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Abstract— One of the biggest problem in urbanized areas is 

traffic congestion. Many a times, the green signal would be 

shown to empty roads while a busy lane waiting. Ambulance 

and fire brigades also get stuck in traffic jams. The prevailing 

traffic control system does not help to solve these problems 

effectively as they function in open loop with no feedback of 

traffic data such as vehicle density. To overcome this 

disadvantage, the traffic system should be able to detect, 

which lane is busier than the other lanes and whether an 

ambulance is stuck in that lane. This capacity is given to the 

traffic system using IR sensors placed strategically along the 

lane to determine the traffic density and using RFID tags 

implanted in ambulance, fire brigades to give priority for their 

passage over vehicles of other lanes. 
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I. INTRODUCTION 

Traffic signal controllers are signalling devices positioned at 

road intersections, pedestrian crossings, and other locations 

to control traffic flows Traffic lights alternate the right of way 

accorded to users by displaying lights of a standard colour 

(red, amber and green) following a universal colour code. In 

the typical sequence of colour phases: The green light allows 

traffic to proceed in the direction denoted, if it is safe to do so 

and there is room on the other side of the intersection. The 

amber light warns that the signal is about to change to red. 

The red signal prohibits any traffic from proceeding. But the 

conventional system is not sophisticated enough to prevent 

traffic accumulation and often result in delays for the 

travellers. Traffic density is an important factor that grows 

exponentially with more vehicles joining the roads day by 

day. Hence devising a solution should take into account all 

possible dimensions of the problem to ensure a smooth traffic 

flow. 

In this paper, we propose an Intelligent Traffic 

Signal Controller (ITSC). The introduced system aims to 

decrease the delay time in waiting at each road intersection 

and to increase its throughput by monitoring traffic density 

and varying the signal period accordingly. 

II. ISOLATED TRAFFIC INTERSECTION 

The definition and main characteristics of isolated traffic 

lights in this section. The isolated traffic light controls the 

traffic at each road intersection separately, without 

considering neighboring signalized intersections. For 

example, Figure 1 illustrates a typical 4-lane road 

intersection; the 4-lane road intersection is shared by twelve 

traffic flows, at any instant three flows can proceed 

simultaneously. The traffic light at such an intersection 

controls and schedules the sequence of the different phases 

while illuminating the conflict between the different traveling 

flows. In India, most traffic signal systems function as 

countdown timers.  When green signal is given to a particular 

lane, the vehicles from that lane can move to other three lanes 

as shown in figure 1.At each traffic light the timing variables, 

including cycle length, phases, interval splits and offset 

parameters, are set according to the real-time traffic flow 

characteristics. 

 
Fig. 1: Typical 4-Lane Traffic Intersection 

Table 1 summarizes various variable definitions, at any 

signalized road intersection. 

Variable Definitions 

Cycle 

Length 

The time required for one complete sequence 

of signal intervals (phases). 

Phase 

The portion of a signal cycle allocated to any 

single combination of one or more traffic 

movements simultaneously receiving the 

right-of-way during one or more intervals. 

Split 
The percentage of a cycle length allocate to 

each of the various phases in a signal cycle. 

Interval 

A discrete portion of the signal cycle during 

which the signal indications (pedestrian or 

vehicle) remain unchanged. 

Offset 

The time relationship, expressed in seconds or 

a percent of cycle length, determined by the 

difference between a defined point in the 

coordinated green light and a system reference 

point. 

Table 1: Traffic Light Timing Variable Definition 

III. PRINCIPLE OF INTELLIGENT TRAFFIC SIGNAL 

CONTROLLER 

The main goal of traffic signal controller is to make the traffic 

flow smoothly. But such a controller does not monitor the 

amount of traffic flow in any lane and composition of traffic. 

The proposed system takes into account the above two 

factors: amount of traffic flow in different lanes and 

composition of such traffic i.e. presence of emergency 

vehicles. The below principles are utilized to find these two 

factors. 
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A. Detection of Traffic Density 

The amount of traffic per unit area on the road is defined as 

traffic density. In order to determine the traffic density, the 

distance of extent of the traffic along the road is measured. It 

implies that the vehicles are standing up to that distance. 

Hence the extent of traffic is directly proportional to the 

traffic density.  

B. Identification of Emergency Vehicle 

The traffic in road may consist of vehicles travelling with 

different purposes. Specifically, emergency vehicles such as 

ambulance, fire brigades are sent to help people in traumas. 

These vehicles need to be assigned a higher priority of 

passage. Identifying these vehicles would be essential so as 

to assign priority. But emergency vehicles are similar to other 

vehicles in the road. There are not any major features that 

make it segregate from the rest of vehicles except for the 

beacon. But still these vehicles are difficult to identify using 

sensors and other components. Hence an RFID tag is 

implanted to every emergency vehicle. Now the emergency 

vehicles can be identified by detecting the RFID tags. 

IV. HARDWARE IMPLEMENTATION 

The Intelligent Traffic Signal Controller (ITSC) primarily 

consists of two systems: 

A. Traffic Density Control System    

This is used to monitor the traffic flow in a lane and input the 

traffic density. 

B. Emergency Vehicle Identification System 

This system monitors the traffic flow for arrival of emergency 

vehicles like ambulances and fire engines.   

V. BLOCK DIAGRAM OF INTELLIGENT TRAFFIC SIGNAL 

CONTROLLER 

The Intelligent Traffic Signal Controller primarily consists of 

microcontroller interfaced with infrared sensors, RFID reader 

and traffic signal display system. The infrared sensors 

generate input for microcontroller when they detect vehicle 

and the RFID reader generate input when they detect RFID 

tags. Depending on the input, microcontroller will suitably 

control the traffic signal display system. 

 
Fig. 2: Block Diagram of the Intelligent Traffic Signal 

Controller 

VI. TRAFFIC DENSITY CONTROL SYSTEM 

A. Components Used 

Arduino Uno, infrared sensors. 

B. Software Used 

Arduino IDE 

C. Development   

The goal of this unit is to determine the amount of traffic in a 

particular road, compare it to a common scale and calculate 

the traffic density factor. This is done so as to vary the period 

of a traffic signal in a lane according to the density. 

This system is realized using infrared sensors place 

along the medians in a strategic way. The distance up to 

which there sensors are ON in a road implies the distance up 

to the traffic extends in that road. This input is converted into 

traffic density factor to determine period of green traffic 

signal in that lane. 

An Arduino Uno microcontroller is interfaced with 

every infrared sensor in all the lanes. It also computes the 

traffic density factor and make suitable traffic signal ON in 

every lane. 

VII. EMERGENCY VEHICLE IDENTIFICATION SYSTEM 

A. Components Used 

Arduino Uno, RFID tag, RFID reader. 

B. Software Used 

Arduino IDE. 

C. Development   

The goal of this unit is identify the emergency vehicle in a 

particular lane so that green traffic signal can be given to that 

particular lane which lets the emergency vehicle to pass 

through the traffic smoothly. Emergency vehicles include 

ambulance and fire engines. For the realization of this system, 

the emergency vehicles are implanted with RFID tags which 

act radio frequency transmitters. Now all the emergency 

vehicles can be identified when they arrive at the traffic 

intersection using RFID reader in that lane, which acts as 

radio frequency receiver. 

 
Fig. 3: Schematic Diagram of the Intelligent Traffic Signal 

Controller 

VIII. ALGORITHM 

This algorithm considers factors such as traffic density i.e. 

number of vehicles present in a lane and presence of 

emergency vehicles such as ambulance, fire brigade for 

allocation of traffic signal to a lane. A paramet known as 

traffic density factor for a lane is computed in the algorithm. 

Each infrared sensors along a lane are assigned a factor which 

increases in the direction away from the traffic intersection. 
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When this factor is multiplied with a constant period of time, 

the time period for passage of vehicle to be allocated for at 

hat lane is obtained. 

1) Start 

2) Check for emergency vehicles: 

a) Read RFID tags. 

3) If, emergency vehicle in a lane is detected, green signal 

for that lane. 

4) Else, detect the traffic density for north lane: 

a) Read IR sensors. 

b) Compute traffic density factor. 

c) Compute the time period for which green signal to 

be given for that lane. 

d) Red signal is given to the rest of the lanes for that 

same time period. 

5) Update lane in clockwise order. 

6) Jump to step (ii). 

 
Flowchart 1: Algorithm of Intelligent Traffic Signal 

Controller 

IX. OPERATION OF INTELLIGENT TRAFFIC SIGNAL 

CONTROLLER 

Thus the proposed system computes the traffic density factor 

and varies the period of green signal in a lane accordingly. In 

case of an emergency vehicle approaching in a lane, the green 

signal is given to that lane for the passage of that vehicle. 

X. SALIENT FEATURES 

 ITSC reduces traffic congestion and hence delay in the 

transit of vehicles. 

 It allows emergency vehicles to smoothly pass through 

the traffic junction. 

XI. RESULTS & DISCUSSION 

The design and the development of adaptive priority based 

traffic control system is a complex endeavour. Whilst this 

paper has described the initial efforts that tries to solve the 

assumed problem, enhancements can be made to overcome 

shortcomings for setting up a more sophisticated system.  

The characteristics of road traffic have seen to 

evolve enormously. It would be a hard procedure to enforce 

a control on the entry of new cars on the road. Hence one 

possible solution available would be to devise methods to 

effectively control the congestion by facilitating an 

uninterrupted traffic flow. The Intelligent Traffic Signal 

Controller (ITSC) algorithm proposed in this research is an 

attempt to bring about such a kind of a solution. The design 

of the ITSC comprises of sensors placed at all four phases of 

a crossed junction and a controller. The data provided by 

sensors determine congestion characteristics in terms of area 

covered by vehicles at an intersection. Future work could be 

the improvement of the capacity of the sensors to facilitate 

detection range up to 200 m and above. Traffic caused by 

Pedestrian crossing can also be considered. 
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