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Abstract—Traffic flow is regulated and controlled with the 

aid of traffic signals implemented at all major intersections in 

urban areas. With the increase in vehicles, the traditional control 

strategies are incapable of clearing heavy traffic which leads to 

long traffic queues and prolonged waiting time at intersections. 

Smart cities are increasingly adopting solutions by developing 

smart traffic lights to improve the flow of vehicles. A major 

demand arises to increase the efficiency of traffic controllers with 

the objective to minimize traffic congestion, prioritize emergency 

transit and give way to pedestrians to cross the lanes at an 

intersection. This requires leveraging the existing techniques that 

identify the best solutions at the lowest possible cost. This paper 

proposes Fuzzy Adaptive Control System (FACS) that uses fuzzy 

logic to decide the phase sequence and green-time for each lane 

based on sensed input parameters. It is designed with an aim to 

improve traffic clearance at isolated intersection especially in 

peak traffic hours of the day along with giving precedence to 

emergency vehicle as soon as it is detected and also assist 

pedestrian passage thus reducing their waiting time at the 

intersection. Performance of the proposed Fuzzy Adaptive 

Control System (FACS) is evaluated through simulations and 

compared with Pre-Timed Control System (PTCS) and Traffic 

Density-based Control System (TDCS) at a busy intersection with 

lanes leading to offices, schools and hospitals. Simulation results 

show significant improvement over PTCS and TDCS in terms of 

traffic clearance, immediate addressing of the emergency vehicle 

and giving preference to pedestrian passage at the intersection. 

Keywords—Adaptive traffic light control; smart intersection; 
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I. INTRODUCTION 

Traffic signals are installed at road intersections and play a 
major role to control the traffic flow and avoid congestion. 
The increased number of vehicles and greater urbanization 
create critical problems of traffic jam, increased wait time and 
fuel consumption at intersections. This problem occurs mainly 
due to the most common version of traffic light controllers, 
the Pre-Timed Control System (PTCS) that gives way to lanes 
based on fixed signalling plans. This system is easy to install 
but is effective only in situations with low traffic density that 
does not show large variations in time. In case of heavy traffic 
and varied flow, it is necessary to keep a greater control over 
the traffic configuration at intersections. Some intersections 
are equipped with Traffic Density-based Control System 
(TDCS) that uses information on current traffic obtained from 
detectors and necessary control logic to prioritize certain 

phases or traffic movements to be serviced. This system shows 
improved performance over PTCS. However, they are 
ineffective in clearing heavy traffic during peak hours. An 
effective approach is an adaptive and intelligent design that 
can respond to the random traffic flow behavior and even 
consider other decision parameters. Rule-based fuzzy logic 
control scheme helps in the development of multi-criteria 
control procedures very similar to human thinking and can 
best replace an ideal policeman at the intersection. Use of 
fuzzy logic in taking decisions for existence of roundabout to 
assist in path planning of a wheeled mobile robot is presented 
in [1]. In an in-depth review [2] the authors have summarized 
a wide literature of fuzzy logic-based traffic light controllers 
in an effective tabular representation. A detailed survey of use 
of in-vehicle and on-road sensors to serve as data collection 
components in Intelligent Transportation System (ITS) is 
discussed in [3]. Comparison between different sensor 
technologies giving the advantages and disadvantages was 
also discussed. 

Fuzzy logic started by Zadeh [4] has been commonly used 
by researchers in solving traffic congestion problem at 
intersections and the development of fuzzy logic in traffic 
control was extensively discussed in [5]. The advantage of 
using this kind of traffic signal control in Saudi Arabia was 
illustrated in [6]. A fuzzy based system used to adjust the 
phase sequence and duration of traffic lights at isolated 
intersection [7] was tested by collecting real time data from 
signalized intersection in State of Kuwait. This system showed 
improved performance in case of heavy traffic volume. 
Various other research efforts have been conducted to 
combine fuzzy logic in providing solution for traffic 
management at intersections. An isolated T-junction was 
considered [8] and fuzzy logic-based traffic light controller 
was designed by taking fuzzy inputs as vehicles on arrival 
side, queue side and right side to decide for the output variable 
extension time. Better performance was achieved in terms of 
decreased waiting time but the authors proposed to conduct 
future research by taking pedestrians and emergency 
movement into account. A two-stage fuzzy control for traffic 
light was suggested [9] by calculating traffic urgency degree 
for all red phases using traffic urgency evaluation module and 
a decision module to decide green time extension of current 
green phase. Similar two stage fuzzy system [10] included the 
first stage named as urgency decision module which decided 
the next green phase based on urgency. The second module 
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calculated the green time extension of the chosen phase with 
the help of queue length as input. Another work [11] 
considered the possibility to change the green light duration at 
an isolated four-lane intersection using fuzzy inference system 
by taking the road condition, traffic and time of the day as 
major deciding inputs. Researchers in [12] applied fuzzy logic 
to improve traffic light by taking queue length, arrival flow 
and exit flow as inputs and calculated the urgency degree 
using fuzzy rules. The variable cycle length was obtained by 
extending or shortening the phase time in accordance with the 
urgency degree. Comparison with fixed time control system 
showed significant improvement. Traffic flow of a four-way 
intersection and T-crossing was studied in [13] and traffic 
flow probability for the lanes was considered. The designed 
fuzzy logic controller used inputs as queue length and waiting 
time of vehicles, decided using the rule base for the output 
variable green-time. This traffic light system followed the 
fixed phase sequence and only altered the green time of the 
lanes. Results showed significant improvement over the static 
phase traffic light system. A recent research [14] used queue 
lengths as input given to two controllers used to select the 
green phase and decide the green time. These designs showed 
improved performance as compared to pre-timed system by 
reducing the average waiting time of vehicles but in the 
absence of emergency transit and pedestrian consideration. 

In view of the risk of pedestrians who are waiting long to 
cross the lane while green and their proneness to accidents, the 
adaptive traffic light design must also consider giving way to 
pedestrians while addressing traffic at the intersection. 
Another important consideration is giving way to emergency 
transit such as ambulance, fire brigade, police van, etc. 
immediately as they are detected at the intersection. Some 
research works that considered emergency transit includes 
[15] by using three-stage fuzzy control. They considered 
queue length and waiting time of vehicles as two input 
variables and green time extension as output variable of the 
first stage. The output from the first stage works as input to 
the next stage and the third stage switches current phase to the 
demanded next phase by output of its previous stage. A 
separate function block was developed to detect emergency 
vehicle siren and switch to green to prioritize its passage 
which added to the design complexity. Fuzzy control system 
[16] designed by taking queue lengths, traffic arrival rate and 
emergency vehicle as inputs to two controllers for phase 
selection and green-time extension. Simulation results showed 
noticeable improvements when compared with pre-timed 
system. However, in real time scenario the use of two 
controllers may lead to high response time as compared to a 
single controller design. A dynamic traffic management center 
was proposed in [17] to determine the priority of road segment 
using fuzzy logic. The two input parameters taken namely 
vehicle count and presence of emergency vehicle were taken 
to output the phase priority. Green duration was calculated 
mathematically on account of the number of vehicles present 
on the road segment. The designed controller prioritized 
emergency vehicle clearance and optimized wait time of 
vehicles at intersection. This work also used congestion-aware 
routing algorithm to transmit sensed data from roadside 
sensors to the controller with minimum delay. The authors 

further proposed to test and validate the designed system in 
the real time scenario and also proposed to work on connected 
intersections. 

A smart portable wireless control system for pedestrian 
crossing was developed [18] to manage the traffic 
automatically and assist the pedestrians to cross the road 
safely. The system infrastructure and cost- effective design 
finds application to develop smart pedestrian crossings 
especially near schools. Smart solution to regulate traffic 
lights in signalized pedestrian crossings by use of fuzzy logic 
controller was also proposed [19]. Time of the day and the 
number of pedestrians about to cross the road were 
considered. The pedestrian flow was analyzed and 
performance was compared with static traffic lights. The 
designed system reduced the average queue length of the 
pedestrians waiting to cross. A controller using three fuzzy 
modules [20] was designed to find the extension degree of 
green phase and urgency degree of red phases. The controller 
showed enhanced performance under low and medium traffic 
conditions but only small improvement was achieved under 
heavy traffic conditions. The past works projected the need of 
an integrated design to support vehicle, emergency and 
pedestrian clearance at the intersection. 

This paper proposes an integrated design of Fuzzy 
Adaptive Control System (FACS) with an objective of 
reducing congestion, prioritizing emergency transit and giving 
way to pedestrians thus, reducing their waiting time at the 
intersection. Another feature of the designed system is that the 
design makes use of a single controller with four fuzzified 
inputs and two fuzzified outputs and an optimized rule base. 
This simple design helps in reducing the response time of the 
controller which is a desirable feature in real time 
applications. To evaluate the performance of proposed FACS 
a realistic traffic model is used to obtain traffic variation for 
24 hours of the day at a busy intersection. 

II. PROPOSED SYSTEM DESIGN 

A. Implementation Scenario 

The traffic intersection under study is considered to be a 
four-lane intersection. This is assumed to be one of the major 
and most occupied intersection of an urban area with lanes 
leading to offices, schools and hospitals. So, a need arises 
incorporate an intelligent traffic light system to manage 
traffic, emergency transit along with giving way to pedestrians 
to cross. The real-time traffic inflow on the lanes existing 
throughout the day is modelled as a stochastic process. The 
implementation scenario of the proposed system at a 
congested intersection is shown in Fig. 1. The vehicle and 
pedestrian detectors are employed as considered in [20]. 
Roadside detectors are used to count vehicles on lanes and a 
push-to-walk button is deployed at sidewalks to collect 
information about pedestrians. The pedestrians who wish to 
cross the road can push this button and timer gives 
information about the duration since button is pressed. This 
duration is termed as Pedestrian Wait Time (PWT). Acoustic 
sensors are deployed way ahead of the intersection to sense 
the emergency vehicle headed towards the intersection. 
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Fig. 1. Implementation Scenario of Proposed Fuzzy Adaptive Control System.

B. Fuzzy Inference System Design 

The proposed FACS system is designed and modelled in 
MATLAB using Fuzzy Logic Toolbox. 

A simplistic approach having four inputs and two outputs 
is used in order to design FACS. The inputs are taken as 
Vehicle Count (VC), Pedestrian Wait Time (PWT), Time 
since last Green (TG) and Emergency Transit (ET) as they are 
important parameters in deciding the green passage for lanes. 
Two outputs of the fuzzy inference system are Priority Degree 
(PD) and Green Time (GT). A single controller is preferred 
over multiple controllers in stages for low data processing and 
realistic control actuation times. Fuzzy Parameters and their 
membership function design are as shown in Fig. 2 to 7. 
Trapezoidal and triangular membership functions are used to 
represent the input and output fuzzy variables. 

 

Fig. 2. Membership Function of Vehicle Count. 

 

Fig. 3. Membership Function of Pedestrian Wait Time. 

 

Fig. 4. Membership Function of Time since Last Green. 

 

Fig. 5. Membership Function of Emergency Transit. 

 

Fig. 6. Membership Function of Priority Degree. 
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Fig. 7. Membership Function of Green Time. 

C. Rule Base Design 

Rules of the fuzzy inference system are fabricated with an 
aim to maximize traffic clearance even in peak traffic hours 
along with highest priority to emergency transit and 
preference to pedestrian waiting on the sidewalk to cross. 
While designing the rules in MATLAB’s fuzzy inference 
system highest priority is given to the lane detected with 
Emergency Transit (ET). Vehicle Count (VC) is considered as 
the second most important factor as it indicates the degree of 
traffic congestion. The lane with maximum Pedestrian Wait 
Time (PWT) is given low priority for green phase so that 
pedestrians could cross. Time since last Green (TG) is an 
input to avoid the situation when lane with low traffic does not 
get green signal and vehicles in that lane undergo a prolonged 
waiting time. The output is Priority Degree (PD) for the lanes. 
It is arranged in decreasing order for green phase sequencing 
in next cycle. The second output is Green Time (GT) that 
corresponds to the time for which the traffic signal is green for 
the corresponding lane. The Rule editor of the proposed fuzzy 
system is given in Fig. 8. Design is optimized with 30 rules in 
the rule base. Less number of rules minimizes the processing 
time of the controller and hence fast response time is achieved 
which is a desirable QoS parameter while dealing with real 
time inputs. 

 

Fig. 8. Rule Editor of Proposed Fuzzy Adaptive Control System. 

D. 3-D Surface Plots of Fuzzy Inference System 

After designing the rule base of proposed FACS, the 
impact of input variables on output variables can be seen by 
studying the surface plots. Surface plot in Fig. 9 illustrates that 
output variable Green Time (z-axis) rises and takes maximum 
value as the Vehicle Count (x-axis) increases at low values of 
Ped Wait Time (y-axis) whereas at high values of Ped Wait 
Time (PWT) the Green Time (GT) rises with increasing 

Vehicle Count (VC) but takes low values to allow traffic to 
pass as well as ensuring that even pedestrians do not wait for 
increased time. 

Surface plot in Fig. 10 shows that output variable Priority 
Degree (z-axis) has maximum value when Vehicle Count (y-
axis) is high but decreases with increasing Ped Wait Time (x-
axis). The value of Priority Degree (PD) decreases sharply if 
Ped Wait Time (PWT) is high for low value of Vehicle Count 
(VC). 

 

Fig. 9. Surface Plot of Output Variable Green Time. 

 

Fig. 10. Surface Plot of Output Variable Priority Degree. 

III. SIMULATION SETUP 

A. Traffic Distribution 

Traffic analysis and good traffic modelling is an essential 
requirement for accurate planning of traffic capacity. There 
are many traffic models among which the Poisson distribution 
[21] has been widely used to model the incoming traffic [8]. 
Number of vehicles arriving per unit of time interval has been 
modelled using parameter λ of the Poisson distribution. A 
realistic simulation environment is chosen to model a busy 
traffic intersection. The traffic distribution on lanes at various 
intervals of time in the day has been characterized by values 
of λ as stated in Table I. 

Random distribution of vehicle arrival at low traffic hours 
(λ=8) and peak traffic hours (λ=25) obtained for 100 iterations 
is shown in Fig. 12. The traffic flow on any lane for the entire 
day showing peak traffic hours to emulate actual traffic 
scenario at the intersection is represented in Fig. 11. The time 
of the day between 10 am to 11 am and 4 pm to 6 pm are 
considered to be the peak traffic hours. 
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Fig. 11. Traffic Flow on a Lane throughout the Day Showing the Peak Traffic Hours.

 

Fig. 12. Random Distribution of Vehicle Arrival. 

B. Comparative Analysis 

Performance of the proposed FACS is evaluated by 
comparing it with the PTCS and TDCS. The pre-timed control 
system (PTCS) is considered to have a regular green light 
switching sequence and fixed green time of one minute 
irrespective of the traffic conditions. This is the traditional 
system which is mostly implemented at intersections. The 
traffic density-based control system (TDCS) is designed to 
switch green light between lanes and adjust the green light 
time in pre-defined steps of half, one and one and a half 
minute according to the vehicle density at lanes. The proposed 
fuzzy adaptive control system (FACS) decides the lane 
sequence and green time by fuzzification of inputs and 
application of rules from the designed rule base. The output 
from the inference engine is de-fuzzified to generate priority 
degree and green time for lanes.  

C. Simulation Scenario 

The three systems PTCS, TDCS and FACS considered for 
performance evaluation are simulated under same traffic 
conditions for each hour of the day in ten observation sets of 
100 iterations each. The traffic distribution on all the lanes of 
the intersection is identical and varies in accordance with the 
time of the day as in Table I. Emergency vehicles are assumed 
to enter any lane randomly and the probability of detecting an 

emergency vehicle is more during the peak traffic hours. A 
random pedestrian wait time varying from zero to maximum 
value of GT is generated for each lane. 

TABLE I. TRAFFIC DENSITY ON LANES FOLLOWING POISSON 

DISTRIBUTION 

Time of the day 
(hours) 

Value of λ 
Traffic distribution 

(vehicles /time interval) 

00:00-5:00 

22:00-23:00 
8 1-15 

6:00-7:00 10 3-20 

8:00-9:00 

14:00-15:00 

20:00-21:00 

15 8-25 

10:00-11:00 

16:00-18:00 
25 16-40 

12:00-13:00 18 10-28 

19:00-20:00 20 14-30 

IV. RESULTS AND DISCUSSIONS 

Simulations are performed through MATLAB codes. 
Traffic on lanes for each hour of the day is simulated in ten 
observation sets of 100 iterations each. The average value of 
these ten observation sets is considered and results are plotted. 
Performance analysis is done on the basis of percentage of 
vehicles left on a lane, number of times emergency vehicle is 
addressed and prioritized for clearance and on the basis of 
giving way to pedestrians with the maximum wait time to 
cross the lane. The obtained results are comparatively 
analyzed and discussed. 

A. Performance Analysis on the basis of Percentage of 

Vehicles Left on a Lane 

Simulated results of the three systems considered for 
performance analysis are shown in Fig. 13. The percentage of 
vehicles left on a single lane when the systems were simulated 
for ten sets of 100 iterations each at each hour of the day. The 
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simulation result of vehicles left on a single lane is clearly 
represented in a graphical manner with x-axis representing the 
time of day in hours, y-axis representing the PTCS, TDCS and 
designed FACS systems considered for comparison and z-axis 
shows the percentage of vehicles left on the lanes. PTCS 
shows the worst performance with approximately 50% 
vehicles left on lanes in the peak traffic hours of the day. 
TDCS shows an improved performance with average of 25% 
vehicles left in the peak traffic hours. The designed FACS 
shows the best clearance with less than 5% vehicles left in the 
peak traffic hours and full clearance in the less and moderate 
traffic condition. 

B. Performance Analysis on basis of giving Highest Priority 

to Emergency Transit 

Another important criterion to analyze the system 
performance is the number of times highest priority is given to 
the lane on which emergency transit is detected or in other 
words we can say that the emergency transit is addressed as 
soon as it is detected on a particular lane. Emergency vehicle 
is assumed to arrive at any lane of the intersection randomly 
with a certain probability. The simulation results obtained are 
shown with the help of a bar graph in Fig. 14. The designed 
FACS shows 100% performance in addressing the Emergency 
vehicle at all traffic flow conditions throughout the day 
irrespective of traffic flow condition. The simulation result 
obtained for PTCS and TDCS clearly signifies that they are 
not able to address emergency transit effectively. 

 

Fig. 13. Percentage of Vehicles Left on Lanes. 

 

Fig. 14. Comparison of Percentage of Times Emergency Transit is addressed. 

 

Fig. 15. Comparison of Percentage of Times Maximum Pedestrian Wait Time 

is addressed. 

C. Performance Analysis on the basis of giving way to 

Pedestrians 

To evaluate the performance of the designed system with 
respect to assisting pedestrians waiting at the intersection, the 
PTCS, TDCS and FACS systems are simulated in ten sets of 
100 iterations for each hour of the day. Fig. 15 illustrates the 
measure of number of times the lane with pedestrians waiting 
for maximum time is given highest priority for red light to 
allow pedestrians to cross. The data plotted for each hour of 
the day is an average of the values obtained in ten observation 
sets of 100 iterations each. The designed FACS shows 
maximum clearance of pedestrians with highest waiting time 
and the performance of the system is better even in the peak 
traffic hours. 

V. CONCLUSION 

The proposed FACS performs better than the PTCS and 
TDCS due to its flexible design. The simulation results clearly 
show that the designed system gives better clearance to 
vehicles, emergency transit and also to pedestrians in all 
traffic flow conditions throughout the day. This system can be 
realized and implemented on any major traffic intersection to 
address all types of movements and enhance the traffic as well 
as pedestrian handling capability of the intersection. 

In future these smart intersections can be interconnected 
through the major routes of the city such as routes leading to 
hospitals to give a thorough passage to emergency transit. 
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