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This presentation

• Trends in health care

• Remote monitoring & treatment components

• Two examples

– Monitoring of epileptic seizures

– Remotely supervised treatment of chronic pain

• Demands for future systems

Trends in health care

• Rising demand for care
– Shift of focus from cure to care

– Increase of number of elderly (2015: 25% > 65)

– Increase number of people with chronic disorders

– Responsible for 50% of costs of care and rising

• Changes in the customer
– Better informed and more empowered

– Who wants to live independently 

• Changes in Care offer 
– Less intramural care/ shorter duration

– Grow in offer lagging behind (Waiting lists)
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Results of these trends in health care

• Rising demand of healthcare

– Higher productivity required

• Changes in the customer

– Individually tailored solutions

– More freedom 

• Changes in Care offer 

– Integration of the Cure and Care chain

Results of these trends in health care

• Rising demand of healthcare

– Higher productivity required

– Integration of the cure/car chain

• Changes in the customer

– Individually tailored solutions

– More freedom 

• Changes in Care offer 

– Integration of the Cure and Care chain

What could we do  

using ICT + 

Biomed. engineering

?
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Remote monitoring

Guarding the health condition of a subject 

by measuring and interpretation of vital 

biosignals, without interference of his 

daily activities but able to react when 

required

Remotely supervised training & Treatment

Enabling the subject to train at his time 

and place, providing him the same 

quality of feedback/assurance as in 

the intramural situation

Including remote control of the training 

and treatment parameters  

X
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Advantages remote monitoring & training

– Training in natural environment translates better to daily 

life activities & situations (more effective training)

– Patient chooses time and place (user centric) 

– Patient can train as much as possible (more = better)

– Clinician can „treat‟ several patients at the same time

– More freedom for patients at risk

Mobile Teletreatment Services
24/7

Databases

Integrated sensing

&

Feedback

Broadband

network

Technical 

support

Treatment

SupportDistributed Intelligence

(e.g. biosignals processing)
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General scheme for remote monitoring & training
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From Moses proposal
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1. Sensing and 

actuation/feedback

Internet

Physicia

n

Patient 

feedback

Data 

gatherin

g

Hospita

l

Emergenc

y

Wellne

ss

Traditional sensing of movements

• Laboratory based systems 

• Optical 3D camera systems

• Very limited area

• Heavy computing for 3D analysis
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Traditional lab based sensing movements

• Many inertial sensors, 

•gonio‟s, force platforms 

• Semi - laboratory

• Semi ambulatory

Baten 2007

Ambulatory movement analysis

• Full 3D movement analysis

• Movement Sensors mounted in suit 

• Instrumented shoe for force 

measurement  

• Including accelerometers, gyroscopes,    

and magnetosensors

• Wireless recording 

Baten 2007, XSens
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More Ambulatory sensing & Feedback

Muscle activation                Hug shirt                    Heart rate & respiration 

(RRD)                                   CuteCircuit                               (Sensatex)

Remote control             Lumalive textiles                       Heart rate  

(EFS)                                   (Philips)                                (Textronics)

Interconnecting sensors & actuators

 

 
 

 
 

Sensors 

Actuators  

MBU 

Extra BAN 

communication 

Intra BAN 

communication 

BAN boundary  

Sensor, actuators & other devices connect via a

Body area network (BAN)

Jones 2004
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Creating a BAN (1)

ü One general purpose sensor 
front end

ü with amplifiers, AD, memory 
and processing capacity

ü Allows heterogeneous sensors

ü Passive, “stupid” sensors

ü Blue tooth connection to MBU

TMSi, set-up MobiHealth

Creating a BAN (2)

• Using a single wire serial Bus system

• Serial or blue tooth connection to MBU

• Heterogeneous sensing possible

• Now: only MT9 movement sensors 

Baten, XSens
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Creating a BAN (3)

ü All Wireless sensors

ü All via Bluetooth to MBU 

ü Now: one type of movement sensor

Philips Host system

BAN (4): Toumaz concept

ü General purpose platform around 

special chip

ü Ultra low power Sensor interface &

ü Multiple input transciever platform

ü To develop disposable sensor 

systems

http://www.toumaz.com/products/sensium.htm
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Conclusions

ü Moving towards a BAN with multiple 
sensors wireless connected to an on body 
base station for local processing, 
feedback and transmission

ü Challenges: 
ü Intelligent sensors

ü Integrated in smart textiles

ü Automatic discovery, 

ü Identification, authentication

ü Security, integrity of data

ü Power consumption

2. M-Health platform

Transport and Backend

Internet

Physician
Patient 

feedback

Data 

gathering

Hospital

Emergency

Wellnes

s
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History M-Health platform (1)

– The MobiHealth project (IST; 2002-2004)

• To demonstrate the use of wireless communication 

in health applications

• Combining different BANs and wireless 

communication to create M-Health platform

• Tested with different wireless communication (GPRS, 

UMTS, WLAN, bluetooth)

• Feasibility tested in nine trials in 4 countries (pregn., 

cardio, COPD)

CTIT APS, ASNA

GPRS / UMTS / 

WiFi

IntraNet

PC

Internet

m-Health Call centre Health ProfessionalsPatients

BAN 

(Body Area 

Network)

M-Health 

portal

biosignals

ASNA 2004

History M-Health platform (1)



14

History M-Health platform (2)

– Health Service 24 (eTEN)

• Further BAN development, 

• Improving stability of the platform

• Market validation; Preparation for commercialisation

– Freeband Awareness (BSIK)

• Context aware M-Health services

• Dynamic distribution of resources

• Distributed intelligence

• Personalised, health status related feedback 

• Monitoring and Treatment focus

CTIT ASNA

Challenges for M-Health platform

Internet

Physician
Patient 

feedback

Data 

gathering

Hospital

Emergency

Wellness

• Integration of Context from heterogeneous sources  

• Dynamic distribution of resources & processing (power, 
bandwidth)

• End-to-end security !

• Decision support systems

• High level Policy management mechanisms
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Gaining experience

RM&T projects:

ExoZorg, Myotel, HelloDoc, Clear

Awareness, Smart Surroundings, 

Working on:

Stress 

management

Treatment neck/ 

shoulder pain

Epileptic seizures
Back loading Spasticity

Home training systems
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1. Gaining experience in

remotely supervised treatment 

of neck/shoulder pain

Neck/shoulder pain

• Computerwork: very little efforts required but yet 

often chronic pain occurs

• Related to stress and posture?

• Causes/solutions?
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Assuming (Cinderella theory):

• Lack relaxation results in 

overloading specific muscle parts

• Overloading results in pain

• Pain results in changes in posture 

and more overloading

Solution: warn the subject in case of insufficient 

relaxation, so subject is able to learn and adapt 

posture and muscle activation 

An example: feedback in neck/shoulder pain

Prototype Myofeedback system
(ReTra: relaxation trainer)

Bipolar dry surface 

electrodes
Signal processing 

and vibration unit

Hermens and Vollenbroek 2005
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EMG Processing for Feedback

Find gaps 

(SRE< 5 uV; t>125 ms)

Relative rest time (RRT)

Filtering

Rectification

Smoothing

RRT < 20 %

Short Vibration

Hermens and Vollenbroek 2005

Myofeedback in practice

• Able to improve muscle relaxation

• Able to decrease pain complaints

But often intensive supervision required:

• Discuss experiences and results

• Troubleshooting in first week(s)

• So, could this treatment be improved using ICT



19

The service system

BluetoothSensors &
Actuators

Front -end

Mobile Base Unit

UMTS/GPRS

Wires

PC 

Healthcare 
professional

Database with signals
And subject data

Professional feedback

Continuous feedback

Web based
Viewer

Exozorg

Remotely supervised Myofeedback for 

treatment of neck/shoulder pain

Questions: 

- Is it technically feasible to monitor 

muscle activity during 8 hours per 

day?

- Is this modality of treatment 

accepted by patients and care 

givers?

- Are care givers able to provide 

advice not seeing the patient?

- Is it effective?

Huis intVeld et al. 2007
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Study set-up

• 10 subject with neck/shoulder pain but working (computer)

• All subjects received four weeks of treatment: 

• Combined in vivo counseling (start and end) and remote 

counseling (by telephone)

Week 1 Week 2 Week 3 Week 4

T0 start T1 end

Huis intVeld et al. 2007

Remotely supervised Myofeedback for 

treatment of neck/shoulder pain

Summary of Results: 

- Relatively many technical troubles 

(instability of wireless connections)

- But enough data transmitted 

- 90% Problems can be solved remotely

- Confidence in treatment both by 

patients and clinicians

-Clinically at least as effective as non-

remote myofeedback treatment

-Now entering market validation study 

(eTEN project Myotel)

Huis intVeld et al. 2007

http://images.google.nl/imgres?imgurl=http://www.telefoonshop.nl/images/product/image.php%3Fid%3D19514%26dimensionid%3D1%26shopid%3D181&imgrefurl=http://www.telefoonshop.nl/product/20008/topcom-webtalker-100-voip-usb-phone.html&h=435&w=250&sz=29&hl=nl&start=44&tbnid=X6auOmFjh4EUfM:&tbnh=126&tbnw=72&prev=/images%3Fq%3Dphone%26start%3D40%26gbv%3D2%26ndsp%3D20%26svnum%3D10%26hl%3Dnl%26sa%3DN
http://images.google.nl/imgres?imgurl=http://www.telefoonshop.nl/images/product/image.php%3Fid%3D19514%26dimensionid%3D1%26shopid%3D181&imgrefurl=http://www.telefoonshop.nl/product/20008/topcom-webtalker-100-voip-usb-phone.html&h=435&w=250&sz=29&hl=nl&start=44&tbnid=X6auOmFjh4EUfM:&tbnh=126&tbnw=72&prev=/images%3Fq%3Dphone%26start%3D40%26gbv%3D2%26ndsp%3D20%26svnum%3D10%26hl%3Dnl%26sa%3DN
http://images.google.nl/imgres?imgurl=http://www.telefoonshop.nl/images/product/image.php%3Fid%3D19514%26dimensionid%3D1%26shopid%3D181&imgrefurl=http://www.telefoonshop.nl/product/20008/topcom-webtalker-100-voip-usb-phone.html&h=435&w=250&sz=29&hl=nl&start=44&tbnid=X6auOmFjh4EUfM:&tbnh=126&tbnw=72&prev=/images%3Fq%3Dphone%26start%3D40%26gbv%3D2%26ndsp%3D20%26svnum%3D10%26hl%3Dnl%26sa%3DN
http://images.google.nl/imgres?imgurl=http://www.bma-ergonomics.com/ContentSuite/upload/bma/prd/Visit_2(1).jpg&imgrefurl=http://www.bma-ergonomics.com/ContentSuite/template/bma/prd/page.asp%3Fid%3D776%26content_id%3D64%26language%3DNL&h=300&w=300&sz=16&hl=nl&start=2&tbnid=ULfJxZ9qnViYQM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dvisit%26gbv%3D2%26svnum%3D10%26hl%3Dnl
http://images.google.nl/imgres?imgurl=http://www.bma-ergonomics.com/ContentSuite/upload/bma/prd/Visit_2(1).jpg&imgrefurl=http://www.bma-ergonomics.com/ContentSuite/template/bma/prd/page.asp%3Fid%3D776%26content_id%3D64%26language%3DNL&h=300&w=300&sz=16&hl=nl&start=2&tbnid=ULfJxZ9qnViYQM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dvisit%26gbv%3D2%26svnum%3D10%26hl%3Dnl
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4. Gaining experience in 

monitoring:

Detecting epileptic seizures

What is epilepsy?

Epilepsy is a disorder in which nerve cells of the brain, show 

abnormal unpredicted synchronised electrical activity

Resulting in unconsciousness, abnormal movements, …… 

Vollenbroek, Tonies, Huis int Veld
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Introduction
The expressed symptoms and severity of an epileptic 

seizure depend on the location and extent of brain 
tissue that is affected

HR acceleration

Objectives

To research, develop and test an integrated system 
able to detect epileptic seizures in real time, warn 
the mobile subject and assist in providing 
assistance

Features:
• Real time detection by interpretation of changes in 

streaming physiological data 

• Ambulant sensor system

• Include patient‟s location (GPS) to enable assistance

• Enable selection and alarming a care taker 
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Sensing Approach

• Combined measurement of heart rate and activity

– Heart rate and heart rate variability to detect event

– Estimate activity level to correct for false positive events

• Two processing methods: MBU and server

Increase HR occurs 

pre-ictal!

ADC Filter
Rtop

detection

Linear

interpolati

on

Heart 

Rate

increase

FFT

Low 

Frequency 

power

High 

Frequency 

power

Ratio Low-

High 

frequency 

power

Threshold

Threshold

Threshold

Threshold

Combine 

Events

ECG

DA SP ED DM

T.Tonies

Awareness; epilepsy scenario
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Present status

– Technology

• First generation algorithms ready

• Working on integration whole chain

– Healthy subject trial 

• With healthy subjects: estimating false positives

• Testing the stability of the platform for trialing 

– Patient trial

• Limited number of patients

• Together with specialised centre (Kempenhaeghe)

Awareness

Some conclusions

• RM&T seems feasible

• Patients and doctors have confidence

• Clinical studies are urgently required to 

convince the medical community 

• But technology still not very mature

• Security not very well adressed 

• But essential when systems are 

implemented in daily care
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Future challenges and needs

RM&T in the future

Some Trends: 

- Patient centered; he chooses services

- Web of care organisations/famliy around

- Integrated with home domotica (ambient 

assisted living)

- Treatment and support systems become 

complex, requiring remote technical 

support and  remote adaptation
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Security issues in RM&T(1)

Internet

Physician
Patient 

feedback

Data 

gathering

Hospital

Emergency

Wellness

• Automatic Identification of all components in the chain

• User friendly Identification of the subject to the system

• User friendly authorisation to be monitored

• Secure procedures for adaptation of the treatment (e.g. 
adapt scheme of drugs pump)

Security issues in RM&T(2)

Internet

Physician
Patient 

feedback

Data 

gathering

Hospital

Emergency

Wellness

• End-to-end integrity ensurance of the data chain
– Functioning of sensors (failures, calibration)

– Proper processing (filters, processing methods)

– No data loss (gaps)

• High level Policy management 
– User friendly Mechanisms on Who to provide what information in 

which situation (privacy vs. Availability)

– Rights different parties to act (not individuals, situation dependent)
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Some concluding remarks

Healh care system most challenging area 

for security research ?

• Highly distributed system

• Many stakeholders

• Security of data chain and policy 

mangement mechanisms major issue

• End-to end security has to be resolved to 

ensure RM&T can be implemented

•

Remote Monitoring & Treatment

Very challenging area

Requiring close collaboration of a 

very multidisciplinary team

But possible!
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