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Abstract- Drowsiness in drivers is considered as a major issue during in this current decade. Around 50% of road accidents 
are happening during sleepy or drowsy state of the driver. Conventionally breath analyzer was used to detect weather a 
driver is drunk or not but certainly use of smell attenuator and ingredients can avoid the alcohol smell which results an 
inaccurate output. In this work the drowsiness is checked from Electroencephalogram signal of a person and ultimately 
provides a better accuracy in measurement. Most of the simulation work is done using LabVIEW software and Arduino 
UNO.  
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I. INTRODUCTION 
 
In today’s era drowsiness of driver is encountered as 
a major issue in road accidents. According to a report 
of National Sleep Foundation (NSF) while driving 
vehicle around 51% of the drivers are in drowsy or 
sleepy state whereas 17% among them had already 
fallen asleep [1,2].In the USA this problem 
isbecoming more popular, as per data from National 
Highway Traffic Safety Administration (NHTSA) in 
recent years there have been about 56,000 road 
accidents annually in which driver drowsiness was 
cited by police as the reason for the accident. So the 
detection of the drowsiness can be done by 
implementing many methods. From prior research 
this detection can be done by identifying from several 
factors like yawning, eye blinking level, gripping 
force on wheel. But certainly these methods are only 
related to physical moments of human being & in 
case when the driver is mentally less attentive and 
physically active, these methods results an inaccurate 
output. 
 
Electroencephalogram (EEG) is well known 
biomedical noninvasive technique used for measuring 
the electrical activity of brain. Conventionally it was 
only used for medical purpose i.e.testing for brain 
death or coma, movement disorders etc.However now 
days this technique is widely engaged in biomedical 
research to detect the mental states of a person at 
different instant of time. The brain waves observed 
from EEG signal conveys different mental states like 
relaxation, dream, and anxious states of a human. Our 
work focuses on the EEG signal & detects the drowsy 
or sleepy state from various mental states [3-4]. 
Commonly the brain waves can be captured by 
placing suitable electrode on cortex and forehead 
subject to the purpose of work. The power spectra of 
brain waves generally lie in a particular frequency 
band i.e. from (0-50Hz) [5]. 
 
 
 

TABLE I. Frequency ranges of Brain Waves 

 
 
Drowsiness in drivers is generally caused due to 
sleepy state and alcohol state. So for identifying the 
drowsy state, here are the 3 objectives of our work 
stated below 

 Detection of continuous eye blinking to 
know whether the driver is slept or awake. 

 Observing the alpha wave to know whether 
the driver is boozed or drunken.  

 For cross checking purpose the alcohol 
content is measured by alcohol sensor. 

 
II. PROPOSED MODEL  
 
The desire model needs to capture the brain signals 
from cortex or forehead. For this purpose there are 
different kind of electrodes available in market i.e. 
250 Electrode system, 10-20 Electrode system & 
Single Forehead Electrode (SFE). Among these 
various electrode systems 250 Electrode system and 
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10-20 Electrode system provide better quality brain 
EEG signal but at the same time they have a very 
complex electronic circuit. However for detection 
purpose SFE can be used for fetching EEG signal 
from forehead of the driver [6]. The SFE has its own 
advantages over other electrode systems like 
reliability, flexibility, better comfort for wearing. 
 

 
Fig.1. Block diagram of proposed model 

 
The signal collected from brain is usually very faint 
and lies in very small range for further processing. So 
these signals need to be conditioned properly which 
includes removal of different noises, amplification, 
and linearization [7]. The signals are then pass to the 
Data Acquisition (DAQ) system which can provide 
signal conditioning to the received EEG signal if 
required. 
The EEG signals received by DAQ then go through 
the LabVIEW program and outputs the result. The 
result and graphs can be seen from front panel. The 
EEG signal can be transmitted using Bluetooth 
module. However if Bluetooth module will be used 
for data transmission then there is no need of DAQ 
system for the propose model. 
 
III. HARDWARE DESCRIPTION 
 
Here in this work Single Forehead Electrode (SFE) is 
used as surface electrode to collect the raw EEG 
signal from forehead of a person. This SFE is a fully 
embedded dry electrode which doesn’t need any gel 
to be used along with it for capturing the brain signal 
[6]. The SFE runs with 2 single 3A dry battery cells 
& consume very low electric power.   
 

 
Fig.2. Image of Single Forehead Electrode 

The SFE is embedded with 2 sensors placed at sensor 
tip and ear clip as shown in figure.2.  Sensor -Tip 

should be placed over the forehead and just above the 
eye while the Ear-Clip should be fitted at left ear. The 
sensor placed at sensor tip is Ag/AgCl dry electrode 
in addition to that another sensor is placed at ear clip 
position which works as reference or ground 
electrode. The Ag/AgCl electrode is used to fetch 
EEG signal from forehead position. Apart from 
sensors there is adjustable band present which 
provides the driver more comfort to wear. The driver 
can wear it over hair which is the biggest advantage 
of this electrode system. It includes Bluetooth 
connectivity & can work with properly up to 45°C. 
 

 
Fig.3.Position of SFE on 10-20international system of electrode 

placement 
 
During our thought process and emotional states a 
particular pattern of neural connection takes place 
inside brain which results a very small range signal. 
Information regarding to our mental states is mostly 
available at FP1 area according to the 10-20 
international system. Figure.3 shows a comparison 
study can be done between the 10-20 international 
system vs. position of SFE. The signal captured by 
the forehead sensor is exactly similar to the signal 
captured from FP1 position of 10-20 international 
system [8].  
 

 
Fig.4.Functional block diagram of Single Forehead       

Electrode 
 
Figure4 above shows the functionality or working 
procedure of SFE. At first the SFE fetches the brain 
signal from forehead and the second electrode used 
i.e. Ear-Clip receives signal from ear which is used as 
reference potential. Both of the two signals are 
generally very faint so they are fed to amplifier. The 
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amplifier used in signal conditioning circuit is 
generally high gain operational amplifier which 
receives the two signal by common mode rejection to 
serve as single EEG channel means the in phase 
signals are removed and then amplified  8000x. 
The signal is then passed through analog and digital 
low and high pass filters to retain the signal between 
0.5Hz-50Hz.After correcting for possible aliasing, 
these signals are ultimately sampled at 128Hz or 
512Hz and transmitted to the computer via Serial 
Bluetooth transmission. The filtered signal then will 
be inputted to the LabVIEW program and finally the 
graph and result will be shown on display. 
Additionally one alcohol sensor is interfaced with our 
system which checks the alcohol content present. The 
sensor which is used for this purpose should have 
higher sensitivity to alcohol and resistive to smoke, 
petrol, gasoline and other surrounding gases. It’s 
having a six pin configuration among which four pins 
are used. Two pins are used for heating purpose and 
rest two pins are used for ground and power supply. 
Actually there is a heating system present inside the 
sensor which is fabricated from Aluminum oxide and 
tin dioxide.   
 
IV. SIMULATION & SOFTWARE 
DESCRIPTION 
 

 
Fig.5.Flow Chat of the LabVIEW program 

This entire work is simulated by LabVIEW software. 
LabVIEW is graphical programming environment 
and provides better hardware interfacing facility. It 
offers more flexibility than the standard instruments 
used in laboratory because it is software based. For 
this reason now a day it is widely accepted for 
scientific research and academia. Easier data 
debugging feature is another major factor for which 
the use of LabVIEW is widespread in chemical and 
heavy industries. In case of biomedical research the 
signal processing is usually very complicated and is 
challenging too. LabVIEW includes special 
biomedical tool kits by the help of which signals from 
physiological processes can be processed in an easier 
way. 
 
The program flow can be observed from Fig.5. Two 
parallel programs are actually run side by side. The 
signal received from the forehead follows a special 
algorithm and results EEG spectrum as shown in 
fig.5. A conversion technique is used in order to get 
the brain signal in millivolt unit. Then it passes 
through Fast Fourier Transform (FFT) algorithm so 
that separately the different brain waves can be 
resulted [9]. As we have earlier discussed, the 
drowsiness in drivers can be detected from 
continuous monitoring of eye blinking and by 
observing the nature of alpha wave from EEG signal. 
This EEG signal received by the electrode contains 
not only the brain signal but also signal related to 
many physiological processes like contraction of eye 
muscles, and other muscular activity. So along with 
EEG signal which generally lies between 5µV to 
100µV amplitude range one sharp peak up with 
amplitude ranges from 200µV to 250µV occurs with 
every eye blink encountered as shown in figure 7. So 
identifying that sharp signal in within mentioned 
range is equivalent to identifying eye blink of a 
person. Generally maximum time interval between 
two successive eye blink is 4 second to 6 second 
therefore if no eye blinking is occurred for 10 
seconds then that leads to start the alarm system. 
Thus our system monitors drowsy or sleepy state by 
encountering continuous eye blinking. 
 
From number of observations it is also seen that one 
can blink eyes physically but at the same time his 
attention level is very low at driving. Especially in 
case of drunken state of the driver, he can blink his 
eyes but mentally not able to focus on driving. At that 
case the Alpha wave from brain signal can be deeply 
observed. As we all know that Alpha wave is related 
to the relaxation state of the driver (referred to 
TABLE.1). In normal condition the Alpha lies 
between 50µV to 100µV amplitude range. But during 
drunken state of the driver due to effect of alcohol, 
this particular brain wave either goes beyond 100µV 
or below 50µV (figure 9) depending upon the mental 
status at that instant. Higher alpha wave indicates 
more relaxation state while lower alpha shows more 
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attentiveness state. So from several observations it is 
noticed that during drunken state if the driver is 
focusing on driving, the related alpha wave lies below 
50µV amplitude range. However due to alcohol effect 
when his attention gets diverted from driving or he is 
found to be less attentive at driving then the 
amplitude range of alpha wave at that instant is 
recorded above 110µV. So in program we have set a 
double limit over alpha wave as a result whenever it 
goes beyond or above normal range, the alarm system 
will start ringing. 
For cross checking one alcohol sensor is interfaced in 
addition to our system to check the concentration of 
the alcohol present in the surrounding. The alcohol 
sensor is interfaced with the computer by Arduino 
module and normal Arduino programming is used for 
simulation. Though this method is commonly used in 
day today life but in this work, alcohol sensor is used 
just to ensure the proper functioning of the system. 
 

 
Fig.6.Interfacing of Alcohol sensor with Arduino UNO 

 
V. RESULTS AND DISCUSSION 
 
Raw EEG signal recorded is shown in figure 7 and 
the peak in amplitude shows eye blink. The following 
graph is observed during 8 seconds and same pattern 
of wave is repeated depending upon the thought 
process and mental states. 
 

 
Fig.7.Front panel view of EEG signal recorded for 8 seconds 

In below figure 8 the LabVIEW front panel of the eye 
blink program is shown. When there is eye blink 
occurred the Blink indicator will glow and if there is 
no eye blink encountered for 10 seconds then 
ALART indicator will be on. Also the signal strength 
and Blink strength can be monitored. If there is 
frequent eye blink detected then blink strength is 
higher that normal.  
 

 
Fig.8.Front panel view of Eye Blink detection program 

 
From a typical observation as mentioned at Table 2, it 
is found that during normal condition all the brain 
wave lies in the amplitude range from 10µV to 90µV 
where as the standard range of them varies between 
5µV to 100µV. 
 

TABLE2.Amplitude range of Brain waves 

 
 
During the drunken state it is observed that all the 
brain waves except alpha decrease over its normal 
value while the alpha wave in most cases increases 
and in some cases also decreases over its normal 
range depending upon specific mental state. Figure 9 
shows the graphical representation of alpha wave 
during normal condition and drunken state. 
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Fig.9.Graphical representation of alpha wave during normal  

and drunken state 
 
It can be noticed from figure 9 that during some 
instants the alpha wave lies below normal amplitude 
range i.e. 50µV when the driver is drunk still 
managing his attention on driving but it exceeds the 
standard amplitude range i.e. 100µV as he feels 
sleepy during another instant of time. 
 

 
Fig.10.Graphical representation of alcohol content measured 

by alcohol sensor 
 
Using alcohol sensor the concentration of alcohol is 
measured and plotted a graph as shown in figure 10. 
The presence of concentration content is measured in 
the unit of ppm. The graph is plotted by taking 
continuous data from the sensor for seconds. The 
concentration is maximum when alcohol is detected 
by alcohol sensor. 
 
CONCLUSION 
 
Though there are many methodologies to detect the 
drowsiness of the drivers but detecting it from EEG 

signals provides spectacular accuracy and more 
precise results. This system can continuously monitor 
the mental state of the driver and assure better safety. 
In future Internet of Things (IOT) technology can be 
involved in this system so that all the information 
related to mental states of the driver can be uploaded 
to the cloud server and the owner of the vehicle or 
anyone far from it can monitor the mental state of the 
driver.. During earlier time the policemen checks 
whether the person is drunk or not using only an 
alcohol sensor, in that case the alcohol smell can be 
avoided using different smell attenuators but this 
system checks the alcohol effect on brain from EEG 
signal and provides better accuracy. Implementing 
this system in real life can surely save thousands of 
life. 
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