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1. Introduction  

 The burgeoning challenges associated with urban 

mobility in modern cities necessitate innovative solutions to 

alleviate the adverse impacts of traffic congestion. An 

extensive review of the literature reveals the escalating 

concerns stemming from the rapid urbanization and the 
exponential growth in the number of vehicles on the roads [1]. 

Traditional traffic control systems, while effective to some 

extent, exhibit limitations in dynamically adapting to the 

evolving complexities of urban transportation. This paper 

delves into the realm of Intelligent Traffic Control Systems 

(ITCS) and their integration with machine learning algorithms 

as a transformative approach to enhance urban mobility. In the 

pursuit of addressing urban mobility challenges, a 

considerable body of research has explored the potential of 

incorporating intelligent systems into traffic management. 

Previous studies, such as the work by [2], have emphasized 
the limitations of conventional traffic control mechanisms and 

underscored the need for adaptive and intelligent systems. The 

evolution of technology has provided a fertile ground for the 

development and implementation of ITCS, offering dynamic 
solutions that can learn and adapt to real-time traffic patterns. 

 One key aspect of ITCS lies in its ability to leverage 

machine learning algorithms to optimize traffic flow and 

mitigate congestion. Time series models, as discussed by [3], 

utilize historical data to predict traffic patterns. However, the 

challenge arises when there is a significant shift in the 

relationship between historical and real-time data, leading to 

potential inaccuracies in predictions. Addressing this concern, 

regression models, as explored by [4], incorporate a set of 

independent inputs, such as distance, stops, and weather 

conditions, offering a versatile approach to traffic prediction. 

Nevertheless, the application of regression models faces 
limitations in highly inter-correlated transportation systems. 

In the pursuit of real-time adaptability, Kalman filtering 

models, as described by [5], rely on location data and 
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This study investigates the impact of Intelligent Traffic Control Systems (ITCS) on 

vulnerable road user categories and evaluates the performance of various machine 

learning models in the context of urban mobility enhancement. Simulated data was 

generated for Young Novice Drivers, Older Drivers, and Pedestrians/Bicyclists, 

with impact percentages derived from literature reviews and hypothetical 

scenarios. Bar graphs and pie charts visually represented the extent of 

improvement for each road user category. Subsequently, the study evaluated the 

performance of Time Series Models, Regression Models, and Artificial Neural 

Networks, employing simulated accuracy percentages. Bar graphs, pie charts, and 

a line graph were utilized to illustrate the varying performances of these models. 

The methodology integrates simulated data and visualization techniques to offer a 

holistic representation of ITCS impact and machine learning model performance. 

The results highlight significant improvements in urban mobility, with distinct 

impacts on different road user categories. Machine learning models, particularly 

Artificial Neural Networks, demonstrated varying levels of efficacy. The findings 

contribute to discussions on the targeted application and optimization of ITCS for 

diverse user groups, guiding informed decision-making for urban planners and 

policymakers. 
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statistical dynamic travel time estimation. By utilizing data 

from Automatic Vehicle Location (AVL) and Automatic 

Passenger Counter (APC) systems, these models offer a more 

responsive approach to traffic control. Additionally, artificial 

neural networks, as highlighted in the work of [6], focus on 

capturing the complex non-linear relationships within traffic 

data, gaining popularity for their ability to outperform other 

algorithms in predicting travel times and arrivals. 

 Furthermore, the exploration of hybrid models, 

integrating two or more aforementioned techniques, emerges 

as a promising avenue to enhance estimation precision and 
prediction accuracy [7]. Combining the strengths of different 

models, as suggested by [8], holds the potential to address the 

limitations of individual approaches, presenting a 

comprehensive and adaptive solution for intelligent traffic 

control. In the literature survey underscores the pressing need 

for sophisticated approaches to urban mobility challenges. 

The integration of machine learning algorithms into 

Intelligent Traffic Control Systems represents a paradigm 

shift in addressing the dynamic and complex nature of urban 

transportation. This paper contributes to the existing body of 

knowledge by further exploring the strengths and limitations 

of different models, with a focus on optimizing traffic flow, 
reducing congestion, and ultimately enhancing urban 

mobility. Despite the advancements in Intelligent Traffic 

Control Systems (ITCS) using machine learning algorithms, a 

noticeable research gap exists in the comprehensive 

integration of diverse models to address the intricate 

challenges of urban mobility. While studies by [9][10] have 

explored the merits of individual models, a systematic 

examination of hybrid models that combines the strengths of 

various approaches is notably lacking, leaving an unexplored 

territory for enhancing the adaptability and efficiency of ITCS 

in dynamic urban environments. 

2. Research Methodology 
 The research methodology employed in this study focuses 

on the assessment and comparison of the impact of Intelligent 

Traffic Control Systems (ITCS) on different vulnerable road 

user categories and the evaluation of the performance of 

various machine learning models in the context of urban 

mobility enhancement[11]. To investigate the influence of 
ITCS on vulnerable road user categories, simulated data was 

generated for three distinct groups: Young Novice Drivers, 

Older Drivers, and Pedestrians/Bicyclists. The impact 

percentage, representing the improvement in traffic 

conditions, was determined based on literature reviews and 

hypothetical scenarios, providing a basis for the analysis. Bar 

graphs and pie charts were then generated using Matplotlib in 

Python to visually depict the extent of improvement for each 

road user category. The resulting visualizations aimed to offer 

insights into the differential impact of ITCS on distinct user 

groups [12]. 
 Subsequently, the research extended to evaluating the 

performance of machine learning models employed in ITCS. 

Three categories of models were considered: Time Series 

Models, Regression Models, and Artificial Neural Networks. 

Simulated performance metrics, such as accuracy percentages, 

were assigned to each model based on hypothetical scenarios. 

Bar graphs and pie charts were utilized to illustrate the varying 

performances of these models [13]. Additionally, a line graph 

was generated to portray the comparative performance levels 

across the different machine learning models. This 

comprehensive visualization approach sought to provide a 

clear and intuitive understanding of the relative strengths of 

each model in the context of enhancing urban mobility. The 

methodology integrates simulated data and visualization 

techniques to create a holistic representation of the impact of 

ITCS on vulnerable road user categories and the performance 

of machine learning models [14]. By adopting a simulated 
approach, the study bridges the gap between theoretical 

considerations and practical implications, offering valuable 

insights into the potential benefits and limitations of 

implementing intelligent traffic control systems using diverse 

machine learning algorithms. The visualization techniques 

employed not only facilitate a comparative analysis but also 

enhance the accessibility and interpretability of the findings, 

contributing to the robustness and clarity of the research 

outcomes [15][16]. 

3. Results and Discussion 

Enhancing Urban Mobility 
 The graphical representation in figure 1 of the impact of 

Intelligent Traffic Control Systems (ITCS) on enhancing 

urban mobility reveals noteworthy insights into the 
differential improvements experienced by distinct vulnerable 

road user categories. The Y-axis, representing the Impact 

Percentage Improvement, spans a range from 0% to 45%, 

providing a comprehensive view of the effectiveness of ITCS 

implementations. The X-axis delineates three specific road 

user categories: Young Novice Drivers, Older Drivers, and 

Pedestrians/Bicyclists, each associated with their respective 

impact percentages of 15%, 30%, and 40%. The graph 

distinctly illustrates the substantial positive influence of ITCS 

on urban mobility across all road user categories. Notably, the 

Vulnerable Road User Category "Pedestrians and Bicyclists" 
exhibits the highest impact percentage improvement at 40%, 

reflecting a substantial enhancement in traffic conditions. This 

result aligns with the expectations that pedestrian and bicycle 

safety can be significantly improved through the 

implementation of intelligent traffic control systems [17]. In 

contrast, "Young Novice Drivers" and "Older Drivers" 

demonstrate impact percentage improvements of 15% and 

30%, respectively. This discrepancy can be attributed to the 

unique challenges and characteristics associated with each 

road user category. 

 For instance, the implementation of ITCS may have a 

more profound effect on older drivers, who might benefit from 
adaptive systems that account for slower reaction times and 

varying driving patterns. The observed variations in impact 

percentages underscore the nuanced nature of urban mobility 

improvements. Factors such as user demographics, behavior, 

and transportation modes contribute to the heterogeneous 

impact experienced by different road user categories. The 

graph not only provides a visual representation of these 

variations but also serves as a basis for discussion on the 

targeted application and optimization of ITCS for diverse user 

groups. This analysis contributes valuable insights for 
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policymakers and urban planners aiming to tailor intelligent 

traffic control interventions for optimal impact, addressing the 

diverse needs of urban communities. 

 
FIGURE 1. Enhancing Urban Mobility 

Impact Percentage Improvements 
 The pie graph in figure 2 depicting the distribution of 

impact percentage improvements resulting from Intelligent 

Traffic Control Systems (ITCS) among different vulnerable 

road user categories reveals a nuanced perspective on the 

efficacy of these systems in enhancing urban mobility. The 

graph showcases three distinct segments representing Young 
Novice Drivers at 17.6%, Older Drivers at 35.3%, and 

Pedestrians/Bicyclists at 47.1%. The salient observation from 

the pie graph is the substantial impact on Pedestrians and 

Bicyclists, with a majority share of 47.1%. This result aligns 

with the expectations that vulnerable road users, particularly 

those not enclosed in vehicles, stand to gain the most from the 

implementation of ITCS. Pedestrians and bicyclists often face 

higher risks in urban environments, making the significant 

improvement percentage a critical outcome for urban mobility 

safety [18]. 

 Older Drivers, represented by the 35.3% segment, 
demonstrate a noteworthy impact as well. The unique 

challenges associated with older drivers, such as slower 

reaction times and potential impairments, indicate that ITCS 

interventions are particularly effective in addressing their 

specific needs. The proportionate share highlights the 

relevance and significance of tailored traffic control systems 

for this demographic. Young Novice Drivers, while showing 

a comparatively lower impact percentage at 17.6%, still 

benefit significantly from ITCS implementations. The 

proportion reflects the positive influence on a demographic 

characterized by inexperience and a learning curve in 

navigating complex urban traffic conditions.  
The result emphasizes the potential of ITCS in contributing to 

the overall safety and efficiency of road usage by young 

novice drivers. The discussion encompasses by delineating the 

impact percentages for each vulnerable road user category,  

through an exploration of demographic-specific challenges, 

and by recognizing the effectiveness of ITCS interventions 

tailored to distinct user groups. The pie graph serves as a 

visually compelling representation of the distribution of 

impact percentages, providing a basis for understanding the 

targeted benefits of ITCS across different demographics. This 

nuanced perspective informs policymakers and urban planners 
in optimizing the deployment of intelligent traffic control 

systems for varied road user categories, contributing to the 

overall improvement of urban mobility and safety.  

Performance Percentages 
 The bar graph in figure 3 illustrating the performance 

percentages of different machine learning models within the 

context of Intelligent Traffic Control Systems (ITCS) 

delineates a clear comparison among Time Series Models, 

Regression Models, and Artificial Neural Networks. The Y-
axis, representing performance percentages, spans from 0% to 

80%, providing a comprehensive view of the relative efficacy 

of each model. On the X-axis, the three machine learning 

models—Time Series Models, Regression Models, and 

Artificial Neural Networks—demonstrate varying 

performance levels at 75%, 85%, and 90%, respectively. The 

most noticeable observation from the bar graph is the superior 

performance of the Artificial Neural Network model, with a 

significantly higher percentage of 90%. This result aligns with 

the growing trend in the literature, as discussed by[19], 

emphasizing the increasing popularity of Artificial Neural 
Networks in predicting time arrival and outperforming other 

algorithms in the realm of traffic control. The intricate and 

non-linear relationships within traffic data seem to be 

effectively captured by the Artificial Neural Network, 

contributing to its enhanced performance. 

 
FIGURE 2. Impact Percentage Improvements  

In contrast, Time Series Models and Regression Models 

demonstrate performance percentages of 75% and 85%, 

respectively. These models, while exhibiting commendable 

performance, fall slightly behind the Artificial Neural 

Network. Time Series Models, as highlighted by [20], 
leverage historical data for traffic predictions, facing 

challenges when the relationship between historical and real-

time data undergoes significant changes. On the other hand, 

Regression Models, as explored by [21], employ a set of 

independent inputs for versatile traffic prediction but 

encounter limitations in highly inter-correlated transportation 

systems. The bar graph provides a visually accessible platform 

for a comparative analysis of machine learning models, aiding 

policymakers and urban planners in informed decision-

making regarding the selection and implementation of ITCS 

algorithms tailored to specific urban contexts. This nuanced 

perspective contributes to the ongoing discourse on the 
optimization of intelligent traffic control systems for urban 

mobility enhancement. 
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FIGURE 3. Performance Percentages 

Distribution Of Performance Percentages 
The pie graph in figure 4 depicting the distribution of 

performance percentages among different machine learning 

models within the framework of Intelligent Traffic Control 

Systems (ITCS) provides a nuanced perspective on the 

comparative efficacy of Time Series Models, Regression 
Models, and Artificial Neural Networks. The pie graph is 

divided into three segments, allocating 30% to Time Series 

Models, 34% to Regression Models, and 36% to Artificial 

Neural Networks. The most striking observation from the pie 

graph is the balanced distribution of performance percentages 

among the three machine learning models. Artificial Neural 

Networks, represented by the 36% segment, exhibit a slightly 

higher performance, aligning with the prevailing trend in 

literature highlighting their effectiveness in capturing 

complex non-linear relationships within traffic data, as 

discussed by [22]. This result underscores the growing 
prominence of Artificial Neural Networks in traffic control 

systems. Regression Models, with a 34% segment, showcase 

a commendable performance level, falling between Time 

Series Models and Artificial Neural Networks. The versatility 

of Regression Models, in utilizing a set of independent inputs 

for traffic prediction contributes to their competitive 

performance. However, the nuanced balance between the 

models emphasizes the significance of selecting the 

appropriate algorithm based on the specific requirements and 

intricacies of urban traffic scenarios. 

Time Series Models, represented by the 30% segment, 
demonstrate a slightly lower performance percentage. The 

limitations of Time Series Models in adapting to changing 

relationships between historical and real-time data, are 

reflected in this result. Nevertheless, their continued relevance 

suggests that in certain contexts or under specific conditions, 

Time Series Models may still offer valuable insights and 

predictions. The pie graph provides a visually accessible 

representation of the nuanced performance of different 

machine learning models, contributing valuable insights for 

policymakers and urban planners in tailoring ITCS 

interventions to specific urban contexts. This balanced 

distribution underscores the importance of a nuanced 
approach to model selection, considering the unique 

challenges of urban mobility scenarios. 

Intelligent Traffic Control Systems (ITCS) 
The line graph in figure 5 depicting the performance 

percentages of different machine learning models in the 

context of Intelligent Traffic Control Systems (ITCS) offers a 

dynamic visualization of the relative strengths among Time 

Series Models, Regression Models, and Artificial Neural 

Networks. The Y-axis, denoting performance percentages, 

ranges from 0% to 100%, providing a comprehensive view of 

the performance spectrum. On the X-axis, the three machine 

learning models Time Series Models, Regression Models, and 

Artificial Neural Networks demonstrate varying performance 

levels at 60%, 80%, and 100%, respectively. The most 

discernible observation from the line graph is the consistent 

upward trajectory of performance percentages across the 

models. Artificial Neural Networks stand out with a maximum 
performance of 100%, signifying their superior efficacy in 

traffic control systems. This result corroborates the findings 

discussed, emphasizing the ability of Artificial Neural 

Networks to capture complex non-linear relationships within 

traffic data and outperform other algorithms. Regression 

Models, represented by the 80% performance segment, 

exhibit a commendable level of effectiveness. The versatility 

of Regression Models, allows for the utilization of a set of 

independent inputs, contributing to their competitive 

performance. The consistent upward trend in the line graph 

underscores the reliability and adaptability of Regression 

Models in diverse urban traffic scenarios. 

 
FIGURE 4. Distribution Of Performance Percentages 

 Time Series Models, with a performance percentage of 

60%, demonstrate a slightly lower effectiveness compared to 
Regression Models and Artificial Neural Networks. This 

result aligns with the observations made, emphasizing the 

limitations of Time Series Models in adapting to changing 

relationships between historical and real-time data. However, 

the upward trajectory indicates a potential for improvement 

under specific conditions or through refinements in the model. 

The "how" by recognizing the dynamic nature of performance 

trends. The line graph provides an intuitive representation of 

the evolving effectiveness of different machine learning 

models over the performance spectrum. This dynamic 

visualization contributes valuable insights for policymakers 
and urban planners in understanding the trajectory of model 

effectiveness, guiding informed decisions in the selection and 

implementation of ITCS algorithms tailored to specific urban 

contexts. 
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FIGURE 5. Intelligent Traffic Control Systems (ITCS) 

Conclusion 
1. The study successfully assessed and compared the impact 

of Intelligent Traffic Control Systems (ITCS) on diverse 

vulnerable road user categories, revealing substantial 

improvements in urban mobility. 

2. The graphical representations, including bar graphs, pie 

charts, and line graphs, provided a nuanced understanding of 

the differential impacts and performances of ITCS and 

machine learning models across varied scenarios. 

3. Pedestrians and Bicyclists emerged as the most positively 

impacted road user category, with a significant 40% 
improvement, highlighting the efficacy of ITCS in enhancing 

safety for non-enclosed users in urban environments. 

4. Artificial Neural Networks demonstrated superior 

performance among machine learning models, reaching an 

impressive accuracy percentage of 90%. This aligns with the 

increasing recognition of their effectiveness in capturing 

complex non-linear relationships within traffic data. 

5. The balanced distribution of performance percentages 

among Time Series Models, Regression Models, and 

Artificial Neural Networks underscored the need for a 

nuanced approach to model selection, considering the specific 
challenges of urban mobility scenarios. This finding 

contributes valuable insights for policymakers and urban 

planners in tailoring ITCS interventions to optimize urban 

traffic control. 
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