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Abstract— This paper summarizes our work on the design 

and implementation of RFID-based system for tracking the 

location of buses provided for public transportation. The system 

consists of three main modules: In-Bus Module, Bus-Stop 

Module and Base-Station Module. When bus leaves from BASE-

Station, the RFID tag at BASE-Station is read by the RFID 

reader in the In-Bus Module and the tag data is then sent to 

BASE-Station via GSM. By using the signals from AT89S52 

microcontroller, GSM modem is used to send appropriate RFID 

tag data to the BASE-Station. An entry corresponding to the bus 

is created and entered into the database at BASE-Station. 

BASE-Station Module sends the data about bus, its current 

location and remaining time for arriving particular bus stop to 

the Bus-Stop modules via GSM. Bus-Stop Module is installed at 

every bus stop and consists of GSM, RFID tag and LCD display 

all interfaced to a microcontroller. This module then display the 

data received form BASE-Station on LCD displays. 

 AT89S52 microcontroller is the main controlling device 

which controls and synchronizes all the operations by receiving 

the data from RFID tag. This paper is embedded based, 

embedded means dumping of software in to the hardware. Here 

software code is written and debugged with the help of micro 

version Keil. Keil converts the asm file into hex file and this 

software code is dumped into the microcontroller AT89S52 

using dumping kit. 

Keywords— RFID reader; GSM; LCD Display; RFID Tag; 

Microcontroller; Keil software 

I. INTRODUCTION 

An embedded based project consists of microcontroller, 

input section and output section. In this project, in the input 

section, it contains peripherals such as switches, RFID reader 

and the output section consists of LED’s, LCD display and 

GSM modem. In this paper, AT89S52 is used. It acts as 

interface between RFID tags and GSM. AT89S52, in this AT 

is the ATMEL series, 89 is the series number, S represents 

serial communication or parallel communication and 52 is the 

series number [7].  

AT89S52 is a low power, high performance CMOS 8-bit 

microcontroller with 8K bytes of flash, 256 bytes of RAM, 32 

I/O lines, two data pointers, a full duplex serial port. In order 

to provide 5V or 12V supply, it consists of bridge rectifier 

and regulators. Microcontroller needs 5V power supply and 

other peripherals such as GSM and RFID Reader needs 12V 

power supply. It uses two regulators namely MC7805 and 

MC7815 for maintaining constant voltage.  A switch is 

connected to reset pin of microcontroller to reset the circuit. 

A. RFID 

Radio Frequency Identification (RFID) is one of the most 

innovative technologies and promises important benefits to 

customers and businesses in object location and 

identification. RFID is a generic term that is used to describe 

a system that transmits the identity (unique serial number) of 

an object or person wirelessly using radio waves [6].  

A RFID system consists of three components: 

a) RF tags (transponder)  

b) An antenna (coil) 

c) A transceiver  

An RFID tag is made up of a microchip containing 

identifying information. The chip will contain a serialized 

identifier, or bus stop identifier that uniquely identifies that 

bus stop. 

II. LITERATURE REVIEW 

 

Due to non-availability of the prior information about bus 

arrival schedule, people have to wait for longer on bus stops 

especially in morning when they have to reach the offices in 

time. The travel time of buses varies depending on several 

external parameters such as accidents and traffic. Buses are 

stuck in traffic and are hampered by the passage of junctions 

which makes the management of the bus schedule in the 

BASE stations a difficult task.  

BASE station follows fixed schedules and don’t make use 

of intelligent systems. Many employees are deployed at the 

station who controls the entrance and exit of buses and 

manually prepares the trip sheets of buses containing the 

schedules which are time consuming and inaccurate. Even 

public transport departments have no visibility over 

utilization of its fleet, which leads in underutilization of 

resources. The provision of accurate travel time information 

is so important. With the help of new technology the 

administrator can monitor the buses traffic while increasing 

the satisfaction of passengers and reducing cost through 

efficient operations. 
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Well-known examples of identification technologies 

include Closed-Circuit Television (CCTV) and Global 

Positioning System (GPS). CCTV can be deployed at each 

entrance gate and image processing techniques can be utilized 

to identify the arrival of buses, where image recognition was 

performed to detect the bus in the traffic. This testing has 

shown poor performance in tracking based detection (~20% 

precision). During the past, GPS integrated to Geographic 

Information Systems (GIS) was used to monitor buses traffic. 

GPS receiver communicates with at least 4 satellites before 

giving the location of the bus. It gives a very good 

forecasting. However, line of sight between the satellites and 

the receiver is required otherwise the GPS signal is 

attenuated. The main limitation of this technology is 

especially when it comes to monitor bus traffic inside an 

underground bus station [2]. 

TABLE I.  COMPARISON OF EXISTING SYSTEMS 

 

 

Due to the limitation of these technologies, the RFID 

technology can be used to track bus locations. RFID 

technology can be effectively applied for real-time tracking 

and identification. RFID technology can response to our 

tracking needs that’s why we used RFID in our project to 

identify buses entering and leaving the bus stops and BASE 

stations. 

 

III. PROPOSED SYSTEM MODULES 

 

The proposed system architecture for intelligent bus 

management and monitoring system is shown in Fig. 1. A 

black-box containing RFID reader, GSM modem is equipped 

in the moving bus. As the bus approaches a bus stop with an 

RFID tag, the distance between the reader and the tag 

decreases so that they can interact with each other. This 

communication also produces data and the data gained is sent 

to the BASE-Station via GSM. 

The entire system consists of three modules: BASE-Station 

Module, In-Bus Module and Bus-Stop Module. The 

architecture and working of these modules is described in this 

section. 

A. BASE-Station Module 

This module is the central part of the system and consists 

of a GSM modem connected to the computer. It accepts the 

location information of the buses via respective GSM 

modems and stores it in the database. It sends the data about 

bus, its current location and remaining time for arriving 

particular bus stop to the Bus-Stop modules via GSM. The 

message received is of the form “#BFF23D4AF56F1”. The 

first character is used to distinguish this message from other 

messages. The second character denotes the message contains 

the information about the bus stops. The remaining twelve 

characters denote the current location information. 

 

 

 
Fig. 1. Architecture of Bus Management and Monitoring System 

 The PC at BASE-Station compares the above twelve 

characters in database and determines the bus stop name 

corresponding to that 12-digit code. After processing the 

received data BASE-Station sends the location information in 

the form of “#101CORPORATION20” to the Bus-Stop 

Modules. The “101” denotes the route number of the bus. The 

“CORPORATION” denotes the current location of bus. The 

“20” denotes the remaining time of the bus to reach at 

respective Bus-Stop Module. The block diagram of the 

BASE-Station module is shown in Fig. 2. BASE-Station also 

monitors the emergency situations transmitted from In-bus 

Module. 

 

 

Features RFID 

RFID, 

GIS, And 

GPS 

GPS, 

GPRS, 

And GIS 

RFID and 

GSM 

(Proposed 

System) 

Data 

Transmission 

Slow 
within 

range 

Moderate Faster Faster 

Data 

Information 

Only 

RFID 

RFID data 

and 
coordinates 

Position, 
picture and 

vehicle 

information 

RFID data 

Control center No No Yes Yes 

Hardware Cost Low High High Low 

Hardware 

Implementation 
Simple Complex Complex Moderate 

Reliability Less Moderate Moderate High 

Application Specific Limited Limited Wide 

GUI No No Yes Yes 
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Fig. 2. Block Diagram of BASE-Station Module 

B. In-Bus Module 

This module is installed inside every bus and consists of a 
GSM modem, a RFID Reader, emergency buttons like Bus-
Failure, Bus-Delay; all interfaced to the AT89S52 
microcontroller. After leaving form source BASE Station, this 
module starts transmitting the bus location to the BASE-
Station. At each stop, when the distance between the bus and 
RFID tag at Bus stop decreases, the RFID Reader at the entry 
door of the bus reads the RFID tag and transmits this data to 
BASE-Station Module. In case of emergency situations the 
driver can press the Bus-Failure or Bus-Delay button to 
inform to the BASE station. The BASE Station operator can 
then adjust the schedule accordingly and send an additional 
bus for facilitating the passengers. The block diagram of In-
Bus module is shown in the Fig. 3. 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Block Diagram of In-Bus Module 

C. Bus-Stop Module 

The Bus-Stop Module is installed at every bus stop to let 

the passenger know about the location of buses coming 

towards that bus stop. It comprises of a GSM modem and 

LCD display; all interfaced to AT89S52 microcontroller. A 

sample message received by Bus-Stop Module is of the form 

“#101CORPORATION20”. The message contains the 

information about those buses only which will pass by the 

designated stop. First three digits after “#” denote the bus 

route number followed by the bus stop name followed by the 

remaining time of the bus coming towards the specified bus 

stop. Microcontroller displays it on LCD display. The block 

diagram of Bus-Stop Module is shown in the Fig. 4. 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Block Diagram of Bus-Stop Module 

IV. HARDWARE DESCRIPTION 

The hardware circuits for In-Bus Module and Bus-Stop 

Module is described below: 

 

A. In-Bus Module 

The supply to the circuit is obtained from the power 

supply circuit. The power supply circuit consists of regulator 

MC7805 which produces 5V supply to the microcontroller. 

The AT89S52 consists of four ports which can be used for 

both input and output. The circuit uses port1 as input, port3 

and port0 as in-out, port2 as output ports. The switch is 

connected to pin9 to reset the circuit. The crystal oscillators 

which are internally present in the microcontroller produce 

frequency which is varying. 

The RFID Reader is used to read the RFID tags at bus 

stops. It is connected to port3 which acts as in-out to the 

microcontroller. GSM modem is connected to port 3 which is 

in-out. The RFID Reader and GSM are interfaced to 

microcontroller using MAX232. The communication between 

GSM circuit and microcontroller is done by using serial 

communication. For this it uses RS232 port. The 

microcontroller logic levels and RS232 logic levels are not 

equal. Thus to match the logic levels MAX232 is used to 

interface GSM modem. The LCD display is connected to 

port0 and port2 which are in-out and output respectively. It is 

used to display the current bus location. At the port0 there are 

no pull up resistors inbuilt in it to produce 5V supply for 

LCD display. So, to activate LCD display external pull up 

resistors are connected at port0 to produce 5V supply. The 

emergency buttons are also connected to the port0 which is 

in-out. 

When the RFID reader reads the tag, the appropriate 

signals are transmitted to the LCD and it displays the current 

bus location. The signals from the microcontroller also sent to 

the GSM modem according to the software code dumped in 

the microcontroller. The GSM modem then transmits the 

current location (RFID Tag data) to the BASE-Station 

Module. The PCB layout for In-Bus Module is shown in the 

Fig. 5. 

 

B. Bus-Stop Module 

The supply to the circuit is obtained from the power 

supply circuit. The power supply circuit consists of regulator 

which produces 5V supply to the microcontroller. The circuit 

GSM Modem 

MICROCONTROLLER  
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BUS FAILED  

BUTTON 
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GSM Modem 

BUS DELAY  

BUTTON 

MICROCONTROLLER  

AT89S52 

LCD 
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GSM Modem 
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uses port1 and port3 as input, port0 and port2 as output ports. 

The switch is connected to pin9 to reset the circuit.  

GSM modem is connected to port 3 which is input. The 

GSM is interfaced to microcontroller using MAX232. The 

communication between GSM circuit and microcontroller is 

done by using serial communication. For this it uses RS232 

port. The microcontroller logic levels and RS232 logic levels 

are not equal. Thus to match the logic levels MAX232 is used 

to interface GSM modem. The LCD display is connected to 

port0 and port2 which are output. It is used to display the 

current bus location. At the port0 there are no pull up 

resistors inbuilt in it to produce 5V supply for LCD display. 

So, to activate LCD display external pull up resistors are 

connected at port0 to produce 5V supply. The PCB layout for 

Bus-Stop Module is shown in the Fig. 6 

 

C. BASE-Station Module 

In this module, GSM modem is connected to the 

computer through serial cable. The power adapter is used to 

provide power supply to the GSM modem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. PCB Layout of Bus-Stop Module 
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V. SOFTWARE DESCRIPTION 

As this project is embedded based project, the software 

code is written in assembly language which is compiled, 

debugged and tested. It is simulated with the help of micro 

vision Keil which control the execution of assembly language 

programs. The programming at BASE-Station Module is 

done using Microsoft Visual Basic. All the database tables 

are created in the Oracle 10G.   

 

A. About KEIL Software  

It is possible to create source files in a text editor such as 

Notepad, specifying a list of controls, run the compiler and 

assembler, linker and finally running the Object-HEX 

Converter to convert the linker output file to a Hex File. 

 

B. GSM Programming  

The following are the AT commands and sequence for 

sending text message to Bus-Stop Module through a GSM 

modem interfaced with the PC at BASE-Station Module: 

 First select the text mode for SMS by sending 
following AT command to GSM modem: 
AT+CMGF=1. This command configures the GSM 
modem in text mode. 

 Send the following AT command for sending SMS 
message in text mode along with mobile number to 
GSM modem: AT+CMGS=+911231231230.  

 Send the text message string to the GSM modem. 

Fig. 6. PCB Layout of Bus-Stop Module
 

 

VI. RESULTS 

When RFID tag is read by the RFID Reader in In-Bus 

Module, the tag data is sent to the BASE-Station Module. 

When message arrives at BASE-Station Module, the message 

box is displayed at BASE-Station module as shown in Fig. 7.  

 

 
Fig. 6. Screen at BASE-Station (1) 

The current location is displayed on the screen in the 

column “CURRLOC” after processing on received data. The 

current location along with the bus information is then sent to 

the Bus-Stop Module. In case of Bus-Failure the respective 

message box is displayed at BASE-Station as shown in Fig. 8 
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and the corresponding entry is deleted from the database. The 

GSM connected at the BASE-Station is shown in the Fig. 9.  

 

 
 

Fig. 7. Screen at BASE-Station (2) 

 
 

Fig. 8. GSM Modem at BASE-Station 

On reading the RFID tag at bus stop, the In-Bus Module 

shows the current location on LCD Display as shown in the 

Fig. 10 and sends the data to BASE-Station.  

 

 
 

Fig. 9. In-Bus Module showing the current location 

The In-Bus Module is shown in the Fig. 11. 

 

 
 

Fig. 10. In-Bus Module 

When driver presses the Bus-Failure Button, the 

corresponding message is displayed on LCD in In-Bus 

Module and then alert is sent to the BASE-Station as shown 

in the Fig. 12. 

 

 
 

Fig. 11. In-Bus Module showing message when Bus-Failure Button pressed 

When driver presses the Bus-Delay Button, the corresponding 

message is displayed on LCD in In-Bus Module and then 

alert is sent to the BASE-Station as shown in the Fig. 13. The 

RFID tags are shown in the Fig. 14. The RFID tags used in 

the project are read-only passive tags. 
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Fig. 12. In-Bus Module showing message when Bus-Delay Button pressed 

 

 
 

Fig. 13. RFID tags 

The Bus-Stop Module is shown in the Fig. 15. When Bus-

Stop Module receives the location data from BASE-Station, it 

displays the current location on the LCD Display as shown in 

the Fig. 16.  

 

 
 

Fig. 14. Bus-Stop Module 

 

It displays the route number, the current location of the bus 

and the remaining time to reach that bus to respective bus 

stop. 

 

 
 

Fig. 15. Bus-Stop Module showing location of bus 

VII. RESULTS 

In accordance with the situation of the public transport 

management system at present, we design a new intelligent 

bus management system by using RFID technology and GSM 

technology. We have performed small scale tests on the 

project. Cost effective SMS service of GSM modem is used 

for the transfer of data between the modules in the project. Its 

low cost makes it easy to accept by public transportation 

Corporation. The LCD displays are installed at bus stop to let 

them know the buses location coming towards the bus stop. 

The system is also efficient is handling the emergency 

situations e.g., in case of any technical fault occurred in the 

bus, the operator at BASE-Station is informed and the 

departure time between the buses is reduced. In case of the 

traffic, the passengers waiting at the bus stops can be 

informed with the delay.  It is believed that by the 

implementation of this system, various problems like 

underutilization of bus fleet and long waiting time at the bus 

stops will be reduced. So, both BASE Station administrator 

and passenger will benefit from this system.  It can improve 

the quality of the public transportation service effectively. 

 

VIII. FUTURE WORK 

An automatic route guider display can be installed in buses 

to get better updates on the alternative routes in case of 

serious road congestions. Fare collecting system can also be 

automated by providing another mobile service to which all 

the passengers using public transportation service are 

subscribed. The information about the current locations of the 

buses can be provided on mobile (by developing some 

application) so that the user can adjust his schedule 

accordingly. 
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