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Abstract— The detection of driver fatigue is a longstanding
issue in the field of biometric measurements. In this study, we
examined the possibility of detecting the fatigue state of drivers
using their body accelerations. Nine healthy subjects operated a
driving simulator for one hour in the morning and one hour in
the evening. A Holter ECG was worn and body acceleration was
measured using a built-in triaxial accelerometer. The results of
the comparison of body acceleration in the morning and evening
showed that the variance of the data was larger in the afternoon
for most subjects. By visualizing and comparing the time series
within the same subject, this study showed that the variance of
the driver's body acceleration increases with fatigue. It is
expected that this method will be applied to improve driver
safety in the future.
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I. INTRODUCTION

Driver fatigue causes a wide range of social problems.
Traffic accidents are a serious social issue because they cause
significant damage not only to drivers themselves, but also to
other vehicles and pedestrians. In addition, mistakes made by
drivers on the job due to driver fatigue cause a decline in
productivity and quality. In particular, when drivers drive for
long periods of time, their concentration and discernment may
deteriorate, which is a contributing factor affecting the
efficiency and safety of their work. Therefore, driver fatigue
detection has been a longstanding issue in the field of
biological measurement. Recently, the development of
wearable sensor technology has made it possible to measure
various bio-signals noninvasively. In this study, we
investigated the possibility of detecting the fatigue state using
the driver's body accelerations.

II. METHODS

There were nine subjects; 7 healthy older (3 female) and 2
youngers. The subjects operated the driving simulator for one
hour in the morning (approximately 8:00-9:00 AM) and one
hour in the evening (approximately 5:00-6:00 PM). A Holter
electrocardiograph (ECG) was worn during operation of the
driving simulator, and body acceleration was measured using
a built-in triaxial accelerometer. The sampling frequency of
acceleration was 125 Hz, and the collected acceleration data
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were resampled at 2 Hz. The axes of acceleration (X, y, z) were
squared and added and the square root was calculated the
composite acceleration (BA), which was plotted every 10
minutes during simulator operation.

BA |= J2+y2 423 ()

III. RESULT

Comparing the data in the morning and evening, the
variance of the data was larger in the evening for many
subjects, and we were able to visualize the driver's tendency to
some extent with a frequency resolution of about 2 Hz (Fig.1).

IV. DISCUSSION

Driver accidents caused by fatigue tend to occur more
frequently in the evening. Although the specific rate of
accidents varies depending on various factors such as region,
weather conditions, and traffic volume, it is believed that
fatigue is a contributing factor in the evening. In this study, by
visualizing and comparing time series trends within the same
subject, it is possible that fatigue increases the dispersion of
driver body acceleration, which may affect driving stability.
Time series analysis is also useful for creating predictive
models, we will now combine the ARIMA model and Lorenz
plot analysis to verify chaos.

For more sophisticated analysis and for predicting fatigue, it
is important to decompose changes in the data, which may be
useful for finding outliers and periodic fluctuations. And it has
been shown that older drivers are more likely to accumulate
fatigue than younger, it is also necessary to examine the
differences between the older and younger groups.

This study shows that time series analysis of body
acceleration is useful for estimating the fatigue state of drivers.
It is expected that this method will be applied to improve
driver safety in the future.
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Figure 1.  Time series comparison of composite acceleration

The left side (yellow) indicates morning operation and the right side (blue)

indicates evening operation. Body acceleration at 0-10 minutes, 10-20

minutes, 20-30 minutes, 30-40 minutes, 40-50 minutes, and 50-60 minutes

after the start of operation are plotted, respectively. The last part (50-60

minutes) showed a large fluctuation because the subject seemed to get off the

seat. (This subject is an example of a young subject



