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We propose an intelligent system that can recognize drowsiness during daily life withithe use of EEG measurements in the ear canal in
combination with conventional photoplethysmography (PPG) and electrocardiography (ECG). The physiological signals for
classification by machine learning were measured during the sustained,attention task of simulated driving. The features were sorted by
their degree of importance using three types of ranking filters‘and, the combined information. The effect of the feature size of the
biological signals on machine learning was evaluated by determining the mean squared error. The classifications were conducted with
various datasets and dataset lengths that were obtained from the same biological signals considering the transitional traits of drowsiness.
The statistical measures of the performance ofthe classifications using machine learning indicated that the system based on the ear canal
EEG data and the physiological attribute’ data was excellent. The feature selection process with the composite ranking algorithm using
multiple ranking methods improved: the classification performance. The nonlinear features were highly selective among the
physiological attributes for the/intelligent recognition of drowsiness.
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1.INTRODUCTION

The inability to control the body in a drowsy state can lead to risky behavior that can be fatal. Specifically, from
global reports, a drowsy state while driving can cause unintended damage, injury and death as a side effect of the auto
industry chasing industrial profits without considering safety (Choi et al. 2016). Therefore, researchers have developed
driver status monitoring (DSM) systems and alarms to reduce traffic accidents. One of the main components of these

systems is the ability to detect irresistible drowsy states using various records (Choi et al. 2016; Sahayadhas, Sundaraj,
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