaded from the internet, which was responsible for 

Fig. 4. Software's Flowchart 
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parsing the NMEA sentences. The other came with the Arduino environment IDE 1.0.6. 

These two libraries used are list in Table 8. 

 

Library Function 

SoftwareSerial Serial communication with the GPS module 

TinyGPS++ Parsing NMEA sentences 
Table 8. Libraries implemented.  

3.2.1.1. SoftwareSerial 
 

This library was developed to allow serial communication on regular digital pins, 

differentiated to the ones that work by hardware. It simulates a normal UART and can 

communicate with baudrates up to 115200 bps. The version of this library is based on an 

older called “NewSoftSerial” developed by Mikal Hart. It is a free software and can be 

redistributed and/or modified under the terms of the GNU Lesser General PublicLicense 

as published by the Free Software Foundation. 

 

Contructor 
 

The constructor for the object of this library has the following format: 

  SoftwareSerial GPS_port( rxPin, txPin, inverse_logic) 

GPS_port: Name given to the virtual serial port. 

rxPin: Corresponds to the pin that will be receiving the serial data. 

txPin: Corresponds to the pin that will be transmitting the serial data. 

Inverse_logic: Is an optional parameter. By default, it’s set to “false”. It is useful if there 

is a need to invert the logic of the communication.  

 

It is important to mention that with this library it’s not possible to use any pin to receive 

the data considering that not all the Arduino’s pins support change interrupts. For the 

Arduino Mega, only these pins can be used as RX: 10, 11, 12, 13, 14, 15, 50, 51, 52, 53, 

A8 (62), A9 (63), A10 (64), A11 (65), A12 (66), A13 (67), A14 (68), A15 (69).   
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Functions 
 

Once the object is created, the Baud Rate of the communication has to be set. This is done 

with the function “begin(BRbps)”. The following table shows a list of all the 

SoftwareSerial functions implemented. 

 

Object’s Function Description 

begin(baudRate) Sets the speed of the communication 

print() Prints data to the transmit pin of the software serial port 

println() Prints data to the transmit pin of the software serial port, 
followed by a carriage return and line feed. 

read() Returns the received character on the RX pin of the software 
serial port. 

available() Returns the number of characters available for reading in the 
receive buffer of the serial port.  

Table 9. Functions used from the SerialSoftware library 

 

For a proper baudrate selection, it was necessary to review the GPS U-Blox NEO-6m 

datasheet [4]. This device had the speed set by default to 9600 bps. Consequently, this was 

the baudrate used to stablish the communication.  

 

3.2.1.2. TinyGPS++ 
 

This library is the new version of the old TinyGPS. Certainly, this library was the most 

time saving. It was designed to provide all the information of the NMEA sentences with 

an easy interface and without having to write many lines of code. It is an open-source 

library with the possibility to be redistributed and/or modified under the terms of the GNU 

Lesser General PublicLicense as published by the Free Software Foundation. 

The purpose of this library was to provide a set of methods to extract useful information 

such as time, speed, latitude, longitude, altitude, date, etc. The library uses the GPGGA 

Fig. 5. GPGGA and GPRMC sentences format. Source: Manual U-Blox 6 [3]  
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and the GPRMC sentences to extract basic information. For example, the speed is obtained 

by parsing the 7th field from the GPRMC sentence. Figure 5.   

Unlike its predecessor, this new updated version can extract any particular parameter from 

any of the NMEA sentences available.  This feature was interesting because the old version 

could only extract basic data. In order to use this library, it was needed to instantiate two 

different objects with the constructors shown in Table 10.  

Constructors Object’s function  

TinyGPSPlus gps() Creates the object “gps” that provides the methods to 
get basic information. 

TinyGPSCustom fix(gps, “GPGGA”, 6) Creates de object “fix” that provides the custom 
information. 

Table 10. Constructors used. 

 

For the second constructor in the table above, the first parameter has to be a TinyGPSPlus 

object, because it is the one that is being updated with the NMEA sentences. The second 

parameter contains the NMEA sentence’s ID.  The third parameter is to dedicated to 

indicate the field number. A list of all the methods used are shown in Table 11.  

 

Object Methods Function 

fix/gps 
isUpdated() 

Returns a Boolean to indicate if the object’s value has 
been updated, but no necessary changed since the last time 
of request. 

fix value() Returns a number that indicates the position fix quality. 

gps location.lat() Returns a double value with the latitude in degrees. 

gps location.lng Returns a double value with the longitude in degrees. 

gps altitude.meters() Returns a double value with the altitude in meters. 

gps speed.kmph Returns a double value with the speed in kmph. 
Table 11. TinyGPS++ used methods 

 

Implementation of the TinyGPSPlus. 
 

This object extracts the information from two NMEA sentences: GPGGA and GPRMC. 

For this reason, it is necessary two verify that the GPS module is providing these two 

sentences, otherwise the library will not work. Normally the GPS modules are set by 
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default to provide these sentences. In the testing sections, it will be described how this 

particular point was considered. 

The basic structure for the implementation of this library consist on the following steps 

[5]: 

Step 1. Instantiate the library’s object. 

Step 2. Update the object with new incoming data from the GPS constantly 

Step 3. Apply the methods needed to request the desired data. 

 

In the process of debugging the complete code it, was observed that the second step was 

crucial. Many problems had their source in this specific step. In the infinite loop of the 

sketch it was completely necessary that the characters coming from the GPS module were 

directed to the TinyGPS’s object constantly, not only when the data was requested.  

 

Implementation of the TinyGPSCustom 
 

Before implementing this object, first, the regular TinyGPSPlus object has to be properly 

running. For the purpose of this project, only the “fix position indicator” was extracted 

using the custom feature. As mentioned before, the library works with the GPGGA and 

GPRMC. Even though the fix indicator was located in the GPGGA sentence, the 

TinyPGSPlus object didn’t include a method for extracting this specific value. The 

following figure shows the structure of the GPGGA sentence. 

Fig. 6. Structure of a GPGGA sentence. Source: Manual U-Blox 6 [3] 
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To use the custom NMEA sentence extraction feature of this library only two steps are 

required [5]. 

Step 1. Instantiate the TinyGPSCustom object. 

 

 

Step 2. Query the data when needed. 

 

The first parameter of the constructor corresponds to the TinyGPSPlus object that contains 

the updated data coming through the serial port.  

The second parameter is for specifying from which sentence the information will be 

extracted. 

The third parameter holds the number of the field within the sentence.  As shown in Figure 

6, topology of a GPGGA sentence has the position fix indicator in the 6th field represented 

as “FS”. 

 

3.2.2. Treatment of NMEA sentences. 
 

Approximately, the Arduino receives updated NMEA sentences every second. These 

sentences may contain valid information or not, hence, there are three conditions for them 

to be reliable. First, the TinyGPSPlus object has to be constantly fed with the serial data 

coming through the GPS_port using the function “encode()”. Second, the sentences must 

pass the checksum test. And finally, the position fix indicator cannot be ‘0’. 

The first condition is fulfilled with the following lines of code: 

 

Regarding the checksum test, every NMEA sentence ends with a numeric field that 

represents a mathematical summing of all the characters in the sentence. If this number 

doesn’t match with the actual sum, the entire sentence is discarded. The library already 

takes care of this. When the tmethods isUpdated() or isValid() return a true value, the 
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information has already passed the checksum test. The following lines of code show that 

the second condition is taken into account. 

 

Finally, to consider the information as valid, the position fix indicator is extracted from the 

GPGGA sentence and used for deciding if the GPS has a fix. All possible values for this 

particular parameter are shown in the following table [3]. 

Key Word Description 

0 Not fix available 

1 GPS SPS mode, fix valid 

2 DGPS mode, fix valid 

6 Estimated/Dead Reckoning 
Table 12. Position fix indicator in a GPGGA sentence 

As we can see in Table 12 when the fix indicator is ‘0’, the GPS cannot provide reliable 

data. The following lines of code show how this parameter was used to determine whether 

to send the user the current information requested or from the last connection. 
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3.2.3. GSM/GPRS shield configuration 
 

Before the module is ready to send or received any SMS, first it has to be configured to 

work in this way. This is possible with a set of instructions (AT commands) that are 

combined to control the modem of the GPRS module. In order to send a SMS is necessary 

to use three consecutive command lines. First, to set the modem in text mode. Second, to 

provide the destination number including the country code. And finally, to provide the 

message, which has to be followed by the combination <Ctrl+Z>.  A simple routine was 

programmed to send these three AT commands. 

 

 
For receiving a SMS only two AT command are needed. The first one for setting the 

modem in text mode, and the second one for selecting the procedure on how the new 

incoming message is presented to the other side of the terminal line (Referred as Terminal 

Equipment), in this case, the Arduino [6]. These two commands were needed only in the 

setup part of the code. 

 

 

 

 

At this point, it is just a matter of reading from the UART when a new incoming data is 

available in the RX buffer.  
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3.2.4. U-Blox NEO-6m configuration 
 
The GPS module came with some default configurations. Depending on its application, 

some are not convenient. In our case, it was noticed that the module was configured to 

update information with a frequency of 1 Hz. This was not a problem, in fact, it was good 

in order to keep the TinyGPS++ library object constantly updated with new data. Another 

default configuration was the amount of information that the GPS would provide. Every 

second the GPS would send 6 different NMEA sentences. Since all the necessary 

information is contained only in the GPGGA and GPRMC sentences, it was not efficient to 

overload the serial port with information that would be ignored.  Moreover, this particular 

behaviour was causing some problems. The sentences were overlapping each other and the 

checksum tests were failing too often.  

The manufacturer of the GPS NEO-6m facilitates a software (U-Center) with easy interface 

for testing, controlling and reconfiguring the module. It is really useful to see all the GPS 

parameters in a graphical way, for example a map location, a fix status, altitude, etc. This 

software was used to disable all the sentences that were not needed and leaving the two 

sentences used by the TinyGPS++ library. The new configuration was saved in the EPROM 

memory integrated in the GPS module’s board in order to be permanent even after cutting 

off the power supply. 

 

Figure 7. shows some tools of the U-Blox configuration center. In the left side, there is the 

NMEA sentences coming through the serial port of the computer. Especially useful to 

Fig. 7 Text console and GPS status tool of U-Center 
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evaluate the frequency of the incoming data and the types of active sentences. And in the 

right side it is possible to monitor the state of the GPS. It is needed to have a USB serial port 

adapter to connect the GPS module to the computer. All the configuration options available 

are gathered in the two windows below. Figure 8.  In the message window, the sentences in 

black letters are the active ones. In the right side, all the specific parameters can be 

configured, such as the measurement frequency. 

 

 

 

3.3. Improvements and limitations 
 

The goal of this project was accomplished after designing the GPS tracker. Nevertheless, 

it was a prototype, and it could be improved in different ways. Once it was working, several 

ideas started to emerge. Efficiency increase and feature expansion were recognizable. 

Apart from this, the prototype presented some limitations in terms of position coverage 

and adaption to any user’s phone number.  

When programming the software, the size of the sketch was not an obstacle. The flash 

memory of the Arduino Mega is capacious enough to storage a code up to 256KB. At the 

end, when the final sketch was finished, it was occupying around 22 KB. If the code is 

implemented in another Arduino with smaller a memory, the expansion to have more 

complex features would be limited. 

It is worth mentioning that the software developed is not dynamic in terms if adapting to 

any user’s phone number. The code was done in such a way that the destination number 

(the user’s number) is constant. This means that if any person sends a SMS with an 

Fig. 8. Sentences activation and parameters configuration. 
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information request, the data would be sent only to the number that is saved in the 

software’s code. This specific behaviour can be improved adding a function to recognize 

the phone number from where the request was sent. When the GPRS module receives a 

SMS, it transmits some messages to the Arduino. The phone number of the person that 

sent the request is included in this message. In this way, it is possible to parse this number 

and use it to send the requested information.   

Another weak point of the device is its dependence of two types of connection. First, the 

GPS needs to have a position fix in order to provide reliable data. Second, it is also 

dependent from the GSM network. Normally the connection of the GPS is available almost 

everywhere as long as it is in open air. If the car goes inside a building or through a tunnel, 

it is more likely to lose the position fix. But in this case, if the position coordinates are 

requested, it would provide the last ones available. An opposite scenario is evident. There 

could be a case where the GPS has a fix, but the device is not able to receive any user’s 

request because of its disconnected state. These are limitations that cannot be avoid since 

it is a consequence of the technology chosen to build the prototype.   
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4.   Testing / Commissioning  
 

With the intention to control the complexity and depuration of the code, it was necessary 

to separate the testing process in different sections. First section was devoted to guarantee 

the correct operation of the GPS. To make sure that this module was working properly it 

was needed to evaluate three points: a) If it had a steady communication with the Arduino. 

b) If it was transmitting the correct information. c) If the Arduino was able to parse the 

different fields from the NMEA sentences correctly. 

The second section was dedicated to assure the correct function of the GPRS module. By 

requirements of the hole system, this specific module needed to be able to: a) Send a SMS. 

b) Receive a SMS. c) Power on by software and connect to the GSM network 

automatically.  

After the GPS and GPRS modules were tested individually, the next step was to connect 

the hole system and test a normal functionality. It would be to assure that the prototype 

was able to receive a command, prepare a message with the information requested and 

finally send it back to the user’s phone. 

 

4.1. Arduino – GPS verification 
 

4.1.1. NMEA sentences 
 

Before implementing the TinyGPS++ library, it was necessary to confirm the compatibility 

with the NEO-6m module. In a previous section of this document, it was mentioned that this 

library works with two specific NMEA sentences. Consequently, it was crucial to evaluate 

if they were being transmitted by the GPS.  

This test was carried connecting the GPS module to the computer through a USB-to-serial 

adaptor and analysing its behaviour with the U-Center software. By monitoring the text 

console, it was possible to confirm that the GPGGA and GPRMC sentences were transmitted. 

Fig. 9 shows the text console of U-Center with a default configuration of the NEO-6m 

module.  
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4.1.2. Communication with SoftwareSerial 
 

After verifying that the GPS was providing the required information, the next step was to 

guarantee the correct communication between the Arduino and the NEO-6m. This specific 

evaluation was dedicated to corroborate a correct implementation of the SoftwareSerial 

library. In previous sections it was explained that the communication between the GPS and 

the Arduino was established with a virtual port controlled by this library. This test was 

done with a code that consisted on setting the RX and TX pins, enabling the serial port and 

printing out the incoming data in the serial monitor of the Arduino enviroment. After 

getting the results shown in Figure 11, the serial communication was considered stable 

and reliable. The following figure shows the connection arrangement. 

 

 

 

 

 

 

Parameters Value 

Port Name GPS_port 

TX pin 13 

RX pin 12 

BaudRate 9600 

Fig. 9.  NMEA sentences. Default NEO-6m configuration 

Fig. 10. Arduino - NEO-6m connection 



 

  30 
 

   

 

4.1.3. Data Parsing 
 
Once the communication with the GPS module was verified, it was needed to evaluate 

the data parsing. A short test was carried out but the first results were not successful. Some 

problems were occurring due to the overload of the GPS_port buffer. From previous tests, 

is was noted that the default configuration of the NEO-6m was set to provide six NMEA 

sentences with 1 Hz update frequency. This meant that between every second the software 

had to read and process exceeded information, causing inconstancy when presenting the 

data.  

 

  

Fig. 13. Parsing all values 

 

Fig. 12. SoftwareSerial Test code Fig. 11. IDE Monitor Serial 
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Fig. 14. Parsing only inconsistent values 

 

 More than 50% of the sentences were being ignored after processing them, as a 

consequence, not all the fields were correctly parsed. Fig. 13 and Fig. 14 show that even 

though some values where correct (speed, latitude, longitude and time), the fix indicator 

and the altitude where not coherent with U-Center. In the right side of these two figures, 

the black windows show that the fix indicator and altitude values shouldn’t be ‘0’. As 

mentioned in earlier sections, the software depended specially on the position fix value to 

determine if the data sent to the user was reliable. It was not possible to carry on with the 

project before this problem was solved. By reprogramming the GPS to disable all 

excessive NMEA sentences, the tests started to show positive results. 

4.2. Arduino – GPRS verification 
 

With the GPS module working correctly, the next step was to test the GPRS shield. The 

main goal of this module is to stablish a communication between the prototype and the 

user. The tests to verify the proper behaviour of the shield were: a) Network connection. 

b)  Send SMS. c) Receive SMS/acting upon command. d) Power on by software. 

4.2.1. Network connection 
 

This test was necessary to check if the correct sim card which had to be unlocked and 

attached to a data plan. The code used for this test consisted basically on enabling the 

UART1 to communicate the GPRS module and sending a single AT command to the 

modem. By sending the command “AT” the modem would respond with “OK” if it was 

connected to the network. Figure 15 shows the result of the test.  
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Fig. 15. Testing GSM connection 

4.2.2. Send SMS 
 

The sketch for this test consisted on sending the right AT commands to the SIM900 modem 

in order to set it in text mode and providing the destination phone number. A 9V/2A 

adaptor had to be used because the GPRS shield requires up to 1A when sending or 

receiving a SMS. The result is shown in Figure 16. 

 

 

 

 

Fig. 16. Sending SMS 
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4.2.3. Receive SMS and act upon command 
 

Similar to the previous test, two AT commands are needed to set the modem correctly. The 

first AT command to set the moden in text mode. The second command to determine the 

way in how the incoming message is presented to terminal equipment [6]. The test 

consisted in setting the modem correctly and waiting for an incoming SMS to turn ON/OFF 

a led in the Arduino board. By receiving a message containing “#on/off” the led would 

light or not accordingly. Figure 17 shows the results. 

 

4.2.4. Power on by software. 
 

It was absolutely important that the GPRS shield could be powered on by software. Before 

making any changes, this was not possible. A button had to me pressed for a few seconds 

in order to power on the device. In the datasheet of the shield it was confirmed that this 

feature was only possible after welding two pads. A simple function was needed to 

stimulate the corresponding pin to simulate the pressing of the power button. 

 

 

Fig. 17. Turning on/off Led with SMS command 
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4.3. Complete system 
 

Testing the complete system was separated into two parts. First, the connection with the 

GPRS module was simulated with the serial monitor of the computer to avoid expending 

money on sending SMS. And once it was corroborated that it was working properly, real 

SMS’s were sent to evaluate the behaviour. 

 

4.3.1. Simulating GPRS connection 
 

Figure 19 shows the behaviour of the final outcome of the software. By sending the 

keywords specified in Table 7 the Arduino returns the requested information. The link 

provided after sending the keywork “#map” was copied in the internet browser to see if 

the location provided was correct.  

 

 

Fig. 18. Power on by software 

Fig. 19. Test with GPS fix 
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After confirming the coherence of the information provided, the module was located in a place 

were it would loose the position fix. The result expected was that the prototype had to answer 

with the last valid location before it lost the connection with the sattelites. Figure 20. 

 

4.3.2. Real GPRS connection. 
 

With all the previous test, this part was to confirm the final behaviour of the prototype. No 

problems were found in this stage. All keywords were sent to the prototype and the results 

were positive. The following figure shows an example of some SMS’s received after 

requesting the corresponding information. 

 

Fig. 20. Test after losing position fix 
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Fig. 21. Final test with SMS's 
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5.   Conclusions 
The final purpose of this project was to design, build and test a GPS tracker based on 

Arduino. Two additional modules were required to obtain position coordinates and 

communicate with the user. After the evaluation of several options, the final prototype was 

formed by an Arduino Mega 2560, a GPRS shield V1.0 and a GPS U-Blox NEO-6m. The 

selection of the modules was based on their hardware compatibility and their individual 

price. The final prototype had to be less expensive than similar services that car dealers 

offer.   

Afterwards, if was needed to study and evaluate two specific libraries. One for setting a 

virtual serial communication port called “SoftwareSerial” and a second library 

“TinyGPS++” to treat the NMEA sentences provided by the GPS module. Implementing 

them correctly was the key for processing the data and obtaining reliable information. 

Moreover, the behaviour of the modules was carefully tested individually, making sure 

that they were consistent with how the final prototype would function. An important 

section of this document was dedicated to assure the stability of all the system’s features.  

Finally, some limitations and improvements were discussed. The inevitable nature of the 

technology used simply have their own boundaries. Obtaining the position coordinates 

depend on the quality of the position fix of the GPS module. Analogously, the GPRS shield 

relies on the GPS network for sending/receiving a SMS. Apart from the limitations, it was 

considered that the prototype was not dynamic when it came to adapt to several users. But 

a solution was proposed with the implementation of a code that would recognize the 

number of the incoming data request.  
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