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Abstract

The United Nations Organization estimates that 1% of the world population has some degree
of Autistic Spectrum Disorder (ASD). It makes family life distressing and such situation can be
aggravated when the child/youth needs to enter the school environment and continue their
monitoring. Based on that, this paper proposes to present a solution, conceived through the use
of Mobile solution technologies, cloud computing and data analysis, to help the treatment of
ASD patients. In its development, a mobile application was implemented to establish an
interconnection between parents (or guardians), doctors and teachers. The solution works as
follows: everyone involved is registered in the application, where the doctor can insert the drugs
that are used and link to each patient; whereas parents and teachers can use an alarm-like
functionality to discreetly record occurrences of crises and classify them according to their
intensity. As a form of intelligent management of treatment, the doctor has a consolidation of
"where", "when" and "what was the intensity of the crises™ that the patient had. In parallel, via
cloud computing, the data are consolidated into graphical analyzes with statistics per patient
and per doctor to evaluate the effectiveness and efficiency of proposed treatments.

Keywords: autism spectrum disorder, mobile solutions, social living, cloud computing,
treatment support.
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1. Introduction

Technological advances in medicine over time are relevant, interfering both in the lives of
patients and in the performance of professionals in the field, with a considerable impact on
research and providing progress in the health field (Loncar-Turukalo et al., 2019). The use of
technologies such as cloud computing and mobile applications has permeated this area
(Stoyanov et al., 2015). There are several applications on the market that focus on well-being.
It is possible to easily find options of applications focused on the aid of physical exercises,
cardiac monitoring, mental stimuli and many others. With this it can be proved that the market
has great space for this technology. In addition, it has increasingly become an aid in medical
treatments (Meyer et al., 2018).

The support provided by mobile technology relies on interoperability with other available
resources, such as Cloud Computing technology, which according to Varghese & Buyya (2018)
allows the user to be able to access data through computers, cell phones or tablets.

Therefore, Cloud Computing is characterized as an online service, which does not require
installation. This makes it more accessible and saves space, connectivity from anywhere,
centralizes information and other benefits.

The technologies analyzed so far enable the use of a third tool of considerable importance,
Data Analysis. It is a method of analyzing data collected in an intelligent way, making it
possible to see behaviors, changes in daily activities, and finding flaws in the executed process.

According to Sim (2019) the use of mobile devices has come over the years, occupying more
space in society, the growth of mobile devices has taken a large part of the market, being
considered a pocket computer for its practicality in obtaining quick access to information and
applications. Thus, developing applications for mobile devices represents a more effective way
to reach the target audience.

Through the use of mobile applications, Cloud Computing and Data Analysis, it is possible
to develop a scalable tool to help in the treatment / care of patients' lives. Thus, this intention is
the general objective of this article, focusing on children with Autism Spectrum Disorder. The
solution seeks to bring together the personas who are directly involved in the day-to-day of the
patient such as the family, teachers and the doctor in charge. Through a mobile tool, the
structure provides analysis of treatments, medicines, and monitoring of the effects of
treatments.

Autistic Spectrum Disorder (ASD) encompasses different conditions marked by disorders of
neurological development, all of which are related to difficulties in social relationships, such
as: difficulty in communication, interaction and repetitive and restrictive behavior patterns.
Autism was considered a rare condition, which affects one out of every 2 thousand children in
the Brazilian scenario (Onzi & Gomes, 2015). This work is justified by the high demand for
intelligent solutions that are updated to help and aid the analysis of the behavior of patients with
Autistic Spectrum Disorder.
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2. Methods

This project started by raising the necessary demands for the treatment of patients with
autistic spectrum disorder (ASD) in their social context.

With the initial demands projected by the team, the APP was initially modeled and
implemented, that is, within the demands outlined by the medical team using the platforms
according to section 3.2.

Then, using the APP, data were consolidated, collected by the platform and stored in the
cloud, so that it is possible to provision data for a Data Analysis process, capable of guiding
treatment strategies.

The platform gives the doctor the patient daily contact feasibility , which with the
possession of the data, information, graphs and reports can be collected and analyzed. So that
they can optimize the patient management process, both with the responsible physician and
with a team.

3. Results

3.1 Mobile Solution

The demonstration in figure 1 shows the structure of the application. Such an organization
chart exactly matches the form of the proposed solution. The utilization process is carried out
through the selection of the user profile, among them being: doctor, responsible and teacher.
This selection defines the type of relationship the user will have with the patient.

From the choice of the application user, there are three usage flows, as is shown in Figure 1.

Figure 1: Structural diagram of the app

I'm responsible I'm teacher

New register | ‘ Doctor Login ‘ | New Register I | Responsible Login | New register }41 Teacher Login |

Dependent N X
Patients List Re;stratign Dependent List Student List

Doctor Access Dependent menu Teacher Access
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Source: Authors, 2020

Firstly, the responsible use flow was defined. Once defined as responsible, it will be
necessary to register by defining name, contact, email, password (confirming it) or log in if the
user already has access. Then, the user will register a dependent to accompany the patient in a
more dynamic way. After registering the dependent and informing their personal data for other
users to obtain this information, the user will link the Doctor to the patient, also having access
to the recommendations and medications prescribed by the doctor. It is not be possible to edit
these fields as it will be defined by the Doctor. The user is able to issue crisis alerts so that the
doctor can obtain a more detailed monitoring as can be seen in the flow of figure 2.

Then the flow of use of the doctor was defined. According to the explicit flow in figure 3,
after defining the relationship with the child as a doctor, at the first access it will be necessary
to perform a registration to inform: name, CRM (Conselho Regional de Medicina — Regional
Council of Medicine) , password (making the confirmation). Once that is done, the doctor will
have access to the list of patients who have the disorder. When selecting one of the patients, the
doctor will have access to information, such as crises, medications and recommendations. The
doctor, through an analysis, will be able to inform the medication so that they can define specific
dosages and details of that medication; specific recommendations for each patient can be
included; view the patient's crisis alerts, so that the doctor can have a more careful assessment
in relation to current crises, types of crises and recommended medications so that it is possible
to observe and monitor the evolution of the patient's condition.

Figure 2: Flowchart of use of the Responsible
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The doctor can define how many occurrences are necessary to change the colors of the crisis
status, as an example: if it is from 0 to 5 it will remain Green, 6 to 10 will be changed to Yellow
and above 10 it will be Red, indicating that the treatment is not being effective for this patient.

60

WWW.ICRSET.ORG



3" International Conference on
Research in SCIENCE, ENGINEERING
AND TECHNOLOQGY 11-13 March, 2021

Oxford - United Kingdom

Insert Medication

Insert
Recommendations

Configure alert
semaphore

Figure 3: Flowchart of use of the Doctor
Start No

Source: Authors, 2020

Finally, the flow of use of the teacher was defined. The teacher, in turn, will log in with their
email and password. If the teacher does not have access to the platform, registration will be
necessary, informing data such as name of the institution, name of the teacher, an access login
and password (confirming it). After confirming the login, the teacher will have access to their
list of students (patients). When selecting a student, the teacher will have access to view
information such as medical recommendations and will be able to issue crisis alerts for any
student with the disorder, including data such as date, time, occurrence geolocation and posting
an observation of such crisis. This case can be seen in the flow in figure 4.

Besides the structural explanations on a case-by-case basis, it is also presented the
application interfaces, which in turn exemplify the previous explaination with a more practical
overview of the screen flow of the application The screens are presented in tables 1 to 4.

Figure 4: Flowchart of use of the Teacher
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Source: Authors, 2020
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Table 1: Screenshots of the application screens (part 1)

0029 & 0@ 2343 8 0 @ *an 2344 & 0 @ *4n
SEJA BEM VINDO :) VOCEE UM ? LOGIN MEDICO

CRM:

Senha:

SOU MEDICO(A)
SOU RESPONSAVEL
( ENTRAR ) ( NOVO CADASTRO )
SOU PROFESSOR(A)

Screen 1 - Welcome Screen 2 —Who are you? Screen 3 — Doctor Login

1508 & 0 @ 2347 4B @ *40 1345 & D @ *an
CADASTRO MEDICO(A) LISTA PACIENTE ACESSO DO MEDICO

Nome: Pedro Junior Souza
31970809060

CRN: Amado Amoroso Alves Dias
Maria Floresbela Vieira

Senha:

Confirma Senha:

( VOLTAR ) ( SALVAR ) ( VOLTAR ) ( SAIR )

Screen 5 — Patient List Screen 6 — Doctor Access

Screen 4 — Register Doctor

Source: Authors, 2020
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Table 2: Screenshots of the application screens (part 2)

1403 & €] *an 2340 & D @ *an
3 - 14/06/2020 - 17:18:08
INSIRA OS MEDICAMENTOS: INSERIR RECOMENDAQOES
Buspirona
Trazodona
°® 2 - 06/06/2020 - 22:37:53
Uso oral, 50mg, 12/12 horas
Buspirona
Remedia
» 1 - 31/05/2020 - 15:42:48
Uso, Dosagem e Horarios
Trazodona
Remédio: -
»
Uso, Dosagem e Horarios Recomendactes:
Remédio
»

Uso, Dosagem e Horarios

Remédio

Uso, Dosagem e Horarios:

( VOLTAR ' | SALVAR )
B

E: llen Dncm:“._. a b Yo
Screen 7 — Insert Medicaments
1718 & B @ *an

( SALVAR ) ( VOLTAR )
( VOLTAR ) E:DNHGURAR SEMAFORO)

Screen 8 — Inert recommendations Screen 9 — List recommendations

1515 & 8 @ 1523 & 0 @ *an

CONFIGURA SEMAFORO DE ALERTAS LOGIN RESPONSAVEL CADASTRO RESPONSAVEL
i Nome:
Sr. dico(a), a fi ¢do do éde E-mail:
sua responsabilidade, vocé pode escolher de 1 a
10, para configura-lo, verde de 1 ate o limite de
sua escolha, por exemplo: 4, amarelho limite do Contato:
verde mais 1, como exemplo: 5 ate o limite de ep
sua escolha por exemplo: 8, vermelho limite do Senha:
amarelho mais 1, adiante sinal vermelho, toda .
atengao possivel pois o tratamento nao esta E-mail:
fazendo efeito.
Senha:
B - pr—
Confirma Senha:

. 4 i
( ENTRAR ) ( NOVO CADASTRO )
( SALVAR ) ( VOLTAR )

Screen 10 — Configure semaphore alerts

( VOLTAR ) ( SALVAR )

Screen 11 — Login Responsible Screen 12 — Register Responsible
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0033 & 0@

LISTA DEPENDENTE

Screen 13 — Dependent List

*4n

1536 & 0 @
CADASTRO DE DEPENDETE
Nome:
Aim'f)do Amoroso Alves D
Data de Nasciemnto:
20/12/2012
Enderego:

Rua Joao Camos

Contato:

(31)971455668

o ) (

SALVAR

)

Screen 14 — Register Dependent ]

1708 ¢ 0 @

LISTA DEPENDENTE

Amado Amoroso Alves Dias
(31)971455668

Screen 15 — List Dependent

Source: Authors, 2020

Table 3: Screenshots of the application screens (part 3)

1923 0 @

MENU DEPENDENTE

MEDICAMENTOS

RECOMENDAGOES

ADD CRISES

ALERTAS

VINCULAR MEDICO(A)

( VOLTAR ) ( SAIR

)

Screen 16 — Dependent Menu

1646 ¢ 0 @

VER MEDICAGAO DO PACIENTE

1) Trazodona

Uso oral, 50mg, 12/12 horas

Screen 17 — See Patient Medicaments

*4n

0040 2 0 @ *4n

RECOMENDAGOES MEDICAS

Recomendagdes:

VOLTAR

Screen 18 — Medicals Recommendations
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1622 & 0 @ *an
ALERTAS DE SEU DEPENDENTE

2 - 06/06/2020 - 22:37:53
Buspirona

1 - 31/05/2020 - 15:42:48
Trazodona

0042 & 0@ 0044 S D @

REGISTRAR CRISES

9

Permitir que o app acesse o local
deste dispositivo?

Screen 20 — Register Crisis Screen 21 — Dependents Alerts
1605 8 0 @ *an 1609 & 0 @ van
LOGIN PROFESSOR(A) CADASTRO PROFESSOR(A)

Nome Escola:

Screen 19 — Allow app to access the phone location
00.00 @ *an
VINCULA MEDICO(A)

Area reservada para vocé responsavel fazer o E-mail:

vinculo de médico com seu dep basta :

digitar o (CRM) do médico de seu dependemte,
conferir no nome e fazer Vinculo.

Nome Prof(a):

Senha:
CRM: - B
Login:
Meédico: Senha:
Renato Silva

Confirma Senha:

oo ) Coomom)
me 2.4 ....-..m_) ( vomwe ) ( swm )

Médico Vinculado com Sucesso

Screen 22 — Link Doctor Screen 23 — Login Teacher Screen 24 — Register Teacher

Source: Authors, 2020
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Table 4: Screenshots of the application screens (part 4)

252 0@ LA 21| BREE-LE] i 1350 ¢ 8@ *4n
REGISTRAR CRISES LISTA ALUNOS ACESSO PROFESSOR(A)
Maria Floresbela Veeira
(31971819161
Observagdes fise
Pedro Junior Souza
(31)970809060
e i
Ricardo Junior Souza
s

Amado Amoroso Alves Dias

(31)971455668

Con ) C=)

Screen 25 — Register Crisis Screen 26 — Student List Screen 27 — Teacher Access

Source: Authors, 2020

3.2 Cloud Computing-Based Infrastructure

Google's Firebase, the Firestore cloud, was used to store the information, being possible to
use it on the main mobile platforms, such as i0OS, Android or on the web.

In addition, it generates different benefits that allow the development of the functioning and
management of databases in an agile and effective way, with the main objective being to
improve the performance of apps by implementing various features that will make the
application a much more flexible tool, secure and easily accessible to users.

Firebase provides dynamic user interaction using Firebase Authentication, which allows to
make the security authentications implemented by Google, one of the largest companies in the
world. The application has also the capability of sending notifications to several platforms with
Cloud Messaging.

With this tool the application is able to notify the doctor after configuring the alert traffic
light. When the first crisis of the patient occurs, as soon as registered in the bank, Cloud
Messaging sends a notification to the doctor linked to that patient. For instance, a status change
from green to yellow will generate a second notification to the doctor through the application,
leaving the doctor aware that their patient has left the stable state, if the patient turns on the red
light, at each new crisis the doctor will be notified.

With the Cloud Messaging functionality, the guardian will be notified whenever a crisis
occurs at the school, in addition to the notification that their dependent had a crisis, it will be
possible for the teacher to send a message to the guardian.
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3.3 Data Analysis

With the interaction of the parties closest to the TEA carrier, it provides a more assertive
data collection, with the information collected from the patient at the time of the crises. The
crisis that will be counted considering the real time by date and time storage during the,
observation of the crisis and also what the patient was doing at the time the crisis occurred, will
be collected by the application for analysis and decision making. As can be seen, in figures 5
to 7, the graphs show the total number of crises and schedules, with a daily, weekly and monthly

horizon.
Figure 5: Daily Crisis Graph Example
CRISIS GRAPH BY DAY
W Total Number of Crisis M Hour
™ [e)]

o 3 Y 3

3 S < @
— N n — e} — @

E . - &
|- © © m N = ©

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY
Source: Authors, 2020

Figure 6: Crisis Graph Example (Weekly Average)

GRAPH OF AVERAGE PATIENT CRISIS PER WEEK

B Total Number of Crisis H Hour

5

3
3
3

o~

42:49

I ) — — 50
—
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

Source: Authors, 2020
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Figure 7: Graphical Crisis Example (Monthly Average)

AVERAGE PATIENT CRISIS CHART BY MONTH

B Total Number of Crisis Hour
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Source: Authors, 2020

In these charts, consolidated in the cloud according to the storage of the database, it is
possible to view the accounting of crises, with a calculation of the average time of occurrence,
according to the evaluated time horizon. Samples are fictitious, just to prove functionality.

3.4 Future Expansions

With the structure developed, some studies were made possible, which depend on the
population of the databases, however, they are perfectly plausible and useful for the
management of patient treatment, such as:

* Geolocation: with the location of crisis occurrences, it is possible to have a more assertive
analysis about the locations of the occurrences, in order to define the environments that may
(or may not) influence a crisis;

e Machine Learning: as the database grows, it is possible, in the future, that pattern
recognition algorithms can guide predictions of crisis occurrences;

* Fuzzy logic: with the assessment of crisis levels, a study on the degree of crisis that can
occur, under some circumstances, can be studied.

Such studies will be feasible as soon as a robust quantity (thousands) of samples is collected.
4. Conclusion

With the structure developed, it was possible for a mobile tool to reach a viability that can
help decision making in a type of situation that afflicts several families.
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The application can make data collections more accurate, in different environments, with a
resource fully available in society, in addition to enabling a more realistic analysis of the
occurrences with the patient.

Finally, it could be seen that, with a long-term use of the proposed solution, the technologies
that permeate the ability to predict, can connect with the presented structure. Interconnected,
these technologies can guide, in the future, the ability to predict patient crises, figuring a
contribution for the families who experience the studied situation.
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