
EMPA  l  SWISS FEDERAL LABORATORIES FOR MATERIALS SCIENCE AND TECHNOLOGY  l   WWW.EMPA.CH

Sensor ik  – vom e in fä l t igen  Messpunkt  zum 

smar ten  Moni tor ing  von  Mensch  und Umwel t

A l e x  D o m m a n n  u n d  Re n é  Ro s s i



EMPA  l  SWISS FEDERAL LABORATORIES FOR MATERIALS SCIENCE AND TECHNOLOGY  l   WWW.EMPA.CH

Personalized Health and Related Technologies   PHRT

Clinical relevance
and health

PHRT

Personalized
Diagnosis & Therapy

‘Omics-screens’
genomics, 

transcriptomics, 
proteomics, 

metabolomics,
…

Analytical
imaging

Structural 
analysis

Strategic Focus Area Data Science

Human
samples & 

models

Database

Swiss Personalized Health Network SPHN

Bio-
monitoring
physiolomics

Common Calls
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Non-invasive monitoring of body functions

Heart rate
ECG

Breathing

Activity
Motion

Skin 
temperatures

Core temperature
prediction

Hydration

Strain

SpO2
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We All Change in Many Ways
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What are the different ways to look at human 

body composition?

 Medical (health)

 Anthropological

 Performance

 Appearance

Why is knowledge of body composition so important?

 Health and Disease

 Performance

 Appearance

 Longevity
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Global strategy

• Multi-parameter physiological signal monitoring

• Wearable, during exercise, low power, highly integrated, inconspicuous,  ...

• Vital-sign monitoring

Sleep monitoring Sports Aerospace ICU & Anaesthesia Aviation
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Commercial products to fight obesity 

Low-cost “gadgets”

• Level-detection pedometers

• Enhanced mobile phones functions

Complex wrist computers

• Heart rate measurements

• Position detection

• Speed and distance measurements  

No easy-to-use and valuable biofeedback 

device for non-active persons
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Some products

Kenzen (Hydration, 
endurance, calories)

eskin (temperature)

Polar (heart rate)Apple (activity, heart rate, calories)
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Empa – Materialforschung und Technologieentwicklungen

Materialien
Material-

verarbeitung

AnalytikSimulationen
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Forschungsschwerpunkt Gesundheit und Leistungsfähigkeit 
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Materials meet Life

meet

Materials

Life
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Monitoring von Astronauten
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Mitdenkende Socken?

14
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Sensorik hautnah

Viele Körperfunktionen, 
aber auch Krankheits-
symptome können mittels 
Sensoren hochpräzise 
erfasst und behandelt 
werden. Die Empa ist 
spezialisiert auf Textil-
sensoren, die nicht nur 
Punkte, sondern grössere
Flächen am menschlichen 
Körper überwachen. 

Die Empa-Sensoren 
basieren auf optisch oder 
elektrisch leitenden Fasern 
und müssen eng auf der 
Haut aufliegen.
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Haut-Forschung

www.empa.ch/lpp
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T-shirt for day monitoring

ECG and IPG Textile Electrodes

Jack connector

ECG textile Electrodes when 
using Breath Strain Gauge

• Requirements

- Heart rate

- Breathing rate

- Activity classification

- Energy expenditure

- Fall detector and alarm

• Design

- Textile Electrodes

- Respiration IPG or strain gauge

- Data streaming & recording
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Decubitus Prevention

www.empa.ch/lpp

Prototype II 5
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Hospital bed sheet II 3
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Prototype

Hospital bed sheet

(50% cotton / 50% 

polyester)

Patent pending
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Applications

ITA, RWTH Aachen

Low level of textile integration:

Customer needs:
• Textile haptics
• No special energy supply
• Wash fastness

Industry needs:
• Textile processing
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Körper- und Organmodelle
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Physiological modelling and validation

new generation 

manikins

Thermophysiological

model of the body Human trials
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front side

back side

Textile elektroden

www.empa.ch/adva
ncedfibers

MedTech Award 2006: ECG sensor shirt

Electrocardiogram (ECG) 
measurements

Muscle stimulation
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Long-term 

ECG measurements

Weder et al. Sensors, 2015, 15, 1750

Signal comparison: textile electrode x gel electrode (ca. 13s)

Skin irritation with typical gel electrodes

for several hours Embroided electrodes after long term wear test (10 days)
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01.11.
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Textiler Sensor zur Langzeit-EKG-Messung 

15

sec

1050

a

b

M. Brutsche
F. Baty
K. Baldwin
A. Van Gestel

R. Rossi
S. Annaheim
M. Weder
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Optical fibres for Biosensors

Wundmonitoring

pH sensitive optical Fibres
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Wristband for blood pressure measurement 

Partner: STBL Medical Research AG

Pressure Sensor based on Piezo-resistive fibres
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Röntgen-Analyse von Fasern

Fibrillar structure Lamellar stacks

Single nanofiber
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Polymer optical fibers (POF)

Core Material: normally PMMA

Cladding: fluorinated polymers

Light source

Cladding (low refractive index)

Core (high refractive index)
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Gestrickte Sensoren
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Flexible POF - applications

Patent US 7’274’844.

Selm et al. J. Int. Mat. Sys. Struct., 2010, 21, 1061.

Quandt et al. Adv. Healthcare Mater., 2015, 4, 330.

DESIGNTHERAPY

SENSORS
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MESSPRINZIP
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Photoplethysmography

Rothmaier et al. Optics Express, 2008, 16, 12973-12986.
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Light source

Black ring 3D-embroidery

Embroidered POFs

Photonic textiles for Photoplethysmography
www.empa.ch/lpp
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Technische Stickereien
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Textile chemische Sensoren
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V
)

NH3 NH3 NH3 NH3N2 N2 N2 N2

Widmer, S. et al.. Analyst 2014, 139, 4335
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“Smart” wound pads

pH detection

Glucose detection
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pH sensing 

for wound monitoring
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Intelligenter Glukosesensor
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Faserbasierte Substanzabgabesysteme

41

TC 15 Industrie-
partner

Textiler EKG-Sensor Textiler EKG-Sensor 
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Medikamenten-Abgabe durch schaltbare Polymere
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Innovation excellence: fibers and textiles
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link Zwischen Spital, Industrie und Akademie
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Collaborations


