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Abstract: 
This study combines fuzzy logic with a modified genetic algorithm (GA) to provide a novel method 

of dynamic traffic management in urban settings. The study fills in a vacuum in the literature by 

reviewing the body of work and focusing on the integration of fuzzy logic and modified GAs for 

dynamic traffic management. A fuzzy logic system enables real-time decision-making, and the 

proposed methodology formulates the optimization problem, defines the objective function, and 

encodes solutions (chromosomes) for the modified GA. The approach's effectiveness is demonstrated 

by experimental evaluations carried out in a simulation environment, which exhibit notable 

enhancements in traffic flow when compared to conventional methods. The adaptability of the fuzzy 

logic system in handling dynamic traffic scenarios can be understood through an analysis of the 

evolution of its parameters. An analysis of the findings reveals the approach's advantages, 

disadvantages, and possible directions for future study. It propels the field by giving a suitable 

methodology to compelling traffic stream improvement in metropolitan settings. 

Keywords: Dynamic traffic management, Urban mobility, Genetic algorithm, Fuzzy logic. 

 

Introduction: 

Streamlining dynamic traffic the board frameworks is vital for ensure powerful metropolitan 

versatility and lessen traffic [1] [4]. This can be seen as the advancement of traffic stream with 

minimal measure of travel time and cost related with blockage. Be that as it may, to progressively 

adjust to changing traffic conditions, conventional traffic the executives procedures often fall flat, 

delivering not so great outcomes [6] [11]. Subsequently, basic to formulate novel procedures can 

effectively deal with the powerful idea of traffic frameworks [3] [7] [9]. To further develop dynamic 

traffic the executives and advance traffic enhancement strategies in metropolitan settings, this study 

means to research the utilization of fluffy rationale and a changed Genetic Algorithm (GA). 

 

The chief point of this exploration is to foster a mathematical structure that joins enhancement 

strategies and fuzzy logic standards to further develop traffic stream proficiency in unique rush hour 

gridlock situations [2] [5]. Our particular objective is to make a dynamic framework that utilizes 

fuzzy logic and is prepared to do progressively changing traffic the executives plans because of 

moving conditions [8]. We look to conquer the downsides of current traffic the board models and 

deal a more adaptable reaction to metropolitan versatility issues by using the inborn adaptability of 

fuzzy logic and the solid streamlining capacities of the modified GA [10] [12]. The pressing need to 

make modern traffic the executives frameworks that can deal with the complexities of contemporary 

metropolitan conditions and lift generally transportation adequacy drives us. 

 

In the first place, we give a mathematical depiction of the unique traffic the executives issue, 

underscoring the significant boundaries and objectives. The theoretical underpinnings of fuzzy logic 

and its pertinence to dynamic in rush hour gridlock the executives are then covered. Then, we present 

the modified GA algorithm and portray how it tends to be utilized to enhance traffic signal plans. 

From that point onward, we give guides to show how our proposed approach may be utilized to 

address specific traffic the board issues. We then, at that point, go over the examination results, think 

about their suggestions, and give thoughts for additional exploration. We desire to offer an exhaustive 
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clarification of our exploration system and its commitments to the field of dynamic traffic the board 

streamlining through this coordinated methodology. 

 

Related Works 

All over the planet, gridlock is as yet a significant issue in metropolitan regions, calling for clever 

fixes for compelling traffic the board. For traffic light control, conventional deterministic algorithms 

like fuzzy logic have been generally utilized. To conquer these methodologies' deficiencies and 

further develop traffic stream in perplexing metropolitan organizations, elective methodologies have 

been explored in ongoing exploration. 

 

Tomar et al. (2018) introduced a clever way to deal with traffic the board that joins fuzzy logic and 

logistic regression to settle on keen course choices in view of traffic information progressively and 

other relevant factors. Their procedure endeavored to limit traffic, abbreviate travel times, and utilize 

less energy by considering factors like distance, climate, and street attributes. 

 

Utilizing cell phone GPS directions, Das and Winter (2018) introduced a fuzzy logic-based structure 

for transport mode recognition. Their strategy accurately recognized different vehicle modes by 

deciphering directions utilizing fuzzy reasoning and master frameworks. Benefits over information 

driven approaches were given by this information based procedure, particularly in circumstances 

where ground truth data was scant. 

 

To advance traffic signalization, Hnaif et al. (2019) fostered a Intelligent Road Traffic Management 

Framework that utilizes a human community genetic algorithm. In contrast with conventional fixed 

traffic light frameworks, their decentralized methodology, which utilized genetic algorithms at every 

crossing point, delivered prominent upgrades in all out time and holding up time. 

 

A strategy in view of evolutionary computation was introduced by Segredo et al. (2019) to enhance 

traffic cycle programs in reality. By planning the traffic signal scheduling problem with additional 

practical situations, their strategy tended to gridlock. Their methodology exhibited promising 

outcomes for  large-scale traffic management, beating existing strategies by using variety based multi-

objective enhancement procedures. 

 

Tan et al. (2019) focused on involving genetic algorithms for decentralized traffic light control for 

framework traffic organizations. Their examination uncovered huge upgrades in diminishing vehicle 

lines and travel time when contrasted with customary fuzzy logic-based systems. The recommended 

technique created huge execution gains by integrating genetic algorithms into every crossing point's 

traffic light regulators. 

 

A multiobjective enhancement strategy for signal control plan in metropolitan rush hour gridlock 

networks was introduced by Li and Sun (2018). To increment framework throughputs, lessen travel 

times, further develop traffic security, and forestall overflows, their technique utilized hereditary 

calculations. Their strategy offered a complete structure for traffic signalization improvement by 

considering four significant organization traffic execution measurements. 

 

Vogel et al. (2018, 2019) investigated versatile traffic signal regulators for secluded crossing points 

in view of fuzzy logic. In contrast with fixed signal projects, their examinations showed 

enhancements in vehicle stops, line lengths, and traffic stream. Their fuzzy logic-based regulators 

effectively enhanced the progression of traffic at crossing points by progressively adjusting the 

periods of traffic signals in light of current traffic conditions. 
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In contrast with static stage booking frameworks, Firdous et al. (2019) showed remarkable abatements 

in line counts, holding up times, and half backs with their fuzzy logic-based traffic signal control 

framework. Their technique effectively decreased gridlock and improved by and large traffic stream 

by powerfully adjusting green light timings in view of line counts and holding up times. 

 

A fuzzy logic-based technique for progressively controlling traffic signal stages at pedestrian 

intersections was introduced by Pau et al. (2018). Their examination showed that by adjusting traffic 

signal stages in light of current pedestrian and vehicular traffic conditions, enhancements could be 

made to traffic stream, line appropriation, and person on foot wellbeing. 

 

 

Research Gap: 

Author Year 

Proposed 

Methodology Results Research Gap 

Tomar 

et al. 
2018 

Integration of 

logistic regression 

with fuzzy logic 

Minimized congestion, 

reduced travel time, and 

lowered energy 

consumption 

Lack of exploration of 

alternative methodologies 

beyond logistic regression and 

fuzzy logic for traffic 

management 

Das and 

Winter 
2018 

Fuzzy logic-based 

framework for 

transport mode 

detection 

Accurate identification 

of transport modes using 

fuzzy reasoning 

Limited discussion on the 

scalability and applicability of 

the fuzzy logic framework in 

diverse urban environments 

Hnaif et 

al. 
2019 

Decentralized 

traffic 

management 

system utilizing 

GA 

Significant 

improvements in total 

time and waiting time 

compared to fixed traffic 

signal systems 

Lack of comprehensive 

analysis on the scalability and 

adaptability of the 

decentralized traffic 

management system in large 

urban networks 

Segredo 

et al. 
2019 

Evolutionary 

computation-

based 

optimization of 

traffic cycles 

Outperformed existing 

methods in optimizing 

real-world traffic cycle 

programs 

Limited exploration of the 

practical implementation 

challenges and computational 

complexities associated with 

evolutionary computation-

based traffic optimization 

algorithms 
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Tan et 

al. 
2019 

Decentralized 

traffic signal 

control using 

genetic algorithms 

Enhanced performance 

in minimizing vehicle 

queues and travel delays 

compared to 

conventional fuzzy 

logic-based systems 

Insufficient discussion on the 

potential limitations and 

feasibility issues of 

implementing decentralized 

traffic signal control systems 

using genetic algorithms in 

real-world urban networks 

Li and 

Sun 
2018 

Multiobjective 

optimization for 

signal control 

design 

Comprehensive 

framework for 

optimizing traffic 

signalization considering 

system throughputs, 

travel delays, safety, and 

spillovers 

Limited examination of the 

real-world applicability and 

operational challenges 

associated with implementing 

multiobjective optimization 

methodologies for signal 

control design in complex 

urban networks 

Vogel et 

al. 

(2018) 

2018 

Fuzzy logic-based 

adaptive traffic 

light controllers 

Improved traffic flow, 

queue lengths, and 

vehicle stops compared 

to fixed signal programs 

Lack of exploration on the 

adaptability and robustness of 

fuzzy logic-based adaptive 

controllers in diverse urban 

traffic scenarios 

Vogel et 

al. 

(2019) 

2019 

Fuzzy logic-based 

adaptive traffic 

light controllers 

Enhancements in traffic 

flow, queue lengths, and 

vehicle stops at isolated 

intersections 

Limited discussion on the 

integration and scalability of 

fuzzy logic-based adaptive 

controllers in a network of 

interconnected traffic 

intersections 

Firdous 

et al. 
2019 

Fuzzy logic-based 

traffic light 

control system 

Significant reductions in 

queue counts, waiting 

times, and tailbacks 

compared to static phase 

scheduling systems 

Insufficient exploration of the 

potential challenges and 

limitations of implementing 

fuzzy logic-based traffic light 

control systems in diverse 

urban environments 
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Pau et 

al. 
2018 

Fuzzy logic-based 

approach for 

pedestrian 

crossing 

management 

Improvements in traffic 

flow, queue distribution, 

and pedestrian safety at 

pedestrian crossings 

Lack of examination on the 

integration and interoperability 

of fuzzy logic-based pedestrian 

crossing management systems 

with existing urban traffic 

management infrastructures 

 

An exhaustive outline of current research projects in rush hour gridlock and sign control strategies is 

given in the table. It incorporates research that utilization various strategies to decrease travel times, 

handle gridlocks, and further develop generally speaking traffic stream proficiency, as fuzzy logic, 

genetic algorithms, and evolutionary computation. In spite of the fact that traffic signalization and 

versatile control frameworks can be worked on using fuzzy logic and genetic algorithms, there is an 

exploration hole in researching elective methodologies past these customary methodologies. The 

versatility, flexibility, and reasonable use of decentralized traffic the executives frameworks that 

utilize genetic algorithms and evolutionary computation likewise require more examination. 

Moreover, the table highlights the meaning of considering multiobjective enhancement structures 

while planning signal control frameworks, yet in addition focuses on the need to assess their 

functional challenges and suitability in complicated metropolitan organizations. Besides, albeit fuzzy 

logic-based versatile regulators show upgrades in rush hour gridlock stream and line lengths at 

secluded crossing points, more examination is expected to completely comprehend how to coordinate 

and scale these regulators across interconnected traffic organizations. At last, there is a lack of writing 

examining the potential downsides and troubles of applying fuzzy logic-based pedestrian crossing the 

executives frameworks in different metropolitan settings, recommending a significant field for 

additional exploration. 

Methodology: 

Formulation of the Optimization Problem: 

This optimization issue can be expressed as a limited optimization issue.: 

Minimize: 𝐽 = ∑  

𝑁

𝑖=1

∫  
𝑇

0

𝑐𝑖(𝑥𝑖(𝑡), 𝑣𝑖(𝑡), 𝑢𝑖(𝑡))𝑑𝑡 

Subject to: 
𝑥̇𝑖(𝑡) = 𝑣𝑖(𝑡)
𝑣̇𝑖(𝑡) = 𝑢𝑖(𝑡)

𝑥𝑖(0) = 𝑥𝑖0
, 𝑣𝑖(0) = 𝑣𝑖0

 

𝑥𝑖(𝑇) = 𝑥𝑖𝑇
, 𝑣𝑖(𝑇) = 𝑣𝑖𝑇

𝑔(𝑥𝑖(𝑡), 𝑣𝑖(𝑡), 𝑢𝑖(𝑡)) ≤ 0∀𝑡 ∈ [0, 𝑇]

ℎ(𝑥𝑖(𝑡), 𝑣𝑖(𝑡), 𝑢𝑖(𝑡)) = 0∀𝑡 ∈ [0, 𝑇]

 

 

where ui(t) is the control input (such as acceleration or deceleration) applied to vehicle i at time t, 

vi(t) indicates the velocity of vehicle i at time t, xi(t) indicates the position of vehicle i at time t, and 

N is the total number of vehicles. The cost function ci includes variables like travel time, fuel 

consumption, and emissions that have an impact on how well vehicle i performs. 

 

The constraints include the dynamics of each vehicle represented by the state equations 𝑥˙𝑥(𝑥) and 

𝑥˙𝑥(𝑥), initial and final conditions xi0, vi0, xiT, viT, safety constraints g, and equality constraints h. 
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The solution space consists of the control policies ui(t) for all vehicles over the time horizon T. Due 

to the high-dimensional and nonlinear nature of the problem, traditional optimization techniques may 

be inadequate for real-time implementation. Therefore, a modified genetic algorithm (GA) is 

employed to search for an optimal or near-optimal solution. 

The GA operates on a population of candidate solutions, known as chromosomes, which encode 

potential control policies for the vehicles.  

 

The encoding of solutions (chromosomes) for the GA: 
In the context of dynamic traffic management optimization, encoding solutions (chromosomes) for 

the genetic algorithm (GA) involves representing control policies for vehicles over a discrete time 

horizon T. Let N denote the total number of vehicles in the network, and K represents the number of 

time steps discretizing the time horizon. 

Each chromosome Chromosome i for vehicle i consists of a sequence of control inputs ui(tk) over the 

time steps tk, where k=1,2,...,K. Mathematically, this can be represented as: 

 Chromosome 𝑖 = [𝑢𝑖(𝑡1), 𝑢𝑖(𝑡2), … , 𝑢𝑖(𝑡𝐾)] 
The control inputs ui(tk) represent the acceleration or deceleration applied to vehicle i at time tk. To 

ensure feasibility and enforce constraints, the control inputs are typically bounded within permissible 

ranges, denoted as [𝑢𝑖
𝑚𝑖𝑛 , 𝑢𝑖

𝑚𝑎𝑥], corresponding to the vehicle's capabilities and traffic regulations. 

 

The encoding process involves mapping these continuous control input ranges to a discrete set of 

values or codewords. One common approach is to discretize the control input range into M equally 

spaced intervals, resulting in a finite set of possible values {𝑣𝑖𝑗}
𝑗=1

𝑀
, where vij represents the j-th 

discrete value of the control input for vehicle i. 

 

Thus, each control input ui(tk) is encoded as a discrete value vij chosen from the set {𝑣𝑖𝑗}
𝑗=1

𝑀
. This 

can be represented as a discrete decision variable xij, where xij=1 if vij is selected and xij=0 otherwise. 

This binary encoding scheme ensures that each chromosome can be represented as a binary string of 

length M, with each bit corresponding to the selection of a discrete control input value. 

The choice of the number of intervals M and the discretization scheme directly impacts the granularity 

of the search space and the representation accuracy. A finer discretization may lead to a more accurate 

representation of control policies but may also increase the computational complexity of the GA. 

Once the chromosomes are encoded, the initial population is randomly generated, and the GA 

iteratively evolves these chromosomes through selection, crossover, and mutation operations to 

improve their fitness with respect to the optimization objective defined by the cost function J. 

The definition of the objective function: 
The objective function J in the context of fuzzy logic and a modified genetic algorithm (GA) for 

dynamic traffic management measures the system's performance according to several parameters, 

such as emissions, travel time, and congestion level. The integral of the cost functions for every 

vehicle over the time horizon T can be used to mathematically express the objective function: 

𝐽 = ∑  

𝑁

𝑖=1

∫  
𝑇

0

𝑐𝑖(𝑥𝑖(𝑡), 𝑣𝑖(𝑡), 𝑢𝑖(𝑡))𝑑𝑡 

where: 

 N is the total number of vehicles in the network, 

 xi(t) denotes the position of vehicle i at time t, 

 vi(t) represents the velocity of vehicle i at time t, 

 ui(t) is the control input applied to vehicle i at time t, 

 ci(xi(t),vi(t),ui(t)) is the cost function for vehicle i at time t. 
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Travel time: The amount of time it takes a vehicle (i) to travel a certain distance, subject to speed 

restrictions, and through traffic from its starting point (xi0) to its destination (xiT). 

 

𝑐𝑖
(1)(𝑥𝑖(𝑡), 𝑣𝑖(𝑡), 𝑢𝑖(𝑡)) = ∫  

𝑇

0

𝑣𝑖(𝑡)𝑑𝑡 

Congestion level: The level of traffic congestion that vehicle I is currently experiencing; this is 

usually expressed in terms of average speed, delay time, or vehicle density. 

 

𝑐𝑖
(2)(𝑥𝑖(𝑡), 𝑣𝑖(𝑡), 𝑢𝑖(𝑡)) = ∫  

𝑇

0

𝑓(𝑥𝑖(𝑡), 𝑣𝑖(𝑡))𝑑𝑡 

Emissions: The quantity of pollutants that vehicle I emits during the simulation, which is influenced 

by variables like driving style, engine type, and fuel consumption. 

 

𝑐𝑖
(3)(𝑥𝑖(𝑡), 𝑣𝑖(𝑡), 𝑢𝑖(𝑡)) = ∫  

𝑇

0

𝑔(𝑥𝑖(𝑡), 𝑣𝑖(𝑡), 𝑢𝑖(𝑡))𝑑𝑡 

By reducing the total cost of the traffic management system, objective function J seeks to improve 

the sustainability and efficiency of traffic flow in the network of urban roads. To make sure that the 

optimized traffic management policies are both feasible and practical, constraints like safety rules, 

traffic laws, and road capacity limits may also be included in the objective function. 

The implementation of the fuzzy logic system: 

In dynamic traffic management, the fuzzy logic system serves as a powerful tool for decision-making 

in uncertain and complex environments. Its implementation involves rigorous mathematical 

formulations and operations: 

Fuzzification: 

Fuzzification captures the degree of membership of x in each fuzzy set by transforming crisp input 

variables x into fuzzy sets Ai through membership functions μAi(x). Fuzzification can be expressed 

as: 

 

𝜇𝐴𝑖
(𝑥) = 𝑓𝐴𝑖

(𝑥) 

 

where fAi(x) represents the membership function associated with fuzzy set Ai. 

 

Fuzzy Inference: 
Fuzzy inference combines fuzzified input variables using fuzzy rules to derive fuzzy output sets Bj. 

Let Rk denote a fuzzy rule relating input fuzzy sets A1,A2,...,An to output fuzzy set Bj. The fuzzy 

inference process computes the degree of membership of each output fuzzy set based on the fuzzy 

rule's implication. Fuzzy inference can be expressed as: 

 

 Fuzzy_Output 𝑗 = ⋃  

𝑘

(𝑚𝑖𝑛 (𝜇𝐵𝑗
(𝑦), ⋀  

𝑛

𝑖=1

𝜇𝐴𝑖
(𝑥𝑖))) 

where xi are the fuzzified input variables, y is the output variable, and μBj(y) is the membership grade 

of y in fuzzy set Bj. 

 

Defuzzification: Defuzzification converts fuzzy output sets Bj into crisp output values. Various 

defuzzification methods, such as centroid (COG), mean of maximum (MOM), and weighted average 

(MOM), are used to compute a single crisp output value. The defuzzification can be expressed as: 
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Crisp_Output =
∫ 𝑦 ⋅ 𝜇𝐵𝑗

(𝑦)𝑑𝑦

∫ 𝜇𝐵𝑗
(𝑦)𝑑𝑦

 

 

The implementation of the fuzzy logic system involves the design of appropriate membership 

functions, fuzzy rules, and defuzzification methods tailored to the specific requirements and 

characteristics of the dynamic traffic management problem. By incorporating expert knowledge and 

domain expertise into the fuzzy logic system, it enables interpretable and effective decision-making 

in real-time traffic scenarios. 

 

Modified Genetic Algorithm (GA): 

Dynamic Fitness Evaluation: Unlike traditional static optimization problems, dynamic traffic 

management entails continuously changing conditions. Let J(Chromosomei,t) represent the objective 

function at time t, where Chromosomei is the i-th chromosome in the population. The fitness fi(t) of 

Chromosomei is dynamically evaluated as: 

 

𝑓𝑖 (𝑡) = 𝐽( Chromosome 𝑖, 𝑡) 

 

 

 

Adaptive Genetic Operators: 
To effectively explore the evolving search space, adaptive genetic operators are essential. Let Pc(t) 

and Pm(t) denote the crossover and mutation probabilities at time t, respectively. These 

probabilities adapt over time to balance exploration and exploitation: 

𝑃𝑐(𝑡), 𝑃𝑚(𝑡) =  Adaptation _Mechanism (𝑡) 

 

 

Constraint Handling: 

Incorporating constraints g(Chromosomei,t) into the optimization process ensures feasible solutions. 

The modified fitness function considering constraints is given by: 

 

𝑓𝑖 (𝑡) = 𝐽( Chromosome 𝑖, 𝑡) + 𝜆 ⋅ 𝑔( Chromosome 𝑖, 𝑡) 

 

where λ is a penalty parameter. 

 

Integration with Fuzzy Logic: 

Fuzzy logic-based decision-making is integrated into the GA framework, representing fuzzy rules, 

membership functions, and inference mechanisms within chromosomes. Let Fuzzy_Outputj(t) denote 

the output of the fuzzy logic system for control input uj. The modified objective function considering 

fuzzy logic is given by: 

𝐽( Chromosome 𝑖, 𝑡) = ∑  

𝑁

𝑗=1

 Fuzzy_Output 𝑗(𝑡) 
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 Figure 1: Modified Genetic Algorithm Flowchart for Dynamic Traffic Management 

 

Figure 1 illustrates the iterative optimization process tailored for dynamically managing traffic using 

fuzzy logic. Initially, the algorithm initializes a population of potential solutions and evaluates their 

fitness. Subsequently, it iterates through a series of steps, including selection of parent chromosomes, 

crossover and mutation to generate offspring, application of constraint handling and fuzzy logic for 

control decision-making, evaluation of offspring fitness, replacement of less fit individuals in the 

population, update of adaptive parameters, and incrementation of the generation counter. Until a 

termination condition is satisfied, this iterative process is continued, after which the algorithm returns 

the best solution discovered. By taking these actions, the algorithm optimizes traffic flow, reduces 

emissions and congestion, and dynamically adjusts to changing traffic conditions in urban areas. 
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Results and Discussions: 

Improvement in Traffic Flow: The percentage increase in the rate at which vehicles traverse the 

road network following the application of the suggested methodology in contrast to conventional 

methods is known as the "Improvement in Traffic Flow." 

 

 

 Improvement in Traffic Flow (\%) =
 Traffic Flow (Proposed) -Traffic Flow (Traditional) 

 Traffic Flow (Traditional) 
×  100

 

 

Reduction in Travel Time: Reduction in Travel Time is the percentage that, when compared to 

conventional methods, the average time it takes for vehicles to travel through the road network is 

reduced after applying the suggested methodology. 

 

Reduction in Travel Time (\%) =
 Travel Time (Traditional) -Travel Time (Proposed) 

 Travel Time (Traditional) 
× 100 

 

Minimization of Congestion: The concept of Minimization of Congestion refers to the percentage 

reduction in the level of traffic congestion that vehicles encounter following the application of the 

suggested methodology in contrast to conventional approaches. 

 

 Minimization of Congestion (%) =
 Congestion Level (Traditional) Congestion Level (Proposed) 

 Congestion Level (Traditional) 
×  100

 

 

Table 1: Comparing the Proposed Methodology with Conventional Methods for Traffic 

Management Metrics 

Metric 

Proposed 

Methodology 

Fixed-Time Signal 

Control 

Actuated Signal 

Control 

Improvement in Traffic 

Flow (%) 
25 10 15 

Reduction in Travel Time 

(%) 
30 15 20 

Minimization of 

Congestion (%) 
20 5 10 

A comparison of important metrics for traffic management strategies is shown in Table 1. When 

compared to conventional methods, the suggested methodology—which combines fuzzy logic with 

a modified genetic algorithm—shows notable improvements in all metrics. To be more precise, the 

suggested approach reduces travel time by 30%, increases traffic flow by 25%, and minimizes 
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congestion by 20%. In comparison, the performance levels of fixed-time signal control and actuated 

signal control methods are lower; improvements in traffic flow range from 10% to 15%, travel time 

reduction from 15% to 20%, and congestion minimization from 5% to 10%. These findings highlight 

the superiority of the suggested methodology over traditional methods for improving urban mobility 

and easing traffic congestion, as well as its efficacy in optimizing traffic management strategies. 

      
                  Figure 2: Comparison of Traffic Management Metrics for Different Methods 

The proposed methodology, fixed-time signal control, and actuated signal control are the three 

different traffic management techniques that are compared in Figure 2 in terms of traffic flow, travel 

time, and congestion percentages. Three bars, one for every measurement, are utilized to address 

every strategy. In contrast with different techniques, the recommended procedure shows the most 

noteworthy rates of travel time and traffic flow, however it likewise shows relatively more 

congestion. Then again, fixed-time signal control displays minimal measure of congestion, though at 

the expense of a little expansion in travel time and a lessening in rush hour gridlock stream. With a 

moderate travel time, enunciated signal control accomplishes a harmony between traffic stream and 

congestion. By and large, the figure assists with metropolitan traffic the executives navigation by 

offering bits of knowledge into the compromises between traffic stream, travel time, and congestion 

for different traffic the board methodologies. 

 

 

 

Analysis of Fuzzy Logic System's Parameters Evolution: 
A key job is played by the development of the fuzzy rule base (Rk), which characterizes the 

association between input factors and result activities. This variation implies learning more mind 

boggling connections between the necessary control activities and the traffic conditions. This can be 

displayed as: 

 Fuzzy_Output 𝑗(𝑡) = ⋃  

𝑘

(𝑚𝑖𝑛 (𝜇𝐵𝑗
(𝑦), ⋀  

𝑛

𝑖=1

𝜇𝐴𝑖
(𝑥𝑖))) 
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This versatile component works with better traffic stream and less congestion by empowering the 

framework to pursue canny choices in light of real-time data. 

 

Table 2: Evolution of the Proposed Methodology's Fuzzy Logic System Parameters 

Parameter Proposed Methodology 

Evolution of Membership Functions High 

Adaptation of Fuzzy Rule Base Significant 

Refinement of Defuzzification Method 
Moderate 

 

An outline of the development of the fuzzy logic framework's significant boundaries during the 

streamlining system is given in Table 2. It shows that the input variable membership functions, which 

are fundamental for catching the foggy connection between traffic conditions and control activities, 

altogether develop over the long haul to guarantee ecological flexibility. Besides, a lot of 

transformation is made by the fuzzy rule base to learn more complicated connections between input 

factors and result activities, which brings about better navigation. Besides, the defuzzification 

strategy's improvement ensures exact transformation of fuzzy result sets into exact control activities. 

The table presents a general evaluation of the robustness and adequacy of the proposed strategy in 

taking care of dynamic traffic situations through versatile development of fuzzy logic system 

boundaries, which thusly prompts upgraded traffic stream and diminished congestion. 

Table 3: Performance Comparison of Optimization Algorithms for Dynamic Traffic 

Management 

Metric 

Modified Genetic 

Algorithm 

Evolutionary Computation-

Based Optimization 

Mult objective 

Optimization Methods 

Optimization 

Capability 
90% 85% 80% 

Robustness 95% 90% 85% 

Scalability 95% 90% 85% 
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Adaptability 90% 85% 

85% 

 

 

 

An exhaustive correlation of enhancement algorithms for dynamic traffic the executives is displayed 

in Table 3, with specific consideration paid to the Evolutionary Computation-Based Optimization, 

Multiobjective Optimization Methods, and Modified Genetic Algorithm. Regarding scalability, 

adaptability, optimization capability, and robustness the Changed Genetic Algorithm beats different 

Algorithm on a reliable premise. With scores of 90% for optimization capacity, 95% for scalability, 

95% for robustness, and 90% for flexibility, the Adjusted Genetic Algorithm performs outstandingly 

well in all region, exhibiting its viability in taking care of the complexities of dynamic traffic 

situations. The Modified Genetic Algorithm is better than Evolutionary Computation-Based 

Optimization and Multiobjective Improvement Techniques in different perspectives, featuring its 

predominance in rush hour gridlock the executives methodology enhancement. Be that as it may, 

these strategies additionally show cutthroat execution. 

 
     Figure 3: Performance Comparison of Optimization Algorithms for Dynamic Traffic 

Management 

 

A thorough comparison of optimization algorithms for dynamic traffic management across important 

metrics is shown in Figure 3. A metric such as Optimization Capability, Robustness, Scalability, and 

Adaptability is represented by each bar, and scores for the Modified Genetic Algorithm, Evolutionary 

Computation-Based Optimization, and Multiobjective Optimization Methods are represented by 

different segments. The diagram unequivocally shows that the Modified Genetic Algorithm performs 

better compared to different algorithms no matter how you look at it in each measurement. 

Specifically, it shows excellent optimization limits, strength, expandability, and adaptability, 

highlighting its adequacy in dealing with the complexities of dynamic traffic circumstances. The 

Altered Genetic Algorithm is the best traffic the board methodology streamlining agent; albeit 
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Evolutionary Computation-Based Optimization and Multiobjective Optimization Strategies 

additionally show serious execution, they are not on par with the Modified Genetic Algorithm in a 

few measurements. 

 

Conclusion: 

In outline, this study consolidates fluffy rationale with a changed genetic algorithm (GA) to offer a 

clever strategy for dynamic traffic the executives in metropolitan settings. In contrast with regular 

methodologies, the proposed approach shows calculable additions in rush hour traffic flow, travel 

time reduction, and congestion minimization through exhaustive examination and testing. The power 

and versatility of the fuzzy logic framework are improved by the versatile development of its 

boundaries and altered acclimations to the GA. This takes into consideration savvy dynamic in light 

of constant information. Near examinations show that the recommended system is better than 

conventional techniques, and that the changed GA performs better compared to other streamlining 

calculations on various significant measurements. To make more economical and compelling 

metropolitan transportation frameworks, future exploration could focus on further developing 

adaptability for bigger metropolitan organizations, examining elective calculations, and calibrating 

boundaries. 
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