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Abstract--- Traffic congestion remains a major challenge in smart cities, affecting economic productivity,
environmental sustainability, and quality of life. Integrating IoT and Al offers a promising solution for
optimizing traffic flow. However, existing methods often rely on static infrastructure and reactive systems,
which fail to address dynamic and real-time challenges such as sudden congestion, irregular traffic patterns,
and inefficient resource allocation. This paper proposes a Traffic Flow based on Artificial Intelligence (TF-AI)
framework, leveraging lIoT-enabled sensors and Al-driven predictive models to dynamically monitor and
manage traffic. The framework utilizes machine learning algorithms for real-time data analysis and adaptive
traffic signal optimization to mitigate congestion effectively. Simulation results demonstrate significant
improvements in traffic flow efficiency, reduced vehicle idle time, and minimized carbon emissions. The
proposed approach proves to be a scalable and robust solution for enhancing urban mobility and fostering
sustainable smart city development.
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I. Introduction

Traffic congestion in metropolitan cities reduces productivity, impairs the environment, and reduces the
standard of living for its citizens (Ulvi et al,, 2024). To handle the states of unexpected congestion and chaotic
traffic dynamics on-the-fly, traditional intelligent traffic management systems rely on static infrastructure and
reactive maneuvers (Badshah et al.,, 2024). The current research develops an Al system with machine learning
and Internet of Things sensors (An et al., 2024) to handle the efficient management of traffic flow in intelligent
cities. Such will make a difference through improved traffic flow efficiency, lower idle times for vehicles, and
reduced carbon emissions due to the use of real-time data, predictive models, and adaptive modifications to
traffic signals (Xiao et al., 2024). It will promote sustainable urban planning and transportation (Sreelekha &
Midhunchakkaravarthy, 2024).

II. Related Work

Three novel approaches to smart city traffic management are presented and discussed in this section: signal
optimization via the Fish Swarm Algorithm (FSA), OpenStreetMap integrating with Dijkstra's algorithm for
routing in real-time, and traffic flow forecasting using the Hunter-Prey Optimization (HPOHDL-TFPM).

Fish Swarm Algorithm (FSA): To optimally manage traffic signals at smart city cross roads, effective
regulation of increased traffic is necessary and should reduce congestion. In (Wei & Ju, 2024), a method to
minimize average latency, pauses, and traveling time was proposed, based on the adaptive artificial Fish Swarm
Algorithm (FSA) and chaotic search theory. The strategy in the experiments translates into smart city traffic
management, owing to findings that depict reduced congestion and improved efficiency in optimization.

OpenStreetMap (OSM): This study integrates OpenStreetMap (OSM), Dijkstra's algorithm, IoT, and fog
computing for real-time urban traffic management. IoT technology and fog computing have been used to
establish optimised routing responsive to military operations, emergencies, and other large scale events (Le et
al,, 2024). The experimental outcomes include better traffic flow patterns, decrease in congestion, and improved
public safety, indicating that its application as a smart city solution appears quite promising.
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Hunter-Prey Optimization (HPOHDL-TFPM): Traffic systems that are automated and intelligent depend
on reliable traffic flow forecasts which however is impossible because of uncertainties associated with the flow.
This paper describes HPOHDL-TFPM, which integrates Z-score normalisation and CBLSTM-AE modelling to
adjust hyper-parameters optimally (Korecki et al., 2024). The experiments demonstrate that it is the most
effective in terms of predictive smart city traffic control, efficient optimization of traffic management, traffic
congestion reduction, and safety enhancement.

III. Proposed Method

The approach is developed in this context combines IoT sensors with traffic management algorithms backed
by Al to enable losing and employ such techniques for real time traffic management. The machine learning for
adaptive signal optimisation coupled with dynamic data analysis resolves traffic flow management, congestion
alleviation, and the diminution of environmental effects.
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Figure 1: Framework of Al-Driven Traffic Flow Optimization

This is the TF-Al framework, as demonstrated in Figure 1. This approach aligns and employs sensors enabled
by the Internet of Things and Al-based prediction models to adaptively optimize traffic signals. Real-time data
analysis allows traffic congestion and unusual patterns to be managed dynamically. The result is improved
traffic flow, less idle time, and fewer emissions once the assessment is done by simulation and using feedback
loops. The approach makes solutions scalable for the sustainability of smart cities. The equation (1) is given as,

Vor=> lls —pf"l1+ Y'Dq = -———
bz!-.. n-

The weighted factors impacting Y"Dq traffic flow dynamics ylb1 ...m,, are represented by V;: and the
!

combinatorial probabilities of resource allocation are denoted by [|s — pf"’|]. Combining real-time signal
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modifications with predictive Al models allows for the incorporation of dynamic traffic patterns, leading to
enhanced congestion management on the analysis of traffic flow efficiency.

Figure 2: Workflow of the TF-Al Framework

An initial step of the TF-AI architecture is the data transformation pipeline, that takes input from various
data sources is shown Figure 2. To implement the models of TF-AI through artificial intelligence, an engine
analyzes and tracks data. Real-time traffic management would thus improve signal operations and reduce
congestion with this technology. Better mobility in towns is thus guaranteed by this workflow, using adaptive
management tactics with accurate data processing.
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The impact of traffic density
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Z_M;p” and signal delays Y (v' — pV) is modeled using the equation d,., which also

combines Qa[n’ — 2v] real-time vehicular speed P[f — y"] and adaptive signal optimization. This equation (2)
is fundamental to the system's predictive control mechanism, which uses data from the Internet of Things (IoT)
sensors and analytics powered by artificial intelligence to proactively handle traffic congestion on the analysis
of carbon emission.
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IV. Result and Discussion
Analysis of Traffic Flow Efficiency

Analysis of Traffic Flow Efficiency
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Figure 3: Analysis of Traffic Flow Efficiency

Figure 3 compares sample data based on four methodologies: FSA, OSM, HPOHDL-TFPM, and TF-Al. TF-Al
performs the best compared to its competitors by virtue of its flexibility coupled with optimization capacity and
high efficiency of 95.23. Through the collaboration of the Internet of Things (IoT) with artificial intelligence
(AD), it is able to control traffic in real-time, hence improving significantly the mobility of the urban while
reducing congestion significantly as opposed to conventional approaches.

Analysis of Carbon Emissions
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Figure 4: Analysis of Carbon Emissions

Figure 4 compares four techniques based on the count of carbon emission samples: FSA, OSM, HPOHDL-
TFPM, and TF-AL The TF-Al framework comes out first with 81.45 samples regarding performance in reducing
emissions, which reflects its skills in adaptive traffic management. Other approaches, such as TF-Al in real-time
and dynamic performance, include HPOHDL-TFPM (83.27) and OSM (84.56).
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V. Conclusion

This research was developed to present a state-of-the-art Al-driven traffic control system for smart cities by
drawing insights from the IoT and predictive analytics. This system minimizes the environmental consequences,
increases efficiency in traffic flow, and reduces congestion through real-time dynamization of traffic signals.
Experiment results confirm that it is scalable, flexible, and resilient, boding well for its capability to enhance
urban sustainability and mobility. Adopting this strategy would solve the most pressing traffic problems
growing cities face and bring us closer to the goal of smarter, greener cities. Subsequent studies will address
traffic optimization by exploring ways to include data from autonomous vehicles, enhancing incident
management, and integrating renewable energy systems.
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