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Abstract

Traffic congestion difficulties have resulted in low productivity, significant air pollution, and energy losses in Owerri
Metropolis, Nigeria. The paper looked at the design of a smart fuzzy logic traffic light management module, the
development of a traffic control program using an Arduino microcontroller system, and the validation of the developed
program's functionality using a Proteus circuit model to confirm the efficiency of fuzzy signal control. The traffic light
environment of a fuzzy logic controller is simulated using Matlab software, and isolated traffic of multiple junctions is
simulated using the Sumo Urban Mobility Simulation (SUMO) environment. The performance of the traditional fixed-
time controller vs the fuzzy logic traffic light controller is examined. To allocate pedestrian crossing the right of way,
traffic light systems function in tandem with pedestrian displays. The simulation results indicated that the overall
durations for the fixed traffic light controller and suggested smart fuzzy logic traffic light controller simulations are
1,426 seconds and 1,328 seconds, respectively. The results also showed that the suggested smart fuzzy logic traffic light
controller recorded significant waiting and movement times, indicating its standard appropriateness for Owerri city's
various crossings.

Keywords: Smart Fuzzy Logic; Traffic Urgency Decision Module (TUDM); Extended Time Decision Module (ETDM);
Sumo Urban Mobility Simulation(SUMO)

1. Introduction

Heavy traffic congestion, which varies according to season, weather, time of day, and building activity, has caused major
issues in Owerri. The existing traffic light control system in Owerri city, which is based on a timer, a programmable logic
controller (PLC), and a microcontroller, is ineffective. Based on the traditional traffic light control system design, Owerri
City has recorded strong traffic lights in the morning before office hours, and evening after office hours. But at midday
with no traffic, cars will still wait for a long time before being passed.

The clever fuzzy logic traffic control system, which makes use of an Arduino microcontroller and ultrasonic sensors, is
used to govern traffic signal flow at various crossings. The microcontroller maintains the number of cars in its memory
and employs ultrasonic sensors to detect the absence and presence of automobiles at various junctions. The fuzzy logic-
based microcontroller decision defines distinct ranges for traffic signal delays and updates accordingly. The duration of
green time at each junction is determined by the fuzzy logic controller. The two separate modules studied in this study
are the traffic urgency decision module (TUDM) and the extended time decision module (ETDM). The TUDM computes
urgency for all red light phases, whereas the ETDM computes green light time in relation to phase extension time, with
more urgency proportionate to the number of automobiles. The Matlab program is designed to simulate the state of an
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isolated signalized junction based on fuzzy logic to handle vehicle arrival and queueing in phases. SUMO is used to
simulate several traffic junctions and traffic data parameters are gathered and produced in a Python environment. The
construction of an intelligent control structure guarantees an ideal solution for all transportation and road traffic system
participants [1, 2]. Conventional cyclic light control manages road crossings, while sensor-based traffic control monitors
traffic in different directions, and the signals acquired regulate the traffic lights [3, 4]. Interpolation and fuzzy
approaches are used at road crossings and rail tracks [5, 6, 7, 8, 9]. Fuzzy logic has been shown to be very beneficial in
expert systems and other artificial intelligence applications [9, 10, 11, 12]. The flexibility of human reasoning is
implemented by a mathematical model that includes fuzzification, fuzzy logic inference utilizing if-then rules, and
defuzzification [11, 12, 13, 14, 15, 16].

The membership function is a graphical depiction of the magnitude of each input's involvement. It assigns a weight to
each of the processed inputs, establishes functional overlap between inputs, and finally calculates an output response.
The rules employ the input membership values as weighting factors to assess their impact on the final output
conclusion's fuzzy output sets. After the functions have been inferred, scaled, and concatenated, they are defuzzified
into a crisp out that powers the system [17, 18, 19, 20, 21]. The purpose of transportation research is to optimize the
movement of people and products. In many nations, monitoring and controlling city traffic is becoming a big issue.
Because the number of road users is continually increasing, and the resources given by present infrastructures are
limited, the Federal Road Safety Corps must devise new methods or measures to address this issue [1, 2]. Although it is
understood that automatic control systems should relieve people of manual control, such systems do not operate
effectively in many situations, particularly when oversaturated or unexpected load conditions, which might be due to
limits of the algorithms or sensing devices [2]. This study describes the creation of a smart traffic light control system
based on a microcontroller-based fuzzy logic approach capable of emulating human intelligence for traffic light control.
Fuzzy logic technology enables the application of real-world rules in a manner akin to how humans think. The fuzzy
logic controller can detect not only the presence of cars waiting at the intersection, but also the quantity of cars waiting
atthe intersection [2]. The program can mimic traffic light management using both traditional fixed-time and fuzzy logic
controllers. To simulate and control the functioning of various traffic junctions, software based on Proteus, SUMO,
Matlab, and Python is built and deployed. The suggested smart fuzzy logic traffic light controller is capable of resolving
Owerri's traffic difficulties.

Multiple traffic crossings are analyzed, a traffic light management system is modeled, and algorithms are evaluated to
enhance overall traffic flow in Owerri and its environs. In this experiment, ultrasonic sensors are employed to collect
data from automobiles at several junctions. To mimic the efficacy of the fuzzy logic controller in regulating traffic
conditions at isolated multiple intersections, software programs are built. The Matlab tool is used to construct the fuzzy
logic traffic light controller, and SUMO is used to develop the simulation program. The fuzzy logic controller's inference
method is similar to the human thinking process. This is where fuzzy logic technology and artificial intelligence
intersect. Humans utilize rules instinctively to carry out their acts. The fuzzy logic controller is in charge of adjusting
the length of the green time based on traffic conditions. Each phase of the traffic light has its own condition. When no
incoming traffic is identified, the system enters a single default state. This is the default state, and it correlates to the
green time for a given technique, generally the main approach. If there are no vehicle queues for the relevant approach,
a state in the sequence of states can be skipped.

2. Method

The Sumo Urban Mobility Simulation (SUMO), Python, Arduino microcontroller, ultrasonic sensors, Proteus, and Matlab
software were utilized in this work.

On the other hand, and more importantly, creating an intelligent traffic light control system will undoubtedly address
Owerri's traffic congestion issues. The modernization of the city's existing traffic light control systems is based on the
set time duration of the green phase, which may change traffic lights at a consistent cycle time. Based on the current
traffic circumstances, this sort of traffic management system cannot prolong the current green light time length and
cannot minimize the vehicle's waiting time at the red light. A fuzzy logic-based traffic light controller may be utilized for
optimal regulation of traffic volumes, such as oversaturation or exceptional load circumstances [20, 21, 22, 23, 24, 25,
26, 27,28]. The paper proposes the deployment of a developed fuzzy logic controller system for regulating traffic signals
at numerous intersection models in the city. The suggested fuzzy traffic light controller, which will be implemented at
several intersection models, would handle congestion better than the existing fixed time duration traffic management
system. This fuzzy traffic control technology helps reduce vehicle waiting time at city red lights. It can extend a current
green phase by introducing new time durations using fuzzy rules as illustrated in an algorithm for the smart traffic
management system.
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The planned smart traffic lights are compared to the present manual traffic signals. The proposed traffic light model will
calculate the number of automobiles on the route and optimize the lights based on the data. Roadside units (RSU)
comprised of ultrasonic sensors are used to compute the number of automobiles on the road via their connections to
RSU, and after the data is gathered, it is transmitted to the algorithm to determine traffic light cycles. This method allows
for the length of red and green lights to be changed in response to current traffic congestion on the route. As a result,
the duration of red and green lights will vary dynamically throughout the day. This method alleviates traffic-light-caused
congestion while also managing traffic flow for high-priority vehicles such as ambulances.

Procedures involved in an algorithm for smart traffic light management development are presented as follows:

. Start.

. Design and simulate a fixed timed traffic light using Proteus.

. Create fuzzy logic rules for intersection traffic light using Matlab.

. Implement fuzzy logic rules into Proteus traffic light with Arduino microcontroller and ultrasonic sensors and
simulate.

. Design GUI for traffic light simulation using SUMO.

. Run simulations for both fixed timed traffic light and smart traffic light using PYTHON.

. Display the results.

. End.

2.1. Block Representation of the Proposed Smart Traffic Light System

A smart traffic light controller is created by combining an ATMega AVR-32 with ultrasonic sensors that monitor lane
density. The created electrical hardware is utilized to mimic traffic lights in order to provide a comprehensive
automation solution for traffic light management. The creation of fuzzy algorithms is based on the information supplied
by ultrasonic sensors into a microcontroller, which is then analyzed and provides a choice route for the lane to follow.
The fuzzy logic will use high-density or low-density information in the traffic lane to determine which option to apply.
Traffic light management on the lane will be handled intelligently with the deployment of the hardware and fuzzy
algorithmes, as illustrated in figure 1.

The Arduino, which is a fuzzy logic controller, is in charge of altering traffic signal intervals. It can communicate with
and interact with sensors. Arduino boards are programmed using the Arduino Integrated Development Environment
(IDE), which is freely available from the Arduino community.

i

0 ..

vyy

0

——

Figure 1 Block representation of the proposed smart traffic light control system

The code is referred to as a sketch, although it is essentially a C/C++ function set. Figure 2 depicts a set of ultrasonic
sensors that are used for object detection using two parameters: echo and trigger. These sensors are properly installed
to compute the limitations of vehicles in a certain lane. As depicted in Figure 3, the limit would determine the density of
traffic, i.e. little traffic, moderate traffic, or heavy traffic. They will send the required information to the microcontroller.
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As illustrated in Figure 3, the suggested smart traffic light controller is made up of an Arduino MEGA 2560 and a set of
HC-SR04 ultrasonic sensors, which are utilized to construct the prototype in Proteus. The sensors monitor traffic density
and provide it to the microcontroller through the wifi module. The microcontroller then assigns a time interval to the
traffic signal. The same concept might be expanded up with larger capacity sensors and serve the same function.
Previously, Infrared (IR) sensors were used to detect traffic density on the road, but they did not perform correctly
owing to interference from the sun and another sensor close. The ultrasonic sensors were chosen due to their efficient
functioning on sound reflection with a frequency of 40Khz and their inability to respond to interference induced by
other sounds, as illustrated in figure 2 [15, 16, 17, 18, 19].
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Figure 2 Action of ultrasonic sensor
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Figure 3 Pictorial model of the proposed smart fuzzy traffic light controller

2.2. Electronic Circuit Model of the Proposed Smart Traffic Light Controller

Figures 4 and 5 demonstrate how the existing traffic system and the created smart algorithm are constructed and
implemented in a test rig in Proteus. The test rig is built using light-emitting diodes (LEDs) of various colors as well as
traffic lights and ultrasonic sensors as sensors. In figure 4, the written software considers traffic signals at a
predetermined time interval, where an available lane remains green till the time cycle elapses. The software put in the
microcontroller, as illustrated in figure 5, covers a variety of traffic circumstances.

The suggested traffic system, shown in Figure 3, takes into account the amount of vehicles operating in a typical four-
road junction. On each route, an equal number of sensors are connected to control the amount of cars at any one
moment. When there is no vehicle in front of the sensors, no barrier is detected. As a result, it sends a high (logic 1)
signal to the microcontroller. If any cars are identified by sensors, a low signal (logic 0) is delivered. The microcontroller
receives all of the signals sent by the sensors. In the microcontroller, a software is put to detect the road with the most
cars. The road with the most vehicles is cleared first by giving the relevant route a green light. The route with the second
highest number of vehicles is then cleared in a similar manner, and so on. The interval between giving each route a
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green light is the same. When a green signal is given to a specific route to allow cars to pass, the other three roads are
halted by a red light. The clever algorithm continues in this manner. Proteus 8 professional is used to shape and simulate
a comprehensive system model. To imitate the system, a 20-second permitted period for vehicle passing is used, with a
1-second break for the yellow light to turn on at each road. While writing a program on a microcontroller, the time can
be changed. Figure 6 depicts the simulation model of the proposed smart traffic signal controller.
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Figure 4 Design of Proteus interface of fixed traffic lights
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Figure 5 Proteus simulation model of the proposed smart traffic light controller

The car has 20 seconds to travel through the several junctions, while the changeover time is one second. The intended
output is captured every 24 seconds by obtaining data from the ultrasonic sensors.

2.3. Development and Formulation of Fuzzy Logic Control System

Due to the instability of a traffic situation on the road, a traffic light management system in a junction is required [15,
16, 17, 18, 19]. It requires intelligent traffic signals. Fuzzy logic control is utilized to create smart traffic signals. The
traffic light control system is built in this work by taking into account the traffic flow acquired from the number of
incoming cars per minute at the various junctions. Figure 1 shows how the microcontroller manages the traffic lights
based on the output of the fuzzy logic. The flow of the fuzzy process is illustrated in figure 6. The traffic junction model
was created in MATLAB with the Image Processing Toolbox and the Fuzzy Logic Toolbox [11, 12]. The Fuzzy Logic
Toolbox in Matlab includes a graphical user interface (GUI) for designing and implementing fuzzy control systems. The
Fuzzy Logic Toolbox includes five core GUI tools for designing, changing, and viewing fuzzy inference systems: the Fuzzy
Inference System or FIS Editor, the Membership Function Editor, the Rule Editor, the Rule Viewer, and the surface
viewer. They are dynamically connected because any changes made to the FIS are reflected in the system. The FIS editor
will be used to design the system at initially.
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Figure 6 Flow of the Fuzzy Logic Process
The functional designs of the fuzzy logic control system procedures are discussed and presented as follows:

2.3.1. Design of Fuzzy Parameters and their Membership Functions(MF)

The fuzzy inference system Sugeno Method was introduced in 1985. This method is almost the same as Mamdani
Method[11, 12]. The fuzzy inference system Sugeno Method is represented in Equation (1).

If Input 1 = x and Input 2 =y, then Output is given as

z = ax+by+c (D
The output of this rule is not in membership functions form, but in a number form that varies linearly to the input
variables. If a = b = 0, then the fuzzy inference system is zero order, because the output is a constant number, that is, z

= c. The final output of Sugeno Method is calculated using Equation (2).

L Wigi
Output = I‘TJ (2)

Zimy Wi
Where: N = Number of rules, Wi = Weight or firing strength and Zi = Output level.

Deployment rule of Sugeno method in fuzzy logic control system is shown in Figure 7.

[
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Figure 7 Deployment of Sugeno Method in Fuzzy Logic control system design

For each of the system's input and output fuzzy variables, a two-stage traffic light system has five membership functions:
Zero, Small, Medium, Large, and Very-Large. Figures 8 to 10 demonstrate two input variables, Queue and Timer, and
one output variable, Urgency, for the traffic urgency judgment module. Figures 11 to 13 depict two input variables,
Queue-Lane-1 and Queue-Lane-2, and one Extension-Time output variable for the extension time choice module. The
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triangle membership function is used to construct each input and output fuzzy variable. The fuzzy logic controller's
inference method is similar to the human thinking process. Artificial intelligence is related with fuzzy logic technology.

2.3.2. Design of Traffic Urgency Decision Module (TUDM)

This module computes urgency for all red phases, as seen in figures 14 and 16. The suggested smart system determines
the next red-light phase to switch based on the degree of urgency. There are two input variables, Queue and Timer, and
one output variable, Urgency. The input variables Queue and Timer count the number of cars in the current red-light
phase and the duration of the red light since the last end of the green light. The output variable Urgency represents the
traffic urgency during red light phases. In the case of Phase 1, for example, TUDM derives the urgency (U1) by analyzing
the queue length and duration of red light since the conclusion of Phase 1's green light. Similarly, for phase 2, TUDM
determines the urgency (U2) by processing the queue length and duration of red light since the last end of the green
light of phase 2 and so on.

2.3.3. Design of Extension Time Decision Module (ETDM)

The extension time decision module (ETDM) determines the green light time, which is the extension time of the phase
with the highest urgency based on the number of cars. There are two input variables, Queue-Lane-1 and Queue-Lane-2,
and only one output variable, Extension-Time. The input variable Queue-Lane-1 counts the number of cars in lane 1,
whereas the input variable Queue-Lane-2 counts the number of vehicles in the other side, i.e. lane 2 of the red-light
phase, which has high traffic urgency. The extension time of the current green light phase is represented by the output
variable Extension-Time.

As aresult, in Phase 1, ETDM estimates the green light duration, i.e., extension time (E1), by analyzing the queue length
of Lane EL1 of Road direction E and Lane WL1 of Road direction W. Similarly, for phase 2, ETDM calculates the extension
time (E2) by analyzing the queue lengths of Lane EL2 of Road Direction E and Lane WL2 of Road Direction W, as shown
in table 1. In TUDM, 25 fuzzy rules were discovered, while in ETDM, 16 rules were discovered. Some of these fuzzy rules
are employed in the design of the TUDM and ETDM seen in figures 14 and 15, respectively.

Zero Small Medium Large Very-Larg(

input variable "Queue"

Figure 8 Queue membership

Zero Small Medium Large Very-Large

input variable “Time’,'

Figure 9 Time membership
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Figure 10 Urgency membership

Zero Small Medium Large
1
0.5 1
C 1 1 1 g 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50 55 60
input variable "Queue-Lane-1"

Figure 11 Queue-Lane-1 membership
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Figure 12 Queue-Lane-2 membership
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Figure 13 Extension-Time membership
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ero - is Zero) then (Urgency is
If (Queue is Zero) and (Tme r is Small) then (Urgency is Small) (1)
. If (Queue is Zero) and (Time_r is Medium) then (Urgency is Medium) (1)
. If (Queue is Zero) and (Time_r is Large) then (Urgency is Medium) (1)
. If (Queue is Zero) and (Time_r is Very-Large) then (Urgency is Large) (1)
. If (Queue is Small) and (Time_r is Zero) then (Urgency is Zero) (1)
. If (Queue is Small) and (Time_r is Small) then (Urgency is Small) (1)
. If (Queue is Small) and (Time_r is Medium) then (Urgency is Medium) (1)
. If (Queue is Small) and (Time_r is Large) then (Urgency is Large) (1)
0. If (Queue is Small) and (Time_r is Very-Large) then (Urgency is Large) (1)

i
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Figure 14 Fuzzy rules for TUDM develop in MATLAB.

s Zero) and (Queue-Lane-2 is Zero) then (Extension-Time is Z

. If (Queue-Lane-1 is Zero) and (Queue-Lane-2 is Small) then (Extension-Time is Small) (1)

. If (Queue-Lane-1 is Zero) and (Queue-Lane-2 is Medium) then (Extension-Time is Medium) (1)

. If (Queue-Lane-1 is Zero) and (Queue-Lane-2 is Large) then (Extension-Time is Large) (1)

. If (Queue-Lane-1 is Small) and (Queue-Lane-2 is Zero) then (Extension-Time is Small) (1)

. If (Queue-Lane-1 is Small) and (Queue-Lane-2 is Small) then (Extension-Time is Small) (1)

. If (Queue-Lane-1 is Small) and (Queue-Lane-2 is Medium) then (Extension-Time is Medium) (1)

. If (Queue-Lane-1 is Small) and (Queue-Lane-2 is Large) then (Extension-Time is Large) (1)

. If (Queue-Lane-1 is Medium) and (Queue-Lane-2 is Zero) then (Extension-Time is Medium) (1)
0. If (Queue-Lane-1 is Medium) and (Queue-Lane-2 is Small) then (Extension-Time is Medium) (1)

S OO NO ;e L=

Figure 15 Fuzzy rules for ETDM develop in MATLAB

Two separate modules, namely traffic urgency decision module (TUDM) and extended time decision module (ETDM),
are implemented in a two-stage traffic light system employing fuzzy logic. Figures 14-16 depict the design of a four-
phase signal. Each approach in a cycle travels through green and red time periods.

The maximal implication approach is utilized in a two-stage traffic signal system based on fuzzy logic. Using this method,
the final output membership function for each rule is the fuzzy set allocated to that output by clipping the degree of
truth values of the linked antecedents' membership functions. After determining the membership degree of each output

fuzzy variable, all of the rules that are being fired are merged, and cation is the process of transforming each aggregated
fuzzy output set into a single crisp value.
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Figure 16 General Structure of intersection
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2.4. Deployment of Sumo Urban Mobility Simulation (SUMO)

Sumo Urban Mobility Simulator is used to simulate road vehicles. To determine the best routing in the simulation
environment, SUMO employs three built-in algorithms. The Owerri city map's fire service junction was taken from the
internet (openstreetmap.org) and renamed map.osm. The entire simulation is run on a real-world map of Owerri. SUMO
translates Owerri city map data to XML format in order to provide the best route and traffic system. To convert map.osm
files to map.net.xml files, DOS command scripts such as start-command-line.bat and netconvert are utilized. SUMO
Neteditor is used to add additional essential details such as road name, traffic signal time, and so on. The route for
vehicles is written in map.rou.xml file. The flow chart of the full simulation and the SUMO GUI are presented in figures
17 and 18 respectively.

Start

Download Map.osm }

v

Convert map.osrm o ]

!

Create map.sumoctg by using

map.netxml , map.rouxml and  gui-
. J

v

MAdditional road segments are
edited by Neteditor

v

{ Run simulation }

Figure 17 Operational flow chart of the sumo process

ke L e Lecnie  Sewiaton  fiedows  twls
LA L Ry e L e
SAAED i O T

Figure 18 Real-time multiple intersections used to analyze the various algorithms using SUMO’s graphical user
interface
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3. Results and Discussion

Following the completion of the design of a two-stage traffic light controller system, the entire system is tested, and the
effects of the input variables on the output variables are noticed. Figure 19 depicts the impacts of multiple inputs,
namely Queue, Timer, Queue-Lane-1, and Queue-Lane-2, on the output variables, namely Urgency and Extension-Time,
using simulation. When the values of Queue and Time on the x- and y-axes are tiny, the value of Urgency on the z-axis is
small. When the queue side is too large and the timer density is low, the value of urgency rises quickly to reach a
maximum value. When the queue side is smaller and the timer density is too high, the value of urgency rises faster to
reach a maximum value.

A model that mimics a genuine environment may be developed using SUMO by building a road network, adding cars to
it, and setting rules for how these vehicles traverse the network. Because the approach is stable for modeling a realistic
traffic situation, the article uses the SUMO software to execute its simulations. Because there is no physical
implementation, the SUMO software saves time.

Time, Queue

Figure 19 Input variables Queue, Timer Vs output variable Urgency using centroid defuzzification method

A four-way junction with two lanes in each direction is generated by the various intersections. The leftmost lane of each
road approaching the intersection is used for traffic going left, while the rightmost lane is utilized for vehicles moving
ahead or to the right. A traffic light is used to ensure that traffic from the intersecting roads does not enter the
intersection at the same time. The design configuration for traffic lights is divided into four phases, which are as follows:

. NS-G - the north and south roads are green and the others are red.
. WE-G - the west and east roads are green and the others are red.

. WE-Y - the west and east roads are yellow and the others are red.
o NS-Y - the north and south roads are yellow and the others are red.

Figures 20 and 21 show the graphical representations of the crossings. In order to dynamically modify the condition of
a traffic signal, an SUMO simulation environment powered by an artificial intelligence written using Python is presented.
Python provides access to the "Traci" library, which may be used dynamically. Before the simulation begins, a feasibility
test is performed to offer the optimal red light / green light result ratio calculation in order to insert automobiles one
by one in each lane. The accepted standard traffic signal timings for default red and green lights range from 2 to 20
minutes. According to the simulation results, a total of 90 and 270 cars are recorded in vertical and horizontal roads for
both the fixed traffic light controller and the proposed fuzzy logic traffic light controller, as shown in tables 2 to 4, and
the corresponding graphs of simulation time piloted against number of cars are shown in figures 23 to 24. The entire
simulation duration for the fixed traffic light controller and the suggested fuzzy logic traffic light controller was 1,426
and 1,328 seconds, respectively. The current approach to traffic signals is based on predetermined cycles or human
control.
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Figure 20 Sumo Urban Mobility Simulation (SUMO) GUI-01

b [ by Lot e ek b

Figure 21 Sumo Urban Mobility Simulation (SUMO) GUI-02
Table 2 Fixed traffic light simulation for cars in vertical and horizontal roads

Number of cars in vertical road | Number of cars in horizontal road | Simulation time(seconds)
30 60 428
30 90 492
30 120 506
Total = 90 Cars Total = 270 Cars Total = 1,426 Seconds
Table 3 Fuzzy logic traffic light simulation for cars in vertical and horizontal roads
Number of cars in | Number of cars in horizontal road | Simulation time(seconds)
vertical road
30 60 351
30 90 481
30 120 496
Total = 90 Cars Total = 270 Cars Total = 1,328 Seconds
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Figure 22 Standard traffic light's chart for a fixed traffic light controller
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Figure 23 Proposed chart for fuzzy logic traffic light controller

Table 4 Comparison of different simulation time for fixed traffic light controller and fuzzy logic traffic light controller

Simulation time for fixed traffic controller(seconds)

Simulation time for fuzzy logic controller(seconds)

428 351
492 481
506 496

Total = 1,426 Seconds

Total = 1,328 Seconds

Table 5 Simulation results for fixed time controller and fuzzy logic time controller

Simulation parameters

Available controller

Proposed controller

Technique Fixed time controller | Fuzzy logic time controller
Simulation time(seconds) 578 578
Number of vehicles served 240 240
Average time saved(seconds) 78 155
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The suggested fuzzy logic traffic controller has a faster simulation time of 98 seconds than the fixed traffic light
controller. As a result, the suggested fuzzy logic traffic light controller delivers improved performance in terms of
moving time and reduced waiting time, resulting in significant reductions in fuel consumption, air and noise pollution,
and traffic congestion on Owerri city highways. In terms of 578 seconds simulation time and 240 vehicles served, the
suggested fuzzy logic traffic light controller recorded a noticeable average saving time of 155 seconds compared to the
fixed time controller's unsatisfactory average saving time of 78 seconds, as shown in table 5.

4., Conclusion

The developed fuzzy logic traffic light controller system can estimate traffic density using ultrasonic sensors positioned
on each side of the road to increase the time delay for the green signal and eliminate needless waiting time. The
simulation results demonstrated that the system with fuzzy logic control Sugeno approach appropriately and efficiently
addressed the traffic difficulties at many crossings. In terms of performance, the developed fuzzy logic traffic controller
system and fixed time control provide distinct outcomes. The suggested approach outperforms the fixed time-based
traffic light control system in terms of the number of lineups and departures. Because of its flexibility, which includes
the number of cars sensed at the approaching junction and the extension of the green duration, the fuzzy logic traffic
signals controller outperformed the fixed time controller. Because the fixed time controller is an open loop system, the
green time is not prolonged when there is a large density of automobiles at numerous intersections. The extension time
in the smart fuzzy logic traffic light control system is not a set value; rather, the fuzzy system can adapt to the provided
input. To the green time, the fuzzy system supplies output variables such as zero, short, medium, and big. The number
of cars detected at the fuzzy controller's input is converted into fuzzy values such as very short, short, medium, large,
and very large. Less waiting time reduces not just fuel consumption but also air and noise pollution. It also demonstrates
that it may alleviate traffic congestion and save time spent by a green signal on an empty route.
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