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ABSTRACT 

At present, toll gates in the highways are considered to be the bottleneck in the traffic flow. Managing the traffic and payment by the 

vehicle and close monitoring the vehicles are difficult. Hence a highly sophisticated system is designed that monitors each vehicle 

entering and leaving the toll gates and a bill is issued to the driver which he can pay later in a monthly or weekly pattern he chooses by 

either paying directly or by linking it to his/her bank account. Also the system monitors illegal vehicle that tries to pass the toll gates. 

The system triggers the alarm and activates the spikes that are incorporated at the exit of the toll gates and informs the police official. 

A RFID reader is incorporated in the toll gates and each cars are given RFID tags. The information about the car and the criminal 

records, if any, are stored in the data base. The system updates the database each time the car passes the toll gate. A pressure sensor is 

used to find the number of persons inside the car apart from a camera to find if there are any hidden person inside. The cars that emits 

harmful gas carbon mono oxide due to bad emission or any other harmful gases like a driver smoking or any drugs can also be 

detected using the gas sensors deployed. 

Keywords: ETC, RFID, Traffic management, Violation enforcement system, RF Transmitter, RF Receiver, FPGA, RAM, PROM. 

 

INTRODUCTION 

The Electronics toll collection was introduced to minimize the 

delay caused in the toll gate. Though the mechanism is done 

electronically it requires manual monitoring of collection of 

money. This creates a chaos when the person expected to pay 

does not give exact amount which in turn delay in payment 

and increase in the traffic congestion.  

Also there were no mechanism to monitor the illegal vehicles 

or vehicle that carries any illegal possessions. The toll 

collection is also based on the type of vehicle not depends on 

the number of persons travelling in the vehicle. Hence a 

system is designed that collects the bill depending on the 

person facility and monitors the payment. If any vehicle is yet 

to pay the toll then the system denied them from entering the 

toll until he pays the bill. If the person tries to forge the system 

then it sends an alarm to the nearby police official and also 

triggers the spikes bar which punctures the tires of the illegal 

vehicle trying to the toll. 

In addition to the above task, the system does the following 

important job of finding any vehicle if it carries any malicious 

gas or if the vehicle emits carbon monoxide due to bad 

combustion by deploying a gas sensor. If any suspicious 

activity is noted then it triggers the spikes and sends an alarm 

to the cops. 

The bill payment fashion is also be changed by implementing 

a pressure sensor which will find the amount of person by 

determining the pressure inserted on four wheels or the things 

carried by the person. This is an added advantage in this 

system by varying the bill amount depending on the number of 

persons or weights in the vehicle rather than the type of 

vehicle. 

Related works 

In japan, development of real time propagation measurement 

system for electric toll collecting. Electric toll collecting 

(ETC) system in the highway has been introduced from 2001 

and currently installed in around 70 % of the toll gates. 

Multipath interference in the early implementation of ETC 

system has caused the malfunction of the system. Therefore, 

electromagnetic absorbers are installed on some objects, such 

as canopy, in the toll gate to suppress the scattering.  

Thanks to the electromagnetic absorbers, the malfunction 

significantly decreased but the periodical investigation into the 

corrosion is always required for the maintenance and 

replacement after the installation. Since the measurement has 

been taken only for the power of the combined signal at 
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receiving points, the sufficient examination has not been 

carried out.  

We have studied the identification of the propagation paths 

using digital signal processing with array antennas to 

investigate the multipath propagation mechanism precisely. In 

previous studies, the measurement method using a vector 

network analyzer (VNA) and X-Y positioner was employed. 

However, it was not applicable in the toll gates that have been 

already opened for traffic because it was generally required to 

close the toll gates.  

This paper proposes a novel radio propagation measurement 

system for the ETC gates. The most significant feature of this 

system is that the measurement can be made on the vehicle 

passing through the gates using the real ETC signal 

transmitted from the ETC roadside station, thus there is no 

need to close the toll gates. This system can identify the 

individual scattering object and the power intensity of the ETC 

gate with 3-D visualization as well as the spatial power 

distribution in real time. In this paper, the measurement 

principle and the developed system will be described. The 

evaluation by the field experiment will be presented as well. 

This paper successfully implemented an algorithm to find 

vehicles that are due in payment. A camera is used to get the 

picture of car and compared with the database. This method 

involves image processing and difficult to implement the 

algorithm. Complexity of the system is increased due to 

complex algorithms. 

The existing system consists of a microcontroller, RFID Tag, 

RFID reader, stepper motor, and bill printer. The reader 

retrieves the information about the ID number and identifies 

the vehicle. Then for the tax to be collected the bill is printed 

at the time of exit and the stepper motor here is used to open 

and close the gate automatically. 

In the existing system, though there is an RFID reader the tax 

collection is manual and not automated. There are no security 

features such as identifying a stolen vehicle etc. The toll tax 

which is collected for all the vehicles is the same and the tax 

collected is not based on the load carried by the vehicle. 

Hardware setup 

RFID tag and reader 

Radio frequency identification (RFID) technology relates to 

short-range wireless communications and uses the radio 

frequency to read certain information on a device known as a 

tag.  They are commonly used for wireless data 

communication with R/W devices at distances ranging from a 

few millimeters to several meters. 

 
Figure 1: RFID tag and reader 

There are three fundamental RFID architectures in use today: 

passive, battery assisted passive (BAP), and active. Passive 

RFID tags do not carry their own energy source. They operate 

by harvesting energy from the reader and send data by 

reflecting energy back to the reader. Active RFID operates by 

utilizing energy from a battery or an equivalent local energy 

source. They send data to a reader by producing a low-power 

modulated signal. BAP RFID is a hybrid architecture that 

sends data by reflecting energy from the reader in the same 

manner as passive RFID, but utilizes a battery for its overall 

operation. In this system, RFID passive tags are deployed 

which are small and inexpensive that can be incorporated 

easily in an IC. 

Most RFID tags contain integrated circuit (IC) chip, to store 

and process data, and also an integrated antenna, which is used 

as the communication interface with read and write antenna 

system. When an RFID reader has to read data in the tag, radio 

waves from the reader are encountered by an RFID tag, the 

coiled antenna within the tag forms a magnetic field.  

The tag draws power from it, energizing the circuits in the tag. 

The tag then retrieves and sends the information encoded in 

the tag’s memory. The majority of passive tags use EEPROM 

memory. Some are laser programmed at the silicon level. The 

tag functions without a battery and these have a useful life of 

twenty years or more.  

RF Transmitter 

RF transmitter TWS-434 is implemented in the system which 

is extremely small and suitable for shorter RF communication. 

The transmitter output is up to 8mW at 433.92 MHz with a 

range of approximately 400 foot outdoors and 200 foot 

indoors.  The TWS-434 transmitter operates from 1.5 to 12 V 

DC and accepts both digital and linear inputs. 

            

 
 

Figure 2: TWS-434 

 

RF Receiver 

RWS-434 is deployed as RF receiver in this system. As the 

transmitter, the receiver also operates at 433.92 MHz, to 

match the communication with that of the transmitter and has 

a sensitivity of 3µV. The RWS-434 receiver has both linear 

and digital outputs and operates from 4.5 to 5.5 V DC.  

 

 
Figure 3:  RWS-434 
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FPGA 

The main advantage of this system is the implementation of 

Field Programmable Gate Array commonly known as FPGA. 

Spartan 3A series FPGA is used in this project. The FPGA 

design flow involves design entry, synthesis, simulation, 

implementation and programming. The main advantage of 

using FPGA is that the program can be modified and updated 

or altered at any point of time. 

Some of the important features of Xilinx Spartan

high-performance logic solution, very low cost for high

volume, cost-sensible applications. It simplifies 3.3V

design by providing dual-range VCC AUX supply. Effective 

use of system power is done as suspend and hibernate modes 

are available.  

When system is idle it will enter into any one of the above said 

mode according to the program. Multi-standard select IO 

interface pins and Multi-voltage are provided in this series. 

Abundant, flexible logic resources, up to eight Digital Clock 

Managers (DCMs) makes this suitable to our system.

Hierarchical Select RAM memory architecture, eight low

skew global clock networks, eight additional clo

device, plus abundant low-skew routing and configurable 

interface to industry-standard PROM are the added features of 

this series. 

Pressure sensor 

A piezoelectric sensor or pressure sensor is a device that uses 

the piezoelectric effect to measure pressure, acceleration, 

strain or force by converting them to an electrical charge. 

Piezo buzzer exploits the piezoelectric property

electric crystals.  

 

Figure 4: Pressure Sensor 

 

The piezoelectric effect may be direct piezoelectric eff

which the electric charge develops as a result of the 

mechanical stressor reverse or indirect piezoelectric effect 

(Converse piezoelectric effect) in which a mechanical force 

such as pressure develops due to the application of an electric 

field. 

Gas sensor 

The Flammable Gas and Smoke sensors can detect the 

presence of combustible gas and smoke at concentrations from 

300 to 10,000 ppm. Owing to its simple analog voltage 

interface, the sensor requires one analog input pin from the 

FPGA. The product can detect the pressure of the smoke and 

send the output in the form of analog signals. Our range can 

function at temperature ranging from -20 to 50 degree Celsius 

and consume less than 150 mA at 5V. 
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Figure 5: Gas Sensors

 

Sensitive material of MQ-2 gas sensor is SnO2 (Tin dioxide), 

which with lower conductivity in clean air. When the target 

combustible gas exist, the sensor’s conductivity is higher 

along with the gas concentration rising. MQ

high sensitivity to LPG, Propane and Hydrogen, also could be 

used to Methane.  

 Test Setup 

 

Figure 6: Block Diagram

 

Figure 6 shows the proposed system. An RFID tag is installed 

on each vehicle and at the gate an RFID reader reads this data 

from the vehicle as it passes the toll gate. RFID reader 

communicates with computer using UART (

Asynchronous Receiver/Transmitter)

data and transmits the individual bits in a sequential fashion to 

computer which consists of the entire database which is 

updated periodically. 

After reading the information, PC compares the data in the 

database and allows the access accordingly by opening/closing 

the gate. A time stamp and the entry count are also written 

onto the RFID tag each time the vehicle passes throug

gate. This data is used to print a daily or monthly bill for toll 
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Figure 6: Block Diagram 

Figure 6 shows the proposed system. An RFID tag is installed 

on each vehicle and at the gate an RFID reader reads this data 

s the toll gate. RFID reader 

communicates with computer using UART (Universal 

Asynchronous Receiver/Transmitter). UART takes bytes of 

data and transmits the individual bits in a sequential fashion to 

consists of the entire database which is 

After reading the information, PC compares the data in the 

database and allows the access accordingly by opening/closing 

the gate. A time stamp and the entry count are also written 

onto the RFID tag each time the vehicle passes through the 

gate. This data is used to print a daily or monthly bill for toll 
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collection from the vehicles and this helps to find stolen 

vehicle.  

The pressure sensor calculated the pressure of the vehicle 

exerted on the wheels and is displayed. A counter is used to 

count the number of vehicles. The amount on the basis of 

weight & the count of vehicles is also displayed on the screen. 

The amount to be paid is automatically deduced from the 

respective bank account. 

 

 

 
Figure 7: Flow Chart 

 

If a vehicle carries any kind of gas that shouldn’t be carried, 

the gas sensor detects the gas in the vehicle. In case if there is 

any kind of gas that is detected, the RF transmitter is used to 

alert the nearby police station and an alarm is enabled to alert 

the surrounding areas. Subsequently motor 1 is used to close 

the gate and simultaneously motor 2 is used to pull up the 

spikes in order to puncture the vehicle. The flowchart for the 

entire process is shown in figure 7. 

CONCLUSION 

The system is designed and implemented successfully. The 

main advantage of this system is that the main controller is 

FPGA- Field Programmable Gate Array. The FPGA’s are 

highly flexible and the program can be changed anytime 

accordingly by a trained programmer. Hence upgrading of this 

system is easy when compared to the existing system. The 

performance of this system with other system which is 

incorporated with microcontroller are done. The performance 

of the system with FPGA is fast than the other system. Any 

extra devices can be added to perform any added task and 

programmed at any point of time. Though the performance of 

the system is faster, the performance of the computer handling 

the database is questionable as the number of vehicle increases 

the database increases reducing the performance of the system. 

Hence a smarter and high speed computer with maximum 

storage and capable of handling parallel processing should be 

chosen for practical application which in turn drastically 

increases the cost of the system. 
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