International Journal of

INTELLIGENT SYSTEMS AND APPLICATIONS IN
ENGINEERING

www.ijisae.org

1JISAE

ISSN:2147-6799 Original Research Paper

Design of an Electro Encephalo Gram Module and Processing the
signals through Savitzky —Golay filter for Machine Learning
Applications

Sandhya Kumari Golla!, Dr. Suman Maloji 2

Submitted: 08/09/2022 Accepted: 23/12/2022

Abstract: Electroencephalography, Magneto Encephalo Graphy (MEG), and Positron Emission Tomography (PET), and also functional
Magnetic Resonance Imaging (fMRI), are noninvasive neurosignal recording techniques. Epilepsy is the world's second most prevalent
psychosomatic illness, affecting around 40 million people globally. The methodology includes the implementation of an
Electroencephalogram(EEG)module that captures the brain signals to analyze the different emotions of a person. The elements of a circuit
that use frequency modulation to improve signal-to-noise communications and it has been developed using proteus software and generated
3d module of the same. The Sallen-Key low pass filter is the most often used second-order active low pass filter because of its high input
impedance, strong stability, and low output impedance. The proposed method comprises a protection circuit, an instrumentation amplifier,
and a Sallen-key circuit that can increase the efficiency of signal to noise ratio. The retrieved signal is fed into the methodological circuit,
with the resulting EEG signal being processed using the Savitzky Golay filter. The filtered output was then used to prepare a dataset that

could be used for machine learning techniques.
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1.Introduction

Epilepsy is a serotonin imbalance that affects people of all
ages and would be a chronic non-communicable disease.
A seizure generated by aberrant neuronal firing is called
an epileptic seizure, as contrast to a non-epileptic event
like a psychogenic seizure. Epilepsy affects
approximately 80% of the people in low- and middle-
income nations. It is estimated that nearly to 70% of
people with epilepsy might live seizure-free if properly
diagnosed and treated. Epilepsy is a term for recurrent,
unprovoked seizures. There are several causes of epilepsy,
one of which reflects underlying brain dysfunction. Sergi
Consul-Pacareul and collaborators suggested an
alternative 'DRL-less' AFE design and created a small,
low-power, wireless, and rechargeable batteries wearable
EEG device (NeuroMonitor). Due to interrelationship of
channels, this DRL circuit layout confines modularity and
adaptability for EEG channels, as the number of channels
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in the system must be chosen at design time for optmal
performance. Hanh Phuc Nong et al. proposed a block
diagram of the device control system through brain waves.
This module extracts the command code from the
recognition module, creates an infrared signal, and
delivers it to the appropriate source to switch on and off
the TV. In terms of hardware, the system utilizes the
Emotiv Epoc+ hat to acquire EEG data, which would be
then sent to the PC for network training and to the
Raspberry Pi for identification. The CNN network would
be used by the software installed on the microcontroller to
analyze the patient's thoughts and communicate the
command code to the actuator to turn on and off the lights
and television. Yuge Sun et al. proposed a high-
performance EEG signal amplifier that incorporates a
differential amplifier circuit, driven-right-leg circuit, and
pre-amplifying components to denoise common-mode
interference signals.Lajos Losonczi et al. developed an
intelligent EEG model that supports a qualitative
conditioner circuit of recorded biosignals, an analog-
digital converter, a central processing unit, and a wireless
data transmission module. Each of these components is
included within the electrode capsule. There have been ten
separate operational components in this intelligent
electrode. Giovanni Vecchiato et al. tested a sample of
healthy people, researchers tested the viability of today's
high EEG statistical techniques in the temporal and
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frequency domains to monitor brain activity during
witnessing commercials, political spots, and PSAs. While
watching a commercial video clip in a group of 13 healthy
persons, they investigated at the statistical significance
cortex spectral energy activity in different frequency
bands.

2.Proposed work

The methodology consists of acquiring the signals from
the patient through the protection circuit [1].The
protection circuit also can be referred as Radio frequency
interference. Radio frequency interference is the
transmission or dispersion of electrical noise or radio
frequency energy produced by electrical and electronic
equipment (RFI). This has an adverse influence on nearby
equipment or equipment that would be connected to the
same electricity grid.The resultant output connected to the
Instrumentation amplifier which is extensively used in
industrial testing and measurement. The instrumentation
amplifier's low drift voltage, great Common mode
rejection (Common mode rejection ratio), higher
operating resistance, high gain, and other attributes are
very beneficial. The output was then fed into a Sallen-key
low pass filter, a second-order active filter configuration
that could have been used to achieve larger filter circuits
such low-pass, high-pass, and band-pass filters (BPF).
Figure.l represents the module of the proposed
architecture.
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Fig. 1. Module of proposed Architecture

3.Results and Discussion

3.1 Radio Frequency Interference

RF interference is defined as the influence of undesired
RF energy in a system, represented as poor performance,
data loss, equipment damage, and so on. RF interference
is narrowband interference which impacts an electronic
system and is considered an
(ElectroMagneticinterference) EMI subsystem. There are
some types of radio frequency disturbances such as
unintentional RF noises, Intentional RF noises, Man-
made RF noises. The unintentional RF is the energy
radiated or leaked by a device that develops RF energy for
utilization within the device.Intentional RF noises are
generated by and emitted by devices intentional RF noise.
Man-made RF noises are emitted by gadgets such as
power electronics, LEDs, computer clocks, and so on.

These RF emissions are either deliberate or undesired.In
this project,the designed module is the combination of
Instrumentation amplifier using proteus software and
generated 3d module of the same.Optimization techniques
such as deploying RFI filters at the electronic equipment's
input minimize incoming interference while somehow
preventing it from affecting the electrical power systems
via the power code[11][12]. Figure. 2 represents the
printed Circuit Board Layout of protection circuit with
Instrumentation amplifier. Figure. 3 represents the 3D
Module of protection circuit with Instrumentation
amplifier.

3.2. Instrumentation Amplifier

The INA122 is a minimal differential signal acquisition
precision instrumentation amplifier. Its two-op-amp
design provides excellent achievement and utilizing small
energy, making it a perfect for portable equipment and
data collection process systems[2]. It could possibly have
come from such a number of sources. The supply
commonmaode range has recently been extended to 0.1V
below negative rail due to an input level-shift network
(single supply ground). With only one external resistor,
gain may well be changed from 5V/V to 10000V/V. Low
offset voltage (maximum 250V), offset voltage drift
(3V/°C), and robust common-mode rejection all are
characteristics of laser trimming.The only benefits of
employing two opamps to make an instrumentation
amplifier are the lower cost and enhanced CMRR. The
INA122 can be powered by a single +2.2V source.
Throughout the +36V power distribution range,
performance is acceptable. Considering its constant
supply (up to 200mV from the supply rails), the INA122
contains a steady quiescent current (60A). To maintain
load impedances extremely strong throughout the design,
battery management usually involves rigorous regulation
of vitality consumption.

Fig. 2. Printed Circuit Board Layout of protection
circuit with Instrumentation amplifier
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Fig. 3. 3D Module of protection circuit with
Instrumentation amplifier

3.3. Sallen-Key Low pass filter

The Sallen-Key topology is a voltage-controlled voltage-
source (VCVS) design having high power density, low
output impedance, and excellent reproducibility, focused
on a personal non-inverting operational amplifier and two
resistors.It's a two-stage RC network that serves as a
second-order low-pass filter automaticlly.Sallen-Key
Filter designs have always had the merit of being easily
understandable and implement[3][4]. The application of
equal resistor and capacitor values is a good illustration of
the Sallen—Key architecture. A Sallen—Key notch filter
would be constructed similarly, though it has major
limitations. Due to various component interaction, the
frequency range, or notch frequency, cannot be
enhanced.At low frequencies, the signal is effectively
routed to the output, with C1 and C2 acting as open
circuits[8]. The data is leaked to ground at the amplifier's
input at high frequencies, the amplifier amplifies the
inputs to its outputs at a lower frequency, and the signal at
Vo[5][6][7] is nonexistent. Positive responses through C2
facilitate signal Q expansion at the cut-off frequency when
C1 and C2 have same impedance as R1 and R2..Figure.4
represents the Printed Circuit Board Layout of Sallen-key
LPF and Figure.5 represents 3D Module of Sallen-Key
LPF.

Fig. 4. Printed Circuit Board Layout of Sallen-key LPF
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Fig. 5. 3D Module of Sallen-key LPF

3.4 Savitzky-golay filter

The Savitzky-Golay (SG) smoothing and differentiation
filter has proven to be a reliable, simple, and effective
approach of noise reduction. Smoothing filters, such as
Savitzky-Golay, are often used to smooth a noisy signal
with a broad frequency range (without noise).Least-
squares smoothing filters or digital smoothing polynomial
filters are some other names for them. Savitzky-Golay
filters sometimes can outperformed traditional averaging
FIR filters, which prefer to filter high-frequency signals
combined with noise[9][10]. Figure (3) reflects the output
of the Savitzky-Golay filter, which can filter the signal
without affecting the data’'s significant data Savitzky-
Golay filters preserve high-frequency signal components,
but background noise is less effective. Savitzky-Golay
filters are the optimum for fitting a polynomial to noisy
data frames when they minimise the least-squares error.
Table(1) represents the parameters of the sallen-key filter
and Table(2) represents the specalizations of the sallen-
key filter.
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Fig. 6. Mental arithmetic signal of Savitzky-Golay filter.
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Table 1. Parameters of sallen-key Ipf

S.NO PARAMETER PROPERTY

1 Structural design Op-amp & RC-
components

2 Op-am To overcome the

p-amp property of RC

3 Stability Good stability

4 Performance High
Performance

Table 2. Specalizations of sallen-key Ipf

S.NO | PARAMETER PROPERTY
1. Voltage gain (4,) 1482
R3
2. Cutoff frequency (f,) 1
21TVR1R2C1C2

The received output compared to other wavelet-based
methods, including such wavelet decomposition
algorithms, the EEG signal was thoroughly filtered with
the Savitzky-Golay filter, and the mean value of the EEG
signal was not adversely impacted, and is one of the major
benefits of this filter.

4.Conclusion

The EEG modulewas designed with the components like
Radio frequency interference, instrumentation amplifier,
Sallen-key low pass filter, and Savitzky-Golay filter
which is an alternative to a higher order low pass filter .
This project goal is to lower the amount of circuit blocks
in order to keep the module scalable. The output EEG
signal of the Savitzky-Golay filter can also be used to
extract signal coefficients for machine learning
approaches, and is one of the most useful applications for
categorizing brain signals.
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