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Abstract: Hallucinations and delusions are
symptoms of schizophrenia. Due to persistent
auditory and visual hallucinations, a person with
schizophrenia cannot process reality clearly.
Abnormal brain activity results from delusion and
hallucination. During the capture of EEG signals,
aberrant behavior is detected. The EEG electrodes
do not well detect the brain's current distribution.
Schizophrenia causes the EEG signal to be warped
and less sensitive, which results in incorrect
interpretation of brain activity. In this paper, an
EEG electrode constructed of graphene
nanopowder is suggested that is sensitive to the
brain's weak electrical activity. The cold spray
approach created graphene EEG electrodes,
improving the material bonding and chemical
characteristics. By obtaining EEG readings from
schizophrenic patients, the sensitivity of the
graphene electrode was assessed. The EEG signal
was collected from the subject when taking part in
cognitive tests like question sessions and numerical
problems. Several neural networks (NN)
algorithms can be used to identify hallucination
and delusion aspects in EEG recordings. Further
details regarding the hallucination and delusion
aspects in the EEG signal were provided by the NN,
showing a Graphene electrode. As compared to
other NN models, the comparative study of several
NN models revealed that the BFGS quasi-
Newtonian backpropagation algorithm accurately
recognized hallucination and delusion features.
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1. INTRODUCTION

EEG electrodes are used to gain information
about the neurological functioning of the brain.
The electrodes consist of capacitive sensors,
batteries, and integrated circuits to improve the
acquired signal magnitude and eliminate noise
in the EEG signal. The EEG electrodes are used
to obtain a signal for different cases to analyze
the spontaneous EEG response, brain stems
potential analysis, and cognitive evaluation.
The dry EEG electrodes require no more
preparation time. The dry electrodes can be
applied directly on the skin, which increases the
SNR. The higher number of channels for dry
electrodes, shielding, and pre-amplification
overcomes the effect of signal degradation
during the EEG signal acquisition. Nanosensors
are nanoscale devices that assess the physical
quantities of a substance and transform it as a
signal to analyze its properties. Chemical and
mechanical nanosensors are the main types of
nanosensors. Chemical nanosensors work by
observing the nanomaterials’ electrical
conductivity and noticing the shift in
conductivity while being bound or adsorbed.
One-dimensional nanomaterials with one
dimension greater than 100nm, such as
nanowires and nanotubes with electrically
confined structures, are the best examples of
chemical nanosensors. The mechanical
nanosensors work by noticing the change in
electrical conductivity of the nanomaterials
while undergoing physical manipulation. The
nanopowder provides enhanced sensitivity,
which can be applied almost in all fields.
Examples of its application are given below.
Optical Nano-sensing: The optical nanosensors
have nanomaterials with nontoxic receptors
that measure optical changes within their

environment. It is utilized in various biological
applications monitoring ion concentration and
tracking any unwanted and interfering species.
Environment Monitoring: In real-time, the
microorganisms and toxic chemical compounds
in environmental samples can be observed and
analyzed with nanosensors. Radiation Sensing;:
Electromagnetic and UV radiation at low levels
can be measured using nanowires by evoking a
change in the resistive state of the nanowires.
Currently, nanosensors are combined with
microelectromechanical systems and
microfluidic devices to trace microorganisms in
fluid samples and cholesterol levels in blood
samples. Nanoparticle diameter size ranges
between 1 and 100 nanometers. It is classified
into natural, engineered, and incidental
nanoparticles. Biotic and abiotic matters such
as volcanic dust, minerals, clays, and metal
oxide have natural nanoparticles. Engineered
nanoparticles have specific shapes, sizes, and
surface morphology contrived for specific
usage. Incidental nanoparticles are byproducts
from manufacturing and production facilities.
In addition, Nanoparticles must be
encapsulated with various molecular ligands
for better usage. This paper discusses the ink
development from graphene nanoparticles for
inkjet printers, scalable printing process, and
resource-efficient process chain to produce
electrodes [1] for direct skin contact, which can
be used to improve the electroencephalogram
(EEG) accuracy.

2. LITERATURE REVIEW

Table 1 below shows the measures and benefits
of fabrication methods reported in the
literature survey.
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Table 1 Measures and Benefits of the Fabrication Methods.

Reference Sensor / Measure Fabrication Method / Used  Benefits / Findings
EEG Features
[2] Augmented wire-embedded =~ Embedding metal stud and Better performance in brain-
silicon-based dry-contact copper wires into the fingers of ~ computer-interface experiment
sensor (WSBDS) an acicular SBDS
[3] International 10-20 sensor The stimulus-based functional Raga was pleasant and induced
placement system associations mood change after listening
[4] 14-channel EEG machine Hjorth parameters (activity, Improved the emotion recognition
mobility, and complexity rate [5]
[6] Wireless Modular neuro-monitoring Power-efficient, in particular by
electroencephalography platform for high-density EEG avoiding data centralization
(EEG) sensor networks recordings,
(WESNs)
[7] 32-channel implantable Simultaneous near-infrared Measured normalized root-mean
recording device spectrometry (NIRS) and square deviation was under 2%
intracerebral EEG (icEEG)
[8] Consumer grade EEG Comparative analysis performs  Evaluated consumer level EEG
devices with power spectra of EEG electrode performance [9] with
signal. research grade devices
[10] Conductive fabric electrode Measure humidity of Continuous measurement of sweat
with the multifunction multifunction sensor rate simultaneously with EEG
sensor signal recording
[11] Multitude of mini-EEG Greedy group-utility based WESNSs insignificantly suffered
devices channel selection strategy from EEG miniaturization effects
in the case of AAD [12]
[13] Clustering variational mode = Optimum allocation sampling Identification of focal EEG signals
decomposition (VMD) into homogeneous EEG-clusters
and decomposed into band-
limited modes
[14] Three-layer spherical head Sensitivity and correlation Observation of least influenced
model with different and analysis of EEG sensors electrodes along the great
random-layer conductivities longitudinal fissure
[15] Wireless neuroheadsets Empirical studies with an off- Minimizing the energy usage in
the-shelf Emotive EPOC EEG sampling and maximizing the
Neuroheadset sum of all applications' fidelities
[16] Wearable mechatronic Changes in system dynamics Improvement of adaptability [17]
rehabilitation devices caused by user actions and robustness of wearable
mechatronic rehabilitation devices
[18]
[19] Review of the latest Graphene-based sensors realize ~ Potential challenges were
graphene-based sensors for  the real-time measurement of discussed and outlined
health monitoring. body temperature, heart rate,
blood glucose,
electrocardiogram signal, and
electroencephalograph signal
3. METHODOLOGY
3.1. Frontal Lobe

The human brain is broadly classified into four
lobes, as shown in Fig. 1, among which the
Frontal Lobe is the largest. It is responsible for
voluntary  actions, expression through
language, executive functions like cognitive
skills, planning, organizing, initiating,
monitoring, goal setting, behavioral and
emotional  balance, multi-tasking, and
personality. Hence, this brain region was
chosen to study neurological activity. This part
of the brain is more prone to traumatic brain
injury. Any abnormality in this region may Midbrain =
result in significant complications such as
Paralysis, speech abnormalities, reduced
coordination, irresistible impulses, and
difficulty planning, affecting lifestyle and social
behavior. The brain produces electrical
conductivity through electrodes placed at
different points, as shown in Fig. 2.

- Forebrain

™ Hindbrain

Fig. 1 The Categories of the Brain.
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Fig. 2 Fp1 and Fp2 Position of Frontal Lobe.

Fig. 3 shows the proposed Nano edge system of
producing efficient EEG with improved direct
skin contact electrodes that use graphene
nanoparticle inkjet printing. The graphene-
nanoparticle ink [20] was developed using the
following process. Firstly, modified commercial
graphene ink was used to create graphene-
based ink. Secondly, ethanol was included to
prevent bubbles and lower the ink's surface
tension. Thirdly, carbon nanoparticles were
added to improve the printed structures'
resistance to wear. Lastly, a surfactant was
applied to improve the printability,
conductivity, and surface smoothness of
printed structures.

I Query session },_>| Front lobe I

EEG Electrode

v

3D data acquisition

Graphene Nano- Cold spray technique
powder 1l 1

Neural network
analysis

Signal conditioning

Fig. 3 Overview of EEG electrode fabrication
for hallucination and delusion identification in
EEG signal.

3.2. Skin Electrode Fabrication

The ink printing on soft material, blade cutting,
and a passive adhesive layer lamination was
used to create the skin-electrode for EEG’s
production. The thickness of each element and
layer affects how well the electrode couples to
the skin. To enhance the optimization of these
layers for EEG applications, the thickness and
stiffness were reduced [21]. This new
generation of wearable sensors combines ultra-
thin electrodes with low-cost skin electronics.
These sensors measured the biological signals
that serve as indications of mental state. These
signals provided a more thorough depiction of
mental processes and improved mental
disorders and functional restoration analysis.
3.3. Scalable Printing Process

The steps listed below were used to complete
the resource-efficient printing procedure. The
tracks and contact pads were initially printed in
silver ink. Next, customized graphene ink was
used to create electrodes. For high-quality

printing, an inkjet printer with a 16-nozzle print
head was employed. The development of
desirable pre- and post-processes was the next
step. Eventually, an inkjet system was used to
transfer the printing process for mass
production.

3.4. Nano edge Implementation

The Nano edge wused Senso Medical
Laboratories BIOPOT. The BIOPOT is a tool for
nanotechnology product development that
combines wireless bio-impedance and bio-
potential amplification with data transmission
and collecting. For data transfer, it uses
Bluetooth low-energy 5.0 technology. In order
to acquire data, it has an onboard data buffer. It
can be set up using EEG, EMG, or other bio-
potential readings and has eight or 19 channels.
3.5. Graphene EEG sensor

Graphene is a single-layer carbon atom, and the
carbon atoms are available in a 2D honeycomb
lattice. The graphene is sensitive to bioelectrical
signals. The active cells in the human brain
constantly produce electrical activity. The cells
and tissue have a transmembrane flow of ions
in action potential and resting potential.
Electrodes are frequently used to collect clinical
bioelectric signals, which can then be processed
into an Electrocardiogram (ECG),
Electroencephalogram (EEG),
Electromyography (EMG), Electroretinogram
(EOG), and Electroretinogram (EOG) by
amplification, filtering, and post-processing. It
has been used in various domains, including
mobile health care, cognitive psychology, and
human-machine interactions, as a critical
electrical signal indicating the state of the
human body. Nevertheless, reliable signal
acquisition becomes necessary for signal
analysis due to their high contact impedance,
common mode noise, and weak value. As a
result, the electrodes' quality significantly
impacts how the bioelectrical signal is
measured. It is herein suggested that the
Graphene Nano powder-based sensors [22] can
be used for the most remarkable accuracy since
the bioelectrical electrode sensors should have
an extended dynamic range, accuracy, high
SNR, low impedance, robustness, durability,
and remarkable repeatability among
deformation ranges. The Graphene Nano
powder-based sensors keep less touch with the
skin while achieving consistent and accurate
impulses even during a person’s kinetic motion.
These sensors are increasingly used in wearable
biometric sensor creation to acquire
bioelectrical signals in real-time, high fidelity,
low impedance, and high SNR.

3.6. Cold Spray Technique

It is a coating deposition method where fine
Solid powder sizes range from 1 to 50 pum
diameters. The particles are accelerated up to
1200 m/sec in a supersonic gas jet beyond its
critical velocity. During the impact of a

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 1! 2023

vese A



mailto:vdivya6891@gmail.com
mailto:sendilkumar2009@gmail.com
mailto:usha.subu2007@gmail.com
mailto:shema.pit@gmail.com
mailto:gokul_kris143@yahoo.com
https://tj-es.com/

j V. Divya, S. Sendil Kumar, S. Usha, S. Hemamalini, V. Gokula Krishnan / Tikrit Journal of Engineering Sciences 2023; 30(1): 84-93. :‘

spherical particle with the substrate, per the
principle of adiabatic shear instability, the
kinetic energy deforms the plastic. The
deformed plastic adheres to the surface. The
particles spray through a nozzle for a uniform
surface. The graphene nanocrystalline powder
was used for cold spraying [23]. Unlike thermal
spraying techniques, the powders do not melt
during cold spraying; hence, the basic physical
and chemical properties are restored.
Furthermore, the major advantages include
high density, conductivity, homogeneity,
productivity, power feed, deposition rate,
efficiency, reusability, operational safety, low
energy consumption, surface preparation, and
shrinking and stand-off distance. This method
is free from toxic wastes and combustion.
Spraying micro or nanosized particles,
amorphous materials, metals, crystals, and
alloys is possible.

3.7. 3D Data Acquisition

3D Laser Scanning, also known as Light
Detection and Ranging (LiDAR);
Photogrammetry; Videogrammetry; RGB-D
Camera; Stereo Camera; and 3D Scanner have
commonly used data acquisition tools in EEG.
The 3D Scanner [24] is preferred due to its
affordability and fast electrode digitizer with
better positional accuracy than template ones.
The source models of EEG improve with 3D
electrode positions. 3D data acquisition can be
classified into two types, i.e., the Non-Contact
Method and the Tactile Contact Method.
Magnetic, Acoustic, and Imaging are under the
Non-Contact Method. The CMMs and Robotic
arms are under the Tactile contact method.
3.8. Signal Conditioning

The acquired analog signals should be
processed before digitization. The Signal
conditioning converts the signal from Analog to
Digital with an anti-aliasing filter. In the
present work, bioelectric signals were the input
impulses. Signal conditioning involves several
techniques, including filtering, amplifying,
attenuating, excitation, linearizing, electrically
isolating, and surge-protecting.

4. RESULTS AND DISCUSSION

The psychological process of a person was
analyzed with EEG signals. The EEG is a cost-
effective method that provides information
about the brain-behavior with respect to time.
The person’s EEG behavior changed with
respect to cognitive function. For example, a
study validated the relationship between
cognitive function and interictal EEG discharge
[25]. A person with frequency IEDs had a low
IQ compared to a normal EEG, and the latency
of a person was inversely proportional to IQ.
4.1. EEG variation during cognitive
questioning

During the Cognitive tasks, analytical questions
were posted to assess critical thinking and

problem-solving. While the tasks were
executed, significant changes were noticed
among various individuals. EEG predicts the
brain’s health, sharpness, distinguishing
complex behavior, and sensory-motor nerve
coordination. For patients who have Paralysis,
Epilepsy, Schizophrenia, bipolar disorders, and
other systemic mental disorders, the EEG
patterns showed abnormal behavior. The
analytical task was performed as a response to
the stimulus, an outstanding feature of the
human brain, which varies for different people.
The responses or reactions depended closely on
the characteristics, such as an individual's
mental condition, the cognitive task's load and
complexity, and an individual's skill and
aptitude. Besides these, cognitive resources to
fulfill the task and working memory also play a
major role. In the present work, three cognitive
tasks were proposed to study neurological
activity through variations in an EEG signal.
The tasks were numerical Reverse Counting
from 100 to 1, rotating the eyes, and answering
the questions. A comparative Study for
Secondary Assessment in Answering the
Question of Cognitive Task is represented.
Here, the wavelet transform (WT) was used as
a tool for signal conditioning. The WT broke
down a signal into a series of fundamental
functions made up of contractions, expansions,
and translations of the wavelet, which is a
fundamental function. However, the wavelet
transform was applied to achieve time domain
variations, not in connection with the impulse
shape. In continuous wavelet transform, the
multiresolution was analyzed by contractions
and dilation of a wavelet function. For accurate
analysis, A Discrete Wavelet Transform, the
basic level one where the filter banks were used
for multiresolution time-frequency entities,
was employed. Special wavelet filters were used
for signal analysis and reconstruction. A
spectrum was divided into multiple frequency
domains by filters cascaded in filter banks. An
input signal passed through a Low pass filter,
followed by a high pass filter, and the amount
of data available was doubled in quantity yet at
the same frequency range, as shown in Fig. 4. A
downsampling by a value of 2 was applied to
existing output signals for analysis through
filter banks. Signal reconstruction was done by
Synthesis Filter Bank. The frequencies were
added by upsampling the signal by a value of 2
and passing them through the filter; hence
reconstruction took place. The filter bank
technique was also called as Sub-band coding
technique as the analysis filter bank split the
frequency domain into different sub-bands.
Here, to overcome the cons of DWT, the EEG
data were analyzed on MATLAB by replacing
with the other algorithms, such as Levenberg-
Marquardt backpropagation, Bayesian
Regulation backpropagation, BFGS quasi-
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Newton backpropagation, and Conjugate
gradient backpropagation with Powell-Beale
restarts.

D osition at level 5: 5= a5+ d5 + d4 + d3 + d2 + d1

012 0.‘4 0‘.5 018 1‘ 112 1.‘4 1‘.6 118 2‘ 2:2
Fig. 4 Decomposition of EEG Signals
Acquired During Query Session.

Computationally serious neural organization
models were additionally evolved and named
"Profound Learning" models. Some profound
learning models are Convolutional Neural
Networks, Deep Neural Networks, and
Contractive Auto-Encoders. Recently, neural
organization models have been generally
embraced in different trains, such as energy
frameworks, medical care, mechanical
technology, horticulture, climate
demonstrating, and geospatial picture
investigation. The effect of neural organizations
in the clinical field is relatively high. The
heterogeneous information from various
sources can be examined with a neural
organization due to its nonlinearity. Innovation
advancement assumed an essential job in the
improvement of medical services offices. It has
a wide range of applications in diagnosing and
assessing mental disorders, such as epilepsy,
schizophrenia,  bipolar  disorders, and
neurological disorders.

| I I | I l
Input

Fig. 5 Construction of Convolution Neural
Network Layers.

In Fig. 5, C denotes the convolution layer, P
denotes the pooling layer, and FC denotes the
fully connected layer. Each Confusion kernel
component multiplied the Confusion layer
input data by the subsection item and
summarized the products to get an item on the
feature map. Each time, subsection 1 moved
down, and the process was repeated until all
input data components were included;
eventually, the compression function created a
new matrix (i.e., feature map). The clustering

Output

(TTTTIT LI I

(ITTTTTTTTITITTITIT]

function was a paradigm that significantly
improved the computational speed of CNN and
effectively prevented overcorrection. Usually,
there are two different grouping modes, i.e., the
maximum grouping and the average grouping.
The maximum group used in the present study
was better than the average group. The
implementation layers, Softmax and fully
integrated, were similar to the CNN 2-D
standard. In this study, through EEG, the
analysis was performed in 4 stages: Training,
Testing, Validation, and finding the Best or
optimum performance. Initially, certain
threshold values were fixed as a Training set,
and the results were used compare with the
values extracted from the patient through EEG.
These values were validated and correlated to
understand the deviation amount. The values
were differentiated for all three analytical tasks,
and the results were evaluated through Best
Validation Curve, Error Histogram, and
Confusion Matrix.

4.2. EEG signal analysis with
Levenberg-Marquardt
Backpropagation (LMB)

The Mean Magnitude of the Squares of Error
(MSE) is the distance between the model's
estimate of the calculated and actual test values.
As the values were squared, fiddling and
overshooting can be avoided by attaining the
absolute value. The physical interpretation was
correlated with the hyperplane drawn by the
network, which predicted the values almost
close to the exact ones. The MSE of 10-25
expressed the accuracy of reaching the closer
targets. Figs. (6, 7) show the variations in the
neural activity while performing the numerical
activity in reverse order, from 100 to 1.

Best Validation Performance is 0.0045365 at epoch 7
| : T ! .

-
S

—Train
—Validation -
—Test

Best

Mean Squared Error (mse)
=
o

2 4 6 8 10 12
13 Epochs
Fig. 6 LMB Performance Validation for EEG

Signal Acquired During a Query Session.

The LMB reached the best validation at epoch
7. The difference between variable output and
known target output represented the error
caused in the neural network model. The error
was caused due to biases and weight
adjustments in the neural network model. The
training process in the neural network aimed to
optimize the model’s weight distribution and
reduce squared errors.

-
<,
S
T
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Gradient = 9.6473e-05, at epoch 1

405 .
10 :

210t Mu = 1e-06, atepoch 11

-6 L

;010 T : : . .
§ 5. Validation Checks =6, at epoch 11 . »
[ . .
> .

% ; : 6
11 Epochs

Fig. 7 LMB - Gradient with Steep Descent
with Momentum During a Query Session.

The Error histogram shows the errors between
predicted and actual values. The performance
of the network model was evaluated after each
training session of the model. Since the
difference was shown between the predicted
and target values, the outcome was also
negative. Fig. 8 shows the error range of the
LMB model. The maximum errors occurred at
0.003688, and the training dataset bin was
near 250. At 0.003688, the validation and test
dataset lay in the range of 180 to 250, which
showed that samples from datasets had an error
in that particular range.

Error Histogram with 20 Bins

8 10

250 M Training |
M validation
200 - Ml Test 8

Zero Error|

Instances
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=
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0
0

T ]
Errors = Targets - Qutputs

Fig. 8 LMB Error Histogram of EEG Signal
During a Query Session.

4.3. EEG signal analysis with Bayesian
regularization backpropagation (BRB)

The EEG signal was processed with the BRB
neural network model to predict the
hallucination and delusion features in the EEG
signal. The model reached the validation for
schizophrenia features at 4 epochs, as shown in
Fig. 9. The gradient of the BRB was low
compared to the LMB model, as shown in Fig.
10. The model’s error histogram was maximum
at 300, which was low compared to LMB. The
maximum error occurred at 0.00129, and the
lowest occurred at -0.1319, as shown in Fig. 11.

Best Validation Performance is 0.0043197 at epoch 4
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Fig. 9 BRB Performance Validation for EEG
Signal Acquired During a Query Session.
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4.4. EEG signal analysis with BFGS
quasi-Newton backpropagation

Figs. (11- 16) show the comparative study report
of the gradient variation curve, error histogram,
and the confusion matrix of the EEG signal
acquired during the query session. The
comparison was between various wavelet
transforms and neural network-based
algorithms, which was effectively proved. The
BFGS predicted that the variations in the EEG
signal were caused due to hallucination and
delusion. The model achieved the validation at
50, as shown in Fig. 12, which was high
compared to LMB and BRB. The gradient a mu
of the model is shown in Fig 13. The error
histogram caused in the model reached its peak,
i.e., 220 instances, at 0.009266. The error
during the test phase was higher than in other
models, as shown in Fig 14. The number of
instances was low compared to LMB and BRB

models.
Best Training Performance is 0.0053867 at epoch 51
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Fig. 12 BFGS Performance Validation for EEG
Signal Acquired During a Query Session.
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4.5. EEG signal analysis with Conjugate
Gradient Backpropagation (CGB)

The CGB model analysis of the EEG signal is
shown in Figs. (15- 17). The model reached the
validation at 1 epoch, which was drastically low
compared to other NN models, as shown in Fig.
14. The gradient and mu are shown in Fig. 15.
The gradient was 6.6209x e-06 which was low
compared to other models that show the CGB
had more errors. The error histogram is shown
in Fig. 16. The maximum error occurred
between -0.03203 and 0.04507 in the 240 to
290 instances range.

Best Training Performance is 0.0046347 at epoch 10
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Fig. 15 CGB Performance Validation for EEG
Signal Acquired During a Query Session.
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The confusion matrix showed the variations
with respect to predicted and actual values. The
true and false values that caused the
classification problem are defined by the
confusion matrix. The confusion matrix showed
the correct and error predictions with count
values for each class. Confusion matrix shows
how the classification model was confused
when it made predictions. Confusion matrix is
a method of measuring performance to assess
how well the classification algorithms function.
True Positive (TP), True Negative (TN), False
Positive (FP), and False Negative (FN) were
four crucial values in a confusion matrix (FN).
TP depicted the anticipated outcome as
favorable and as expected. According to TN,
both the actual and anticipated results were
unfavorable. FP, also known as Type—I error,
occurred when a positive result was
anticipated; however, a negative outcome was
expected. Similarly, FN stands for Type—II
mistake, where a positive outcome was
anticipated; however, the result was predicted
to be negative. The confusion matrix provided
information about the types of errors caused by
the classifier. The BFGS model had fewer errors
concerning the actual outcome, as shown in Fig.
18, since it produced fewer errors in the
histogram plot, as shown in Fig. 13.

Training Confusion Matrix Validation Confusion Matrix

Output Class
Output Class

Target Class Target Class

Test Confusion Matrix All Confusion Matrix

Output Class
Output Class

Target Class Target Class

Fig. 18 Confusion Matrix of BFGS NN Model.

5. CONCLUSION

This work proposed an EEG electrode made of
graphene nanopowder to detect schizophrenia
features in an EEG signal. The features detected
with a neural network algorithm for the early
diagnosis and assessment of mental health
through EEG with the help of cognitive tasks
were an effective method. While handling the
cognitive tasks, a patient was set on an
experimental study with an EEG. The
comparative analysis of NN methods showed
that the BFGS NN model identified the EEG
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signal variations more accurately than other
models. This NN performance model was
evaluated using a gradient, Mu, error
histogram, true positive, false positive, true
negative, and false negative. The NN model
would assist medical practitioners in

automated  diagnostic = procedures  for
schizophrenia and is cost-effective.
REFERENCES

[1] Karthik S, Sudha M. Predicting Bipolar
Disorder and Schizophrenia Based
on Non-Overlapping Genetic
Phenotypes using Deep Neural
Network. Evolutionary Intelligence
2021; 14: 619-634.

[2] Lin CT, Yu YH, King JT, Liu CH, Liao LD.
Augmented Wire-Embedded
Silicon-Based Dry-Contact Sensors
for Electroencephalography Signal
Measurements. [EEE Sensors Journal
2019; 20(7): 3831-3837.

[3] Geethanjali B, Adalarasu K, Jagannath M,
Seshadri NG. Music-Induced Brain
Functional Connectivity using EEG
Sensors: a Study on Indian Music.
IEEE Sensors Journal 2018; 19(4): 1499-
1507.

[4] Oh SH, Lee YR, Kim HN. A Novel EEG
Feature Extraction Method using
Hjorth Parameter. International
Journal of Electronics and Electrical
Engineering 2014; 2(2): 106-110.

[5] Santillin-Guzman A, Fischer M, Heute U,
Schmidt G. Real-time empirical mode
decomposition for EEG signal
enhancement. In2i1st European Signal
Processing Conference (EUSIPCO 2013)
2013 Sep 9 (pp. 1-5). IEEE.

[6] Bertrand A. Distributed Signal
Processing for Wireless EEG Sensor
Networks. I[EEE Transactions on Neural
Systems and Rehabilitation Engineering
2015; 23(6): 923-935.

[7]1 Variane GF, Chock VY, Netto A, Pietrobom
RF, Van Meurs KP. Simultaneous
Near-Infrared Spectroscopy (NIRS)
and Amplitude-Integrated
Electroencephalography (aEEG):
Dual use of Brain Monitoring
Techniques Improves our
Understanding of  Physiology.
Frontiers in Pediatrics 2020; 7:560

[8] Sawangjai P, Hompoonsup S, Leelaarporn
P, Kongwudhikunakorn S,
Wilaiprasitporn T. Consumer Grade
EEG Measuring Sensors as Research
Tools: a Review. IEEE Sensors Journal
2019; 20(8): 3996-4024.

[9] Nakamura T, Alqurashi YD, Morrell MJ,
Mandic DP. Hearables: Automatic
Overnight Sleep Monitoring with
Standardized In-Ear EEG Sensor.

IEEE Transactions on Biomedical
Engineering 2019; 67(1): 203-212.

[10] Gao KP, Shen GC, Zhao N, Jiang CP, Yang
B, Liu JQ. Wearable Multifunction
Sensor for The Detection of
Forehead EEG Signal and Sweat
Rate on Skin Simultaneously. /EEE
Sensors Journal 2020; 20(18): 10393-
10404.

[11] Narayanan AM, Bertrand A. Analysis of
Miniaturization Effects and Channel
Selection Strategies for EEG Sensor
Networks with Application to
Auditory Attention Detection. /EEE
Transactions on Biomedical Engineering
2019; 67(1):234-244.

[12] Mullen TR, Kothe CA, Chi YM, Ojeda A,
Kerth T, Makeig S, Jung TP,
Cauwenberghs G. Real-Time
Neuroimaging and Cognitive
Monitoring using Wearable Dry
EEG. IEEE Transactions on Biomedical
Engineering. 2015; 62(11): 2553-2567.

[13] Taran S, Bajaj V. Clustering
Variational Mode Decomposition
for Identification of Focal EEG
Signals. [EEE Sensors Letters 2018;
2(4):1-4.

[14] De Staelen RH, Crevecoeur G. A Sensor
Sensitivity and Correlation Analysis
Through Polynomial Chaos in the
EEG Problem. The IMA Journal of
Applied Mathematics 2014; 79(1):163-74.

[15] Ren Z, Qi X, Zhou G, Wang H. Exploiting
the Data Sensitivity of Neurometric
Fidelity for Optimizing EEG Sensing.
IEEE Internet of Things journal 2014;
1(3):243-54.

[16] Tryon J, Trejos AL. Classification of
Task Weight During Dynamic
Motion using EEG-EMG
Fusion. [EEE Sensors Journal 2020;
21(4): 5012-5021.

[17] Karthik S, Sudha M. Predicting Bipolar
Disorder and Schizophrenia Based
on Non-Overlapping Genetic
Phenotypes Using Deep Neural
Network. FEvolutionary Intelligence
2021; 14: 619-634.

[18] NanoEDGE: Wearable electronics and
printed electrodes for EEG and EMG
recordings, Nano-based wearable
electronics for mental disorder diagnosis
and functional restoration: Production
technologies and devices, Press Release /
November 25, 2019.

[19] Huang H, Su S, Wu N, Wan H, Wan S, Bi
H, Sun L. Graphene-Based Sensors
for Human Health Monitoring.
Frontiers in Chemistry 2019; 7:399.

[20]Razooqi RN, Akbar AA, Hamada ML.
Influence of the Yttria and Graphite
Particles on the same of Al 2024 Alloy

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 1! 2023

Ty o:



mailto:vdivya6891@gmail.com
mailto:sendilkumar2009@gmail.com
mailto:usha.subu2007@gmail.com
mailto:shema.pit@gmail.com
mailto:gokul_kris143@yahoo.com
https://tj-es.com/

j V. Divya, S. Sendil Kumar, S. Usha, S. Hemamalini, V. Gokula Krishnan / Tikrit Journal of Engineering Sciences 2023; 30(1): 84-93. :‘

Properties. Tikrit Journal of Engineering
Sciences 2019; 26(4): 1-7.

[21] Kanaan AI. Optimization of Eye
Diagram Based on Adaptive
Decision Feedback Equalizer for
High Speed Digital System. Tikrit
Journal of Engineering Sciences 2016;
23(3): 105-115.

[22] Liu J, Bao S, Wang X. Applications of
Graphene-Based Materials in
Sensors: a Review. Micromachines
2022; 13(2): 184.

[23]1Choi HJ, Lee M, Lee JY. Application of
a Cold Spray Technique to the
Fabrication of a Copper Canister for
the Geological Disposal of CANDU
Spent Fuels. Nuclear Engineering and
Design 2010; 240(10): 2714-2720.

[24]Homolle S, Oostenveld R. Using A
Structured-Light 3D Scanner to
Improve EEG Source Modeling with
More Accurate Electrode Positions.
Journal of Neuroscience Methods. 2019;
326:108378.

[25] Aldenkamp AP, Arends J. Effects of
Epileptiform EEG Discharges on
Cognitive Function:is the Concept of
“Transient Cognitive Impairment”
Still Valid?. Epilepsy & Behavior 2004;

5: 25-34.

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 1! 2023

Ty o:



mailto:vdivya6891@gmail.com
mailto:sendilkumar2009@gmail.com
mailto:usha.subu2007@gmail.com
mailto:shema.pit@gmail.com
mailto:gokul_kris143@yahoo.com
https://tj-es.com/

	Tikrit Journal of Engineering Sciences (2023) 30 (1): 84-93.
	DOI: http://doi.org/10.25130/tjes.30.1.8
	V. Divya /a*, S. Sendil Kumar /b, S. Usha /c, S. Hemamalini /d, V. Gokula Krishnan /e
	a Research Scholar, School of Electrical and Electronics Engineering, Sathyabama Institute of Science and Technology, Jeppiaar Nagar, Chennai, Tamil Nadu, India., b Department of Electrical and Electronics Engineering, S.A Engineering College, Chennai, Tamil Nadu, India., c Department of AIDS, Rajalakshmi Institute of Technology, Chennai, Tamil Nadu, India., d Department of CSE, Panimalar Engineering College, Poonamallee, Chennai, Tamil Nadu, India., e Department of CSE, Saveetha School of Engineering, Saveetha Institute of Medical and Technical Sciences (SIMATS), Thandalam, Chennai, Tamil Nadu, India.
	Keywords:
	Graphene; Cold Spray; Schizophrenia; EEG; Neural Network

	ARTICLE INFO
	Article history:
	Received                 14 Feb.   2023
	Accepted                 03 Mar.   2023
	Available online      28 Mar.   2023   

	©2023 COLLEGE OF ENGINEERING, TIKRIT UNIVERSITY. THIS IS AN OPEN ACCESS ARTICLE UNDER THE CC BY LICENSE
	http://creativecommons.org/licenses/by/4.0/

	Citation: Divya V, Kumar SS, Usha S, Hemamalini S, Krishnan VG. Improving EEG Electrode Sensitivity with Graphene Nano Powder and Neural Network for Schizophrenia Diagnosis. Tikrit Journal of Engineering Sciences 2023; 30(1): 84-93. 
	*Corresponding author: 
	V. DivyaResearch Scholar, School of Electrical and Electronics Engineering, Sathyabama Institute of Science and Technology, Jeppiaar Nagar, Chennai, Tamil Nadu, India.

	Abstract: Hallucinations and delusions are symptoms of schizophrenia. Due to persistent auditory and visual hallucinations, a person with schizophrenia cannot process reality clearly. Abnormal brain activity results from delusion and hallucination. During the capture of EEG signals, aberrant behavior is detected. The EEG electrodes do not well detect the brain's current distribution. Schizophrenia causes the EEG signal to be warped and less sensitive, which results in incorrect interpretation of brain activity. In this paper, an EEG electrode constructed of graphene nanopowder is suggested that is sensitive to the brain's weak electrical activity. The cold spray approach created graphene EEG electrodes, improving the material bonding and chemical characteristics. By obtaining EEG readings from schizophrenic patients, the sensitivity of the graphene electrode was assessed. The EEG signal was collected from the subject when taking part in cognitive tests like question sessions and numerical problems. Several neural networks (NN) algorithms can be used to identify hallucination and delusion aspects in EEG recordings. Further details regarding the hallucination and delusion aspects in the EEG signal were provided by the NN, showing a Graphene electrode. As compared to other NN models, the comparative study of several NN models revealed that the BFGS quasi-Newtonian backpropagation algorithm accurately recognized hallucination and delusion features.
	1.INTRODUCTION
	EEG electrodes are used to gain information about the neurological functioning of the brain. The electrodes consist of capacitive sensors, batteries, and integrated circuits to improve the acquired signal magnitude and eliminate noise in the EEG signal. The EEG electrodes are used to obtain a signal for different cases to analyze the spontaneous EEG response, brain stems potential analysis, and cognitive evaluation. The dry EEG electrodes require no more preparation time. The dry electrodes can be applied directly on the skin, which increases the SNR. The higher number of channels for dry electrodes, shielding, and pre-amplification overcomes the effect of signal degradation during the EEG signal acquisition. Nanosensors are nanoscale devices that assess the physical quantities of a substance and transform it as a signal to analyze its properties. Chemical and mechanical nanosensors are the main types of nanosensors. Chemical nanosensors work by observing the nanomaterials’ electrical conductivity and noticing the shift in conductivity while being bound or adsorbed. One-dimensional nanomaterials with one dimension greater than 100nm, such as nanowires and nanotubes with electrically confined structures, are the best examples of chemical nanosensors. The mechanical nanosensors work by noticing the change in electrical conductivity of the nanomaterials while undergoing physical manipulation. The nanopowder provides enhanced sensitivity, which can be applied almost in all fields. Examples of its application are given below. Optical Nano-sensing: The optical nanosensors have nanomaterials with nontoxic receptors that measure optical changes within their environment. It is utilized in various biological applications monitoring ion concentration and tracking any unwanted and interfering species.
	2. LITERATURE REVIEW
	3. METHODOLOGY
	3.1. Frontal Lobe
	3.2. Skin Electrode Fabrication
	3.3. Scalable Printing Process
	3.4. Nano edge Implementation
	3.5. Graphene EEG sensor
	3.6. Cold Spray Technique
	3.7. 3D Data Acquisition
	3.8. Signal Conditioning
	4. RESULTS AND DISCUSSION

	5. CONCLUSION
	REFERENCES
	[1] Karthik S, Sudha M. Predicting Bipolar Disorder and Schizophrenia Based on Non-Overlapping Genetic Phenotypes using Deep Neural Network. Evolutionary Intelligence 2021; 14: 619-634.‏
	[2] Lin CT, Yu YH, King JT, Liu CH, Liao LD. Augmented Wire-Embedded Silicon-Based Dry-Contact Sensors for Electroencephalography Signal Measurements. IEEE Sensors Journal 2019; 20(7): 3831-3837.‏
	[3] Geethanjali B, Adalarasu K, Jagannath M, Seshadri NG. Music-Induced Brain Functional Connectivity using EEG Sensors: a Study on Indian Music. IEEE Sensors Journal 2018; 19(4): 1499-1507.‏
	[4] Oh SH, Lee YR, Kim HN. A Novel EEG Feature Extraction Method using Hjorth Parameter. International Journal of Electronics and Electrical Engineering 2014; 2(2): 106-110.‏
	[5] Santillán-Guzmán A, Fischer M, Heute U, Schmidt G. Real-time empirical mode decomposition for EEG signal enhancement. In21st European Signal Processing Conference (EUSIPCO 2013) 2013 Sep 9 (pp. 1-5). IEEE.
	[6] Bertrand A. Distributed Signal Processing for Wireless EEG Sensor Networks. IEEE Transactions on Neural Systems and Rehabilitation Engineering 2015; 23(6): 923-935.‏
	[7] Variane GF, Chock VY, Netto A, Pietrobom RF, Van Meurs KP. Simultaneous Near-Infrared Spectroscopy (NIRS) and Amplitude-Integrated Electroencephalography (aEEG): Dual use of Brain Monitoring Techniques Improves our Understanding of Physiology. Frontiers in Pediatrics 2020; 7:560
	[8] Sawangjai P, Hompoonsup S, Leelaarporn P, Kongwudhikunakorn S, Wilaiprasitporn T. Consumer Grade EEG Measuring Sensors as Research Tools: a Review. IEEE Sensors Journal 2019; 20(8): 3996-4024.‏
	[9] Nakamura T, Alqurashi YD, Morrell MJ, Mandic DP. Hearables: Automatic Overnight Sleep Monitoring with Standardized In-Ear EEG Sensor. IEEE Transactions on Biomedical Engineering 2019; 67(1): 203-212.‏
	[10] Gao KP, Shen GC, Zhao N, Jiang CP, Yang B, Liu JQ. Wearable Multifunction Sensor for The Detection of Forehead EEG Signal and Sweat Rate on Skin Simultaneously. IEEE Sensors Journal 2020; 20(18): 10393-10404.
	[11] Narayanan AM, Bertrand A. Analysis of Miniaturization Effects and Channel Selection Strategies for EEG Sensor Networks with Application to Auditory Attention Detection. IEEE Transactions on Biomedical Engineering 2019; 67(1):234-244.
	[12] Mullen TR, Kothe CA, Chi YM, Ojeda A, Kerth T, Makeig S, Jung TP, Cauwenberghs G. Real-Time Neuroimaging and Cognitive Monitoring using Wearable Dry EEG. IEEE Transactions on Biomedical Engineering. 2015; 62(11): 2553-2567.
	[13] Taran S, Bajaj V. Clustering Variational Mode Decomposition for Identification of Focal EEG Signals. IEEE Sensors Letters 2018; 2(4):1-4.
	[14] De Staelen RH, Crevecoeur G. A Sensor Sensitivity and Correlation Analysis Through Polynomial Chaos in the EEG Problem. The IMA Journal of Applied Mathematics 2014; 79(1):163-74.
	[15] Ren Z, Qi X, Zhou G, Wang H. Exploiting the Data Sensitivity of Neurometric Fidelity for Optimizing EEG Sensing. IEEE Internet of Things journal 2014; 1(3):243-54.
	[16] Tryon J, Trejos AL. Classification of Task Weight During Dynamic Motion using EEG–EMG Fusion. IEEE Sensors Journal 2020; 21(4): 5012-5021.
	[17] Karthik S, Sudha M. Predicting Bipolar Disorder and Schizophrenia Based on Non-Overlapping Genetic Phenotypes Using Deep Neural Network. Evolutionary Intelligence 2021; 14: 619-634.‏
	[18] NanoEDGE: Wearable electronics and printed electrodes for EEG and EMG recordings, Nano-based wearable electronics for mental disorder diagnosis and functional restoration: Production technologies and devices, Press Release / November 25, 2019.
	[20] Razooqi RN, Akbar AA, Hamada ML. Influence of the Yttria and Graphite Particles on the same of Al 2024 Alloy Properties. Tikrit Journal of Engineering Sciences 2019; 26(4): 1-7.‏
	[21] Kanaan AI. Optimization of Eye Diagram Based on Adaptive Decision Feedback Equalizer for High Speed Digital System. Tikrit Journal of Engineering Sciences 2016; 23(3): 105-115.‏
	[22] Liu J, Bao S, Wang X. Applications of Graphene-Based Materials in Sensors: a Review. Micromachines 2022; 13(2): 184.‏
	[23] Choi HJ, Lee M, Lee JY. Application of a Cold Spray Technique to the Fabrication of a Copper Canister for the Geological Disposal of CANDU Spent Fuels. Nuclear Engineering and Design 2010; 240(10): 2714-2720.‏
	[24] Homölle S, Oostenveld R. Using A Structured-Light 3D Scanner to Improve EEG Source Modeling with More Accurate Electrode Positions. Journal of Neuroscience Methods. 2019; 326:108378.
	[25] Aldenkamp AP, Arends J. Effects of Epileptiform EEG Discharges on Cognitive Function:is the Concept of “Transient Cognitive Impairment” Still Valid?. Epilepsy & Behavior 2004; 5: 25-34.‏




