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Abstract- There are many digital electroencephalography
(EEG) acquisition systems available nowadays for researchers
due to the demand in the brain signal research. The
electroencephalography (EEG) acquisition systems varied on
the specification, design and prices. One of the ambulatory
amplifiers for acquisition is the Trackit from Lifelines Limited.
Presently, the Trackit system is only available for clinical
applications. In order to integrate from clinical applications to
research capabilities, the Trackit has to be interfaced with
software that be able to do the electroencephalography (EEG)
signals processing. In our project, LabVIEW is chosen as our
software platform. Therefore, we have taken the initiative to
developed the software for Trackit-LabVIEW interfaced. In
this paper, we have demonstrated that the acquired
electroencephalography (EEG) signals obtained using TrackitLabVIEW software. Example of signal processing application
on the raw electroencephalography (EEG) signals was shown
in the results section.

I.

INTRODUCTION

The Laboratory Virtual Instrument Engineering
Workbench (LabVIEW) developed by the National
Instruments that originally release in 1986 is a graphical
development platform which required drag-and-drop
graphical function blocks instead of writing lines of text.
Additionally, the data flow representation will require the
user fewer amounts of time to develop and understand the
code compare to the other texts based programming
language [1]. The LabVIEW is compatible with multiple
targets from workstations, embedded devices and on various
operating systems including Windows, Mac, Linux and realtime operating systems such as VxWork.
Trackit from Lifelines Limited is an ambulatory
electroencephalography (EEG) recorder, which requires 3
PP3 batteries. The Trackit consists of 24 EEG channels
which 20 channels are unipolar and the other 4 channels are
bipolar. The weight only cost less than 500g including disk
and batteries. The recorded EEG signals will be stored as
native European Data Format (EDF) in the compact flash
card inside the Trackit. The sampling rates range from 1 Hz
up to 256Hz and used 16 bit analog to digital converter. The
Trackit system purposely designed for clinical applications,
such as epilepsy monitoring. Therefore, the system does not
have the driver that can be interfaced neither for MATLAB
nor LabVIEW.

However, the Trackit system specification, feature,
physical size and design meet our requirement for brain
signal research. By referring to Table I, the Trackit cost was
the lowest and within our budget. Due to these criteria, we
have decided to develop our own Trackit-LabVIEW
software for the system.
II. EEG ACQUISITION SYSTEMS COMPARISON
The selection of the EEG acquisition systems was made by
comparing the commercial EEG biosignal amplifiers [2]
available with the essential criteria required in our research.
The criteria required for an EEG acquisition system for our
project are;
• The biosignal amplifier must be powered by
battery;
• The minimum of 4 input channels;
• The minimum sampling rate of 128Hz;
• Support driver for LabVIEW.
The comparison of the EEG acquisition systems was made
by comparing the specifications between g.USBamp from
g.Tech, Trackit from Lifelines Limited and ActiveTwo from
Biosemi. The three systems met the criteria that the system
must be powered from the battery. The Trackit from
Lifelines Limited has the highest number of input channels
available with 24 channels and the lightest weight system
compare to the other two systems. Meanwhile, the
g.USBamp from g.Tech has the highest sampling rate of
38.4kHz exceeding the minimum sampling rate of 128Hz.
After the three systems specifications have been compared;
it can be concluded that, the g.USBamp and the ActiveTwo
have very high specifications systems compare to the
Trackit. Additionally, g.USBamp and ActiveTwo have the
driver interfaced for LabVIEW which enable offline and
online signals processing. Due to budget limitation, we have
decided to choose the Trackit Lifelines Limited as our EEG
acquisition system. Using the advantage of LabVIEW in
instrument control [3] we have developed the TrackitLabVIEW interfaced software for our project.

TABLE I
EEG ACQUISITION SYSTEM COMPARISON
Specifications
Input
Channels

g.USBamp of
g.Tech
16 mono- / 8 bipolar

Trackit of
Lifelines
− Up to 24 unipolar
EEG channels
− Up to 4 Bipolar
EEG channels

ActiveTwo of
Biosemi
16 channels.
24 bit, 4th
order DeltaSigma
modulator
with 64x
oversampling,
one converter
per channel
2048 Hz,
4096 Hz,
8192 Hz
16,384 Hz
(sample rate
is adjustable
by user)

24 bit ADC
(38.4kHz internal
sampling per
channel) 12 bit
DAC

16 bit A to D
converter with
sample and hold on
every channel

Sample-rate

Up to 38.4kHz

1 - 256Hz sampling
rate, independently
selectable on poly
channels: (1—
256Hz or 25—
200Hz)

Noise

<0.3uV RMS (0.1
-10Hz) or 0.85uV
pk to pk

< 3.5uV pk to pk

1 uV pk to pk

1550g

< 500g (including
disk and batteries)

1.1kg

Driver
interface with
LabVIEW

Yes

No

Yes

PC Interface

Cable (USB)

Cable (USB) or
Wireless

Cable (USB)

Digitalization

Weight

Power by
Yes
Yes
Yes
battery
1
Price
1
3
2
1
price scale ranges from 1-3 with maximum (1) to minimum (3) respectively

III. METHODS
A. Driver development
The Trackit 24P version Mk2 was used in driver
development. The Trackit driver development started with
identification of the data flow from a Host PC to Trackit and
vice versa. The data flow can be a ‘data write’ or a ‘data
read request’. Trackit device will response to the Host
either an ‘Acknowledge packet’ or ‘Not Acknowledge
packet’. After that, each data value was encoded by adding
0x20 to it. Then, the Trackit was connected with Host PC
via RS232 serial port.
After connection has been established, the Heartbeat
command was transmitted to the device to retrieve the
current status of the Trackit. The initial settings were set up
before start acquiring any signals. The initial settings
include giving the information details of the patient,
recording file and selecting number of channels that will be
used in signals acquisition. Then, the acquired signals were
started by turning on the ‘Acquire On’ and the ‘Ongoing
On’ option on the Trackit device. After that, each data
received from the Trackit device will be decoded and
converted to physical signal amplitude before plotting and
displaying the signals. The flow of the development TrackitLabVIEW interfaced software was shown in Figure 1. The
details of each step taken will be explained further.

Figure 1: Flow of Trackit-LabVIEW interfaced software

1)

Trackit Connect
The Trackit-Host PC connection was done via standard
RS232 serial port at ±12V levels. Trackit will transmit
the data as fast as the serial port allowed during the
transmission. Before the establishment of any serial
communication, the initial settings [4] for the serial
port describe as below:
a. Baud rate
The baud rate describes the communication speed
of the device attached to the Host PC via the serial
port. The baud rate of the device and the serial
port must be matched to access the device.
b. No. of data bits encoding character
The standard ISO 8859-1 character set requires
eight bits per character to transmit the data.

c. Parity bit
An error handling which the parity bit can be set as
either an odd or even parity bit.
d. No. of stop bits
A character indicates that the end of the data
transmitted.
2)

Host Transmit Heartbeat
The device sent the current status in response to the
‘Host Transmit Heartbeat’ command. The current
status that has been sent were the power status and the
status of current conditions of the device. The power
status will give the informations about the batteries
conditions as follows:
• The batteries already inserted;
• The indication of low power batteries;
• The device connected to an external power.
The status of current conditions of the device will give
positive status when the;
• The PC-card was inserted;
• The batteries door was opened;
• The device was acquiring signals;
• ‘Acquire’ status was ready (European Data
Format (EDF) record and setup are ready).

3)

Initial Trackit setup:
The command of ‘EDF Part Header’ will set the initial
settings for recording involving the information details
of;
• The patient and the recording;
• The file name of the recorded signal.
After that, the command ‘set number of ongoing signal’
will allow the user to select number of channels that
will be used in the recording.

4)

Acquire Signal
The signals acquisition can be activated by giving a
command ‘Acquire On’ to the device which in return
the Host PC will receive the acquire status either
‘Acknowledge' or ‘Not Acknowledge’. If the Host PC
received the ‘Acknowledge’ status, the ‘Ongoing On’
command will be transmitted to the device from Host
PC. Once the device received the ‘Ongoing On’
command, the device will start transmitting the data of
ongoing packets to the Host PC.

5)

Decode
Every data bytes transmitted from the Trackit to the
Host PC was encoded. Therefore, the data bytes
received from the Trackit must be decoded first in
order to retrieve the original data bytes. There are five
different types of data and each of its is having
different resolution range and each resolution is having
a different decoding algorithm. The data type should
be identified first to decode the data bytes then,
decoding algorithm can be applied to the encoded data
byte.

6)

Display
After decoding the data retrieval are in the digital
range which from -32768 to 32767. However, to plot

and display the signals graph, the data in the digital
range must be converted to physical signal amplitude
where the minimum value is -5000 and the maximum
value is 5000 in µV.
B. Driver testing
The developed Trackit-LabVIEW interfaced software
was examined on a subject. The channels at C3, Cz and C4
over sensorimotor were selected with reference and neutral
on left and right mastoid respectively. The electrodes
impedance were maintained below 10kΩ. The sampling rate
of 256Hz was used during testing which exceeding two
times the highest frequency of interest based on Nyquist’s
theorem to avoid aliasing. The test required the subject to
lift right leg, stand up and eyes closed when the cues were
given.
IV. RESULTS & DISCUSSION
The available Trackit software was shown in Figure 2,
Figure 3 and Figure 4 during offline data reading. The
available Trackit software did not support signals analysis
tools and only allowed recording and displaying the EEG
signals. The other features of it were impedance checker and
notch filter. Figure 2 was example of raw EEG signals
acquisition using available Trackit software. The raw EEG
signals were extracted during right leg lifting action at C3,
Cz and C4 channels with reference and neutral at left and
right mastoid. EEG signals in Figure 3 and Figure 4 were
acquired during the subject standing up from seating and
during eyes closed.
The front panel of Trackit-LabVIEW interfaced software
was shown in Figure 5, Figure 6, Figure 7, Figure 8 and
Figure 9.The initial settings of Trackit for signal acquisition
was shown in Figure 5. The raw EEG signals shown in
Figure 6 were acquired during the subject lifting the right
leg action. The channels used were at C3, Cz and C4
channels with reference and neutral at left and right mastoid.
EEG signals in Figure 7 and Figure 8 were recorded during
stand up and eyes closed tasks.

Figure 2: Right leg lifting action acquired using the available Trackit
software.

Figure 6: Right leg lifting action acquired Trackit-LabVIEW interfaced
software
Figure 3: Standing up action acquired using available Trackit software.

Figure 7: Standing up action acquired using Trackit-LabVIEW interfaced
software

Figure 4: Eyes closed acquired using available Trackit software.

Figure 8: Eyes closed acquired using Trackit-LabVIEW interfaced software

Figure 5: Initial settings for signals acquiring.

After comparing the EEG signals recorded between
available Trackit software and Trackit-LabVIEW interfaced
software, we observed that the raw EEG signals acquired
from Trackit software and Trackit-LabVIEW interfaced
software were identical.
Figure 9 was an analysis example of the raw EEG
signals acquired shown on Figure 6. The Fast Fourier

•
•

‘STOP PROGRAM’ button – the program will be
stopped when the button pressed.
‘TURN OFF TRACKIT & STOP PROGRAM’
button – the Trackit device will be off followed by
the program when the button pressed.
V. CONCLUSIONS

Figure 9: FFT analysis of EEG signals.

Transform was applied to the raw EEG signals which
consist of Mu rhythm in 8-12Hz band [5] at C3, C4 and Cz
channels. From Figure 5, Figure 6, Figure 7, Figure 8 and
Figure 9, all the settings that required in the Trackit were
displayed at the front panel of the Trackit-LabVIEW
interfaced software.
The light green color of the square LEDs (Light Emitter
Diode) on the left side of the front panel were status
indications of:
• ‘CONNECT’ – the Host PC was successfully
connected with the Trackit device via
communication port 13.
• ‘Ext. Power’ – the Trackit device was powered
from an external power.
• ‘PC Card In?’ – the compact flash card was inside
the Trackit device.
• ‘System Ready’ – the Trackit device was ready to
start acquisition.
• ‘Acquiring’ – the Trackit device was in acquisition
mode.
The tabs control, text indicator and buttons on the bottom of
the front panel shown were:
• ‘Display Tabs’ – the selection of front panel view.
• ‘COMMAND STATUS’ indicator – the
‘Acknowledge’ indicates that the Trackit device
was accepted the command given, while the ‘Not
Acknowledge’ indicates contrary.
• ‘START ACQUISITION’ button – the signal
acquisition will be started when the button pressed.

In this paper, we have demonstrated that the raw EEG
signals acquired from Trackit software and TrackitLabVIEW interfaced software were identical. Using the
developed Trackit-LabVIEW software, the example of
signals processing method that was used in this paper was
Fast Fourier Transform applied on the raw EEG signals.
LabVIEW enable any user to do the signal processing if the
signal processing toolbox is available. In case of the signal
processing toolbox is not available, the user will have to
develop their own programming code for signal processing
in LabVIEW.
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