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Abstract: The aim of this paper is to provide a comfort tension free and easy way of travelling and also to reduce the man power. This 
paper involves the combined usage of smart cards and GPS to make travelling smarter. In our paper, Smart card which has become a
common thing now, holds the data of the card holders and GPS which is an efficient tool in many fields like surveillance and tracking,
which is used in here to find the distance travelled by the user. The smart card can be used by the user for entering and leaving the bus. 
Depending on the distance travelled, the money which has been paid in advance will be deducted from the card. This paper includes 
implementation of the Microcontroller which controls the entire system. It works effectively with GPS and smartcard. This study also 
stresses the need to make this system practical and the result that we will obtain is explained in this paper.  
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1. Introduction 

In this paper “GPS based automatic bus fare collecting 
system using smart card Ticketing” [1]explained that a 
system that uses the same RFID-based location information 
to give the user navigation indications depending on his 
current location; provided that the user has indicated 
beforehand the places he intends to visit[2]. By using smart 
card instead of RFID with GPS, we can find the location of 
the passenger enter and exit [3]. Using the location we can 
find the distance travelled and amount. The amount can be 
withdrawn from the smart card. A microcontroller can be 
used to program this system by interfacing GPS and smart 
card. By implementing this system the usage of loose cash 
can be reduced and efficient ticketing can be implemented. 

1.1 Existing System
In the general way, every bus is controlled by a conductor. 
The conductor will collect money from each passenger and 
issue ticket. Initially, printed papers or tokens are used as 
tickets. Nowadays, handheld machines are used to print 
tickets. 

This system has many disadvantages. The passenger have 
to carry the ticket till the end of travel, the conductor 
should ensure that everyone has got the ticket, [3]the time 
taken for ticketing is comparatively more and more amount 
of paper is needed to print the Ticket. Nowadays 
conductors are trained to operate the handheld ticketing 
machine.

For example, if a passenger wish to travel in bus. He has to 
carry money with him. Then conductor will collect the 

money and he will give ticket. This has to repeat for all 
passengers. This will take more time and waste of human 
resource as well as energy. Even handheld ticketing 
machine is comparatively slow and need trained person to 
operate it. 

2. Proposed Methodology 

GPS is the latest technology used in various fields such as 
navigation [4], tracking and also in some of surveillance 
applications. Here we are going to use this GPS to calculate 
the distance travelled by the passenger. GPS module can 
configured to generate the latitude and longitude of the 
current position of the bus. The position of the bus can be 
monitored continuously using this GPS module. 

Smart cards can provide identification, authentication, data 
storage and application processing [5]. These smart cards 
can be used as passenger identifications. Every passenger 
carries a smart card. The smart card has the information 
such as user identification number, available balance and 
status register [7] .These smart cards should be capable of 
recharging, so that the passenger can use it again and again. 

Combining GPS technology and smart cards we can design 
a complete bus ticketing system [6]. A microcontroller is 
used to control the entire system. GPS and smart card 
reader are interfaced with themicrocontroller. It can be 
further connected with liquid crystal display and keyboard 
for user interface. 

Every time when the passenger enters the bus he needs to 
swipe his smart card in the smart card reader [3]. The card 
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has a unique identification number, balance detail and a 
status register. The frame format in the smart card of the 
above details is shown in Fig.1 [3]. 

UNIQUEID 
IDNO.

ST STATUS 
REGISTER BBALANCE

Figure 1: Smart card frame format 

These details stored in the smart card are transferred to the 
microcontroller. Initially the microcontroller will check the 
validity of the card and balance available. Then 
microcontroller sends a request for current location to the 
GPS module. The GPS module sends back the latitude and 
longitude position to microcontroller. 

Microcontroller has a lookup table which consist the 
information about the bus stop name according to the 
latitude and longitude data sent by the GPS system [3]. 
Every time when user swipe his card on entry the 
microcontroller checks the lookup table and store the 
appropriate location with the passenger details in the 
memory array. 

While exiting the bus the passenger should swipe the card 
again. On swiping card for the second time the 
microcontroller will retrieve the data about the particular 
passenger and calculate the distance travelled. The bus fare 
for the distance travelled is not uniform. It is non-linear i.e., 
for more distance travelled the amount per kilometre is 
less. This can be determined using another lookup table. 

On calculating the bus fare the equivalent amount is 
reduced by the user. This smart card can be recharged for 
further travelling when the balance is low. 

2.1 Architecture

Figure 2 shows the block diagram for interfacing of the 
peripherals with the microcontroller. 

Figure 2: Block diagram 

In the block diagram, the UART are used to establish serial 
communications between the GPS module and smart card 
reader and microcontroller. 

GPS module has many configurations. For each 
configuration it will transmit different data such as time, 
date, latitude position, longitude position, velocity etc. 
Here it is enough to extract latitude and longitude positions. 
Smart card should have enough memory space for storing 
the passenger details. 

Were LCD and keyboard are user interfacing peripherals. 
Keyboard is used for entering the number of passengers 
travelling using same smartcard. LCD is used to 
acknowledge the passenger about amount detected and one 
more LCD can be used to display the next bus stop. 

2.2 Flowchart 

Figure 3: Operation of the system. The GPS locations are 
updated continuously 

2.3 Lookup Tables

The lookup tables are preprogramed tables consists of fixed 
variables that can be stored in the memory of the controller 
[5]. It can be used as reference for further programming. 
Here we used two lookup tables. One for location 
identification and another for distance calculation. 

Table 1: Bus stop identification 

Table.1 is an example of bus stops. The latitude and 
longitude position from the GPS module is compared with 
the lookup table shown; the bus stop number and location 
are extracted.X1,X2,…,XN and Y1,Y2,…,YN represent 
the appropriate bus stop latitude and longitude position. 
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3. Transports system for Bus Model DC gear Motors 
4. To drive the Motor L293D Motor driver 
5. Display 20X4 LCD 
6. Key pad for enter Data 4X4 Keypad 
7. Tag Redder SMART CARD/RFID redder 
8. Memory for Storing Data EEPROM 
9. To find lactation GPS 

The project is initiated with microcontroller. I chose ARM 
7 and the IC number is LPC2129 because it supports my 
needs in this project. The following are the list of projects 
required to complete the project. It has in built UART to 
connect my GPS and smart card reader. 

We should know about the microcontroller pins and its 
power supply design parameters. It helps us to buy a 
Printed circuit board (called PCB) after purchasing PCB 
will start testing like its Pin and power supply. On the same 
time we will start working in programming too. We write 
program to LPC2129 in C language. 

To develop the program we use Keil software. Which 
support to develop the c program and also to compile and 
save the program. 

Second Stage: Testing of Hardware 

ARM LPC2129 PIN used in the Project 

Input and Output Pins (I/O): 

 4X4 Key Pad 
 Buzzer
 DC gear Motor (12v) 
 20X4 LCD 

UART: 

 RFID Reader 
 GPS 

I2C:

 EEPROM (24C04) 

UART PINS: 

PIN No for Details 

19 Tx UART -1 transmitting pin 
21 Rx UART -1 receiving pin 
33 Tx UART -2 transmitting pin 
34 Rx UART -2 receiving pin 

Input and Output Pins (I/O) For 4X4 Key Pad 

35 I/O 
36 I/O 
37 I/O 
38 I/O 
39 I/O 
41 I/O 

16 I/O 
46 I/O 

Input and Output Pins (I/O) For 20X4 LCD 

12 I/O 
8 I/O 
4 I/O 
48 I/O 
44 I/O 
40 I/O 
36 I/O 
32 I/O 
28 I/O 
24 I/O 

Input and Output Pins (I/O) For Buzzer 

55 I/O 

Input and Output Pins (I/O) For DC gear Motor 

1 I/O 

I2C Pin Details for Connecting EEPROM 

26 SDA: Serial Data PIN 
27 SCL: Serial Clock PIN 

Hardware Used 

a) 4X4 Key Pad

The 4 x4 matrix keypad is a general-purpose keypad. It 
consists of 16 switches arranged in 4 rows and 4 columns. 
It can connect to the MCU 8-bit port directly. The keypad 
is marked with numeric keys (0–9) and with function keys 
(A–F), as shown in Figure. It used to enter data to the 
controller. 

b) Buzzer 

A buzzer or beeper is a signaling device, usually electronic, 
typically used in automobiles, household appliances such 
as a microwave oven, or game shows. 

c) DC gear Motor (12v) 

In any electric motor, operation is based on simple 
electromagnetism. A current-carrying conductor generates 
a magnetic field; when this is then placed in an external 
magnetic field, it will experience a force proportional to the 
current in the conductor, and to the strength of the external 
magnetic field. As you are well aware of from playing with 
magnets as a kid, opposite (North and South) polarities 
attract, while like polarities (North and North, South and 
South) repel. The internal configuration of a DC motor is 
designed to harness the magnetic interaction between a 
current-carrying conductor and an external magnetic field 
to generate rotational motion. 
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