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ABSTRACT  

The rapid expansion of urban populations, increasing vehicle ownership, and growing transportation demands 

have intensified challenges such as traffic congestion, road accidents, environmental pollution, fuel wastage, and 

inefficient route planning within modern smart cities. Conventional traffic management systems rely heavily on 

fixed traffic signal schedules, manual surveillance, and historical traffic analysis, making them inadequate for 

responding to dynamic and real-time transportation conditions. Artificial Intelligence (AI) has emerged as a 

transformative technology capable of enhancing Intelligent Transport Systems (ITS) by enabling predictive 

analytics, automated traffic monitoring, intelligent decision-making, and adaptive route optimisation. This study 

presents an AI-driven Intelligent Transport System that integrates Machine Learning, Computer Vision, and graph-

based routing algorithms to improve transportation efficiency and urban mobility. The proposed framework 

employs a Random Forest classifier to predict traffic congestion by analysing historical traffic records, weather 

conditions, temporal features, and traffic density patterns. Computer Vision techniques based on YOLOv8 are 

utilised for real-time vehicle detection, while the MediaPipe framework performs pedestrian detection and crowd 

density estimation using surveillance images and video streams. Furthermore, Dijkstra's shortest path algorithm 

is implemented to determine optimal travel routes by considering congestion conditions and road network 

characteristics. The entire framework is deployed through a Flask-based web application integrated with an 

SQLite database and an interactive dashboard for real-time transportation analytics and decision support. 

Experimental evaluation demonstrates that the proposed framework achieves high prediction accuracy, reliable 

object detection, and efficient route optimisation, thereby reducing travel time and improving traffic flow. The 

integration of Artificial Intelligence technologies enables proactive traffic management, enhances road safety, 

supports emergency response planning, and contributes to sustainable urban transportation. The proposed 

Intelligent Transport System provides a scalable and cost-effective solution for smart city administrators, 

transportation authorities, and urban planners seeking intelligent, data-driven transportation management capable 

of addressing the evolving mobility requirements of future smart cities.  
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I. INTRODUCTION  

The unprecedented growth of urbanisation has significantly increased transportation demand, placing 

considerable pressure on existing road infrastructure and traffic management systems. Rapid population growth, 

increasing vehicle ownership, and expanding metropolitan regions have resulted in persistent traffic congestion, 

excessive travel delays, fuel wastage, increased carbon emissions, and rising accident rates across smart cities 

worldwide [1]. Conventional transportation management approaches primarily depend on fixed traffic signal 

scheduling, manual surveillance, and static routing mechanisms, which often fail to respond effectively to 

continuously changing traffic conditions [2]. These limitations reduce transportation efficiency and hinder 

sustainable urban development [3]. Recent advances in Artificial Intelligence (AI) have transformed Intelligent 

Transport Systems (ITS) by enabling intelligent automation, predictive analytics, and data-driven traffic 

management [4]. Machine Learning algorithms provide the capability to analyse large-scale transportation 

datasets and forecast congestion levels with high accuracy [5], while Deep Learning techniques significantly 

improve traffic monitoring through automated object recognition and scene understanding [6]. Computer Vision 

technologies have further enhanced transportation intelligence by enabling real-time vehicle detection [7], 

pedestrian monitoring [8], traffic surveillance [9], and accident identification [10]. Simultaneously, Internet of 

Things (IoT) devices continuously generate transportation data that improve traffic prediction accuracy and 

operational efficiency [11]. These technological developments collectively support adaptive traffic management 

systems capable of responding dynamically to complex urban mobility challenges [12][13][14][15]. 

To address these challenges, this research proposes an Artificial Intelligence-based Intelligent Transport System 

that integrates Machine Learning, Computer Vision, and graph-based optimisation techniques into a unified 

transportation management framework. The proposed system employs a Random Forest classifier to predict traffic 

congestion using historical traffic volume, weather conditions, and temporal information [16]. Real-time vehicle 

detection is performed using the YOLOv8 object detection model, providing accurate classification of multiple 

vehicle categories under varying traffic conditions [17]. Pedestrian movement and crowd density are analysed 

using the MediaPipe framework to enhance transportation safety and mobility planning [18]. Furthermore, 

Dijkstra's shortest path algorithm determines optimal travel routes by incorporating predicted congestion levels 

into route selection [19]. The entire framework is implemented through a Flask-based web platform supported by 

an SQLite database and interactive dashboard for transportation analytics [20]. The integration of predictive 

modelling [21], intelligent object detection [22], automated traffic monitoring [23], dynamic route optimisation 

[24], and visual analytics [25] enables proactive decision-making for transportation authorities. The proposed 

framework enhances traffic efficiency [26], minimises travel delays [27], improves emergency route planning 

[28], reduces environmental impact [29], and contributes towards the development of sustainable and intelligent 

smart city transportation infrastructures [30].  

II. LITERATURE REVIEW 

The application of Artificial Intelligence (AI) in Intelligent Transport Systems (ITS) has attracted considerable 

attention due to its ability to enhance traffic efficiency, road safety, and sustainable urban mobility. Early ITS 

implementations primarily relied on conventional traffic signal control, historical traffic databases, and manual 

monitoring systems, which exhibited limited adaptability to rapidly changing transportation conditions [1]. 
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Researchers subsequently introduced intelligent sensing technologies capable of collecting real-time 

transportation information from cameras, GPS devices, and IoT sensors to improve traffic management [2]. 

Machine Learning techniques further advanced congestion prediction by identifying hidden traffic patterns from 

large-scale transportation datasets [3]. Decision Trees and Support Vector Machines demonstrated encouraging 

performance in traffic forecasting; however, their predictive capabilities were limited when handling 

heterogeneous urban traffic environments [4]. Ensemble learning approaches, particularly the Random Forest 

algorithm, significantly improved prediction accuracy by reducing overfitting and efficiently processing complex 

transportation data [5]. Deep Learning architectures further enhanced transportation analytics by automatically 

extracting discriminative features from high-dimensional datasets [6]. Computer Vision technologies 

revolutionised intelligent transportation by enabling automated vehicle detection through Convolutional Neural 

Networks (CNNs) [7]. Among modern object detection frameworks, YOLO has gained widespread acceptance 

because of its high detection speed and real-time processing capability [8]. Recent studies confirmed that YOLOv8 

provides superior localisation accuracy and computational efficiency for monitoring urban traffic scenes [9]. 

Simultaneously, pedestrian behaviour analysis using MediaPipe and related vision frameworks has contributed 

substantially to transportation safety and crowd monitoring applications [10]. These technological developments 

have enabled intelligent transportation systems to perform automated surveillance, predictive analysis, and 

adaptive traffic management with significantly improved operational efficiency [11][12][13][14][15]. 

Several researchers have integrated Artificial Intelligence with graph-based optimisation algorithms to develop 

comprehensive transportation management platforms for smart cities. Graph algorithms such as Dijkstra, 

Bellman-Ford, and A* Search have been extensively investigated for intelligent route planning under dynamic 

traffic conditions [16]. Among these approaches, Dijkstra's algorithm remains one of the most reliable shortest-

path techniques because of its computational efficiency and deterministic route optimisation capability [17]. 

Recent investigations have combined congestion prediction with route optimisation to minimise travel time and 

reduce traffic bottlenecks [18]. The integration of AI-based congestion forecasting with intelligent routing has 

demonstrated considerable improvements in urban mobility and emergency response planning [19]. Furthermore, 

Flask-based web applications and cloud-enabled transportation dashboards have enabled real-time visualisation 

of traffic statistics and predictive analytics for transportation authorities [20]. Database technologies such as 

SQLite and PostgreSQL have been employed to manage transportation records efficiently while supporting 

scalable ITS architectures [21]. Despite these advances, many existing transportation systems focus on individual 

functionalities such as congestion prediction [22], vehicle detection [23], or route optimisation [24] without 

providing an integrated AI framework. Limited research has simultaneously combined Machine Learning, 

YOLOv8-based vehicle detection, MediaPipe pedestrian analysis, Dijkstra-based route optimisation, and 

interactive dashboard analytics within a unified platform [25]. Consequently, there remains a need for an 

intelligent transportation framework capable of integrating predictive analytics, computer vision, routing 

intelligence, and real-time decision support [26]. The proposed system addresses these research gaps by delivering 

a scalable AI-enabled transportation platform that improves congestion forecasting [27], enhances vehicle and 

pedestrian monitoring [28], optimises urban routing [29], and supports sustainable smart city transportation 

management [30].  
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III. SYSTEM DESIGN  

The proposed Artificial Intelligence-based Intelligent Transport System (AI-ITS) adopts a modular and layered 

architecture to facilitate intelligent traffic monitoring, congestion prediction, vehicle and pedestrian detection, 

route optimisation, and transportation analytics. The architecture comprises five principal layers: data acquisition, 

data processing, Artificial Intelligence, application services, and visualisation. The data acquisition layer collects 

heterogeneous transportation information from historical traffic datasets, weather records, surveillance cameras, 

and user routing requests. Prior to analysis, the collected information undergoes preprocessing, including missing-

value handling, categorical encoding, feature extraction, and data normalisation to ensure consistency and improve 

prediction performance. The Artificial Intelligence layer employs a Random Forest classifier to forecast 

congestion levels by analysing traffic volume, weather conditions, temporal attributes, and historical traffic 

behaviour. Simultaneously, the Computer Vision module processes surveillance images and video streams using 

the YOLOv8 object detection framework for accurate vehicle identification and the MediaPipe framework for 

pedestrian detection and crowd density estimation. The integration of these AI models enables continuous 

monitoring of transportation conditions and supports intelligent traffic management through automated decision-

making.  
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The application layer is developed using the Flask web framework, which coordinates communication among 

Machine Learning models, Computer Vision modules, routing services, and database management. Transportation 

records, congestion predictions, vehicle statistics, pedestrian information, and routing outputs are securely stored 

within an SQLite database to facilitate efficient retrieval and historical analysis. A routing engine implementing 

Dijkstra's shortest-path algorithm generates optimal travel routes by incorporating predicted congestion levels and 

road network characteristics into the routing process. Finally, an interactive dashboard presents congestion 

forecasts, vehicle counts, pedestrian statistics, route recommendations, and graphical transportation analytics 

through dynamic visualisations. The modular architecture improves scalability, maintainability, interoperability, 

and computational efficiency while allowing future integration of autonomous vehicles, intelligent traffic signal 

control, accident detection, and smart parking systems. Consequently, the proposed system design provides a 

comprehensive and flexible framework capable of supporting real-time transportation intelligence and sustainable 

smart city mobility management.  
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IV. PROPOSED SYSTEM  

The proposed system introduces an Artificial Intelligence-driven Intelligent Transport System that integrates 

Machine Learning, Computer Vision, graph-based optimisation, and web technologies into a unified smart 

transportation platform. Initially, traffic datasets containing historical vehicle counts, weather information, 

temporal variables, and congestion records are collected and preprocessed to eliminate inconsistencies and 

improve data quality. A Random Forest classifier is trained using these processed datasets to classify traffic 

conditions into low, medium, and high congestion levels with improved prediction accuracy. In parallel, 

surveillance images and video streams are analysed using the YOLOv8 object detection model to identify and 

classify vehicles, including cars, buses, trucks, motorcycles, and bicycles. MediaPipe is simultaneously employed 

to detect pedestrians, estimate crowd density, and monitor pedestrian movement patterns, thereby enhancing 

transportation safety and assisting urban mobility planning. These Artificial Intelligence components continuously 

generate real-time transportation intelligence that supports proactive traffic management and informed decision-

making.  

The predicted congestion levels are forwarded to the route optimisation module, where Dijkstra's shortest-path 

algorithm determines the most efficient travel route between selected source and destination locations. The routing 

mechanism dynamically avoids congested road segments and recommends alternative routes to minimise travel 

time, reduce fuel consumption, and improve transportation efficiency. All analytical outputs, including congestion 

predictions, vehicle statistics, pedestrian counts, routing recommendations, and transportation reports, are stored 

in the SQLite database and displayed through an interactive Flask-based dashboard. The dashboard provides 

graphical visualisations, real-time transportation analytics, and comprehensive reports for transportation 

authorities, city administrators, and researchers. Compared with conventional transportation management 

systems, the proposed framework provides higher prediction accuracy, automated traffic monitoring, intelligent 

route planning, improved emergency response support, enhanced road safety, and sustainable urban mobility. The 

integration of predictive analytics, Computer Vision, and graph algorithms establishes a scalable, cost-effective, 

and intelligent transportation platform suitable for next-generation smart city infrastructures.  
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V. RESULTS & DISCUSSION  

The proposed Artificial Intelligence-based Intelligent Transport System was evaluated using transportation 

datasets, surveillance images, and road network information to assess the performance of traffic congestion 

prediction, vehicle detection, pedestrian analysis, and intelligent route optimisation. The Random Forest classifier 

demonstrated reliable predictive capability by accurately classifying congestion levels into low, medium, and high 

categories using traffic volume, weather conditions, and temporal attributes. The model achieved an overall 

prediction accuracy of 84.8%, with corresponding precision, recall, and F1-score values indicating balanced 

classification performance across different traffic scenarios. Simultaneously, the YOLOv8 Computer Vision 

model successfully detected multiple categories of vehicles, including cars, buses, trucks, motorcycles, and 

bicycles, achieving an average detection accuracy exceeding 94%. Likewise, the MediaPipe framework accurately 

identified pedestrians and estimated crowd density with an overall detection accuracy of 94.3%, thereby 

supporting pedestrian safety monitoring within urban transportation environments. The experimental findings 

demonstrate that integrating Machine Learning with Computer Vision significantly improves the capability of 

Intelligent Transport Systems to perform automated traffic surveillance and real-time transportation analysis while 

reducing dependence on manual monitoring.  
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The route optimisation module, implemented using Dijkstra's shortest-path algorithm, consistently generated 

efficient travel routes by incorporating predicted congestion levels into routing decisions. The routing engine 

achieved 100% shortest-path accuracy while successfully recommending alternative routes for congested road 

segments and emergency vehicle navigation. The Flask-based dashboard effectively integrated outputs from the 

Machine Learning, Computer Vision, and routing modules, providing transportation authorities with interactive 

visualisations of congestion forecasts, vehicle statistics, pedestrian density, and routing recommendations. 

Compared with conventional transportation management approaches, the proposed framework substantially 

reduced traffic delays, improved transportation efficiency, enhanced emergency response planning, and supported 

data-driven decision-making. Furthermore, the modular architecture demonstrated excellent scalability, allowing 

future integration of advanced technologies such as autonomous vehicles, adaptive traffic signal control, smart 

parking management, and Internet of Things (IoT)-based transportation monitoring. Overall, the experimental 

evaluation confirms that the proposed Artificial Intelligence framework provides a practical, reliable, and 

intelligent solution for improving urban mobility and supporting sustainable smart city transportation 

infrastructures.  
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VI. CONCLUSION  

Artificial Intelligence has become a key enabling technology for developing efficient, adaptive, and sustainable 

Intelligent Transport Systems capable of addressing the increasing transportation challenges faced by modern 

smart cities. This research presented an integrated Artificial Intelligence-based transportation management 

framework that combines Random Forest-based traffic congestion prediction, YOLOv8 vehicle detection, 

MediaPipe pedestrian analysis, Dijkstra's shortest-path route optimisation, and a Flask-based analytical dashboard 

within a unified platform. The proposed framework effectively utilises historical traffic information, surveillance 

data, weather conditions, and transportation network characteristics to provide intelligent decision support for 

traffic authorities and urban planners. Experimental evaluation demonstrated that the integrated Machine Learning 

and Computer Vision models accurately predicted congestion levels, detected vehicles and pedestrians in real 

time, and generated efficient routing recommendations capable of reducing travel time and traffic congestion. 

Furthermore, the interactive dashboard simplified transportation monitoring by presenting comprehensive 

analytical reports and visualisations that support proactive traffic management and emergency response planning. 

Compared with conventional transportation systems, the proposed framework improves operational efficiency, 

enhances transportation safety, reduces environmental impact, and supports sustainable urban mobility through 

intelligent automation and predictive analytics. The modular architecture also ensures flexibility, scalability, and 

future extensibility, allowing integration of emerging technologies such as autonomous vehicles, Internet of 

Things devices, adaptive traffic signal control, accident detection, and smart parking systems. Therefore, the 

proposed Intelligent Transport System provides a comprehensive, cost-effective, and scalable solution for next-

generation smart city transportation infrastructures. Future research may focus on integrating deep reinforcement 
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learning, edge computing, vehicle-to-everything (V2X) communication, and digital twin technologies to further 

enhance transportation intelligence, real-time adaptability, and autonomous traffic management capabilities.  
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