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Abstract 
Traffic congestion is a major problem in cities. While solving this problem, it is necessary to consider the type of the road and that 

of the traffic intersection. This paper considers both the lane based and non-lane based roads into account. Traffic density of each 

road is measured by using infrared sensors.  This work introduces a simple and novel algorithm to control traffic lights. 

Controlling of traffic lights involves two major tasks. One is to decide the next green signal which is to be on; and the other is 

assigning the time duration for the selected green light. In this paper these tasks are done by using set theory and fuzzy logic. 

 

Keywords: Traffic Density, Traffic Congestion, Intersection of Roads, Fuzzy Logic, Set Theory. 

--------------------------------------------------------------------***--------------------------------------------------------------------

1. INTRODUCTION 

Traffic congestion plays an important role in the health, 

environmental, economic and social issues of the cities in a 

country.  Construction of new roads, bypass roads, flyovers 

and rings can partially fulfill the goal of congestion less 

transportation [1]. But the existing conventional traffic 

lights are yet to be changed, since they work under prefixed 

logic and they are not real time systems. The on-time 

duration of green lights and the sequence of selection of the 

next green light are fixed in the conventional system. 

 

But the density of traffic on road depends on several 

parameters. The traffic density varies based on the time of 

the day, day of the week, time of the year and the location of 

the traffic junction. To control the heavy traffic congestion 

and to minimize the waiting time at the intersection, we 

need a simple, economic, real time and automatic system. 

Density based smart traffic light control system serves this 

purpose. 

 

Design of smart traffic control system is an active research 

topic and it is a need of the hour. It involves several tasks 

such as, measurement of traffic density on each road, 

comparisons of the measured density, developing algorithm 

based on the comparison and programming a 

microcontroller to control the traffic light as per the 

algorithm. All these tasks are done by considering the type 

of the road, since there are mono directional non-lane based 

roads and multi-directional lane-based roads in the cities. 

 

 
Fig-1: Non-lane based road (mono-directional) 

 
Fig-2: Lane based road (multi directional) 

 

Infrared (IR) sensors are used to find the traffic density. The 

traffic congestion is classified into three types, based on this 

traffic density. They are:  normal traffic, medium traffic and 

extreme traffic [2]. This density measurement is done for all 

the roads except the one which is currently getting the green 

signal. The road in which the extreme traffic is noticed will 

be given opportunity to get the next green signal. If no road 

is extremely congested, the road which has medium traffic 

congestion will be chosen to provide the next green signal. 

If more than one road has same congestion status, then 

preference is given to the next heavily congested road in 

sequential order. 

 

Thus in the proposed algorithm, the sequence of green 

signal is partially random and partially sequential. The on 

time duration also is assigned by considering the congestion 

status of all the roads. This algorithm is verified using 

MATLAB. Microcontroller is used to control the traffic 

lights and Microc Pro is used to program the 

microcontroller. 
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2. SMART TRAFFIC LIGHT CONTROL 

SYSTEM 

The concept of using sensors to control traffic light, and 

density based traffic control is not a new one. Many authors 

have written on this concept and still it is an area in which 

researches are going on. 

 

Some of the authors use image processing and video 

processing techniques to count the number of vehicles in the 

queue near the intersection [3-6]. But the camera should be 

of good quality to get clear and noiseless image. It will 

increase the cost. The initial and maintenance cost is also 

high. Also, it is sensitive to the weather condition. 

 

IR sensors are used to find the traffic density, in some 

papers [1][7-11][15]. Some of the papers use ultrasonic 

sensors for that purpose [12] and some other use inductive 

loop sensors [2]. RFID is also used to count the number of 

vehicles in the queue [13]. 

 

Many of the literatures consider only the mono-directional 

non-lane based roads in their work [1-3,5-11]. Some of the 

papers calculate the average waiting time, by counting the 

number of vehicles in the queue with the assumption that, all 

the vehicles are of same length and speed [14]. But they face 

a lot of practical difficulties. 

 

After computing the traffic density using sensors, only the 

on time duration of green light is varied in some papers [1-

3][13,15]. In some other papers only the green light 

selection sequence is varied. But it is necessary to vary both 

of them, based on the traffic density. 

 

There are some literatures that use fuzzy logic [16] and 

genetic algorithm. But most of them have considered only 

mono-directional non-lane based roads. So, we need a 

system which is simple, cost effective, real time based; and 

it should consider both the non-lane based and lane based 

roads. 

 

3. PROPOSED ALGORITHM AND DESIGN 

The block diagram of the proposed methodology is shown in 

figure 3. 

 

 
Fig-3: Block diagram of the methodology 

 

Two IR proximity sensors are placed beside the road apart 

from each other by a distance. The basic idea of detecting 

traffic is that, when a vehicle comes near to the sensor, the 

IR signal gets reflected by the vehicle and gets received by 

the receiver. Now the proximity sensor produces high 

output. 

 

The traffic density is classified into three such as normal 

traffic, medium traffic and extreme traffic as shown in the 

figure 4. 

 

Numbering of lanes as shown in figure 5 is necessary for 

convenience. The algorithm is different for lane based and 

non-lane based roads. 

 

 
Fig-4(a): Normal traffic 
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Fig-4(b): Medium traffic    Fig-4(c): Extreme traffic 

 

3.1 Type 1: A Non Lane Based Four Road 

Approaching Intersection 

Since these roads are mono-directional, the conventional 

three colored traffic light is sufficient. The green right 

turning signal is not needed. 

 

 
Fig-5: Numbering of roads 

 

For the sake of explanation, let us consider that, the road-1 

is currently getting green signal and it is going to become 

red soon. Now the traffic densities of the other roads are to 

be considered. The 27 possible combinations of different 

density status are given in table.1, in which, N stands for 

normal, M stands for medium and E for Extreme. 

 

If the density status is such that, road-2 is medium congested 

and road-3 and road-4 are extremely congested, then the 

green light of road-3 is being activated. Now to assign the 

on time duration of the green light, it is necessary to 

consider that, there is one more road (road-4) which is 

extremely congested. If the maximum time is assigned to 

road-3, then road-4 will get congested more and more at 

each second. By considering all these aspects into account, 

this fuzzy based algorithm is developed. And the algorithm 

for the first type is given in table.2, in which the term „next‟ 

indicates the normal sequence, which is the sequence of 

roads as numbered in figure.5. 

 

The third column of table.2 depicts the on time duration. In 

which, „R‟ is a non-zero integer whose value depends on the 

time of the day and the location of proximity sensors. R is 

less (R=1or 2) for non peak hours and during peak hours it 

is high (R>3). It is assigned by the code and can be adjusted 

by the software. 

 

Table-1: Different combinations of traffic densities 

Road- 2 Road- 3 Road- 4 

N N N 

N N M 

N N E 

N M N 

N M M 

N M E 

N E N 

N E M 

N E E 

M N N 

M N M 

M N E 

M M N 

M M M 

M M E 

M E N 

M E M 

M E E 

E N N 

E N M 

E N E 

E M N 

E M M 

E M E 

E E N 

E E M 

E E E 

 

Table-2: Different cases and their solutions 

CASE SELECTION OF 

NEXT GREEN 

LIGHT 

ON TIME FOR 

GREEN LIGHT 

(seconds) 

1N,1M,1E Select the 

Extremely 

congested lane 

18×R 

2N,1M Select the 

Medium 

congested lane 

16×R 

2N,1E Select the 

Extremely 

congested lane 

20×R 

2M,1N Select the next 

Medium 

congested lane 

13×R 

2M,1E Select the 

Extremely 

congested lane 

17×R 

2E,1N Select the next 

Extremely 

congested lane 

15×R 

2E,1M Select the next 

Extremely 

congested lane 

13×R 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 

 

_______________________________________________________________________________________________ 

Volume: 06 Issue: 12 | Dec-2017, Available @ http://www.ijret.org                                                                                  66 

3N Select the next 

lane 

5×R 

3M Select the next 

lane 

10×R 

3E Select the next 

lane 

12×R 

 

3.2 Type 2: A Lane Based Four Road Approaching 

Intersection 

In big cities most of the roads are four ways and six ways. In 

these types of roads, each road is divided into lanes. For 

example, in four way roads, two lanes approach the 

intersection. Among them one is used by the forward going 

vehicles and the other by the vehicles which are going to 

turn right. For these multi-directional roads, numbering is 

done for every lane that approaches the intersection as 

shown in figure 6. 

 

 
Fig-6: Numbering of lanes of multi directional roads 

 

Along with the three colored conventional traffic signal, the 

right turning green signal is also used for this type. The 

possible traffic flows are shown in Fig.7, in which the 

numbers inside the braces indicates the lanes which get 

green signal simultaneously. 

 

 
Fig-7: Possible traffic flows 

 

All the considered traffic flows are a combination of two 

flows. If  the combination(1,2) is currently getting green 

signal and going to become red, the traffic density of the 

lanes 3,4,5,6,7,and 8 are checked. By considering normal, 

medium and extreme traffic densities for each lane we will 

get 729 combinations. 

 

This problem is solved by using set theory and fuzzy logic. 

It can be explained as follows: 

Consider a set   

A={(2,6),(4,8),(1,2),(3,4),(5,6),(7,8),(1,5),(3,7)}, which is 

the set of all possible combinations of traffic flow. Let (a, b) 

= (b, a) in the set. 

 

If (a, b) is currently green and it is going to become red, we 

need to choose the next combination. While choosing the 

next combination, the elements of set A which contain (a 

and b) and (a or b) are excluded. Now, the new set is B. 

 

B=A-(elements of set A containing (a and b) and (a or b)) 

 

The solution for the second type is given in table.3, in which 

M-lane stands for the medium congested lane and E-lane for 

extremely congested lane. The first column of this table 

indicates the density status of six lanes. For example, 1N, 

2M, 3E means, among the six lanes one lane has normal 

congestion, two lanes are medium congested and three lanes 

are extremely congested. Here, „R‟ is a non-zero integer. 

 

Table-3: Possible cases and their solutions 

 

CA

SE 

SELECTION OF NEXT PAIR 

OF GREEN LIGHT 

TI

ME 

LI

MI

T 

(se

c) 

1 All 

Nor

mal 

Select the next element from set B 2×

R 

2 All 

Me

diu

m 

Select the next element from set B 4×

R 

3 All 

Ext

rem

e 

Select the next element from set B 6×

R 

4 5N,

1M 

1. Let the variable „x‟ represent 

the M-lane 

2. Select the first element of set 

B containing „x‟ 

 

 

6×

R 

5 5N,

1E 

1. Let the variable „x‟ represent 

the M-lane 

2. Select the first element of set 

B containing „x‟ 

 

10

×R 
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6 4N,

2M 

1. Let the variables „x‟ and „y‟ 

represent the M-lanes 

2. If (x,y) is in set B, select it 

3. Else select the first element 

with x or y from B 

 

8×

R 

6×

R 

7 4N,

2E 

1. Let the variables „x‟ and „y‟ 

represent the E-lanes 

2. If (x,y) is in set B, select it 

3. Else select the first element 

with x or y from B 

 

12

×R 

10

×R 

8 4N,

1M,

1E 

1. Let „x‟ represent the E-lane 

and „y‟ represent the M-lane 

2. If (x,y) is in set B, select it. 

3. Else select the first element 

of B containing „x‟ 

 

12

×R 

10

×R 

9 3N,

3M 

1. Let the variables x,y,z 

represent the M-lanes. 

2. Consider a set 

C={(x,y),(y,z),(x,z)} 

3. Find D=B∩C 

4. If  D≠Φ, select the first 

element in D. 

5. Else select the first element 

of B with x or y or z. 

 

 

 

8×

R 

6×

R 

10 3N,

3E 

1. Let the variables x,y,z 

represent the E-lanes. 

2. Consider a set 

C={(x,y),(y,z),(x,z)} 

3. Find D=B∩C 

4. If  D≠Φ, select the first 

element in D. 

5. Else select the first element 

of B with x or y or z. 

 

 

 

 

11

×R 

9×

R 

11 3N,

2M,

1E 

1. Let „x‟ represent E-lane, and 

„y‟ and „z‟ represent M-

lanes. 

2. Consider a set 

C={(x,y),(x,z)} 

3. Find D=B∩C 

4. If  D≠Φ, select the first 

element in D 

5. Else select the first element 

of B containing „x‟. 

 

 

 

 

10

×R 

11

×R 

12 3N,

1M,

2E 

1. Let „x‟ and „y‟ represent E-

lane, and „z‟ represent M-

lane 

2. Consider a set 

C={(x,z),(y,z)} 

3. Find D= B∩C 

4. If (x,y) belongs to B, then 

select it 

5. Else if D ≠Φ, select the first 

element in D 

6. Else select the first element 

of B with „x‟ or „y‟ 

 

 

 

 

11

×R 

10

×R 

8×

R 

13 2N,

4M 

1. Let „p‟,‟q‟,‟r‟,‟s‟ represent 

M-lanes 

2. Consider a set 

C={(p,q),(p,r),(p,s),(q,r),(q,s)

,(r,s)} 

3. Find D=B∩C 

4. Select the first element in D 

 

 

 

 

8×

R 

14 2N,

4E 

1. Let „p‟,‟q‟,‟r‟,‟s‟ represent 

E-lanes 

2. Consider a set 

C={(p,q),(p,r),(p,s),(q,r),(q,s)

,(r,s)} 

3. Find D=B∩C 

4. Select the first element in D 

 

 

 

9×

R 

15 2N,

3M,

1E 

1. Let „p‟ represents E-lane, 

„q‟,‟r‟,‟s‟ represent M-lane 

2. Consider a set 

C={(p,q),(p,r),(p,s)} 

3. Find D= B∩C 

4. If D ≠Φ, select the first 

element in D 

5. Else select the first element 

of B containing „p‟ 

 

 

 

 

8×

R 

 

7×

R 

16 2N,

2M,

2E 

1. Let „p‟,‟q‟ represent E-lane 

& „r‟,‟s‟ represent M-lane 

2. Consider a set 

C={(p,r),(p,s),(q,r),(q,s)} 

3. Find D= B∩C 

4. If (p,q) belongs to B , then 

select it 

5. Else if  D ≠Φ, select the first 

element in D 

6. Else select the first element 

of B containing „p‟ or „q' 

 

 

 

 

10

×R 

9×

R 

7×

R 

17 2N,

1M,

3E 

1. Let „p‟,‟q‟,‟r‟ represent E-

lane & „s‟ represent M-lane 

2. Consider a set 

C={(p,q),(q,r),(p,r)} 

3. Consider another set 

D={(p,s),(q,s),(r,s)} 

4. Find E= B∩C 

5. Find F= B∩D 

6. If  E≠Φ, select the first 

element in E 

7. Else select the first element 

in F 

 

 

 

 

 

 

10

×R 

8×

R 
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18 1N, 

5M 

1. Let „a‟,‟b‟,‟c‟,‟d‟,‟e‟  

represent M-lanes 

2. Consider a set 

C={(a,b),(a,c),(a,d),(a,e),(b,c

),(b,d),(b,e),(c,d),(c,e),(d,e)} 

3. Find D= B∩C 

4. Select the first  element from 

D 

 

 

 

 

7×

R 

 

19 1N,

5E 

1. Let „a‟,‟b‟,‟c‟,‟d‟,‟e‟  

represent E-lanes 

2. Consider a set 

C={(a,b),(a,c),(a,d),(a,e),(b,c

),(b,d),(b,e),(c,d),(c,e),(d,e)} 

3. Find D= B∩C 

4. Select the first  element from 

D 

 

 

 

 

8×

R 

20 1N,

4M,

1E 

1. Let „a‟ represent E-lane, & 

„b‟,‟c‟,‟d‟,‟e‟ represent M-

lanes 

2. Consider a set 

C={(a,b),(a,c),(a,d),(a,e)} 

3. Find D= B∩C 

4. Select the first  element from 

D 

 

 

 

 

10

×R 

21 1N,

3M,

2E 

1. Let „a‟,‟b‟ represent E-lane 

& „c‟,‟d‟,‟e‟ represent M-

lane 

2. Consider a set 

C={(a,c),(a,d),(a,e)(b,c),(b,d)

,(b,e)} 

3. Find D= B∩C 

4. If (a,b) belongs to B, then 

select it 

5. Else select the first element 

of D 

 

 

 

 

 

10

×R

8×

R 

22 1N,

2M,

3E 

1. Let „a‟,‟b‟,‟c‟ represent E-

lane & „d‟,‟e‟ represent M-

lane 

2. Consider a set 

C={(a,b),(b,c),(a,c)} 

3. Consider another set 

D={(a,d),(a,e),(b,d),(b,e),(c,d

),(c,e)} 

4. Find E= B∩C 

5. Find F= B∩D 

6. If  E≠Φ, select the first 

element in E 

7. Else select the first element 

in F 

 

 

 

 

 

 

 

9×

R 

8×

R 

23 1N,

1M,

4E 

1. Let „a‟,‟b‟,‟c‟,‟d‟ represent 

E-lanes & „e‟ represent M-

lane 

2. Consider a set 

C={(a,b),(a,c),(a,d),(b,c),(b,d

),(c,d)} 

3. Find D= B∩C 

4. Select the first element from 

D 

 

 

 

 

8×

R 

24 5M,

1E 

1. Let „x‟ represent E-lane 

2. Select the first element of B 

containing „x‟ 

 

10

×R 

25 4M,

2E 

1. Let „x‟,‟y‟ represent E-lanes 

2. If (x,y) belongs to B, select it 

3. Else select the first element 

of B containing „x‟ or „y‟ 

 

 

11

×R

10

×R 

26 3M,

3E 

1. Let „x‟,‟y‟,‟z‟ represent E-

lanes 

2. Consider a set 

C={(x,y),(y,z),(x,z)} 

3. Find D= B∩C 

4. If  D≠Φ, select the first 

element in D 

5. Else select the first element 

in B containing „x‟ or „y‟ or 

„z‟ 

 

 

 

 

10

×R 

9×

R 

27 2M,

4E 

1. Let „p‟,‟q‟,‟r‟,‟s‟ represent 

E-lane 

2. Consider a set 

C={(p,q),(p,r),(p,s),(q,r),(q,s)

,(r,s)} 

3. Find D= B∩C 

4. Select the first element in D 

 

 

 

 

10

×R 

28 1M,

5E 

1. Let „a‟,‟b‟,‟c‟,‟d‟,‟e‟  

represent E-lanes 

2. Consider a set 

C={(a,b),(a,c),(a,d),(a,e),(b,c

),(b,d),(b,e),(c,d),(c,e),(d,e)} 

3. Find D= B∩C 

4. Select the first  element from 

D 

 

 

 

 

10

×R 

 

4. SIMULATION RESULTS 

The algorithm is verified using MATLAB. Microc Pro 

compiler is used to program the microcontroller and the 

output is simulated in Proteus simulator. 
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Fig-8: Verification of fuzzy logic using MATLAB 

 

 
Fig-9: Simulation in Proteus software 
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The major hardware used here are the microcontroller, the 

IR proximity sensor, the USBASP programmer and the 

LEDs. For experimentation purpose the microcontroller and 

LEDs are placed and connected on breadboard. The 

microcontroller is connected with the PC through USBASP 

programmer, and the coded program got burned into it. 

 

The IR proximity sensor consists of both the transmitter and 

the receiver. A potentiometer is used to adjust the proximity 

length. It is shown in figure.10. 

 

 
Fig-10: IR proximity sensor 

 

 
Fig-11: Experimental setup 

 

5. CONCLUSION 

Congestion less traffic needs updated technologies. 

Currently, sensors are inducted in all the fields to control the 

equipments. Sensors and suitable algorithms make a system 

smarter. The proposed fuzzy logic and set theory based 

algorithm works good and reduces the waiting time at the 

intersection. If this algorithm is used in all the traffic 

intersections of a city, then the total travelling time in that 

city will get reduced. 
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