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Abstract

Tracking systems were first developed for the shipping indudtieetermine the
position of ships and boats in the sea. Initially passive sgsteene developed to
support in tracking and navigation for location-based applications. tRer
applications that require real time location information of\vbhicle, these systems
cannot be employed, because they store the location informatidme imternal
storage that can only be accessed when vehicle is avaiRégzntly, Automatic
Vehicle Location (AVL) systems are developed and deployed in rouse
environments. These systems are capable of transmitting le/ehitocation
information in real time. In these systems, the devicealiest in the vehicle can
transmit the location information in real time to a remoté dzentre, instead of
storing into local storage, using some radio network. In this papepresent the
design and implementation of a real time AVL system thairparates a hardware
device installed in the vehicle and a remote Tracking SEéR&x
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Abstract— Tracking systems were first developed for the
shipping industries to determine the position of sips and boats
in the sea. Initially passive systems were develapéo support in
tracking and navigation for location-based applicatons. For the
applications that require real time location information of the
vehicle, these systems cannot be employed, becatisey store
the location information in the internal storage that can only be
accessed when vehicle is available. Recently, Autatitc Vehicle
Location (AVL) systems are developed and deployedni
numerous environments. These systems are capable
transmitting vehicle’s location information in real time. In these
systems, the device installed in the vehicle canamsmit the
location information in real time to a remote datacentre, instead
of storing into local storage, using some radio neftork. In this
paper, we present the design and implementation @ real time
AVL system that incorporates a hardware device inslled in the
vehicle and a remote Tracking Server (TS).
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I.  INTRODUCTION

Most of the modern vehicle’s tracking systems bgloo
the category of Automatic-Vehicle-Location (AVL)stgms.
Figure 1 illustrates the generic architecture of &AWL
system.
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Figure 1: Automatic Vehicle Location (AVL) system
AVL systems aid in determining the geographic posihg
information of vehicles and transmitting it to anrately
located server. The vehicle's location is determingsing
GPS, while the transmission mechanism can be isatell
terrestrial radio or cellular connection from thehicle to a
radio receiver, satellite or nearby cell tower. fEhenay also
exists some other alternatives for determiningltioation in

the environments where GPS signal strength is peach as
dead reckoning [1], i.e. inertial navigation, aeti\RFID

systems [2] or cooperative RTLS systems [3]. Afteliecting
positioning data, it is transmitted using some kindl
telemetry or wireless communications systems. GShhe
most common used service for this purpose [4, ®]this
paper, we are presenting our experience of deveopin
AVL system using GPS for positioning information dan
GSM/GPRS for information transmission. The desigm a
implementation of the system includes acquisitiond a

of transmission of vehicle’s location information aomvith

ignition and doors status information to the manitg
station/tracking server. Additionally, system alz@vides a
web based interface to display all transmitted rimiation to
end user along with location of vehicle on a maper€ are two
basic components of the system: a hardware dewitedcin-
Vehicle-Unit (IVU) and a remote Tracking Server JTS

IVU has GPS receiver that receives signals fromSGP
satellites and calculates its position. This infation is
transmitted to TS using GSM/GPRS modem on GSM
network. The information can be transmitted usidgSSon
GSM network or using direct TCP/IP connection wikB
through GPRS. TS also has GSM/GPRS modem thatvescei
vehicle’s location information via GSM network astbres
this information in a database. This informatiomvigilable to
authorized users of the system via website oveintieenet.

The rest of this paper is organised as follows:tiSed|
describes the design and implementation detailsthef
proposed system. It covers the hardware and saftd@sign
of devices developed to determine and transmitvétecle’s
information, such as its location, to the remote TSalso
discusses the design of hardware used on the ESasid the
design of web based interface for user interact8sction Il
discusses system testing and results. Section Bsepits
future work and concludes the paper.

Il. SySTEM DESIGN ANDIMPLEMENTATION
A. System Architecture

Figure 2: High-level architecture of the system



Figure 2 illustrates the high-level architecture tbfe
system. Overall system is partitioned into two majesign
units: In-Vehicle-Unit (IVU) and Tracking Server/Miboring

Station (TS).
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Figure 3: Architecture of In-Vehicle-Unit (IVU)

is an 8-bit microcontroller and runs at the speE@MHz,
which is enough speed for the system to operate@tryo

3) Data Transceiver

When all required information is extracted and pssed, it
needs to be transmitted to remote TS. TS is redgentor
providing this information to the end user or apglion. We
have used wireless network to transmit vehicleferimation
to remote TS. Existing GSM network is selectedrémgmit
vehicle’s information to remote TS, since it hasdevi
coverage. It is also less expensive approach apa@u to
deploying our own network for transmission of védie

IVU is designed using OEM module Telit GM862-GPSinformation. GSM modem is required for data traission

GSM/GPRS modem and microcontroller
manufactured by Microchip. Figure 3 shows the imagr
architecture of IVU. IVU would be installed intoettvehicle.
It is responsible for capturing the current locataf vehicle,
speed of vehicle, doors and ignition status. IVUaiso
responsible for transmitting this information to T&ated
anywhere in the world using SMS service availabl€siSM

PIC18F248ver GSM network. It aids in the process of sendamgl

receiving SMS text messages and other GPRS dataGS/
network. GM862-GPS GSM/GPRS modem [9] is used for
this purpose. GM862-GPS provides AT commands iatexf
i.e. all functions can be accessed using AT commdm6,
11]. AT commands can be sent to it using seriadrfate. It
has built in UART that accepts the AT commands, and

network or through GPRS. SMS is preferred for datanodem performs the function as described in receixdid

transmission, since it does not require dedicateshection to
the TS [6]. To achieve these functionalities 1Viksiseveral
modules, which are described below.

1) GPS Receiver

IVU uses GPS receiver to capture the current looagind
speed of the vehicle. Location and speed data gedvby
GPS is not in human understandable format. This data
needs to be processed so that it can be convertediseful
information, and then displayed on the map. CPtédpiired
to perform the necessary calculations to achieve gbal.
SiRF Star Il single-chip GPS receiver [7] is uded this
purpose, which comes integrated with GM862-GPS mmode
GPS receiver can also provide information of afiétutime of
GPS fix, status of GPS fix, and number of satellised to
compute current location information along with epelata.
GPS fix means last reported location. For trackingpose,
only location and speed data is required; whiledtier data

provided by GPS receiver can be used to deterntiee t

validity of location information.

2) Central Processing Unit (CPU)

The raw data provided by the GPS receiver is cagtly
the CPU and processed to extract the requireditcand
speed information. CPU is also responsible for nooimg the
doors status and controlling the ignition statushef vehicle.
CPU holds all the required information that is t@ b
transmitted to remote TS. It also controls datasmnaission
module to exchange information with remote TS.dtually
acts as a bridge between GPS receiver, vehicle remdte

AT commands.

GM862-GPS Interface Board Design and Testing

First step in circuit design of IVU is to designtdrface
circuit for Telit GM862-GPS so that it can be ifiéeed with
microcontroller. Telit GM862-GPS provides severgtures
including GSM Antenna connector, board-to-boarerifsice
connector, SIM card reader and GPS antenna connecto

GSM, GPS antennas and SIM card are not important fr
design point of view, since these simply require ke
installed into connectors. The important thing izata-to-
board interface connector, which provides interfaoe
external devices to the modem. The details of GMBES
can be found in [12]. Power supply circuit for GMBGPS is
designed by considering worst-case maximum current
consumptions of GM862-GPS (i.e. 430mA) during GPRS
data send operation; while the normal maximum ctirre
consumption is expected to be 187mA.
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Figure 4: Interface board power supply schematic

The circuit shown in figure 4 is designed assumixy

TS. It receives commands sent by server througta daf?Put source. LT1528 low dropout regulator [13]used to

transmission/receiving module and performs corredpw
action required by the server. The processing reduin the
IVU is not computationally intensive; therefore aloy-end

convert +5V to 3.8V required by GM862-GPS. The tatpr
is optimized to handle the large load current fiemts
associated with the current generation of OEM mediihe

microcontroller can be used as a CPU. Microchip’sdetaHEd technical discussion of circuit designsI¥dJ is out

PIC18F248 [8] is selected to serve as the CPUMGL. [This

of the scope of this paper.



It is not possible to build simulation model foethircuit

way that whenever new SMS arrives, and microcoletrol

designed for IVU, since there is no simulation modewith message identifier receives indication, itfpens the

available for GM862-GPS in any EDA tool. It is alsot
possible to bread-boarding the whole design bec@h4862-
GPS has board-to-board (SMD) molex connecter, tischiot
possible to insert it into bread board. Therefdy daw parts
of the design are tested by breadboarding. Powpplgu
circuit and level translation circuit are testedapendently.
All voltages and currents are measured and ver#iethput
output pins. Communication interface board for GI2HBPS
has RS232 serial interface. It can be connecteztitir with
any external device, which has RS232 interfac¢higpart of
the design, PIC18F248 needs to be connected witl86zM
GPS board so that

GPS via serial interface. PIC18F248 has built irABS that
operates on TTL logic levels. Using level tranglatcircuitry
TTL levels can be translated to RS232 levels. Miordroller
board is obtained off the shelf. PIC-P28 microcoliér has
RS232 driver on the board, and
Programming (ICSP) circuitry that eliminates theecheof
comparatively expensive external programming téstother
RS232 driver is added to the microcontroller bodod

debugging purposes. Interface board is connectedhéo
monitoring device (i.e. PC) using this RS232 driterview
the communication messages to and from GM862-GPS.

Figure 5: PIC18F248 interface board

C. In-Vehicle-Unit (IVU) Software Design

Microcontroller is acting as processing unit foru\and
controls all of its operations. Microcontroller muise
instructions to operate the whole system. Thesguicisons
are provided to it by burning the software into ftash
memory. It reads the instructions from that sofevamd
performs the corresponding action. Software coderdaken
down into small modules as shown in figure 6. Eduig In-
Vehicle Unit Software box, that is the main routiaé other
boxes are representing a module. These modules
implemented as subroutines of main routine. Eathasuine
performs series of its designated tasks. Main meutnly
calls the subroutines, as required. For examplesrwimain
routine starts it first calls to Startup sub-roatthat initializes
all peripheral and IVU configurations. It checks fetored
configuration to decide whether data transmissioould be
through GPRS [14] or SMS. If configuration says &WIS,
call is made to SMS configuration sub-routine. THuistine is
responsible for sending the vehicle informationT® via
SMS either periodically or waits for commands frors
through SMS messages. GM862-GPS is configuredch au

it can operate the GM862-GPS
GSM/GPRS modem by sending AT commands to GM862

In-Circuit-Serial-

corresponding action. All subroutines are impleradnin C
language. Compiler used to generate machine laegoade
for PIC18F248 is CCS PICC. For detailed descriptbrach
subroutine, refer the complete technical repothisf project at
http://lwww.informatics.sussex.ac.uk/users/yam2@inldtml.

In-Vehicle Unit Software

Configure In- Send AT
Vehicle Unit | Startup | | Command |

SMS
Configuration

GPRS

Data Configuration

| Read GPS | | Send SMS |

Send Information
using GPRS

Figure 6: Breakdown of In-Vehicle Unit software.

D. Design of Tracking Server (TS)

Figure 7 illustrates the architecture of TS. TSntains the
information received from all of the IVUs installebh
different vehicles in a database. This databasgcégssible
from internet to authorized users through a welerfate.
Authorized users can track their vehicle and vidlohthe
legitimate information stored in the database. T& la
GSM/GPRS modem attached to it that receives SMS
messages from IVUs and sends them to the serveughr
serial port. Design of TS can be divided into fowajor parts:
Hardware design for GSM/GPRS modem (GM862-GPS),
communication software for GM862-GPS, databasegdei
management, and web interface.
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GMS62-GPS.

Figure 7: Architecture of Tracking Server (TS)

GM862-GPS is the same GSM/GPRS modem that is used
in IVU. It is used on server side to exchange imfation with
IVUs through SMS. Vehicle’'s information sent by IVU
drgough SMS is received by this modem on TS. TSalan
send commands for IVUs using this modem. GM862-GPS
interface board is connected to the serial (COMit
server. Server can communicate with modem using AT
commands. To send and receive data using this modem
communication software is required. The communicati
software provides communication interface to the 86&}
GPS modem attached to the computer's serial poris |
responsible for communicating and controlling tipemtions
of GM862-GPS. Figure 8 shows the data flow of the
communication software. Main program listens for SM
messages. It handles all of the communication Witbis



using SMS. It creates a separate thread for listetu TCP/IP ~ Startup routine. Figure 9 shows the execution w@frtGp

connections, which receives incoming connectioosffVUs  routine. It reads and displays the existing configon of the

and creates separate thread for each incoming cbonelt  system. Messages as shown in figure 9 describe that

allows any number of IVUs to connect the remote TS. transmission method for this configuration is SMfl anode
Database is designed to store all of the relevdntmation ~ ©f transmission is dependent on received command S.

of vehicles, such as In-Vehicle units and userthefsystem.

To display this information to the end-users a fremd

application/software is required. End-user is tlseruof the

system who has installed the IVU in his/her vehiclde

administrator of the system, who is responsible dtrthe

activities going on in the tracking system, alsguiees access

to this information. This is achieved by developiagweb

interface for end-users and administrator.

SMS

GM862-GPS —l

Class COMPort Figure 10: Results of execution of SMS configunatirce.

femet Figure 10 shows the execution of SMS configuration
subroutine. After SMS configuration, it reads tBPS data
p— from module, extracts/process information and staending
e it to the remote TS. Figure 11 and 12 demonstrdsvhole
e T Ve }H[ Class TCPIP } process, including commands and responses, getiehariég
1 the first cycle of execution of the implemented teys
Database +CMGS: 15 response in figure 11 shows that SMS is

successfully sent.

Command

Figure 8: Data flow of communication software

imzl

[ll.  SYSTEM TESTING ANDRESULTS B cxor-1

System design needs to be verified by testing after | s
integration of all components of the system. PC8igteed for SERCAPT LS55 450 sust oo, 00005 17250, 1.6 97.2,9.40.44.0.14,0.07 220000,
IVU and server side is assembled. After integratitigthe i:

S Sa YR Bona 55 ese S

Sending infornation string

components, system is tested and successful workirige
system has been observed. GM862-GPS interface hisard || .

connected to microcontroller board through a secalle. L R—

Debugging serial port of IVU is connected to thetdg's Z051.9607//0005. 1725 /w0 16/0

COM port to observe the debugging messages geddiptine e R ——

microcontroller during its operation. The laptoatebugging ekt ]
COM port are only for debugging and testing purpode Figure 11: Result of execution of SendSMS and R&&iutine
reality, there is no need to connect the laptdy/'th (waiting for command from server)

al
Fle Edt View Cal Transter Hep

_I_I_Lé.l_Dlﬁl_?

+CMTI: 5
AT+CHGR=5

+CMGR: "REC READ"."+447920720215"."08/08/22.15:23:27+01"

Send Locallon

AT$GPSAC

$GPSACP : 171743 000, 5051.9809N,17244,1.6,96.3,3,15.08,0.21,0.11,220808, 06

OK
Information string extracted
5051.9809/N/0005.1724/4/0.21/R

Sending information string
AT+CHGF?

+CMGF : 1

0K

NT+CHGS-"07522448452"

>

5851 _9809/N/0005 _1724/4/8.21/R

+CMGS:12
Information sent successfully...

Haiting for Location Request from server..._

Figure 12: Sending information on request from server
Figure 9: Results of execution of Startup routine. In order to test TS, laptop is configured to actaserver.

After connecting the GSM and GPS antenna to the, IVUGM862-GPS COM is connected to COM port of the lppto
system is powered on. When IVU is powered on, @cexes Apache server is running and MySQL DBMS is insthltan



the laptop. Figure 13 demonstrates the successfgugion of

Currently both boards have RS232 level convertecudti

communication software for GM862-GPS. It shows thawhich is not required when microcontroller will logrectly

communication software after opening the commuitdoat
port, configures the server module. After
configuration, it sends location request to the IWith SIM
card no 07874838126. Finally, it receives the liocat
information sent by the IVU.

Figure 13: Logs of TS.

Figure 14 shows the web interface designed as tagbar
system implementation. It shows the informationemft
successful log-in operation by a valid user. Mamdicating

the location of MSc. Lab 4B12 in Engg Il building a

University of Sussex, where this whole system &te@. The
information displayed is real time information exding the
speed, direction, door and ignition status infoforgtbecause
these tests are not performed by installing the Ivtd a
vehicle.

Figure 14: Pointing out current location of vehicle

IV. CONCLUSION AND FUTUREWORK

Real time vehicle tracking system

interfaced with GMB862-GPS. Further, advanced user

succdssfuinteraction will be employed into IVU to allow devs to

exchange information with the remote TS during idgvthe
vehicle. For example, a driver should be able éndsan
emergency message or guidance request to the rei%te
Our future work also includes remote vehicle’s diagfics. It
will be provided through vehicles on board diagiwsystem,
which helps in controlling the vehicle (e.g. doeagine and
other possible systems) from a remote location.
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is successfully

implemented using SMS of GSM network, and GPRS as

transport channel to achieve the desired propertiés
Automatic Vehicle Location (AVL) system. Currentlin-

Vehicle-Unit (IVU) is
Microcontroller board is externally connected to 82-GPS
interface board. Single board can be designeddorjporate
microcontroller’s circuitry on the GM862-GPS intack
board. It will reduce the overall size of IVU. ltillvalso

implemented with two boards.

reduce the number of components, so the cost ak wel



