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Abstract 
Road safety remains a critical challenge in urban environments due to increasing traffic congestion, unpredictable pedestrian movements, and inconsistent speed regulation. Traditional traffic management systems struggle to adapt dynamically to changing road conditions, leading to higher accident rates and inefficient transportation networks. To address this issue, this research proposes an AI-driven expert system that utilizes real-time traffic data, weather conditions, and road infrastructure parameters to regulate vehicular speeds intelligently. The system leverages machine learning algorithms and sensor-based monitoring to dynamically adjust speed limits, thereby minimizing accidents, enhancing traffic flow, and reducing violations. The proposed solution is designed to assist urban planners in optimizing traffic control measures, contributing to the development of safer and more efficient smart city transportation systems. Extensive testing in various urban settings validates the system's reliability, scalability, and effectiveness in improving road safety.
1. Introduction
Urban areas are experiencing an unprecedented rise in vehicular traffic, leading to challenges such as congestion, increased accident rates, and frequent violations of speed regulations. Traditional speed management techniques, including static speed limits, traffic signals, and law enforcement interventions, often fail to adapt dynamically to fluctuating road conditions, resulting in inefficient traffic flow and compromised road safety[1]. The evolution of intelligent transportation systems (ITS) has paved the way for innovative solutions that leverage artificial intelligence (AI) and expert systems to enhance real-time traffic management[2]. These systems integrate multiple sources of data, including vehicular speed patterns, road congestion levels, weather conditions, pedestrian movement, and traffic light synchronization, to provide adaptive speed regulation strategies. This study proposes the development of an AI-driven expert system for intelligent speed regulation, utilizing advanced machine learning algorithms, sensor fusion techniques, and real-time data analytics[3]. The system process inputs from surveillance cameras, GPS tracking, IoT-enabled road sensors, and vehicular communication networks to predict and recommend optimal speed limits dynamically[1] The integration of such an intelligent speed management system is expected to revolutionize urban traffic control, providing a scalable and efficient solution to modern transportation challenges. By leveraging AI-driven decision-making, this approach has the potential to significantly improve road safety, optimize vehicular flow, and contribute to sustainable urban mobility.
1.1. Problem Definition
Speeding is a major contributor to road accidents in urban areas, exacerbated by inconsistent enforcement and the inability of static speed limits to account for dynamic road conditions. Current traffic management systems lack real-time adaptability, resulting in inefficient control measures. There is a need for an intelligent system that can continuously monitor road conditions, vehicle density, and environmental factors to provide adaptive speed recommendations, ultimately reducing accident rates and improving urban mobility.


1.2. Datasets
This section describes a collection of public datasets in different literature that are used in the field of managing vehicular speeds that is illustrated in Table1. 
Table 1: The comparison between relevant related work
	Dataset Name
	Link
	Biomarker
	Size & Samples
	Limitations

	Traffic Speed Data
	https://www.kaggle.com/datasets/fedesoriano/traffic-prediction-dataset

	Vehicle speed measurements, timestamps, location data
	Varies by region; typically includes thousands to millions of speed records
	Limited to specific regions; may lack real-time or high-frequency data

	Urban Traffic Flow Data
	https://www.kaggle.com/datasets/gagankarnati/urban-traffic-data

	Vehicle counts, traffic density, speed, and flow patterns
	Typically includes data from multiple sensors over weeks or months
	Limited coverage; may not include detailed metadata (e.g., weather, road type)

	Urban Traffic Congestion Data
	https://www.kaggle.com/datasets/hasibullahaman/traffic-prediction-dataset/data
	Vehicle counts (cars, bikes, buses, trucks), traffic situation categories
	Data collected every 15 minutes over one month, includes timestamps, vehicle counts, and congestion levels
	Currently limited to a single route; lacks speed data 

	Urban Mobility Data
	https://github.com/sysuits/urban-traffic-speed-dataset-Guangzhou

	Mobility patterns, traffic speeds, and congestion levels
	Typically includes data from multiple cities over months or years
	Limited to aggregated data; may not include individual vehicle 


2. Related Work
Several studies exist on managing vehicular speeds in urban areas to improve road safety.  Sutheerakul et al.[4] use the Fuzzy Delphi and Fuzzy Inference System methods to categorize multilane highway segments in Thailand into different contexts and target speeds. Results show that roadside environments and activities influence roadway contexts, and target speeds are sensitive to these factors. The proposed expert system provides high accuracy in classifications, potentially revolutionizing highway classification decision-making under uncertainty.  Barreno et al.[5] investigate A smart system has been developed and tested on two-lane roads in Madrid, Spain, considering geometrical features and drivers' subjective perceptions. The system considers external factors like weather, distance, tire pressure, and driver comfort level. It outputs the most suitable speed for the road type, which can be used in adaptive cruise control to improve road safety.  Jagatheesaperumal et al. [6]introduce a vehicle safety framework for smart cities using Artificial Intelligence of Things (AIoT). It uses eye blink, ultrasonic, and alcohol sensors to enhance road safety. The system alerts drivers to potential hazards, provides real-time vehicle speed information, and monitors alcohol levels. GPS and GSM technology adjust speed in high alcohol content situations. Li-Fi technology optimizes inter-vehicle communication, enhancing connectivity and laying the groundwork for future smart city transportation improvements. khan et al.[7] propose a Safe System Approach (SSA) that is a comprehensive framework for enhancing traffic safety through system-wide interventions. A systematic review of 82 studies categorized SSA pillars, including safe road users, safe vehicles, safe speeds, safe roads, and post-crash care, found its effectiveness in reducing fatalities and injuries. The review highlights the potential for the SSA to create a more resilient transportation system, offering guidance for policy decisions and future research. The review contributes to the ongoing efforts to prioritize safety and transform the global transportation landscape. H. Abdelati[8] integrates technology and infrastructure to address urbanization and population growth. This research explores the integration of IoT and Big Data in traffic control systems to improve safety and sustainability. It emphasizes the role of traffic lights, self-driving cars, and human traffic workers in reducing emissions and easing congestion. Suleiman et al.[9] aim to improve traffic safety on roundabouts by identifying factors such as traffic operations, geometric parameters, weather, and time of day. It evaluates the performance of integrated Median Ranked Set Sample and Analytic Hierarchy Process with statistical analysis. Results show geometric design accounts for 36% of accidents, followed by traffic operation (22%). Conflicting and queuing lengths account for 20% of accidents.  Agarwal et al. [10]explores the use of reinforcement learning techniques in improving road safety and cyber security in traffic management systems. It discusses theoretical foundations, applications, and empirical evidence, revealing its potential to develop intelligent, secure systems, minimizing accidents and protecting against cyber threats. The development of an expert system for managing vehicular speeds in urban areas to improve road safety, as they contribute in the following ways:
1. Traffic Classification & Speed Management (Sutheerakul et al. [4])
· They use the Fuzzy Expert Systems to classify roadway contexts and determine target speeds.
· Providing insights into categorizing road types and adapting speed limits dynamically, which aligns with the expert system's goal.
2. Adaptive Speed Recommendation for Safer Roads (Barreno et al. [5])
· Thy Introduce a fuzzy system for recommending speeds on two-lane roads, considering environmental and vehicle factors.
· Supporting the expert system’s aim of using AI to dynamically adjust speed limits for improved safety.
3. AIoT-Based Traffic Safety System (Jagatheesaperumal et al. [6])
· They integrate AI, IoT, and sensors for real-time vehicle monitoring and accident prevention.
· Highlighting real-time safety interventions, a crucial aspect of the expert system's capabilities.
4. Safe System Approach for Traffic Safety (Khan et al. [7])
· They Provide a systematic review of safety pillars, including safe speeds and infrastructure interventions.
· Useful as a foundational framework for designing speed management solutions within urban traffic networks.
5. Smart Traffic Management with IoT & Big Data (Abdelati [8])
· They explore IoT and Big Data integration in traffic control for safety and efficiency.
· They Support the proposed expert system’s reliance on real-time data and AI-based decision-making.
6. Accident Analysis on Roundabouts (Suleiman et al. [9])
· They use expert systems to analyze accident risks based on road geometry, traffic flow, and environmental conditions.
· They Provide insights into road design and traffic conditions that influence speed management decisions.
7. Reinforcement Learning for Road Safety & Cybersecurity (Agarwal et al. [10])
· They Discuss AI-based traffic management systems for safety and cybersecurity.
· Exploring AI-driven decision-making in traffic control, which aligns with the expert system’s methodology.
8. Real-Time Traffic Anomaly Detection (Laanaoui et al. [3])
· They focus on detecting traffic anomalies and balancing traffic loads dynamically.
· They Support the expert system's goal of optimizing speed control based on real-time traffic patterns.
2.1. Related Work Summary 
	References
	Datatype
	Training Model
	Accuracy
	Dataset

	Sutheerakul et al.[1]
	Fuzzy Expert System
	Fuzzy Inference System
	High
	Multilane Highways in Thailand

	Barreno et al.[2]
	Fuzzy System
	Adaptive Recommender
	Suitable Speed Recommendation
	Two-lane Roads in Madrid

	Jagatheesaperumal et al.[3]
	AIoT Framework
	AIoT Sensors
	Enhanced Safety
	Smart Cities Data

	Khan et al.[4]
	Safe System Approach
	Systematic Review
	Effective Framework
	82 Studies Review

	H. Abdelati[5]
	IoT and Big Data
	Traffic Control Systems
	Improved Safety
	Urban Traffic Control Data

	Suleiman et al.[6]
	Integrated Analysis
	Median Ranked Set Sample
	36% Accidents from Design
	Roundabouts Traffic Data

	Agarwal et al.[7]
	Reinforcement Learning
	Reinforcement Learning Techniques
	Intelligent and Secure
	Traffic Management Systems


3. Research Objective
The primary objectives of this research are:
1. Developing an expert system that utilizes AI and real-time data analytics for dynamic speed management.
2. Integrating real-time traffic, weather, and road infrastructure data into the system for adaptive decision-making.
3. Implementing and evaluating the effectiveness of the system in improving road safety and reducing speeding violations.
4. Providing a scalable solution that can be integrated into smart city frameworks for sustainable traffic management.

4. Research Plan
The research will follow a structured methodology comprising the following phases:
1. Literature Review: Analyzing existing traffic management systems, AI-based speed control mechanisms, and road safety studies.
2. System Design: Developing the architecture of the expert system, incorporating AI models, real-time data collection modules, and decision-support algorithms.
3. Implementation: Deploying the system in selected urban locations, integrating it with traffic monitoring systems and IoT-based sensors.
4. Evaluation: Assessing the system’s performance using key metrics such as accident reduction rates, traffic flow efficiency, and compliance with speed regulations.
5. Optimization and Deployment: Refining the system based on experimental results and proposing implementation strategies for city-wide adoption.
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