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Granada University, Concurrent Systems Research Group

« The University of Granada was officially founded in 1531 by Carlos | of
Spain.

 |tis the fourth university in Spain by number of students, member of
the Coimbra Group and Campus of International Excellence.

« The University of Granada is among the top ten in Spain.

« Globally, it is one of the top fifty universities in computer engineering
and one of the top hundred in mathematics.

P
@ OSlsoft. EMEA USERS CONFERENCE 2017 LONDON #OSISOFTUC ©2017 OSlsoft, LLC K]



Granada University, Concurrent Systems Research Group
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Motivation

« Hospital health systems are expensive and have to attend a greater
number of patients each day.

« Monitoring systems can reduce the cost of healthcare by taking
monitoring outside the hospital environment.

« There are many diseases that require a continuous treatment (periodic
visits in hospital) such as COPD.
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Traditional Monitoring System
Online Monitoring system

Wereable devices _
- —_—

@ OSlsoft. EMEA USERS CONFERENCE 2017 LONDON #OSISOFTUC ©2017 OSlsoft, LLC



Evolution: E-Health, M-Health, U-Health
E-Health System.

(Electronic)
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Evolution: E-Health, M-Health, U-Health
M-Health System.

(Mobile)
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Evolution: E-Health, M-Health, U-Health
U-Health System.

(Ubiquitous)
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uHealth Infrastructure

Internet

S SRS e e e S PR TP

Data Collection
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uHealth Infrastructure: Monitoring
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uHealth Infrastructure: Monitoring
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uHealth Infrastructure: First approach

 Features
O Using special embedded devices (Arduino-based)
 All sensors are connected to these devices.
O The data are monitored and stored into a local PC.

* Features that need improvements:
d Complexity of the system.
1 Use of standard devices such as smartphone.
O The storage of the data in remote systems.
 Organization of the patient data.
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uHealth Infrastructure: Monitoring

@i
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uHealth Infrastructure: Second approach

 Features
 Use of standard devices for monitoring and storing data.
O All sensors are connected to these devices (Bluetooth)
 The data are monitored and stored in a remote system.
O The system complexity is reduced.

* Features that need improvements:
O How the data is organized?
d How the information is exploited?
O Security of data.
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uHealth Infrastructure: Backend

HTTP

Bluetooth

_ o et server
\'.‘ ¥ ‘-‘

((

TCP
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Pl system infrastructure

« Itis necessary to build a robust and flexible platform to store the data of the
uHealth infrastructure.

« Also this platform must provide tools for:
v" High availability and capacity to store any information type.
v' Organizing data in order to identify patients data easily

v" Providing mechanisms to exploit data and build analysis with them.

Our approach uses Pl system
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Pl system infrastructure

Android APP
Internet

Pl Web APl |
= " Future

----------------- sivie (@

Pl Server | AF Server

=T i B
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Data Model in PI: AF structure (ElementTemplate).

@ BIOMEDICAL Attribute Templates |ports | Analysis Templates | Notification Rule Templates
Templates
- (g Element Templates
- | FatientTemplate Fiter P~ |
" Event Frame Templates |I| i|€| K| Name | Description | Default value ©
=5 StressTest
E Model Templates B Category: BiomedicalData
1§ Transfer Templates
BO Blood Oxygen 1}
@ Enumeration Sets @ .
‘#, Reference Types 6‘ BFD Diastolic Blood Pressure a
Tables -
% Table Connections @& BPS Sistolic Blood Pressure i}
(1 Categories G HR Patien Heartbeats 0
(€] Analysis Categories
-] Attribute Categories 5] Category: DataTest
7| Element Categories
(23] Notification Rule Categories 6‘ Duration Test Duration length om
(=] Reference Type Categories C‘ FC Heart rate(jpm) i}
Table Categories
G FCxTA =100 0
G Indine Treadmill Indination 0%
& METS Work 0
& Speed Treadmill Speed Okmjh
G TAD TA Diastolic {mmHg) 0
G TAS TA Sitalic (mmHg) 0
C‘ TestStart Flag to Start the Test False
=] Category: PersonalData
=3 Age Patient Age 0
=8 Gender Patient Gender (Male|Fe... | <gender=
=g Height Patient height Ocm
=g Identifier Patient Identificer like so... |00001
& =4 Name Patient Nombre <surname,name:
=4 Weight Patient weight Okg
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Data Model in Pl: AF structure

Librai

@) BIOMEDICAL

B Templates

(@) Element Templates

i - [ PatientTemplate

=l M@ Event Frame Templates

5 StressTest

E Model Templates

i Transfer Templates

... @y Enumeration Sets

[ ', Reference Types

- (3] Tables

E Table Connections

=+ (] Categories

(&) Analysis Categories
Attribute Categories
Element Categories

(] Notification Rule Categories
Reference Type Categories
Table Categories

Analysis Template).

PatientTes mpl late

Example Element:  SpaintAndalucia\Granada\HP Inmaculada\Patient]

mte Templates I Ports |} Analysis Templates || Notification Rule Templates |
‘ ] Name: StressTest
B Mame Description:
H  StressTest @ - |

Analysis Type: () Expression () Rollup (@ Event Frame Generation ()

Start analyses when created from template
Lreate a new notification rule template for StressTest

[~

Event Frame Template: | StressTest

Evaluate

Mame Expression

True for Severity Value at Evaluatio Value at Last Trige

B Start triggers

Set (optional) |

Start "Teststar‘t' = "true"
B End trigger
EndTrigger "Teststar‘t' = "false" | | | |
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Data Model in PI: AF structure (EventFrame Template).

£ BIOMEDICAL Attribute Templates
Templates
- [ Element Templates
-
- [ PatientTemplate Fiter L |
- Mg Event Frame Templates |i| 1| R Name | Description | Default value &
g
- [}, Model Templates = Category: DataTest
T Trarl.sfer Templates & Duration Test Duration length om
- @) Enumeration Sets
- ', Reference Types GEFC Heart rate(pm) o
- [ Tables
*
% Table Connections G FOXTA 100 0
= (] Categories G& Indine Treadmill Indination 0%
- (@] Analysis Categeries
Attribute Categaries & METS Wark 0
- (] Element Categories )
(2] Notification Rule Categories 6‘ Speed Treadmil Speed Okm
Reference Type Categories G TAD TA Diastolic (mmHg) 0
Table Categories
GETAS TA Sitolic {mmHg) 0
6= TestStart Flag to Start the Test False
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Study case: COPD (Chronic Obstructive Pulmonary Disease)

« COPD : Obstruction of the airways in a progressive and non-
reversible manner, with a decrease in respiratory capacity that
can lead to death:

1 65 million suffer from it in the world.

1 3 million deaths a year.

1 18 thousand deaths in Spain.

1 90% of deaths in low-income countries.

1 Smoker disease: Appears in 20% to 25% of the total.
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Pneumology

Clinical Study

Stress Test :

1 % Oxygen in blood.
1 Heart Beats.

1 Blood pressure.

1 Speed

1 Inclination

1 Distance

P
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Hospital Inmaculada
(Granada)

Participants: 18 patients
Medical Staff:

— Pedro Romero (Pneumology).
— Luis Arrebola Moreno (Cardiology)

Technical: José Francisco Matas
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Study case: COPD

Set of parameters to
monitoring (continuously):

1 % Oxygen in blood.
1 Heart Beats.
1 Blood pressure.

P
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Elements

& Elements
B 3 Spain

B ( Andaluda

B (§ Granada

=] HP Inmaculada
| e [ Patientl
- (G Patient2
- (G Patient3
-
(F Patients
[ Patients
- (1 Patient?
- [ Patientd
[ (F HP Virgen de las Nives
(L, Element Searches

Patient4

| General I Child Elements | Attributes |Ports I Analyses | Motification Rules I Version |

Fiter

I| g | I|0|E| Name A| Value

= Category: BiomedicalData

5] &F BO 93
5] &F BFD 160
= & BPS 99
5] &F HR 122

= Category: DataTest

EE: | &7 Duration 15m
ER- | & FC 111
- &F FCxTA 188
| &F Indine 0%
s | & METS 1
- & speed 0 km/h
R & TAD 30
R & TAS 170
- &F TestStart  |False
= Category: PersonalData
FA | =1 Age 66
& = =] Gender Female
Fa- | =] Height Ocm
L =] Identifier 00004
P | =] Name A, X
= =1 weight Okg
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Study case: COPD

Event Frames
= F=3) Event Frame Searches

Stress Test : R - et Frame Search 1]

. oo p=] StressTest 2017-09-19 05: 12: 10,000
0 i
1% Oxygen in blood. foe = StressTest 2017-09-20 04: 12: 10,000

] Heart Beats. - p=| StressTest 2017-09-20 05:12: 10,000

1 Blood pressure. (- = StressTest 2017-09-20 06:12: 10,000

S peed Lo = StressTest 2017-09-21 03:12: 10,000

0| l fi B g Transfer Searches

nciination [#-- =g Transfer Search 1

(1 Distance
Event Frame Search 1
Fifter
l||2|||§|.&| Mame | 1[122:10:07] . |Duraticn |S13rt'|'|me |Er1d Time
o & == StressTes, .. | 0:13:10 19/09/2017 14:12:10 19/09/2017 14:25:20
B == StressTes... | 0:14:40 20/09/2017 13:12:10 20/09,2017 13:26:50
B & f= StressTes... | 0:14:40 20/09/2017 14:12:10 20,09/2017 14:26:50
B & f= StressTes.., | 0:14:40 20,09/2017 15:12:10 20,09/2017 15:26:50
B f== StressTes, .. | 0:10:02 21/09/2017 12:12:10 21/09/2017 12:22:12
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Study case: COPD Pl Vision Dashboard

(@) ;I.li}ision © new Display | m | corecoreosPl | @

@ Assets Patient Monitoring ~ Asset” | Patientd W & Ad Hoc Display Eﬂ

"6 = i i Name

N o 97.@ 137 &

Search in HP Inmaculada Identifier
00004 % Blood Oxygen Diastolic Blood Pressure
"~
HP Inmaculada Gender i Age .
1339 91 &
) Patient? Height 1 Weight n
1 - -
atient eal eats
Patient3 Ocm 0k Heart Beat Sistolic Blood Pressure
) Patient4
@ Patients [ — N\ A~ HR
7 133
) Patient6 i —
) Patient? | + . f a
| |
) Patient8 P " _ ||
{ | |
Attributes I o | |
AP [ | [
HP Inmaculada - o\ II‘ [ .'I
£
20/09/2017 12:25:53 20/09/2017 12:26:09
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Summar Jes— :
y @ ))) @ ’tﬁl

««««« o ]
COMPANY and GOAL % sistema

Company: Research group in real time and Industrial
systems DYCEANRR
Goal: To achieve an U-Health system using wearable

devices with a robust platform to exploit the information.

RESULTS

“Goncurrentes

Granada University

Create a robust Development of uHealth App in Android to collect
_ _ _ } wearables devices and } wearables devices
2. Build flexible and simple smartphones.
: arp through Bluetooth.
data collection system 2. Using PI system to store 2. Continuous monitoring
(> ati and organize the : :
> Fhleemiaty
. . . 3. Develop a visualization diseases.
4. Exploit the information and prediction system 3. Use PI system to
to create predictive and with PI tools and SDKs development of a U-
visualization system Health system for COPD.
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Conclusion

« The PI system offers a powerful platform to:
O Store and collect data.
O Organize information coming from different sources.
O Provide Robust and High availability platform.
 Achieve flexibility to exploit de data, get several SDKs and
connectors for developing and programming.

« We need to store huge amounts of data in a robust, accessible and
manageable way in order to deal with this data (Timely data).

« The study will correlate the monitored data with the evolution of the
disease; that is important for therapeutic treatment.
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Future Works

« Use Pl analytic tools analytic tools to analyze the collected data
(Predictive system).

« Use the same architecture to monitoring cardiovascular diseases.

« Study the application of the Pl uHealth solution to other areas (e.g.,
sport monitoring).

« Collaborate with technology companies, universities and public
health systems.
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José Miguel Gutiéerrez
[mgutierrez@ugr.es

PhD Student

Granada University

Juan Antonio Holgado
lholgado@ugr.es

University Professor
Granada University
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Questions

Please wait for the
microphone before asking
your questions

State your
name & company
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Please remember to...

Complete the Online Survey
for this session

Download the Conference App

*» View the latest agenda and create your own " E\pbg':olr'e
+« Meet and connect with other attendees p—
P> Google Play

Search OSlsoft in the app store S HTML
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