ORIGINAL RESEARCH

TESTING A SYSTEM FOR PREDICTING MICROSLEEP

Pavel Spurn\'/l, Jakub Andr§!, Peter Bouchner?, Ji¥i Puéelik®, Richard Rokyta1

Charles University, 3rd Faculty of Medicine, Department of Normal, Pathological and Clinical

Physiology, Prague, Czech Republic

’Czech Technical University, Faculty of Transportation Sciences, Prague, Czech Republic

Abstract

An instrument to objectively measure driver’s fatigue and to monitor approaching micro-sleep was designed,
manufactured and tested. The instrument is based on a simple infrared sensor, which consists of an emitter and detector
and is based on the different reflectivity of the eye and the skin of the eyelid. The instrument records eyelid activity as
the number of blinks. The device has been put into practice in the form of lensless glasses and tested in an automobile
simulator at the Faculty of Transport, Czech Technical University in Prague. The results show that the system was
reasonably efficient at detecting fatigue, and therefore potentially micro-sleep. However, currently it is not possible to
measure the effectiveness of the system and evaluate the results in real-time.
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Introduction

Micro-sleep, or ‘falling asleep at the wheel,” is
a well-known problem with serious implications. The
consequence of micro-sleep is manifest as daily car
accidents, many of which result in fatalities. The US
National Highway Traffic Safety Administration
reported that in 2013, driving while fatigued resulted in
72,000 accidents, 44,000 injuries and 800 deaths.
However, other studies suggest the death rate is much
higher and may be near 6,000 deaths per year. In the
past, many companies have attempted to address this
problem by developing methods to predict driver
fatigue and thus significantly reduce the risk of drivers
falling asleep at the wheel and causing serious
accidents. The first methods of detecting the approach
micro-sleep were based on EEG studies [1, 2, 3, 4, 5].
These systems were accurate enough, but in practice,
they were extremely impractical. Other studies [6, 7, 8,
9, 10] dealt with the detection of micro-sleep through
evaluation of blinking using cameras and computer
technology oriented on image segmentation recognition
of specific areas of the face. Now, with the current
advances in science and technology, we finally have
several sufficiently accurate and functional methods
that can be exploited.

The main methods in use today involve wheel motion
sensors or a camera located in the rearview mirror, or
a combination of the two. The data is processed by
a control unit and when it recognizes a state of fatigue,
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an audible signal is sent to alert the driver, thereby
decreasing risk of micro-sleep. However, these met-
hods are costly and only available on specific high-end
brands of new cars, which effectively mean the
technology is available to only those who can afford it.

This project builds on an earlier study [10] that
developed the OPTUS device, which is based on the
fact that the frequency of blinking increases during
fatigue. The system operates on a simple physical
principle involving the differential reflection of
infrared radiation off the surface of the eye compared
to the skin on the eyelid.

The objective of this study was to test the OPTUS
device under simulated driving conditions and use the
results as a part of the further development of a device
that can predict the onset of micro-sleep. The goal is to
develop a portable, simple, and inexpensive device that
is accurate enough to reliably reduce the risk of micro-
sleep, and which can be used by all drivers, regardless
of vehicle.

Description of instrument OPTUS

The main theme of the entire system is simplicity
and effectiveness. Therefore, only the most basic parts
were used to construct the device. The entire
measurement system consists of (1) an infrared (IR)
element, which also acts as the emitter and the detector,
which was developed by [10], (2) the OPTUS glasses
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frames, in which the sensor is placed (Fig. 1), and (3)
the necessary electronic circuits for amplifying and
filtering the raw signals (transmitted by a data cable to
the DC / DC converter). The converter is connected by
a USB cable to a computer, which uses specific
software to record and save the signals. Data can then
be exported to a “csv” file for subsequent processing
and analysis in the MATLAB® programming
environment. The complete measurement system was
developed by Ing. Pucelik, Pilsen, CZ.

sensor

Fig. 1: The testing arrangement of the OPTUS
instrument.

The device is based on the differential reflectance of
IR radiation of the eye relative to the skin of the
eyelids. Once a blink takes place, a photoelectric
detector senses a different signal and the system
evaluates this phenomenon as a positive or negative
peak [10]. The schematic for the IR element is shown
and described in Fig. 2. Fig. 3 demonstrates the real
measurement situation.
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Fig. 2: Diagram of the basic principle of the
optoelectronic sensor. [10]

Methods

Measurements were carried out using a car simulator,
supplied by prof. Bouchner, Faculty of Transportation,
Czech Technical University in Prague.

Ten subjects were tested on the simulator using the
OPTUS device. Participants had to have a valid
driver’s license and be physically fit. In this particular
test, all drivers were between the age of 20 and 25
years. The experiment was divided into two phases.
The first phase included familiarization with the

Lékar a technika 2016, Vol. 46(1), pp. 51-54
ISSN 0301-5491 (Print), ISSN 2336-5552 (Online)

52

simulators and the OPTUS device, followed by the
sample measurements. The second stage, which took
place one week later, was based on the measurement of
blink activity while the participants were in a state of
sleep deprivation (participants did not sleep at all the
night before testing). Additionally, participants were
not allowed to consume caffeine, alcohol, energy, or
other stimulant drinks during a 6 hour period
immediately prior to testing.

Each measurement was carried out under conditions
suitable to induce micro-sleep (i.e., night-time driving
simulation, medium traffic conditions, and monotonous
driving conditions). Each test run lasted 10 minutes and
was repeated three times, with ten-minute rest breaks in
between simulations.

Fig. 3: Participant wearing the OPTUS test device.

Data analysis was carried out in the Matlab®
program environment. The first interfering signal
component was removed, after which the program
started counting the number of blinks (Fig. 4).

The Student's paired t-test was used to compare the
mean values between the first (i.e., the beginning of
each 10 min test period) and second elements (i.e., the
end of each 10 min test period) of the ordered pairs.
The paired t-test was considered most suitable for this
analysis since it was necessary to compare the results
of the behavior of a group of participants in two
different states (i.e., rested vs. fatigued). GraphPad was
used as the processing program.
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Fig. 4: Processing of the signals in Matlab®.
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Results

Calculated values of the number of blinks for each
participant are listed in Tab. 1.

Tab. 1: The resulting values of the 3 measurements of
blinks (M1, M2, M3) for each participant (P) and
calculated average (Mean).

The number

of blinks
P Status M1 M2 M3  Mean
Pl rested 207 205 162 191
tired 236 288 244 256
P rested 350 372 310 344
tired 385 357 320 354
3 rested 134 95 143 124
tired 322 332 332 329
P4 rested 233 228 293 251
tired 296 272 200 256
Ps rested 192 215 251 219
tired 357 356 398 370
P6 rested 256 284 293 278
tired 289 289 290 289
p7 rested 371 385 392 383
tired 401 396 399 399
P8 rested 232 244 213 230
tired 155 166 262 194
P9 rested 418 408 335 387
tired 446 429 402 426
P10 rested 221 196 173 197
tired 249 283 276 269

The graph in Fig. 5 is a statistical summary showing
that fatigued participants blinked significantly more
often than when they were in a rested state. Statistical
details for the paired t-test, differences in size, and the
P value are presented in Tab. 2.
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Fig. 5: Statistical comparison of the measured results.
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Tab. 2: Values of Student's paired t-test.
*** means P <0.001, ** means P < 0.01

Setting values

P value | 0.0008
P value summary | ***
Significantly different? (P <0.05) || Yes
One- or two-tailed P value? || Two-tailed
t, df || t=3.737; df=29
Number of pairs || 30

Size differences

Mean of differences || 53.87
SD of differences || 78.95
SEM of differences | 14.41
95% confidence interval || 24.39 to 83.35
R squared || 0.3251
Confirmation provided
Correlation coefficient (r) || 0.5357
P value (one tailed) || 0.0011

P value summary || **
Pairing significantly effective? || Yes

Discussion

From the above results we concluded that the
OPTUS instrument can detect, monitor, and evaluate
fatigue and approaching micro-sleep. We found that
head movements introduced artifacts that affected the
quality of the measurements. The issue of movement
will need to be addressed and technical or program-
ming solutions will need to be developed to remove
movement related artifacts.

The measuring system design was simple, functional,
and capable of objective sensing driver’s fatigue. Using
currently available wireless technology and the
diminutive size of the electrical components, it seems
certain that a device like the OPTUS device can be
developed based on the glasses shown in Fig. 3 that
could help drivers around the world to predict micro-
sleep.

Conclusion

We tested a prototype system for objective
measurement of the onset of micro-sleep while driving.
The system is based on opto-electrical sensing of the
right eye. Blinking of the eye produces a significant
change in the signal that can be easily detected and
interpreted. Our initial testing of 10 participants in
a driving simulator, in which we compared blink rates
during rested and tired states, found that the device was
able to objectively and accurately measure driver’s



ORIGINAL RESEARCH

fatigue and therefore could be used to predict
approaching micro-sleep.
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