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Convergence of Forces Driving 
Change in Today’s Healthcare System  

Double # of people  
>60 by 2050 

Healthcare costs 
rising to  
unsustainable 
levels 

Shortage of  
qualified 
healthcare 
professionals 

new models of care required 



6-P’s Paradigm.... 

personalised 

pervasive 

participatory 

predictive pre-emptive 

preventive 

how healthcare decisions should be made 
what kind of healthcare decisions should be made Poon & Zhang (2008) 



User Centred Delivery of Care 
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Staying at Home 

Acute Care 

Residential Care 

Our Goal 

Primary & Residential Care 



Our Challenge 



Global Opportunity 

• Clever technology can help solve  
two  big  problems  in  health  
care: 
• overspending in the rich world  
• limited access in the poor world. 

 
• Biggest winner is the empowered 

patient that will result 

Economist Special Report 



§ Multiple stakeholder input needed to deliver: 
 
– Comprehensive understanding of the needs of and issues facing the 

ageing population 
 
– Enhanced insight into complex interactions between biopsychosocial 

variables in determination of capacity for independence 
 

– Identify critical variables that are appropriate for remote monitoring of 
healthcare status 

 
– Identify potential role of technological solutions and design and 

evaluate new technology enabled care models for promotion of 
independent living and delivery of healthcare in the home 
 

– Business case for new models of care that result 
 

How can we make this happen? 
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• TRIL cohort assists with ageing research, and technology design and evaluation. 
• Rich biopsychosocial dataset collected from over 600 volunteer participants 
• Longitudinal follow up on 400 participants to date 

TRIL Community 

http://trilintranet.org/gallery/v/Official+Photo+Shoot/2008+Home/Summerhill_58.jpg.html
http://trilintranet.org/gallery/v/Official+Photo+Shoot/2008+Home/Summerhill_68.jpg.html
http://trilintranet.org/gallery/v/Official+Photo+Shoot/2008+Home/Summerhill_83.jpg.html


Participants’ journey through TRIL 
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Transport &  

Map 
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consent 

Detailed  
medical history  
& examination 
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Sensory 
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Feedback to participants 
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Follow-up 
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Ethics 
Good  
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Longitudinal Design- Process 

TRIL Technology & Design  

SOFTWARE ENGINEERING 

BIOMEDICAL ENGINEERING 

INTERACTION AND INDUSTRIAL DESIGN 

ETHNOGRAPHY 

INFRASTRUCTURE AND DATABASE MANAGEMENT 

HUMAN COMPUTER INTERACTION 

FIRMWARE / HARDWARE  

DESIGN ENGINEERING 



User-Centred Design 



Kinematic Sensing Physiological Sensing Ambient Sensing 

Accelerometer ECG PIR Motion 

Gyroscope EMG Temperature 

Magnetometer GSR Vibration 

Light 

UVB 

GSR PIR Accelerometer 
/Gyro/Mag EEG ECG 

Engineering 
Alertness 

MuSensor Gait Analysis 

30M Walk 
Skuduko 

Gait 
Analysis 

Sensor Type 

Project 

rapid prototyping with scalable & reusable platform 

http://shimmer-research.com/wordpress/?page_id=20


Remote Deployment Framework Manager  

TRIL Overview:  PAGE 18 

Secure data communication, storage and access infrastructure in place to 
facilitate deployment programme 
  
§ Single console to manage multiple trials simultaneously 
§ Secure data capture, transport and storage model 
§ Remote access allows: 

§ Device Management 
§ Real-time trial data 

 
 



Home/Community Technology Evaluations 

Taking research from the Lab to the Home 
 

§ TRIL specialises in deployment and 
evaluation of technologies in an uncontrolled 
real world environment 

§ Purpose 
– Monitoring 
– Evaluation & Assessment 
– Prevention & Intervention 
– Communication 
– Caregiver Support 

§ Focus on 
– Usability 
– Clinical Efficacy  
– Robustness 

To Date………….  
• 27 Design Workshops 
•  16 Home Trials 
•  563 Homes visited 
•  .5 TB Data Collected 



Evaluation of Potential for Technology 
Enabled COPD Management in Home 

TRIL Centre 
& 

St Vincent’s University Hospital  
Clinical Research Centre 

http://shimmer-research.com/wordpress/?page_id=20


COPD 

§ Respiratory diseases, largely represented by COPD, are the 
third most common cause of acute hospital admission.  

 
§ Cost of COPD:  

– The average cost of COPD per hospital in-patient case is 39% higher than the 
average case cost.  

– 2nd most common cause of A&E presentation 
– Average Length Of Stay in Ireland (LOS): 7 days 
– 30% chance of early readmission post discharge 
– Average LOS post readmission: 11 days 
– Cost in USA in 2010 estimated at nearly $50billion(1) 

 
§ Increasing prevalence:  

– The health burden of COPD will continue to increase in line with 
population ageing.  

– COPD increases with age; 50% of those over 70 have the disease 

(1) National Heart Lung Morbidity and Mortality: 2009 Chartbook on Cardiovascular, Lung and Blood Diseases 



Progression of COPD 

§ Repeated exacerbations requiring expensive 
hospital admission – usually through ER 
 

§ Gradual decline in functional independence and 
reliance on healthcare services 
 

§ High incidence of depression and poor quality of 
life  



Significant opportunity to use technology solutions to deliver 
efficient care model if all stakeholders can be connected  

§ Need to find home 
based solutions for 
managing COPD 
 

§ Home based care can 
deliver… 
– Reduced economic 

cost due to reduced 
admission rate 

– Enhanced quality of 
life for patient due to 
maintaining ability to 
live at home 

 

Reducing the impact of COPD 



Home Based Care for COPD 

§ Home based care can operate in different 
scenarios…… 
 
 

§ Effective management of acute exacerbation 
– Facilitation of early supported discharge  from 

emergency room instead of admission to acute hospital 
or from inpatient care 
 

§ Effective long term management 
– Facilitating ongoing monitoring of critical clinical 

variables, compliance with therapy, and home based 
delivery of ongoing care 



 
 
 
 
 
 

LOCAL AGGREGATION & 
COMMUNICATION PLATFORM 

 
 • Monitors relevant bio-psycho-

social variables • Executes local data processing • Sends critical information to 
cloud • Displays feedback to user 

  



 

Actigraphy 
Resp Rate & Sleep Quality  

Lung Function 
 

Quality of Life 
Signs & Symptoms 

Biancamed 
 
 
 
Shimmer 
 
 
 
Vitalograph Care Innovations Health Guide 

PHASE 1 

http://shimmer-research.com/wordpress/?page_id=20


Falls Risk Assessment & 
Prevention Research 

§ Falls are a geriatric giant: 
– Significant causes of injury in the elderly 
– Approximately 28-35% of people aged 65+ fall, increasing to 32-

42% for 70+ 
– Frequency of falls increases with age and frailty level  
– The cost of falls in older adults  expected to reach $54.9 billion by 

2020(1) 
–   

§ Gait & balance parameters have utility in assessing 
mobility and balance impairments and can indicate risk of 
falling 
 

§ However, their use has been limited up to now doe to 
accessibility issues 
 
 
 

1) http://www.cdc.gov/NCIPC/factsheets/fallcost.htm 



Motion Analysis Platform  

§ Development of  wimu based 
motion analysis applications 
for falls risk assessment and 
evaluation 
 

§ Strong emphasis on usability  
for non-specialist clinicians 
and patients 
 

§ Deployment of platform in 
cohort for  
– Falls risk assessment using 

instrumented gait tests 
– Biofeedback during targeted 

exercise intervention for falls 
risk reduction 

http://shimmer-research.com/wordpress/?page_id=20


validation 

§ Validation for measurement of 
temporal and spatial variables 
against gold standard systems 
 

§ Marker based motion capture  
§ Force platform 
§ Pressure sensitive walkways 
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Angular Velocity
Heel Strike
Toe Off



Instrumented TUG Test 

§ Evaluated against 
datasets from 349 
volunteer participants 
 

§ Mean faller identification 
accuracy >80% 
 

§ Performs better than 
standard approaches 
– Standard TUG – 60.6% 
– Berg Balance Score – 61.4% 

 
 
 



Fall Risk Reduction 

Otago falls prevention 
exercise programme 
implemented using 
biofeedback system 

 
 
 



Slide 32 

Building Bridges 



Stepping Stones 



Summary 

§ Multiple stakeholder input required 
§ Enabling platforms needed to facilitate 

convergence of academic, industry and 
clinical inputs 

§ Basic to applied research continuum needs 
to be addressed 

§ User centred design, development and 
evaluation is key to delivering user centred 
care 

§ Rewards are great if we are successful; 
converse also true 
 



Thank You! 

§ For more information..... 
 
§ b.caulfield@ucd.ie  

mailto:B.caulfield@ucd.ie


Slide 36 

Development of an automated system for 
remote assessment of cognitive function 
using analysis of vocalisation, speech 
markers and mood. 
 

Research Background 
§ Speech may provide a cost effective, easily 

implementable means of monitoring and 
assessing cognitive function  

 
Research Questions 
§ Can the status of one’s cognitive function be 

related to acoustic properties of speech? 
§ What is the protocol for successfully administering 

clinical cognitive assessments, remotely? 
 
Research Activity 
§ Older people participate in various cognitive 

assessments while at home via the telephone.  
§ An Interactive Voice Response (IVR) system, 

conducts the assessment automatically. 
§ Analysis of the participants’ speech is conducted 

for correlations to cognitive function. 
Threshold 

Speech 

Pause 

Removed breath sound Removed breath sound 

Telephone Cognitive  
Assessment 
 



Slide 37 

Research Background 
§ Declines in attention can lead to accidents, 

falls, and other negative consequences for 
elderly adults. Home based technology 
supports may provide an effective intervention. 
 

Research Questions  
§ Can self reported states of attentiveness and 

alertness be improved through technology 
supported home based coaching? 
 

Research Activity 
§ In home mindfulness/attention training and 

coaching program 
§ Prototype Mobile biofeedback system use for 

biometric data capture and attention feedback 
 
 

   
Development of a technology platform and 
training programme to support the 
improvement of attention alertness and 
focus in mature adults. 
 

Engineering  
Alertness 
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