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Abstract— Many accidents are caused by drowsy drivers. To
prevent such accidents, it is necessary to create a device that can
detect early drowsiness on the driver and immediately wake the
driver. From the study it is known that a reliable indicator to
measure drowsiness is the average duration of eyelid closure.
This paper presents a prototype of drowsiness detection on the
driver using a low-cost EMG, called Myoware, which can be used
to detect the closure of the eyelid without injuring the eyes, by
simply attaching it to the skin around the eyelid. To facilitate this
attachment, an eyeglass is used. Furthermore, with the addition
of ESP8266, it has been possible to create a drowsiness level
detector that can be monitored online via the internet.

Keywords—driver drowsiness; eye closure duration; a low-cost
EMG; an eyeglass frame; ESP8266.

I. INTRODUCTION

Drowsy drivers are a major contributing factor to traffic
accidents. It has been proven in many studies, that there is a
relationship between drivers who are sleepy with traffic
accidents. Preventing the driver from drowsiness will be able to
reduce the occurrence of accidents. [1,2].

Drowsy driving is a major contributing factor to a traffic
accident. This has been proven by the many studies that found
a connection between driver drowsiness and traffic accidents.
Preventing the driver from drowsiness will be able to reduce
accidents. Physiological measures have frequently been used
for drowsiness detection as they can provide a direct and
objective measure. Possible measures are EEG (Electro-
Encephalo-Graphy), eye movements, eye blink and eyelid
closure [3].

EEG is an electrophysiological monitoring method to
record electrical activity of the brain. EEG has shown to be a
reliable indicator of drowsiness. The amount of activity in
different frequency bands can be measured to detect the stage
of drowsiness. The disadvantage of using EEG are difficult to
measure in field settings due to signal artifact, are not readily
amenable to real time signal processing and are not highly
predictive of impaired behavior due to drowsiness [4].

Further, instead of using EEG, technological development
has enabled more detailed measurement of eyelid movements
in real time. Initial reports suggest that the velocity and
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amplitude of eyelid movements provide useful indicators of
drowsiness and that the use of multiple eyelid closure metrics
may improve the prediction of drowsiness [5].

Eye movements can be measured using EOG (Electro-
Oculo-Graphy). EOG is a technique for measuring the corneo-
retinal standing potential that exists between the front and the
back of the human eye. However, just like EEG, EOG has a
weakness in the impractical placement of the device and the
number of electrodes that must be put on the driver [6].

Eyelid closure can be monitored with the camera very
precisely and quickly. However, the use of the camera has a
limitation of illumination, as the normal cameras do not work
well at night when monitoring is more important. Other
concerns for camera-based systems are the high cost and the
loss of image when the drivers look in their mirrors outside the
view of cameras. In addition, most of the camera-based system
need computers, image processing algorithms and feature
extraction techniques to extract drowsy symptoms [7].

Instead of the camera, the eyelid closure can be captured
using a portable and low-cost device based on IR sensors
mounted on an eyeglass, that directing an IR beam to the
human eye [8]. However, strong IR beam in high temperature
could be harmful to eyes [9].

As an alternative drowsiness detection device, this paper
proposes the use of a low-cost EMG (Electro-Myo-Graphy) to
monitor the eyelid muscles, and measure the duration of the
eyelid closure, then sound a warning when the duration exceed
the limit.

Il. METHODS

A. Prototype of the Detector

In this paper, as mentioned earlier, a drowsiness detection
device is proposed using a low-cost EMG, which is widely
available in the local market under the name Myoware. To be
able to measure the muscle electrical activity on skin, that has a
very small voltage value (in uV unit), Myoware is equipped
with 3 electrodes; 2 of them must be placed on skin in the
measured muscle area, and 1 electrode must be placed on skin
outside the muscle area, which is used as the ground point. All
three electrodes can use any conductor material [10].
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The muscle to open and close the eyelids known as Levator
Palpebrae, located at the top of the eye. To measure the tension
in the muscle, 2 electrodes must be placed around the muscle,
precisely in the upper eyelid, while the rest of electrode can be
placed outside the muscle, in the area close to the ear. The
placement of a pair of EMG electrodes does not need to be
pressed, just simply touching the skin. Therefore, the
placement of a pair of electrodes can be done with the help of
glasses, i.e. by placing it on the frame of the top glasses, such
that when the glasses are worn, the pair of electrodes can touch
the upper eyelid skin, as shown in Figure 1 below.

A3 Electrodes

Levator
Palpebrae
muscle

Glasses
Frame

Figure 1. The placement of 3 electrodes on eyeglass frame.

The following figure is a schematic circuit of a Myoware
Muscle Sensor [10].

Topeld

CONN-EILS —— SIGNAL

2

CONNEILR

Figure 2. Schematic circuit of Myoware.

Figure 3 and 4 below show the graph of the Myoware
output value using Serial Plotter of IDE Arduino, when the
eyelids are closed and when the eyelid are opened. It appears
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that the value of the graph curve becomes greater than 0 when
the eyelid is closed, and is 0 when the eyelid is opened.
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Figure 4. The graph when the eyelid is opened

B. Prototype of the Alert and Monitoring System

After the Myoware output when the eyelid is opened and
closed is known, the next step is to add an alert system so that
the device can give a warning when a certain limit value is
exceeded. To achieve this, a Buzzer has been added. Besides
that, to monitor and record the duration of eyelid closure in
real-time, an ESP8266 Wi-Fi module has been added. With the
ESP8266, data is sent to the internet wirelessly. Figure 5 below
shows the ESP8266 circuit with Buzzer.
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Figure 5. ESP8266 circuit with Buzzer
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C. Drowsiness level and Google Spreadsheet

Drowsiness level are calculated based on how many
seconds the eyelid is closed, which is accumulated in 1 minute.
If the accumulated value in 1 minute is less than 5, then the
drowsiness level is low, whereas if more than 10, the
drowsiness level is high, and buzzer will sound. This level of
drowsiness level will be sent to the internet every minute with
the help of ESP8266, which is displayed in Google
Spreadsheet. The following figure shows a drowsiness level
monitoring record displayed in Google Spreadsheet.
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Figure 6. Drowsiness level display on Google Spreadsheet

I1l. RESULTS AND DISCUSSION

A. Results

From the methods of making the drowsiness detection
device, the alert and monitoring system proposed above, has
obtained the results of a portable and easily wearable
drowsiness detection device that can be monitored online.

Compared to the use of EEG and EOG, the device proposed
in this paper is easier to install, because the electrode is
installed only 3, so it can be placed on the glasses frame, while
in EEG and EOG more than 3, so the use of EEG and EOG is
perceived by the driver a little inconvenient, especially for
motorcyclists. When compared with the use of cameras to
monitor the eyes, the device proposed in this paper is better,
because it is not affected lighting, both day and night. When
compared to the drowsy detector using an IR beam directed
directly to the eye, the device proposed in this paper is better,
as it does not injure the eyes.

Another interesting thing, this device is quite economical,
because EMG used is a very cheap type of EMG, also the use
of ESP8266 makes the monitoring of the drowsiness level can
be displayed in google spreadsheet easily. The result of making
this tool is quite promising and can be developed to better meet
the needs of users.

B. Discussion

To be discussed, the time limit setting of the accumulation
closed eye duration is 10 seconds in 1 minute. The time limit
setting is determined by experience and reality on the highway,
where for drivers who are driving at high speed, closing the
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eyes for more than several seconds can lead to a traffic
accident.

The time limit value is deliberately made to have variations,
due to different needs and levels of drowsiness. Some people
have a habit of closing the eyes many times even if not sleepy.
Some others may have experienced heavy drowsiness but did
not close their eyes at all. So, for some cases, closing the eyes
is not directly related to drowsiness. It is necessary to observe
the habit before wearing this tool. However, in general, if a
person initially rarely closes and blinks, then suddenly over
time becomes frequently closed and blinked, then this can be a
sign that the person is sleepy. So, a change of pattern from
closing the eyes suddenly and often can be a sign that there is
drowsiness.

The weakness of this prototype is that the monitoring
cannot run in real time, because there is always a time lag when
online, that is when data is sent to the internet every minute,
the display in Google Spreadsheet will always display a time
interval of more than 1 minute.

IV. CONCLUSSION

In this paper, a prototype of driver drowsiness detection
system using a low-cost EMG and ESP8266 wifi module has
been proposed From the observation results, this device is
quite promising because of the following points:

1. The use of closed eye duration indicator has a faster
detection, because the results are quickly known so
that it can give early warning more quickly when the
driver is sleepy.

Use of EMG is better than EEG and EOG, because
the number of EMG electrodes is less, so it is not
complicated to be mounted on the glasses frame, and
because the drowsiness level can be calculated from
the sensor output pulse width without the need for
complex data processing.

Use of EMG is better than cameras and IR sensors,
because it is not affected by daylight or nighttime
light, and does not injure the eyes.

Use of ESP8266 allows data to be monitored online,
accessible easily and recorded, and displayed in
Google Spreadsheet, so further research to reduce
drowsiness due to sleep disorder or irregular sleep
patterns can be done.

Finally, this proposed device has a weakness, i.e.
drowsiness detection by monitoring the duration of the closed
eyes may be inappropriate, as each person can have different
drowsiness behaviors and characteristics. However, when
people close their eyes for a long time, in driving conditions,
this is obviously very dangerous, even if the person is not
sleepy though.
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