Turkish Journal of Computer and Mathematics Education Vol.12 No.13 (2021), 7217- 7225
Research Article

Emotional perception of individuals with Autism Spectrum disorder
through Machine learning and smart watch

Dr K.Ramasubramanian’

"Dept. of Computer Science & Engineering (CSE), KoneruLakshmaiah Education Foundation,
India-500029.

ramasubramaniankrish @klh.edu.in

Dr.Lendale Venkateswarlu®

Geethanjali college of engineering and technology Cheeryal, Keesara, Hyderabad 501301
venkatlendale.cse @ gcet.edu.in

Ms.K S Lavanya®

Special Educator CEO, Bodhya Vocational Training unit, Hyderabad, India-500094
sriramlavan @ gmail.com

Lendale Unnati *

Neil Gogte Institute of Technology Hyderabad

Unnatilendale @ gmail.com

Abstract:

This paper proposes a system that analyses the requirements of people with autism spectrum
disorder and to alter the caretaker to acknowledge the present feeling in them to ease sure
activity problems. This may be achieved through sensible devices. The smartwatch system
monitors the feeling through the galvanic skin response and graphical record, that measures the
electrical physical phenomenon of the skin and electrical signals from the scalp of the brain. The
signals area unit digitized. Then acceptable emotions area unit classified through the Support
Vector Machine algorithmic program. The intensity and therefore the form of feeling area unit
flashed on the caretaker's communication device.

Introduction
Autism could be a complicated upset. it's characterized by abnormal wiring patterns in varied
brain regions, amygdala, and hippocampus, 2 structures within the visceral brain that play key
roles in emotional process. Therearea unit pervasive deficits in communication and social
interaction. There also are repetitive patterns of behavior, activities, and interests that manifest
through totally different symptoms. one among the hallmarks of this disorder is problem with
emotions- recognizing the meanings of alternative peoples, emotions fitly expressing emotions,
and having fellow feeling.

Autistic individuals is outstanding at memorizing list maps and alternative spacial or temporal
patterns. they'll learn to acknowledge emotional facial expressions. However, most of them have
problem with emotional understanding. They lack emotional intelligence and particularly fellow
feeling Associate in Nursing understanding of appropriate responses in an emotional scenario.
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This manifests itself as a scarcity of wisdom and sensitivity. especially, autistics have problem
generalizing from one pattern to a different and from one scenario to a different. Lack of
emotional regulation of kids with syndrome spectrum disorder is drawn by vast problems within
the zone of warm work capability, visit work upheaval inclination to cry, temper fit changes, and
a propensity to be baffled if requests don't seem to be effectively met. Upheaval, hostility, and
emergencies area unit outcomes of people with mental imbalance vary issue inability to utilize
versatile feeling regulation ways.

The need for assistance

Alexithymia is outlined as an incapacity to spot and describe emotions. I it additionally involves
difficulties in distinctive feelings from body sensations of arousal and impaired symbolization
several aspects of the people with what's the spectrum disorder become triggering stimuli to
activity disturbances people with high functioning syndrome learning in thought faculty off and
obtain afraid or pissed off shall be tutorial performance. the mixture of alexithymia Associate in
Nursing high sensitivity evidences the requirement for intervention within the emotional sphere
of individuals with a syndrome spectrum disorder. There is an excellent want for PC tools that
would facilitate unfit individuals or the caregiver to acknowledge the feeling.

Electrodermal activity

Electrodermal activity (also called Galvanic skin response) measures the electrical physical
phenomenon through sweat glands within the skin. this offers a sign of the intensity of feeling
intimate.

Vigourox was the primary scientist to acknowledge a link between psychological state Associate
in Nursing electrical skin response activity finding an association with the extent of sedation in
patients and skin resistance.

Skin physical phenomenon is regulated by the involuntary systema nervosum, that controls
variety of bodily processes that may influence psychological feature and emotional behavior.
With GSR, you'll be able to faucet into unconscious behavior that's not beneath psychological
feature management. Skin physical phenomenon is only modulated by involuntary sympathetic
activity that drives bodily processes, psychological feature and emotional states also as
psychological feature on a completely subconscious level. we tend to merely cannot consciously
management the extent of skin physical phenomenon.

Whenever sweat glands area unit triggered and become a lot of active, they secrete wetness
through pores towards the skin surface. By dynamic the balance of positive and negative ions
within the secreted fluid, electrical current flows a lot of without delay, leading to measurable
changes in skin electrical phenomenon. electrical skin response activity is usually measured in
micro-Siemens or micro-Mho.

GSR sensors

GSR sensors have a 1cm?2 measure website made from Ag/AgCl (silver/silver chloride) and area
unit placed either in an exceedingly reusable snap or Velcro straps or in an exceedingly patch
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sticker. This successively is connected to the electronic equipment (to boost signal amplitude)
and an analog-to-digital converter (to transfer the analog raw signal into binary information
streams). Wireless electrical skin response devices contain information transmission modules for
communication with recording computers (using Bluetooth protocol). electrical skin response
electrodes area unit stiffly mounted in articulatio plana bands

EEG- Electroencephalography

One of the foremost versatile brain imaging techniques is electroencephalography. In short:
EEG. Literally, electro-encephalography suggests that writing of the electrical activity of the
brain. Why writing? Sort of a seismometer, EEG recordings were ab initio done on paper.
Electroencephalography records the electrical activity of the brain mistreatment electrodes
placed on the scalp. Measurement electrical activity from the brain is helpful as a result of it
reflects however the various totally different neurons within the brain network communicate with
one another via electrical impulses.

EEG features a terribly time resolution and captures psychological feature processes within the
time-frame during which Noesis happens.

Cognitive, perceptual, linguistic, emotional and motor processes are quick. Most psychological
feature processes occur at intervals tens to many milliseconds — a lot of quicker than the blink
of an eye fixed. Additionally, the events triggering psychological feature processes occur in time
sequences that span many milliseconds to a number of seconds. Like a high-speed camera, EEG
features a time resolution and may capture the physiological changes underlying the
psychological feature processes far better than different brain imaging techniques (such as MRI
or PET scanners).

EEG squarely gauges neural movement. Your mind is regularly dynamic, manufacturing
electrical action that clearly is unassertive (altogether not specifically a 9V battery) but
recognizable with the proper convenience. EEG sensors will get these minuscule signs from the
scalp surface. Neuroscientific examine has been deed reliable discoveries and came upon all
around acknowledged hypotheses on however the EEG signals known with subjective,
emotional, or basic cognitive process handling. Then again, whereas strategies like MRI have
extraordinary spatial goals, they primarily live neural action during a detour and need heaps
additional comprehension of the affiliation between what's calculable and the way it identifies
with intellectual preparation. EEG screens subjective emotional preparation while not conduct
reactions. Neural structure forms eventually drive conduct. Withal, just in case you're keen on
mental procedures, for instance, reaction restraint, creativity, or contemplation, the social
impacts could also be very unpretentious. On the opposite hand, these procedures are excellent
contenders for EEG as they're joined by recognizable electrical mind initiation styles. EEG is
economical, light-weight, and compact. Have you ever at Any purpose tried to run AN
examination within the wild with an MRI scanner? It's basically phantasmagoric. Conversely,
EEG frameworks are compact, light-weight, and during this approach take into consideration
pliable data assortment in real conditions.
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EEG signs to record electrical action created by the neural structure, EEG analysts do not ought
to open skulls to place sensors (despite the very fact that that happens as well). Fortuitously, it
o.k. could also be heaps less complicated than that — they primarily record the electrical data
from sensors (terminals) place at the scalp surface. 1st applied to folks throughout the Nineteen
Twenties by German systema nervosum specialist Hans Berger (Jung and Berger, 1979), EEG
may be a low-cost, non-intrusive, and whole latent chronicle procedure. EEG features a few
benefits contrasted with different imaging procedures or pure conduct perceptions. The foremost
focal advantage of EEG is its fantastic time goals, that is, it will take a whole bunch to thousands
of previews of electrical movement from totally different anodes within a solitary second. This
renders EEG an ideal innovation to look at the precise time-course of intellectual and loving
making ready elementary conduct. As hostile different physiological accounts, (for example,
EDA/GSR) which regularly need simply a number of terminals, EEG chronicles are finished
with anode clusters, as well as totally different sensing element numbers going from ten to 500+
cathodes, contingent upon the extent of the trial. For faster application, EEG cathodes are
mounted in versatile super, networks, or inflexible frameworks, guaranteeing that the knowledge
will be gathered from indistinguishable scalp positions across conferences or respondents.

EEG rhythms and motions you have got simply discovered that plant tissue movement is
expounded to postsynaptic prospects of neurons. Obviously, the postsynaptic capability of a
solitary vegetative cell is just too very little to be in any approach distinguished. All the same, if
postsynaptic prospects happen at the same time and in synchronization for infinite comparably
placed neurons, they summarize and manufacture an electrical field, that is quickly engendered
for the duration of neural structure tissue and bone. Inevitably, it 0.k. could also be calculable
from the scalp. Accept this as a crowd of individuals extolling. From the get-go everyone
applauds in their own cadence, inflicting background any discernible example. Once a short
time, withal, the group gets during a state of harmony — out of obscurity everyone is applauding
at the same time, during a similar musicalness. This synchronized applauding may be a heap
stronger than the repetitive sound few moments previous. At one purpose in time, the
synchronisation can blur. Despite whether or not it is a neural action, the applauding of a bunch,
or the thundering of seismal tremor, these marvels happen as a result of the synchronisation of
wavering examples.

The billions of neurons within the human mind have deeply advanced terminating styles, mixing
during a somewhat confused vogue. The neural motions which will be calculable with EEG

are even obvious in crude, natural data. All the same, the sign is systematically a mix of a
number of elementary base frequencies, that are thought-about to mirror sure subjective, jam-
packed with feeling, or basic cognitive process states. Since these frequencies fluctuate
marginally subject to singular parts, upgrade properties, and inner states, explore characterizes
these frequencies captivated with express repeat reaches, or repeat groups: Delta band (1 — four
Hz), alphabetic character band (4 — eight Hz), the alpha band (8 — twelve Hz), the beta band
(13 — twenty-five Hz) and gamma band (&gt; twenty-five Hz)
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Circumflex model of affect

Clinicians and scientists have since quite a while ago noticed the trouble that individuals have in
evaluating, perceiving, and depicting their own emotions. This trouble recommends that people
don't recognize, or perceive, feelings as confined, discrete substances, yet that they rather
perceive feelings as vague and covering encounters. Like the range of shading, feelings appear to
come up short on the discrete fringes that would unmistakably separate one feeling from another.
Without a doubt, scientists investigating the abstract understanding of feeling have noticed that
feelings are exceptionally intercorrelated both inside and between the subjects announcing them.
Subjects once in a while depict feeling a particular positive feeling without likewise professing to
feel other positive emotions. These intercorrelations among feelings, frequently darkened in
exploratory standards of essential feelings, are tended to head-on by dimensional models of
effect. Dimensional models are full of feeling encounters as a continuum of profoundly
interrelated and regularly uncertain states.

Broad and definite investigation of the intercorrelations among enthusiastic encounters, utilizing
measurable methods, for example, multidimensional scaling and factor examination of abstract
reports of passionate words, faces, and encounters, has over and over yielded two-dimensional
(2-D) models full of emotional experience. These measurements have been conceptualized in
various manners: as the components of positive and negative influence, pressure and vitality,
approach and withdrawal, or valence and excitement. Regardless of the contrasting illustrative
names applied to these measurements, the 2-D structure is found reliably over countless
investigations. In deciphering this 2-D structure, advocates of the circumflex model of affect
propose that every single emotional state emerges from two autonomous neuro physiological
frameworks, which, for the reasons for conversation here, we term the valence and excitement
frameworks. Every single full of affective experience is the result of a direct mix of these two
free frameworks, which is then deciphered as speaking to a specific emotion. Dread, for instance,
is conceptualized by circumflex scholars as a neuropsychological state commonly including the
blend of negative valence and elevated excitement in the CNS. The abstract understanding of
dread emerges out of intellectual translations of these examples of physiological actions that
happen with regard to evoking improvements. As emotions are experienced and imparted,
psychological translations are utilized to recognize the neuropsychological changes in the
valence and excitement frameworks and thoughtfully sort out these physiological changes
according to the inspiring boosts, recollections of related involvements, social reactions, and
semantic information .

Emotions can subsequently be viewed as the final result of intricate cooperation between
comprehensions, likely happening fundamentally in neocortical structures, and
neuropsychological changes identified with the valence and excitement frameworks, which
apparently are supported generally by subcortical structures. We currently quickly audit the
exploratory proof that bolsters this model, giving specific consideration to the suggestions that
this hypothetical and test worldview holds for essential and clinical research in the affective
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neurosciences.

Emotion Recognition

When the data is obtained, it is important to actualize an Al calculation so as to distinguish the
human emotions. To do this, the procedure has been isolated into two subprocesses. The first
utilizes a Support Vector Machine (SVM) calculation so as to acquire the subjective value(The
name of the feeling) of the feelings put away in the utilized dataset.

The dataset used to prepare and approve this model is the DEAP dataset. The dataset contains
physiological signs of 32 members (and frontal face video of 22participants), where every
member watched and appraised their enthusiastic reaction to 40 music recordings along with the
sizes of excitement, valence, and strength, just as their preferring of and recognition with the
recordings. This dataset incorporates distinctive bio signals as EEG, GSR, EOG, among different
signs. Every one of these signs is related to enthusiastic changes utilizing melodic recordings. In
particular, the creators distinguished 16 unique emotions, which are the accompanying:

1. Pride

2. Elation

3. Joy

4. Satisfaction
5. Relief

6. Hope

7. Interest

8. Surprise

9. Sadness
10. Fear

11. Shame
12. Guilt

13. Envy

14. Disgust
15. Contempt
16. Anger
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These emotions are represented following the circumflex emotional model.

This emotional model represents the emotions using three components Valence, Arousal,
Dominance. In addition, the model evaluates every emotion in a trivalent scale: light, medium,
and strong. Now, this model has 36 possible emotional states.

This model apportions the emotions in twelve sub-quadrants, where each sub-quadrant is
discretized in scopes of 30 degrees. The power of the emotion is the module of the vector made
by #» E(Ag) = [Arousal, Valence]. The portrayal of emotions is finished utilizing a polar
organize plane, where one considers the edge and the extent of the vector (see Equation 1 and
Equation 2).

r= \/Arousal2 + + Valence? (1

Valence .
arctan| ———— if Arousal>0
Arousal
T .
=1 — if Arousal =0
2
Valence )
arctan| —— | + = if Arousal <0
AT"()MSGI (2)

Along these lines, the emotion is spoken to as a tuple created by the span (r) and the point (0)
E(Ag) = {r,0} (all edges are in radians). In light of this information we utilize a lot of fluffy
rationales administers so as to appraise the name of the emotion as indicated by the information
esteems put away in the dataset. These standards permit us to change a quantitative reaction to a
subjective reaction. This subjective reaction is determined and put away in the database for all
the accessible registers.

Using SVM for classification

Support Vector Machines (SVMs) see the order issue as a quadratic enhancement issue. The
method has effectively been applied to standard order errands, for example, content
characterization and clinical analysis. SVMs stay away from the "scourge of dimensionality" by
putting an upper bound on the edge between the various classes, making it a commonsense
apparatus for enormous, dynamic datasets. The component space may even be decreased further
by choosing the most distinctive highlights through the minimization of the list of capabilities
size]. SVMs plot the preparation vectors in high-dimensional component space and mark every
vector with its group. A hyperplane is drawn between the preparation vectors that boosts the
separation between the various classes. The hyperplane is resolved through a part work, which is
given as a contribution to the order programming. The piece capacity might be the direct,
polynomial, spiral premise, or sigmoid. The state of the hyperplane is created by the part work,
however, numerous investigations select the polynomial piece as ideal.
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Support Vector Machines characterize information through the assurance of a lot of help vectors,
through minimization of the Structural Risk. The help vectors are individuals from the
arrangement of preparing inputs that diagram a hyperplane in include space. This 1-dimensional
hyperplane, where 1 is the number of highlights of the info vectors, characterizes the limit
between the various classes. The order task is just to figure out which side of the hyperplane the
testing vectors live in. Limiting the basic hazard diminishes the normal blunder of the sources of
info and their objective vectors. In the depiction that follows, preparing information is arranged
into twofold classes. The help vector calculation roughly performs Structural Risk Minimization.
Given a lot of preparing models x1, y1, x2, y2, x1, yl, if there is a hyperplane that isolates the
positive and negative models, then the focuses x which lie on the hyperplane fulfill w xi +b=0,
where is typical to the hyperplane and b is the good ways from the beginning. The edge of an
isolating hyperplane is characterized as the briefest separation to the nearest positive or negative
model. The help vector calculation searches for the isolating hyperplane with the biggest edge.
SVMs give a conventional system to fit the outside of the hyperplane to the information using a
bit of work. The client may give a capacity, for example, a line, polynomial, or sigmoid bend, to
the SVM, which chooses bolster vectors along the outside of this capacity. This capacity permits
a more extensive scope of issues to be grouped, since the client may include any capacity, redid
to a particular dataset. On account of straightly indivisible datasets, the expense of
misclassification is acknowledged using 'slack factors'. An energizing property of SVMs is the
way the "scourge of dimensionality" is kept away from by the upper bound on the VC-
measurement. The VC (Vapnik-Chervonkis)- measurement quantifies the limit of the machine
(for example the capacity to get familiar with any preparation set without blunder). This bound
doesn't rely upon the dimensionality, yet on the detachment edge between the classes.

LIBSVM

The SVM package used for experimentation is LIBSVM. This package is under active
development and has several advantages over other packages. LIBSVM is developed by
byChihChung Chang and Chih-Jen Lin and its features include parameterized kernel functions,
different SVM formulations (variable optimization algorithms), and multi-class classification.

Kernel Functions

The LIBSVM package provides four different standard kernels, which the user defines during
training. The definitions of the kernel functions that follow include the use of parameters such
as, ¢, and degree that are defined by the user during training. x is the testing vector, and y is the
support-vector.

Kernel Formula

Linear Xy
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degree

Polynomial (yxy+c)

Radial Basis Function exp( ylxyl?)

Sigmoid tanh(yxy + c)

For the multi-class comparison the kernel function that generates the highest accuracy is the
sigmoid kernel. The sigmoid kernel comes from the Neural Network field where the bipolar
sigmoid function is used as an activation function for artificial neurons.

K(x,y) = tanh(axTy + ¢)

The SVM model using a sigmoid kernel function is equivalent to a two-layer perceptron neural
network. There are two adjustable parameters in the sigmoid kernel, the slope alpha, and the
intercept constant c. A common value for alpha is 1/N, where N is the data dimension.
Conclusions and future work

This paper presents automatic emotion recognition using bio signals and machine learning
techniques. This identification and detection of human emotional states allow the caregiver or the
parent to empathize with the child and it can facilitate them to take due action accordingly.
Using this system, emotion dysregulation can be regularized using smartphone apps that can be
connected to this wearable.
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