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A generalizable driver drowsiness detection framework based on physiological signals is proposed

Time and frequency domain features of signals are explicitly extracted and fused

Three loss functions are introduced to promote generalizability and robustness of the model

e The first multi-domain generalization benchmark for driver drowsiness detection
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ARTICLE INFO ABSTRACT

Keywords: Driver drowsiness is one of the leading causes of crashes, injuries, and fatalities on the road.
Driver drowsiness estimation Traditional drowsiness detection models relied on manually extracted physiological features
Physiological signals processed through machine learning algorithms. However, these methods lacked flexibility and
Domain generalization robustness across diverse real-world conditions. Although recent advances in deep learning have
Neural network improved detection accuracy through automated feature extraction based on larger learnable

parameter space, the generalization of existing models is still limited due to domain shifts. In this
study, we proposed DrowsyDG-Phys, a novel domain generalization (DG) framework for driver
drowsiness detection using three physiological signals (i.e., electrocardiogram, electrodermal
activity, and respiration signals) that can be measured by in-vehicle or wearable sensors.
Our approach introduced a backbone network for explicit time and frequency domain feature
learning. In addition, our approach integrated three novel loss functions: a prior knowledge-based
contrastive regularization for robustness, a feature centralization loss to promote generalization
in heterogeneities, and a novel loss function to align drowsiness assessment criteria. Finally, we
established a multi-source DG benchmark and evaluated our model on three existing datasets and
a self-collected dataset involving 60 participants in a simulated SAE Level-3 driving scenario.
Our proposed DrowsyDG-Phys achieves 78.5% accuracy on the DG protocol, as well as 88.4%
accuracy on the cross-subject protocol. Experimental results demonstrated that DrowsyDG-Phys
outperformed baseline methods, and improved generalization and robustness of physiological
signal-based drowsiness monitoring.

1. Introduction

Driver drowsiness in safety-critical environments can lead to fatal consequences. In the United States alone, each
year, an estimated 328,000 crashes are attributed to drowsy drivers, resulting in approximately 109,000 injuries and
6,400 fatalities (Tefft, 2012). Drowsiness in driving is defined as a state of impaired consciousness where a driver is
more inclined to sleep than to stay awake (Slater, 2008). This state can lead to slower reaction times, poor decision-
making abilities, and overall diminished responsiveness (Ashraf, Hur, Shafiq and Park, 2019; Khushaba, Kodagoda,
Lal and Dissanayake, 2010). With advancements in technology, data-driven methods have been developed to detect
drowsiness using images, physiological signals, and vehicle sensors (Saleem, Siddiqui, Raza, Rustam, Dudley and
Ashraf, 2023; Wang, Yang, Wang, Wei, Wang, He and Wu, 2024e). However, not all measures are suitable for
deployment in vehicles, especially in vehicles with driving automation, where drivers no longer need to continuously
control the vehicle, making vehicle-based measures less relevant. Further, associated privacy concerns can also
decrease the acceptance of image-based drowsiness detection. Thus, monitoring drowsiness through physiological
signals, due to its comparatively less private data collection compared to in-car cameras, has gained increasing attention
from researchers (Kakhi, Jagatheesaperumal, Khosravi, Alizadehsani and Acharya, 2024).

Traditional physiological-based models for driver drowsiness monitoring have mainly relied on the manual
extraction of physiological features, such as low frequency (LF) and heart rate (HR) from electrocardiogram (ECG)
signals. These models often utilized machine learning (ML) techniques, including LightGBM and SVM (Cheon
and Kang, 2017; Chowdhury, Shankaran, Kavakli and Haque, 2018; Zhou, Alsaid, Blommer, Curry, Swaminathan,
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