Development of a Classification Model for a Driver's Drowsiness and Wake Status using Heart

Rate Variability and Respiratory Features

ABSTRACT

Objective: This study was to evaluate the features of Heart rate variability (HRV) and respiratory signals
as indices for driver's drowsiness and wake status and to develop the classification model for driver's

drowsiness and wake status using those features.

Background: Driver's drowsiness is one of the major causal factors for traffic accidents. This study
hypothesized that application of combined bio-signals to monitor alertness level of drivers would

improve the effectiveness of classification techniques of driver's drowsiness.

Method: The features of three Heart rate variability (HRV) measures including Low frequency (LF), High
frequency (HF), and LF/HF ratio and two respiratory measures including peak and rate were acquired
by the monotonous car driving simulation experiments using Photoplethysmogram (PPG) and
respiration sensor. The experiments were repeated a total of 50 times by five healthy male participants
in 20s to 50s. The classification model was developed by selecting the optimal measures, applying

binary logistic regression method, and performing 3-fold cross validation.

Results: The power of LF, HF, LF/HF ratio, and respiration peak of drowsiness status was reduced by
38%, 22%, 31%, and 7% comparing to those of wake status respectively; while, respiration rate was
increased by 3%. The classification sensitivity (91.4%) of the model using both HRV and respiratory
features was improved comparing to that (89.8%) of the model using only HRV features and that

(83.6%) of using only respiratory features.

Conclusion: This study suggest that classification of driver's drowsiness and wake status may be

improved by combination of HRV and respiratory features.

Application: The results of this study can be applied to the development of driver's drowsiness

prevention systems.

Keywords
Driver’'s drowsiness, Photoplethysmogram (PPG), Respiration, Classification model, Heart rate variability
(HRV)
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2. Method
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Figure 1. Physiological sensor attachment location

2.3. Experimental design
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Figure 2. Layout of driver's drowsiness experiment
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Figure 3. The results of difference between driver's drowsiness and wake status using paired-t test (*p
< .05)

3.2. Development of classification model for driver’'s drowsiness and wake status
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Table 1. Comparison of classification performance among Heart rate variability and respiration

variables, only heart rate variability variables and only respiration variables using condition
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4. Discussion
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