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Scenario
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Wearable
Devices
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Wearable
Devices

$139,35
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Apply

Wearable Remote location

Emiliano Schena

Unit of Measurements and Biomedical Instrumentation
Universita Campus Bio-Medico di Roma




Wearables

Physical Functional

_ , attributes attributes : ,
Lightweight Multifunctional

Responsive

Aesthetically Attributes

pleasing

conformable Bandwidth
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Human activities and vital signs
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Human activities and vital signs
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" Data connectivity

TR STERS
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Standard for health data
Problem Statement EMB @lEEE

Advancing Technology
for Humanity

¢ mHealth data encompasses personal health data collected
from sensors and mobile applications

® Mobile health data and metadata standards are needed
o Each device maker / app developer decides how to represent data and
metadata
o Data are poorly specified

e Standardizing mHealth data and metadata will
o Make data aggregation across multiple sources easier and more accurate
o Reduce costs of using mHealth data to make biomedical discoveries,
improve health, manage disease

[E=3 Engineering in Medicine and Biology
Society/Standards Committee (EMB/Stds Gom)

Who should participate:

+ Wearable device makers

» Medical device makers

» Health data aggregators

» Health information technology systems managers
» Health information infrastructure providers

« Mobile health app developers

+ Biomedical researchers

+ Clinicians

» Data scientists

* Government

How to Participate:

if you wish to participate in the

IEEE P1752™ Working Group, please go
*| to the website address shown below and
scroll to the botiom of the page for
instructions.

hitp //sites.ieee.org/sagroups-1752/
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Remote respiratory monitoring
Breathing abnormalities
Athletes performance evaluation
Accurate cardiac monitoring without electrodes
Adherence to the rehabilitation program
Occupational health and Safety
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~ Use Case 1: Remote respiratory monitoring

There is an ever-growing demand for measuring respiratory variables during a variety of
applications.

RESPIRATORY RATE

predictor of cardiac arrest

prognostic marker for risk assessment after acute myocardial
infarction

early detection of the risk of the occurrence of dangerous
conditions such as sleep apnea, respiratory depression in post-
surgical patients

B©
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]

RESPIRATORY RATE is overlooked and under-recorded

Remote Respiratory Monitoring in
the Time of COVID-19

Carto Masearsnd ™, Andres NGk, FTviang Schane * asd Mamans Sacena
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Smart t-shirt proposition

Form factor - smart t-shirt embdedding sensors and electronics
Sensors - strain sensors at the level of the torso

Sampling > continous sampling (at least 30 Hz)

Real-time - robust/low power communication

Conductive
(resistive sensors)

Strain Sensors

Fiber Optics
(Fiber Bragg Grating)
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Smart t-shirt

Sensor 1
Sensor 2
Sensor 3
— SENSOT 4
Sensor 5
Sensor 6 |-

S5cm

89% silver, 11% spandex
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Smart t-shirt — B-by-B analysis
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Use Case 2: Breathing abnormalities

Normal breathing involves synchronized motion of the upper rib cage, lower rib cage, and
abdomen.

ABNORMAL BREATHING

No optimal use of muscles

Desynchronization between upper and lower compartments
Musculoskeletal pain

Need for respiratory rehabilitation

2 8

BB

BREATHING BIOMECHANICS is difficult to assess
with wearables
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Form factor
Sensors

Sensors position
Sampling
Real-time

A2 2 2 Z

Strain Sensors

Smart garment proposition

smart t-shirt embedding sensors
Extremely sensitive strain sensors at the level of the torso
Extremely important

Continuous sampling (at least 30 Hz)
Robust communication

Fiber Optics

! : } (Fiber Bragg Grating)

Multi-sensor measurement chain
12 FBGs in 2 fibers
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~ Sensors positions

Analysis with cameras and markers Analysis of chest wall strains Design of sensors
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Chest wall compartments

Smart textile
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Hemiplegic patients

It has been suggested that hemiplegia caused by a lesion superior to the brain stem will
impair diaphragmatic motion.
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~ Use Case 3: Athletes performance evaluation

Respiratory rate and heart rate are closely associated with perceived exertion in a variety of
exercise conditions. They are strongly associated to the intensity of the sport gestures.

<% Abrupt changes in work rate
% Physical and physiological attributes have received limited
attention in predicting precision sports performance.

Indoor cycling

Running

Archery

Different sports require dedicated hardware and
adaptive algorithms for accurate measurement.

Horse racing
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a. two elastic bands
instrumented by flexible FBGs
b. FBG interrogator
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r Use Case 4: Continous cardiac monitoring

>

"Irregular and often rapid heart rate that can increase your risk of stroke, heart failure, and
other heart-related complications... and episodes." [Mayo Clinic]

s Detection requires heartbeat detection
and accurate R-R interval timing

¥ Post-diagnosis patients still need
continuous monitoring

¥ The knowledge of the mechanical heart activity
cannot be registered with ECG

HEART-INDUCED CHEST VIBRATIONS
can be used to retrieve cardiac activities.
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Flexible sensors with 4 FBGs

Pilot trials on healthy volunteers
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~ Use Case 5: Adherence to the rehabilitation program

Home rehabilitation, a chimera or a real need to develop physiotherapy?

& Patients are not monitored continuously during rehabilitation
exercises.

Rehabilitation treatments at home are not patient-specific
The patient is typically not very engaged at home

B

MONREAB

A multi-sensor platform may enhance the XONLVAON : :
engadment, provide objective measurements "D GIOVAN BATTISTA BARONI
and help physician to tailored the treatment.

Emiliano Schena

Unit of Measurements and Biomedical Instrumentation
Universita Campus Bio-Medico di Roma




Equipe medica
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¥ Modulo “smart”
polso

AGGREGATORE SERVER
SUL PAZIENTE E SERVIZI WEB-CLOUD

Paziente

Modulo “smart”

ginocchio
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Use Case 6: Occupational health
and Safety IN“"'

CONTRO GLI INFORTUNI SUL LAVORO

SAPIENZA

UNIVERSITA DI ROMA

Workers are not monitored in occupationas settings
Physiological and psychological stressors may lead to a loss of
productivity and an increase of occupational injuries

B

A monitoring system of the worker's vital

parameters can be fundamental to reduce Fondazione N

. o o . . o 18 ® 1343

intervention times in at-risk environments pon Carlo Gnocchi N
Onlus—— UNIVERSITA DI PISA
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Body Cardiac
temperature activity

Physical
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Environmental
monitoring

Respiratory
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Sense Risc Project
Sviluppo di abiti intelligENti Sensorizzati per prevenzione e mitigazione di Rischi per |la SiCurezza dei lavoratori
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elastic band around
the thorax

clastic band around
the abdomen

by «— flowmeter

laptop
wearable
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I"
~ Future opportunities

Wearable High-dimensional Systems Modeling
technology data and Machine Learning

L4 Medical doctors/ caregivers
\,\ » "'c Patert 4 e
Q) ’\’v;/ '
|
fihil <
Wearable technology developers
More information Intelligent analyses Patient-specific
from the patient  and decision support healthcare
tools delivery models
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Wearable systems for continuous monitoring of
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