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Abstract

Electroencephalography (EEG) can be used as an
indicator of fatigue. Several studies have shown that
slow wave brain activities, delta (0-4 Hz) and theta (4-
8 H2), increase as an individual becomes fatigued,
while the fast brain activities, alpha (8-13 Hz) and beta
(13-35 Hz), decrease. However, an EEG is a complex
piece of equipment that is generally used in laboratory
based studies. In order to develop a fatigue
countermeasure device for train drivers using EEG,
thereisa need for a simple and wireless EEG monitor.
This paper explains the development of a single
channel wireless EEG device.

Keywords. EEG, single channel, wireless, prototype
devel opment, fatigue detection, train driver

1. Introduction

In the late 1800s Richard Caton (1842-1926) firs
reported the presence of biopotentials on the seirfd
The electroencephalography
(EEG), pioneered by Hans Berger, measures the
electric potentials on the scalp and provides ooiatiis
measure of cortical activity [2, 3]. EEG has played
important role due to its non-invasiveness and t
capability of long term measurement in the field o
epilepsy, sleeping disorder, fatigue, and various

the human skull [1].

neurological conditions [2-5].

An example of EEG application is in the detection
of driver fatigue. Driver fatigue is a process that
involves successive episodes of micro-sleeps, where
the subject may go in and out of a fatigue staje [6
EEG has been used in many driver studies condircted
the lab and field [5, 7-10], and is one of the mos
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reliable indicators of fatigue [11]. Studies hawarid

that EEG has acceptable test and retest relialjBity
12-15]. Subsequently, Lal & Craig [16] proposedttha
EEG could be used as an indicator of fatigue and
proposed driver fatigue algorithms. Later, Jap let a
[17] proposed an EEG-based fatigue algorithm for
application in the train driving environment. Lal &
Craig [7] reported increases in slow wave brairnvigt

with driver fatigue. Delta (0-4 Hz) and theta (442)
activities have been found to increase as one gets
fatigued [16]. Jap et al. [17] found significant
decreasing trends of alpha (8-13 Hz), and beta3fL3-
Hz) activities as fatigue increases. Beta activigs
also been linked to task performance. As beta level
decreases, task performance has also been found to
decrease [5].

However, the conventional EEG machine involves
attaching the machine to a computer through a data
cable, and this introduces some limitations in the
applications of EEG monitoring as a fatigue detecto

t [4]. In the actual driving environment, recording&

data using a conventional EEG machine may not be
feasible, because EEG is a complicated piece of
technology for laboratory environment setup. The
cables from the EEG machine may be intrusive and
hinder the driver. Therefore, a simple, portabled a

hewireless EEG is required for application in fatigue
f monitoring.

This technical chapter proposes the design of a
single channel wireless EEG device that is suitée
fatigue detection in train drivers. The EEG
measurement was designed for bipolar montage
recording. The recording in bipolar montage is
obtained from the difference between two active
electrodes that are adjacent to each other on a

t particular brain site, e.g. frontal site [18]. TEEG

electrodes are aimed to be placed inside a headitand
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either the frontal or temporal sites, accordinghi® 10- EEG frequency range. Significant electrical noise i
20 electrode placement standard, in order to aehiev present at this frequency in most environments. The
uniformity in the interpretation of recorded resy19, very low frequency EEG signal makes it susceptible
20]. 50 Hz noise. The signal may further be corrupted by

The following sections will describe the impedance imbalance at the skin-electrode interface
development of a single channel wireless EEG electrode half-cell potential, and movement artgfac
prototype, and will present a few results on EEG [3].

recordings obtained from the prototype. A prototype wireless EEG system has been
developed in order to extract EEG signal from human
2. Hardwar e Development subjects, and to be analysed for fatigue deteciitie.

hardware module consists of transmitter and receive
The amp"tude of the EEG Signal depends on how ends. While the receiver end is d|g|tal, the traittem

synchronous the activities of the underlying nesron €nd consists of analog and digital sections. A loloc
are [21]. The human EEG signal ranges in frequencydiagram of the system is depicted in Figure 1. The
from 0.5-100 Hz, with amplitudes of 1-30QV prototype is designed to operate with a 6-volt (V)
measured at the surface of the skull [3, 20, 2BpSsE battery. A voltage divider and voltage follower are
signal characteristics have inherent challengetheéa ~ used to obtain a +/-3 V supply.
measurement. Firstly, 50 Hz noise is present withé
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Figure 1 Block diagram of the EEG system prototype
2.1. Electrodes

The electrodes used for this system is the MLA2503 2.2. Analog Front End
— Shielded Lead Wires Snap-On electrodes
(ADInstruments, Australia). The lead wires are 98  The subject is connected to the front end of the
centimetres in length with 4 millimetres snap-on transmitter through three EEG electrodes. The front
connectors used with 3M Red Dot Ag/AgCl end is mainly the analogue electronics, which igsi
(silver/silver-chloride) monitoring electrode (3M, of an instrumentation amplifier followed by signal
USA). An adequate amount of conductive gel is amplification and conditioning stages (i.e. direct
applied on the electrodes prior to attaching therthé current (DC) restorator, gain amplifier, high-passl
subject. One of the advantages of using the Ag/AgCllow-pass filters, variable attenuation and sigrealel
electrodes is the superior performance in ternoof | shifter). The front-end schematic is shown in FegRr
frequency noises [23].
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2.2.1. AD620 I nstrumentation Amplifier

The instrumentation amplifier is used to amplife th
difference of the signal from the left and right &E

African Journal of Information and Communication Technology, Vol. 5, No. 2, June 2009

of 90 to 110 dB for Gain G = 5 in the frequencygan
from DC to 60 Hz [25]. Another reason to choose
AD620 as the preamplifier stage is due to its low
voltage noise (9 nWHz) and low input current noise

electrodes, and simultaneously reject common mode(0.1 pANHz).

noise at both inputs. The AD620 instrumentation
amplifier (Analog Devices, USA) was the
instrumentation amplifier chosen for this designitas
offers low power and high Common Mode Rejection
Ratio (CMRR). Without a high CMRR, common mode
voltages, which are typically 1V [24], will get
amplified and prevent the EEG signal from being
recovered. The CMRR ratio of AD620 is in the range

In the subsequent stages, LMC6484 (low-power
Operational Amplifier (op-amp), National
Semiconductor, USA) Integrated Circuits (ICs) are
used to implement all signal conditioning circuitiyhe
LMC6484 has low-power consumption making it
suitable for portable battery powered applications.

Key : G = Gain uc = Microcontroller VvV = volts k B 10°
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Figure 2 Schematics of the EEG Front End
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2.2.2. DC Restorator 2.2.3. High Passand Low PassFilters

The DC restorator circuit is used to eliminate DC The high-pass and low-pass filters are used to cut-
offset that would otherwise saturate the op-amps off the signal with frequency components below 0.25
subsequent to the instrumentation amplifier. The DC Hz and above 95 Hz. The high pass filter is
restorator is implemented by using an op-amp in theimplemented by using a"Rorder Sallen-Key filter
feedback loop of the AD620. The DC restorator has [26]. It attempts to eliminate the DC potential Bt
two settings, namely the ‘monitor’, and the ‘quick at the electrode. The low pass filter is implemeriig
restore’. The ‘quick restore’ setting can be used t using two 2%order Sallen-Key filter stages. Therefore
speed up the recovery of the output if it becomesit is effectively a #-order filter. Refer to Figure 4 for
saturated [3]. The model in Figure 3 was used sigte  the frequency response of the high pass and low pas
the DC restorator. filters.

Instrumentation amplifier 2.2.4. Driven Right Leg
Elsuircds 1 I_ ————————————— I

[ p—

Elactrods & l
gt _l

The Driven Right Leg (DRL) is incorporated in the
design to reduce common-mode noise, such as 50 Hz
interference unavoidably coupled into the subjext a
electrodes. The name, Driven Right Leg, has been
preserved from its first use in electrocardiography

(ECG) equipment [27], although this electrode i$ no
Fﬂﬂf_'?ﬂck connected to the subject’s right leg for EEG reougsl.
i As shown in Figure 2, the DRL is a feedback circuit
similar to the DC restorator. It feeds the invep$¢he
Figure 3 DC Restorator Model common-mode voltage back to the human subject,
which acts to reduce the common-mode noise present
at the active electrodes [27].

Gain=G

High Pass + Low Pass Filter

___Frequency Response

Magnitude (dB)

o ‘ jjjlll(mm : ) ‘ "":10 ‘ "":mo ’ T
Frequency (Hz)
Figure 4 Frequency response of high pass and low pa  ss filters (dB = decibel; Hz = Hertz)

2.3. MSP430 and Wireless M odules instructions per second, and is equipped with t@e 1

bit Analog-to-Digital (A-D) converters with maximum
The first prototype of the digital section utilistre sampling rates of 200 Kilo samples per second.

eZ430-RF2500 development tool (Texas Instruments, The communication protocol running on CC2500 is

USA). It contains both the MSP430 microcontroller SimpliciTl, which is a dedicated low data rate ol

and CC2500 wireless module (see Figure 1). Thefor low power applications. The wireless transnagsi

microcontroller is suitable for low power operatias utilises the 2.4 Giga Hertz (GHz) Industrial, Stin

it only consumes 0.7 microAmps (uA) while in stand- and Medical (ISM) frequency [28].

by mode. In addition, it processes 16-million
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At the transmitter end, the microcontroller takes t 3, Experiments and Results
output of the analog front end and performs the A-D
conversion. A fatigue detection algorithm could be  Figure 5 shows the prototype that has been
implemented in the microcontroller at the transenitt developed for the project. The EEG signal was
end to detect fatigue before the digitised sigal i transmitted from the TI MSP430 Wireless transmitter
transmitted to the CC2500 module of the receive en g the computer. To aid the experiment, a testing
At the receiver end, the same eZ430-RF2500 program was built (using LabView 8.2, National
development board, which is used at the transmitter|nstruments, USA) in order to display the received
end, is connected to a PC via a USB slot. signal at the receiver end. The development prpéoty
was tested on a human subject.

4TI MSP430 WIRELESS

B { TRANSMITTER

Figure 5 Prototype of Wireless EEG

Firstly, a 10 Hz, 100 mV sine-wave was used to Figure 6 displays the received sine wave pattetheat
verify the accuracy of the Wireless EEG prototyplee receiver's end, which proves the accuracy of the
amplitude of the sine wave was further scaled dbwn  Wireless EEG prototype.
means of voltage divider into a few hundred mictts/o
before being pumped into the preamplifier stage.
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Amplitude {uy)

Figure 6 Display of the received sine wave from the wireless transmission

The development prototype was then tested on asignal from electrodes placed on the frontal lobéhe
human subject to capture ECG signal (heart beat) byhead. This was performed by connecting a pair of
connecting 3 electrodes from the device to the left shielded electrodes to the pre-frontal brain sftei3l
wrist, right wrist and right leg of the subject. &h and FP2) and the DRL electrode was connected to the
subject was asked to remain seated and stop maving ear lobe of the subject. The subject was againdatke
order to avoid movement artifacts. With the aicttod remain seated and stay still to avoid movement
testing program, the device was able to succegsfull artifacts. Figures 8 and 9 depict the EEG signaindu
capture the PQRS complexes of the ECG signal fromeyes-open and eye-closure, respectively. In Figuie
the subject, as shown in Figure 7. was noted that an eye blink would cause an artifact

Finally, the circuit gain was adjusted to allow the EEG waveform. In contrast, the EEG reading with
sufficient amplification for acquiring a typical BE  the eyes closed in Figure 9 showed fewer artifacts.
signal. The prototype was then used to captur&g®
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Figure 7 ECG reading from the EEG prototype
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Figure 8 EEG reading from FP1 and FP2 with eyes ope ned — blink artifact
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Amplitude (1%

Figure 9 EEG reading from FP1 and FP2 with eyes clo sed

4. Discussion and Future Work detected. Others have proposed the use of neural
network, wavelet transform, or Independent
The area of safety in transportation has received Component Analysis (ICA) algorithm to detect faggu
attention due to a high number of accidents cabged [41-44].
driver fatigue [29]. Railway is a relatively safe  However, the complexity of an EEG system makes
transportation means. The number of train accidentsit difficult to deploy it as a fatigue countermeesu
and injuries in Australia is relatively low, when device in the actual train driving environment [45]
compared to road and aviation industries [30]. Simple and wireless EEG electrodes that can be worn
However, given the fact that the travelling speédio Py drivers while driving need to be developed, befo
train is relatively faster than a car, a train izaye is  fatigue countermeasures using EEG will become
much heavier than a car, and that trains’ brakime s viable. These simple EEG measurement systems will
slower than a car (about 1.1 A/E31], the impact that  @lso need to be able to reduce signal noise that is
it creates in an accident causes more injuriestoue received from surrounding environment. Since dever
usually large numbers of passengers involved, are also dynamic human beings, they may use mobile
destruction to the surrounding area and emotiondl a Phones, which introduce high-frequency noise it t
financial costs to community. Unlike the drivermtar ~ EEG recording. The noise may affect the recordings
who can swerve his or her vehicle to avoid collisia ~ and reduce the accuracy of the device to detagtfat
train driver can only apply the emergency brakenso The current chapter proposes the prototype
the horn and hope that the train will stop in tibedore ~ development of a simple single-channel EEG device
the collision [32, 33], and if the driver is in atifjue  that transmits wirelessly to a computer. Bipolar
state even these safety measures may fail. montage has been used for the analog front-end, by
In the train driving environment, human errors amplifying the difference of the EEG signals frohe t
caused by fatigue contributes to about 75% of left and the right active electrodes, and the DRL
accidents [34, 35], and research has shown theingri electrode has been implemented to reduce the common
while fatigued is just as dangerous as driving with Mmode noise that are present at the active electrode
blood alcohol concentration of 0.05 - 0.1% [36]a|'ﬁr The eZ430-RF2500 deVElOpment tool has been utilized
drivers are required to work in a 24-hour irreguaad o transmit EEG signals wirelessly.
rotating shifts, including weekends [37], and iy The simulation result of the device shows that @ois
shifts are related to increased fatigue level aadeh IS present when recording ECG or EEG (Figures 7 to
been correlated to higher risk of fatigue-related 9). Electrical noise, such as 50 Hz interferences h
accidents [38]. Therefore, there is a need for anbeen filtered by the high- and low-pass filters
automated and non-intrusive fatigue countermeasureMplemented in the design. The noise that is capitur
device for drivers in this environment. in the recording may be due to insufficient contact
Electroencephalography has been shown to be eing established between the electrodes and the sk
reliable fatigue indicator [11]. Several studiesvéna O subject’s involuntary movements.
already investigated the efficacy of EEG as a tatig For the current prototype development of the
indicator. Lal and Craig [7], Lal et al. [16], Jap al. wireless EEG, the device transmitted the sample@ EE
[39] and Eoh et al. [5] proposed fatigue algorithm signal from the analog front end to the computére T
derived from the four EEG frequency bands. Tietze computer then processed the received EEG signal,
[40] explored detection of fatigue using the ocenme  transformed it to frequency domain using Fast Fauri
of ‘alpha-spindles’, which consisted of short pdsaf Transform (FFT) computation, and detected whether o
high amplitude alpha activity, and could be vispall not the person is in a fatigued state. The FFT
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computation may be able to be incorporated into the
microcontroller. However, the on-board memory & th
MSP430 microcontroller was considerably small to be
able to perform effective Fast Fourier Transforra -
computation. Future work may incorporate external
memory into the microcontroller design to addrédss t
current issue. Fatigue detection may also be pedgdr
within the wireless EEG device if the device has
enough memory capacity, and fast computation speed.
The current prototype utilized the eZ430-RF2500
development tool from Texas Instruments, USA, since
the on-board microcontroller was also acting as a
transceiver. Other wireless technologies, such as
Bluetooth or ZigBee, may also need to be exploced t
discover a better quality device. Bluetooth is a-no
expensive device with short-range data communigatio
low data rate and low power consumption [46, 47].
Data can be transmitted to a distance of up to 10 m
with low power usage of less than 1 Milliwatt (mW)
[48, 49]. ZigBee protocol is similar to Bluetooth
protocol with some minor differences in functiotia,
because this protocol was developed to provide
improvements to Bluetooth technology [50]. However,
when compared with Bluetooth, some advantages andg
disadvantages still exist in ZigBee technology. The
coverage area for ZigBee is comparatively largeh wai
radius of 70 m, with 64,000 nodes that can be

Wireless EEG Electrode

Figure 10 Proposed wireless EEG headband

for the development of a fatigue
countermeasure device
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