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Abstract

The project designed and implemented was
an EEG as the first part of a macro project,
which allowed the integration between the
different programs of ANTONIO NARINO
University. This system is an integral part of
the physiographer, conditioning circuits, filters,
amplifiers, a data acquisition system and a
virtual instrument were designed that capture
the variables through a data acquisition card
to be analyzed and visualized dynamically on a
personal computer. Design and implementation
process were divided into 5 modules. It will
begin describing magnitudes to be measured,
the sensors that will give us a better capture
of our signals, the next two modules are the
circuitry and the patient protection, to finish
with data acquisition and the visualization in a
personal computer.
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Resumen

El proyecto disefiado e implementado fue un
EEG como primera parte de un macroproyecto,
que permiti6 la integracién entre los
diferentes programas de la Universidad
ANTONIO NARINO. Este sistema es parte
integral del fisidlogo, se disenaron circuitos
de acondicionamiento, filtros, amplificadores,
un sistema de adquisicion de datos y un
instrumento virtual que capta las variables
a través de una tarjeta de adquisicion de
datos para ser analizadas y visualizadas
dinamicamente en una computadora personal.
El proceso de diseiio e implementacion
se dividi6 en 5 modulos. Se comenzara
describiendo las magnitudes a medir, los
sensores que nos daran una mejor captacion
denuestras senales, los dos siguientes mddulos
son la circuiteria y la proteccion del paciente,
para terminar con la adquisicion de datos y la
visualizacion en una computadora personal.
Palabras clave: Sistema de
electroencefalograma, Fisiélogo, Psicdlogo.
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Introduction

The design and development of a PC for
the Acquisition and Visualization of EEG
Electroencephalographic Signals on PC
becomes highly relevant in studies aimed at
diagnosing brain pathologies such as epilepsy
and psychiatric disorders, and constitutes a
fundamental piece in the development of a
Neurofeedback.

Electroencephalography is a technique
aimed at recording the potential variations
produced by brain cells, while Neurofeedback
is a procedure that presents the patient with
information about their own brain electrical
activity, in order to tune certain functions of the
Central Nervous System and controlling them
through learning [1].

An EEG team’s main objective is to capture the
potential oscillations that appear on the cranial
surface by means of superficial or basal
electrodes, which are subsequently amplified,
filtered and digitized to be finally visualized.

The accessibility of electroencephalography
equipment for learning purposes in
an Electrophysiology or Biomedical
Instrumentation Laboratory, or for research
purposes for the implementation of techniques
for digital signal processing, compression,
encryption, transmission, among others, is a
task that it is difficult, taking into account the
acquisition costs associated with this type of
technology.

Additionally,  maintenance, repair and
procurement of spare parts is a complex
process due to the import formalities of said
products oraccesstorelated technical services,
so having the prototype of a biomedical device
such as the one described would facilitate
Ostensibly the work of teaching and research
in the area of Bioengineering and Biomedical
Engineering [2].

For these reasons, a low-cost equipment
capable of acquiring and adapting four
recording channels was designed in an efficient,
reliable and secure manner, thus obtaining
high-quality EEG signals. In addition, it has a
graphical interface developed by means of an
object-oriented programming software, highly
practical and useful for the reconstruction,
visualization and digital processing of said
signals..

Development.

The design and commissioning of an EEG
Signal Acquisition and Visualization Kit requires
an adequate knowledge of the characteristics
of electroencephalographic signals [3]. The
behavior of the EEG signal is random in nature,
characterized by a voltage range between 1
MV and 100 pV, and a bandwidth ranging from
0.5 Hz to 100 Hz.

These considerations were taken into account
when implementing the acquisition stage, in
charge of capturing, amplifying and adapting
the signals from the brain, which can be
classified into four frequency bands that
correspond to the different brain rhythms, as
established in Table 1.

Table

Designacion Frecuencia [Hz] Region Cerebral Ocurrencia
Ondas Beta ) 1330 P.IEELIBI t:l;:;ﬂ' Adulto:.iegril l;zmrlu de
ol e 1mcr:.:|:ill'|‘1?;1nlte. couc:;\ellrﬂca!;i;ljlllli‘;11 tal.
Ondas Teta (&) 4.8 Regiones temporales, '\-igz;-;;f;{m
Ondas Delta () 05-3 Varlas reglones, Beb“'li‘lggjﬂpfiulldm
Fuente: [3]

The project shows the engineering design and
commissioning of the system for capturing and
conditioning EEG waves; which was divided
into 5 modules, as shown in figure 1.
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Signal filter module

This module is in charge of taking the signals
that were captured and amplified by the signal
capture and amplification module and limiting
them in a bandwidth that only EEG wave signals
operate. For this, a bandpass filter figure 2
was designed, because it only allows signals
to pass between the lower cutoff frequency f1
and the upper cutoff frequency f2. Frequencies
that are not within this range will be attenuated

[5].

Figure 1.EGG waves modules

Fuente: [3]
Signal acquisition and amplification module

To capture the undulations of the electrical
potentials of the brain, surface electrodes
of Ag / AgCl have been used on the scalp,
which are small 5mm diameter discs. These
electrodes are located according to a technique
called 10-20. In total, the system is made up
of 17 electrodes and the ground, which are
responsible for bringing brain waves over the
surface of the scalp to the differential input of
the instrumentation amplifier.

The function of the instrumentation amplifier
is to amplify the EEG waves found on the
scalp. To make the design of this amplifier, it
was taken into account that when amplifying
these signals, the noise that accompanies
them can also be amplified, therefore the level
of these signals is not brought to high levels of
amplitudes since the noise that accompanies
these signals would also be amplified.

Therefore, a low voltage gain was designed
for this stage. The device selected as an
instrumentation amplifier is the integrated
ADG620 [4].

it
av

Figure 2. Filter without signal

Fuente: [5]
Signal conditioning module

This module is divided into two parts, one part
is in charge of patient protection, for this an
optical coupling circuit was designed, with an
integrated reference MCT6, and its function
is to provide greater protection to the patient.
The other part is the design of a circuit whose
function is to mount the waves at a level of
direct voltage, to avoid the negative peaks of
the signal being cut when it passes through
the optical coupling circuit. Figure 3 shows
the complete circuit of the signal conditioner
module. The design of each of these circuits is
explained below.
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Figure 3.No signal conditioner, [5]

Data acquisition module. This module serves as an interface between the captured signals and
the computer, to then be taken to the EEG wave display module. For this module, an NI USB -
6008 card was selected. This card must reject the digital noise present inside the computer and
that may contaminate the analog signals it is trying to analyze. The card is shown in figure 4.

1 Device 3 Signal Labels
2 Screw Terminal Blocks 4 USBE Cable

Figure 4.Connectors EEG wave display module, [6]

Card NI USB - 6008. The program designed in LabView, Graphs the electroencephalogram
signals captured and amplified by the project’s analog stage and digitized with the DAQ card,
see figure 5. EEG program block diagram of the 8-channel program [7].

EEG wave display module. The program designed in LabView, Graphs the electroencephalogram

signals captured and amplified by the analog stage of the project and digitized with the DAQ
card, see figure 5 [8].
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Figure 5.EEG program block diagram of the 8-channel program, [9]

The entire program is contained within a
case structure, the input terminal is wired to a
Boolean control, located on the front panel as
an on / off button.

The case structure has two possible cases
(true / false), for the false case the program
does not perform any operations, for the true
case the program starts the data acquisition
sequence importing the data from the
acquisition card to LabView with the block
DAQ Assistant, this part of the program
is contained within a while loop (stop if
true) structure, so that the program is in an
indefinite cycle of interactions in which the
analog signals will be read, digitized, it gives
them due processing and they are repeatedly
graphed as long as the “TRUE” condition is

not given in the “STOP” terminal of said
structure [9].

When inserting the DAQ Assist block in
the block diagram, it automatically starts
its configuration wizard, then we prepare
the block in the acquire signal mode,
choose an analog signal and in the unit or
type of signal choose voltage. After this
configuration, the wizard automatically
detects any data acquisition card connected
to the equipment and displays the analog
inputs available on it [10].

The wizard immediately displays the
following box in which the parameters of
the signal to be digitized are selected. The
following are configured in this table:
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» Signal voltage range (maximum and minimum + 9V and -9V)
« Signal voltage range (maximum and minimum + 9V and -9V)
* Units (Volts)

 Terminal configuration. (simple or with land reference)

+ Acquisition mode, (continuous samples)

* Number of samples to read (3K)

* And the sampling rate (1K) [11].

Each channel of the DAQ card is selected and names are assigned according to the order
of the channels (channel 1, channel 2, ....... Channel 8). The 8 signals collected by the
acquisition card come out of the DAQ assistant through the same terminal in the form of
dynamic data, to separate these signals and give them the treatment that each individually
requires, using the Spit Signals function, which separates and each delivers them separately
at their different terminals. After separating the signals, the dynamic data is converted to
numerical arrangements with the from DDT function, this step is necessary to be able to give
each signal the appropriate treatment according to the type of wave to be displayed [12].

With one Combo Box function per channel, we configure a text string control with the names
of the signals that are generated in the reading of the encephalogram, (Alpha, Theta, Beta
and Delta) and it is configured so that each text string throws me a numerical value from 1 to
4 like this: Alpha 1, Beta

2, Theta 3, Delta 4, The output of the combo box is wired to the input terminal of a case
structure, in each case a fourth order butterworth filter is placed whose upper and lower
cut-off frequencies are configured according to the signal that is going To be displayed.The
waveform plotters are located on the front panel, in which the electroencephalogram signals
for each channel will be displayed. See figure 6.
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Figure 6. Electroencephalogram, [12]
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EEG results

During the process of d Figure 6.To save the data in a file, in case it is required to make histories
of the signals captured in the patients, a file creation and writing cycle is implemented, through
a writing block of files, this block is configured through a dialog box and a Boolean control on
the front panel the file path and choose whether to write data to a new file or to write continuous
data to an existing file. See figure 7, design and development of the measurement system for
EEG signals, the gain test of the conditioning circuit of this physiological signal was performed,
with an input voltage level of 5.6mV, to establish the existing margin of error [13].
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Figure 7. Design and development of EEG measurement

Additionally, a frequency response test of the conditioning circuit was carried out, using a
signal generator and as a result a bandwidth of 113 Hz was obtained, which, compared to the
theoretical value of 106 Hz, gives an absolute error of 7 Hz and Relative Error (%) of 6.6%,
say the designed filter is working with an effectiveness of approximately 90%. This value of
the bandwidth deviation of the filter will be compensated with the filtering by digital processing
carried out in Labview [14].

After the above, it is concluded that the design of the conditioning stage of the EEG signal

capture system is capable of taking the electrical signals generated by the brain for monitoring
and processing through Labview.
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To determine the functionality of the EEG signal
measurement system, three patients aged 27
years, 28 years, and 30 years were chosen for
the acquisition, acquisition, and visualization of
electrical signals from the brain. Following the
recommended procedure for this activity, the
system was tested.
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