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Abstract: we present a system for providing clear path to emergency vehicles, control the congestion, stolen 

vehicle detection and smart toll plaza. Each individual vehicle is equipped with special RFID tag. We are using 

EM-18 RFID Reader and AT89S52 microcontroller. EM-18 reads the RFID tags attached to the vehicle then it 

sends to microcontroller. If match is found with stolen vehicle RFID list then signal becomes red and SMS is 

send to police. When an emergency vehicle is approaching the junction, it will communicate to traffic controller 

in the junction to turn ON green light. We are using AT89S52 microcontroller and Zigbee S2C module system 

on chip for wireless communication between the emergency vehicle and traffic controller. And emergency 

vehicle can choose its own path. For congestion control we are using two IR sensor pairs on road before EM18 

reader. When IR is interrupted congestion is detected and green light duration is increased for that road. Bank 

account can be linked with RFID and cashless toll payment will be executed without stop. For this, we are using 

PIC16F877A microcontroller and GSM module. GSM module displays it on internet page. 

Keyword: emergency vehicle, congestion control, stolen vehicle detection, smart toll plaza. 

 

I. INTRODUCTION 
Congestion on roads is major problem in developing countries like India. Growth in number of vehicle 

is more than infrastructure, due to space, cost and increasing population [1]-[3]. Congestion on roads eventually 

results in slow moving traffic, which increases the time of travel, thus stands-out as one of the major issues in 

metropolitan cities. In recent years, wireless networks are widely used in road transport. 

From this problem section, it can be seen that, existing technologies are insufficient to handle the 

problems of congestion control, emergency vehicle clearance, stolen vehicle detection, etc. [1], [4].  

To solve these problems, we propose to implement our Intelligent Traffic Control System along with 

smart toll plaza. It mainly consists of four parts. First part contains automatic signal control system [5]. Here, 

each road is equipped with two IR sensor pairs. When one or both IR pairs interrupted then congestion on road 

is detected. Accordingly, microcontroller sets the green light duration for that path [7]. Second part is for the 

emergency vehicle clearance. Here, each emergency vehicle contains Zigbee transmitter module and the Zigbee 

receiver will be implemented at the traffic junction [6]. The buzzer will be switched ON when the vehicle is 

used for emergency purpose. This will send the signal through the Zigbee transmitter to the Zigbee receiver. It 

will make the traffic light to change to green. Once the emergency vehicle reaches its destination the emergency 

deactivation signal is send and signal is turner to red. The third part is responsible for stolen vehicle detection 

[6]. Here, when the RFID reader reads the RFID tag, it compares it to the list of stolen RFIDs. If a match is 

found, it sends SMS to the police control room and changes the traffic light to red, so that the vehicle is made to 

stop in the traffic junction and local police can take appropriate action. And forth part presents smart toll plaza. 

So there will be no necessary to stay in long queue for toll. Bank account can be linked with RFID number and 

detailed monthly bills of toll will be sent to customer at the end of the month [8], or toll amount can be deducted 

from linked bank account [9]. 

Need of the Study 

This study provides the path to avoid the congestion on road, to save the lives by giving clear path to 

emergency vehicle, to save the time and efforts of policeman. 

 

II. LITERATURE REVIEW 
Rapid urbanization and the growing demands for faster transportation has led to heavy congestion in 

road traffic networks, necessitating signal control system[1]-[4],[11][12]. 

In [1], intelligent traffic control system is discussed. It uses RFID tag, RFID reader GSM module and 

PIC microcontroller to determine the network congestion and hence the green light duration for that path [12]. 

Also stolen vehicles can be detected if RFID tag belongs to stolen vehicles RFID database & SMS is send to 

nearest police station and clear path can be provided  to emergency vehicles [10],[11]. In [6], this proposal uses 

the RFID Technology to deal with the traffic problems. The major components of this proposal are RFID reader, 

a camera that is used to track and take picture of the vehicle, RFID tag, a database server which contains the 
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details of the red signal violators and uses GSM technology to send warning message. This proposal minimizes 

the conflict and confusion between people and the vehicle and which will automatically reduce the number of 

accidents on roads.  

In [13] , developed algorithm for minimum total time path along with weighted number of stops. To 

solve this bi-criteria path problem, traffic light network transformed into on-off time-switch network.  

In [7], “Intelligent traffic light controller”. This makes the use of Sensor Networks along with 

Embedded Technology. The timings of Red, Green lights at each crossing of road will be intelligently decided 

based on the total traffic on all adjacent roads. Thus, optimization of traffic light switching increases road 

capacity and traffic flow, and can prevent traffic congestions. In [8], the system is implemented to automatically 

register vehicles getting on or off a motorway or highway, cutting the amount of time for paying toll in large 

queues. The detailed monthly bills will be sent to the customer at the end of the month. The customers could 

register and get a transmitter module and thereafter would not need to stop at toll booth whenever they get on or 

off the motorway. 

  In [9], ETC (Electronic Toll Collection) is an electronic automatism toll collection system that was 

been researching by the world used in the highway, bridge and tunnel. Throwing information change between 

electronic labels that held vehicle and RPID antennas that was fixed the roadside or door frame, the center 

control computer can identify the road user by the information stored in the electronic label and deduct the pike 

from the road user advance stored card or bank account. It‟s obvious advantage is no parking toll collection. 

Thereby it can significantly improve the dispose efficiency of the toll station and the traffic ability of toll road. 

Gaps Identified 

Lack of integration of toll system with existing RFID tag in vehicle, there was no any provision to save 

toll for stolen vehicle. Congestion can also be controlled without RFID tags so we can use congestion control 

system alone. 

 

III. PROPOSED MODEL 
It can be seen that, existing technologies are insufficient to handle the problems of congestion control, 

emergency vehicle clearance, stolen vehicle detection and to pay toll digitally etc. To solve these problems, we 

propose to implement our intelligent system. 

 
                                                              Figure1: Traffic jam 

It mainly consists of four parts. First part contains automatic signal control system. In this each road is 

equipped with two IR sensor pairs before EM18 reader on that road. Each pair contains one IR LED and one 

photo transistor. IR LED is placed at one edge of road and photo transistor is placed at other edge. There is 

continuous infrared range in between LED and photo transistor. When traffic length interrupts IR range in 

between first pair of IR sensor, then congestion is detected. And this data is send to main microcontroller. 

Accordingly, it sets the green light duration for that path. At any traffic junction among all the roads, whose first 

and second pair of IR sensors are interrupted is given first priority.  

Second part is for the emergency vehicle clearance. Here, each emergency vehicle contains Zigbee 

transmitter module and the Zigbee receiver will be implemented at the traffic junction. The buzzer will be 

switched ON when the vehicle is used for emergency purpose. This will send the signal through the Zigbee 

transmitter to the Zigbee receiver. It will make the traffic light to change to green. Emergency vehicle can also 

choose their own path by inserting root number from keypad provided in it. First priority is given to emergency 

vehicle. 

The third part is responsible for stolen vehicle detection. Here, when the RFID reader reads the RFID 

tag, it compares it to the list of stolen RFIDs. If a match is found, it sends SMS to the police control room and 

changes the traffic light to red, so that the vehicle is made to stop in the traffic junction and local police can take 

appropriate action. After taking action, the police man will show his system RFID card to turn the signal in 

normal light cycle.  
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Forth part presents smart toll plaza. So there will be no necessary to stay in long queue for toll. Toll 

will be paid by using the same RFID to which the bank account is linked. And same update will be given on 

internet. (IOT) 

Transmitter side 

These Transmitter circuits mount in ambulance. It consists of microcontroller AT89S52, keypad, 

Zigbee S2C transmitter, supply, LCD and Buzzer.  

Microcontroller 

The AT89S52 is a low-power, high-performance CMOS 8-bit microcontroller. Compatible with 

MCS®-51 Products, 8K Bytes of In-System Programmable (ISP) Flash Memory, 4.0V to 5.5V Operating 

Range, Fully Static Operation: 0 Hz to 33 MHz, Three-level Program Memory Lock, 256 x 8-bit Internal RAM, 

32 Programmable I/O Lines, Three 16-bit Timer/Counters, Eight Interrupt Sources, Full Duplex UART Serial 

Channel, Low-power Idle and Power-down Modes, Interrupt Recovery from Power-down Mode, Watchdog 

Timer, Dual Data Pointer, Power-off Flag, Fast Programming Time, Flexible ISP Programming (Byte and Page 

Mode) 

 
Figure2: Block diagram of Transmitter unit in ambulance 

EM18 RFID Reader 

  Radio Frequency Identification, or RFID, is a rapidly-emerging identification and logging technology. 

RFID systems use tiny chips, called "tags," to contain and transmit some piece of identifying information to an 

RFID reader, a device that in turn can interface with computers. 

Radio-frequency identification (RFID) is a technology that uses communication through the use of 

radio waves to exchange data between a reader and an electronic tag attached to an object, for the purpose of 

identification and tracking. Some RFID tags can be read from several meters away and beyond the line of sight 

of the reader. The application of bulk reading enables an almost-parallel reading of tags. 

Radio-frequency identification involves the hardware known as interrogators (also known as readers), 

and tags (also known as labels), as well as RFID software or RFID middleware. Most RFID tags contain at least 

two parts: one is an integrated circuit for storing and processing information, modulating and demodulating a 

radio-frequency (RF) signal, and other specialized functions; the other is an antenna for receiving and 

transmitting the signal. 

RFID can be passive (using no battery), active (with an on-board battery that always broadcasts or 

beacons its signal) or battery assisted passive (BAP) which has a small battery on board that is activated when in 

the presence of an RFID reader.  

In an RFID system, RFID tags are "interrogated" by an RFID reader. The tag reader generates a radio 

frequency "interrogation" signal that communicates with the tags. The reader also has a receiver that captures a 

reply signal from the tags, and decodes that signal. The reply signal from the tags reflects, both literally 

figuratively, the tag's data content. The reply signal is created as passive "backscatter" (to use the radio term). 

Here we use 125KH and with 10cm range RFID reader. 

http://en.wikipedia.org/wiki/Technology
http://en.wikipedia.org/wiki/Radio_waves
http://en.wikipedia.org/wiki/Bulk_reading
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Modulation
http://en.wikipedia.org/wiki/Demodulation
http://en.wikipedia.org/wiki/Radio-frequency
http://en.wikipedia.org/wiki/Antenna_(radio)
http://en.wikipedia.org/wiki/Battery_(electricity)
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Figure3: RFID tag and Zigbee module 

ZIGBEE module S2C (RF transmitter) 

Zigbee is an IEEE 802.15 Based specification for a suite of high-level communication protocols used 

to create personal area networks with small, low-power digital radios the technology defined by the Zigbee 

specification is intended to be simpler and less expensive than other wireless personal area networks (WPANs), 

such as Bluetooth or Wi-Fi. Application include wireless light switches, electrical meters with in-home-displays, 

traffic management systems, and other consumer and industrial equipment that requires short-range low-rate 

wireless data transfer. 

Its low power consumption limits transmission distances to 10–100 meters line-of-sight, depending on 

power output and environmental characteristics. Zigbee devices can transmit data over long distances by passing 

data through a mesh network of intermediate devices to reach more distant ones. Zigbee is typically used in low 

data rate applications that require long battery life and secure networking (Zigbee networks are secured by 128 

bit symmetric encryption keys.) Zigbee has a defined rate of 250 Kbit/s, best suited for intermittent data 

transmissions from a sensor or input device. 

Zigbee was conceived in 1998, standardized in 2003, and revised in 2006. The name refers to 

the waggle dance of honey bees after their return to the beehive. 

Receiver side 

It consists of GSM module, EM18 reader, Microcontroller AT89s52, RFID reader, PC terminal to 

update data and power supply. 

GSM module 

GSM (Global System for Mobile Communications) is the most popular standard for mobile telephony 

systems in the world. This also facilitates the wide-spread implementation of data communication applications 

into the system. GSM also pioneered low-cost implementation of the short message service (SMS), also called 

text messaging, which has since been supported on other mobile phone standards as well. GSM RS232 modem 

built with SIM 900quad- band GSM engine, works on frequency850MHZ,900MHZ,1800MHZ,1900MHZ the 

baud rate can be configurable from 9600-115200 through AT command. 

 
Figure4: Receiver unit at signal 
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At toll plaza 

In this toll system EM18 RFID reader Will scan the RFID tag and deduct the predefine amount from 

the account.GSM Module will update the detail on web page. LCD display will show entire detail of projects 

status.  

PIC microcontroller (PIC16F877A) 

The computer on one hand is designed to perform all the general purpose tasks on a single machine like 

you can use a computer to run a software to perform calculations or you can use a computer to store some 

multimedia file or to access internet through the browser, whereas the microcontrollers are meant to perform 

only the specific tasks, for e.g., switching the AC off automatically when room temperature drops to a certain 

defined limit and again turning it ON when temperature rises above the defined limit. 

 
Figure5: Toll collecting unit at toll plaza 

There are number of popular families of microcontrollers which are used in different applications as 

per their capability and feasibility to perform the desired task, like  8051, AVR and PIC microcontrollers. In this 

we will introduce you with AVR family of microcontrollers. 

Only 35 single-word instructions to learn, All single-cycle instructions except for program branches, 

which are two-cycle, Operating speed: DC – 20 MHz clock input DC – 200 ns instruction cycle, Up to 8K x 14 

words of Flash Program Memory, Up to 368 x 8 bytes of Data Memory (RAM), Up to 256 x 8 bytes of 

EEPROM Data Memory, Pin out compatible to other 28-pin or 40/44-pin PIC16CXXX and PIC16FXXX 

microcontrollers, Timer0: 8-bit timer/counter with 8-bit prescaler, Timer1: 16-bit timer/counter with prescaler, 

can be incremented during Sleep via external crystal/clock, Timer2: 8-bit timer/counter with 8-bit period 

register, prescaler and postscaler Two Capture, Compare, PWM modules Synchronous Serial Port (SSP) with 

SPI (Master mode) and I2C (Master/Slave) Universal Synchronous Asynchronous Receiver Transmitter 

(USART/SCI) with 9-bit address detection Parallel Slave Port (PSP) – 8 bits wide with external RD, WR and 

CS controls (40/44-pin only) Brown-out detection circuitry for Brown-out Reset (BOR) 10-bit, up to 8-channel 

Analog-to-Digital Converter (A/D). 

 

IV. RESULT AND DISCUSSION 
In this model, there are four main modules as follows.  

Traffic signal control system 

In this system for testing purpose, we have kept normal signal duration for green and red is 8 second 

and yellow is 2 sec. If first pair of IR sensor get interrupted at every route connected to traffic junction then no 

congestion will be detected. Hence there will be no change in signal duration. If first pair of IR sensor of only 

one route is interrupted then green light duration for that route is 16 second. Third condition if first pair of IR 
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sensor of three routes gets interrupted and both pairs of IR of fourth route is interrupted then congestion is 

detected on fourth route and green light duration is increased to 16 sec.  

Emergency vehicle clearance system 

In this module, there are 2 parts one is Zigbee transmitter inside the vehicle and 2
nd

 is Zigbee receiver 

at signal post. When emergency vehicle is approaching to traffic junction it will send signal via Zigbee 

transmitter to Zigbee receiver at signal post. And also send route number which will be followed by that vehicle. 

For testing we have used root number 1,2,3,5 and 6. For this we have to press „*‟ button then rout number and 

again‟*‟ button on keypad provide in vehicle itself. As per route chosen by emergency vehicle the all signals are 

turned to green in that route. To deactivate the route chosen driver have to press „#‟ button on keypad. Buzzer is 

provided in vehicle. It will turn on when vehicle is in emergency condition only. In all other situation 

emergency vehicle will be detected by RFID as normal vehicle. 

Stolen vehicle detection 

 As every vehicle is equipped with RFID tag, this tag will be read by RFID reader before signal point. 

This RFID details will be send to main microcontroller. Main microcontrollers AT89S52 will matches this 

RFID with RFID list of stolen vehicles then microcontroller turns the red signal light of all routes in traffic 

junction and SMS will be send to registered mobile number. Then after taking appropriate action the authorised 

person having system RFID, will show his system RFID card to RFID reader of that route. Then the signal 

comes to normal mode. 

Smart toll plaza 

By using previously installed RFID‟s in every vehicle, we are paying tool digitally. We can link bank 

account to that RFID for deduction of toll. But for demo purpose, we have provided five switches. One switch is 

to reset the account balance. One is for provision and other three switches to recharge account balance for three 

vehicle. If we press switch one for one time 100 RS recharge will be done for vehicle number 1(i.e. first RFID 

card). As soon as vehicle comes at toll plaza RFID reader will read the vehicle RFID card and deducts the pre 

decided amount i.e. 20 RS from account. The same will be displayed on LCD display at toll plaza and also on 

internet page (used IOT). Also RFID number and that number is not belonging to theft car is also displayed on 

internet page. And there is no deduction of toll for theft RFID. But RFID number will be displayed as theft 

vehicle on internet page. 

Figure6: Ambulance board                                  Figure7: Signal control unit 

            Figure8: Theft car detection at signal control                                Figure9: Smart toll plaza 
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Figure10: Whole working unit 

 

V. CONCLUSION AND ENHANCEMENTS 
“Intelligent traffic control and smart toll plaza system gives relief from traffic jam by managing the 

traffic light duration; it also provides the facility of stolen vehicle detection and save the efforts of policeman. It 

also provides the clear path for emergency vehicles such as ambulance.  Emergency vehicle can choose their 

own path to reach desired path. As we have used RFID for each vehicle, so we can pay toll automatically 

without wasting the time at toll booth. It saves life as it gives clear path to emergency vehicles” 

Further enhancement can be made by reducing large hardware. In congestion control system, range can 

be increased by using laser instead of IR sensor. Traffic violation detection can be integrated with this system. 

Limitations of study 

Each and every vehicle should be equipped with RFID tag without which we can‟t pay toll and can‟t 

identify stolen vehicle. 

Sources of funding of the study 

Study was self financed by author. 

Implications of the Finding 

Prepared model will help to control the congestion on road and will save the valuable lives. It will also 

save the valuable time of human and efforts of policeman. 
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