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ABSTRACT 

 

Artificial Intelligence (AI) has emerged as a transformative technology in the development of Intelligent 

Transportation Systems (ITS), enabling safer, more efficient, and sustainable transportation networks. This review 

paper presents a comprehensive analysis of AI-driven ITS by examining the integration of advanced technologies 

such as machine learning, deep learning, computer vision, natural language processing, reinforcement learning, and 

the Internet of Things (IoT) into modern transportation infrastructures. The study explores the application of AI in 

key domains including traffic flow prediction, intelligent traffic signal control, autonomous vehicles, route 

optimization, public transportation management, accident detection, driver behavior analysis, and predictive 

maintenance. It also reviews recent research trends, methodologies, datasets, and evaluation metrics employed in 

AI-based transportation systems. Furthermore, the paper discusses the significant benefits of AI-enabled ITS, 

including reduced traffic congestion, enhanced road safety, lower fuel consumption, improved mobility, and 

decreased environmental impact. Despite these advantages, several challenges remain, such as data privacy and 

security concerns, algorithmic bias, high implementation costs, interoperability issues, real-time computational 

requirements, and regulatory constraints. The review critically compares existing AI approaches, identifies current 

research gaps, and highlights emerging opportunities involving edge computing, digital twins, connected 

autonomous vehicles, vehicle-to-everything (V2X) communication, and smart city integration. By synthesizing 

recent advancements and future research directions, this paper provides researchers, policymakers, and 

transportation engineers with a comprehensive understanding of how AI is reshaping intelligent transportation 

systems and supporting the evolution of sustainable, resilient, and data-driven mobility solutions for next-generation 

urban environments. 

 

Keywords: Artificial Intelligence, Intelligent Transportation Systems (ITS), Machine Learning, Autonomous 
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INTRODUCTION 

 

Rapid urbanization, population growth, and increasing vehicle ownership have significantly intensified transportation 

challenges across the globe. Traffic congestion, road accidents, environmental pollution, inefficient public transportation, 

and rising fuel consumption have become major concerns for governments, urban planners, and transportation authorities. 

Conventional traffic management systems, which primarily rely on static rules and manual monitoring, are often inadequate 

to address the dynamic nature of modern transportation networks. Consequently, there is a growing demand for intelligent, 

adaptive, and data-driven transportation solutions capable of improving traffic efficiency, enhancing road safety, and 

supporting sustainable urban mobility. 

 

Intelligent Transportation Systems (ITS) have emerged as a comprehensive solution by integrating advanced 

communication, sensing, computing, and information technologies into transportation infrastructure. ITS combines 

technologies such as the Internet of Things (IoT), wireless communication, cloud computing, Geographic Information 

Systems (GIS), Global Positioning System (GPS), and big data analytics to monitor, manage, and optimize transportation 

systems in real time. These technologies enable continuous data collection from vehicles, roadside infrastructure, traffic 

cameras, sensors, and mobile devices, providing valuable insights into traffic conditions and transportation operations. 

 

In recent years, Artificial Intelligence (AI) has become one of the most influential technologies driving the evolution of 

Intelligent Transportation Systems. AI enables transportation systems to analyze massive volumes of real-time and 

historical data, recognize complex traffic patterns, predict future traffic conditions, and support autonomous decision-

making. Machine Learning (ML), Deep Learning (DL), Computer Vision, Reinforcement Learning (RL), Natural Language 

Processing (NLP), and Explainable Artificial Intelligence (XAI) have significantly enhanced the capabilities of ITS by 



International IT Journal of Research (IITJR), ISSN: 3007-6706 

Volume 3, Issue 3, July-September, 2025 

Available online at: https://itjournal.org/index.php 

 

49 

enabling accurate traffic prediction, intelligent traffic signal control, autonomous driving, accident detection, driver 

behavior analysis, predictive maintenance, and smart route optimization. 

 

AI-powered Intelligent Transportation Systems are now widely applied in numerous transportation domains. Smart traffic 

management systems dynamically adjust traffic signals based on real-time congestion levels, reducing travel time and 

vehicle emissions. Autonomous and connected vehicles utilize AI algorithms for object detection, lane recognition, path 

planning, and collision avoidance, thereby improving road safety. Public transportation systems leverage AI to optimize 

scheduling, passenger demand forecasting, and fleet management, while logistics companies employ AI-based route 

optimization algorithms to minimize operational costs and delivery times. Furthermore, AI supports predictive maintenance 

of transportation infrastructure by detecting faults in roads, bridges, and railway systems before critical failures occur. 

 

The convergence of AI with emerging technologies such as Vehicle-to-Everything (V2X) communication, edge computing, 

5G networks, blockchain, digital twins, and smart city infrastructures is further expanding the capabilities of modern 

transportation systems. These technologies facilitate real-time communication among vehicles, infrastructure, pedestrians, 

and traffic management centers, enabling cooperative decision-making and improving overall transportation efficiency. The 

availability of large-scale transportation datasets, combined with advancements in cloud and edge computing, has 

accelerated the development of highly accurate AI models capable of operating in complex real-world environments. 

 

Despite these remarkable advancements, several technical, ethical, and regulatory challenges continue to hinder the 

widespread deployment of AI-powered ITS. Data privacy, cybersecurity threats, algorithmic bias, lack of interoperability 

among heterogeneous systems, high implementation costs, computational complexity, reliability under uncertain 

conditions, and legal concerns regarding autonomous vehicles remain important research issues. Addressing these 

challenges requires interdisciplinary collaboration among researchers, policymakers, industry stakeholders, and 

transportation authorities to establish standardized frameworks and robust governance mechanisms. 

 

This review paper provides a comprehensive overview of Artificial Intelligence applications in Intelligent Transportation 

Systems by analyzing recent literature, technological developments, methodologies, and practical implementations. The 

study examines various AI techniques employed in transportation, compares existing approaches, discusses their 

advantages and limitations, and identifies emerging research trends and future opportunities. By synthesizing current 

knowledge, this review aims to serve as a valuable reference for researchers, engineers, policymakers, and practitioners 

working toward the development of safer, smarter, more efficient, and sustainable transportation systems in the era of 

intelligent mobility. 

 

THEORETICAL FRAMEWORK 

 

The theoretical framework for Artificial Intelligence (AI)-powered Intelligent Transportation Systems (ITS) is founded on 

the integration of transportation engineering, artificial intelligence, data science, communication technologies, and 

intelligent decision-making. AI enhances traditional ITS by enabling systems to perceive their environment, learn from 

historical and real-time data, predict future traffic conditions, and make autonomous decisions. This interdisciplinary 

framework supports the development of adaptive, efficient, and sustainable transportation systems capable of addressing 

the growing complexity of urban mobility. 

 

1. Intelligent Transportation Systems (ITS) Theory 

Intelligent Transportation Systems represent the integration of information and communication technologies (ICT) into 

transportation infrastructure to improve the safety, efficiency, reliability, and sustainability of transport operations. The ITS 

framework consists of four major components: 

 Traffic Monitoring: Collection of real-time data through sensors, CCTV cameras, GPS devices, drones, and 

connected vehicles. 

 Communication Networks: Data transmission using IoT, Vehicle-to-Everything (V2X), 5G, Dedicated Short-Range 

Communication (DSRC), and cloud platforms. 

 Decision Support Systems: AI algorithms analyze traffic conditions and recommend or execute optimal control 

actions. 

 User Services: Delivery of real-time traffic information, navigation assistance, incident alerts, and public 

transportation updates. 

The objective of ITS is to transform conventional transportation systems into intelligent, adaptive, and data-driven mobility 

networks. 
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2. Artificial Intelligence Theory 

Artificial Intelligence provides computational models that simulate human intelligence through learning, reasoning, 

perception, and decision-making. Within ITS, AI enables transportation systems to process large-scale heterogeneous data 

and respond dynamically to changing traffic conditions. 

Major AI techniques include: 

 Machine Learning (ML): Predicts traffic flow, travel demand, and accident risks using historical and real-time 

datasets. 

 Deep Learning (DL): Employs neural networks for image recognition, object detection, lane detection, and 

autonomous driving. 

 Computer Vision: Processes images and video streams from traffic cameras for vehicle detection, pedestrian 

recognition, and traffic monitoring. 

 Natural Language Processing (NLP): Supports intelligent transportation assistants, voice-based navigation, and 

automated incident reporting. 

 Reinforcement Learning (RL): Optimizes traffic signal timing and autonomous vehicle decision-making through 

continuous interaction with the environment. 

AI enables ITS to evolve from reactive traffic management toward predictive and autonomous transportation systems. 

 

3. Data-Driven Decision-Making Theory 

Modern ITS relies on data-driven decision-making, where transportation policies and operational decisions are based on 

continuous analysis of transportation data rather than fixed rules. 

Key data sources include: 

 GPS trajectories 

 Traffic surveillance cameras 

 Roadside sensors 

 Connected vehicles 

 Mobile devices 

 Weather information 

 Social media and crowd-sourced traffic reports 

Big Data Analytics enables the processing of high-volume, high-velocity, and high-variety transportation data to generate 

actionable insights for congestion management, accident prediction, and route optimization. 

 

4. Internet of Things (IoT) Framework 

The Internet of Things provides the sensing and communication infrastructure required for intelligent transportation. 

The IoT framework includes: 

 Smart traffic lights 

 Connected vehicles 

 Smart parking systems 

 Roadside sensors 

 Environmental monitoring stations 

 Intelligent surveillance cameras 

IoT devices continuously collect and transmit transportation data, enabling AI models to operate in real time. 

 

5. Cyber-Physical Systems (CPS) Theory 

AI-powered ITS operates as a Cyber-Physical System where physical transportation infrastructure interacts continuously 

with computational intelligence. 

The CPS architecture consists of: 

 Physical Layer (vehicles, roads, traffic signals) 

 Sensing Layer (IoT sensors, cameras, GPS) 

 Communication Layer (5G, V2X, cloud networks) 

 Intelligence Layer (AI and machine learning models) 

 Application Layer (traffic control, autonomous driving, emergency response) 

This architecture enables seamless interaction between the digital and physical transportation environments. 

 

6. Intelligent Decision Support Theory 

Decision Support Systems (DSS) integrate AI with optimization algorithms to improve transportation management. 

Typical applications include: 
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 Dynamic traffic signal optimization 

 Route recommendation systems 

 Public transportation scheduling 

 Fleet management 

 Emergency vehicle prioritization 

 Logistics optimization 

These systems continuously evaluate multiple alternatives and recommend optimal actions under changing traffic 

conditions. 

 

7. Smart City Framework 

AI-powered ITS forms a core component of Smart City ecosystems by integrating transportation with other urban services. 

The Smart City transportation framework connects: 

 Transportation systems 

 Energy management 

 Environmental monitoring 

 Healthcare services 

 Emergency response 

 Urban planning 

This integration improves sustainability, reduces emissions, and enhances citizens' quality of life. 

 

8. Sustainable Transportation Theory 

Sustainable transportation focuses on minimizing environmental impacts while maximizing transportation efficiency. 

AI contributes by: 

 Reducing traffic congestion 

 Lowering fuel consumption 

 Minimizing greenhouse gas emissions 

 Optimizing public transportation 

 Supporting electric vehicle infrastructure 

 Encouraging shared mobility services 

These improvements contribute to achieving global sustainable development and climate objectives. 

 

9. Predictive Analytics Framework 

Predictive analytics employs statistical and AI-based models to forecast future transportation conditions. 

Applications include: 

 Traffic flow prediction 

 Accident risk forecasting 

 Travel demand estimation 

 Infrastructure maintenance prediction 

 Vehicle failure prediction 

 Passenger demand forecasting 

Accurate prediction enables proactive transportation planning and operational efficiency. 

 

10. Explainable and Trustworthy AI Framework 

As AI increasingly influences transportation decisions, transparency and accountability become essential. 

Key principles include: 

 Explainable AI (XAI) for interpretable decision-making 

 Fairness to reduce algorithmic bias 

 Robustness against uncertain conditions 

 Cybersecurity protection 

 Data privacy preservation 

 Regulatory compliance 

These principles improve public trust and support the responsible deployment of AI-powered transportation systems. 
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Conceptual Framework 

Transportation Data Sources 

(Cameras, GPS, IoT Sensors, Connected Vehicles, 

Weather Data, Mobile Devices) 

│ 

▼ 

Data Collection & Communication 

(IoT, V2X, 5G, Cloud Computing, Edge Computing) 

│ 

▼ 

Artificial Intelligence Algorithms 

(ML, DL, RL, Computer Vision, NLP, Predictive Analytics) 

│ 

▼ 

Intelligent Decision-Making & Optimization 

(Traffic Signal Control, Route Optimization, 

Autonomous Driving, Fleet Management, 

Accident Detection, Predictive Maintenance) 

│ 

▼ 

Intelligent Transportation Services 

(Smart Mobility, Reduced Congestion, 

Improved Road Safety, Lower Emissions, 

Efficient Public Transport, Sustainable Cities) 

 

Summary 

The theoretical framework demonstrates that AI-powered Intelligent Transportation Systems are built upon the convergence 

of transportation engineering, artificial intelligence, IoT, cyber-physical systems, big data analytics, predictive modeling, 

and smart city concepts. Together, these theories enable transportation systems that are adaptive, data-driven, and 

autonomous, providing enhanced safety, operational efficiency, environmental sustainability, and improved mobility for 

future urban transportation networks. 

 

PROPOSED MODELS AND METHODOLOGIES 

 

This review proposes a comprehensive Artificial Intelligence (AI)-driven framework for Intelligent Transportation Systems 

(ITS) that integrates advanced sensing technologies, data analytics, machine learning, deep learning, cloud-edge computing, 

and intelligent decision-making. The objective is to improve traffic efficiency, enhance road safety, optimize transportation 

services, and promote sustainable urban mobility. The proposed methodology follows a systematic pipeline, from data 

acquisition to intelligent transportation services. 

 

1. Proposed AI-Based ITS Architecture 

The proposed framework consists of seven interconnected layers: 

Layer 1: Data Acquisition 

Transportation data are collected from multiple heterogeneous sources, including: 

 Traffic surveillance cameras 

 GPS-enabled vehicles 

 IoT sensors 

 Connected vehicles (V2V and V2I communication) 

 Mobile applications 

 Smart traffic signals 

 Weather stations 

 Public transportation systems 

 Roadside units (RSUs) 

This multi-source data collection provides comprehensive, real-time information about traffic conditions and transportation 

infrastructure. 
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Layer 2: Data Preprocessing 

Raw transportation data often contain noise, missing values, duplicate records, and inconsistencies. Data preprocessing 

includes: 

 Data cleaning 

 Missing value imputation 

 Data normalization 

 Feature extraction 

 Feature selection 

 Data integration 

 Outlier detection 

Preprocessing improves data quality and enhances AI model performance. 

 

Layer 3: Artificial Intelligence Analytics 

The processed data are analyzed using multiple AI techniques depending on the transportation application. 

 

AI Technique Transportation Application 

Machine Learning Traffic prediction, congestion forecasting 

Deep Learning Vehicle detection, autonomous driving 

Computer Vision Lane detection, traffic monitoring 

Reinforcement Learning Traffic signal optimization 

Natural Language Processing Smart assistants and incident reporting 

Predictive Analytics Accident prediction and maintenance 

 

The combination of these techniques enables intelligent decision-making across diverse transportation scenarios. 

 

Layer 4: Cloud–Edge Computing 

To support real-time processing, the framework combines cloud and edge computing. 

Cloud Computing 

 Large-scale data storage 

 AI model training 

 Historical traffic analysis 

 Fleet management 

 

Edge Computing 

 Real-time inference 

 Low-latency decision-making 

 Autonomous vehicle processing 

 Smart traffic signal control 

This hybrid architecture minimizes latency while maintaining scalability. 

 

Layer 5: Intelligent Decision Support 

AI-generated predictions are used to support transportation management through: 

 Dynamic traffic signal optimization 

 Intelligent route guidance 

 Congestion mitigation 

 Emergency vehicle prioritization 

 Smart parking allocation 

 Public transportation scheduling 

 Accident response coordination 

The decision support system continuously updates recommendations based on changing traffic conditions. 

 

Layer 6: Smart Transportation Services 

The intelligent decisions are implemented in various transportation applications: 

 Autonomous vehicles 

 Smart traffic management 
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 Connected vehicle networks 

 Intelligent logistics 

 Public transportation optimization 

 Predictive infrastructure maintenance 

 Smart parking systems 

These services improve operational efficiency and user experience. 

 

Layer 7: Performance Evaluation 

System performance is evaluated using multiple quantitative indicators. 

 

Performance Metric Purpose 

Prediction Accuracy Traffic forecasting performance 

Precision Incident detection quality 

Recall Safety event detection 

F1-Score Overall classification performance 

Mean Absolute Error (MAE) Forecasting accuracy 

Root Mean Square Error (RMSE) Prediction reliability 

Response Time Real-time capability 

Throughput System scalability 

 

2. Proposed AI Models 

Model 1: Traffic Flow Prediction Model 

Objective: 
Predict future traffic conditions using historical and real-time traffic data. 

Input 

 Historical traffic volume 

 Vehicle speed 

 Weather information 

 Time and date 

 Road conditions 

 

AI Algorithms 

 Long Short-Term Memory (LSTM) 

 Gated Recurrent Unit (GRU) 

 Random Forest 

 XGBoost 

 

Output 

 Traffic congestion level 

 Travel time estimation 

 Traffic density prediction 

 

Model 2: Intelligent Traffic Signal Control 

Objective: 
Optimize traffic signal timing dynamically. 

 

Methodology 

 Real-time vehicle counting 

 Queue length estimation 

 Reinforcement Learning agent 

 Adaptive signal scheduling 

 

Expected Outcomes 

 Reduced waiting time 

 Lower congestion 
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 Increased traffic throughput 

 

Model 3: Autonomous Vehicle Decision Model 

Input 

 Camera images 

 LiDAR data 

 Radar data 

 GPS information 

 

AI Components 

 Convolutional Neural Networks (CNN) 

 YOLO-based object detection 

 Semantic segmentation 

 Path planning algorithms 

 

Output 

 Safe navigation 

 Obstacle avoidance 

 Lane keeping 

 Collision prevention 

 

Model 4: Accident Detection and Risk Prediction 

This model combines computer vision and machine learning for early accident detection. 

Features 

 Vehicle speed 

 Driver behavior 

 Weather 

 Road geometry 

 Traffic density 

 

Algorithms 

 Support Vector Machine (SVM) 

 Random Forest 

 Gradient Boosting 

 CNN-based video analysis 

 

Expected Benefits 

 Faster emergency response 

 Reduced fatalities 

 Improved road safety 

 

Model 5: Predictive Maintenance Model 

AI predicts failures in transportation infrastructure before they occur. 

Applications 

 Road pavement monitoring 

 Bridge health monitoring 

 Railway infrastructure 

 Vehicle maintenance 

 

Techniques 

 Predictive analytics 

 Deep neural networks 

 IoT sensor analytics 
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3. Proposed Research Methodology 

The review adopts a systematic methodology consisting of the following phases: 

Phase 1: Literature Collection 

 IEEE Xplore 

 Scopus 

 Web of Science 

 ScienceDirect 

 SpringerLink 

 ACM Digital Library 

 Google Scholar 

 

Phase 2: Study Selection 

Studies are selected based on: 

 Peer-reviewed publications 

 English-language articles 

 AI applications in ITS 

 Recent publications (primarily the last decade) 

 High methodological quality 

 

Phase 3: Data Extraction 

Information extracted includes: 

 AI techniques 

 Transportation application 

 Dataset characteristics 

 Performance metrics 

 Advantages 

 Limitations 

 Future research directions 

 

Phase 4: Comparative Analysis 

Selected studies are compared according to: 

 AI algorithms 

 Computational complexity 

 Prediction accuracy 

 Scalability 

 Real-time capability 

 Safety performance 

 Energy efficiency 

 

Phase 5: Research Gap Identification 

The review identifies gaps in: 

 Explainable AI 

 Federated learning 

 Privacy-preserving ITS 

 Multi-agent reinforcement learning 

 Digital twins 

 Edge intelligence 

 Sustainable smart mobility 
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4. Conceptual Workflow of the Proposed Framework 

Transportation Data Sources 

 

(Cameras, GPS, IoT Sensors, Connected Vehicles, 

Weather Stations, Mobile Devices) 

│ 

▼ 

Data Collection & Integration 

│ 

▼ 

Data Preprocessing 

(Cleaning, Feature Selection, Normalization) 

│ 

▼ 

Artificial Intelligence Models 

(ML, DL, RL, CNN, LSTM, Computer Vision) 

│ 

▼ 

Intelligent Decision Support System 

(Traffic Prediction, Signal Optimization, 

Route Planning, Accident Detection, 

Predictive Maintenance) 

│ 

▼ 

Cloud–Edge Deployment 

│ 

▼ 

Intelligent Transportation Services 

(Smart Mobility, Autonomous Vehicles, 

Reduced Congestion, Safer Roads, 

Efficient Public Transport) 

 

Summary 

The proposed models and methodologies provide a comprehensive AI-enabled framework for Intelligent Transportation 

Systems by integrating heterogeneous data sources, advanced AI algorithms, cloud–edge computing, and intelligent 

decision support. The layered architecture supports applications such as traffic prediction, adaptive signal control, 

autonomous driving, accident detection, and predictive maintenance. This framework aims to improve transportation 

efficiency, enhance road safety, reduce environmental impacts, and contribute to the development of sustainable, data-

driven smart mobility ecosystems. 

 

EXPERIMENTAL STUDY 

 

1. Experimental Design 

The experimental study evaluates the effectiveness of Artificial Intelligence (AI)-based Intelligent Transportation Systems 

(ITS) by comparing various AI algorithms across key transportation applications, including traffic flow prediction, traffic 

signal optimization, accident detection, autonomous driving, and route optimization. Since this paper is a review, the 

experimental analysis is synthesized from findings reported in recent peer-reviewed studies rather than presenting new 

empirical experiments. The objective is to assess the performance, accuracy, computational efficiency, and practical 

applicability of AI techniques in real-world transportation environments. 

 

2. Research Objectives 

The experimental study aims to: 

 Evaluate the performance of AI algorithms in Intelligent Transportation Systems. 

 Compare traditional transportation management methods with AI-driven approaches. 

 Analyze prediction accuracy and computational efficiency. 

 Assess the impact of AI on traffic congestion reduction and road safety. 

 Identify the most suitable AI techniques for different ITS applications. 
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3. Experimental Datasets 

The reviewed studies utilized publicly available and real-world transportation datasets collected from multiple sources. 

 

Dataset Source Data Type Application 

Traffic surveillance cameras Vehicle images and videos Vehicle detection and traffic monitoring 

GPS trajectory data Vehicle location and speed Route optimization and traffic prediction 

IoT traffic sensors Traffic flow and vehicle counts Congestion analysis 

Weather databases Temperature, rainfall, visibility Accident prediction 

Public transportation records Passenger demand and schedules Transit optimization 

Connected vehicle networks Vehicle-to-Vehicle (V2V) communication Autonomous driving 

Smart traffic signals Signal timing and queue length Traffic signal optimization 

 

4. AI Algorithms Evaluated 

The experimental comparison includes several widely used AI techniques. 

 

Algorithm Primary ITS Application 

Linear Regression Traffic forecasting 

Random Forest Accident prediction 

Support Vector Machine (SVM) Traffic classification 

Artificial Neural Network (ANN) Traffic flow prediction 

Convolutional Neural Network (CNN) Vehicle detection 

Long Short-Term Memory (LSTM) Traffic forecasting 

Gated Recurrent Unit (GRU) Travel time prediction 

Reinforcement Learning (RL) Adaptive traffic signal control 

Deep Q-Network (DQN) Intelligent traffic management 

YOLO Real-time object detection for autonomous vehicles 

 

5. Performance Evaluation Metrics 

The reviewed studies commonly employed the following evaluation metrics: 

 

Metric Purpose 

Accuracy Overall prediction performance 

Precision Correct positive predictions 

Recall Detection sensitivity 

F1-Score Balance between precision and recall 

Mean Absolute Error (MAE) Prediction error 

Root Mean Square Error (RMSE) Forecasting accuracy 

Mean Absolute Percentage Error (MAPE) Relative prediction error 

Response Time Real-time processing efficiency 

Throughput System processing capacity 

 

6. Comparative Performance Analysis 

 

Table 1 summarizes the performance characteristics of major AI algorithms reported in the literature. 

 

AI Technique Prediction Accuracy Processing Speed Real-Time Capability Suitable Application 

Linear Regression Moderate Very High High Basic traffic prediction 

Random Forest High High Moderate Accident prediction 

SVM High Moderate Moderate Traffic classification 

ANN High Moderate High Traffic forecasting 

CNN Very High High High Vehicle recognition 

LSTM Very High Moderate High Traffic flow prediction 

GRU Very High High High Travel time estimation 

Reinforcement Learning Very High Moderate Very High Signal optimization 

YOLO Very High Very High Excellent Autonomous driving 
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7. Experimental Results 

The synthesized findings from the reviewed studies indicate that: 

 

Traffic Flow Prediction 

 LSTM and GRU models consistently outperform conventional machine learning algorithms in forecasting traffic flow 

due to their ability to capture temporal dependencies. 

 Deep learning models demonstrate lower prediction errors and greater robustness under dynamic traffic conditions. 

 

Traffic Signal Optimization 

 Reinforcement Learning-based controllers significantly reduce average vehicle waiting time and improve intersection 

throughput compared with fixed-time signal systems. 

 Adaptive signal control enhances traffic efficiency during peak-hour congestion. 

Vehicle Detection 

 CNN-based models, particularly YOLO architectures, achieve high detection accuracy while maintaining real-time 

processing speeds. 

 AI-powered vision systems effectively recognize vehicles, pedestrians, cyclists, and traffic signs under diverse 

environmental conditions. 

 

Accident Prediction 

 Random Forest and Gradient Boosting models provide reliable accident risk prediction by integrating traffic, weather, 

and road condition data. 

 AI enables proactive traffic management and faster emergency response. 

 

Autonomous Driving 

 Deep learning models combined with sensor fusion improve lane detection, obstacle recognition, and path planning. 

 AI-based perception systems demonstrate strong performance in complex driving environments, although challenges 

remain under adverse weather and low-visibility conditions. 

 

DISCUSSION 

 

The comparative analysis indicates that AI significantly improves the performance of Intelligent Transportation Systems 

compared with traditional traffic management approaches. Machine learning techniques are effective for structured 

prediction tasks, whereas deep learning methods provide superior performance for image-based applications such as vehicle 

detection and autonomous driving. Reinforcement learning has emerged as a promising solution for adaptive traffic signal 

control because of its ability to learn optimal strategies from continuous interaction with the traffic environment. 

 

Despite these advancements, challenges remain in terms of computational complexity, high-quality data requirements, 

model interpretability, cybersecurity risks, and deployment costs. Future ITS research should focus on explainable AI, 

federated learning, edge intelligence, digital twins, and privacy-preserving machine learning to improve scalability, 

transparency, and public trust. 

 

9. Summary of Experimental Findings 

 

Transportation Application Best Performing AI Technique Observed Outcome 

Traffic Flow Prediction LSTM, GRU Accurate traffic forecasting 

Traffic Signal Control Reinforcement Learning Reduced congestion and waiting time 

Vehicle Detection CNN, YOLO High-accuracy real-time detection 

Accident Prediction Random Forest, Gradient Boosting Improved risk prediction 

Route Optimization Deep Reinforcement Learning Shorter travel time and fuel savings 

Autonomous Driving CNN + Sensor Fusion Enhanced navigation and collision avoidance 

Predictive Maintenance Deep Neural Networks Early fault detection and reduced maintenance costs 

 

Conclusion of the Experimental Study 

The experimental evidence synthesized from recent research demonstrates that AI-powered Intelligent Transportation 

Systems consistently outperform conventional transportation management techniques in terms of prediction accuracy, 

adaptability, operational efficiency, and safety. Deep learning models such as LSTM, CNN, and YOLO excel in traffic 
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forecasting and computer vision tasks, while reinforcement learning provides effective solutions for adaptive traffic signal 

control. Overall, AI technologies play a pivotal role in enabling intelligent, data-driven, and sustainable transportation 

systems, though continued research is needed to address issues related to scalability, explainability, security, and real-world 

deployment. 

 

RESULTS & ANALYSIS 

 

1. Overview of Results 

The analysis of recent literature demonstrates that Artificial Intelligence (AI) has significantly improved the performance of 

Intelligent Transportation Systems (ITS) compared with traditional traffic management approaches. AI-based models 

provide higher prediction accuracy, faster decision-making, enhanced traffic optimization, and improved road safety by 

utilizing real-time data from sensors, cameras, GPS devices, connected vehicles, and Internet of Things (IoT) platforms. 

Machine Learning (ML), Deep Learning (DL), Computer Vision, and Reinforcement Learning (RL) have emerged as the 

most effective technologies for intelligent transportation applications. 

 

2. Performance Analysis of AI Techniques 

 

Table 1 presents a comparative analysis of widely used AI techniques in Intelligent Transportation Systems. 

 

AI Technique Major Application Advantages Limitations 

Machine Learning Traffic prediction 
Fast learning, interpretable 

models 

Limited performance on highly 

complex data 

Deep Learning 
Vehicle detection, 

autonomous driving 

High accuracy and automatic 

feature extraction 

Requires large datasets and high 

computational resources 

Computer Vision Traffic monitoring Real-time object recognition 
Sensitive to lighting and weather 

conditions 

Reinforcement 

Learning 

Traffic signal 

optimization 

Adaptive and dynamic 

decision-making 

Long training time and 

computational complexity 

Natural Language 

Processing 
Voice-assisted navigation 

Improved human–computer 

interaction 

Limited use in core traffic 

management 

Predictive Analytics Accident forecasting Early risk identification 
Dependent on data quality and 

completeness 

 

The results indicate that deep learning and reinforcement learning consistently outperform traditional machine learning 

techniques in dynamic transportation environments. 

 

3. Traffic Flow Prediction Analysis 

AI-based traffic prediction models achieve superior forecasting accuracy compared with statistical methods. 

 

Method 
Prediction 

Accuracy 
Performance 

Linear Regression Moderate Suitable for simple traffic patterns 

Support Vector 

Machine 
High Effective for medium-sized datasets 

Random Forest High Robust against noisy data 

LSTM Very High Best for temporal traffic prediction 

GRU Very High 
Faster training with comparable 

accuracy 

 

LSTM and GRU models effectively capture temporal dependencies in traffic data, making them highly suitable for real-

time congestion prediction and travel time estimation. 

 

4. Traffic Signal Optimization Results 

Adaptive traffic signal control using Reinforcement Learning demonstrates significant improvements over conventional 

fixed-time traffic control systems. 
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Performance Indicator Traditional System AI-Based System 

Average Waiting Time High Low 

Traffic Congestion High Reduced 

Fuel Consumption High Lower 

Vehicle Throughput Moderate High 

Signal Adaptability Low Very High 

 

The analysis shows that AI-based traffic signal controllers dynamically respond to changing traffic conditions, improving 

traffic flow and reducing delays. 

 

5. Autonomous Vehicle Performance 

Deep learning and computer vision techniques have significantly advanced autonomous driving capabilities. 

 

AI Technology Application Observed Performance 

CNN Vehicle detection Very High accuracy 

YOLO Real-time object detection Excellent processing speed 

Semantic Segmentation Lane detection Highly accurate 

Sensor Fusion Obstacle detection Improved reliability 

Deep Reinforcement Learning Vehicle navigation Efficient path planning 

 

The integration of multiple sensors with AI algorithms enhances perception, navigation, and collision avoidance, 

contributing to safer autonomous transportation. 

 

6. Accident Detection and Road Safety Analysis 

AI-based accident detection systems demonstrate substantial improvements in identifying high-risk situations. 

 

Evaluation Parameter Traditional Monitoring AI-Based Detection 

Detection Speed Moderate Very High 

Prediction Accuracy Moderate High 

Emergency Response Delayed Faster 

False Alarm Rate Higher Lower 

Risk Assessment Limited Comprehensive 

 

These systems support proactive traffic management by enabling faster emergency response and reducing accident severity. 

 

7. Smart Mobility and Sustainability Analysis 

The literature indicates that AI contributes significantly to sustainable transportation by improving operational efficiency 

and reducing environmental impacts. 

 

Sustainability Indicator Impact of AI-Based ITS 

Traffic Congestion Significantly Reduced 

Fuel Consumption Reduced 

Carbon Emissions Lower 

Public Transport Efficiency Improved 

Travel Time Reduced 

Passenger Satisfaction Increased 

 

AI-based optimization supports environmentally friendly transportation while improving the overall quality of urban 

mobility. 

 

8. Comparative Analysis of Traditional ITS and AI-Powered ITS 

 

Parameter Traditional ITS AI-Powered ITS 

Decision Making Rule-based Intelligent and adaptive 

Traffic Prediction Limited accuracy Highly accurate 

Real-Time Processing Moderate Excellent 
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Scalability Limited High 

Traffic Signal Control Static Dynamic and adaptive 

Accident Prediction Reactive Predictive 

Resource Utilization Moderate Optimized 

Environmental Impact Higher Reduced 

Automation Limited Extensive 

 

The comparison clearly demonstrates the superiority of AI-powered ITS in terms of efficiency, adaptability, and intelligent 

decision-making. 

 

9. Research Gap Analysis 

Although AI has achieved remarkable success in Intelligent Transportation Systems, several research challenges remain. 

 

Research Area Current Limitation Future Opportunity 

Explainable AI Limited model transparency Interpretable AI models 

Data Privacy Security concerns Privacy-preserving AI 

Edge Intelligence Limited deployment Real-time edge computing 

Federated Learning Early-stage adoption Collaborative distributed learning 

Autonomous Vehicles Regulatory challenges Standardized deployment frameworks 

Digital Twins Limited real-world implementation Smart city integration 

Cybersecurity Vulnerability to attacks Secure AI-based transportation systems 

 

Addressing these gaps will enhance the reliability, scalability, and public acceptance of AI-powered transportation systems. 

 

10. Overall Analysis 

The comprehensive analysis indicates that Artificial Intelligence has become the cornerstone of next-generation Intelligent 

Transportation Systems. Deep learning models such as Convolutional Neural Networks (CNNs), Long Short-Term Memory 

(LSTM) networks, and Gated Recurrent Units (GRUs) provide exceptional performance in traffic prediction, vehicle 

detection, and autonomous driving. Reinforcement Learning enables adaptive traffic signal control that minimizes 

congestion and improves traffic flow. Computer vision technologies facilitate real-time monitoring and enhance road 

safety, while predictive analytics supports proactive infrastructure maintenance and accident prevention. 

 

Despite these advances, widespread implementation of AI-powered ITS requires addressing challenges related to 

computational complexity, data privacy, cybersecurity, interoperability, explainability, and legal compliance. Emerging 

technologies—including edge computing, federated learning, digital twins, Vehicle-to-Everything (V2X) communication, 

and Explainable AI (XAI)—are expected to overcome many of these limitations and further improve intelligent 

transportation systems. 

 

Summary 

The results confirm that AI-powered Intelligent Transportation Systems consistently outperform conventional 

transportation management approaches across key performance indicators, including prediction accuracy, traffic efficiency, 

safety, environmental sustainability, and operational scalability. The integration of AI with IoT, cloud-edge computing, 

connected vehicles, and smart city infrastructure offers a robust foundation for building intelligent, adaptive, and 

sustainable transportation ecosystems capable of meeting future mobility demands. 

 

COMPARATIVE ANALYSIS IN TABULAR 

 

Table 1. Comparison of Major AI Techniques Used in Intelligent Transportation Systems 

 

AI Technique 
Primary 

Application 
Advantages Limitations 

Overall 

Performance 

Machine Learning 

(ML) 

Traffic prediction, 

congestion analysis 

Simple implementation, 

good accuracy 

Limited handling of 

complex data 
High 

Deep Learning (DL) 

Autonomous 

driving, object 

detection 

Very high accuracy, 

automatic feature 

extraction 

Requires large datasets and 

high computational 

resources 

Very High 
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Computer Vision 
Vehicle and 

pedestrian detection 
Real-time image analysis 

Performance affected by 

weather and lighting 
Very High 

Reinforcement 

Learning (RL) 

Traffic signal 

optimization 

Adaptive and self-

learning 
High training complexity Very High 

Natural Language 

Processing (NLP) 

Voice navigation, 

travel assistance 
Improves user interaction 

Limited transportation-

specific applications 
Moderate 

Predictive Analytics 
Accident prediction, 

maintenance 
Early risk identification Depends on data quality High 

 

Table 2. Comparison of Traditional Transportation Systems and AI-Powered Intelligent Transportation Systems 

 

Parameter Traditional Transportation System AI-Powered Intelligent Transportation System 

Traffic Monitoring Manual or sensor-based AI-driven real-time monitoring 

Decision Making Rule-based Intelligent and adaptive 

Traffic Prediction Limited accuracy Highly accurate 

Traffic Signal Control Fixed timing Dynamic optimization 

Congestion Management Reactive Predictive and proactive 

Accident Detection Manual reporting Automatic real-time detection 

Route Optimization Static navigation AI-based dynamic routing 

Public Transport Management Fixed schedules Demand-responsive scheduling 

Scalability Limited High 

Automation Level Low Very High 

Environmental Impact Higher emissions Reduced emissions 

Overall Efficiency Moderate Excellent 

 

Table 3. Comparative Analysis of AI Algorithms for Traffic Prediction 

 

Algorithm 
Prediction 

Accuracy 

Training 

Speed 

Real-Time 

Capability 

Suitable Traffic 

Scenario 

Linear Regression Moderate Very Fast High Simple traffic prediction 

Decision Tree Moderate Fast Moderate Basic traffic analysis 

Random Forest High Moderate High Congestion prediction 

Support Vector Machine 

(SVM) 
High Moderate Moderate Traffic classification 

Artificial Neural Network 

(ANN) 
High Moderate High Traffic forecasting 

Long Short-Term Memory 

(LSTM) 
Very High Moderate Very High 

Time-series traffic 

prediction 

Gated Recurrent Unit (GRU) Very High Fast Very High Travel time estimation 

 

Table 4. AI Models for Autonomous Driving 

 

AI Model Application Strengths Challenges 

CNN Vehicle detection High image recognition accuracy Computationally intensive 

YOLO Object detection Real-time processing Reduced accuracy for very small objects 

Faster R-CNN Vehicle recognition Excellent detection accuracy Slower than YOLO 

Semantic Segmentation Lane detection Accurate road understanding Requires large annotated datasets 

Sensor Fusion Obstacle detection Improved reliability Complex system integration 
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Table 5. Comparison of AI Applications in Intelligent Transportation Systems 

 

Transportation Application AI Technique Primary Benefit Expected Outcome 

Traffic Flow Prediction LSTM, GRU Accurate forecasting Reduced congestion 

Traffic Signal Control Reinforcement Learning Adaptive optimization Reduced waiting time 

Vehicle Detection CNN, YOLO Real-time monitoring Improved road safety 

Autonomous Driving Deep Learning Intelligent navigation Fewer traffic accidents 

Smart Parking Machine Learning Space optimization Reduced search time 

Route Planning Reinforcement Learning Dynamic routing Lower travel time 

Public Transport Management Machine Learning Demand prediction Better service efficiency 

Predictive Maintenance Predictive Analytics Early fault detection Lower maintenance cost 

Accident Prediction Random Forest Risk estimation Faster emergency response 

 

Table 6. Performance Evaluation of AI-Based ITS 

 

Performance Metric Traditional ITS AI-Based ITS Improvement 

Prediction Accuracy Moderate Very High Significant 

Traffic Flow Efficiency Moderate High Improved 

Average Travel Time Higher Lower Reduced 

Vehicle Waiting Time High Low Reduced 

Fuel Consumption High Lower Improved 

Carbon Emissions Higher Lower Environmentally Sustainable 

Accident Detection Speed Moderate Very High Faster 

Resource Utilization Moderate High Optimized 

Real-Time Decision Making Limited Excellent Highly Adaptive 

 

Table 7. Research Challenges and Future Directions 

 

Research Challenge Current Limitation Future Research Direction 

Explainable AI (XAI) Low interpretability Transparent AI models 

Data Privacy Security and confidentiality risks Privacy-preserving AI and federated learning 

Cybersecurity Vulnerability to cyberattacks Secure AI-enabled transportation infrastructure 

Edge Computing Limited deployment Real-time distributed AI processing 

Autonomous Vehicles Regulatory and ethical issues Standardized legal frameworks 

Digital Twins Limited practical implementation Smart city integration 

Big Data Management Large-scale data complexity Efficient AI-driven analytics 

Interoperability Heterogeneous transportation systems Standardized communication protocols 

 

Table 8. Summary Comparison of Emerging Technologies in AI-Based ITS 

 

Technology Role in ITS Key Advantages Future Potential 

Artificial Intelligence Intelligent decision-making Automation and prediction Very High 

Internet of Things (IoT) Data collection Real-time sensing Very High 

Edge Computing Low-latency processing Faster response High 

Cloud Computing Large-scale analytics High computational capacity High 

Vehicle-to-Everything (V2X) Connected transportation Improved communication Very High 

5G Networks High-speed connectivity Ultra-low latency Very High 

Big Data Analytics Transportation data analysis Better planning and forecasting High 

Digital Twins Virtual transportation simulation Predictive optimization Emerging 

Explainable AI (XAI) Transparent decision-making Increased trust and accountability High 

 

Overall Comparative Analysis 

The comparative evaluation demonstrates that AI-powered Intelligent Transportation Systems consistently outperform 

conventional transportation management systems in prediction accuracy, traffic optimization, road safety, automation, and 

sustainability. Among the AI techniques, Deep Learning (CNN, LSTM, and GRU) provides the highest accuracy for traffic 

prediction and autonomous driving, while Reinforcement Learning is the most effective approach for adaptive traffic signal 
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control. Furthermore, the integration of IoT, Edge Computing, V2X communication, Big Data Analytics, and 5G 

significantly enhances the efficiency, scalability, and real-time capabilities of next-generation intelligent transportation 

systems, making them a cornerstone of future smart city infrastructure. 

 

LIMITATIONS & DRAWBACKS 

 

Although Artificial Intelligence (AI)-powered Intelligent Transportation Systems (ITS) have demonstrated remarkable 

improvements in traffic management, road safety, and mobility, several technical, economic, ethical, and regulatory 

challenges limit their widespread adoption. The following limitations and drawbacks have been identified from the 

reviewed literature. 

 

1. Dependence on High-Quality Data 

AI models require large volumes of accurate, diverse, and real-time transportation data for effective learning and prediction. 

Incomplete, noisy, or biased datasets can significantly reduce model accuracy and reliability, leading to incorrect traffic 

predictions or unsafe decision-making. 

 

2. High Computational Requirements 

Advanced AI techniques such as Deep Learning, Reinforcement Learning, and Computer Vision require powerful 

computing resources, including GPUs, cloud infrastructure, and high-speed communication networks. These computational 

demands increase deployment costs and limit implementation in resource-constrained environments. 

 

3. Data Privacy and Security Concerns 

AI-powered ITS continuously collect data from vehicles, mobile devices, surveillance cameras, and IoT sensors. This 

extensive data collection raises concerns regarding: 

 Personal privacy 

 Unauthorized data access 

 Cybersecurity attacks 

 Data misuse 

 Identity protection 

Robust encryption, authentication, and privacy-preserving AI techniques are essential for secure deployment. 

 

4. Lack of Explainability 

Many deep learning models function as "black-box" systems, making it difficult to interpret how decisions are made. 

Limited transparency reduces trust among users, policymakers, and regulatory authorities, particularly in safety-critical 

applications such as autonomous driving and accident prevention. 

 

5. High Implementation and Maintenance Costs 

Developing AI-enabled transportation infrastructure requires substantial investment in: 

 Smart sensors 

 Traffic cameras 

 IoT devices 

 Communication networks 

 Cloud and edge computing platforms 

 Software maintenance 

These costs may hinder adoption, particularly in developing countries and smaller municipalities. 

 

6. Scalability Challenges 

AI models that perform well in controlled environments may face difficulties when deployed across large-scale urban 

transportation systems. Differences in road infrastructure, traffic behavior, and environmental conditions require continuous 

model adaptation and retraining. 

 

7. Sensitivity to Environmental Conditions 

Computer vision systems are highly dependent on environmental conditions such as: 

 Heavy rain 

 Fog 

 Snow 
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 Low illumination 

 Glare 

 Dust 

These factors may reduce the accuracy of vehicle detection, lane recognition, and traffic monitoring. 

 

8. Limited Generalization Capability 

AI models trained on data from one city or region may not perform effectively in different geographic locations due to 

variations in: 

 Traffic regulations 

 Road layouts 

 Driver behavior 

 Weather conditions 

 Transportation infrastructure 

This limits the universal applicability of many existing AI models. 

 

9. Ethical and Legal Issues 

The deployment of AI-powered ITS raises several ethical and legal concerns, including: 

 Responsibility for autonomous vehicle accidents 

 Algorithmic bias in decision-making 

 Fairness in traffic management 

 Public accountability 

 Compliance with transportation regulations 

Clear legal frameworks and ethical guidelines are required for responsible AI adoption. 

 

10. Cybersecurity Vulnerabilities 

Connected transportation systems are vulnerable to cyberattacks targeting: 

 Connected vehicles 

 Traffic signal controllers 

 Vehicle-to-Everything (V2X) communication 

 Cloud servers 

 IoT devices 

Successful attacks may disrupt transportation services, compromise public safety, or expose sensitive information. 

 

11. Interoperability Issues 

Transportation systems often consist of heterogeneous hardware and software developed by different vendors. The absence 

of standardized communication protocols creates interoperability challenges, reducing the effectiveness of integrated AI-

based transportation solutions. 

 

12. Real-Time Processing Constraints 

Many ITS applications require decisions within milliseconds. Processing massive volumes of streaming data while 

maintaining low latency remains a significant technical challenge, especially in densely populated urban environments. 

 

13. Dependence on Communication Infrastructure 

AI-powered ITS rely heavily on stable communication technologies such as: 

 5G networks 

 Internet of Things (IoT) 

 Cloud computing 

 Edge computing 

 Vehicle-to-Everything (V2X) 

Network failures or poor connectivity can degrade system performance and compromise real-time decision-making. 

 

14. Limited Availability of Benchmark Datasets 

Although numerous transportation datasets exist, there remains a shortage of standardized, large-scale, multilingual, and 

geographically diverse datasets. This limits fair comparison among AI models and affects reproducibility across studies. 
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15. Research Limitations of This Review 

The present review also has certain limitations: 

 It primarily focuses on AI-based Intelligent Transportation Systems and excludes non-AI transportation optimization 

techniques. 

 Most analyzed studies rely on simulation environments rather than long-term real-world deployments. 

 The review emphasizes recent publications, which may omit influential earlier research. 

 Performance comparisons are based on reported results from different datasets, experimental settings, and evaluation 

metrics, making direct comparisons challenging. 

 Rapid advancements in AI may quickly render some findings outdated, requiring periodic updates to the review. 

 

Summary of Limitations 

 

Limitation Impact on Intelligent Transportation Systems 

Poor data quality Reduced prediction accuracy 

High computational cost Expensive deployment 

Privacy and security risks Reduced public trust 

Lack of explainability Limited transparency 

High implementation cost Slower adoption 

Scalability issues Deployment challenges 

Environmental sensitivity Reduced vision-system accuracy 

Limited model generalization Lower performance across regions 

Ethical and legal concerns Regulatory uncertainty 

Cybersecurity threats Increased system vulnerability 

Interoperability issues Difficult system integration 

Real-time processing constraints Higher latency 

Dependence on communication infrastructure Reliability concerns 

Limited benchmark datasets Reduced reproducibility 

Review-specific limitations Scope and comparison constraints 

 

Overall Assessment 

Despite these limitations, AI-powered Intelligent Transportation Systems remain one of the most promising solutions for 

future mobility. Addressing challenges related to explainable AI, cybersecurity, privacy preservation, interoperability, edge 

intelligence, federated learning, and standardized regulations will be essential for achieving reliable, scalable, and 

trustworthy transportation systems. Continued research, technological innovation, and collaboration among academia, 

industry, and policymakers will play a critical role in overcoming these limitations and accelerating the adoption of AI-

enabled smart transportation worldwide. 

 

CONCLUSION 

 

Artificial Intelligence (AI) has become a transformative force in the evolution of Intelligent Transportation Systems (ITS), 

enabling transportation networks to become safer, smarter, more efficient, and environmentally sustainable. This review has 

comprehensively examined the integration of AI technologies—including Machine Learning, Deep Learning, Computer 

Vision, Reinforcement Learning, Natural Language Processing, and Predictive Analytics—into modern transportation 

systems. The findings demonstrate that AI significantly enhances traffic prediction, adaptive traffic signal control, 

autonomous driving, accident detection, route optimization, public transportation management, and predictive infrastructure 

maintenance, thereby overcoming many limitations of traditional transportation management approaches. 

 

The review highlights that AI-powered ITS consistently outperform conventional systems by improving prediction 

accuracy, reducing traffic congestion, enhancing road safety, minimizing fuel consumption, lowering greenhouse gas 

emissions, and enabling real-time intelligent decision-making. Emerging technologies such as the Internet of Things (IoT), 

Vehicle-to-Everything (V2X) communication, cloud computing, edge computing, digital twins, and 5G networks further 

strengthen the capabilities of AI-driven transportation systems by facilitating seamless communication, distributed 

intelligence, and rapid data processing. 

 

Despite these remarkable advancements, the widespread deployment of AI-powered ITS continues to face several 

challenges. Data privacy, cybersecurity threats, algorithmic bias, limited explainability of deep learning models, 
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interoperability issues, high implementation costs, dependence on high-quality datasets, and regulatory uncertainties remain 

significant barriers to large-scale adoption. Addressing these challenges requires the development of transparent and 

trustworthy AI models, standardized communication protocols, robust cybersecurity mechanisms, and comprehensive legal 

and ethical frameworks to ensure reliable and responsible transportation systems. 

 

This review also identifies several promising research directions for future Intelligent Transportation Systems. Explainable 

Artificial Intelligence (XAI), Federated Learning, Edge Intelligence, Multi-Agent Reinforcement Learning, Digital Twin 

technology, blockchain-enabled transportation security, and AI-driven Smart City integration represent emerging areas with 

substantial potential to improve scalability, transparency, resilience, and sustainability. Furthermore, greater collaboration 

among researchers, transportation authorities, policymakers, industry stakeholders, and technology developers will be 

essential for accelerating innovation and facilitating practical implementation. 

 

Overall, AI-powered Intelligent Transportation Systems represent a fundamental shift toward intelligent, connected, and 

autonomous mobility. By integrating advanced computational intelligence with modern communication and sensing 

technologies, AI is redefining how transportation systems are designed, managed, and optimized. The continued evolution 

of AI and its convergence with next-generation digital technologies will play a pivotal role in developing resilient, efficient, 

and sustainable transportation ecosystems capable of meeting the growing mobility demands of future smart cities. 

Consequently, AI-driven Intelligent Transportation Systems will remain a critical research area and a cornerstone of 

intelligent urban infrastructure in the years ahead. 
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