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           Driver drowsiness and syncope are the most relevant causes of traffic accidents. To address these safety issues, this project presents “Drive Guard", an intelligent and AI-based driver monitoring system. With a high-definition camera, “Drive Guard” monitors facial expressions, eye movement and other critical behavioral parameters to identify signs of drowsiness and syncope. When drowsiness is detected, it alerts the driver acoustically, preventing accidents. And even if a fainting spell is detected, it can respond automatically: “Drive Guard” immediately sends an emergency alert to local services so security of the driver can then be guaranteed. “Drive Guard”, a qualitative leap in safeguards for drivers and other highway users, is the most complete solution for reducing accidents on the road due to fatigue and impairment.
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Abbreviation	Full Form
AI	Artificial Intelligence
CNN	Convolutional Neural Network
DMS	Driver Monitoring System
DDD	Driver Drowsiness Detection
FPS	Frames Per Second
ML	Machine Learning
DL	Deep Learning
RGB	Red Green Blue
IR	Infrared
SVM	Support Vector Machine
EEG	Electroencephalography
LBP	Local Binary Pattern
NHTSA	National Highway Traffic Safety Administration
GPS	Global Positioning System
SOS	Save Our Souls (universal distress signal)
ECG	Electrocardiogram
LSTM	Long Short-Term Memory
GAN	Generative Adversarial Network
API	Application Programming Interface
JPG	Joint Photographic Experts Group
OPM	Oculomotor Parameters Monitoring
GCN	Graph Convolutional Network
EMG	Electromyography
SSD	Single Shot Multibox Detector
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Artificial Intelligent refer to the simulation of human intelligence processes by machines, especially computer systems. It has the ability to learn, reason, and self-correct, allowing machines to carry out tasks that usually require human intelligence (Russell, 2020) AI has found applications in medicine, robotics, finance, speech and image recognition, gaming, and particularly in the operation of autonomous vehicles.
AI has become a key part of the transportation sector, improving safety and efficiency. We have been largely dependent on the likes of AI in this particular space with one of the top applications being Driver Monitoring Systems (DMS). Transporters, progressive Drive AI systems, use AI algorithms to evaluate driver behavior and detect potential signs of impairment to promptly alert drivers and prevent accidents. (Babu, 2021)
Driver fatigue & drowsiness: A critical factor in road accidents According to the National Highway Traffic Safety Administration (NHTSA), in 2017 approximately 91,000 police-reported crashes involved drowsy drivers, resulting in an estimated 50,000 injuries and nearly 800 deaths. In addition, research has indicated that the cause of fatal-to-the-driver crashes is driver fatigue in 31% of the crashes. (Williamson, 2013) ((NHTSA), 2015)


Common approaches to drowsiness detection focus on vehicle behavior (like lane deviations and sudden breaking)  (Desai, 2015). But such approaches cannot provide instantaneous assessments of the driver's state. These advancements in AI have enabled systems to use sensors and cameras to assess physiological expressions such as eye movements, facial expression, and head position to identify early signs of drowsiness  (Zhao, 2020). These systems can, on detection, warn the driver via auditory or visual signals, thereby reducing the likelihood of fatigue-related accidents.  (Abdar, 2021)
Apart from drowsiness, another major risk to the safety of drivers is distraction. DMS integrated with AI can monitor driver attentiveness through the analysis of behaviors like eye gaze direction and head movements  (Sivaraman, 2013). If the system notices driver distraction of any kind, it can provide feedback to the driver about maintaining attentiveness to the road.  (Dasgupta, 2019)  
DMS is not the without challenges in AI implementation. This is an important concern that needs to be controlled considering the lack of homogeneity of the road Vs driver types in the real world  (: Awais, 2017). Also, privacy concerns regarding driving habits need to be tackled before it can be widely accepted. However, it is important to ensure that the technology is not misused and that the personal and sensitive data collected is securely managed.
In conclusion, AI in driver monitoring technology is a critical development in automotive safety. AI-powered DMS thus use real-time analysis of driver behaviors and physiological states to act preventively against accidents associated with drowsiness and distraction. Your training data goes up until October 2023.
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The risk of traffic accidents due to driver impairment, including drowsiness and fainting, remains a major problem in contemporary transportation due to inadequate road safety. Many research papers have proven the link between decreased alertness of drivers and road accidents, and stressed the importance of preventing such situations before they result in a disaster. The “Drive Guard” project is an advanced AI-driven system aimed at addressing these issues. While standard systems are limited to detecting potential drowsiness, “Drive Guard” can also detect early signs of drowsiness and, in extreme cases, fainting. The platform uses access to high-resolution cameras and advanced machine learning algorithms that are trained to detect subtle differences in the expressions on a person's face, their eye movement and other behavioral clues in order to give people real-time feedback and alerts. By curtailing fatigue-related accidents, further enhancing road safety and saving lives in the process, this method can truly make a difference.

Accidents caused by drowsy drivers or those who suffer from cardiac disease are some of the leading causes of injuries, and death in all over the world. Drowsiness slows reaction time and therefore, a motorist’s ability to make good decisions, leading to a drastically higher chance of an accident. In extreme cases, this can result in loss of control of the vehicle, and therefore greatly increases the risk of fatal crashes. Current driver monitoring systems are mainly focused on detecting whether a driver has dozed off yet are unable to accurately recognize a fainting driver or manage state-level emergency response, putting driver and passenger safety at significant risk.
To tackle the dangers which lie from driver drowsiness and fainting, this project proposes “Drive Guard”, an artificial intelligence-based driver monitoring system which aims to improve road safety by analyzing the driver’s facial expressions and behaviors in real-time. When compared to the conventional “fatigue detection” systems that rely mainly on eye closure to determine drowsiness, “Drive Guard” employs cutting-edge computer vision and machine learning algorithms to analyze various drowsiness indicators, such as eye movement, facial expression, head tilt, and body posture.
It works in two main modes:
· Drowsiness detection: The system sounds immediate auditory alarms if it detects drowsiness — such as slow eye movements, a long blinking time, or nodding to help refocus the driver.
· Fainting detection & Emergency response: If the system detects that the eyes are closed for a long time, no facial expressions are detected, and there is no sign of moving, the system identifies it as a possible fainting event. In such cases, “Drive Guard”:
• Sends an emergency notification to the medical services automatically
• Supports live GPS of the driver for quick response.
“Drive Guard integrates real-time AI-based monitoring systems with an automated emergency response system providing a novel approach to reduce accident risks caused by driver impairment through a proactive approach, preventing crashes and accelerating emergency response when necessary.

The following key questions are addressed in this research:

What are the most reliable physiological and behavioral correlates for drowsiness detection and fainting in drivers?	
	What kind of performance does AI-based driver-monitoring systems provides compared to traditional methods of detecting drowsiness?
How accurately can we differentiate between states of fainting/drowsiness using deep learning techniques?
How effective Integration of Real-Time Alert Mechanisms and Emergency Response Features in Driver Safety Systems?
	What are the main technical barriers to deploying AI-powered driver monitoring systems across a multitude of driving scenarios?
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	Dataset Name
	Link
	Biomarker
	Size 
	Limitations

	Driver Drowsiness Dataset

	https://www.kaggle.com/datasets/ismailnasri20/driver-drowsiness-dataset-ddd/data
	Facial landmarks, eye movement, blink rate
	2.76 GB
5000+ Records
	limited to certain drowsiness conditions.

	Drowsy Detection Dataset

	https://www.kaggle.com/datasets/yasharjebraeily/drowsy-detection-dataset
	Eye, mouth features, videos.
	13.43 MB
8000+ records
	 focus on specific driver scenarios.

	Drivers-drowsy

	https://www.kaggle.com/datasets/khanh14ph/driver-drowsy
	Eye movement, facial landmarks, video data.
	3.02 GB
10,000 records 
	focused on specific age group, video processing required.

	Drowsiness dataset

	https://www.kaggle.com/datasets/dheerajperumandla/drowsiness-dataset
	Eye blink, heart rate, facial landmark
	175.84 MB
5000+ Records
	Imbalanced data,
some missing entries.

	Frame Level Driver Drowsiness Detection (FL3D)

	https://www.kaggle.com/datasets/matjazmuc/frame-level-driver-drowsiness-detection-fl3d
	facial features, frame level video data
	645.01 MB 
5000+ Records
	Requires high quality video data.

	Drowsiness Detection Dataset

	https://www.kaggle.com/datasets/prasadvpatil/mrl-dataset
	Video, facial cues, physiological signals
	22.85 MB
5000+ Records
	limited data on environmental factors.
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This project will be trained and evaluated on publicly available datasets in this project Here are the main things to know:
Primary Dataset Selection
• The dataset that best approximates real-life behavior of drivers will be used for training and testing.
• Multiple datasets may be used to better generalize from one model.
Data Preprocessing &Augmentation
• Data will, however, increase, and noise reduction techniques will be employed to improve the quality of the data.
• Augmentation techniques to diversify datasets (e.g. different lighting conditions, angles of the camera).
· Balancing Data for Fair Training
	• Addressing potential class imbalances to ensure that both drowsiness and fainting cases are equally represented.
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This research seeks to create a driver surveillance system that enhances road safety through the identification and mitigation of drowsy and medical emergencies. The objectives are as follows:
Real-time AI model through which we can identify facial expressions, eye movements, and body language to detect changes in the driver like drowsiness and unconsciousness.
Distinguishing drowsiness from fainting by recognizing distinctive behavioral and physiological traits of each state.
We propose the implementation of a real-time alarm that delivers timely sound alerts to the driver when he or she is drowsy, thus preventing total loss of what the driver is really doing on the highway.
Developing an automated emergency response system that:
                              • Sends an SOS distress signal to emergency services.
                              •   Transmits the driver’s GPS location for more rapid rescue response.
System robustness and precision across different environments (day vs night, varying illuminations, different driving speeds).
Gaining insights for advancement in AI-based driver safety technologies by addressing a few of the current research gap.
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It is points out that "driver drowsiness" is among the major causes of road casualties and is involved in almost 20% of all accidents, causing more than 1,200 deaths every year. It emphasizes the need of sound driver drowsiness detection systems to improve the safety of vehicles. It also qualifies detection methods as effectiveness vehicle-based, behavioral-based and physiological-based techniques that all measurable and different indexes of drowsiness. Vehicle-based measures are designed to monitor driving actions, and behavioral measures to measure physical signs such as yawning, blinking, and eye movements through camera. Physiological measures detect signals under ECG and EEG to indicate drowsiness through variations in heartbeats and periodic patterns of brain activity. This review also highlights several technological developments such as real-time monitoring platforms, smartphone applications and classification algorithms to assess driver alertness, etc. This document, therefore, serves as a compendium to the existing knowledge on fatigue detection methods, and recommendations for improvement. .Overall, it serves as a comprehensive survey of the challenges and solutions surrounding driver drowsiness detection technologies. (Saini, 2014)

Presents a research study to develop a real-time driver drowsiness detection system using deep learning techniques such as Convolutional Neural Networks (CNN). The main motivation is to mitigate the serious problem of driver fatigue which is a major cause of motor vehicle accidents and death around the world. Proposed System: The proposed system with the Mobile Net architecture and Single Shot Multibox Detector is used for detecting if the eyes are opened or closed of a driver on the real-time video stream. To train the model, they created a dataset of about 4,500 images of drivers in different states of alertness. This approach to authenticity is similar to one they describe in which the balance of accuracy, computational efficiency, and affordability allows such a system to be implemented with cheap hardware, such as a Raspberry Pi or generic cameras. This approach allows for a wider reach of drowsiness detection technology, specifically in cars that might not have sophisticated safety systems. It provides a high-level look at the methods used in the research, from data collection to algorithm design, and evaluation metrics, intending to contribute to the ongoing efforts in reducing. (Dipu, 2021)

Concentrates on the construction of a deep CNN–LSTM network for the identification of driver fatigue through EEG signals. The EEG data used by the model come from driving simulation with 11 participants, filtering and standardization of data were performed. You train the model for classification of tabular data through a combination of CNN and LSTM layers in a neural network. Experimental results show that the algorithm can accurately detect driver fatigue and has better robustness against the environmental noise. This method has potential application in driver fatigue detection systems. (Sheykhivand, 2022)

Propose a new solution to automatically detect driver fatigue via EEG signals that are based on deep learning methods, which use the Fusion of GAN and GCN. The study overcomes some drawbacks in previous literature that had largely only considered binary classifications for classifying fatigue and had a heavy reliance on self-reported data. (Ardabili, 2024)

Describes in detail real time Driver Face Monitoring System to identify the driver fatigue and distraction based of the machine vision techniques used. They propose a novel method for hypo vigilance detection based on features extending beyond facial region itself and eye region symptoms, including eye closure percentages and head rotation. Novel contributions include a simple head yaw rotation detection method with no reliance on explicit eye detection, model-agnostic symptom extraction that is adaptive to the current frame, and personalized symptom normalization through a brief training phase.
Fuzzy Expert System is used to determine driver's conditions based on the symptoms. Importantly, it reflects serious challenges in quantifying fatigue and concentration, crucial in improving public safety and minimizing road accidents associated with driving under the influence of sleepiness and distraction. The system reduces accident rates significantly by analyzing facial and eye symptoms and informing drivers of their hypo vigilance states. The paper offers a substantial review of prior work on driver monitoring systems (DMS), and presents a delineation of methodology, as well as experimental results, that suggest strongly positive indications for enhancing driver safety.. (Sigari, 2013)

Focused on driver distraction and drowsiness based on data collected by two driver monitoring systems (DMS). The research investigates retrospective data of 330 drivers, in which reveals result of detailed analysis of driver profiles (short-distance vs long-distance drivers) and trip characteristics (driving time, speed, break frequency) shows on inattention. The study uses probit models to evaluate the risk factors of the alerts for distraction and drowsiness emitted by the systems. (Lobo, 2020)
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	Datatype:

	Training Model
	Accuracy
	Dataset

	1
	Image data (facial features, eye state)
Physiological signals (EEG, ECG, EOG)

	-Haar Cascade Classifiers
-Fuzzy Wavelet-Packet-Based Feature 
-Extraction
Hybrid approaches combining image processing and bio-signals

	 80% To 95%
	Custom datasets created from simulation driving tests and real-time monitoring system

	2
	RGB images in JPEG or PNG format, annotated with bounding boxes for object detection.

	TensorFlow Object Detection API, specifically the MobileNet_SSD_v1
	over 90%
	around 4500 training images and 700 testing images

	3
	EEG signals
	A deep CNN–LSTM network
	99.23%
	A comprehensive dataset of EEG signals

	4
	-EEG signals (Electroencephalography)
-ECG signals (Electrocardiography)
-EMG signals (Electromyography)
-Respiratory effort signals
	-Generative Adversarial Networks (GAN)
-Graph Convolutional Networks (GCN)
	91.7% To 99.4%
	20 participants in five different classes

	5
	Image data from video sequences of drivers' faces.

	Fuzzy expert system combined with horizontal projection analysis for eye and face features.
	90.8%
	27 video sequences

	6
	2 Driver Monitoring Systems (DMS) 
-an embedded system installed in commercial vehicles and a -smartphone application available to the public.
	Ordered probit models (OPM)
	93%
	1,658 sub-journeys and 11,034 distraction events and 6,949 drowsiness events
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