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Abstract— Driver fatigue and aggressive driving behavior are 

among the major causes of road accidents across the world, creating 

significant challenges for transportation safety. Traditional driver 

monitoring approaches generally depend on hardware-based sensors 

and manual observation methods, which may involve higher costs 

and limited efficiency in real-time analysis. This paper presents an 

AI-Based Driver Drowsiness and Road Rage Prediction System that 

utilizes intelligent behavioral analysis for identifying unsafe driving 

patterns and enhancing road safety measures. The proposed model 

evaluates multiple driver-related factors, including driving time, 

steering movement patterns, fluctuations in vehicle speed, braking 

activities, stress-related indicators, and driver behavioral responses 

to detect symptoms of drowsiness and road rage. Machine learning 

techniques such as Random Forest, Logistic Regression, and 

XGBoost are applied for behavior classification and predictive 

analysis. Experimental results indicate that the system achieves 

higher prediction performance and effective risk assessment under 

various driving scenarios. The developed framework can contribute 

to intelligent transportation systems by enabling proactive 

monitoring of driver behavior and minimizing accident possibilities. 
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.INTRODUCTION 

Road transportation plays a vital role in daily life and 
economic development, but the rapid increase in road 
accidents has become a major global safety concern. A large 
percentage of traffic accidents occur because of driver 
fatigue, stress, emotional imbalance, aggressive driving 
behavior, and loss of concentration. Driver drowsiness 
negatively affects reaction speed, alertness, and decision-
making capability, whereas road rage behavior often leads to 
unsafe driving practices and traffic rule violations [1]. 

Conventional driver monitoring systems mainly rely on 
hardware sensors, wearable equipment, or manual 
supervision methods for detecting unsafe driving conditions. 
Although these techniques can provide basic monitoring 
support, they are often expensive, less flexible, and may not 
deliver efficient real-time behavioral analysis in practical 
driving environments [2]. 

Artificial Intelligence (AI) has recently emerged as an 
effective solution for intelligent prediction and automated 
decision-making in transportation systems. AI-based 
approaches can examine various driving parameters such as 
steering movement, driving duration, vehicle speed 
fluctuation, braking frequency, stress indicators, and 
behavioral responses to identify risky driving situations 
before accidents occur [3]. 

Recent advancements in intelligent transportation systems 
show that machine learning algorithms can significantly 
improve driver behavior prediction and accident risk 
assessment. AI-enabled behavioral monitoring systems are 
capable of generating proactive safety alerts and supporting 
smart traffic management systems for safer transportation 
environments [4]. 

This paper presents an AI-Based Driver Drowsiness and Road 
Rage Prediction System using intelligent behavioral analysis 
techniques to identify unsafe driver conditions. The proposed 
framework focuses on improving road safety and minimizing 
accident risks through intelligent prediction and real-time 
behavioral monitoring mechanisms. 

I. RELATED WORK 

Several researchers have investigated intelligent 
transportation systems and driver behavior prediction using 
advanced machine learning approaches [1]. Kumar et al. 
developed fatigue prediction models by analyzing driving 
duration, steering movement patterns, and driver response 
behavior [2]. In a similar study, Sharma et al. designed an AI-
based stress monitoring framework for detecting aggressive 
driving activities and unsafe driving conditions [3]. 

Patel et al. proposed machine learning techniques for driver 
behavior classification using vehicle movement information, 
braking frequency, and speed variation analysis [4]. Other 
studies applied algorithms such as Random Forest and 
Logistic Regression for predicting accident risks and 
identifying abnormal driving behavior with improved 
accuracy [5]. 

Most of the existing systems primarily concentrate on either 
driver drowsiness detection or aggressive driving analysis 
separately. Only a limited number of frameworks combine 
fatigue prediction, stress evaluation, and real-time 
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behavioral monitoring within a single intelligent system 
architecture [6]. 

The proposed system differs from existing research by: 

• Integrates driver drowsiness and road rage prediction 
togetherUsing intelligent behavioral analysis 

• Uses smart behavioral analysis methods 

• Provides real-time risk detection 

 

 

II. LITERATURE REVIEW 

Recent developments in Artificial Intelligence and intelligent 
transportation systems have improved driver behavior 
monitoring and risk prediction techniques. 

Kumar et al. developed a fatigue prediction model using 
driving duration analysis, but the system did not include 
emotional behavior monitoring. Sharma et al. proposed 
stress-based driver monitoring approaches mainly focused on 
emotional analysis. 

Patel et al. implemented AI-based accident prediction using 
vehicle speed and braking behavior, highlighting the role of 
behavioral analysis in transportation safety. 

The proposed work overcomes these limitations by 
introducing an integrated AI-based behavioral prediction 
framework. 

. 

 

A. Literature Review Comparison Table 
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TABLE 3.1 LITERATURE REVIEW COMPARISON 

III. METHODOLOGY AND SYSTEM DESIGN 

The proposed methodology aims to develop an intelligent 
driver monitoring system for predicting drowsiness and 
road rage behavior using Artificial Intelligence techniques. 

The collected data is preprocessed by removing missing 
values, inconsistent records, and unnecessary parameters. 
Feature extraction and selection methods are then applied 
to identify important behavioral factors related to driver 
safety. 

Initially, driver-related behavioral data is collected 
including: 

• Driving duration 

• Speed variation 

• Steering movement frequency 

• Braking patterns 

• Stress level indicators 

• Reaction response time 

Machine learning algorithms such as Logistic Regression, 
Random Forest, and XGBoost are trained using historical 
behavioral datasets. 

The trained AI models analyze behavioral patterns and 
generate risk prediction scores. If abnormal behavior is 
detected, the system generates real-time safety alerts. 

 

Fig 4.1 System Architecture 

 

A. Mathematical Model and calculation 

The driver risk prediction score is calculated using 

weighted behavioral parameters: 
 

 
Where: 

• D = Driving Duration 

• S = Speed Variation 

• B = Braking Frequency 

• T = Stress Indicator 

• A = Acceleration Pattern 

• w = Weight assigned to each parameter 

If the risk score exceeds a predefined threshold, the driver 

is classified as drowsy or aggressive. 

malicious. 
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B. System Workflow 

• Driver behavioral data collection 

• Data preprocessing 

• Feature extraction 

• Machine learning model training 

• Driver risk prediction 

• Safety alert generation 

• Risk analysis reporting 

 

C. Prediction Algorithm 

Algorithm: Driver Risk Prediction 

• Input: Driver Behavioral Data 

• Output: Safe / Risk Alert 

• Collect driving behavior data 

• Preprocess behavioral parameters 

• Extract important features 

• Calculate driver risk score 

• Apply AI classification model 

• If score > threshold: 

• Generate warning alert 

• Else: 

• Continue monitoring 

 

D. System Architecture 

Driver Behavioral Data Input 
↓ 
Data Collection Layer 
↓ 
Data Preprocessing Layer 
↓ 
Feature Extraction Module 
↓ 
AI Prediction Engine 
↓ 
Risk Assessment & Scoring Module 
↓ 
Alert Generation System 
↓ 
Safety Monitoring Dashboard 
↓ 
Database & Log Storage 
↓ 
Final Risk Prediction Output. 

The proposed architecture is developed to monitor driver 
activities intelligently and identify drowsiness and road rage 
conditions using Artificial Intelligence methods. In the first 
stage, driver-related information such as driving time, speed 
changes, braking activity, steering behavior, acceleration 
patterns, and stress-related parameters is gathered through the 
data acquisition layer. The collected information is forwarded 
to the preprocessing stage, where noisy data, missing entries, 
and inconsistent records are filtered to improve accuracy and 
reliability. 

After preprocessing, the feature extraction component selects 
significant behavioral attributes related to driver safety and 
transforms them into structured features for analysis. These 
processed features are then provided to the AI prediction 
module, which uses machine learning algorithms including 
Logistic Regression, Random Forest, and XGBoost for 
identifying risky driving patterns and predicting unsafe 
conditions. 

The risk evaluation module computes driver risk scores based 
on behavioral analysis and classifies the driver condition as 
normal, drowsy, or aggressive. Whenever unusual driving 
behavior is detected, the alert module generates immediate 
warning notifications to reduce accident possibilities and 
improve road safety. 

The architecture also contains a monitoring dashboard that 
allows administrators and transport authorities to track driver 
behavior reports, prediction outputs, and system activities in 
real time. In addition, all behavioral information, prediction 
results, and alert records are securely maintained in the 
database and log storage module for future analysis and 
system enhancement. The proposed framework supports 
intelligent, scalable, and real-time driver safety monitoring for 
modern transportation environments.. 

. 

IV. IMPLEMENTATION 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Fig 5.1 System Flowchart of Implementation The proposed 

system is implemented using: 

• Frontend: React 

• Backend: Python Flask 

• Database: MySQL / MongoDB 

• Machine Learning Libraries: Scikit-learn, XGBoost 

• Data Processing Libraries: Pandas, NumPy 

 

Key Modules: 

• Driver Data Management Module 

• Behavioral Analysis Module 

• Risk Prediction Engine 

• Alert Notification System 
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The system supports real-time behavioral prediction and 
intelligent transportation monitoring. It collects live driver 
information through cameras and sensors and processes the 
data to identify important behavioral features such as eye 
movement, facial expressions, and driving patterns. The AI 
model analyzes these features to detect drowsiness and road 
rage conditions and generates immediate safety alerts.. 

 

 

V. RESULT AND DISCUSSION 
 

 

The proposed system was tested under multiple driving 

situations, including fatigue conditions, distraction scenarios, 

and emotional stress environments. 
Results: 

• CNN models effectively detected eye closure and 

fatigue patterns 

• YOLO-based detection successfully

 identified distraction activities 

• The integrated AI framework improved overall 

prediction accuracy 
Comparison: 

• The proposed framework achieved better real-time 

performance and reliability than conventional monitoring 

systems 

• The integrated framework effectively identified 

dangerous driving behavior and reduced false predictions. 

• The integrated approach reduced false predictions and 

improved detection of unsafe driving behavior 

This improves: 

• Higher Accuracy 

• Better Reliability 

• Enhanced safety and security 

VI. CONCLUSION AND FUTURE SCOPE 
This research presents an AI-Based Driver Drowsiness and 
Road Rage Detection System using Computer Vision and 
Deep Learning technique 
The proposed framework effectively identifies fatigue, 
distraction, and aggressive driving behavior using facial 
analysis and behavioral prediction models. Experimental 
analysis shows that deep learning methods provide high 
accuracy and dependable performance for intelligent driver 
monitoring applications. 

Future Scope 
The future scope of the proposed AI-Based Driver 
Drowsiness and Road Rage Prediction System includes 
integration with advanced intelligent transportation 
technologies for improved road safety and continuous driver 
monitoring. Future enhancements may connect the system 
with IoT-enabled smart vehicles and cloud-based 
transportation platforms to support centralized real-time 
behavioral analytics. The framework can also be integrated 
with GPS and traffic management systems to analyze traffic 
conditions, environmental factors, and route-based driving 
behavior for more accurate risk prediction and intelligent 
transportation management. 
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