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Abstract: Rapid urbanization and increasing vehicle ownership have intensified traffic congestion, 

fuel consumption, and environmental pollution in cities worldwide. Traditional traffic management 

systems often struggle to address dynamic traffic conditions due to their limited predictive capabilities. 

Artificial Intelligence-driven traffic prediction frameworks have emerged as transformative solutions 

that leverage machine learning, deep learning, big data analytics, and Internet of Things technologies 

to forecast traffic conditions accurately and optimize transportation systems.  

This review paper examines the role of AI-driven traffic prediction frameworks in promoting 

sustainable urban transportation. The study analyzes major AI techniques, data sources, applications, 

benefits, challenges, and future research directions. Findings indicate that AI-based traffic prediction 

significantly improves traffic flow, reduces travel time, decreases carbon emissions, and supports 

smart city initiatives. The review concludes that integrating AI with emerging technologies such as 

edge computing, digital twins, and connected autonomous vehicles can further enhance urban 

transportation sustainability.. 
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I. INTRODUCTION 

Urban transportation systems face increasing challenges due to population growth, urban expansion, and rising mobility 

demands. According to the United Nations, approximately 68% of the global population is expected to reside in urban 

areas by 2050. This growth will significantly increase transportation demand, resulting in congestion, air pollution, and 

energy consumption. 

Traditional traffic management approaches rely on historical data and fixed-rule systems, which often fail to adapt to 

dynamic traffic conditions. Artificial Intelligence has revolutionized transportation by enabling real-time traffic 

prediction and intelligent decision-making. 

AI-driven traffic prediction frameworks utilize: 

 Machine Learning  

 Deep Learning  

 Reinforcement Learning  

 Internet of Things  

 Big Data Analytics  

 Cloud and Edge Computing  

These technologies analyze large-scale transportation data to predict traffic flow, travel times, congestion levels, and 

incident occurrences, thereby supporting sustainable urban mobility. 
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EVOLUTION OF TRAFFIC PREDICTION SYSTEMS 

Generation Technology Used Characteristics 

First Generation Statistical Models Linear regression, ARIMA 

Second Generation Machine Learning SVM, Random Forest, KNN 

Third Generation Deep Learning CNN, RNN, LSTM 

Fourth Generation AI + IoT + Big Data Real-time prediction 

Fifth Generation AI + Digital Twins + Edge AI Autonomous traffic management 

 

AI-DRIVEN TRAFFIC PREDICTION FRAMEWORK 

I. Framework Architecture 

A. Data Collection Layer 

Data sources include: 

 GPS devices  

 Smartphones  

 Traffic cameras  

 Roadside sensors  

 Social media feeds  

 Connected vehicles  

 

B. Data Processing Layer 

Functions: 

 Data cleaning  

 Data integration  

 Feature extraction  

 Missing value handling  

 

II. Prediction Layer 

AI models process traffic data and generate predictions. 

A. Decision Support Layer 

Outputs: 

Route optimization  

Signal control  

Congestion management  

Public transport scheduling  

 

MAJOR AI TECHNIQUES USED IN TRAFFIC PREDICTION 

Table 2. AI Techniques and Their Applications 

Technique Application Advantages 

Linear Regression Traffic volume estimation Simple and interpretable 

Support Vector Machine  Congestion prediction Effective with small datasets 

Random Forest Traffic classification High accuracy 

Artificial Neural Networks  Flow prediction Captures nonlinear patterns 

CNN Spatial traffic analysis Excellent feature extraction 

RNN Time-series forecasting Temporal dependency modeling 

LSTM Long-term traffic prediction Handles sequential data effectively 
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Graph Neural Networks  Road network modeling Captures spatial relationships 

Reinforcement Learning Signal optimization Adaptive control 

 

DATA SOURCES FOR AI TRAFFIC PREDICTION 

Table 3. Traffic Data Sources 

Source Data Type Example 

GPS Location, Speed Google Maps 

IoT Sensors Vehicle Count Smart Intersections 

CCTV Cameras Traffic Density City Surveillance 

Mobile Phones Mobility Patterns Telecom Data 

Social Media Incident Reports Twitter/X 

Weather Systems Climate Conditions Rainfall, Temperature 

 

APPLICATIONS OF AI-DRIVEN TRAFFIC PREDICTION 

Congestion Prediction 

AI predicts future congestion levels and enables proactive traffic management. 

Route Optimization 

Navigation systems recommend optimal routes based on predicted traffic conditions. 

Smart Traffic Signal Control 

Adaptive traffic lights reduce waiting times and fuel consumption. 

Public Transport Management 

AI improves bus and metro scheduling efficiency. 

Incident Detection 

Traffic accidents and road disruptions can be detected early. 

Autonomous Vehicles 

Self-driving vehicles depend on traffic forecasting for safe navigation. 

 

Impact on Sustainable Urban Transportation 

Table 4. Sustainability Benefits 

Sustainability Aspect AI Contribution 

Reduced Congestion Better traffic flow 

Lower Emissions Reduced idle time 

Energy Efficiency Optimized routes 

Improved Mobility Faster travel 

Road Safety Early incident detection 

Public Transit Efficiency Better scheduling 

 

CHALLENGES IN AI-BASED TRAFFIC PREDICTION 

I. Technical Challenges 

Data quality issues  

Missing data  

Sensor failures  

Model scalability  
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II. Privacy Concerns 

User tracking  

Data security risks  

GDPR compliance requirements  

III. Computational Complexity 

Deep learning models require: 

High processing power  

Large memory resources  

Continuous model updates  

IV. Infrastructure Limitations 

Many developing cities lack: 

Smart sensors  

High-speed communication networks  

Integrated transportation databases  

 

EMERGING TRENDS 

Graph Neural Networks  

GNNs model complex road networks effectively. 

Edge AI 

Real-time traffic prediction at the network edge reduces latency. 

Digital Twins 

Virtual replicas of urban transportation systems enable simulation-based optimization. 

Explainable AI  

Improves transparency and trust in traffic management decisions. 

Connected and Autonomous Vehicles  

AI-powered traffic prediction supports cooperative driving systems. 

 

COMPARATIVE ANALYSIS OF TRAFFIC PREDICTION MODELS 

Table 5. Model Performance Comparison 

Model Prediction Accuracy Computational Cost Real-Time Capability 

ARIMA Moderate Low Moderate 

SVM High Medium High 

Random Forest High Medium High 

CNN Very High High Moderate 

LSTM Very High High High 

GNN Excellent Very High High 

Hybrid Models Excellent Very High Excellent 

 

II. CONCLUSION 

AI-driven traffic prediction frameworks are transforming urban transportation systems by enabling accurate 

forecasting, proactive traffic management, and intelligent decision-making. Through machine learning, deep learning, 

IoT, and big data analytics, these frameworks significantly reduce congestion, improve travel efficiency, enhance road 

safety, and lower environmental impacts. Despite challenges related to data quality, privacy, and computational 

complexity, ongoing advancements in Graph Neural Networks, Edge AI, Digital Twins, and autonomous transportation 

technologies are expected to further strengthen sustainable urban mobility. Consequently, AI-driven traffic prediction 

represents a critical component of future smart city transportation ecosystems. 
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