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Short Bio

Rossana Maria de Castro Andrade

PhD in Computer Science from the University of Ottawa in 2001)

Master's degree in Computer Science from the Federal University of Paraiba in 1992

Degree in Computer Science from the State University of Ceara in 1989

Professor at the Federal University of Ceara (UFC), in the Department of Computing, since

1994, and is currently Full Professor

e Productivity Scholarship Technological Development and Innovative Extension from CNPq -
Level 1D

e Co-founder of the GoTest startup

e Coordinator of CENAPAD at UFC since 2003

e Researcher at GREat (Computer Networks, Software Engineering and Systems Group), a
group she founded in 2002

e Chief Scientist of Fortaleza City Hall since 2022

e Software Engineering and Computer Networks

o research focused on the Internet of Things, a natural evolution of its research themes
of mobile computing, ubiquitous computing and wireless sensor networks

o software reuse with software product lines, software standards, frameworks and
middleware

o software testing and software quality

o security and formal specification of protocols.
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Federal University of Ceara (UFC) G

Created on December 16th, 1954, and officially founded on June 25, 1955. Actually, UFC is composed of 8 campi
(3 in Fortaleza and 5 in the countryside)

e Courses
o 123+ Undergraduate courses
o 153+ Graduate courses

e According to the AD Scientific Index (2024), UFC holds the 1st place in Brazil North, Northeast, and
Central-West regions, the 10th in Brazil, and 13th in Latin America

e 5,300+ Employees
e 577,000+ Students

e Agreement with more than 300 institutions in more than 30 countries




Department of Computing (DC)
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Created on 08/10/1990, DC is part of the Science Center at UFC and has 30 PhD
professors

e Undergraduate Courses
o Computer Science (DC)
o  Computer Engineering (DETI partnership)
o Data Science (DEMA partnership)

e Graduate Courses (Lato Sensu)
o  Cyber Security (Lenovo partnership)
o Information Security (Samsung partnership)




Master and Doctorate Program in Computer Science . -
(MDCC) L

e Graduate Courses (Stricto Sensu) Research Groups
° PhDin Computer Science (CAPES 5) ARiDa - Advanced Research in Database
©  MScin Computer Science (CAPES 5) CRADb - Computer Graphics, Virtual Reality and

Animations

GREALt - Group of Computer Networks, Software
Engineering and Systems

Logla - Logic and Artificial Intelligence

ParGo - Parallelism, Graphs and Optimization
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Our world is aging!

- s -~ s
f pr . ~ —-——

~~~~~~~
e Wl

- ,; Percentage aged
: 60 years or older:

According to WHO, o’ —pritghon | 2 O 1 5

the number of older S

persons is projected to {72 World Health
- i %7 Organization

1.5 hillion (15%) in 2050’ —

i " Revision of \
. /S M } .



https://population.un.org/wpp

EEEEEE

L

H e q It h Ca re SySte m S 1] eed Image source: https://www.raconteur.net/healthcare/ageing-population-healthier/

to be adapted to reduce
costs, provide better living
conditions



https://www.raconteur.net/healthcare/ageing-population-healthier/

How can we optimize our
healthcare system?

Sick Care versus Health Care
\ ]

\ Y
Damage Control: Quality of Life:
reactive managing sickness proactively creating true
and the results of poor health and preventing
lifestyle choices diseases

Source: https://pittsburghuppercervical.com/sick-care-vs-health-care

2Marvasti, Farshad Fani, and Randall S. Stafford. "From “sick care” to health care: reengineering
prevention into the US system." The New England journal of medicine 367, no. 10 (2012): 889.
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Internet of Health Things " —

A []D Results
e The Internet of Health Things (loHT) i
encompasses the entire set of solutions based e ol
on the Internet of Things aimed at healthcare = - o % Smart
7 = ‘ Algorithms

o Four-layer view®
o Acquisition
o Storage
o Processing
o Presentation

Personal
Health
Records

e Sensors
o Smartphones and Wearables
o AAL
o Smart Room

Health
Smart
Objects

3 COSTA, C. A. da; PASLUOSTA, C. F.; ESKOFIER, B.; SILVA, D. B. da; RIGHI, R. da R. Internet of health things: Toward Source: Adapted from (COSTA et al., 2018)
intelligent vital signs monitoring in hospital wards. Atrtificial intelligence in medicine, Elsevier, v. 89, p. 61-69, 2018. 11
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loHT Challenges

e Device interoperability

Improved Drug Management - Remote Patient Monitoring
- N

L=

o Data Collection and Formatting  \ Telehealth

e Security and Privacy
o Data anonymization

e Resource management
o Battery
o Network level

o Constant changes in the context of
loHT applications

12
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Self-Adaptive Systems
Adaptation Request

Analysis Planning

Knowledge

Monitoring

Execution

Source: adapted from (JUNIOR et al., 2018)*

4 JUNIOR, B. R.; ANDRADE, R. M.; MAIA, M. E.; NOGUEIRA, T. P. Succeed: Support mechanism for creating and executing workflows for decoupled sas in
iot. In: IEEE. 2018 IEEE 42nd Annual Computer Software and Applications Conference (COMPSAC). [S. |.], 2018.v. 2, p. 738-743 13
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Al applied to the Internet of Health (Medlcal) Things

e Al algorithms for movement pattern
recognition
o Fall Detection and Prevention
o Physical Activity Monitoring
o ldentification of Bone Fragilities and
Degenerative Diseases

e Monitoring and inference of quality of life
level

o |loHT Database Construction

e Machine Learning applied to loHT

Source:https://thejournalofmhealth.com/artificial-intelligence-and-th
e-internet-of-things-in-healthcare/
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Our Research on Digital Health

15



=) creat IRMILL [‘ BUFC

Project Contextual Postdoc and students e-Monitor Project Elderly Digital Health
Information Quality researching older adult falls Project with FioCruz
Assessment and Control in
Ubiquitous Healthcare
Environments 2014 2016 2018 2020
— o , ’-L- — / ,:l:_ — :[t —_
{O)} (@), {(©) {(O)) {(©) (O) (@) (©)
o T o ki K o T i T
2013 2015 2017 2019
. fAlert app WatchAlert app Article accepted at St.icAmSud Not.ice:
Article accepted on : SOSE Rise e-Well Project
) Article accepted on :
Webmedia . Article accepted at
Webmedia

HICSS

04/07/2024 Presentation to LAMIH




S e ImMDLL O Burc

. ] ' 124
=) B ﬂ.! - wg_

Project Contextual —pe el 4 = PROJETO

Information Quality Postdoc and students

Assessment and Control in researching older adult falls eMONITOR Project
Ubiquitous Healthcare (Chrenic Olsemse: Ambsant Assistad Living and vital taleMONITORIng

Environments
2014 2016

— /./;:-.\\ / fg — ’/‘_l—'. — ,.--"_'L.- & £ r—

© \®) © © ©) © © ©)
T

2013 2015 2017 2019

WatchAlert: Uma evolugdo do aplicativo fAlert para

Ieligéncua de Governe ogs pars Tomada de Docndo na Gestlo de
Sovicrrun de Sadde com Enfoque na Alcnglo lnegral & Sadde do
Idonar

for eheakh)

An Algorithm for Fall Detection using Data from SmartWatch

{Akert ; Um sistoma androld para monlioraments de deteccdo de quadas em smartwatches Pt sl o S0y Wons s Gutvwe e e
Bl Lt ¢ Asnde Pasks Amnands . Apele
Rt A Rvesis Noasw A Va ey Rany (mhires 0 Maman ond Loco Duowrade and Laticus Fornandos Prdorw mvpren o Crond Towards s T or e Dk of Ohur Ao Veabic s
U taduie Fwiers 0 U talo Fiws & v vdnts b b and Reoveans Mans & C. Andrade Compar (ot i Appls sl e
St ) Card

Forpann Com Formmcn Cowy Farwnis Cow Frdvod Lsbwrrity of Coad Owradd, Croed i Lathane & Suibn. Dol R S P S S " —

O Qe HOIace) = L Nordem Crard el pomdatpubn® jua ut b - Dt e S e & | s St

L4 aaniais | S damand ":‘*" Pl [ Avkrsmgo (o cndonrmbn. vt ngh rondes | - ey bk =

- s pbeltn e o
Posts v Apuber  Pimsors U C A Wit il R w— | - . —— b
pweluin ted b b s wadaln Ve w
R lawe ‘- w— P |ty S g |y M— b
PO

Forwary Cony forwery Cams
PasCApAN Py & b s s > — — ——— O ———

04/07/2024 Presentation to LAMIH




S) o WIMDLL O Burc

) —

. Project Angel PerCom 2921 Paper on Defense of {talo Linhares’
Zelo Article Cloud Al Project - Risk Context-Driven Semantic thesis
PLOS ONE article detection in elderly Events in Healthcare
people Applications
— =\ ’ f.L. o ..f,:l:;; P ,L o
{©)) (©) {©) (@), {(©) (O} {(©) (©)
! 2021 8 2021 !
2020 2022 Paper for ICEIS on

SBSI article on

. . P for ICHI 2
refactoring guided by aper for ICHI 2021 IoHT Databases

Doctoral Consortium

Lessons Learned in

Developing Fall quality measures of
Detection Applications healthcare systems
Article

04/07/2024 Presentation to LAMIH




= | GREat

N

PLOS ONE

—
Relato de Concepoie de A plicaghs pars Gevibe ds Setde )‘

da Pesson Mosa Depesddente Cosgexi-driven Abnormal Semantic Event
Poome Craims e Pckamda Cume Barmte’, § ats (irirs Mamtries & Andvads’ [y — TYEp——" Recognitsom for Healthcare Applications
N s B Ponie | vampinds’, by n Sonns Samon ' Womsunn Yars & Pt ol - ¥
Camtrn Andrwde’ Samante Viawrs Bt de (Snatey’ Jode Banton T oviry Sete’ _‘f—“ -

N Mt At Toods' o Prm ——

Vg b s et vt | Bt S bt v Poosrs, CTP &1 oo i Sttt W Ao S ‘,‘_ AN

P 1Y - B

Carvomadiule Podund do € rad R0 Pumaboss CF Bopu

HJJL-
!
i
|

Rttt Vdered By Dobucngion, Cimin o Toomogns e Cowed TTCT ) - Asgean, ©)

mEMDCC O -

B e R
OV

L 4 . - W . —
i -,

B

BT PR TR R e R
L s e L)

nad PV
\ ;/- -
{ 7=\ / "f:\L
{1\ {1 \
(@), (@),

2020

°022

Development Process for Scif-adagtive Applscations
of the Imternct of Health Things based on

Lessons Learned from the Developrent of Mobile Applications fee D e S i S Sy o Movement Patierns
Fall Detection s . = o r— T . —
Bt Lavhams, Bumsans M € Al Bvilams © Metn Prdie Ade Clvens "‘_'_""' g 4 b -~ o —, —" ——t -
P CBvewa wnd Pasbe N pude Ay St pvnatyte . - —t ——

Presentation to LAMIH

04/07/2024




e- creat MEM)I] E‘ @UFC

Papers about Quality of . Defenses of Amanda Pires, FRIEND Project in
Life for HICSS Article GRAFIT Evilasio Costa Junior and partnership with GoTest and

i i i Funca

2023 2023 Pedro Almir l\l/[artms Thesis 2023 : p 2024

{©O) ©) (©) ©) ©) ©) ©) ©
2023 2023 o 202

_ Article KREATION Subm1ss19n Paper Project QoL-Monitor
Paper Lessons Learned in about In.s1ghts on (Entrepreneurial
Developlpg rpHealth D evelol? ng IoHT Researcher Funcap)
Applications Applications

04/07/2024 Presentation to LAMIH




=) GReat eMOLE E‘ @UFC

1o Vours of < B olh (e s o S | (gt B a
- . A ves
Classificonon Graph o the Insermes of Health SRS Setatiet B emead
Things Appications OO R
Lo LAt AL By PO COMIN TN

L D e L L T e S S

R FRIEND Project in
partnership with GoTest and

e e o [ Funcap
2923 . 2023 2024

T

\\
VB
|
J

- \ P .
=\ £ o\ / \ {7\ o\ <\ 7=\ =\
{1\ a1 f \\ 'y, \ /4 Wi { f—~\\ L7 {7\

W\ (‘ X -/.“. )"f 4“‘[‘-‘}‘_,’) ',f '.‘-'n\(:.&_.,"_ ."‘,' {. [K_,_"J /r ".‘l' ~("'// /l'/: |‘.'\_j:{_b,:'_,‘" ; 1 (.l‘._."' n"; 1.\'\__'-\._._"\:' J

S ——— " S— S \ ) \—" -/ o

= < . < =
2022 2023 s 2023 202

it A it e s — = = Submission Paper Project QoL-Monitor
gois ’ | o about Insights on (Entrepreneurial
== = ;':A_ ok Developing IoHT Researcher Funcap)
Applications

04/07/2024 Presentation to LAMIH




loHT Research PhD Results
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Short Bio

italo Linhares de Araujo

Degree in Computer Science from Federal University of Piaui (2011)
Master's Degree in Academic Master's Degree in Computer Science from Federal
University of Ceara (2014)
PhD in Computer Science from the Federal University of Ceara (2022)
Assistant Professor at the Federal University of Ceara (UFC), Itapajé Campus
More than 10 years of experience with software development and research in the
area of Computer Science and Software Engineering, working mainly on the
following topics:

o Software Engineering

o Digital Health;

o Internet of Things;

o Internet of Health Things.

23
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Agape Framework

- Agape is a framework that helps the implementation of applications for
automatic detection of falls and their possible causes

Raw Data (1..n) Data Processing Classifications Data Episodes Decision
Module (1..n) Aggregation (1..n) Making
Module Module

24
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Short Bio

Evilasio Costa Junior
e Degree in Computer Science from the State University of Ceara (2010)
e Master's Degree in Academic Master's Degree in Computer Science from the State
University of Ceara (2015)
e PhD in Computer Science from the Federal University of Ceara (2023)
e Assistant Professor at the Federal University of Ceara (UFC), Sobral Campus
e Substitute professor in the undergraduate course in Computer Science at the State
University of Ceara between 2015 and 2017 and at the Federal University of
Ceara in 2022
e More than 10 years of experience with software development and research in the
area of Computer Science and Software Engineering, working mainly on the
following topics:
o Digital Health;
Internet of Things;
Internet of Medical Things;
Software Modeling,
Self-Adaptive Systems;
and Service-Based Self-Adaptive Systems

O O O O O
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ACC = Acelerometer GYR = Gyroscope MAX= Maximum Value RMS = Root Mean Square STD = Standard Deviation MIN = Minimum Value
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KREATION: Kotlin Framework for Self-adaptive loHT Applications

Kotlin language
Android Components

MV C architecture

Reuse Artifacts

O

©)
©)
©)

Observer, DAO, Repository Patterns
Google API login

Google Flt AP| Download of framework KREATION

GRAFIT, ARTe, framework SUCCEEd

27
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KREATION - MVC Components

User Interface (activities) |

[View (Screens)

MainActivity

® View: Screens and Activities

BasicActivity

LoginActivity

\

e Controller —

Other Activities

Another Models

| A
o M Od e I MAPE-K models [ Controller
i Entities DataControlier
O EntItIeS DAO L DB Entities
: y ProfileController
. Repository
U tl I 1_A LoginController

\

Database e Other Activity

Controllers
Server Access L
MAPE-K Loop

O O O O
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Development Process

Design Time

Specification of Health{
Sli b ntorscd =

Sens

1

Runtime

Y
Final version of
the designed
software

'

e

Start

untime

Process Execution Manual

> Activity

Activity title

Expected entry

Expected output

Artifacts that can assist activity

Main roles

General description of the activity

Activity execution steps

How leaving the activity impacts the next activities and
what is the impact of changes to the Activity

UEC

| \ Component Analysis{ e Adaptation of i||
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Short Bio

Pedro Almir

Degree in Computer Science from Federal University of Piaui (2013)
Master's Degree in in Computer Science from Federal University of Piaui
(2016)
PhD in Computer Science from the Federal University of Ceara (2023)
Assistant Professor at the Federal Institute of Maranh&o (IFMA)
More than 10 years of experience with software development and
research in the area of Computer Science and Software Engineering,
working mainly on the following topics:

o Software Engineering

o Digital Health;

o Internet of Things;

o Internet of Health Things
In 2024, received Artur Ziviani award for the best thesis of Computer
Science Applied in Health

30
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Healful Platform

Web System

Healful was designed to
help build loHT systems
with a focus on Quality of
Life monitoring

However, given its ability to
configure sensing and data
analysis, it can be used in
several other health
monitoring scenarios.

ry Healthful

Add new loop

General Dota

(+*] Monitor

Anolyze

Plan

Execute

General Data:

Nomwe: *

M redeo Almir
L
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Healful Platform

In this architectural
view, it is possible to
observe

(I) the monitoring
app, called QoL
Monitor

(1) the
middleware
(Google Fit)
used to extract
data from
wearables

Furthermore, the
platform is
provisioned in a
cloud environment

Smart Environment

Sensors

%

Actuotors

Cloud Environment

ntemol Module

- HTTPS

Icons created by srip - Flaticon (https://www.flaticon.com/free-icons)
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Registration in the ethics committee - CAAE 56153322.0.0000.5054
Legal opinion number 5.282.056

User Google Fit
Daily Activities Data Sync

Ubiquitous Monitoring

)
User Q
Questionnaire

Remainder LD

A
|
|

Cipher with
RSA

! Weekly

Cipher with
AES-256

A
|

Daily

Convert data to
JSON JSON

A

Data
Anonymization

QoL Monitor

Collect User’s Answers

QoL Monitor @ _
Data Extraction
33
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Guidelines for IOHT databases

These guidelines for building sensor
databases for use in Internet of Medical
Things applications were constructed
based on extensive research into public
loHT databases and our expertise with
developing IOHT systems.
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Describe the dataset

\J

Detail how data was
collected

Y

s

\

Present how data is
organized

Y

=

Organize the dataset

in using a semantic .
model )
.
Exemplify how to
query data
. J
y :
Track updates d
A J

°
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BN Dataset

Bl Description

BNl Details of

Data Collection

A Data

BN Semantic

B Model

BN Example of

Data Query
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Taxonomy for the Development of Older Adults Healthcare Apps

Based on the Brazilian Health Classification of the
HandbOOk for the Elderly Oldtl Niultsr(g"dmg l(‘f(‘l(,‘ﬂ(’(’ person

dependence

Relation with the

7 types of Applications

Independent
Dependent
Family person
Professional
caregive
Doctor

87 characteristics In 21 |l E E | E | E
categories :\O;?';())I:laltlnsns of medical treatment and . : . .
Home monitoring healthcare systems E E E

] . Selfcare application E N E E

For eaCh appl |Cat|0n, the Epidemiological clinic systems E E E
taxonomy defl nes Wthh Medical normative systems E E E
CharaCtenSt'CS are Essential, Medical governance applications E E N E

Optional or No related to the
type of application 35



Applications Developed by our e-Health Team
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Smartwatch
Sensors

Machine Learning
Algorithms
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Health Assistant (partnershlp with Huw%él < AMDCC LE Rore

(3 Health

Caregiver: Blue background I Patient: Green background
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https://docs.google.com/file/d/1l59wUIo_F_L5WcNa80V8WLO725nBZ53K/preview
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Dorsal

e The Dorsal tool to support the use of our taxonomy in the automated generation of data
models for applications (Web and/or mobile applications) aimed at health and elderly care

e Dorsal was developed in Javascript and is available as a web service at the link:
https://great-ufc.qgithub.io/dorsal

f

DORSAL DORSAL Tool

Support to your
eHealth solutions!

39
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orsal

Example of a Java model generated by the tool

i) Project Explorer I3 o o
e AT < ) (7} Olderaduitjavs I3 [) RefecencePersonjava &3
S ‘Q' R 08 20 7 i - B : import java.util.*; PN
v & dorsal-sample-project 21 public class Olderadult { 2
v 3 src 22 35 /e
3 // Essential Field 4 " This Java model was sutomstically generated by the DORSAL
v @ (defak pm?e) 24 private String healthPubliciD; S ¥ from taxoncey to older adult healthcare applications
’ @ m“m 25 6 * <br/r<br/>
> A ReferencePersonsava 26 v’/ils:ential Field ! S -:i.'»v:ujo, I. L. D., Costa Junior, E., Da:rtca PC.’. santes,
S 27 rivate String nawve; 8 * Qliveira, P. A. M. D., Mendes, C. M. 0., Andrade, R. M.
> @ SensorAnnotation java 28 . . g 9 * Towards a Taxonowy for the De;elopr-cnt of Older Adults Me:
» B\ JRE System Ubrary {jdk1.5.0_251 29 // Essentinl Field 18 * Applications. In: Proceedings of the 53rd Mewaii Internati
3@ private Date birthday; 11 * Conference on System Sciences. 2020.¢/i>
31 12 % cbr/a<br/>
32 /] Essential Field 13  * This instrument aims to support the development of these :
33 private String gender; 4 " <heireve/>
34 15 * <brApplicetion Typec/by: Selfcare Application
35 // Optional Field 16 * <b>Application Type Description</br: Selfcare applicaticon
36 private String nationality; 17 * <bCreation datec/b>: 2020.04-12T18:53:19.3102
o 13 -
38 // Optional Field 19 * @author <a href«"http://great.ufc.br/">GREat Lab</a>
39 private String schooling; 0 %/
49 21 public class ReferencePerszon {
4l // Optional Field 22
42 private String ethnicity; 23 // Essential Field
43 24 private String name;
B // Optional Field 25
45 private String religion; 26 // Optional Field
44 27 private Date birthday;
47 // Opticnal Field 28
43 private String conjugalSituation; 29 / Essential Field
49 19 private String contact;
50 [/ Essentisl Fleld n
51 private List<String> allergies; J2 // Optional Field
52 33 private Boolean refPersonLivesnithTheOlderAdult;

40



REALER

Last Actvity Recognized:

START MONITOR
HISTORIC

e GReEat E!=MD Q %UFC

REALER - Risk movEment...

Fall Detected

Do you need to request help?

REQUEST
HELP

Download the REALER app code

STOP ALARM

41



ARCANA

@ 90 bps

Monitornng...

Monitor Activities?

m
Fix Activity

Records

Last recorded activity l

[ ]

Cardiological Record

Registered Activities

[ Da”y '.'\/C(‘Kl)’ ;V.Or‘»!h:y]

Last week average

@ 90 bps

e GReEat E!:MD Q %UFC

Download the ARCANA app code
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QoL Monitor

() ereat MRMDCL [ #.UFC
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QoL
Monitor

® QoL Monitor is the app that allows the extraction
of fundamental data for monitoring Quality of Life
indicators

e Once extracted, the data is anonymized and
encrypted before being sent to the cloud. Then,
the data is processed and submitted to the
intelligent models of the Healful platform

o For the user, the result is ubiquitous monitoring of
their Quality of Life in the physical and
psychological sphere

€& 9ol-monitor.com

'0* github.com/great-ufc/Qol Monitor

k play.google.com/store/apps/details?id=br.ufc.great.qolmonitor

@ @ Some accesses will be restricted while the tool is not registered on the INPI platform.


https://www.qol-monitor.com/
https://github.com/great-ufc/QoLMonitor
https://play.google.com/store/apps/details?id=br.ufc.great.qolmonitor&pli=1

iﬁw 7
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New technologies can benefit from the use of AI applied to loHT

> 5G and 6G networks applied to loHT
* Data Collection and Transmission
*  Security
* Resource consumption =

> Ambient Assisted Living
* Device interoperability
* Controllers

> Cloud computing applied to loHT
* Storage
* Big Data Processing
* Machine Learning Services

> Conversational and Generative Al
*  Chatbots
* Custom care plans for patients

45



Our Team
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Digital Health Working Group at GREat =) cRreat eMOLE Q ﬁUFC

Members and Collaborators

©¢

Rossana M. C. Andrade Evilasio Junior italo Linhares

EEG

fr. @
Heart Ra(c ‘
Temperature
(%
@ @ .‘\\

Blood Oxygen Respiration

(('
Pedro Oliveira Amanda Pires Lourival Francisco Victor N .)))

Medication Blood Glucose

Y
Gant

Source:https://www.researchgate.net/publication/335277281_Health_Monitoring_in_
Smart_Homes_Ultilizing_Internet_of_Things.

Y
Y

Laurindo Nadiane Leonardo Sampaio
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EEE . Rossana Maria de Castro Andrade

Mestrado e Doutorado em Ciéncia da Computagao rossana@ufc.br

@rossanamcandrade

GREat

5
| — Group of computer network
v - Software engeenering

and System
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Questions?
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