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Cyber-Physical-Metaverse in healthcare

Recall & background
R
T
Cyber-Physical '
<« Data, KnOWledge LOCatiO}’q DT:( Metaverse
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Reliable Distributed Systems (RDS)

No question if, only when!

Check: https://itea4d.org/itea-technology-webinar-cyber-physical-metaverse-

introduction.html
] ITEAA

Technology
webinar
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Cyber-Physical-Metaverse in healthcare ITEA Technology webinar
Setting the healthcare scene (1/2)
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Cyber-Physical-Metaverse in healthcare
Setting the healthcare scene (2/2) ‘

" Giant step forward for early detection and prevention of
serious diseases. Leading to higher life expectancy and
quality, higher productivity as well as lower health care
system cost.

*  Many low hanging fruits allow for an immediate introduction, Technology
followed by incremental extension to more complex webinar
solutions.

=» One example: Heart failure

] ITEAA




Cyber-Physical-Metaverse in healthcare i

No wait to start! One example i
= |n December 2024, EU has adopted Council NT’"M gf:‘;mmﬁum

Unian

Conclusions that will set a milestone for the hemora
continent’s cardiovascular health.

1. On 28 Augost H024. the Presidency submitted to the Werking Party on Public Health a set

of draft Covmeil conclusions on the improvement of cardiovascular bealth in the Enropean

Uniem!

=  Cardiovascular disease (CVD):

- Is the leading cause of death globally, accounting e
for over 1-7 mllllon deaths annua”y 3. The Working Parry on Public Health examined the draft Coumcil conchasions at its meenings

oo B September, 13 Sepiember and 10 Ooiober 2024

- COStS its economy an eStimated €282 bi”ion/year 4. Fellowing an informal written consultation concluded on 23 October, the Wirking Party oo Tec h n OI Ogy
Public Health bhas reached a preliminary agresment on the Presidency cmr.]:mmj.s; mt-fcr
webinar

2. Amemg several events gn this topic. the High-Level Cenference an Cardiovascular Health
on 3-4 Fuly and the informal meeting of Ministers of Health om 24-25 Taly 2024 provided

- Heart failure stands for 10+% of the total CVDs e Conont coue oo 2 s o 2 fhe Aot o Gourment L5681 24,

- Many CPM solutions can be implemented —
already now! o

- Vast savings potential for health care systems
and economy

5 Cm 6 Nevember 2024, the Penmanent esenmatives Commites confirmed the agresment
reached in the Working Parmry on Public Health and agresd 1o submir the text after adjustment
of a reference to the EPSCO Coumcil of 3 December 2024 far approval

6. The Counil is irvited to approve. at its session on 3 Decemier 2024, the Council conclnsions

on the improvement of cardiovascular health in the European Union, a5 set out in the Annex
| TE A4 =




Cyber-Physical-Metaverse in healthcare
Too complex? “ a

* What about the complex scenarios, not only for healthcare,
but also other domains?

* |sthe implementation of the CPM and the integration of the
giant number of technologies and building blocks too
complex to lead to a reliable and market ready solutions? Technology

webinar

] ITEAA




Cyber-Physical-Metaverse in healthcare
Mind Ray Kurzweil & Agentic Al

Technology
webinar
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he ambulance

m.a.vantklooster@trianect.

trianec




LVO stroke treatment

Every
Second
Counts

In case of a large vessel occlusion stroke, a blood clot blocks a
major blood vessel feeding the brain.

This clot needs to be removed mechanically as soon as possible,
using endovascular treatment.

%" Trianect




The deadly detour

without StrokePointer

2" Trianect



Direct to treatment

with StrokePointer

Ambulance Comprehensive stroke center

& [— Direct transport a

©

—_— - 60 minutes faster

g 7l E + Direct to Angiography
. 30 minutes faster

2" Trianect
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Rationale for EEG

=X . - = S =
d g ; . ;
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= ! 3
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LVO stroke Asymmetric
brain activity

Healthy brain perfusion Symmetric
brain activity



Built with
those who
respond first

StrokePointer™

Small: fits in every
ambulance

Lightweight

Portable

Always charged
and ready to use

Wall
mount +
Power
connector

Power button Connector \
screen S,

—®




%" Trianect

Focus on physical usability

Dry EEG: ~Minimalistic, Validated in
fast application Intuitive design the ambulance
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%" Trianect

Bridging the Cyber-Physical
Metaverse

Physical world Digital world

Ambulance ML analysis of EEG

Ambulance professional LVO triage
Patient 5G
Brain signals (EEG) X Secured data encryption Y;
N y

——————————————————————————



%" Trianect

Cyber
Physical
Metaverse

StrokePointer™—

architecture

a

G

Device

StrokePointer™

No BT - NFC - USB

Cellular only

MDM managed

Approved apps only

Real time

decision support

LVO score displayed

a

G

Network

Private APN on KPN

Trianect-only traffic

Private APN - 4G/5G

Approved devices only

Token-gated public API

a

A

Cloud

Azure - scalable

One backend for activation

All devices

Strict client separation

Per-client storage

Per-client EEG database

Raw data + PDF generation

a

A

Integration

Seamless - zero friction

Hospital EHR

Raw data + PDF

Ambulance EHR

Raw data + PDF

No login | No data

Data deleted after upload




Information exchange in acute care
“Richtlijn

A complex landscape gegevensuitwisseling
acute zorg”

Logistieke berichten Ambulanceberichten Opvragingen dossier huisarts Rapportages verleende zorg Verwijzingen
o]
A~
/'l'\ ELll Huisarts- en triagistverwijzing > Iga
Lyl Triagistverwijzing :

Huisartsen- Triagistverwijzing Spoedeisende
post hulp

becomes field standard
in the Netherlands

m Ambulanceverwijzing

: o
> Spoedsamenvatting =
Triagistverwijzin Y ]
m g jzing
~+1 Spoedmelding < Rapportage
Bevestiging

Vooraankondiging 2 Terugkoppeling
Spoedmelding n Interventie & beloop >
Bevestiging m Overdracht

m Triagistverwijzing

vy —E Rapportage
’/—-* Rapportage

—{E8] Sroedsamenvatting N Vl Supported by:

m Ambulanceverwijzing

T n Spoedsamenvatting

Branche organisations
Voorwaarschuwing

Healthcare professional
Acute care providers

Inzetopdracht
Meldkamer Ambulance Gouvernment (VWS)
Health insurers

0 Waarneemsamenvatting en waarneemverslag

Hospitals
Nictiz




MESSAGE 9:

lnformation eXChange in acute care Intervention & Clinical course

MESSAGE 12:
Example of a 112 call Feedback

Logistieke berichten Ambulanceberichten Opvragingen dossier huisarts Rapportages verleende zorg

Message content
HL7 message standard (XML)

Send reference to
measurement location

. > mSpoedsamenvatting OR

< - Rapportage

@) | " Encode PDF in the XML file
m u Vooraankondiging Terugkoppeling

- n Interventie & beloop - >
Huisarts m Overdracht

Guideline Information exchange
acute care [in Dutch]:

Voorwaarschuwing

X3

Meldkamer > Ambulance

Inzetopdracht




Allowed attachments Messages during ambulance transport

Weergavenaam
12 afleidingen ECG

ritmestrook

advies patient Ambulance Arrival at Transport Transfer

s Measurements : i
cardiologisch begeleidingsformulier start patient patient patient

IBS/CM

intern rapport/overdracht v .- v v v v

niet reanimeren verklaring GMSen GIS ERF inzetopdracht ERF Bericht 8 ERFaanyulling ERF aanvulling ERF overdracht
beri bericht 9 bericht 10

patient weigert hulp

RM/ZM

eventuele bijlagen eventuele bijlagen
eerste hulp, geen vervoer

foto

video GIS 1 12 Central

©
g EER

Landelijke Server Incidenten en Gemeenschappelgk Meldkamer
Voertuigen (LSIV) Systeem (GMS)

Data
Speed
Survival

] 1 @

-l - .W-ﬁ —_— see

-— E E desnes E

Ambulance Elektronische  Lokale ERF Server Landelijke Server Digitale SEH systeem
Rit Formulier (ERF) AMBIS Vooraankondiging (LSDV) @Z1s)

Ambulance service AZN hospital

%" Trianect




Current roll out status

Implemented

Gropisaen

]
Veendam

b Not implemented (yet)
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STROKEPOINTER
EARLY TRIAGE
NO DELAY

" Trianect
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Momentum

2026 Q3-4 2026

ISO 13485 certified StrokePointer in 3 EU countries
Largest pre-hospital EEG database

Fhunged by " C ROSS
the European Union
i POC4TRIAGE —/ROADS




Data, Al and cyberspace in image-guided
interventions and therapy

Danny Ruijters
Principal Scientist — Image Guided Therapy
2026 May 26

PHILIPS



Agenda

What is image guided therapy?

Philips in image guided therapy

« Opportunities and challenges

The long game in cyberspace:

« Hyper-personalized treatment

Conclusions

Cyberspace in image-guided therapy:

PHILIPS



What is image guided therapy?

Confidentia © 2024 Koninklijke Philips N.V. All rights reserved. PH I I_IPS



Minimally Invasive Treatment

- Effective therapeutic effect
« with less trauma
« less scarring
« a quicker recovery time

- Examples include:
« Catheterization

Endoscopy

Laparoscopy

Arthroscopy

© 2026 Koninklijke Philips N.V. All rights reserved. pHIleS



Image Guidance

+ No direct sight inside the patient

- Key enabler: real-time imaging
« X-ray guided therapy
« Ultrasound

« Other real-time information sources
. ECG
blood pressure

respiratory data

oxygen levels

« => Fully data driven

© 2026 Koninklijke Philips N.V. All rights reserved. pHIleS




Advanced Image Guidance

Thaden et al.: “Echocardiographic and Fluoroscopic Fusion Imaging for Procedural Guidance: An Overview and Early Clinical
Experience”, 2016

Arujuna et al.: “Novel System for Real-Time Integration of 3-D Echocardiography and Fluoroscopy for Image-Guided Cardiac
Interventions:” 2014

© 2026 Koninklijke Philips N Il rights reserved. lellps



Advanced Image Guidance

PHILIPS




Philips in image guided therapy

Confidentia © 2024 Koninklijke Philips N.V. All rights reserved. PH I I_IPS



How big is image guided therapy?

EUR 12
billion
addressable market
in 2025

~7% CAGR

(2025-2028)

Aging population and
rise of chronic disease

Driving demand for
minimally invasive
interventions

Innovation enables
more complex and
new procedures

Staff shortages and
productivity pressures

Demand for efficient
workflows

Clinical evidence drives
guidelines and
reimbursement

Generating strong revenue
growth for hospitals

Large eligible patient
pools remain
untreated

Demand for access to care

Shift towards data-
driven, and Al-
supported
interventions

PHILIPS
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How big is Philips in image guided therapy?

Devices

EUR 1.1 billion

Global #1 across different segments

Systems

FUR 2.4 billion

Global #1 for over a decade
20,000+ systems in 80+ countries

EUR
3.5 billion

Salesin 2025

>50% of labs are device-ready’

One Integrated Interventional Platform

PHILIPS



Which clinical segments does Philips serve?

Coronary Heart rhythm Structural
artery disease disorders

Peripheral Stroke

Cancer
heart disease vascular disease

Strong growth in Acceleration of Atrial

New therapies and
complex PCls!

Growing severity Access to care
Fibrillation treatment reimbursement

demands better for Ischemic stroke
limb saving care patients

Rise of targeted
cancer therapies

Systems

Devices

Patients?
(millions)

250 60 85 250 15
Atrial Fibrillation

PHILIPS



Delivering procedure innovation in complex clinical areas

Philips interventional platform

+ EPIQ + IntelliVue

Interventional Image fusion Integrated Diagnostic and Cardiovascular Hemodynamic
imaging systems software and Al device console, therapeutic devices ultrasound patient
with co-registration monitoring

Global market share': ~46% ~54%
Largest installed base Integrated workflow Procedure innovation One commercial team
ready for Philips and 17% reduction?in unlocks new procedures with clinical procedural
partners devices procedure time and 65% and revenue growth support to drive adoption,
dose reduction? for hospitals customer intimacy

PHILIPS
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Cyberspace in image-guided therapy:
Opportunities and challenges

Confidentia © 2024 Koninklijke Philips N.V. All rights reserved. pH I I_IPS



Al in image guided therapy

« Advanced Image Guidance require advanced algorithms
- Image segmentation

- Multi-modal image registration

« Agentic Al enable new applications
- Workflow automation
- Al assistant for intra-procedural Q&A
- Decision support systems

« Digital twin concepts




Al requires data...

« Al requires data...
 Lots of data...

« Multimodal data streams: pre-operative imaging, intraoperative
sensors, patient records, device telemetry

« Data volumes are exploding as procedures generate richer,
higher-resolution imaging and continuous monitoring

« Interoperability remains a core challenge across DICOM, HL7
FHIR, and proprietary device protocols

« Data quality and curation are essential for training reliable Al
models

 Balancing data accessibility for innovation with strict privacy
requirements (GDPR, HIPAA)




Building the Cath Lab of the future with Azurion Eye

+ Azurion Eye

Unlocking new

World’s first Al-powered s
opportunities

interventional platform

Ambient co-pilot, seamlessly integrated
into the Azurion platform to drive
procedural and operational efficiency
and optimize patient outcomes

Adjacent high growth software

Deployable on existing and
future Installed Base

Accelerating Al and data leadership
From 160 million multi-modality

images collected to date, to >1 Million
images per day in 2027

Release modules progressively over 2026-2028 PHILIPS



Going cloud...

« Alis exponentially accelerating the digitalization of the entire society
On premise hardware will be less powerful than cloud computing and outdated quickly
Cloud allows to roll out and update algorithms

« Data is foundational for developing Al technology

Data needs for developing Al technology are orders of magnitude larger than for
traditional algorithms
To collect data at scale a cloud platform, cloud tooling and cloud data hosting is needed

» Cloud enables a single platform
A single platform for the surgery suite, with multiple vendors of validated tools
Centralizes security and privacy handling

17 © 2026 Koninkli




Regulatory landscape

« FDA Section 524B (2023): mandatory cybersecurity plans, SBOM, and secure
update mechanisms for all cyber devices

« EU Cyber Resilience Act: 21 mandatory requirements; reporting obligations from
September 2026

« NIS2 Directive: supply chain security obligations for essential healthcare entities
across the EU

« Revised EU MDR/IVDR (2025): cybersecurity integrated into general safety
requirements; 30-day incident reporting

» 83% of healthcare organizations now integrate cybersecurity standards directly
into device procurement



https://www.fda.gov/medical-devices/digital-health-center-excellence/cybersecurity
https://digital-strategy.ec.europa.eu/en/policies/cra-reporting
https://digital-strategy.ec.europa.eu/en/policies/cra-reporting
https://digital-strategy.ec.europa.eu/en/policies/cra-reporting
https://eur-lex.europa.eu/eli/dir/2022/2555/oj/eng
https://eur-lex.europa.eu/eli/dir/2022/2555/oj/eng
https://ma.moodys.com/rs/961-KCJ-308/images/Healthcare%20Cyber%20Report.pdf?version=0
https://ma.moodys.com/rs/961-KCJ-308/images/Healthcare%20Cyber%20Report.pdf?version=0
https://ma.moodys.com/rs/961-KCJ-308/images/Healthcare%20Cyber%20Report.pdf?version=0

The long game in cyberspace:
Hyper-personalized treatment

Confidentia © 2024 Koninklijke Philips N.V. All rights reserved. PH I I_IPS



Example 1:
Automatic hemorrhage detection in brain X-ray angiograms through machine-learning

20 Hyper-personalized patient treatment through big data and real-time Al © 2026 Koninklijke Philips N.V. All rights reserved. pH I I_Ips

ai T T
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asmus MC ‘

Centrum

Su, van der Sluijs, et al.: “Spatio-temporal deep learning for automatic detection of intracranial vessel
perforation in digital subtraction angiography during endovascular thrombectomy”, Medical Image Analysis 77,
2022. https://doi.org/10.1016/j.media.2022.102377



Example 2:
German Heart Center Munich

Wi
HECT £

=

* >300 000 heart patients treated for coronary artery

i
-1
disease II] ﬁli
* Database: -
— > 180 000 individual cath lab cine clips + structured reports w
— 5500 coronary CTs (completely annotated), including 3a MONCHEN

clinical follow-up

— 1 500 heart MRIs

— 65 000 structured ultrasound reports

— 11 000 genotyped individuals

— ICD10 codes, lab results, clinical measures, study
information, ECG, etc.

Hyper-personalized patient treatment through big data and real-time Al pH I I.Ips



Example 2: German Heart Center Munich
Extract cardiac motion patterns in angiograms

+ Two consecutive angiographic X-ray frames showing moving coronary arteries filled with iodine contrast medium
+ Through the optical flow algorithm, the motion is established

- Delivering a vector field describing the motion per pixel between the two frames.

Frame 1 Frame 2 Optical flow Vector field

L 2

Yin, et al.: Optical flow estimation of coronary angiography sequences based on semi-supervised learning,
Computers in Biology and Medicine 146, 2022, https://doi.org/10.1016/j.compbiomed.2022.105663

22 Hyper-personalized patient treatment through big data and real-time Al © 2026 Koninklijke Philips N.V. All rights reserved. pH I llps



Example 2: German Heart Center Munich

Motion pattern classification in angiograms

I‘Jeuts;hes Herzzentrum Miinchen

Kl an der Tecnnischen Universiat Minchen TLITI
« Areceiver operating characteristic (ROC) curve can be used examine the performance of a classifier

« The closer the ROC curve is to the 45-degree reference, the poorer the classifier performs

« ROC curves for cardiac ejection fraction, hypertension, and nicotine can be predicted from the coronary motion fields.

« The ROC curve diabetes is very poor -> not correlated to the coronary motion field is not correlated to diabetes

Ejection fraction Nicotine Hypertension Diabetes

— 10 — g

True Positive Rate

True Positive Rate
True Positive Rate

True Positive Rate

s s os 10 o0 0 s s os 10 o0 0 s s 10 o0 0 s s
False Positive Rate False Positive Rate False Positive Rate False Positive Rate

Hyper-personalized patient treatment through big data and real-time Al pH I I.Ips



Precision medicine

PRECISION MEDICINE AND THE FUTURE OF CARDIOVASCULAR DISEASES

PRECISION MEDICINE
&, L oo
& 99

METABOLOMICS

THICKENED x
MYOCARDIAL WALL
[ eioucs

:
e N .
e -
7 Sp——

-4 \\)
j
PULMONARY EDEMA S, /

/ TRANSCRIPTOMICS
|

o [ prorcomcs

L

W ) ] X

de Al 3 Individually tailored

precise therapy

e W —) X =

« Evidence based
« Better prognosis
« Lesser side-effects

Sethi, et al. Precision Medicine and the future of Cardiovascular Diseases: A Clinically Oriented
Comprehensive Review. J. Clin. Med. 2023, 12, 1799. https://doi.org/10.3390/jcm12051799

24 Hyper-personalized patient treatment through big data and real-time Al © 2026 Koninklijke Philips N.V. All rights reserved.
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Data cycle

« The full data cycle of gathering data, pre-processing, uploading to the cloud. In the
cloud processing and matching with (pre-processed) big data. Consequently, storing
the results and feeding them back to the clinical user.

B ()
0101 @ - O

8

Ruijters, "Data-driven patient treatment: imagine the future of data-driven minimally invasive patient
treatment", Inaugural lecture, Technische Universiteit Eindhoven, 8 September 2023,

© 2026 Koninklijke Philips N.V. All rights reserved. lellps
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Conclusions

Confidential

© 2024 Koninklijke Philips N.V. All rights reserved.
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Conclusions

Al will transform image guided therapy

Al requires lots of data

Large scale data collection requires connectivity and a cloud platform

This enables digital twins

Which unlock hyper personalized treatment

The long-term goal: precision interventions that are personalized, data-driven, and inherently secure

PHILIPS
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When your
Digital Twin

falls 1l

ITEA Cyber-Physical-
Metaverse in Healthcare

Johan Plomp

26/05/2026  VTT — beyond the obvious



Content

= Digital twins in healthcare
= How to train your digital twin
= Human sensing background

= Project examples
= RM4Health (ITEA)
= DistriMuSe (Chips JU)

= Living and dying with a digital twin
= Next — your digital twin makes friends




Digital Twins i
—Healthcare= |}

Digital twins In healthcare

= Adigital twin can be used in healthcare for:
= Modeling human physiology
= Limited to specific organ or full body

= Level of detail may vary N .
= Can focus on physical (surgical planning), biochemical or e B SR
functional aspects Y R
- May SpeCIa“SG eg for drug response Virtual model of a patient, mirroring their physiology.
= Modeling mental state :
= E.g. stress under heavy loads ﬁ =9 @ 4 %
: MOdeIIng pOpUIatlon health %?lre_ctm;it; ;‘;-;irwnual;imulations —=Jp Predict & Optimize
= Including e.g. simulation of effects of pandemics or
polution ST -
= Modeling medical devices
= Device digital twins are used also in industry . | Wi | o
= Modeling care processes v R e S i e
= Hospital management
= Care paths for specific diseases e Siai o
= In-silico clinical trial design Personalized Health Solutions




EU backed work towards virtual human twins

European Virtual Human Twins

An EU framework supporting the emergence and adoption of
the next generation of virtual human twin solutions in health and care

7 VPH

Virtual Physiological
Human (VPH)
Society for in-silico
medicine -
https://vph-society.org/

The European Virtual Human Twins Initiative aims to accelerate
personalised care with tangible benefits for citizens and patients,

in the Digital Single Market.
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The Initiative will:

';@ Foster an inclusive and collaborative Bmaldmm sibsami support
multi-stakeholder ecosystem interoperability, integration and
scaling up of VHT-based solutions

R o ad ma p Build a state-of-the-art platform Facilitate advanced research and
to enable modelling across technology development on virtual human
fqr the Eu ropea n - scales of human anatomy W twins, including Al foundational models
Virtual Human Twin ot
@ Ic.everageu_ m:lo:: o mvand Fu.lly ::mplfye :m'd EU values and rules:
advanced computing capacities PeveRs, sa SEdue

https://zenodo.org/records/14769224 https://www.virtualhnumantwins.eu/



How to train your digital twin >

= |nitialising — modelling the person

= The initial model includes all relevant knowledge of the person at the start
of use

= The model can consist of existing "physical” models and ML models

= Models are often parametrised generic models, which are adjusted to fit
the person’s features
= Transfer learning

= Measurements, imaging etc can be used to obtain the person’s
physiological parameters

= Maintaining the digital twin state
= Keeping the model up to date is necessary for continuous monitoring
applications
= "Single use” models can also be useful, e.g. for simulations
= Regular measurements allow to have the digital twin to be updated at all
times
= Interval may vary:
= Yearly health check-ups
= Streaming measurements from wearables
= Scope of measurements may be smaller than initially
= "easy to measure” physiological data maintains digital twin state
and other parameters are estimated from the input




— 50 Years of Health Monitoring Evolution ——

Key Trends in Human Health Monitoring (1970s—2020s)

1970s-1980s 4 1990s J 2000 4 2010 4 2020 4 20205

Clinical Physiological Point of Care - Wearable Diabetes Wearable Activity & Elderly
Monitoring Monitoring Monitoring Smart Watches | Monitoring
ICU & Hospital Settings Portable Medical Devices ' Continuous Glucose Meters * Fitness & Health Tracking Home & Remote Care

— 19708 e 19905 e

From Hospital to Home | From Devices to Wearables



VTT Health: Towards Personalized and Holistic Healthcare

Medical-grade health assessment
capabilities, expanding clinical
monitoring outside hospitals

CONTINUOUS REAL-TIME
HEALTH MONITORING

TARGETED HIGH-SENSITIVE
MOLECULAR DIAGNOSTICS

Vital signs ey - € ¢
ECG Ul 13 9
PPG SKIN-ECG T g S\
Blood pressure — Diagnostic platforms and
O, Saturation B = ‘ - 00 photonics readers.
Respiratory rate ‘_ﬂfdhics U +  Novel antibodies to detect:
" () +. Hormonal balance
O!@ Infections
T
Metabolism Electrochemical 3 Cancer
Lactate, Glucose Al models for.ghealth assessment
Electrolytes O and decision ™ assistance ‘
MULTIMODAL DATA INTEGRATION & Al COMPLEMENTARY
Cognitive state  FSE—_ = Trustworthy health twin HEALTH DATA
Multiple biosignals, Edge Al « Exposome
Incl.eye movements Federated data analyses Genome

Al-assisted signal processing Medical history




Development of project topics in ITEA (examples)

Smart sensors / smart devices
Smart sensors for Health monitoring Smart solutions Remote monitoring

health ﬁ Health/Sports
smart oo «c» - A8 St — F DK gy B ‘—7

Sensor > ’ PESTB e B = j\ = o g
[ a = . e . ’.' ."‘\‘ s ﬁf"‘",’; = ?__;— v ‘V e o —-

B U m b e ol ‘ﬂ pETT =S B . -

RM 4% HEALTH RM4Hea|th 3 ITEAZ

Inno4Health 3 iveas

¥ JCHEAR 5G HEART

‘ - PARTNER Dsl

e E-Watch = 3 i7eas

‘ « = CAREWARE DL'TEMI

2016 2017 2018 2019 2010 2021 2022 2023 2024 2025
B B J




RM 4" HEALTH D} 1 TEAS

RM4Health — Remote monitoring in health
and sports (ITEA)

Partners
= To make use of existing wearables and develop new wearable solutions for .-

selected metrics (blood pressure, core body temperature) and use these as data NL
sources for further innovations on data integration and algorithm development to
turn these physiological measurements into clinical insights supporting the
selected use cases.

= To advance the remote monitoring platforms to allow partners to use them as
solution for continuous data collection of wearables and devices used by patients
and athletes, for developing advanced algorithms and data models, and for =
connecting with apps and dashboards for particular use cases, patient groups F
and athletes.

= To create digital twins for patients and athletes which can continuously track the
status of their physiological performance.

= To use the data-driven insights to develop care and training programs, with, e.g., U
dashboards, alerts and recommendations to participating patients and their health
providers, or athletes and their coaches.

Philips, Evalan,
TU Eindhoven,
Catharina
Hospital,
Maxima Medical
Center,
Sportbizz

HIl-Iberia

Everon, Polar,
VTT, University
of Turku, Nokia,
Emfit

Wiseware, ISEP,
University of
Porto Faculty of
Medicine

https://rm4health.eu/



RM4Health use cases

UC1: Remote monitoring for post-operative care for surgery patients and for
telerehabilitation of chronic heart failure patients

UC2: Detection of respiratory diseases in children through the analysis of the
digital stethoscope signal

UCA4: Early detection of heart failure decompensation

UC5: Remote Monitoring 4 Elderly Daily Activities

UCG6: Exercise monitoring for sports and rehabilitation

UCT7: Innovation for physical fithess and performance assessment in athletes



VTT sensors and envisioned digital twin

Hemodynamic
Signal "Digital Twin”
morphology ~

location

Arterial BP (mmHg)

Arterial Diameter (mm)

NS

Time

Systole

//
/””////////
Dy

S\

SN
N

N\

Subject
phenotype

VTT — beyond the obvious




3 Sl - ROPEAN
Qv% OstnMUSe gq h I pSJ U PE\:TSERSHW
Distributed multi-sensor systems for human safety and health

<
 Improved innovative multimodal sensors and sensor systems optimised for

advanced human observation, measurement, and interaction

» ML-based data analytics and multi-sensor fusion for (semi) real-time
decision-making

 Supporting adaptive distribution of computation and algorithms across
available resources from edge to cloud for efficient real-time operation

 Building a comprehensive understanding of human physical health, mental
state, intentions and safety risks

* Validating the technologies in human-centric use cases : )

1. health and wellbeing monitoring and support;

2. real-time traffic safety enhancement, including for vulnerable road users;

3. safe interaction and cooperation of humans with robots and automated
factory systems. Yy, https://distrimuse.eu/

26/05/2026 12



Domains and use cases

Watching over
your health

UC1: Continuous hybrid Safe collaboration
health monitoring with robots in factories

Y Life-style
monitoring
Sleep Sports
monitoring performance

Health &
Wellbeing

== Dynamic human-robot
Collaborative factory management
situational
awareness Oy,
Ind‘z:a/
y

UC3: Safe interaction
and cooperation with
robots

awareness for VRU

and driver safety VR model of

: j_‘; [_3 safe human-
: . robot intera@/
distraction

UC2: Situational ]

Watchimgover
Pedestrians and cyclists in traffic



DstnM=  Conceptual architecture

/ \ Sensor data Decision making,
3‘% 5} processing nﬂrOJ actuation & V|ta| Jans Z%

& fusion =" visualisation

! [ @ Physical health

Static & Dynamic Positioning
r O »

) é’ﬁ Reconfiguration & x
W\_,, Mental health

Resource Mapping
Behawour
o @®
\|/

Intention  Safety bubble

_ _ Actionable health &
Multiple multimodal safety information/

L S \_  digitaltwin

[
=

o)

Vital signs, @ Health insights
motion, SR Alarms
position, Advice

environment Safety actions

User and context

26/05/2026 14



%E% Natrivuse UCL: Continuous hybrid health monitoring

Demo 1.1: Human life-style monitoring which focusses on daily activity
monitoring of two main interest groups: early-stage MCI patients and elderly
people in care facilities and assisted living. The data will be captured using a
combination of visual, wearables, radar and other sensors. The developed
algorithms and support tools should assist the caregiver in detecting/preventing
emergency situation and assure a better follow up.

Demo 1.2: Sleep Monitoring, which focusses on the development of less
obtrusive methods for the monitoring of sleep and the assessment of sleep
disorders. By measuring vital signs in a novel and less obtrusive manner, that
can replace measurement methods that are currently part of today's gold
standard video-polysomnography setups. As well as the measurement of vital
signs (e.g. blood pressure) that are currently not part of gold standard methods
due to the obtrusiveness of current measurement setups.

Demo 1.3: Sports performance and health assessment focuses on
monitoring the physical activity of participants with the overall goal of
measuring the activituy and exertion levels and producing estimation of
performance levels and maximum effort.




= 60GHz FMCW radar

= Polarimetric imaging

4TX and 12 RX channels

Extracting vital signs
* HR, BR, HRV

Used for sleep monitoring
and elderly monitoring
(gait, TUG)

= \VTT hardware

Angle [deg]

N = =N W
o o o o o o

-30

09 11 13 15 17 19 21 23
Distance [m]




Living and dying with a digital twin

Digital Twin Created Growth & Health & Elderly Care & Digital Twin Donated to Medical Science
Development Performance Disease Management




What your twin is like

= Accumulates health data continuously
= Able to provide history and trends
= Provides a baseline for diagnostics
= Never been available before, revolutionised
healthcare

= Early detection and risk
= Detection of subtle changes and adverse trends
= Assess risks related to lifestyle

= Personalised health
= Models allows for personalising care and medication
= Therapy optimisation

= Clinical decision support
= Allows to simulate / predict outcomes of interventions
and treatment

= Health coach
= Continuously provides advice on life-style including
activity, nutrition and sleep

= Close to a guardian angel?




When things look bad

Your twin is not looking good
= If that is how you feel — it operates properly

You get annoyed with your twin
= User acceptance is key!

Your twin’s state does not reflect your health

= The twin fails to model you correctly and provides wrong
indications or advice

= Can lead to dangerous situations

= How to ensure correct operation

= Keep clinical verification in the loop

Your twin is manipulated or hacked

= Conspicuous advertisements for specific products
= Failure to operate properly

= Ransoms are demanded for its release

Your twin sells its data

= The twin represents very personal health and behavioural
data — needs to be protected with great care

= Business with data or (partial) donation for medical science

may be possible, but needs proper anonymisation
26/05/2026  VTT — beyond the obvious




Next — your digital twin makes friends

= Digital twins are primarily for the
benefit of the user

= "Worn” digital twins are extremely
useful for medical research

= Population health
= Virtual clinical trials

= What about if digital twins partner
up to care for others / a group?
= E.g. family
= Nudging
= Guidance on how to care for a near
person

26/05/2026  VTT — beyond the obvious
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bey°nd

the obvious

Thank you! Johan.plomp@vtt.fi

Infographics generated by Co-pilot
VTT — beyond the obvious 21



ITEA Technology webinar

Myrna Bittner, CEO, Co-founder
= RUNWITHIT Synthetics (2014)

=  High fidelity, localized “living” synthetic populations @l =le ext | Displaying Synthesized Population

generated from never-identified data through the Chat -

convergence of relevant research, validated by experts Sf“”p y N )

ransporiation Higl\ (yenﬂ)/
2.\ R Q HP e © nvironmen /yem 5
= |ndividuals with CVD co-morbidities along with social o
. . . . 80 Populaion Personal Income Heart Disease Risk
determinants of health, genetic risk factors, demographics, | 1w s
. . O Hi, my name is Katalina and I'm 84.
and location-related exacerbation Thunder Bay;

PROPENSITY FOR HEART DISEASE

= Inthe RUNWITHIT 6D Intelligence Platform, health, Popensy Selaci: 2
interventions, events and scenarios can be configured,
dialled forward in time, outcomes analyzed and visualized

Employed  No
Personal Income ~ $29,035 e
Occupation  Professional, technical, L\
and scientific services 1

Education  Bachelor’s degree
' MAP LEGEND
S‘ Population Der

20K

Apply |

Montreal

Filter aftributes

= Utilized in health system design, virtual intervention and
remote patient care trials and deployments, public safety
and security, community planning, and disaster resilience

|

10K

Currently in year 2 of ITEA “PHRESH” project consortium

ITEAA4 e
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