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ABSTRACT: The traditional vehicle-based and vision based drowsy detection become apparent only after the driver 

starts to sleep, which is often too late to prevent an accident. In this proposed project a buzzer with low power 

consumption, is placed near the driver which would wake up the driver while he falls asleep while driving. The EEG-

sensor senses the brain signals and also the eye blink of the driver using ADS1299, and the entire device is operated 

using an Op-amp TLV 2760. The EEG signal is converted to digital using ADS1299 Analog front end and the output is 

acquired using MSP430G2553. The speed of the car will be varied according to the EEG signals. If the car slows down 

the indication is displayed at the back of the car using a LED display. Thus a sensor able to detect the activities and 

components of brain is important for comprehensive care and analysis of body conditions. The Low cost embedded 

drowsy driver detection system determines the sensor result and if it is below or above the optimum value it will 

indicate by the buzzer and the LED indication at the back of the car will help others viewing the vehicle slowing down. 
  

KEYWORDS: MSP 430, ADS1299, TLV 2760, Motor, Drowsiness, etc., 

 

I.INTRODUCTION 

Electromyography is the few important indicators of biomedical signals for computing and health monitoring [1]. The 

substantial germaneness of electro encephalography (EEG) signal is to review the oscitancy and vigilance level of 

subject those who forced to do uninteresting, but mind debate on jobs such as driving [2]. Now a day’s lot of heavy 

accident happens due to inevitable drowsiness and tiredness, so it is necessary to have a real time system that 

supervises driver's drowsiness continuously. There are so many technical alertness system is existing already for 

drowsy detection. They are, drowsy detection using image processing by complete monitoring of eye open and close 

[3]. Boverie developed the same system using their eyelid movement [4]. Grace developed new gadget using 

PERCLOS calculation and giving external noise using buzzer to wake up the subject [5].  Lin proposed a new design of 

drowsy detection by the combination of EEG power spectra estimation and fuzzy neural network [6]. Wavelet method 

of identifying drowsiness [7].In 2008 another method was introduced based on EEG to estimate vigilance states and 

used temporal series information to supervise EEG data clustering [8]. 

 

In this research paper we have designed a new instrument which reads the subject brain waves continuously and gives 

feedback in the form of led signal. In previous protocols, researchers concentrate on only drowsiness but they are not 

gives important while driving. Some of them have done this research using real car [1][7][8]. But these protocols 

feedbacks only after the subject slept. So in order to rectify these problems we designed new protocol which identifies 

subject drowsiness before he is going to sleep. Also to decrease the death rate which increase year by year according to 

table.1 which is given below. 
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Table.1 Accidental death due to unsafe driving survey from 2009-2014 

  

Year Accident Increased Death 

Rate % 

2009 3,34,766 1.2 

2010 3,59,583 1.5 

2011 3,67,194 2.1 

2012 3,72,022 5.2 

2013 3,94,982 7.4 

2014 4,13,786 8.9 

 

In the proposed system, an alarm with low power consumption is placed near the driver which will wake up the driver 

while he falls asleep during driving. The EEG-sensor senses the brain signals of the driver and if he falls asleep it will 

send the signal to the embedded system for further processing. The signal is sent to the amplifier and the amplified 

signal is given to the comparator that compares the input signal (amplified brain wave signal) with the threshold 

voltage that is set according to different sensation states of the driver. According to the output given from the 

comparator the LED glows indicating the state of the driver. Then the LED is connected to the MSP430 controller 

circuit through a flexible wire that controls the LCD, Buzzer and Engine of the vehicle. The LCD in our project is used 

to indicate that the driver is at drowsy state to the other vehicle driver which is coming behind. The buzzer is used to 

wake up the driver if he is in the drowsy state.  Embedded drowsy detection system is the combination of brain wave 

sensing sensor that is the electrode with an in-built copper plate that extracts the signal and passes it to the amplifier 

which is then given to the MSP430 circuit for controlling the operation. Driver fatigue is a significant factor in a most 

of the vehicle accidents. The improvement in the technology for detection or prevention of drowsiness is a major 

challenge in the accident prevention systems. Because of this hazard that drowsiness is present while driving, methods 

need to be developed for counteracting its affects. The system to be designed needs to be a low cost drowsy detection 

system. Preventing drowsiness during driving requires a method for accurately detecting a decline in driver alertness 

and a method for alerting and refreshing the driver. The traditional detection system takes a long period to detect 

whether driver is falling asleep or not. To reduce the time of detection, the bio-medical signal from the driver’s brain is 

sensed by a Brain-wave sensing sensor. This senses the brain activities continuously and provides the signals to the 

TLV2760 amplifier and is passed to comparator to control LED. To increase the sensitivity, accurate control of the 

apparatus by MSP430 controller is being proposed. Embedded C is used to program the controller. 

 

The electrode which is used here is a special kind of brain signal sensing electrode. Mind Machine Interface (MMI) has 

been developed to address this challenge. BCIs  are systems that can bypass conventional channels of communication 

(i.e., muscles and speech) to provide direct communication and control between the human brain and physical devices 

by translating different patterns of brain activity into commands in real time. The usefulness for this warning platform 

as a miniaturized sensor and flexible designs with the ability of real-time detection of drowsiness becomes the vital part 

of the system. Now-a-days drowsy driving is one of the largest contributors to fatal victims in traffic accidents, either 

as a direct cause of falling asleep or as a contributing factor in lowering the attention and reaction time of a driver in 

critical situations. These findings suggest that a driver sleepiness warning system could become an important safety 

measure to reduce the number of accidents on the road due to sleepiness. 

 

There are many systems which are used for detecting the drowsy driving based on different methods. Although these 

systems have advantages, there are some disadvantages from the sensitively detecting ability for the changeable 

ambient environments and the system needed to be calibrated at the beginning on each day. A recent survey shows that 

various attempts have been made to produce an effective low cost and high sensitivity drowsiness detecting system 

with the help of Digital Circuit. Another way to increase sensitivity is accurate control of apparatus by both software 

and the hardware controller. The drowsy detection system inside the car consists of the brain wave sensing EEG 

electrode that forms the Brain-Computer Interface (BCI) in the opposite of the driver.  

 

This sensor keeps on sensing the brain activities of the driver. If the frequency obtained from the EEG electrode is 

between 4-8Hz it means that the driver is in drowsy state then it will give an alarm to wake up the driver and an LCD 

indication to the driver who is coming behind to indicate the driver being in drowsy state. The signal taken from the 
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driver is the input for the amplifier and then to the comparator it is then given as input to the 17 rows of LED. When the 

last row of LED glows, the Theta waves are detected constantly and then the voltage from the LED is given as the 

operating voltage to the MSP430           microcontroller that controls the buzzer, LCD and motor.     Embedded C 

coding is written into MSP430 controller. Then after this, the alarm will be given and LCD will be displayed and the 

motor will be controlled based on the output of the microcontroller. This projects the implementation of sensor for the 

Drowsy Detection system with high sensitivity and low cost. 

 

II. MATERIALS AND METHODS: 

There are two other techniques related to Drowsy Driver Detection system. They are discussed in this section. This 

section explains about the various existing systems and their disadvantages. Also in this section the existing systems 

has been enclosed in which they use different technologies to detect apnea(Abnormal breath) but they are hard to be 

implement in real time applications  and they are very expensive. This section also includes the analysis and output 

results of the existing system. The following are the existing systems: A.WCD breath detection system [9]. B.Carbon 

Nano Tube sensor based apnea detection [10]. 

III. WCD BREATH DETECTION SYSTEM 

The existing system proposed by Minoru Sakairi was designed to develop the safety measures to prevent drowsy 

driving which is a major technical challenge for the car automation field. This is a system which involves the water 

cluster-detecting (WCD) breath sensor. The WCD breath sensor detects breath by measuring electric currents of 

positively or negatively charged water clusters in breath that is separated by using an electric field. Furthermore, the 

WCD breath sensor can detect breath from about 50 cm and can also test the level of alertness of a subject sitting in the 

driver’s seat of a car. This is done by measuring the point of time at which the breathing changes from conscious, such 

as in pursed-lip breathing, to unconscious, such as when the driver becomes drowsy [9].The safety measure to prevent 

drowsy driving requires the driver to actively provide a breath sample through a mouthpiece. An additional issue that 

must be addressed if ignition interlocks are to be used more widely is the prevention of circumvention (e.g. ambient  

environment).The expired gas includes both positively and negatively charged water clusters and that a person’s breath 

can be easily detected using this information. The WCD breath sensor detects the electrical signals of both breath and 

alcohol in the breath. According to the recent discovery the water clusters in expired gas can be easily separated into 

positively and negatively charged clusters by applying an electric field. Therefore, these charged water clusters in the 

breath of a person can be easily detected by blowing between parallel plate electrodes comprising a counter electrode, 

to which a voltage is applied, and a detection electrode connected to a Pico ammeter. Fig 2.1 shows the WCD breath 

alcohol sensor. The small charged water clusters are easily deflected by using an electric field to collide with the 

detection electrode to generate electric currents. This sensor is much more compact than the mass spectrometer used for 

detecting the electric current of ions. 

 
 

Fig.1.Diagram of WCD breath-alcohol sensor 

 

(1) Pico ammeter, (2) power supply, (3) detection electrode, (4) counter electrode, and(5) Breath sensor head 

The alcohol sensor head, which is based on a solid-state sensor, is installed just above the counter and detection 

electrodes in the breath sensor unit. With this configuration, breath and alcohol peaks for one exhalation of air can be 
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simultaneously detected. In the experiments carried out here, solid state sensors were used as the alcohol sensor 

because they respond faster than fuel cell sensors. The analysing region between the detection electrode and the counter 

electrode was pumped by a diaphragm pump (5 L/min) from underneath. This was very effective for achieving high 

time resolution of breath peaks. The experimental fact is that total current of breath is almost zero and the currents of 

positively and negatively charged clusters produced by applying voltage are almost the same.  

In Fig.1 the condition that a diaphragm pump is not used, charged water clusters can be approximately analysed  by 

measuring the motion of charged water clusters in the direction of the gravitational force (air resistance, buoyant force, 

and gravitation) and at right angles to that direction (force by electric field and air resistance).  

 

In Fig.2 Lg is the distance between the position of the charged water cluster existing between the two electrodes and 

the bottom of the detection electrode in the direction of gravitational force, and Lr is the distance between the position 

of the charged water cluster between the two electrodes and the detection electrode at right angles to the gravitational 

force direction   

 

Fig.2. Principle of WCD (a) Forces acting on charged particles and (b) simple detection principle 

IV. RESULTS AND DISCUSSION 

The following result shows the serial measurements of a test subject’s breath based on conscious breathing (pursed-lip 

breathing) by the WCD breath sensor at a distance of about 50 cm. When conscious breathing becomes unconscious 

breathing as a result of drowsiness, the breath peaks disappear at the time points indicated. Fig.3 shows the graphical 

output. In addition, yawns result in the frequency change of detecting breath peaks.   

 

 

Fig.3. Serial detection of breath 

         V. CNT SENSOR FOR APNEA DETECTION 

This existing system has been developed for the real-time detection of Apnea using the Carbon Nano Tube sensor in 

Nano Electro Mechanical System [10]. This system involves the use of inter-digitized electrodes as the sensor’s base. 

An experimental platform with above CNT-based nano electromechanical system (NEMS) was designed for detecting 

performances of variable simulated human breaths. The mini-sensor is mounted in a connecting tube and equipped to 

a programmed microchip processor. Breath detection was carried out in a testing tube which the temperature, pressure, 

and relative humidity could be checked conveniently. 
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The CNT-based sensor, as an airflow transformer, was mounted on the inner top of the small tube      and its 

miniaturized detection plane of the CNT networks was set parallel to the exhaled breath flow. Then the sensor was 

connected to the Microchip processor through a flexible wire. The presentations of breathing activity were transformed 

to digital changes of resistance or voltage through processing of KEITHLEY 2000 multi-meter. The data were 

transmitted to the computer for recording with an average drafting rate of 5 points/sec. The processor with 

amplification of the warning signals, when breath rate was abnormal, was programmed by C programming language. 

Fig.4 gives the overall setup of the system. 

 

 

Fig.4. Experimental Setup of MWCNT sensor 

(a) Components of electromechanical system (b) CMOS circuit for the testing platform (c) the practical configuration 

of experimental NEMS 

According to the setup, exhaled breath from the person is taken as the input for the system. The current device set the 

cut-off point of warning signals on when breath rate was less than six per minute. Warning function for high frequency 

was not done in this study because of the unclear definition for high breath rate and less medical contributions in 

clinical aspects. Because the maximal electric voltage of the working system was set on the upper limit of 5 volts, 

calibration of the integrated system with the 20 K-ohms variable resistance (VR) were done in order to adjust the 

starting baseline around or below the mid-portion (2.5 volts) of highest voltage. 

 

During tests, the surface of Si base was grounded to prevent charge accumulation. We measured the responses of the 

sensor to breaths through monitoring output electronic parameters, resistance (R) or voltage (V) as a function of time 

(t), i.e. R-t and V-t patterns. A comparison table 2 gives the relevant details about Patterns of simulated tests for 

breaths. 

Table.2. Patterns of simulated tests for Breaths 

 

*Normal: 7/12 times/min; Apnea: ≤6 times/min; randomly abnormal: >12 times/min. 
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The results of this testing platform showed that this new NEMS can work sensitively as a breath monitor. The 

representative performance of the CNT networks to breath flow. The changes of electric properties on the CNT 

networks reflected that the responses of the sensor to the exhaled flow were more apparent compared to those of 

stochastic ambient noises and compressed air flows. The performances showed its anti-interference ability and 

functional works for detection of breathing under an open system. CNT sensor had the unique properties with strong 

reaction to exhaled flows but no or less responses to the inhaled flows, which indicated its favorable detection in the 

expiratory phase.  

 

The CNT sensor for breaths got the similar results both on the same day and different day. According to individual 

performance parameters, each recorded wave showed unique moving changes of characteristic compositions, such as 

strength, flow rate, and exhaled components. That meant that no two waves created by different breaths, same or 

different volunteer, were recorded with the same moving data due to different breathing parameters and components. 

The changes of electric properties on the CNT networks reflected that the responses of the sensor to the exhaled flow 

were more apparent compared to those of stochastic ambient noises and compressed air flows. This unique presentation 

of the MWCNT sensor indicated that this sensor could work as like a fingerprinting recorder to breaths. Table.1 gives 

the breath rate of volunteers subjected to test. 

VI. PROPOSED WORK 

The proposed works are briefly described in this section.  The system hardware consists of the signal acquisition 

module. The EEG signal is captured through the EEG electrode; the inbuilt amplifier will amplify the captured EEG 

signals. The EEG signals is then passed to the High Pass Filter which is capable of filtering 60Hz. Then it is given to 

the Low Pass Filter which is capable of filtering up to 5Hz. At the same time the amplified EEG signals is given to the 

LM339 comparator, the acquired voltage is compared with the reference voltage. From the obtained voltage ,the 

various  states of the driver is indicated using LED whereas the red LED represents the active state of the driver, the 

yellow indicates the normal state of the driver and the green represents the drowsy state of the driver. The program for 

the whole module is dumped into the microcontroller. Whenever the drowsy state is detected, the microcontroller 

enables the motor to slow down and the drowsy state of the driver is indicated using LCD display and the alarm starts 

to ring.Fig.5, Shows the overall block diagram of the proposed system. 

 
Fig.5. Overall block diagram 
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 The Fig.6, shows the hardware work flow of the proposed system 

 
Fig.6. Hardware Work Flow 

 The proposed system is separated into three modules each module is discussed in this section. The modules are as 

follows  

VII. EXTRACTION OF BRAIN SIGNALS 

 

The electroencephalogram (EEG) is a record of the electric signals generated as the result of brain activity. EEG 

provides important and unique information about the sleeping brain. While EEG signals have advantage in making 

accurate and quantitative assessment of alertness levels.EEG signal will be obtained from the Brain wave Sensor. EEG 

signal is quite small, ranges from 1Hz to 100Hz and amplitudes vary from 1µV to 100µV.  

 

 
Fig.7. Brain Wave Sensor Components 

 

The above Fig.7 is headset device is used to extract the EEG signals from the human brain. A pair of electrodes is 

affixed inside the headset which is responsible for the extraction of brain waves. 

The overall block diagram of extraction of EEG signals is shown in the Fig.8. 
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Fig.8. Block diagram for extracting EEG signals 

 

 In this project EEG signals is obtained from the EEG Electrode. The electrode is in the form of mobile headset and the 

device consists of a headset with USB cable is shown in Fig.7 the EEG electrode is resting on the forehead above the 

eye. The headset transfers signal to the circuit board. It analyzes your brain waves to identify rhythms that reflect a 

calm meditative state and those that reflect an alert attentive state. The brainwave visualizing unit is used to understand 

how it 'feels' to pay attention and how it 'feels' to meditate so that you can better control your focus and attention 

The human brain generates electrical signal called EEG signal that have been classified into 4 categories as follows, 

 

Table.3. EEG Signals with frequency ranges 

 

S.NO 

 

SIGNALS 

 

FREQUENCY 

    1            Delta 0.3 – 4 Hz 

    2            Theta 4 – 8 Hz 

    3            Alpha 8 – 13 Hz 

    4            Beta Above 13 Hz 

 

 Table.3 shows different levels of EEG signal has been shown in the. For the drowsy state detection the alpha and theta 

waves are very important. Our brainwaves change according to what we’re doing and feeling. When slower brainwaves 

are dominant we can feel tired, slow, sluggish, or dreamy.  
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Fig.9. EEG signal – Classification 

 

The four types of waves from the EEG electrode are given inside high pass filter and then low pass filter to extract the 

required signal that is used to detect the drowsy state of the driver that is to extract the Theta wave. Then the output of 

the filter is given inside the amplifier to amplify the signal as required for further processing. The four waves from the 

EEG electrode are fed into the comparator and the LED is controlled. There are three types of LED they are green 

indicating the drowsy state of the driver, yellow indicating the normal state of the driver and red indicating the active 

state of the driver. 

 

This EEG electrode keeps on sensing the brain activities of the driver. If the frequency obtained from the EEG 

electrode is between 4-8Hz it means that the driver is in drowsy state then it will give an alarm to wake up the driver 

and an LCD indication to the driver who is coming at the back that the driver is in drowsy state. The signal abstracted 

from the driver is the input for the amplifier and then to the comparator, it is then given as input to the 17 rows of LED 

when the last row of LED glows when the Theta waves are detected constantly then the voltage from the LED is given 

as the operating voltage to the MSP430 microcontroller that controls the buzzer, LCD, motor.    

 

PROGRAMMING 

 

This section describes about the programming part that is to be dumped into the microcontroller. Through the EEG 

signals are captured from the skin of the driver. The tapped input is given to the amplifier. That data is extracted and 

processed for further process. That input data is passed to MSP430 microcontroller through the CCS coding and the 

process is carried out. The fig.10 shows the flowchart of the program  
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Fig.10. Flowchart for program 

 

INTERFACING CONTROLLER WITH OUTPUT UNIT 

 

This section describes about the controlling part that is interfaced with the output unit. 

 

 
Fig.11.Interfacing controller with output unit 
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 As soon as the frequency obtained is between 4 to 8 Hz from the amplifier, the drowsy state of the driver is being 

detected and input voltage of 5volts is given as input to the microcontroller MSP430.As the microcontroller is being 

interface with the output unit containing Buzzer, motor and LCD is controlled. As soon as the drowsiness of the driver 

is detected buzzer that helps to wake up the driver, motor gets slows down and the LCD indicating that the driver is at 

the drowsy state. In this paper, focusing of the electrode to acquire the accurate bio signal from the subject is achieved. 

After signal accusation, the signal is amplified with the help of preamplifier and then the amplified signal is given to 

the suitable controller which has both system interface and sensor interface features. Each blocks of this 

implementation is explained below in detail. 

 

VIII. DISCUSSION 

This section deals with the total hardware description of the drowsiness detection system. It describes the overall 

working process of the system. The hardware components are chosen with care so that the complete system can fit in a 

car. The components are also chosen on the basis of specifications, features and cost. According to the coding written, 

the input is processed and act based on the standard values.  

 

Whenever the drowsiness is detected the speed of the motor will be reduced, the message will be displayed on the LCD 

display to indicate the vehicle coming behind and the buzzer which is placed near the seat will ring. The processed 

signal is given to the high pass filter followed by the low pass filter and to the amplifier for the proper extraction of 

signals. Fig.12 shows the amplifier circuit.  

 
Fig .12 Amplifier circuit 

 

 The EEG signals are given to the comparator. The comparator compares the acquired voltage with reference voltage. 

The output voltage denotes the various state of the driver that is depicted using LED. Fig.13 indicates the active state of 

the driver which is depicted using red LED. Fig.15 indicates the normal state of the driver which is depicted using 

yellow LED. Fig.16 indicates the drowsy state of the driver which is depicted using green LED. 

 

 
Fig .13 LED Indicating active state of a driver 
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Fig .14 LED Indicating normal state of a driver 

 

 
Fig.15 LED Indicating drowsy state of a driver 

 

 For each and every variation in the state of the driver, different rows of LED begin to glow. Whenever the last row 

green LED glows the speed of the motor will be reduced. At the same time a message will be displayed on the LCD 

which is to indicate the vehicle coming behind and the alarm starts to ring. Fig.16 shows the LCD output during the 

drowsy state of the driver 

 

 
Fig.16 LCD output during drowsy state. 

 

 
 

Fig.17 Snapshot of the complete unit 
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 Whenever the drowsy state is detected the controller will enable the motor to slow down which is connected with a 

relay. At the same time an alarm is given using a buzzer to the driver to make him awake and the state of the driver is 

displayed in the LCD screen which is to be placed at the back of the car to indicate the person coming behind. 

IX. CONCLUSION AND FUTURE ENHANCEMENT 

 The traditional vehicle based and vision based drowsy detection is apparent only when the driver fell asleep. This is 

often too late to prevent accident. Therefore the existing systems have been proven not so effective till date. The vast 

possibilities of mind machine interface (MMI) have been utilized to overcome the above mentioned drawbacks of 

drowsy detection system in this project. A low power consumption alarm system along with a EEG sensor system is 

employed. The sensors are set with high sensitivity aided with low cost and high reliability. This has a real time 

application in day to day life as the number of accidents that are fatal as well as not, are increasing in an alarming rate. 

The activity of the brain is taken as the input and fed to comparator (LM339) circuit, processed with microcontroller. 

The normal and abnormal rate is set according to the authentic and preferred standards available. Software module is 

employed in microcontroller to control the motor, LCD and buzzer. A high frequency alarm is used to wake up the 

sleeping driver which is placed near his seat. Number of speakers is varied according to the requirements. This 

experiment varies from the previously implemented projects as the sensitivity and range is successfully increased. In 

this module we integrated the drowsy detection and alerting system with car automation. As the driver is still 

unconscious even after the alarm set off, the car will halt in the leftmost side. To make this happen, we used some 

essential alteration in steering system of the car. As the driver will be unconscious when the car is getting halted by it, 

making the system aware of the nearby cars and will help to take a safe distance. When it accidentally collides with any 

vehicle, the vibration sensors will get noticed and will help to change the course accordingly. Steering and braking 

system is always connected to navigate the car with less collision. 
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