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Abstract— Automated Toll Plaza system using Radio 

Frequency Identification (RFID) emerges as a converging 

technology where time and efficiency are matters of priority 

in toll collection systems of present day. Most of the toll 

collection systems commonly used in India is manual 

transaction. Nowadays, streams of traffic are increased and 

toll gate on highways are congested. It is a major cause of 

traffic jam. The objective of this journal paper is to transform 

manual transaction to automated toll collection with the help 

of RFID technology and also enable stolen vehicle detection. 

For the RFID system, 13.56 MHz passive RFID reader and 

tag pairs are used. The balance deduction and stolen vehicle 

identification takes place through a centralized database and 

the payment receipt of the successful transaction is intimated 

to the user’s mobile through ‘way to SMS’. The Raspberry-

Pi 3 microcontroller is used to control the stepper motor and 

capture the driver picture and send it via email to police 

network. By implementing this system there would be a high 

possibility to reduce highway traffic and help to curtail the 

theft of vehicles. 
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I. INTRODUCTION 

The current scenario that is observed in and around the toll 

plaza, these days, in a highway is that of increasing traffic 

congestions and long queues. Therefore, an advanced 

technique is urgently required to reform the problem of 

congestions. Automated toll plaza system is one of the 

methods to solve the above conditions. An extra dimension 

can be added to this automated toll plaza to make it function 

like a check post also to identify the stolen vehicles. This 

system is composed of several subsystems. The RFID system, 

computer databases (registered vehicles and stolen vehicles), 

power supply, microcontroller, motor and inferred device are 

included. Automated system can bring the several sectors for 

toll gates as saving time and reducing the human workers. 

The RFID tag and RFID reader are contained in 

RFID system. RFID means Radio Frequency Identification 

that consists of the tags which can be either active or passive 

tag. Passive tag do not have own power supply, much cheaper 

to manufacture and small coil antenna is used. On the other 

hand, active tag must have own power supply. It has longer 

range and larger memories. It can store additional information 

sent the RFID reader. RFID reader is an interrogator. It is 

placed at the toll gate on every single row where vehicles are 

passed. The reader contains an RF module, which acts as both 

transmitter and receiver of radio frequency signals. The 

reader generates the signal to receive the data from tag. The 

received signals send to the computer system which contains 

the database of all users. The ID number from the tag checks 

with the recorded database to see if it is registered and verifies 

with the stolen vehicle database to see if the vehicle is stolen. 

The computer and microcontroller are connected with USB 

cable. So, the Raspberry-Pi 3 microcontroller is very 

compatible for system. The microcontroller will send the 

necessary details via SMS and the gate will open. The IR 

sensor senses the vehicle motion for opening and closing 

gates automatically. 

A. Related Work 

In [2], the author mentioned that the micro simulation model 

for the automated toll plaza system using RFID technology. 

The 8051 microcontroller is used for the control system. The 

signal is sent to the PC via RS-232 cable from PIC. In this 

system, the microcontroller is the main part of the system 

because of the signal is sent to PC and the output results 

showed on the LCD display. And then, the microcontroller 

sent the signal to the motor driver for opening the traffic gate. 

In [3], the author explained that the RFID based 

automatic toll gated system. The frequency 928 MHz is used 

for the communication between RFID system and the control 

system. The microcontroller was programmed using the C 

programming language and Visual Basic was used in the 

serial communication between the computer and the RFID as 

well as with the PIC. The database was developed using 

Microsoft Access because it can contain up to 32768 records 

of objects. 

II. METHOD FOR IMPLEMENTATION 

A. Hardware Design 

The automated system using RFID technology can be 

classified into two modules. They are vehicle module and 

base module. The vehicle module consists of passive RFID 

tag. The RFID reader, host computer system and gate control 

system are composed as the base module. The block diagram 

of automated toll collection system is described in figure 1. 

 
Fig. 1: Block Diagram 

The major components of the system are as follow: 

 RFID Technology 

 Raspberry Pi microcontroller 

 Stepper motors 

 IR sensor 

 Camera 

 Light Indication and buzzer 
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 Power supply unit 

1) RFID Technology: 

RFID is an automated data-capture technology that can be 

used to electronically identify, track, and store information 

contained on a tag. A radio frequency reader scans the tag for 

data and sends the information to a database, which stores the 

data contained on the tag. The main technology components 

of an RFID system are the tag, reader, and database. 

a) RFID Tag 

An RFID tag, or transponder, consists of a chip and an 

antenna. A chip can store a unique serial number or other 

information based on the tag’s type of memory, which can be 

read-only, read-write, or write once read-many (WORM). 

The antenna, which is attached to the microchip, transmits 

information from the chip to the reader. Typically, a larger 

antenna indicates a longer read range. The tag is attached to 

or embedded in an object to be identified, such as a product, 

case, or pallet, and can be scanned by mobile or stationary 

readers using radio waves. 

b) RFID Reader 

In order for an RFID system to function, it needs a reader, or 

scanning device, that is capable of reliably reading the tags 

and communicating the results to a database. A reader uses 

its own antenna to communicate with the tag. When a reader 

broadcasts radio waves, all tags designated to respond to that 

frequency and within range will respond. A reader also has 

the capability to communicate with the tag without a direct 

line of sight, depending on the radio frequency and the type 

of tag (active, passive, or semi passive) used. Readers can 

process multiple items at once, allowing for increased read 

processing times. They can be mobile, such as handheld 

devices that scan objects like pallets and cases, or stationary, 

such as point-of-sale devices used in supermarkets. 

 
Fig. 2: RFID Technology 

2) Raspberry Pi Microcontroller: 

The Raspberry Pi is a low-cost credit-card sized single-board 

computer. The Raspberry Pi was created in the UK by the 

Raspberry Pi Foundation. The Raspberry Pi Foundation's 

goal is to "advance the education of adults and children, 

particularly in the field of computers, computer science and 

related subjects”.  Many people have used the Raspberry Pi 

to make things like cameras, gaming machines, robots, web 

servers and media centres. 

The design of Raspberry Pi is based on a Broadcom 

BCM2835 system on a chip (SOC) including ARM 

compatible CPU with a speed ranging from 700 MHz to 1.2 

GHz for the Pi 3 along with an on chip GPU. The on board 

memory might range from 256MB to 1 GB RAM. With their 

first release in the year 2012 (Pi 1) in basic model A and a 

higher specification B, its second generation (Pi 2) was 

released in 2015 followed by Pi 3 in Feb 2016. Raspberry Pi 

models can be a bit confusing. There are two levels to the 

naming system. Pi 1, Pi 2, and Pi 3 indicate the “generation” 

of the model, where roughly Pi 1 is 2012-14 models, Pi 2 is 

2015 models, and Pi 3 is 2016 models. 

3) Stepper Motor: 

The stepper motor is an electronic device that converts digital 

pulses into mechanical shaft rotation. The most significant 

advantage of stepper motor is its ability to be accurately 

controlled in an open loop system. The advantages of stepper 

motor are – 

 Low cost and high reliability 

 High torque at low speeds 

 Rugged construction that operates in almost any 

environment 

There are two types of stepper motor. They are 

unipolar stepper motor and bipolar stepper motor. The 

unipolar stepper motor is used for this system because its 

winding is made relatively simple with the communication 

circuit than bipolar stepper motor in open loop system. The 

supply voltage for motor is 12V. This motor is used to open 

the traffic gates at the toll gate station. 

4) Infrared Sensor (IR Sensor): 

The IR sensor is a detection device for motion and other 

devices. There are two portions for object detection. They are 

– 

a) Transmitter section 

The transmitter section sends out a wave at a certain 

frequency such as 38kHz or other frequencies. The frequency 

choosing depends on the receiver IR sensor. 

b) Receiver section 

The receiver section is designed to pick up the tramsmitted 

frequency. 

The basic concept of an Infrared Sensor which is 

used as Obstacle detector is to transmit an infrared signal, this 

infrared signal bounces from the surface of an object and the 

signal is received at the infrared receiver. Infrared 

Transmitter is a light emitting diode (LED) which emits 

infrared radiations. Hence, they are called IR LED’s. Even 

though an IR LED looks like a normal LED, the radiation 

emitted by it is invisible to the human eye. There are different 

types of infrared transmitters depending on their 

wavelengths, output power and response time. 

 
Fig. 3: IR Sensor 

5) Power Supply Unit: 

The DC power supply unit is vital component in modern 

electronic devices as they need a wide range of DC voltages 

for their operations. The purpose of a power supply is to 

provide the required amount of power specified voltage from 

primary source. 
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6) Software Design: 

To accomplish the system, the choosing of software is very 

important. The Microsoft SQL Server and NetBeans IDE 

8.0.2 are used as Integrated Development Environment 

(IDE). The C# language and mikroC language are also used 

to implement the system. The C# language is familiar with 

many users and suitable for GUI design. The Raspberry Pi 

microcontroller is programmed with the IDLE python tool. 

a) Microsoft SQL Server 

Microsoft SQL Server is a relational database management 

system developed by Microsoft. As a database, it is a software 

product whose primary function is to store and retrieve data 

as requested by other software applications, be it those on the 

same computer or those running on another computer across 

a network (including the Internet). 

b) NetBeans IDE 

NetBeans is an integrated development environment for Java. 

NetBeans allows applications to be developed from a set of 

modular software components called modules. NetBeans 

runs on Microsoft Windows, macOS, Linux and Solaris. 

c) Flow Chart of the System 

The system can be seen clearly by showing the flow chart of 

the program. The overall flow chart of the toll collection 

system is illustrated as follow. Whenever the vehicle moves 

through the toll gate on any road, it is indicated on the RFID 

reader that the vehicle has crossed the clearing. The reader 

reads the information available in the RFID tag attached to 

the vehicle. Based on this information the controller first 

checks the criminal database for any sorts of complaints filed 

on the particular vehicle. If the data in the criminal database 

matches with the vehicle ID obtained over RFID then both 

the gates of the toll booth will be locked and a message 

regarding the identification of the stolen vehicle would be 

sent to the nearby police station. The picture of the vehicle is 

also captured and is sent over email. If there is no complaint 

on the particular vehicle ID then the transaction takes place 

through a centralized database and the payment receipt of the 

successful transaction is intimated to the user’s mobile 

through way to SMS. It is shown in flowchart 1. 

III. PROPOSED SYSTEM 

The proposed method is to provide a fast and safe 

environment for toll collection and to automatically control 

the vehicle movements at the toll stations. IR sensor is used 

to detect the vehicle and the Gate models are used here to 

open and close while the vehicle is entering or exit in the Toll 

Tax unit. The RFID reader is used to read the tag of the 

vehicles. The Vehicle information is stored in the 

microcontroller based on the TAG number. Based on the 

number tax amount for that vehicle will be automatically 

deducted from the user’s account and then payment receipt 

will be sent over message service to the registered mobile 

number of the user. 

If the vehicle is free from any complaints, the 

information about the user such as date and time of crossing 

etc., will be logged into the database and then amount would 

be deducted and confirmation mail and message will be sent. 

If the vehicle number matches with the one in the complaint 

database then the toll doesn’t open and buzzer alarms and also 

a message will be sent to the nearby police station. 

 
Flowchart 1: Proposed System 

IV. WORKING SAMPLE 

Imagine when a car approaches the toll booth, the unique 

code of vehicles identified using RFID technology is first 

compared with the data in the complaint database. 

If the vehicle is free from any complaints, it then 

logs the time, location and id of the vehicle in another 

database and then amount is deducted and notification is sent 

to the user using GSM. If the id matches the one in the 

complaint database, the vehicle is restricted from passing 

through. 

Internet of things in toll plaza is done using 

programming languages such as Java and SQL and the 

information is logged in cloud database. 

The working sample is illustrated in figure 4. 

 
Fig. 4: Working sample 

V. CONCLUSION 

This system mainly reviewed the research and development 

work for toll collection at the toll gate on highway with the 

help of passive RFID technology and its use in stolen vehicle 

identification.  RFID offers highly reliable data collection in 

harsh environments. RFID technology can provide new 
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capabilities as well as an efficient method to collect, manage, 

disseminate, store, and analyze information It not only 

eliminates manual data entry but also inspires new 

automation solutions. 

By developing this system, the knowledge of RFID 

system, Raspberry Pi microcontroller, the database 

construction are realized. For this system, passive tags are 

better than the active tags because of low cost, low power 

consumption and also radio signals environmental factors. By 

using RFID based automated toll collection system, the 

vehicle can check for security with the passing time, save the 

time for toll collection and reduce traffic congestion at the toll 

plaza. Therefore, the RFID based toll collection system is the 

best way for toll collection at the toll plaza. Also by 

implementing this system, there would be a high possibility 

to reduce the number of vehicle thefts and also to curtail the 

thieves from escaping to other places with the stolen vehicle. 

It would greatly help the police to catch the thieves as the area 

to look for them would be minimized. 

ACKNOWLEDGMENT 

We take this opportunity to thank Dr.K.Elango, Professor & 

Head, Department of Electrical and Electronics Engineering, 

and project guide Ms.P.Dhivya, Assistant Professor, 

Department of Electrical and Electronics Engineering for 

their valuable guidance and for providing all the necessary 

facilities, which were indispensible in the completion of this 

project. We are also thankful to all the Staff members of 

Department of Electrical and Electronics Engineering, 

Valliammai Engineering College for their support. 

REFERENCES 

[1] Atif Ali Khan, Adnan I. Elberjaoui Yakzan, Dr Maaruf 

Ali - Radio Frequency Identification (RFID) Based Toll 

Collection System,IEEE 3rd International Conference. 

[2] Sachin Bhosale, “AUTOMATED TOLLPLAZA 

SYSTEM USING RFID”, ISSN: 2278 – 7798 

International Journal of Science, Engineering and 

Technology Research (IJSETR) Volume 2, Issue 1, 

January 2013. 

[3] Lovemore Gunda, “RFID BASED AUTOMATIC 

TOLLGATE SYSTEM (RATS)”, CIE42 Proceedings, 

16-18 July 2012, Cape Town, South Africa © 2012 CIE 

& SAIIE 

[4] ActiveWaveInc. http://www.activewaveinc.com 

[5] Smart key Access Control System http://www.smartkey-

rfid.com 

[6] D. M. Grimes and T. O. Jones, ―Automotive radar: A 

brief review, Proc. IEEE, vol. 62, no. 6, pp. 804–822, 

Jun.1974. 

[7] AungMyint Win, Chaw MyatNwe, KyawZinLatt, “RFID 

Based Advanced Toll Collection Plaza”, International 

Journal of Scientific and Research Publications, Volume 

4, Issue 6, June 2014 

[8] Liu Bin, Lu Xiaobo and Gao Chaohui. ―Comparing and 

testing of ETC modes in Chinese freeway. ǁ Journal of 

Transportation Engineering and Information, 5(2), 2007, 

pp.31-35. 

[9] A Novel Chipless RFID System Based on Planar 

Multiresonators for Barcode Replacement Stevan 

Preradovic, Isaac Balbin, Nemai C. Karmakar and Gerry 

Swiegers2008 

[10] Aniruddha Kumawat, Kshitiija Chandramore, 

“Automation Toll Collection System Using RFID”, Vol. 

2, Issue 2, April-June 2014. 

http://www.smartkey-rfid.com/
http://www.smartkey-rfid.com/

