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Abstract 
 

Tracking systems were first developed for the shipping industries to determine the 
position of ships and boats in the sea. Initially passive systems were developed to 
support in tracking and navigation for location-based applications. For the 
applications that require real time location information of the vehicle, these systems 
cannot be employed, because they store the location information in the internal 
storage that can only be accessed when vehicle is available. Recently, Automatic 
Vehicle Location (AVL) systems are developed and deployed in numerous 
environments. These systems are capable of transmitting vehicle’s location 
information in real time. In these systems, the device installed in the vehicle can 
transmit the location information in real time to a remote data centre, instead of 
storing into local storage, using some radio network. In this paper, we present the 
design and implementation of a real time AVL system that incorporates a hardware 
device installed in the vehicle and a remote Tracking Server (TS). 
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the location information in the internal storage that can only be 
accessed when vehicle is available. Recently, Automatic Vehicle 
Location (AVL) systems are developed and deployed in 
numerous environments. These systems are capable of 
transmitting vehicle’s location information in real time. In these 
systems, the device installed in the vehicle can transmit the 
location information in real time to a remote data centre, instead 
of storing into local storage, using some radio network. In this 
paper, we present the design and implementation of a real time 
AVL system that incorporates a hardware device installed in the 
vehicle and a remote Tracking Server (TS). 
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I. INTRODUCTION 

Most of the modern vehicle’s tracking systems belong to 
the category of Automatic-Vehicle-Location (AVL) systems. 
Figure 1 illustrates the generic architecture of an AVL 
system. 

 
Figure 1: Automatic Vehicle Location (AVL) system 

AVL systems aid in determining the geographic positioning 
information of vehicles and transmitting it to a remotely 
located server. The vehicle’s location is determined using 
GPS, while the transmission mechanism can be satellite, 
terrestrial radio or cellular connection from the vehicle to a 
radio receiver, satellite or nearby cell tower. There may also 
exists some other alternatives for determining the location in 
the environments where GPS signal strength is poor,  such as 
dead reckoning [1], i.e. inertial navigation, active RFID 

systems [2] or cooperative RTLS systems [3]. After collecting 
positioning data, it is transmitted using some kind of 
telemetry or wireless communications systems. GSM is the 
most common used service for this purpose [4, 5]. In this 
paper, we are presenting our experience of developing an 
AVL system using GPS for positioning information and 
GSM/GPRS for information transmission. The design and 
implementation of the system includes acquisition and 
transmission of vehicle’s location information along with 
ignition and doors status information to the monitoring 
station/tracking server. Additionally, system also provides a 
web based interface to display all transmitted information to 
end user along with location of vehicle on a map. There are two 
basic components of the system: a hardware device called In-
Vehicle-Unit (IVU) and a remote Tracking Server (TS). 

 IVU has GPS receiver that receives signals from GPS 
satellites and calculates its position. This information is 
transmitted to TS using GSM/GPRS modem on GSM 
network. The information can be transmitted using SMS on 
GSM network or using direct TCP/IP connection with TS 
through GPRS. TS also has GSM/GPRS modem that receives 
vehicle’s location information via GSM network and stores 
this information in a database. This information is available to 
authorized users of the system via website over the internet. 

The rest of this paper is organised as follows: Section II 
describes the design and implementation details of the 
proposed system. It covers the hardware and software design 
of devices developed to determine and transmit the vehicle’s 
information, such as its location, to the remote TS. It also 
discusses the design of hardware used on the TS side, and the 
design of web based interface for user interaction. Section III 
discusses system testing and results. Section IV presents 
future work and concludes the paper. 

II.  SYSTEM DESIGN AND IMPLEMENTATION 

A. System Architecture 

 

 

Figure 2: High-level architecture of the system 



Figure 2 illustrates the high-level architecture of the 
system. Overall system is partitioned into two major design 
units: In-Vehicle-Unit (IVU) and Tracking Server/Monitoring 
Station (TS). 

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

IVU is designed using OEM module Telit GM862-GPS 
GSM/GPRS modem and microcontroller PIC18F248 
manufactured by Microchip. Figure 3 shows the internal 
architecture of IVU. IVU would be installed into the vehicle. 
It is responsible for capturing the current location of vehicle, 
speed of vehicle, doors and ignition status. IVU is also 
responsible for transmitting this information to TS located 
anywhere in the world using SMS service available in GSM 
network or through GPRS. SMS is preferred for data 
transmission, since it does not require dedicated connection to 
the TS [6]. To achieve these functionalities IVU uses several 
modules, which are described below. 

1) GPS Receiver 

IVU uses GPS receiver to capture the current location and 
speed of the vehicle. Location and speed data provided by 
GPS is not in human understandable format. This raw data 
needs to be processed so that it can be converted into useful 
information, and then displayed on the map. CPU is required 
to perform the necessary calculations to achieve this goal. 
SiRF Star III single-chip GPS receiver [7] is used for this 
purpose, which comes integrated with GM862-GPS modem. 
GPS receiver can also provide information of altitude, time of 
GPS fix, status of GPS fix, and number of satellite used to 
compute current location information along with speed data. 
GPS fix means last reported location. For tracking purpose, 
only location and speed data is required; while the other data 
provided by GPS receiver can be used to determine the 
validity of location information. 

2) Central Processing Unit (CPU) 

The raw data provided by the GPS receiver is captured by 
the CPU and processed to extract the required location and 
speed information. CPU is also responsible for monitoring the 
doors status and controlling the ignition status of the vehicle. 
CPU holds all the required information that is to be 
transmitted to remote TS. It also controls data transmission 
module to exchange information with remote TS. It actually 
acts as a bridge between GPS receiver, vehicle, and remote 
TS. It receives commands sent by server through data 
transmission/receiving module and performs corresponding 
action required by the server. The processing required in the 
IVU is not computationally intensive; therefore any low-end 
microcontroller can be used as a CPU. Microchip’s 
PIC18F248 [8] is selected to serve as the CPU for IVU. This 

is an 8-bit microcontroller and runs at the speed of 20 MHz, 
which is enough speed for the system to operate smoothly.  

3) Data Transceiver  

When all required information is extracted and processed, it 
needs to be transmitted to remote TS. TS is responsible for 
providing this information to the end user or application. We 
have used wireless network to transmit vehicle’s information 
to remote TS. Existing GSM network is selected to transmit 
vehicle’s information to remote TS, since it has wide 
coverage. It is also less expensive approach as compared to 
deploying our own network for transmission of vehicle’s 
information. GSM modem is required  for data transmission 
over GSM network. It aids in the process of sending and 
receiving SMS text messages and other GPRS data over GSM 
network. GM862-GPS GSM/GPRS modem [9] is used for 
this purpose. GM862-GPS provides AT commands interface, 
i.e. all functions can be accessed using AT commands [10, 
11]. AT commands can be sent to it using serial interface. It 
has built in UART that accepts the AT commands, and 
modem performs the function as described in received valid 
AT commands. 

B. GM862-GPS Interface Board Design and Testing  

First step in circuit design of IVU is to design interface 
circuit for Telit GM862-GPS so that it can be interfaced with 
microcontroller. Telit GM862-GPS provides several features 
including GSM Antenna connector, board-to-board interface 
connector, SIM card reader and GPS antenna connector.  

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

 

Figure 4: Interface board power supply schematic 

The circuit shown in figure 4 is designed assuming +5V 
input source. LT1528 low dropout regulator [13] is used to 
convert +5V to 3.8V required by GM862-GPS. The regulator 
is optimized to handle the large load current transients 
associated with the current generation of OEM module. The 
detailed technical discussion of circuit designs for IVU is out 
of the scope of this paper. 



It is not possible to build simulation model for the circuit 
designed for IVU, since there is no simulation model 
available for GM862-GPS in any EDA tool. It is also not 
possible to bread-boarding the whole design because GM862-
GPS has board-to-board (SMD) molex connecter, and it is not 
possible to insert it into bread board. Therefor only few parts 
of the design are tested by breadboarding. Power supply 
circuit and level translation circuit are tested independently. 
All voltages and currents are measured and verified at input 
output pins. Communication interface board for GM862-GPS 
has RS232 serial interface. It can be connected directly with 
any external device, which has RS232 interface. In this part of 
the design, PIC18F248 needs to be connected with GM862-
GPS board so that it can operate the GM862-GPS 
GSM/GPRS modem by sending AT commands to GM862-
GPS via serial interface. PIC18F248 has built in USART that 
operates on TTL logic levels. Using level translation circuitry 
TTL levels can be translated to RS232 levels. Microcontroller 
board is obtained off the shelf. PIC-P28 microcontroller has 
RS232 driver on the board, and In-Circuit-Serial-
Programming (ICSP) circuitry that eliminates the need of 
comparatively expensive external programming task. Another 
RS232 driver is added to the microcontroller board for 
debugging purposes. Interface board is connected to the 
monitoring device (i.e. PC) using this RS232 driver to view 
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 for IVU and 
controls all of its operations. Microcontroller needs 
instructions to operate the whole system. These instructions 
are provided to it by burning the software into its flash 
memory. It reads the instructions from that software and 
performs the corresponding action. Software code is broken 
down into small modules as shown in figure 6. Excluding In-
Vehicle Unit Software box, that is the main routine; all other 
boxes are representing a module. These modules are 
implemented as subroutines of main routine. Each subroutine 
performs series of its designated tasks. Main routine only 
calls the subroutines, as required. For example, when main 
routine starts it first calls to Startup sub-routine that initializes 
all peripheral and IVU configurations. It checks for stored 
configuration to decide whether data transmission should be 
through GPRS [14] or SMS. If configuration says for SMS, 
call is made to SMS configuration sub-routine. This routine is 
responsible for sending the vehicle information to TS via 
SMS either periodically or waits for commands from TS 
through SMS messages. GM862-GPS is configured in such a 

way that whenever new SMS arrives, and microcontroller 
with message identifier receives indication, it performs the 
corresponding action. All subroutines are implemented in C 
language. Compiler used to generate machine language code 
for PIC18F248 is CCS PICC. For detailed description of each 
subroutine, refer the complete technical report of this project at 
http://www.informatics.sussex.ac.uk/users/yam20/index.html. 

 
Figure 6: Breakdown of In-Vehicle Unit software. 

D. Design of Tracking Server (TS) 

Figure 7 illustrates the architecture of TS. TS maintains the 
information received from all of the IVUs installed in 
different vehicles in a database. This database is accessible 
from internet to authorized users through a web interface. 
Authorized users can track their vehicle and view all of the 
legitimate information stored in the database. TS has a 
GSM/GPRS modem attached to it that receives SMS 
messages from IVUs and sends them to the server through 
serial port. Design of TS can be divided into four major parts: 
Hardware design for GSM/GPRS modem (GM862-GPS), 
communication software for GM862-GPS, database design & 
management, and web interface. 

 
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 information with 
IVUs through SMS. Vehicle’s information sent by IVU 
through SMS is received by this modem on TS. TS can also 
send commands for IVUs using this modem. GM862-GPS 
interface board is connected to the serial (COM) port of 
server. Server can communicate with modem using AT 
commands. To send and receive data using this modem 
communication software is required. The communication 
software provides communication interface to the GM862-
GPS modem attached to the computer’s serial port. It is 
responsible for communicating and controlling the operations 
of GM862-GPS. Figure 8 shows the data flow of the 
communication software. Main program listens for SMS 
messages. It handles all of the communication with IVUs 



using SMS. It creates a separate thread for listening to TCP/IP 
connections, which receives incoming connections from IVUs 
and creates separate thread for each incoming connection. It 
allows any number of IVUs to connect the remote TS.  

Database is designed to store all of the relevant information 
of vehicles, such as In-Vehicle units and users of the system. 
To display this information to the end-users a front end 
application/software is required. End-user is the user of the 
system who has installed the IVU in his/her vehicle. The 
administrator of the system, who is responsible for all the 
activities going on in the tracking system, also requires access 
to this information. This is achieved by developing a web 
interface for end-users and administrator. 

 

 
Figure 8: Data flow of communication software 

III.  SYSTEM TESTING AND RESULTS 

System design needs to be verified by testing after 
integration of all components of the system. PCB designed for 
IVU and server side is assembled. After integrating all the 
components, system is tested and successful working of the 
system has been observed. GM862-GPS interface board is 
connected to microcontroller board through a serial cable. 
Debugging serial port of IVU is connected to the laptop’s 
COM port to observe the debugging messages generated by the 
microcontroller during its operation. The laptop and debugging 
COM port are only for debugging and testing purposes. In 
reality, there is no need to connect the laptop to IVU.  

 
Figure 9: Results of execution of Startup routine. 

After connecting the GSM and GPS antenna to the IVU, 
system is powered on. When IVU is powered on, it executes 

Startup routine.  Figure 9 shows the execution of Startup 
routine. It reads and displays the existing configuration of the 
system. Messages as shown in figure 9 describe that 
transmission method for this configuration is SMS and mode 
of transmission is dependent on received command from TS.   

 
Figure 10: Results of execution of SMS configure routine. 

Figure 10 shows the execution of SMS configuration 
subroutine.  After SMS configuration, it reads the GPS data 
from module, extracts/process information and starts sending 
it to the remote TS. Figure 11 and 12 demonstrates the whole 
process, including commands and responses, generated during 
the first cycle of execution of the implemented system. 
+CMGS: 15 response in figure 11 shows that SMS is 
successfully sent. 

 

 
Figure 11: Result of execution of SendSMS and ReadGPS routine 

(waiting for command from server) 

 

 
Figure 12: Sending information on request from server. 

In order to test TS, laptop is configured to act as a server. 
GM862-GPS COM is connected to COM port of the laptop. 
Apache server is running and MySQL DBMS is installed on 



the laptop. Figure 13 demonstrates the successful execution of 
communication software for GM862-GPS. It shows that 
communication software after opening the communication 
port, configures the server module. After successful 
configuration, it sends location request to the IVU with SIM 
card no 07874838126. Finally, it receives the location 
information sent by the IVU. 

 
Figure 13: Logs of TS. 

Figure 14 shows the web interface designed as a part of 
system implementation. It shows the information after 
successful log-in operation by a valid user. Map is indicating 
the location of MSc. Lab 4B12 in Engg II building at 
University of Sussex, where this whole system is tested. The 
information displayed is real time information excluding the 
speed, direction, door and ignition status information, because 
these tests are not performed by installing the IVU into a 
vehicle.  

 
Figure 14: Pointing out current location of vehicle. 

IV.  CONCLUSION AND FUTURE WORK 

Real time vehicle tracking system is successfully 
implemented using SMS of GSM network, and GPRS as 
transport channel to achieve the desired properties of 
Automatic Vehicle Location (AVL) system. Currently, In-
Vehicle-Unit (IVU) is implemented with two boards. 
Microcontroller board is externally connected to GM862-GPS 
interface board. Single board can be designed to incorporate 
microcontroller’s circuitry on the GM862-GPS interface 
board. It will reduce the overall size of IVU. It will also 
reduce the number of components, so the cost as well. 

Currently both boards have RS232 level converter circuit, 
which is not required when microcontroller will be directly 
interfaced with GM862-GPS. Further, advanced user 
interaction will be employed into IVU to allow drivers to 
exchange information with the remote TS during driving the 
vehicle.  For example, a driver should be able to send an 
emergency message or guidance request to the remote TS.  
Our future work also includes remote vehicle’s diagnostics. It 
will be provided through vehicles on board diagnostic system, 
which helps in controlling the vehicle (e.g. doors, engine and 
other possible systems) from a remote location. 
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