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Abstract 

This paper describes an interactive system for vehi cle tracking. The G lobal 
Positioning System  has made navigation system s conv enient for in-vehicle 
applications. Today, GPS-based navigation systems c an be found in variety of 
vehicles. In this paper applications and benefits o f navigation systems are 
discussed. This paper presents the impact on indivi dual due to land-vehicle 
navigation system. The influence on vehicle positio ning accuracy is examined. 
There is an essential necessity for navigation syst em with the vehicle body. GPS 
vehicle navigation has firm  hardware and software r equirements. The purpose of 
this paper is to identify the working of GPS and it s architecture.  M onitoring the 
mobile vehicle is the core functionality of company  dealing with the delivery or 
transport of goods. Technologies help in supporting  this functionality from remote 
locations and update the owner with the latest info rmation of their mobile vehicle. 
The inform ation might need to be collected simultan eously as the vehicle is 
operational.  Overall benefits of the system are also discussed. This helps the user 
in selection of this system.  Technology like GPS has given rise to revolutionary  
change in the tracking system. The GPS Technology i s very powerful tool for 
mapping.  Initially the GPS continuously takes the data from the satellite and 
stores the latitude and longitudinal positions in b uffer. To know the path of the 
vehicle there is need to send a message to the GSM  which gets activated by 
receiving message. At the sam e instant the GPS gets  deactivated with dispatch. 
 As soon as the GSM  gets activated it takes the las t received latitude and 
longitude positions from the buffer and sends a m es sage to the particular number 
which is executed in the program. After the message  has been sent to the user the 
GSM  gets deactivated and similarly the GPS gets act ivated. This is a cyclic 
process. 

 

1. Introduction: This paper is planned to design an em bedded system  which is used for 
tracking and positioning of any vehicle by using Gl obal Positioning System  and Global 
system  for m obile com m unication. A  m icrocontroller is interfaced serially to a GSM  
M odem  and GPS Receiver. A  GSM  m odem  is used to send  the Latitude and Longitude of 
the vehicle from  a rem ote place. The data com ing ou t is read and displayed on to the 
LCD. The sam e data is sent to the m obile at the oth er end from  where the position of the 
vehicle is dem anded. A  database is used to store th e data received by GPS receiver. The 
hardware interfaces to m icrocontroller are LCD disp lay, GSM  m odem  and GPS Receiver. 
The design uses protocol for serial  
 
 
 Student, M E (IT) SCOE, Vadgaon, Pune 
 Asst. Professor SCOE, Vadgaon, Pune 



com m unication between the m odem s and the m icrocontr oller. W hen a request by user is 
sent to the m odem , the system  autom atically sends a  return reply to that particular m obile 
indicating the position of the vehicle. A  Program  h as been developed which is used to 
locate the exact position of the vehicle and also t o navigated track of the m oving vehicle 
on Google M ap. Vehicle Positioning and Navigation S ystem  Using GPS and GSM  
Vehicle Tracking System  is a solution which is deve loped and deployed using technology 
w ith Authentication &  Authorization m ethodologies. Vehicle Tracking System  allows 
tracking, tracing and m onitoring their vehicles in real tim e using GSM /GPRS technology. 
It sends the location address to a central server a t a pre defined interval. It also sends 
alerts to the com puter or to a m obile phone wheneve r an exceptional event has occurred 
such as unpredictable vehicle m ovem ents, excessive speed etc. 
 
2. Steps involved in the vehicle tracking 
 

 
 
2.1 Data capture : Data in a vehicle tracking system  is captured thr ough a unit called 
Track box. The Track box uses the Global Positionin g System  to determ ine the location 
of the vehicle. This unit is installed in the vehic le and contains interfaces to various data 
sources.  
2.2 Data storage : Captured data is stored in the m em ory of the Trac k box.  
2.3 Data transfer : Stored data are transferred to the com puter serve r using the m obile 
network or by connecting the vehicle m ount unit to the com puter. 
2.4 Data analysis : Data analysis is done through software applicatio n. A  G IS m apping 
com ponent is used to display the correct location o f the vehicle on the m ap.  
 
3. Features of vehicle tracking: Vehicle tracking system  com bines GPS and terrestria l 
networks such as GSM /GPRS. The device fitted in the  vehicle has a built in GPS 
receiver. The device sends the data via GSM /GPRS wi reless network to the Vehicle 
Tracking Application. The GPS data sent by the devi ce is stored in a secured database of 
Vehicle Tracking application. The data stored in th e application is spread to all the stake 
holders depending on their roles. M anagers can gene rate reports, analyze data, replay the 



route travelled by the vehicle on a m ap for efficie nt m anagem ent of vehicles. Lets you 
schedule service calls or deliveries based on the v ehicle closest to the destination. 
Im proves flexibility and lets you m ake on-the-spot decisions on fleet m anagem ent.  
 
3.1 Tem perature Sensor : It is best for Vans transporting perishable goods  such as food 
item s, or item s that require refrigeration. The tem perature sensor periodically transm its 
the tem perature of the vehicle along w ith its locat ion and co-ordinates, so as to instantly 
alert the m anagem ent if the vehicle’s tem perature i s outside the desired tem perature range 
that is required for safely transporting the partic ular refrigerated item . 
3.2 Im m obilizer : The im m obilizer can be rem otely activated to im m obi lize the vehicle 
by cutting off the power to the fuel pum p. It can b e used by the m anagem ent of a fleet of 
taxis/trucks when any alert of vehicle theft/dam age  has been detected, so as to safeguard 
the vehicle. 
3.3 Taxi – M eter Integration Device  : This is ideal for m anagem ent of a fleet of taxis , 
for instant determ ination of the current taxi-m eter  fare. The device rem otely alerts the 
m anagem ent whether the taxi is engaged or free at a ny tim e, so that depending upon its 
location, a free taxi can be routed to reach a part icular custom er who has called for a taxi.  
VTS is capable of using either GPRS or SM S com m unic ation m odes.  
3.4. Fuel M onitoring System  : It is an effective solution to take full control of  fuel usage 
and fuel consum ption of the vehicle. It acquires fu el sensor signal to determ ine tank fuel 
level, It provides supply voltage to sensor when ig nition is OFF, converts raw  data into 
volum e, supports tanks of various sizes. Configurat ion is also possible Over-The-A ir 
m inim izes setup errors by providing potentiom eter s upport to set reference values for 
M IN level of the fuel tank, Detects &  sends alerts for Fuel Pilferage, Refuelling, Tank 
Reserve/ Tank Full, Periodically updates alerts &  f uel volum e inform ation to the vehicle 
m ounted tracking unit 
 
4. Tracking :  
 
Step 1 : Location inform ation of the vehicle is received b y the device from  the GPS 
Satellites.  
Step 2 : The device sends the location inform ation through  SM S. 
Step 3 : The Control Center receives the location inform at ion and processes data  
Step 4 : The control station software plots the vehicle’s location on the m ap 
Step 5 : The infrastructure enables com m unication to vehic le in Real Tim e Introducing a 
system  where your vehicle can go anywhere except ou t of sight. 
GPS unit constantly, sends out inform ation about th e vehicle's position and distance 
travelled. This inform ation can then be accessed fr om  a central location through a m obile 
phone. GPS satellites transm it signals to equipm ent  on the ground. GPS receivers need a 
clear view of the sky. Each GPS satellite transm its  data that indicate its location and the 
current tim e. A ll GPS satellites synchronize operat ions so these repeating signals are 
transm itted at the sam e instant. Ground stations pr ecisely track each satellite's orbit. GPS 
satellites transm it signals on two m ain carrier fre quencies. The signals, m oving at the 
speed of light, arrive at a GPS receiver at slightl y different tim es because som e satellites 
are farther away than others. The distance to the G PS satellites can be determ ined by 
estim ating the am ount of tim e it takes for their si gnals to reach the receiver. W hen the 



receiver estim ates the distance to at least four GP S satellites, it calculates its position in 
three dim ensions. The accuracy of a GPS-determ ined position depends on the receiver.  
 
5. Benefits  
5.1.  Vehicle tracking system s can help to reduce runnin g costs by targeting those who 
waste fuel. By focusing upon these drivers it is po ssible to reduce m aintenance bills, but 
to also reduce insurance prem ium s. 
5.2.  By using a system 's autom atic m ileage rem inder it is possible to reduce tim e wasted 
through vehicle m aintenance. In addition, by having  a service that ensures your vehicles 
are regularly serviced m eans that resale values for  the fleet w ill also be higher.  
5.3.  It encourages safer driving and helps recovery if thefts do occur. 
5.4.  Productivity of workers can be increased by being able to keep track of unauthorized 
stops and breaks.  
5.5.  GPS devices help businesses to becom e m ore custom e rs friendly. For exam ple, a cab 
com pany that is using a vehicle tracking system  can  tell a custom er exactly where the 
nearest cab is and give a realistic estim ate on how  long it w ill be.  
5.6.  Business owners can find their m ost productive em p loyees and use this inform ation 
to im plem ent further training or even a system  of b onuses to enhance staff m em bers' 
work ethic.  
5.7.  Vehicle tracking system s w ill reduce phone bills a s it is no longer a necessity to 
constantly call em ployees to find their location.  
5.8.  By having all the relevant inform ation on one scre en, those running the software 
have easy access to answer enquiries rapidly and ac curately. 
5.9.  GPS system s reduce the am ount of paperwork that dr ivers m ust fill out. By doing 
this increases the accuracy of driver records.  
5.10.  By having detailed inform ation on the location of all em ployees, business owners 
are far m ore in touch w ith their business operation s. They have greater levels of control 
over their com pany.  
 
6. Architecture 
 

 
 

Fig.1. Basic Architecture 
 
6.1. G PS Tracking Device : The Device fits into the vehicle and captures the  GPS 
location inform ation at regular intervals to a cent ral server. The other vehicle inform ation 



can include fuel am ount, engine tem perature, door o pen close, Tier pressure, cutoff fuel, 
turnoff ignition, turn on headlight, turn on tailli ght, battery status, glass open close, 
em ergency button status, and a lot m ore. Capability  of these devices decides the final 
capability of the whole tracking system .  
6.2. G PS tracking Server : The tracking server has dual responsibility. They  are for 
receiving data from  the GPS tracking unit and secur ely storing it; other for serving this 
inform ation on dem and to the user. 
6.3. User interface : User interface w ill be able to access inform ation  and view vehicle 
data. In-Vehicle Unit includes  driver interface an d a speaker for m aking em ergency 
calls, location estim ation Unit, transceiver unit a nd data storage unit. M ain control Server 
includes data storage, architecture and transm issio n. Four types of display System  are 
Central D isplay for the whole term inal that display s the platform  and the route details. 
Platform  Display displays the bay allocation detail s. Bay D isplay displays the destination 
and tim e of Arrival/departure and Bus stop display that displays the vehicle num ber. 
 
 7. W orking of gps vehicle tracking system   
 
 

 
 

Fig.2: M ajor Com ponents of GPS tracking system  
 
A vehicle tracking system  using GPS takes the locat ion, speed, direction and tim e data 
provided via satellite from  the Global Positioning System  to the GPS receiver unit in a 
vehicle and transm its it to a central com puter conn ected to a private network or the 
Internet. The user of a GPS vehicle tracking system  will be able to sit at your PC or 
laptop com puter, login to the system  and m onitor th e m ovem ent, direction and speed of 
any vehicle that has a GPS tracking unit installed for your system . User should also be 
able to look back at historical data of where the v ehicle has been; when it was there and 
how long it stayed there. User w ill also get analys is tools to m onitor trends and calculate 
vehicle running costs. User w ill be able to do this  at any tim e because the GPS unit in the 
vehicle w ill operate correctly in all weather condi tions. Location data is com puted by the 
unit using signals received from  GPS satellite.  It  processes the location data and 
transm its it via com m unication network to the web s erver and from  there it is accessed by 
the call centre or the user on his PC or m obile pho ne. The user or the call centre can also 
control the vehicle from  his PC / M obile phone, if required. This system  enables fleet 
m anagers to view real tim e location of the vehicles  by looking at the area m ap on PC / 



m obile phone. Vehicle tracking system s can provide up to date and historical data on 
routes taken for all their drivers whenever they ar e driving. If drivers do late deliveries 
user can check the system  that everything went to p lan. W ith consum er GPS tracking 
products user m ay find that in order to use the dat a it records user w ill have to take the 
unit out of the vehicle and connect it to your PC o r laptop via USB port. The data can 
then be uploaded and viewed on m apping system s such  as Google Earth. 
 
8. O verview  of vehicle tracking system  : Global Positioning Satellites enable the 
tracking of vehicles accurately and provide their r eal tim e positions over the GPRS/GSM  
link. W hile the GPS provides the latitude/longitude  inform ation of the vehicle at given 
tim e, this inform ation can be transm itted to any pl ace using the GPRS radio link. The 
vehicle can even initiate calls using the GSM  phone  links. This GPS/GSM /GPRS 
tracking technology can be used in M onitoring of sp eed and location of the vehicle, 
M onitoring of various com pliances related to safety , driver behavior, etc., Em ergency 
Services such as crash reporting, engine stall, etc , D riving pattern, behavior and 
understanding. It consists of a recording device, w hich w ill be installed in the vehicle that 
is to be tracked. This w ill then transm it data abou t speed, position, forces etc through the 
GPRS network to a gateway server at a constant pred eterm ined rate. During em ergencies 
device could intim ate the date transm ission to the server. Operators at the other end can 
also initiate calls to the vehicles since it has th e capability to conduct two way 
com m unications. These servers could store further r eporting and analysis. The device 
gets periodic updates from  the gateway server as an d when updated applications are 
available. The device could have onboard storage ab ility for a certain am ount of data.  
 
9. H igh level architecture: There are 24 GPS satellites orbiting the earth at 
approxim ately 20,000 km . Their orbital positions ar e organized at any location on earth at 
least five of them  are guaranteed to be in the line  of sight m ost of the tim e. These 
satellites broadcast free to air signals, which car ry inform ation about their exact positions 
in the orbit and are precisely synchronized w ith th e m om ent of tim e that the signal is 
generated. GPS receivers, which are m ounted to vehi cles, receive these GPS signals, 
calculate the tim e difference of arrival and determ ine all three dim ensions of the vehicle’s 
current coordinates as well as the precise tim e. De term ination of four param eters requires 
signal reception from  at least four satellites and hence at least four satellites need to be in 
the line of sight. Since the satellites are positio ned at a high altitude, a GPS receiver is in 
contact w ith at least 5 GPS satellites at any tim e.  GPS receivers never fail to detect the 
location of a vehicle. The distance between the cal culated and actual locations is 1 to 10 
m eters w ith 95%  confidence level. Raw data sent by the Onboard Vehicle Units are 
processed in the central com puters. The central Com puter System  runs the Vehicle 
Tracking Server Software. Clients are able to track  their vehicles in real-tim e on digital 
m aps. The in-vehicle devices calculate speed and lo cation inform ation using GPS signals. 
GSM  networks are used as the telecom m unications inf rastructure to transm it this 
inform ation to the com pany that owns the vehicle. S oftware that controls the whole 
system  and interfaces w ith the m onitoring staff m us t be installed in the user com pany’s 
prem ises. Vehicles under this system  can be m onitor ed and m anaged by the dedicated 
staff as long as they are in GSM  coverage.  
 



 
 
 

Fig.3. H igh Level A rchitecture 
 
Inside the Vehicle, there needs to be a box which w ould need to interface to the vehicle 
data port. This box can obtain Engine param eters su ch as Speed, Engine Throttle, Brake 
Status, Gear Selected, Active Handling, D rive Train  setting, RPM , service due, 
Odom eter, M ass A irflow Sensor etc; Safety param eter s such as Seat Belt, A ir Bag 
Front/Rear, braking action, Fuel Tank Level, Seat O ccupancy, Error codes, tire pressure, 
etc.; Other param eters such as Front/back light sta tus, headlight dip status, indicator 
status, w indscreen w iper status, etc 
 

 
Fig.4. System  Level Block D iagram  

 
It is a standard N-tier m odel. Track Box is the dev ice installed on the car. Track Box 
interfaces w ith the vehicle Engine System  using a C AN Interface. It would also interface 
w ith the onboard GPS unit to get the position infor m ation. The data is transferred to the 
Backend database gateway using relevant protocol ov er a GPRS network. A  network-



load-balanced server cluster can be used to im plem e nt a gateway server to handle the 
high volum e of incom ing data. Each of the cluster s ervers can be configured to scale-up 
by increasing the CPU, m em ory and scaled-out by add ing m ore servers to handle future 
increases in data volum es, on dem and. The data rece ived by the gateway server cluster is 
stored, after verification, into a Database Cluster . A  robust Track box hardware and 
software architecture enables system  upgrades to th ese boxes rem otely and enables the 
possibility of deploying additional services above the standard features on this box as 
they becom e available or provide a sim ple upgrade t o existing application services. 
http://www.calsoftlabs.com  /whitepapers/gps-gprs-gs m -m obile-asset-tracking.htm l - top 
Track Box is the device that w ill be installed in t he vehicle and w ill transm it data about 
speed, position, forces etc through the GPRS networ k to a gateway server by interfacing 
w ith the data port of the vehicle. The device w ill have GPS capability to provide real-
tim e position data.  
 
10. H ardware specifications 
 
10.1.CPU/Storage:  ARM  core CPU with GPS/GPRS chipset 64M byte of m em o ry for 
data storage Optional USB port for fast download by  direct connect Self diagnostics Self 
update capability  
10.2. Interface Specifications: CAN bus interface is used as the com m unication prot ocol 
and hardware w ill be able to handle the protocol re quirem ents. The data storage 
capability is lim ited to last 30days of data w ith a bout 1Kbytes of data generated over 
each m inute. There could be additional features suc h as ability to detect crash, fire proof 
of the box, etc. There is need of installation and activation services of track box in the 
Vehicle to m ake it available to the user. 
 
11. Software Specifications: Software on the Track Box can be based on an em bedd ed 
Operating System  like Em bedded Linux or XP-Em bedded . Java or C/C++ can be used.  
11.1. Com m unication Fram ework: Com m unication between Track Box and the 
gateway server can be im plem ented using HTTP/HTTPS/ SOAP protocols over the GPRS 
network. Data w ill be sent to the gateway server us ing HTTP/SOAP protocols. 
Application updates from  gateway server to the Trac k Box w ill be done by using 
protocols im plem ented over standard HTTP/SOAP. Any com m unication to the gateway 
w ill be authenticated and packets are encrypted usi ng Secure Socket Layer.  
11.2. Data transm ission requirem ents: The total am ount of data transm ission rate for 
tracking vehicles would be around 60 M bps. Short M e ssaging Services could be m ade 
available to the user. The data services from  each box could be a subscription service 
w ith the telecom  operators. 
11.3. Database G ateway: To handle the real-tim e data from  the network, Gate way 
Server has to be designed using a highly scalable a rchitecture. It can be designed as a 
network-load-balanced cluster of servers scaled out  to handle the high volum e of data 
transm ission. 
11.4. Application Scaling: 
 
11.4.1. Data Receiver W eb Service:  It w ill be responsible for handling data from  the 
Track Box devices. W hen the data is received, it is  verified and is written to a database 



cluster. This application can be designed as a stat eless service so that it can be scaled out 
to N num ber of servers to handle the sim ultaneous h its. The data can then be passed to 
the database layer designed using the well-known da tabase scaling solutions. Sim ple 
nature of this web service avoids the need for m ult iple threads, thereby m aking it easier 
to scale up by adding m ore resources to the server if needed.  
11.4.2. Software Update Application  It is responsible for sending application software  
updates to the Track Box device. W hen a device chec ks in to the gateway server, it w ill 
also receive notifications on these updates based o n the services subscribed by the box 
along w ith other param eters. The updates do not hap pen on all the Track Box devices 
sim ultaneously. Hashing algorithm s can be developed  based on incom ing device id so 
that updates can be distributed over tim e.  
11.4.3. Load Balancing : Gateway Servers can also be scaled up/out to handle  the data 
volum es by em ploying Network Load Balancing which p rovides load balancing support 
for IP-based applications and Server Cluster which provides failover support for 
applications. Network Load Balancing is a clusterin g technology that distributes TCP 
requests across servers. For instance, if there are  two servers in a cluster, NLB will 
allocate TCP requests across those two servers. An NLB can be configured in the 
Gateway Server cluster to distribute the network lo ad am ong the server farm . A  Server 
Cluster takes two or m ore com puters and organizes t hem  to work together to provide 
higher availability, that can be obtained by using a single system . Data Vault Gateway 
Cluster can be configured to redirect and redistrib ute the workload in the event of 
failures.  
 
12. Software recom m endations : W indows Server 2003 as the Gateway Server Platform  
is designed to work like the Data Gateway. W indows Server 2003 also offers greater 
support for Storage Area Networks, which significan tly increase the am ount of storage 
available. V irtual D isk Service m anages large am oun ts of storage in the sam e way local 
disk m anages. It m anages large SANs connected to a server system . SAN can be used for 
m ultiple servers at the sam e tim e. M ulti-path I/O c an refer to sam e disk using m ultiple 
paths. W indows Sever 2003 also supports a Large Sen d Offload feature that lets the CPU 
offload m ajor portions of the TCP/IP stack onto a n etwork card that also support this 
feature. Gateway applications can be developed usin g M icrosoft .NET with M icrosoft IIS 
as the application server.  
 
12.1. Server configurations : Two ways of scaling the Data Gateway are 
 
12.1.1. Scaling O ut:  W indows Server 2003 supports Network Load Balancin g. This 
sever configuration can support up to 32 servers. N etwork Load Balancing also allows 
you to add or rem ove servers to a cluster while the  cluster is running. This allows you to 
expand or contract a farm  dynam ically as the applic ation needs to scale out. This also 
allows you to reconfigure servers in the cluster w i thout taking the entire cluster down. 
12.1.2. Scaling Up: W indows Server 2003 provides flexibility by allow in g you to scale 
an application on a single server by adding resourc es such as m ore m em ory, faster disk, 
and m ore and/or faster processors. W indows Server 2 003 can scale from  one processor to 
32, resulting to grow on a single system .  
 



13. Sum m ary : GPS is becom ing a very popular and effective tool f or the m onitoring 
purpose. Accuracy also depends upon the interacted satellite’s geom etry. The 
contribution of each source m ay vary depending on a tm ospheric and equipm ent 
conditions. GPS industry is likely to continue to d evelop in the civilian com m unity 
besides the specific use in defense. GPS trend is c ontinuing to be towards sm aller, less 
expensive, and m ore easily operated devices for its  w ider use in the m any aspects of 
com m unity. Since the scope of hardware design in th is paper is unknown, this docum ent 
does not give any recom m endations on the hardware s pecifications for the Data Gateway. 
Qualified technicians have to open the cover of the  vehicle and install this w ith interface 
to the vehicle battery. The Track box has to be reg istered w ith the appropriate service 
provider and should com m unicate w ith the back end s erver to m ake it operational. 
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