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ABSTRACT

In the rapidly expanding field of robot-enhanced treatment (RET), robots are used to support various
therapeutic interventions. The use of robots to aid in the treatment of Autism Spectrum Disorder has
gained popularity in recent years (ASD). Communication, social interaction, and behaviour are all
impacted by ASD, a neuro developmental disease. The goal of RET for ASD is to connect with chilaren
who have ASD in an organized and predictable environment so they can learn and practice social skills
This paper explores the implementation of unique deep-learning neural network architectures for
automatically determining whether a child is engaging with the robot during treatment sessions by
concentrating their visual attention on it.

Keywords: autism. robot-assisted therapy, autism disorder, deep learning systems human-robot
interaction, intellectual disability
INTRODUCTION

Rapid technological advancement presents significant opportunities for therapeutic innovation for people with
aulism spectrum disorders. This seems to be especially relevant to the field of robotics (ASD) Rubotic advancermonts
in recent years have made it possible for them to do a variety of human-like tasks and to contribute (o the growth of
social skills in ASD patients. Despile the fact thal efficacy and effectiveness studies on the therapeulic use of
interacting robots with peaple with ASD are still in their infancy, this topic has atlracled a ol of media atlenlion
during the pasl 10 years. Furthermore, the majority of the published research appears in robolics-focused
publications rather than well-known ASD journals or clinically-focused journals. As a resull, it's crucial to carelully
examine current studies on the clinical applications of the technology. The clinical use of inleractive robols s a
promising development in light of research showing that people with ASD- exhibit strengths in understanding [he
physical world and relative weak nesses in understanding the social world: and are more receplive 1o feedbarck, cve
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social feedback, when administered via technology rather than a human (Yet, most of the suppuort to date for its use
in therapy is based on anecdotal evidence and lacks support for [he generalizability of the findings.

Autism Spectrum Disorder

Autism spectrum disorder is a condition that affects how a person perceives and engages with others, which can lead
to issues with social interaction and communication. Limited and recurring behavioural patierns are another aspect
of the disorder. With autism spectrum disorder, the word “spectrum” alludes to the vast range of symptoms and
severity. Autism, Asperger's syndrome, childhood disintegrative disorder. and an unidentified type ufl pervasive
developmental disorder are all disorders that were formerly (hought to be distinct conditions that make up the
autism spectrum disorder. The name "Asperger's syndrome.” which is usually considered to be at the mild encd al
autism spectrum disorder, is nonetheless occasionally used by some people,

Early-onsel autism spectrum disorder eventually causes problems with sacial, schaolastic, and occupational
functioning in society. Children with autism usually display symploms within the first year A very small percenlage
of children appear to develap normally in the first year, but between the ages of 18 and 24 months, when they bogin
to exhibit signs of autism, they undergo a period of regression. Although there is no proven cure for autism spect um
disorder, rigorous early care has been shown 1o significantly improve the lives of many children Autism is estimitec
to affect around 18 million people in India. Additionally. statistics inclicate thal more children in India are being
diagnosed with autism.

Despite having completely normal appearances, many autistic youngsters spend their time engaging in perplezing
and upselting behaviours that differ noticeably from those of kids who are usually developing. They may have little
or no interest in other people including their parents, and engage in repeated behaviours that seem lo serve no
purpose. They are frequently referred to as existing “in a world of their own®. ASD sufferers can be verbal or
nonverbal, but not always. Although this phenomenon often referred to as savant or savant syndrome—is extremely
uncommon, certain autistic people may exhibil extraordinary talent in certain fields, such as music or mathemalics.
as shown in the movie Rain Man. They all require support

Social Assistive Robotics for Children with Autism

Given the complexily and broad amplitude of Ihe autism "speclrum,” which covers a range ol disorders and degroes
of severity, it is advisable to adopt a multi-modal intervention that may be customized to the needs aof the individual
in order to maximize the therapeutic advantages Robots’ controlled autonomy has therefore been ulilized to give
these children sacial partners they can get along with. With the help of mullimodal interfaces (specch, qestures, and
input devices), Socially Assistive Robotics (SAR), a novel field of robotics application. creates new platforms and
services 1o assist users through advanced interaction driven by their needs (such as tutoring, physical therapy, daily
life assistance, and emotional expression). Robots have been successfully used in recent research 1o mediale
interaclions between people and people with ASD. Parlicipaling human partners demonstrale gains in affective
behaviour and attention sharing Since communicating with a robol can be less daunting than with a human, social
robots may benefit people with ASD who have trouble communicating.

Humanoid robots, which resemble humans but are Far less complex than humans, may help ASD children lvarn
more readily and subsequently make it less complicated lo lransfer the abililies they have gained via imilative
human-robot interaction to child-human contact. In fact, imitation as a communication ool has been linked to good
social behaviour and is seen as a reliable indicalor of social abilities. Impersonalion is used in lherapy Lo improve
bodily awareness, a feeling of self, creativity, leadership, and the capacity 1o begin interactions because children with
autism sometimes struggle to imitate the behaviour of others. Numerous advantages of robot assistants in (reating
children with ASD have been demonstrated by recent robotics rescarch
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Research Questions

»  When compared to conventional therapy melhads, does robot-assisied therapy halp autistic chilaren with their
social skills?

«  What specific aspecls of robot-assisted Ireatment work best to encourage social interaction and interaction in
autistic children?

* How do autistic Kids reacl to and perceive robots in therapies, and how does this affect how offective the
therapy is?

» Can robot-enhanced therapy be provided remuotely. and if su, huw does this alter how well it warks to holp
aulistic youngsters with their social skills?

= When compared lo conventional therapy methads, are robots used in therapy lo make autistic children more
molivated and engaged? '

« What are the allitudes of parents and other caregivers of autistic children lowards including robot-assisted
therapy in their child's treatment plan?

= How do the long-term effects of robot-assisted therapy for aulistic kids compare o conventicnal therspy
maodialities?

* How caosl-effective is robol-assisted therapy for autistic children compared 1o conventional therapy i thods

» How can robot-enhanced therapy be modified lo malch the unigue requirements of various auti-lic child en
and how can this method be personalized to maximize ils efticacy?

The Objective of the Study

This study's objeclive was to tonducl a critical assessment of the literature o the clinics! applications of robotics ©
people with ASD in light of the application lramework mentioned above. Ow review was timited 1o papers al
provided sufficient diagrnostic information and clinical oulcoms: data irn The lechinigue's evaluation and vere
published in peer-reviewed journals or peer-raviewed. published conicrence procecdings. We highlighted cric sl
methodological aspects of therapy trials involving people with ASD. such 3s now participants were foundd and how
diagnoses were verified the suilability of control conditions/groups, and sanple sizes Undersianding
state of empiricaliy-based evidence for this experimental tnerapy approact, idontifying gaps m tne Nl re o
laying the groundwork for Tuture study were the objeclives

Framework for Therapeutic Application of Robots

Raobots are gaining significance in the healthcare industry and may have therapeutic applications in an assorimen: ol
contexts. Here is a potential strategy concerning how robots could potentially be used in therapy

Assessment: Determing the patient's needs, objectives, and preferences through an assessment Depending or i
patient’s health, the potential advantages, and the risks, decicle whether a rebot 15 the right option

Rebotic preference: Consider a robal that is appropriate for the palient’s requirements and objeclives while making
your decision. Take into account the inlerface design, programming, and capabilities of 1ne robot,

Robot personalization: Tailor the robol's inlerface and programming to the neecs and preferences of cach patient To
increase patient involvement and pleasure, customize the robot's looks and actions

Therapentic action: Use a robol to administer a therapeutic intervention, such as physical therapy, cognitive trairing
or social assistance. As well as maintaining an eye on the patient's development and inpul, make surc (he robot s
operating safely and effectively

Evaluation: Measure the individual's effecls, such as cognitive improvement, qualily of lile, and contentineni 1o
evaluale the effectiveness of the robot-based intervenlion. To assess the comparalive efficacy and cost-clloctivenos

of the robot-based intervention, compare it to other interventions or control situations

Optimization: Based on the resulls of the evaluation and lhe patient's commenls, improve the robot-baoed
intervention. To further improve the ropot's therapeutic impact and usefuiness keep improving (s programming

interface, and content.
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Ethical concerns: Discuss issues like privacy, autonomy, and informed consent that is relevant to the use of robuls in
healthcare. Ascertain thal the robot-based intervention respects the patient's rights, beliels, and preferences and doe
not violate them or subject them to discrimination or damage.

Although research conducted in this area does not explicitly examine clinical therapies as do research in the ather
categories, they do directly compare how people with ASD react 1o robols or individuals  with
characteristics/behaviours that are comparable to robots and those that are human. It is crucial to note that we are
concentrating on the overall strategy of deploying robots rather than any specific objective behaviour,

Data and Statistics on Autism Spectrum Disorder

* One in 36 children has an autistic spectrum disorder diagnosis, according to the CDC's Autism .nd
Developmental Disorders Surveillance Nelwork (ADDM) (ASD)

* Reports of ASD from people with various socioeconomic, racial, and ethnic backgrounds

*  ASDis more likely to occur in boys than in girls by a factor of more than 4

According lo caregivers' reports, between 2009 and 2017, 17% of children aged 3 1o 17 were found lo have an

intellectual disability. They include allention-deficit/hyperactivily disorder. blindness, and ceretral palsy

METHODS

The following outlines the methods that can be a pplied to the machine learning experiments in the study

Convolution Neural Networks with Region Proposal (R-CNN)

In autism research, the use of region proposition (R-CNN) holds greal polential in enhancing the accuracy and
rapidity of idenlifying characleristics and palterns in brain imaging data. The connection and struclural
abnormalities of the brain in autistic individuals have been examined using brain imaging techniques ke MR and
fMRI. Nonetheless, it takes a lot of time and processing to analyze such a biy amount of image data

R-CNN has been employed in autism research to improve the analysis accuracy and efficiency of brain imaging clala
R-CNN effectively locates regions of interesl in brain imaging using object propositions, which may then be fur e
examined using CNN. It has been proven (hal using this melhod accelerales and increases the precision of auti-m
affected brain region deleclion. It is also been employed in autism studies to discover imaging biomarkors thal i b
used as diagnostic indicators for autism. One recent study, for instance, employed R-CNN to examine IMRI data «nd
discovered a network of brain regions that showed decreased functional conneclivity in autistic indivicuals. With 1he
use of this biomarker, early intervention for autistic individuals may be facilitated

K-Nearest Neighbour Classifier

This approach has shown promising results in identifying subgroups of individuals with autism wha share common
characteristics and symptoms. One study usec K-NN to classify individuals with autism based on their gebaviourl
and clinical features, such as age, sex. 1Q, and autism symptoms. The K-NN algorithm was able 10 classify
individuals with autism into subgroups based on their shared characteristics. such as age and autisin symplums
This approach could potentially be used to identify subtypes of autism and develop fargeted interventions for cach
subtype. Another study used K-NN to classify individuals with autism based on their brain conneclivil ¢ pallens
The K-NN algorithm was able to identify subgroups of individuals with autism who shared similar i
connectivity patterns. This approach could potentially be used to develop personalized interventions for indivicuals
with autism based on their specific brain conneclivity patterns. Moreover, K-NN has also been used in 1 diagnosis
of autism. A recent study used K-NN to classify individuals with autism based on their eye-tracking patterns. The K

NN algorithm was able to accurately classify individuals with autism with a high degree of accuracy This appruach
could potentially be used as a non-invasive diagnostic tool for autism
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HOG Descriptors

To examine and categorize brain images according to their structural fealures, researchers studying autism e
used Histogram of Oriented Gradients (HOG) descriptors. HOG descriplors are a popular technique for extra ling
features to examine the texture and form an image. In one study, structural MRI scans of the brains of people with
autism and people who are usually developing were examined using HOG descriptors. According o the analysis
the HOG descriplor may distinguish between the modifications to brain architecture between those with autism =nd
people who are usually developing as shown in Figure 2. According to the study, HOG descriptors can be utilized
a feature extraction method to find structural variations in autistic peuple's brains. Moreover, HOG descriptors have
been applied to the analysis of EEG signals in autistic people One study compared the time-f; equency characteristics
of EEG signals in people with autism versus others who are usually developing. Based on the research, HOG
descriplors can distinguish between varialions in lhe lime-frequency characleristics of EEG data in people with
autism and those who are usually developing. According to the study, HOG descriptors can be utilized as a fealur
extraction method for examining EEG signals in autistic people.

DISCUSSION

Robot-assisled therapy is a promising application area for intelligent social robots. However most studies in the
paper focus on autistic people without 1D or do not analyze comarbidities There are very few sludics in this area
which can be considered one of the current gaps between scientific research and clinical application. In the clinical
context of ASD with ID, the goal is to use robots for social assistance to assist therapists, reducing the workload by
allowing the robots to lake over cerlain parts of the intervention It includes monitoring and recording children's
aclivities, actively engaging children when distracled. and adapting robol behaviour 1o each child's level ol
intervention. In order to achieve this, computational intelligence technigques should be used 1o enhance the robot's
capabilities to favour greater adaptability and flexibility, allowing the robot to be integrated into any therapetic
setling in accordance with the particular needs of the therapist and the individual child.

CONCLUSION

The use of interactive robots with individuals who have Autism Spectrum Disorder in therapeulic setti Igs hias @ lot
of polential advantages. These benefils include the inherent appral of technology 1o those on the autism spectium
robots’ capacity to repeatedly execute simple and isolated behavioural traits. and the case wilh which they can be
programmed and cuslomized to provide specialized care for each child. Despite these exciting prospects this fiekd al
study is still in its infancy, therefore further investigation is required 1o establish the incremental valicity of this
methodology.
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Table 1: Application categories for interactive robots in medical the rapy.

7(2) 25

P'ossible Applica iinﬂ;@mpf;s

Raobol engages in scripted interaction with the
child to help them praclice a skill while modil ng |
behaviour for thern to imitate

Ta collect distinguishing characterislics for o
diagnostic assessment To encourage
socialization conduct with an interactive hurman

_Partner, such as jointattentiorn

Classification Explanation J|
A robot is employed to learn and perform a
Exercising skills desired action or abilily.
Robol engages in an activily or interaction
Evoking actions with the child to inspire a particular |
behaviour '
Compares speed, and/or frequency of
in tive replies giv é -
Resnrises fo lerac‘ ereplies given tuf:fubul or )
w0 conversation partner who exhibits robot - like .

traits to thase given lo a human or device
that is nol robotic.

The research sheds light on how children with
ASD may react to robots or traits thal resembe
1ebots in diverse ways, although they o n
directly have climical npplications

Giving feedback
or support

]
Robols provide social assistance or
behavioural alterations during an activity

S—

Robot provides assistance and the required
reminders to encourage interaction with another
aclive partner when a child accomplishes o

Table 2: Identified Prevalence of Autism Spectrum Disorder Data Aggregation from across all sites for the
_ ADDM Network 2000-2020

Surveillance ADDM Sites , - geAcross | a n.u'n linX
.-\_D|)|\I Sites) B \_'_Iul_I._Ifg__ll._ -
2020 2012 ] Y243 T
2018 2010 ) a9y | na |
2016 2008 i 185 (180-191) | 7% il
2014 2006 11 580131093y il D
2012 2004 1 T T = P
2010 2002 1 147 T et e T
2008 2000 4 13g2127 = T
2006 1993 ) ) 17 0
2004 1996 T ®oadesem | i '
2002 1994 4 i i Bk~ T a0
2000 1992 1 esem 50
£ : 551
ez
K F lt.d?.
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