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Executive Summary 
 
The UK government’s industrial strategy objective for healthy ageing is “to ensure people 
can enjoy at least 5 extra healthy, independent years of life by 2035, while narrowing the 
gap between the experiences of the richest and poorest”. Achieving this will improve each 
person’s feeling of wellbeing, reduce healthcare costs and increase the ability of individuals 
to work and enjoy life. This report reflects on the definition of healthy ageing, the role of 
technology and personal health devices (PHDs) and, in particular, focuses on how electronic 
textiles (e-textiles or smart fabrics) can assist in achieving healthy ageing. 
 
Healthy ageing is much more than just physical wellbeing, important though that is. In 
addition to common physical symptoms and conditions that are associated with ageing, 
technology can also assist in improving cognitive ability, social interaction and mood, 
prolonging independence and promoting healthy behaviour. There are many examples of 
PHDs being used to monitor physical wellbeing with the associated benefits of encouraging 
physical activity and maintaining physical function. The motivation for incorporating PHDs 
and electronic functionality into textiles in order to assist health ageing is clear. Textiles 
provide a comfortable ubiquitous platform that individuals are entirely familiar and 
comfortable with. The ability to hide the technology in garments can improve performance, 
remove stigma and improve compliance with technology amongst the ageing population.  
 
Many age related requirements can be monitored or met with e-textile technology. 
However, it is not straightforward to include electronic and sensing capability in textiles and 
existing e-textile technology does not deliver practical solutions with the required levels of 
functionality. This report contains a comprehensive evaluation of the capability of existing 
technologies and approaches to address a wide range of age related challenges. This review 
is used to highlight the weaknesses and the associated research challenges that remain in 
order to realise practical e-textile solutions that assist individuals to achieve healthier 
ageing.  
 
Research is required to improve the sensitivity, repeatability, durability, reproducibility and 
level of integration of the textile-based technologies enabling their use in long-term 
monitoring and support systems. Research topics can be grouped into materials, discrete 
sensor/device integration in textiles, garment/textile engineering and textile 
sensor/actuator structures. In order to efficiently address these research challenges, the 
range of disciplines involved in e-textiles research should be broadened to increase the 
involvement of materials scientists, chemists and instrumentation engineers. The research 
challenges can only effectively be met by interdisciplinary teams sharing expertise and 
methods and involving end users/stakeholders at an early stage in the research.  
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Introduction 
 
The E-Textiles Network is an EPSRC funded network of predominantly UK based academic 
and industrial researchers and end-users of electronic textile (e-textile) technology. The aim 
of the network is to accelerate the development and adoption of e-textiles technology by 
facilitating focused research activities and disseminating results. The four main objectives 
are: 

• To enable the university, textile industry and end-user communities to define the 
research challenges required to deliver the potential of e-textiles. The results of this 
will be evidenced in the medium to long term by new products. 

• To catalyse the creation of new multidisciplinary teams required to address these 
challenges. The formation of collaborations will seek to support young academics in 
particular in establishing their research careers. This will be evidenced by a growth in 
funding applications in this area and the development of research leaders in the 
longer term. 

• To facilitate the interaction and mobility of researchers. This is particularly important 
given the wide range of expertise and facilities required to design and manufacture 
e-textiles. 

• To ensure that the advances in the science and the developments of the technology 
are more widely disseminated through an annual conference, regular workshops, 
training courses and media (e.g. newsletters, twitter, LinkedIn). 
 

E-textiles can include a range of functionality such as sensing, signal processing, lighting, 
wireless data transmission and actuation. It has the potential to revolutionise the textiles 
industry, offering a new class of products across a range of application including medical, 
performance sports, automotive and fashion. 
 
This report describes the outputs of the first workshop in the series, which was aimed at 
defining the research challenges in the area of e-textiles for Healthy Ageing. The Steering 
Board of the E-Textiles Network discussed a number of options for new and challenging 
areas of research and decided on healthy ageing for the first workshop. This theme was 
chosen due to the growing need for innovation in healthcare in an ageing population, as 
indicated in the Governments Grand Challenge1. The scope of the workshop included an 
overview of what is healthy ageing and sessions aimed to get people thinking about the 
practical challenges of addressing the topic and what this means in terms of research 
challenges to be met. 
 

Approach / methodology 
 
Who should read this? 

This report is aimed at informing funding agencies (e.g. Research Councils and Innovate UK) 
of the new, challenging areas of e-textiles that should be addressed so as to help inform 
their programmes. It is also aimed at researchers from a broad set of disciplines interested 

                                                      
1 https://www.ukri.org/innovation/industrial-strategy-challenge-fund/healthy-ageing/ 

https://www.ukri.org/innovation/industrial-strategy-challenge-fund/healthy-ageing/
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in involvement in research that enables this new generation of e-textiles for healthy ageing 
applications. This report should inform them of the specific challenges to be met and the 
interdisciplinary skills required to do so. It is anticipated that this report will be the catalyst 
for a series of collaborative project proposals. 
 
Overall approach 

A workshop was designed to help facilitate the definition of the new research challenges in 
the area of e-textiles for healthy ageing. Participants from a wide variety of disciplines, 
including healthy ageing, wearable technologies, medical sensing, e-textiles and 
manufacturing, were invited with representation from both academia and industry. The aim 
was to use the input of this group to understand the various developments (scientific and 
technological) that will be required in order to realise the defined vision and to help 
generate a series of specific research challenges that if addressed would move the field 
forward substantially. 
 
The workshop agenda (see Appendix 1) was split into two parts with the first part exploring 
what is healthy ageing and an insight into how conventional electronics and sensors (as 
known as personal health devices) can assist healthy ageing. This led to a facilitated 
discussion in mixed groups on how technology in general can address the challenges 
associated with healthy ageing and identified if there were any drivers for e-textile solutions 
to particular challenges. The second part of the day focused on the practicalities of e-textiles 
and began with three talks exemplifying e-textile solutions and the technologies involved. 
The second discussion session then explored the current suitability of e-textiles to support 
these healthy ageing factors, identifying in particular the research and manufacturing 
challenges that exist. Presentations from both parts of the workshop can be found on the e-
textiles network website: https://e-textiles-network.com/e-textiles-for-healthy-ageing-
workshop/. The outcome of the group discussion was presented by a group representative 
and recorded as a starting point for defining the research challenges presented in this 
report. The workshop discussions have been augmented by a comprehensive literature 
review capturing the state of the art in technologies to assist healthy ageing and relevant e-
textile developments.  

The roadmap 

A roadmapping methodology was used to frame the discussion and ensure that the 
exploration of the gaps between current capability and future needs was thorough. In 
building the roadmap the task and structure was broken down into the following: 

• Definition of a vision 
• Exploration of the drivers 
• Outlining of the potential applications and areas of impact 
• Exploration of the technology developments that are due to occur over the 

relevant period 
• Exploration of the underpinning science and engineering that will be needed 

The timeline for the roadmaps was 10 years from the present (until 2029) with timing 
generally being defined as when something becomes mainstream rather than the first 
instance of someone working on the topic. 

https://e-textiles-network.com/e-textiles-for-healthy-ageing-workshop/
https://e-textiles-network.com/e-textiles-for-healthy-ageing-workshop/
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Scope & limitations 

This roadmapping exercise has been designed to specifically focus on the application of e-
textiles for healthy ageing. The roadmap itself is not intended to represent an exhaustive 
development plan, as is the case with some industry or company specific roadmaps. Its chief 
purpose is to frame a structured discussion. In this way it is hoped that the result will be a 
comprehensive coverage of the needs and challenges that leads to the identification of the 
current gaps in capability and the research themes which would help to fill them. 
 

What is Healthy Ageing? 
 
Currently one in 12 people in the UK are over 75 years old and this is expected to rise to one 
in 7 by 2040. This will place additional strain on the UK’s health services and there is a clear 
motivation to help people to stay active and productive for longer as they age. The UK 
government’s mission is “to ensure people can enjoy at least 5 extra healthy, independent 
years of life by 2035, while narrowing the gap between the experiences of the richest and 
poorest”.2 
 
But what is meant by the term healthy ageing and what factors should be considered? A 
variety of definitions of health has been presented including “a state of complete physical, 
mental and social well-being and not merely the absence of disease or infirmity” (World 
Health Organisation). An alternative definition by Friedman et al (2019)3 states healthy 
ageing (or successful ageing; optimal aging; ageing well etc.) depends on our goals and 
cultural expectation, for example: 

– Minimising costs of healthcare 
– Enabling people to work for as long as possible 
– Enabling people to feel as good as possible  

 
A further definition from Rowe and Khan (1997)4 can be presented graphically as shown in 
Figure 1.  

                                                      
2 https://www.ukri.org/innovation/industrial-strategy-challenge-fund/healthy-ageing/ 
3 Friedman , S.M.. et al. (2019). Healthy aging: American Geriatrics Society white paper executive summary. 
Journal of the American Geriatrics Society, 67, 17-20  
4 Rowe, J.W. & Kahn, R.L. (1997). Successful aging. The Gerontologist, 37, 433-440. 

https://www.ukri.org/innovation/industrial-strategy-challenge-fund/healthy-ageing/
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Figure 1: Rowe and Khan definition of successful ageing 

Each of the three aspects of successful ageing as presented in Figure 1 are defined in more 
detail below. 
 
Avoiding Disease and Disability  
A recent study by Lu et al5 reviewed the literature covering measures of healthy ageing 
presented in epidemiological studies. Most common were self-reported chronic diseases, 
and other studies measured hypertension and cardiovascular risk factors, biomarkers of 
kidney and cardiovascular function, Body Mass Index (BMI), pain, vision, audition, and sleep. 
Age UK has published an almanac of disease profiles in later life presenting a reference on 
the frequency of major diseases, conditions and syndromes affecting older people in 
England6. This presented many common conditions that have been widely studied as shown 
in Table 1.  
 

Cardiovascular 
diseases: 

Hypertension 
Atrial Fibrillation  
Coronary heart 
disease 
Heart failure  
Stroke 

Neuropsychiatric: Dementia  
Depression 
Epilepsy 
Mental Health 
(Psychoses, 
schizophrenia, 
bipolar affective 
disorder) 

Respiratory: Asthma 
Chronic obstructive 
pulmonary disease 

Edocrine: Diabetes 
Hypothyroidism 
 

                                                      
5 Lu, W. et al. (2018). Domains and measurements of healthy aging in epidemiological studies: a review, The 
Gerontologist, https://doi.org/10.1093/geront/gny029 
6 https://www.ageuk.org.uk/Documents/EN-GB/For-
professionals/Research/Age_UK_almanac_FINAL_9Oct15.pdf?dtrk=true  

https://doi.org/10.1093/geront/gny029
https://www.ageuk.org.uk/Documents/EN-GB/For-professionals/Research/Age_UK_almanac_FINAL_9Oct15.pdf?dtrk=true
https://www.ageuk.org.uk/Documents/EN-GB/For-professionals/Research/Age_UK_almanac_FINAL_9Oct15.pdf?dtrk=true
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Chronic kidney 
disease 
 

Stages 3 to 5 Cancer in the 
previous 5 years 

Excluding non-
melanoma skin 
cancer 

Additional common 
conditions: 

Anaemia 
Osteoarthritis 
Osteoporosis  

Additional 
syndromes: 
 

Falls 
Fragility issues 
Incontinence 
Skin ulcers/pressure 
sores 

Table 1: Diseases and common conditions and syndromes 

High Cognitive and Physical Function 
This includes measures of cognitive and physical ability as defined by Lara et al. (2013)7 
listed as follows:  

• Episodic memory 
• Cognitive processing speed 
• Executive functions 
• Grip strength 
• Gait speed 
• Standing balance test etc. 

These can also be related to functional ability to perform activities associated with daily 
living such as bathing or using a telephone (Lawton and Broody, 19698)  
 
Engagement with Life 
This can be broken down into two sub-categories. Interpersonal relations cover socio-
emotional relations (e.g. kinship) and instrumental relations (e.g. co-operative and goal 
orientated). Measures for this can be used to prevent loneliness and assign provision of 
social support. Productive activity is a measure of an individual’s contribution to society or 
their purpose in life as defined by Ryff and Keyes (1995)9. 
 
Lay Perspectives 
There are differences in the measured definitions of successful ageing compared with an 
individual’s lay perspective. For example, Strawbridge et al (2002)10 studied 867 adults aged 
65-99 years of which 18.8% were rated as ageing successfully by Rowe & Khan criteria but 
50.3% rated themselves as ageing successfully. Individuals perspective on ageing well is 
varied but successful ageing is more than physical health and psychosocial factors such as 
attitude were the most frequency mentioned component of successful ageing11. 

                                                      
7 Lara, J. et al. (2013). Towards measurement of the Healthy Ageing Phenotype in lifestyle-based intervention 
studies. Maturitas, 76, 189-99. 
8 Lawton, M.P. & Broody, E.M. (1969). Assessment of older people: self-maintaining and instrumental activities 
of daily living. The Gerontologist, 9, 179-186 
9 Ryff, C.D. & Keyes, C.L.M. (1995) The structure of psychological well-being revisited. Journal of Personality 
and Social Psychology, 69, 719-727. 
10 Strawbridge et al. (2002). Successful aging and wellbeing: self-rated compared with Rowe and Khan. The 
Gerontologist, 42, 727-33. 
11 Cosco, T.D. et al. (2013). Lay perspectives of successful ageing: a systematic review and meta-ethnography. 
BMJ Open, 3, e002710. 
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Interventions and technologies to support healthy ageing 

It is clear that healthy ageing concerns more than just physical wellbeing and given the very 
broad range of factors that contribute to the overall concept of healthy ageing, there is a 
correspondingly broad range of objectives by which interventions and technologies can 
support healthy ageing. These include measures to: 

• Avoid disease & disability 
• Reduce risk factors 
• Maintain cognitive ability 
• Increase functional ability 
• Promote independence 

• Reduce isolation 
• Promote acceptance of age-related 

change 
• Increase health behaviours 
• Promote positive mood and attitude 

  
 
  



 10 

Workshop Part 1 – Healthy ageing and wearable devices in general 
 
The initial part of the workshop explored interventions and technologies in general that 
would support healthy ageing. Initially the discussion focused on particular aspects of ageing 
that can be supported through wearable technologies in general. The drivers for developing 
textile embodiments and their associated constraints were then discussed to identify where 
e-textiles solutions could offer advantages and benefits beyond existing conventional sensor 
and electronics technologies. At this stage the workshop did not explore e-textile solutions 
in detail and the research challenges and associated feasibility of these are presented in part 
2.  

Wearable technologies 

Personal health devices (PHDs) are defined as devices equipped with one or more sensors 
for monitoring physiological signals or activity levels. These are typically autonomous 
wireless devices and are therefore constrained in terms of the energy and processing power 
available, and they are typically, but not exclusively, wearable devices. Several examples of 
wearable devices exist that use conventional commercial off the shelf (COTS) electronic and 
sensor components applied as, for example, wrist or lanyard-based systems. The EPSRC IRC 
project SPHERE12 developed a wrist mounted 6 axis inertial measurement unit for activity 
sensing13. Multiple inertial sensors distributed around an individual improve the accuracy of 
activity classification but require time synchronisation and orientation calibration. Such 
sensors can be wirelessly connected forming a Wireless Body Area Network (WBAN) or Body 
Sensor Network (BSN) typically using Zigbee or Bluetooth Low Energy (LE) communications 
protocols and can be readily incorporated into part of a larger smart home environment. 
Other examples of PHDs include pulse oximeters, blood pressure monitors, weighing scales, 
blood glucose meters, thermometers and fall detection sensors. Such sensors are an integral 
part of ambient assisted living systems and are an important source of data for health 
informatics.  
 

Current and future applications of devices to support healthy ageing 

The workshop identified the following ageing related challenges where technology and 
wearable PHDs could be used to support individuals. These have been divided into two 
tables with Table 2 covering non-physical (e.g. cognitive) health related challenges and Table 
3 covering physical health and functional ability related challenges. Examples of existing 
technologies or underpinning research are referenced where possible. 

                                                      
12 https://www.irc-sphere.ac.uk/ 
13 Fafoutis, et al. (2017). Designing wearable sensing platforms for healthcare in a residential environment. EAI 
Endorsed Transactions on Pervasive Health and Technology, 3 (12), 153063. 
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Non-physical 
health challenge 

Technology Drivers for e-textile 
solution 

Constraints for e-
textiles 

Age related mental 
illnesses e.g. 
Alzheimer’s 
disease.  

GPS and inertial tracking 
devices [1]. Supporting 
personal memory recall 
using wearable cameras 
[2]. Cognitive training apps 
[3] and help with time 
keeping and reminders. 
Assessment and 
monitoring using ambient 
and wearable sensors and 
cameras [4]. 
Communications aids [5]. 
 

Interactive textiles that 
incorporate a range of GPS 
and inertial sensor tracking 
devices in garments. 
Integrate textile speakers 
to enable audible prompts 
that aid memory recall. 

Personalised solutions 
difficult to scale. 
Technical challenges 
around textile speakers. 
Need to integrate into a 
larger system e.g. 
appliance monitoring 
sensors. 

Compliance with 
prescriptions  
 
 

Smartphone medication 
adherence applications 
(adherence apps) [6], 
sensors on medicine 
packaging [7], activity 
recognition detecting cap 
twisting and hand to 
mouth movements [8].  

Actuators/sounders in 
clothing to prompt users. 
Incorporate drug delivery 
into garments (replace a 
patch). 
Wearable inertial sensors 
in clothing to improve 
compliance. 
 

Need to be personalised 
as the prescription 
varies. 

Improving 
emotions and 
mood/emotion 
detection 

ICT systems that provide 
training for inducing 
positive moods and 
entertainment through 
improved interactions 
(e.g. email, chat, friends’ 
forums, photos, videos 
and music) [9] and 
communication 
technologies e.g. voice 
assistants. 
Monitor using 
Electroencephalography 
(EEG) and through facial 
recognition [10]. Exercise 
reduces risk of depression 
[11]. 
 

Wearable e-textiles can 
provide haptic feedback 
(e.g. hug shirt [12]).  
Clothing implemented 
voice assistant would be 
with user at all times. 
 
Wearable comfortable EEG 
implementation 
Invisible - EEG electrodes 
can be hidden in hat 
/headband. 
Convenient – quick to put-
on and take-off 
 

Insufficient processing 
power in wearable 
component – need to 
interface to 
smartphone.   
 
Accuracy and 
repeatability of EEG 
readings, electrodes 
position and motion 
artefacts. 
Require close fitting hat/ 
headband. 

Monitoring sleep 
quality 

Wearable activity 
monitors, smartphone 
apps, baby monitors, 
embedded sensors in 
mattresses [13]. Heart 
rate and respiration 
sensor for sleep analysis 
[14].  
 

E-textiles would provide a 
convenient, comfortable 
platform for hidden 
wearable sensors and 
facilitate combination of 
multiple sensors e.g. 
breathing, ECG, 
movement. Enable sensors 
to be integrated into bed 
linen.  
 

Sufficient processing 
power required for data 
analysis and pattern 
recognition. 
 

Monitoring 
household and 
indoor activities. 

Wearable inertial sensors 
for activity monitoring, 
classification [15] and 
location tracking [16]. 

E-textiles would provide a 
convenient, comfortable 
platform for inertial and 
location sensors 
embedded in clothing. 

Processing power 
required for accurate 
inertial based location 
sensing.  
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Sensors on power points 
for appliance monitoring 
[17,18]. Sensors in 
furniture/carpet [19]. 
 

Pressure sensors 
integrated into furniture 
textiles/carpets. 
 

Physical 
isolation/loneliness 

Wearable sensors for 
location monitoring and 
detecting if they are 
speaking [20]. 

Invisible, comfortable and 
ubiquitous sensors for 
tracking and location 
sensing and breathing 
sensors or microphone for 
detecting speech. 
 

Wireless 
communication/signal 
processing when outside 
the home vs in the 
home. 
Complex electronics 
required to identify 
speech accurately. 

Table 2: Societal challenges associated with healthy ageing 

 
Physical Challenge Technology Drivers for e-textile 

solution 
Constraints for e-textiles 

Rehabilitation from 
injury or condition 
(e.g. stroke), 
limited mobility 

Functional electrical 
stimulation (FES) [21]. 
Assistive physiotherapy, 
sensors and robotics 
[22]. 

Electrodes for FES can be 
located on textiles for 
wearable comfortable 
solutions leading to 
improved compliance with 
exercises and rehab. 
Integrated inertial sensors in 
textiles/clothing can 
monitor exercise progress 
and be linked to gaming. 
Soft robotics can potentially 
be implemented in textiles 
assisting mobility through 
garments. 
 

Individuality (may 
require personalised 
solutions) 
Assisting mobility (soft 
robotics) requires high 
levels of actuation. 
Implementations 
typically require tight 
fitting clothes. 

Poor circulation 
and muscle atrophy 

Assistive technologies 
for exercise to improve 
function e.g. FES [23]. 
Encouraging exercise 
through sensors, 
tracking and 
gamification [24], [25]. 
Resistance training 
followed by heating [26]. 
Compression garments 
[27]. 
 

Textiles provide comfortable 
wearable textile electrodes 
for FES, heart rate 
monitoring and pulse 
oximetry.  Inertial sensors 
integrated in textiles and 
clothing can monitor activity 
and technique to improve 
function and enable 
gamification. Heating 
functionality built into 
clothing - target specific 
locations to increase 
circulation and aid muscle 
growth. 
 

Accurate positioning of 
electrodes and blood 
flow sensors. 
 

Incontinence 
(detection and 
monitoring) 

Disposable sensors for 
assessment applications 
(identifying care plans) 
[28]. Implantable 
bladder sensors 
(pressure). Electrical 
stimulation for 
management of 
overactive bladder [29]. 

Textile based moisture 
activated batteries or 
sensors can enable 
underwear to sense 
incontinence and provide an 
alert. More comfortable 
external textile-based 
electrodes can be used for 
electrical stimulation to 

Electrical stimulation 
requires tight fitting 
garment. 
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 exercise muscles and 
improve control. 
 

Cardio health 
monitoring  

Wearable health devices 
with heart rate sensors 
(e.g. smartwatches, 
chest straps) [30]. 

Textile ECG electrodes on 
garments provides 
unobtrusive and 
comfortable interface. 
Convenient – quick to put 
on. 
 

Quality of data needs to 
be sufficient to detect 
ECG waveform.  
 

Managing bedsores Specialised wound 
dressing e.g. containing 
silver, negative pressure 
wound therapy [31]. 
Pressure modulating 
mattresses/beds/ 
overlays that relieve 
pressure [32]. Pressure 
sensing arrays on 
support surfaces [33].  
 

Smart bandages with 
antibacterial properties (UV 
germicidal irradiation) and 
pressure and temperature 
monitoring capabilities. 
Pressure sensing sheets, 
clothing or integrated into 
mattress upholstery. 

Cost constraints for 
disposable bandages. 
Bedding undergoes 
harsh washing cycles.  

Managing Glucose Analysis of blood (finger-
prick test). Flash glucose 
sensor (wirelessly 
addressable sensor 
placed on skin surface) 
[34] and continuous 
glucose monitoring 
(battery powered 
wireless system with 
implanted sensor) [35]. 
Monitoring through 
sweat [36] and tears 
[37].  
 

Wearable, comfortable and 
less unsightly remote 
monitor for implanted 
continuous glucose sensor. 
 
Textiles provide convenient 
platform for sweat based 
glucose sensor. 

Alignment of transmitter 
over skin mounted and 
implanted glucose 
sensor important. 
Textile based glucose 
sensors in their infancy. 

Early warning of 
falls/fall detection 

Monitor balance through 
gait [38], inertial sensors 
[39] and foot-based 
sensors [40]. Predicting 
falls from visual data 
(e.g. Kinect) [41]. Fall 
detection using inertial 
sensors [42] and floor-
based sensors [43]. 

Clothing based inertial 
sensors for comfort and 
ease of use. Balance 
monitoring through 
pressure sensors in shoe 
insoles or socks. Carpet 
based floor sensor arrays. 
 

The impact of mounting 
inertial sensors in loose 
clothing is not 
understood. 
Accurate textile pressure 
sensors required. 
Low cost carpet based 
distributed sensor arrays 
in infancy.  

Monitoring 
breathing and 
encouraging 
breathing exercises 

Controlled slow 
breathing and breathing 
technique can affect a 
range of physiological 
parameters (e.g. heart 
rate, blood flow 
dynamics) that are 
associated with health 
and longevity [44].  

Clothing based sensors can 
conveniently monitor 
breathing rate and type of 
breathing (e.g. shallow vs 
deep). 

Optimum sensing 
approach for textile-
based solutions not 
known. Influence of 
garment type on sensor 
performance not 
understood.  

Table 3: Physical health and functional ability related challenges associated with healthy ageing 

Wearable technology: the motivation for e-textiles 
It is clear textile implementations of sensors, electrodes and soft robotics have a large range 
of potential applications in supporting healthy ageing. A single development such as textile 
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based inertial sensors benefit a range of physical and non-physical challenges including the 
sensing of motion for the identification of household activities and taking of medicines, the 
provision of feedback during exercise or rehabilitation, fall prevention and detection and 
encouragement of exercise through activity monitoring and gamification. The importance of 
encouraging physical activity in achieving healthy ageing should not be underestimated. 
Exercise maintains physical and cognitive function and reduces the risk of many of the 
challenges identified above. For example, remaining physically active helps maintain cardio 
health, reduce the risk of fall, improve mood and reduce the risk of depression and dementia 
[45].  
 
Similarly, textile-based electrodes also address a number of the societal and physical 
challenges identified above. This includes EEG monitoring for mood detection, ECG electrodes 
for monitoring exercise, cardio health and sleep, and FES electrodes for assisting rehabilitation 
and strengthening muscles to reduce muscle atrophy and prevent incontinence.  
 
The benefits offered by e-textile implementation depend upon the application and the 
solution but there are a number of common advantages: 

• Textile/clothing-based solutions provide a comfortable and familiar platform to users.  
• E-textiles would enable unobtrusive and ubiquitous deployment sensors in clothing 

and furnishings. 
• The integration in clothing will improve compliance (users might forget to use the 

conventional technology, but they always remember to get dressed). 
• The unobtrusive nature of the technology will avoid any perceived stigma associated 

with wearing devices. 
• Multiple sensors can be incorporated into a single platform (e.g. item of clothing) 

rather than requiring users to wear a number of separate devices. 
• Information or alerts can be provided through the textile providing real time feedback 

to the user in a single platform. 
• Textiles are the most common material that people interact with through, for example, 

clothing, soft toys, home furnishings and bed linen, and therefore providing an 
attractive platform for a range of applications.  

• Ease of use and increased compliance can provide more data to better inform 
preventative interventions [46]. 
 

Certain constraints apply to e-textile implementations and some of these are universal and 
apply to all the applications identified in tables 2 and 3. For example, e-textiles are reliant on 
conventional primary or secondary batteries and these are bulky, rigid and incompatible with 
the feel of the textile. For long-term monitoring applications, batteries require user 
intervention to replace or recharge and limit the level of integration since they must be 
removed prior to washing. Embedding sensing functionality can be achieved by coating a 
textile with smart or functional material [47], or embedding miniature MEMS sensors in the 
yarns [48] or fabric [49]. These approaches are not straightforward given the structure of the 
fabric, its fibrous nature and lack of consistency even along the same textile roll. The use of a 
textile substrate for coating-based approaches places constraints on the processing of the 
active film (e.g. processing temperature) which can limit the functionality of the active 
materials. Sensors must be reliably connected to signal processing electronics and power 
sources and embedding these technologies in an unobtrusive manner is not straightforward. 
The influence of the textile or clothing on the accuracy of the sensor data is unknown and will 
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require calibration e.g. the data gathered from inertial sensors on garments will depend upon 
how tight fitting the clothing is. Electronic and sensing technologies incorporated during the 
manufacture of the textile must survive the associated manufacturing process (e.g. weaving, 
knitting, surface finishing) and e-textile processes must be compatible with mass manufacture. 
During use, textiles routinely experience harsh physical conditions (e.g. physical wear, bending 
and flexing, exposure to liquids) and ensuring solutions are robust and reliable is a significant 
challenge. E-textiles based applications must consider safety considerations and the 
implications of data management and associated ethics/privacy issues must also be 
addressed. Ultimately, some e-textile applications may need to meet regulations that apply to 
medical devices.  
 
Addressing these will enable e-textile technology to provide a user-friendly acceptable 
platform for assisting healthy ageing that address many of the limitation of existing 
conventional solutions [50]. The following section focuses on these constraints in more detail 
and identifies the specific research challenges that remain.  
 

Workshop Part 2 – Healthy ageing and e-textiles 
 
The second part of the workshop explored e-textiles technologies that will be able to support 
healthy ageing in the future. The discussion focused on the technical constraints and 
challenges identified in part 1 and identified the fundamental scientific research and technical 
developments required to advance e-textiles to where they can deliver a practical solution. 
This work has been augmented by a literature review to highlight the current state of the art 
in each aspect. The following table lists each e-textile technology and which aspect of healthy 
ageing it relates to. For each of these, the existing technology readiness level (TRL14) of e-
textile implementations and time to achieve a viable e-textile product is estimated. The table 
also includes an example of the current state of the art and the research and development 
required to reach TRL 9 is identified.  
 

E-textile 
technology 

Application in 
healthy ageing 

Existing 
TRL 

Time to 
product1  

Current state of the art and research 
required 

Inertial sensors 
(e.g. 
accelerometer) 

Inertial tracking, 
activity monitoring, 
monitoring 
physiotherapy 
exercises, 
gamification to 
encourage physical 
activity, fall 
prevention/ 
detection, 
monitoring sleep 
quality, compliance 
with prescriptions.  

5 short Existing textile-based activity 
monitoring uses a variety of strain 
sensing techniques (see below) rather 
than inertial sensors [51]. 
Accelerometers can be mounted on to 
a textile using the Lilypad platform 
(sewn on rigid PCBs) [52]. Improved 
integration in the fabric itself has 
been achieved in the EPSRC funded 
FETT project [53] (not yet published). 
Research required includes achieving 
full inertial measurement using 
incorporating magnetometers and 
gyroscopes, understanding how the 
textile embodiment effects 
performance and the impact this has 
on activity classification. 

                                                      
14 https://epsrc.ukri.org/research/ourportfolio/themes/healthcaretechnologies/strategy/toolkit/landscape/ 
 

https://epsrc.ukri.org/research/ourportfolio/themes/healthcaretechnologies/strategy/toolkit/landscape/
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Fabric electrodes 
for biosignal 
sensing (ECG, 
EMG, EEG) and 
stimulation (FES) 

ECG - heart rate for 
activity tracking, 
cardio health 
monitoring and sleep 
analysis. EMG – 
muscle activity 
during 
physiotherapy. EEG - 
brain signal 
monitoring for mood 
detection. 
FES: assistive 
physiotherapy for 
rehabilitation and 
improved function, 
bladder control. 

4-9 Medium  Fabric-based dry electrodes have 
been demonstrated for ECG [54], EEG 
[55] EMG [56] and FES [47]. At 
present all associated signal 
processing and control aspects are 
performed off the textile which 
increases the number of electrical 
connections required, reduces 
portability and ease of use. Further 
research is required to:  1. Improve 
dry electrode/skin contact and reduce 
resistance without using gel/water. 2. 
Incorporate the electrodes into user 
friendly garments and reduce the 
requirement for such tight-fitting 
clothing. 3. Improve the reliable 
integration of electronics in textiles.  

Textile pulse 
oximetry  

Non-invasive 
monitoring of oxygen 
saturation of a 
patient’s blood. 

3 Long Conventional fingertip or earlobe-
based pulse oximetry sensors are 
common place. Polymer fibre optics 
embroidered into a textile [57] and 
fabric embedded LEDs and 
photodiodes [58] have demonstrated 
the feasibility of textile 
implementations. Neither approach 
has been developed into a practical 
solution. Further work is required to 
ensure robust and reliable operation 
and studies are required to validate 
performance.  

Strain gauges: 
piezoresistive 
(measure strain 
through a change 
in resistance) or 
capacitive 
(change in 
capacitance) 

Activity monitoring 
and classification or 
monitoring breathing 
by measuring strain 
or bending in a 
textile/garment.  

3-6 Medium Existing solutions include screen 
printed resistive material with sewn 
conductive thread contacts [59], 
knitted resistive sensors [60] and 
multilayer capacitive assembly using 
conductive textiles and dielectric 
layers [61]. Further work required on 
cyclical stability of sensors and 
minimising drift, sensor placement vs 
activity type, activity classification and 
sensor fusion (combining data with 
output from other senor types).  

Temperature 
sensors (e.g. 
thermistor -
change in 
resistance with 
temperature)   

General health 
monitoring and 
feedback control in 
heated garment 
applications (e.g. 
improving 
circulation). 

4-9 Short Discrete temperature sensors have 
been embedded into textiles. 
Commercialised products exist (e.g. 
Siren smart socks for diabetic foot 
temperature monitoring). Thermistors 
have been integrated with complete 
circuits in the FETT project [62]. 
Applications specific challenges 
remain. 

Moisture sensors  Incontinence 
application. 

3-6 Long Disposable urine activated battery can 
be used to provide a self-powered 
system detecting urinations [63]. 
Carbon nanotube-based filament 
sensors can be fabricated as a yarn – 
change resistance with moisture [64]. 
Existing lab-based demos need to be 
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developed for the application, cost 
reducing and manufacturing 
challenges remain, sensor robustness 
and reliability need to be established.  

Textile pressure 
sensors 

Managing bed sores, 
foot-based balance 
monitoring for fall 
prevention, 
compression 
garments. 

3-9  Resistive based approaches including 
dielectric coated conductive yarns 
have demonstrated good 
performance in terms of sensitivity 
and stability [65]. Similar concept has 
been commercialised by Texis [66]. 
Other sensor types e.g. carbon nano 
tube coated fabrics [67], 
piezoresistive textiles [68] 
demonstrated in the lab but less 
developed. Remaining challenges 
include improving stability and 
longevity, scaling up for large area 
production and ensuring washability.  

Fabric based 
glucose sensors  

Managing glucose 
levels using discrete 
monitors for flash 
and implanted 
sensors and new 
sweat based glucose 
sensors.  

2-5 Short - 
long 

Electronics for remote monitoring of 
flash and implanted sensors can be 
integrated and hidden in clothing. 
Flexible circuits and packaging 
technology developed in FETT project 
is applicable [53] – this requires 
development and testing in the 
intended environment.  
Sweat based glucose sensors would 
be well suited to a textile platform but 
whilst the feasibility of using sweat 
has been demonstrated [36], a fabric-
based glucose sensor has yet to be 
demonstrated. Research into textile 
compatible electrochemical sensor for 
glucose monitoring and associated 
electronics, packaging and validation 
is required.  

Actuators Assisting mobility 
and providing haptic 
feedback. 
 

2-3 Long Fibre based twisted and coiled soft 
actuators based on Spandex can 
contract by 45% when heated to 
130oC (resistive heating) [69]. 
Electrostatic actuation demonstrated 
with woven soft PVC fabric 
sandwiched between two electrodes 
suitable for generating vibrations [70]. 
Pneumatic actuators (artificial 
muscles) have been demonstrated in 
a power-assist suit [71] and orthotic 
device [72]. Pneumatic exoskeleton 
suits are commercially available but 
these are not integrated in a textile. 
Research challenges include 
overcoming the high-power 
consumption of thermal actuators, 
formulating materials and soft robotic 
structures that maximise strain whilst 
minimising energy consumption. 
Developing soft fibres, yarns and 
fabric structures that maximise the 
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strain achieved in electroactive 
actuators. Pneumatic actuation is 
capable of high forces but is poorly 
integrated into textiles and bulky. 
Research is required to improve 
integration, reduce size and engineer 
actuators and garments such that 
forces are coupled effectively.  

Fabric speakers Enabling audible 
communication with 
users for memory 
prompts and other 
assisting 
technologies.  

2-4 Medium-
long 

Active materials have been used to 
generate sound from textiles. A 
ferroelectret actuator (thin foam-
based material driven by applied 
voltage) has been sandwiched 
between fabrics to make a music 
playing flag [73]. Piezoelectric 
materials such as PVDF have also been 
used [74]. Current driven printed 
conductive spirals on textile have 
been combined with a permanent 
magnet to generate sound [75]. 
Research required to increase the 
actuating force of the active materials 
whilst retaining compatibility with 
fabrics, improve coupling between the 
actuating materials and the textile 
and investigate the influence of 
garment design on speaker 
performance. 

Monitoring 
breathing 

Measuring sleep 
quality, assist with 
breathing exercises 
and improving 
technique, detecting 
speech (social 
interaction). 

2-4 Long Breathing rate and volume can be 
determined by a number of methods:  
measuring local strain resistive 
sensors on the skin [76] and on 
textiles [77]. Strain sensitive fibre 
optic sensors have been glued to a 
textile [78]. Other novel sensing 
techniques demonstrate include RF 
frequency [79], change in capacitance 
(e.g. capaciflector [80]). Inertial 
sensors and magnetometers can be 
used [81] but have yet to be 
demonstrated implemented in a 
textile.  
The fabric-based sensing techniques 
demonstrated are all in the early 
stages of development and require 
further work to improve integration 
and achieve reliable operation over a 
long-term basis. Performance also 
needs to be benchmarked against 
existing systems.   

Integrated 
location sensing  

Identifying an 
individual’s location 
and movements both 
within the home and 
outside.  

Textile 
based 
systems 
4 

Medium Rigid electronics modules that use a 
combination of GPS and inertial 
sensors to track the performance of 
elite athletes are commercially 
available. These are typically inserted 
into a pocket in the clothing at the top 
of the back [82].   
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Research is required to improve the 
integration of the technology into the 
clothing, such that it is invisible both 
to the user and externally. Textile GPS 
antennas have been widely 
researched but no textile-based 
GPS/inertial system has been 
demonstrated. Flexible electronics 
and packaging approaches such as 
that developed in the FETT project 
[62] need to be applied in this 
application and benchmarked.   

Antibacterial 
textiles 

Smart bandages  1-4 Medium-
long 

Antimicrobial fabrics and associated 
finishing products are commercialised 
and used, for example, in medical 
environments [83] and bandages.  
Research challenges remain in 
improving the environmental 
friendliness of passive fabrics and 
preventing the migration of silver 
nano particles that reduces efficacy. 
Wound treatment can be improved 
with using smart bandages that 
include active functionality such as 
sensing and controlled drug release 
[84]. Incorporating ultraviolet 
emitting sources into a bandage can 
also actively kill bacteria but this has 
not yet been demonstrated.    

Table 4: Technical breakthroughs and scientific research challenges required for e-textiles 
1 Time to product defined as short/medium/long term which corresponds to 1-3 years/4-6 years/ 7+ years respectively 

 
E-textiles technology development for heathy ageing applications 
The technologies listed in table 4 address the e-textile solutions identified in tables 2 and 3 
with the exception of the heating functionality intended to improve circulation and aid 
recovery from certain injuries. Heated clothing is already widely commercialised based upon 
resistive heating (for example Blaze Wear [85]) and there are no significant research 
challenges remaining. The TRL quoted does depend on both the technologies and applications. 
The range of TRLs quoted for each e-textile technology also reflects the multiple potential 
solutions being explored.  
 
For the technologies listed in table 4, there are a wide range of major challenges required to 
advance the e-textile embodiments to a point at which they offer a practical solution and 
potentially a commercially viable product. In general, research is required to improve the 
sensitivity, repeatability, durability, reproducibility and level of integration of the textile-based 
technologies enabling their use in long-term monitoring and support systems. The research 
topics relating to these challenges can be grouped into the following categories: 
 

1. Materials research - Materials and their performance in textiles—There have been a 
wide range of functional materials been used in healthcare care applications including 
fabric-based dry electrodes for monitoring, diagnosis and treatment; flexible 
stretchable resistive and piezoelectric materials for sensors; electroactive polymer for 
actuators (e.g., artificial muscles); carbon nanotube-based filament and dielectric 
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coated conductive yarns for conductors and heaters; light emitting polymers for 
therapies. These materials must survive the rigours of use in the relevant application 
scenarios. Existing e-textiles are typically unsatisfactory in terms of reliability during 
use and durability (e.g., bending, stretching, washing). Biocompatibility (e.g., 
cytotoxicity, irritation, sensitisation) is also an essential requirement to ensure user 
safety and comfort is another issue. 
 

2. Discrete sensor/device integration in textiles – Electronics (e.g., inertial sensors, pulse 
oximetry, temperature, circuit) and textile integration has progressed to the point 
where flexible circuits can be woven into a fabric or formed into a yarn. Both 
approaches allow the potential for electronics to be unobtrusive and effectively hidden 
within the textile. However, challenges remain regarding e-yarn length, numbers and 
reliability of interconnections, component sizes and flexibility. 

  
3. Garment/textile engineering/manufacturing – Research regarding the influence of 

garment fit on sensor performance and engineering garment/textile structures that 
maximise coupling to sensors and actuators. The widespread manufacturing of e-
textiles has been limited by the diverse range of techniques required to produce a set 
of functions in an e-textile. Ideally the e-textiles manufacturing process should be 
compatible with existing equipment (e.g., spinning, knitting, weaving, printing, coating, 
dyeing, finishing) already in use for conventional textile manufacturing to enable mass 
production. This is not straightforward and the specific challenges will depend on the 
electronics functionality and manufacturing process. For example, printing functional 
materials requires a much higher quality print than would be the case for patterning a 
fabric since any errors will result in failure. The structural design of sensors and 
actuators (e.g. capacitive sensors, electroactive polymer actuators, textile compatible 
electrochemical sensor) also requires investigation. 

 
4. End user validation—The majority of research has been carried out in the lab with 

little or no input from end users. This leads to a disconnection between the technology 
and the end user requirements which delays uptake and the development of new 
products. Involvement of the end user and other key stakeholders (e.g., clinicians, 
regulators) from the outset of the project is essential to ensure the research effectively 
addresses the users’ need and smooths the transfer from lab research to adoption in 
the market. 

 
It should be noted that this review and roadmapping exercise has focused on the research 
challenges that relate in particular to healthy ageing. It has deliberately not included more 
generic technical challenges that are common to e-textile applications in general. These more 
generic challenges include the following:  

• Integrated electronics in textiles 
• Conductive textiles and fabric interconnects and connectors 
• Supply of electrical power 
• Manufacturing and sustainability 
• Wireless communications and associated textile antenna design 
• Data processing, storage and associated privacy issues.  
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Another consideration to be aware of is regulatory requirements. Compliance with medical 
device regulations is necessary for medical devices in order to demonstrate the safety and 
clinical effectiveness. This sets an entry barrier and lengthens the time required to take 
medical devices to market. The change in EU medical device regulation with the Medical 
Device Regulation (MDR) replacing the Medical Device Directive (MDD), with full effect from 
May 2020, will make the entry barrier even higher. Clinical evaluation (e.g., randomized 
controlled trials) are needed for new emerging products. 
 
It is clear that as the technologies continue to evolve, wearable healthcare systems based-on 
e-textiles will be an attractive solution for comfortable and un-obtrusive monitoring of health 
parameters within a smart home/smart city environment. Achieving the required functionality 
and performance and using scalable manufacturing approaches compatible with conventional 
textile methods such as weaving, knitting, stitching and printing have a great potential for 
developing low-cost wearable solutions.  
 
Skills and People 
The multidisciplinary nature of the research challenges is clearly evident and developing 
solutions requires a complimentary blend of skills and expertise. At present e-textiles research 
is often approached by researchers with a background in textiles or electronics but there is 
clearly the opportunity to increase the involvement of other communities such as materials 
scientists, chemists and instrumentation engineers. The research challenges can only 
effectively be met by interdisciplinary teams sharing expertise and methods and involving end 
users/stakeholders at an early stage in the research. This combination is necessary to 
appreciate the requirements of the application and constraints imposed by textile 
manufacturing methods and application environments.   
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Appendix 1 – Workshop Agenda 
 

E-Textiles for Healthy Ageing 
 

Manchester Metropolitan University, 14th February 2019 
Benzie Building, Higher Chatham Street, Manchester, M15 6ED 

 
 
 

9.30 Registration & coffee 

10.00 Welcome and Introduction 

10.10 Short presentation – Dr Laura Brown “What is Healthy Ageing?” 
The World Health Organization (WHO) defines health as “a state of 
complete physical, mental and social well-being and not merely the 
absence of disease or infirmity”. This highlights the importance of 
taking a broad and holistic view when deciding what the target 
outcomes of healthy ageing interventions should be. This talk will 
provide an overview of some of the common health issues associated 
with ageing, and will also consider definitions of healthy ageing from a 
variety of perspectives. 

10.30 Short presentation – Prof. William Harwin “Classification and 
assessment of movements from inertial sensors.” 
Low energy inertial sensors make it feasible to embed mesh networks 
of sealed sensors. With sufficient sensors and an ability to store and 
transmit information, it would be easy to determine activities and 
quantify movement quality. These measurements are of value in 
healthcare, the safety industry, sports science, and military as well as 
providing a valuable mechanism for ongoing research. This 
presentation will consider how data from multiple inertial sensors that 
can be incorporated into casual clothing could be processed and used 
for applications in healthcare and allied research. 

10.50 Panel discussion – Q&A and general discussion 

11.10 Facilitated workshop session: (excluding e-textiles) What could 
technology do for healthy ageing 

12.00 Lunch and networking 

12.45 Short presentation – Tim Brownstone (Kymira) “How e-textiles 
can change domestic health care forever” 
The original computer programmes where inspired by automated 
binary code used by the textiles industry. Today computing and 
sensing functionality is being built into the textiles themselves giving 
rise to entirely new methods of generating data. Perhaps the greatest 
ramifications of these advances will be seen in healthcare which has 
fallen behind other industries with its adoption of wearable electronics 
due to a lack of accuracy and functionality. Do e-textiles hold the 
answer? 

13.05 Short presentation – Prof. Cathy Treadaway “Keeping the 
person at the heart - designing for dementia and cognitive 
impairment” 

 
Over the last 6 years Professor Cathy Treadaway has been leading 
international design research, informing the development of playful 

https://www.research.manchester.ac.uk/portal/laura.brown.html
https://www.reading.ac.uk/biologicalsciences/bme/about/staff/w-s-harwin.aspx
http://kymira.co.uk/
https://www.cardiffmet.ac.uk/artanddesign/staff/Pages/cathytreadaway.aspx
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 products for older people living with cognitive impairment as a result of 

dementia and stroke. The presentation will describe how e-textiles 
have been used in the design of highly personalised sensory products 
that enhance the quality of life of people living with advanced dementia 
with severe cognitive and communication difficulties. 

13.25 Short presentation – Mark Pedley (Smartlife) “Insight to live 
better, everyday” 

 
Smartlife have developed innovative textile sensors and electronics 
which can be integrated into any close-fitting garment and are capable 
of detecting the body’s biophysical signals (e.g. ECG, EMG, 
respiration), and mechanical forces on the body. 
Smartlife technology is discreet, comfortable, cost-competitive, and its 
accuracy has been independently verified by leading academic 
institutions. 

13.45 Panel discussion – Q&A and general discussion 

14.05 Coffee break 

14.15 Facilitated workshop session: The research challenges in 
converting the identified technologies into e-textile embodiments 
and timeframe for implementation 

15.50 Wrap up and next steps 

16.00 Close 

 
 

Additional references 

[1] Guo Q. et al. (2018) Personal Inertial Navigation System Assisted by MEMS Ground Reaction Sensor Array 
and Interface ASIC for GPS-Denied Environment, IEEE Journal of Solid-State Circuits, vol. 53, no. 11, pp. 3039-
3049, 10.1109/JSSC.2018.2868263  
[2] Woodberry E. et al. (2014) The use of a wearable camera improves autobiographical memory in patients 
with Alzheimer's disease, Memory, 23(3), 340-349, https://doi.org/10.1080/09658211.2014.886703  
[3] Kong, A. (2017) The use of free non-dementia-specific Apps on iPad to conduct group communication 
exercises for individuals with Alzheimer’s disease (Innovative Practice), Dementia, 
https://doi.org/10.1177/1471301217727630 
[4] Stavropoulos T. G. et al. (2017) DemaWare2: Integrating sensors, multimedia and semantic analysis for the 
ambient care of dementia, Pervasive and Mobile Computing, 34, 126- 145, 
https://doi.org/10.1016/j.pmcj.2016.06.006 
[5] Ekström A. et al. (2015) Digital communication support and Alzheimer’s disease, Dementia, 
https://doi.org/10.1177/1471301215615456  
[6] Dayer L. et al. (2013) Smartphone medication adherence apps: Potential benefits to patients and providers, 
Journal of the American Pharmacists Association, Volume 53, Issue 2, Pages 172-181, 
https://doi.org/10.1331/JAPhA.2013.12202 
[7] Aldeer M. et al. (2018) A Review of Medication Adherence Monitoring Technologies, Applied System 
Innovation, 1(2), 14, https://doi.org/10.3390/asi1020014  
[8] R. Wang et al. (2014) Automatic identification of solid-phase medication intake using wireless wearable 
accelerometers, 36th Annual International Conference of the IEEE Engineering in Medicine and Biology Society, 
Chicago, IL, pp. 4168-4171, doi: 10.1109/EMBC.2014.6944542  
[9] Botella, C. et al. (2009) An e-health system for the elderly (Butler Project): a pilot study on acceptance and 
satisfaction, Cyberpsychol Behav. 2009 Jun;12(3):255-62. doi: 10.1089/cpb.2008.0325 
[10] Soleymani, M. et al. (2016) Analysis of EEG Signals and Facial Expressions for Continuous Emotion 
Detection, IEEE Transactions on Affective Computing, vol. 7, no. 1, pp. 17-28, 10.1109/TAFFC.2015.2436926  

                                                      

https://www.smartlifeinc.com/
https://doi.org/10.1109/JSSC.2018.2868263
https://doi.org/10.1080/09658211.2014.886703
https://doi.org/10.1177%2F1471301217727630
https://doi.org/10.1016/j.pmcj.2016.06.006
https://doi.org/10.1177%2F1471301215615456
https://doi.org/10.1331/JAPhA.2013.12202
https://doi.org/10.3390/asi1020014
https://doi.org/10.1109/EMBC.2014.6944542
https://doi.org/10.1089/cpb.2008.0325
https://doi.org/10.1109/TAFFC.2015.2436926


 

 24 

                                                                                                                                                                     
[11] Catalan-Matamoros D. et al. (2016) Exercise improves depressive symptoms in older adults: An umbrella 
review of systematic reviews and meta-analyses, Psychiatry Research, vol. 244, pp. 202-209, 
https://doi.org/10.1016/j.psychres.2016.07.028  
[12] http://cutecircuit.com/the-hug-shirt/ (accessed 1/5/19) 
[13] Ko, P.R. et al. (2015) Consumer Sleep Technologies: A Review of the Landscape, J Clin Sleep Med, 11(12), 
1455–1461, http://dx.doi.org/10.5664/jcsm.5288  
[14] Mack D. C. et al. (2009) Development and Preliminary Validation of Heart Rate and Breathing Rate 
Detection Using a Passive, Ballistocardiography-Based Sleep Monitoring System, IEEE Transactions on 
Information Technology in Biomedicine, vol. 13, no. 1, pp. 111-120, 10.1109/TITB.2008.2007194  
[15] Fafoutis, et al. (2017). Designing wearable sensing platforms for healthcare in a residential 
environment. EAI Endorsed Transactions on Pervasive Health and Technology, 3 (12), 153063, doi: 
10.4108/eai.7-9-2017.153063 
[16] Qiu, S. et al. (2018) Inertial/magnetic sensors based pedestrian dead reckoning by means of multi-sensor 
fusion, Inforamtion Fusion, vol. 39, pp. 108-119, https://doi.org/10.1016/j.inffus.2017.04.006  
[17] Fernández-Caramés, T. M. et al. (2015) An Intelligent Power Outlet System for the Smart Home of the 
Internet of Things, Int. J. of Distributed Sensor Networks, Article ID 214805,  
https://doi.org/10.1155/2015/214805  
[18] Suryadevara and S. C. Mukhopadhyay (2012) Wireless Sensor Network Based Home Monitoring System 
for Wellness Determination of Elderly, IEEE Sensors Journal, 12(6), pp. 1965-1972, 
10.1109/JSEN.2011.2182341  
[19] Arshad A. et al. (2016) An activity monitoring system for senior citizens living independently using 
capacitive sensing technique, IEEE International Instrumentation and Measurement Technology Conference 
Proceedings, Taipei, 2016, pp. 1-6, 10.1109/I2MTC.2016.7520405  
[20] Ejupi, A. and Menon, C. (2018) Detection of Talking in Respiratory Signals: A Feasibility Study Using 
Machine Learning and Wearable Textile-Based Sensors, Sensors, 18(8), 2474, doi: 10.3390/s18082474 
[21] Hodkin E.F. et al. (2018) Automated FES for Upper Limb Rehabilitation Following Stroke and Spinal Cord 
Injury, IEEE Transactions on Neural Systems and Rehabilitation Engineering, vol. 26, no. 5, pp. 1067-1074, doi: 
10.1109/TNSRE.2018.2816238  
[22] Beckerle P. et al. (2017) A Human–Robot Interaction Perspective on Assistive and Rehabilitation Robotics, 
Frontiers in Neurorobotics, 11, https://doi.org/10.3389/fnbot.2017.00024.  
[23] Dirks M.L. et al. (2015) Neuromuscular electrical stimulation prevents muscle wasting in critically ill 
comatose patients, 128(6), 357-365, doi: 10.1042/CS20140447.  
[24] Hassan L. et al. (2019) How motivational feedback increases user’s benefits and continued use: A study on 
gamification, quantified-self and social networking, International Journal of Information Management, 
Volume 46, pages 151-162, https://doi.org/10.1016/j.ijinfomgt.2018.12.004 
[25] Sullivan A. N. and Lachman M. E. (2017) Behavior Change with Fitness Technology in Sedentary Adults: A 
Review of the Evidence for Increasing Physical Activity, Frontiers in Public Health, vol. pp. 289, 
https://doi.org/10.3389/fpubh.2016.00289 
[26] Zak R.B. et al. (2018) Impact of local heating and cooling on skeletal muscle transcriptional response 
related to myogenesis and proteolysis, European Journal of Applied Physiology, 118(1), pp 101–109, 
https://doi.org/10.1007/s00421-017-3749-z   
[27] Broatch J.R. (2018) Lower Limb Sports Compression Garments Improve Muscle Blood Flow and Exercise 
Performance During Repeated-Sprint Cycling, 13(7), 882-890, https://doi.org/10.1123/ijspp.2017-0638  
[28] Health Quality Ontario (2018) Electronic Monitoring Systems to Assess Urinary Incontinence: A Health 
Technology Assessment. Ont Health Technol Assess Ser.; 18(3), 1–60, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5963666/pdf/ohtas-18-1.pdf 
[29]  Stewart  F. et al. (2016) Electrical stimulation with non‐implanted electrodes for overactive bladder in 
adults, Cochrane Database of Systematic Reviews, Issue 12, Art. No.: CD010098, doi: 
10.1002/14651858.CD010098.pub4. 
[30] Dias D. and Paulo Silva Cunha J. (2018) Wearable Health Devices-Vital Sign Monitoring, Systems and 
Technologies, Sensors, 18(8), 2414, doi: 10.3390/s18082414.  
[31] Boyko T.V. et al. (2018) Review of the Current Management of Pressure Ulcers, Adv Wound Care (New 
Rochelle). 2018 Feb 1; 7(2): 57–67, doi: 10.1089/wound.2016.0697.  
[32] Tsuchiya S. et al. (2016) The effectiveness of small changes for pressure redistribution; using the air 
mattress for small changes, J. of Tissue Viability, 25 (2), pp. 135-142, https://doi.org/10.1016/j.jtv.2015.12.001. 

https://doi.org/10.1016/j.psychres.2016.07.028
http://cutecircuit.com/the-hug-shirt/
http://dx.doi.org/10.5664/jcsm.5288
https://doi.org/10.1109/TITB.2008.2007194
https://doi.org/10.4108/eai.7-9-2017.153063
https://doi.org/10.1016/j.inffus.2017.04.006
https://doi.org/10.1155%2F2015%2F214805
https://doi.org/10.1109/JSEN.2011.2182341
https://doi.org/10.1109/I2MTC.2016.7520405
https://dx.doi.org/10.3390%2Fs18082474
https://doi.org/10.1109/TNSRE.2018.2816238
https://doi.org/10.3389/fnbot.2017.00024
https://doi.org/10.1016/j.ijinfomgt.2018.12.004
https://doi.org/10.3389/fpubh.2016.00289
https://doi.org/10.1007/s00421-017-3749-z
https://doi.org/10.1123/ijspp.2017-0638
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5963666/pdf/ohtas-18-1.pdf
https://dx.doi.org/10.3390%2Fs18082414
https://dx.doi.org/10.1089%2Fwound.2016.0697
https://doi.org/10.1016/j.jtv.2015.12.001


 

 25 

                                                                                                                                                                     
[33] Siddiqui A. et al. (2013) A Continuous Bedside Pressure Mapping System for Prevention of Pressure Ulcer 
Development in the ICU: a Retrospective Analysis. Wounds. 2013; 25: 333-339, 
https://pdfs.semanticscholar.org/89be/3936dc6c226b005d3d551a26efab6915ce6f.pdf  
[34] Bailey T. et al. (2015) The Performance and Usability of a Factory-Calibrated Flash Glucose Monitoring 
System, Diabetes Technology & Therapeutics, Vol. 17, No. 1, https://doi.org/10.1089/dia.2014.0378 
[35] Rodbard D. (2016) Continuous Glucose Monitoring: A Review of Successes, Challenges, and Opportunities, 
Diabetes Technology & Therapeutics, Vol. 18, No. S2, https://doi.org/10.1089/dia.2015.0417  
[36] Karpova E. V. et al. (2019) Noninvasive Diabetes Monitoring through Continuous Analysis of Sweat Using 
Flow-Through Glucose Biosensor, Anal. Chem., 91 (6), pp 3778–3783, DOI: 10.1021/acs.analchem.8b05928.  
[37] Ascaso F. J. et al. (2016) Noninvasive Continuous Monitoring of Tear Glucose Using Glucose-
Sensing Contact Lenses, Optometry and Vision Science, Volume 93(4), pp. p 426–434, doi: 
10.1097/OPX.0000000000000698.   
[38] Vieira E. R. et al. (2016), Prevention of falls in older people living in the community, BMJ, 353 :i1419, 
doi: https://doi.org/10.1136/bmj.i1419  
[39] Lee, C. H. and Sun T. L. (2018) Evaluation of postural stability based on a force plate and inertial sensor 
during static balance measurements, Journal of Physiological Anthropology, 37:27, 
https://doi.org/10.1186/s40101-018-0187-5  
[40] van de Veg, P. et al. (2015) Unobtrusive monitoring and identification of fall accidents, Medical 
Engineering & Physics, Volume 37, Issue 5, pp. 499-504, https://doi.org/10.1016/j.medengphy.2015.02.009 
[41] Phillips, L. J. et al. (2016) Using Embedded Sensors in Independent Living to Predict Gait Changes and Falls,  
Western Journal of Nursing Research, vol. 39 (1), pp. 78-94, https://doi.org/10.1177/0193945916662027 
[42] Pierleoni P. et al. (2015) A High Reliability Wearable Device for Elderly Fall Detection, IEEE Sensors Journal, 
vol. 15, no. 8, pp. 4544-4553, DOI: 10.1109/JSEN.2015.2423562  
[43] Feng G. et al. (2016) Floor Pressure Imaging for Fall Detection with Fiber-Optic Sensors, IEEE Pervasive 
Computing, vol. 15, no. 2, pp. 40-47, DOI: 10.1109/MPRV.2016.27 
[44] Russo M. A. et al. (2017) The physiological effects of slow breathing in the healthy human, 
Breathe 2017 13: 298-309, http://doi.org/10.1183/20734735.009817  
[45] Bauman A. et al. (2016) Updating the Evidence for Physical Activity: Summative Reviews of the 
Epidemiological Evidence, Prevalence, and Interventions to Promote “Active Aging”, The Gerontologist, Vol. 
56(2), pp. S268–S280, https://doi.org/10.1093/geront/gnw031 
[46] Zheng Y. et al. (2014) Unobtrusive Sensing and Wearable Devices for Health Informatics, IEEE Trans. on 
Biomedical Engineering, vol. 61, no. 5, pp. 1538-1554, doi: 10.1109/TBME.2014.2309951 
[47] Yang, K. et al. (2018) Development of User-Friendly Wearable Electronic Textiles for Healthcare 
Applications, Sensors, 18(8), pp. 2410, https://doi.org/10.3390/s18082410  
[48] Hardy, D.A. et al. (2019) Automated insertion of package dies onto wire and into a textile yarn sheath 
Microsystem Technologies, https://doi.org/10.1007/s00542-019-04361-y  
[49] Beeby S. et al. (2018) Functional Electronic Textiles: Circuit Integration and Energy Harvesting Power 
Supplies, 2018 International Flexible Electronics Technology Conference (IFETC), Ottawa, ON, pp. 1-3, 
DOI: 10.1109/IFETC.2018.8583839  
[50] Maresova, P. et al. (2018) Technological Solutions for Older People with Alzheimer's Disease: Review, 
Current Alzheimer Research, 15(10), pp. 975-983, https://doi.org/10.2174/1567205015666180427124547.  
[51] Mokhlespour Esfahani M. I. and M. A. Nussbaum (2018) Preferred Placement and Usability of a Smart 
Textile System vs. Inertial Measurement Units for Activity Monitoring, Sensors 2018, 18(8), 
2501; https://doi.org/10.3390/s18082501 
[52] https://www.sparkfun.com/products/9267  
[53]  https://www.fett.ecs.soton.ac.uk/ 
[54] Ankhili A. et al. (2018) Washable and Reliable Textile Electrodes Embedded into Underwear Fabric for 
Electrocardiography (ECG) Monitoring, Materials 2018, 11(2), 256; https://doi.org/10.3390/ma11020256 
[55] Shu L. et al. (2019) Multilayer Sweat-absorbable Textile Electrode for EEG Measurement in Forehead Site, 
IEEE Sensors Journal, DOI: 10.1109/JSEN.2019.2912667  
[56]Di Giminiani R. et al. (2018) A wearable integrated textile EMG and muscle oximetry system for monitoring 
exercise-induced effects: a feasibility study, 2018 IEEE International Symposium on Medical Measurements 
and Applications (MeMeA), Rome, pp. 1-5. DOI: 10.1109/MeMeA.2018.8438785  
[57] Rothmaier M. et al. (2008) Photonic textiles for pulse oximetry, Opt Express., 16(17), pp. 12973-86, 
DOI:10.1364/oe.16.012973 
[58] Satharasinghe A. et al. (2018) Photodiodes embedded within electronic textiles, Scientific Reports 8, 
Article number: 16205, https://www.nature.com/articles/s41598-018-34483-8 

https://pdfs.semanticscholar.org/89be/3936dc6c226b005d3d551a26efab6915ce6f.pdf
https://doi.org/10.1089/dia.2014.0378
https://doi.org/10.1089/dia.2015.0417
https://doi.org/10.1136/bmj.i1419
https://doi.org/10.1186/s40101-018-0187-5
https://doi.org/10.1016/j.medengphy.2015.02.009
https://doi.org/10.1177%2F0193945916662027
https://doi.org/10.1109/JSEN.2015.2423562
https://doi.org/10.1109/MPRV.2016.27
http://doi.org/10.1183/20734735.009817
https://doi.org/10.1093/geront/gnw031
https://doi.org/10.1109/TBME.2014.2309951
https://doi.org/10.3390/s18082410
https://doi.org/10.1109/IFETC.2018.8583839
https://doi.org/10.2174/1567205015666180427124547
https://doi.org/10.3390/s18082501
https://www.sparkfun.com/products/9267
https://www.fett.ecs.soton.ac.uk/
https://doi.org/10.3390/ma11020256
https://doi.org/10.1109/JSEN.2019.2912667
https://doi.org/10.1109/MeMeA.2018.8438785
https://doi.org/10.1364/oe.16.012973
https://www.nature.com/articles/s41598-018-34483-8


 

 26 

                                                                                                                                                                     
[59] Mokhlespour Esfahani M. I. and M. A. Nussbaum (2018) A “Smart” Undershirt for Tracking Upper Body 
Motions: Task Classification and Angle Estimation, IEEE Sensors Journal, vol. 18, no. 18, pp. 7650-7658, 
DOI: 10.1109/JSEN.2018.2859626  
[60] Lorussi F. et al. (2017) Strain- and Angular-Sensing Fabrics for Human Motion Analysis in Daily Life, in: 
Schneegass S., Amft O. (eds) Smart Textiles. Human–Computer Interaction Series. Springer, Cham, 
https://doi.org/10.1007/978-3-319-50124-6_4   
[61] Totaro M. et al. (2017) Soft Smart Garments for Lower Limb Joint Position Analysis, Sensors 2017, 17(10), 
2314; https://doi.org/10.3390/s17102314 
[62] Komolafe A. et al. (2019) Integration flexible filament circuits for e-textile applications, Advanced 
Materials Technology, https://doi.org/10.1002/admt.201900176 
[63] Sakamoto H. et al. (2018) Self-Powered Wireless Urinary-Incontinence Sensor System Detecting Urine 
Amount and Diaper Change Timing in Under 10 Minutes, 12th International Symposium on Medical 
Information and Communication Technology (ISMICT), Sydney, NSW, pp. 1-4, 
DOI: 10.1109/ISMICT.2018.8573727 
[64] Zhou G. et al. (2017) Highly Sensitive Wearable Textile-Based Humidity Sensor Made of High-Strength, 
Single-Walled Carbon Nanotube/Poly(vinyl alcohol) Filaments, ACS Appl. Mater. Interfaces, 9, pp. 4788−4797, 
DOI: 10.1021/acsami.6b12448  
[65] Lee J. et al. (2015) Conductive Fiber‐Based Ultrasensitive Textile Pressure Sensor for Wearable Electronics, 
Advanced Materials, Vol. 27 (15), pp. 2433-2439, https://doi.org/10.1002/adma.201500009 
[66] https://www.texisense.com/ 
[67] Liu M. et al. (2017) Large‐Area All‐Textile Pressure Sensors for Monitoring Human Motion and 
Physiological Signals, Advanced Materials, Vol. 29 (41), 1703700, https://doi.org/10.1002/adma.201703700 
[68] Samy L. et al. (2014) Unobtrusive Sleep Stage Identification Using a Pressure-Sensitive Bed Sheet, IEEE 
Sensors Journal, vol. 14, no. 7, pp. 2092-2101, DOI: 10.1109/JSEN.2013.2293917 
[69] S. Y. Yang et al. (2018) Soft Fabric Actuator for Robotic Applications, 2018 IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS), Madrid, 2018, pp. 5451-5456, 
DOI: 10.1109/IROS.2018.8594275  
[70] W. Park et al. (2019) Soft Haptic Actuator Based on Knitted PVC Gel Fabric," in IEEE Transactions on 
Industrial Electronics, DOI: 10.1109/TIE.2019.2918470  
[71] H. Inose, et al. (2016) Development of a lightweight power-assist suit using pneumatic artificial muscles 
and balloon-amplification mechanism, International Conference on Control, Automation, Robotics and Vision 
(ICARCV), P0191, DOI: 10.1109/ICARCV.2016.7838564 
[72] Diteesawat R. S. et al. (2018) High strength bubble artificial muscles for walking assistance, 2018 IEEE 
International Conference on Soft Robotics (RoboSoft), Livorno, 2018, pp. 388-393, 
DOI: 10.1109/ROBOSOFT.2018.8404950 
[73] Li W et al. (2017) Nanogenerator-based dual-functional and self-powered thin patch loudspeaker or 
microphone for flexible electronics, Nat. Commun. 8, 15310, DOI: 10.1038/ncomms15310  
[74] Park S. et al. (2018) Textile Speaker Using Polyvinylidene Fluoride/ZnO Nanopillar on Au Textile for 
Enhancing the Sound Pressure Level, Science of Advanced Materials, Vol. 10 (12), pp. 1788-1792, 
DOI: https://doi.org/10.1166/sam.2018.3378 
[75] Li Y. et al. (2019) Dispenser-printed sound-emitting fabrics for applications in the creative fashion and 
smart architecture industry, The Journal of The Textile Institute, 110:1, 1-9, 
DOI: 10.1080/00405000.2018.1453685 
[76] Chu M. et al. (2019) Respiration rate and volume measurements using wearable strain sensors, npj Digital 
Medicine 2, Article number: 8, https://doi.org/10.1038/s41746-019-0083-3   
[77] Ramos-Garcia R. I. et al. (2016) Analysis of a coverstitched stretch sensor for monitoring of 
breathing, 2016 10th International Conference on Sensing Technology (ICST), Nanjing, pp. 1-6, 
DOI: 10.1109/ICSensT.2016.7796258  
[78] Ciocchetti M. et al. (2015) Smart Textile Based on Fiber Bragg Grating Sensors for Respiratory 
Monitoring: Design and Preliminary Trials, Biosensors, 5(3), 602-615, 
https://doi.org/10.3390/bios5030602  
[79] Guay P. et al. (2017) Wearable Contactless Respiration Sensor Based on Multi-Material Fibers Integrated 
into Textile, Sensors 17(5), 1050; https://doi.org/10.3390/s17051050  
[80] White N. M. et al. (2017) A Planar Respiration Sensor Based on a Capaciflector Structure, IEEE Sensors 
Letters, vol. 1, no. 4, pp. 1-4, Aug. 2017, Art no. 6000604, DOI: 10.1109/LSENS.2017.2722481  
[81] G. Karacocuk et al. (2019) Inertial Sensor-Based Respiration Analysis, IEEE Transactions on 
Instrumentation and Measurement. DOI: 10.1109/TIM.2018.2889363  

https://doi.org/10.1109/JSEN.2018.2859626
https://doi.org/10.1007/978-3-319-50124-6_4
https://doi.org/10.3390/s17102314
https://doi.org/10.1002/admt.201900176
https://doi.org/10.1109/ISMICT.2018.8573727
https://doi.org/10.1002/adma.201500009
https://www.texisense.com/
https://doi.org/10.1002/adma.201703700
https://doi.org/10.1109/JSEN.2013.2293917
https://doi.org/10.1109/IROS.2018.8594275
https://doi.org/10.1109/TIE.2019.2918470
https://doi.org/10.1109/ICARCV.2016.7838564
https://doi.org/10.1109/ROBOSOFT.2018.8404950
https://www.nature.com/articles/ncomms15310
https://doi.org/10.1166/sam.2018.3378
https://doi.org/10.1080/00405000.2018.1453685
https://doi.org/10.1038/s41746-019-0083-3
https://doi.org/10.1109/ICSensT.2016.7796258
https://doi.org/10.3390/bios5030602
https://doi.org/10.3390/s17051050
https://doi.org/10.1109/LSENS.2017.2722481
https://doi.org/10.1109/TIM.2018.2889363


 

 27 

                                                                                                                                                                     
[82] https://statsports.com/apex-athlete-series/  
[83] Morais D. S. et al. (2016) Antimicrobial Approaches for Textiles: From Research to Market, 
Materials 2016, 9(6), 498; https://doi.org/10.3390/ma9060498  
[84]  Derakhshandeh H. et al. (2016) Smart Bandages: The Future of Wound Care, Trends in Biotechnology, Vol 
36 (12), pp. 1259-1274, https://doi.org/10.1016/j.tibtech.2018.07.007  
[85] https://www.blazewear.com/ 

https://statsports.com/apex-athlete-series/
https://doi.org/10.3390/ma9060498
https://doi.org/10.1016/j.tibtech.2018.07.007
https://www.blazewear.com/

	Executive Summary
	Workshop participants and other contributors
	Introduction
	Approach / methodology
	Who should read this?
	Overall approach
	The roadmap
	Scope & limitations

	What is Healthy Ageing?
	Avoiding Disease and Disability
	High Cognitive and Physical Function
	Engagement with Life
	Lay Perspectives
	Interventions and technologies to support healthy ageing

	Workshop Part 1 – Healthy ageing and wearable devices in general
	Wearable technologies
	Current and future applications of devices to support healthy ageing
	Wearable technology: the motivation for e-textiles

	Workshop Part 2 – Healthy ageing and e-textiles
	E-textiles technology development for heathy ageing applications
	Skills and People

	Appendix 1 – Workshop Agenda
	Additional references

