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Monitoring the driver’s state of consciousness and fatigue is exclusively
important to reduce the number of traffic accidents. We have proposed a collective data
fusion method for checking driver safety levels by combining eye features and Heart rate
Variability (HRV). Fatigue behavior was determined via facial image processing using
Matlab as a tool. After detecting the face, the location of the eyes will be detected using the
duration of eye closure, and the frequency of eye blinks. It is used as a distinctive
characteristic to judge whether a driver is drowsy or not. General duration of closure is
0.15 to 0.25 seconds. Initially the HRV analysis was accomplished by acquiring
Electrocardiogram (ECG) signal through non-intrusive ECG sensors wrapped on to the
steering wheel followed by filtering noises and we have calculated pulse rate via peak
detection using LabVIEW. If there are any abnormal signs found in the ECG of the driving
person then the patient is wide-open to have a second order attack. The corresponding
heart rate is sent as an alert SMS to the medical practitioner by microcontroller through
GSM modem.
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Driver fatigue and heart attacks at road
are the remarkable factors for a huge number of
vehicle accidents. Driver Fitness and Monitoring
isresponsible for reviewing driving privileges of
individuals and assessing their ability to safely
operate motor vehicles. Some of the diseases or
disabilities that may interfere with the safe
operation of vehicles can be found in these
categories: Vision (e.g. minimum correct vision,
double vision, telescopic lenses), Hearing (e.g.
vertigo, issues particular to commercial drivers),
Cardiovascul ar diseases (e.g. heart disease, heart
attack), Cerebrovascular Diseases (e.g. stroke),
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Metabolic diseases (e.g. diabetes, parathyroid,
pituitary, adrenal), Musculoskeletal Disabilities
(e.0. arms, legs, spine, paraplegia, quadraplegia),
Psychiatric disorders (e.g. mental, emotional,
personality, psychotic), effects of drugs (e.g.
sedatives, tranquillizers, antidepressants,
narcotics), effects of Alcohol (e.g. alcohol
dependency) and aging Issues (e.g. loss of
strength, slow reaction time, lack of attention,
confusion, progressive dementia)’®. Among these
issues, fatigue and sudden heart attack are the
major causes of accidents which cannot be
controlled by driver even if he/she wants to do.
The post-operative patients can develop
complications once they are discharged from
hospital. Hence the ECG of such patients needsto
be monitored for some time after their treatment.



2846

Thishelpsin spotting theimproper working of the
heart and take safety measures. Certain of these
lives can often be saved if desperate care and
cardiac treatment is delivered within the so-called
golden hour. So the need for guidance onfirst hand
medical attention becomes inexorable. Hence,
patients who are at risk require that their cardiac
health to be monitored recurrently whether they
are indoors or outdoors so that emergency cureis
possible. So this device determines a fatigue
through asimplethree step facial image processing
algorithm using a web camera. For determing
myocardial abnormalities the ECG of the driving
personisacquired from the ECG sensorswrapped
onto the steering wheel. Once changes detected
the Microconroller unit will send an a ert message
to the medical practitioner through GSM.
Previousresearch

Thereare several techniquesexist for this
drowsy behaviour detection. The analysis of
drowsy driving behaviour by means of performing
face detection is the basic step for eye detection.
In which, eyes are detected by constructing a
threshold on roundness of iris and analyses the
eye state for drowsiness detection'®. Several
techniques exist, which detect fatigue based on
the fuzzy fusion of blinking features that are
extracted from a high frame rate video'. Another
detection algorithm which proceeds from face
detection performs eye detection and calculates
eyeblink pattern from “Eye blink pattern detection
algorithm” 3. [llumination based approaches also
exist which uses an infrared image that remained
stable regardless of whether it was used during
the day or at night*. IR illumination cameras are
used to detect the drowsy behaviour by means of
dark pupil effect. Capturing Video motion and then
converting into framesisatime consuming process
where measuring the distances between the
intensity changesinthe eye areaone can determine
whether the eyes are open or closed?.

Even though these techniques are
constructive, algorithms are little difficult to
perform and of high execution time and cost. It is
critical that several sensors are integrated and
synchronized for amore realistic evaluation of the
driver behaviour but the cost of the model design
is too high. Determination of EEG signals is
obtained by sensorswhich are placed on the head.
Head movement of thedriver isdetected by placing
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inclinometer on the forehead. The physiological
signal-acquisition module and embedded signal-
processing module were designed for long-term
EEG monitoring from which the state of drowsiness
is detected®. Few approaches used avariance map
for the real-time detection of eye blinks. But the
performance of thismethod strictly hinge on head
movements.

The different constraints using other
methods are described in Table 1. Our second
objective is to monitor the abnormal ECG of the
person driving. A wireless ECG device equipped
with a built-in automatic warning expert system
was developed where acquired ECG signals are
instantaneously transmitted to mobile devices,
such as netbooks or mobile phones through
Bluetooth, and then, processed by the expert
system™. Most of the systems require an internet
server for data transmission to the medical
practitioner. Bluetooth ECG transmission is only
applicable for a shorter distance.

In our proposed method the detection of
QRS complexes in an Electrocardiogram (ECG)
signal provides information about the heart rate
within the heart as well as various abnormalities
such as hyperkalemia, cardiac hypertrophy, etc.
So we have analyzed different algorithms for
detecting abnormal ECG and developed a
prototype model that detects heart rate form ECG
sensors wrapped onto steering wheel from which
it calculatesthetimeinterval for thedriver’spulses
and convertsthe timeinterval into apulse rate. If
any unusual signs detected then the programmed
Microcontroller will sent an alert SMS to the
medical practitioner through GSM.

MATERIALSANDMETHODS

Themethod of analyzing fatigue through
image obtained from continuously running video
input is shown in the figure.l. Initial step starts
with the acquisition of an image from the camera
followed by facetracking and eye detection. If eyes
areopenthenit checksthe heart rate of thedriving
person. If the heart rateis|esser than the predefined
threshold then the person is subjected to feel
drowsiness. At the other end usually the Bio-
signals are acquired from sensors. That converts
thebio signal into an electrical signal tothe system.
If the heart rate is higher than the threshold it is
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classified as an attack and an alarm is triggered.
The experimental setup isdiscussed in detail below.
1FaceDetection

Face detection is performed as the
essential step for eye localization. Face detection
isdone by meansof local SMQT featuresand split
up SNoW classifier. The first step is pre-
processing. It is used to calculate the integral
images and lighting corrections from the scaled
(scalefactoris1.2) original image. The second step
is processing the frame sequences along with
trained threshold values. The third step is post-
processing. It clusters the adjacent detected faces
to one or several rectangles to represent faces
according to distance factor.

At first the feature window (16x16) is
fixed; we need to scale the source images down to
detect faceswhich originally arelargeinsize. The
down-sampling uses simple linear image
interpolation technique with a factor of 1.2. The
most important thing during thisstep isto calculate
the integral images and the lighting corrections.
After making integral images, thisstepisperformed
to find whether face pixel exist in image or not.
This can be done by comparing it with defined
threshold values. After processing with threshold
values operated onto the original source image
and all scaled images, we cluster the detected face
pixels for any adjacent scaled images to be the
final detected face rectangle.

Eyedetection

After detecting the face, the location of
the eyeswill be detected using the duration of eye
closure, Frequency of eye blinks. The location of
the eye is detected by RGB to grey conversion,
binary image conversion, and number of connected
componentsisanalysed. Normally duration of eye
closure is 0.15 to 0.25 seconds. By measuring
duration of eyelid closure, the abnormal blink rate
is measured and drowsy driving behaviour was
analysed. Low Eye blink frequency can also be
brought into account in drowsiness detection. If
the eyes are found closed for a certain threshold
then immediately the system detects drowsiness
and provides an alarm to the person. If open it
proceeds to heart rate detection.

ECG based Heart ratevariability analysis

Heart rate can vary asthe body’s need to
absorb oxygen and excrete carbon dioxide changes,
such as during exercise or sleep. ECG signal
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consistsof six segmentsP-Wave, P-R Interval, QRS
Complex, Q-T Interval, T Wave, and S-T Segment.
This paper mainly concentrates on R-R interval
whichitself provides enough detail s about drowsy
behaviour. It is easy to pick up heart rate with IR
sensors but we know HR varies significantly
during exercise, running and even when the person
issubjected with stress. So we have acquired heart
rate from ECG. Our system uses a non-invasive
method of picking up an ECG through ECG sensors
wrapped with electrically conductivefabric (ECF)
astwo ECG electrodes.

Signal Conditioning

ECG signals acquired are very small
electrical signalsin the incidence of higher noise
components. The electrical signal is very weak
(normally 0.0001 to 0.003 valt) inamplitude. These
signals are within the frequency range of 0.05 to
100 Hz. If they are not amplified agreater gainis
needed to convert theweak differential signalsinto
characteristic signals, causing the circuit to douse
easily. So here the signal conditioning includes
both amplifying and filtering.

ECG NoiseFiltering

Once after getting the ECG signal the next
step is to remove the noise associated with the
signal and extract the noise free signal. Baseline
wandering, or inessential low-frequency high-
bandwidth components, can be caused by
respiration and body movements. It can cause
problemsto analysis, exclusively when inspecting
the low-frequency ST-T segment.

The cut-off frequency should be selected
so as to ECG signal information remains
unembellished while as much as possible of the
baseline wandering is removed and so the lowest-
frequency component of the ECG should be
acquired. Power lineinterferencefrom power lines
can cause 50/60 Hz sinusoidal interference,
possibly essorted by some of its harmonics. Such
noise can cause complications interpreting low-
amplitude waveformsand spuriouswaveforms can
be pioneered. Different typesof filtersfor obtaining
anoisefree ECG signal areshownin Table.3.

R peak detection

After noise removing process, the ECG
signal isextracted. The PQ interval (also known as
the PR interval) is the amount of time from the
beginning of the P complex to the QRS complex.
This signifies the extent of time between the
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commencement of atrial contraction and the start
of ventricular contraction. Finding out the normal
QRS-complex from the P- and T-waves does not
make complications because it has a specific
waveform and overlooking amplitude. This
amplitudeisnearby 1 mV inanormal heart and the
normal timeof theQRSis0.08-0.10s. A sinusrhythm
greater than100/miniscalled sinustachycardiaand
a sinus rhythm lesser than 60/min is called sinus
bradycardia. It occursfrom congestive heart failure.
Prolonged QRS will result in Second order attack.
So our system focuses on QRS complex wave and
RR interval since QRS complex waveisthe most
central, visual part and |ess affected by noise.

Our proposed work is concentrating only
on RR intervals where RR interval is the time
between QRS complexes. By processing thisR-R
interval, the decrease or increase in LF/HF
frequency ratio while driving is analysed and
processed to the microcontroller to providean a ert
SMSto themedical practitioner.
ARM Microcontroller

The various modules in the system are
integrated and controlled by ARM7 microcontroller.
It has support for modem control with maximum
UART data hit rate of 4.5Mbps and built inADC
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and PWM ports. After determining the average
heart rate, decision istaken based on our threshold
(60 < Heart rate> 100) to determine abnormal heart
rate. GSM modem is interfaced with controller
through AT commands and will send an alert
message to the patient and medical practitioner at
asametime.

RESULTSAND DISCUSSION

Once the image acquisition has been
completed our model detects the face by
calculating centroids. The correlation coefficient
was compared with the threshold and drowsiness
was detected. The eye opening and eye closure
timewere cal culated and depending upon the blinks
the results indicates that eyes are closed and
drowsiness detected.

Simulation resultsfor ECG Signal Processing

We have performed an analysis using
LabVIEW by taking a noisy ECG signal and
determined R peaks from it. The ECG simulator
endows usto scrutinize normal and abnormal ECG
waveforms without essentially using the ECG
sensors and DAQ board. The insinuation is to
apply direct fast Fourier transform (FFT), remove

Table 1. Bottlenecks of other fatigue detection systems

Existing research work Limitations

Irisrecognition [3]

Iris obstruction by eyebrows, eyelashes, eyelids, Lightning reflections,

specular reflections, Poor focus, partially captured iris, Out-of imageiris,
and Off-angleiris motion may occur.

Fuzzy and neural networks [7]
execution.

Eye blink pattern detection

algorithm [8]

I1lumination based approaches [9]

Needsahugetraining set of face and non-faceimagesand takealongtimein

The presence of glasses may affect the core components of the system
including face detection, eye detection.
Although IR based approaches perform reasonably at night timeit requires

the necessity of installing an IR LEDs setup and maintenance.

Capturing video motion [12]
Long-term EEG monitoring
[4].[13,[16]

Converting into frames increases the computation complexity
If we use EEG, it will make more physical disturbances to driver, stress
signalswill also mix.

Table 2. Approaches for detecting abnormal myocardial behaviour

ECG monitoring

Limitations

Tele-cardiology system [20]

An dert signal is sent to the remote database server, which can be

accessed by an Internet browser, once an abnormal ECG isdetected.

Driver Alertness Monitoring system [14]

Too expensivefor real time modelling
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Table 3. Methods used for noise free ECG signal extraction

Different methods of filtering

Types of noise removal

Low pass filter and High pass filter

8 point moving average filter and Notch filter
Recursive least square adaptive notch filter
FIR high pass filter

Adaptive filter

Band pass filter

Wiener filter

FIR equiripple band pass and FIR butter worth filter

Drift due to respiration

Power lineinterference removal
Baselinedrift removal
Baselinewandering

Muscle noise removal

Low amplitude noise at output
High frequency noises of ECG
Composite noises

Table 4. Test results obtained from HRV analysis

SNo Average Heart rate(BPM)  Symptoms
1 62 Normal
2 72 Normal
3 115 Sinus Tachycardia
4 55 SinusBradycardia
5 117 Sinus Tachycardia
6 45 SinusBradycardia
7 78 Normal
8 66 Normal
9 44 SinusBradycardia

Image acquisition

Face Tracking
No
Face
detection
Yes

Eye detection

Eves

No

Drowsiness
detected

Alarm

Fig. 1. Facia Image processing for drowsinessdetection

low frequenciesand restore ECG asshown infigure
6. Band pass filter was applied to the input ECG
and noise free ECG was obtained.

LabVIEW Biomedical Toolkit affords a
Bio signal filtering, file which we can design a
Kaiser Window FIR high passfilter to removethe
baseline wandering. Besides to digital filters, the
wavelet transformisal so an effectiveway to remove
signals within precise sub bands. As shown here
in figure 8 we have used the Daubechies2 (db02)
wavelet because this wavelet is alike to the real
ECG signal. Here, depending upon the sampling
duration and sampling points of ECG signal, the
trend level isset. It is calculated as shown below

Trendlevel ={log2 2t/ log2 N} (1)

Wheretisthesampling durationand N is
the number of sampling points. After baseline
wandering isremoved, theresultant ECG signal is
moreimmobilethan theoriginal signal. However,
some other types of noise discussed in table 1
might still affect featureextraction of the ECG signal.
The noise may be complex stochastic processes
within awideband, so it is not possible to remove
those by digital filters. To remove the wideband
noises, we have used the Wavel et Denoise Express
VI and the results are shown in figure 6. The next
stepisto predict QRS and RR interval s since heart
rate is calculated from successive RR intervals.
Theresults are shown in of figure 6.

By applying peak detection heart rateis
calculated. The statistics taken from the above
results are shown in the below table 4. Subjects
with a heart rate lesser than 60 are prolonged to
affect with sinus Bradycardiaand have experienced
drowsy feeling.
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Fig. 2. Proposed Tele - cardiac driver alert system
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Fig. 3. Typical ECG waveform

Fig. 6. Output results with QRS complex detection

CONCLUSON

Thisresearch work providesacollective
analysis for determining the perilous activity of
person in driving state. We have analysed the
behavioural changes of a person in driving state
by combining the two major parameters eye state
and heart rate variability. In this first part of
research work we have examined the driver’s state
of drowsiness on-line, which requires low
computational and time complexity. Wetriedtoface
this constraint by using unfussy image processing

techniques by means of a simple detection
algorithm viaMatlab asatool. Use of normal web
camera, fast computation obtained from scaling
factor compromise the systems performance for
the sake of simplicity whichisamajor criterionfor
real time scenario. This proposed model is very
cost effectivei.eit can beimplemented with mobile
cameraswhich now-a-days have high pixel quality.
Thisalgorithm even worksfor candidateswearing
spectacles and in lighting environment up to an
extent.
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