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Executive Summary 

The objective of the Alliance for Internet of Things Innovation (AIOTI) is to enhance innovation and economic 
development in the Internet of Things (IoT) in Europe, and beyond when relevant. 
 
The workgroup 5 of the AIOTI is focusing on Smart Living Environments for ageing well (SLEaw), and aims to 
build a dynamic pole for knowledge sharing in Internet of Things innovation for Smart Living Environments, 
acting as a bridge between initiatives that bring added value to healthy living. This workgroup should also 
identify and attempt to resolve market obstacles for IoT deployment in the Ageing Well domain.  

To achieve this, the AIOTI WG5 has developed a strategy relying on 2 main objectives: 

- Drive of the IoT uptake in Smart Living Environments for ageing well (SLEaw) 

-  Unleash the supporting technologies  

This recommendation paper is built around these 2 strategic objectives, addressing the 3 following challenges, 
each of them discussed in the 3 main chapters of this report: 

- Building a sustainable ecosystem for SLE for Ageing Well, around the technological and stakeholders 
requirements 

- Driving Acceptance through market structuration, in increasing the acceptance of innovative IoT-based 
solutions for smart living environments for ageing well while impelling user needs and expanding the 
innovation coverage in the ageing well domain 

- Demonstrating the IoT impact in ageing well, through architectures responding to stakeholders 
expectations, including proper security and privacy, implemented through different use cases. 

¢Ƙƛǎ ǇŀǇŜǊ Ƙŀǎ ōŜŜƴ ǇǊƻŘǳŎŜŘ ōȅ ŀ ǘŜŀƳ ƻŦ ά!Lh¢L ǿƻǊƪƎǊƻǳǇ рέ ƳŜƳōŜǊǎΣ ŎƻƳƛƴƎ ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ ŦƛŜƭŘǎ ƻŦ 
expertise, from academic research in sociology to semiconductor industry professionals, as well as medical 
practitioner, cybersecurity experts or start-up founders. 
 
It also takes advantage of the contribution from active members of the ACTIVAGE project, an European Multi 
Centric Large Scale Pilot on Smart Living Environments for Ageing Well (the AIOTI WG5 did provide the background 
information and recommendations for the Internet of Things call on Large Scale Pilot). This is a real value-added 
of this report, considering the opportunity to share recommendations based on large scale experiments of Active 
& Healthy Ageing IoT based solutions and services, supporting and extending the independent living of older adults 
in their living environments, and responding to real needs of caregivers, service providers and public authorities. 
 
The report also highlights best practices focusing on innovation and socio-economic impact, acceptance, business 
model and ecoǎȅǎǘŜƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƭƛƪŜ ǘƘŜ άbŜƛƎƘōƻǳǊƘƻƻŘǎ ƻŦ ǘƘŜ CǳǘǳǊŜέΣ ŀ ǊŜŦŜǊŜƴŎŜ ƛƴ ǘŜǊƳǎ ƻŦ ƛƴƴƻǾŀǘƛǾŜ 
co-creation processes. 
 
In the first chapter of this reportς Building sustainable smart living environments for ageing well ecosystem-, we 
ŜȄǇƭŀƛƴ ά{ƳŀǊǘ [ƛǾƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘǎ ŦƻǊ !ƎŜƛƴƎ ²ŜƭƭέΣ ōŀǎƛŎŀƭƭȅ ŀƴ ŜŎƻǎȅǎǘŜƳ ǘǊƛƎƎŜǊŜŘ ōȅ ǘƘŜ ǇŜǊǾŀǎƛƻƴ ƻŦ Lƻ¢ 
technologies within the services requested by elder people for active and healthy ageing (AHA). We go through 
selected initiatives. 

¶ Beyond the usual statements related to population ageing, the report clearly indicates, that the purchase 
power of the pensioned people will globally decrease, while, in the meantime, a more technology-friendly 
population ς currently the baby-boomers ς is reaching the age of retirement, even if at general level, the 
relationships that older people have with IoT devices remains of course diverse. This is clearly a crucial 
factor for triggering a new kind of demand ς personalized, affordable ς for unmet needs, under the 
ǳƳōǊŜƭƭŀ ƻŦ ά{ƳŀǊǘ [ƛǾƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘǎ ŦƻǊ !ƎŜƛƴƎ ²ŜƭƭέΦ 

¶ ²ƘŜƴ ŘŜŦƛƴƛƴƎ ǘƘŜ ŜƳŜǊƎƛƴƎ ά{ƳŀǊǘ [ƛǾƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘǎ ŦƻǊ !ƎŜƛƴƎ ²ŜƭƭέΣ ōŀǎƛŎŀƭƭȅ ǘƘŜ ƛƴǘŜǊǎŜŎǘƛƻƴ 
between Internet of Things technologies and the so-called Active and Healthy Ageing (AHA) services, the 
report mentions the necessary key levers for reaching their sustainability. A fundamental criteria is related 
to the IoT platform concept, actually the source of the data upon which business models for IoT-based 
Active & Healthy Ageing services are developed. The IoT platform technology should not be domain 
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specific and the report insist on the crucial role of interoperability to create a true IoT ecosystem, as it 
triggers the scalability in IoT.  

¶ Based upon the experience of ACTIVAGE project, the report confirms that user needs, at the origin of IoT-
based AHA services, require permanent updates obtained through continuous process of co-creation 
among all stakeholders in each local ecosystem, with particular emphasis on the participation of the 
assisted persons. 

¶ More and more recommendations, coming from different initiatives, show that IoT technologies are 
instrumental to help older people stay in their home and live longer with a good level of safety and 
comfort because of their scalability that supports the increasing size of the target population. The concept 
ƻŦ άŘƻƳŀƛƴǎ ƻŦ ƴŜŜŘǎέΣ ǿƛǘƘ ƛǘǎ ŀǎǎƻŎƛŀǘŜŘ ǳǎŜ ŎŀǎŜǎ ŀƴŘ ōŀǎŜŘ ǳǇƻƴ ǘƘŜ ǊŜŦŜǊŜƴŎŜ !ƎŜƛƴƎ ²Ŝƭƭ ƛƴƛǘƛŀǘƛǾŜǎ 
around the world, including the ACTIVAGE project currently deployed, supports the creation of demand-
driven experience in Smart Living Environments for Ageing Well.  

The second chapter of the report - Driving Acceptance through market structuration - puts the focus on 
understanding the needs of the elderly, with the aim to manage them accurately and efficiently. It means, in the 
context of this report, understanding and defining, from a clinical, economical and customer perspective, how 
technology might impact these needs, which is of utmost importance, especially if we consider the dynamic nature 
of user needs in relation to emerging technologies. This chapter also addresses the current lack of performative 
power associated to the existing lack of evidence generated from Real World Evidence (RWE), and highlights how 
evaluation frameworks can demonstrate that IoT technologies can efficiently bring a combined added-value on 
quality of life and healthcare systems efficiency through innovative tools and models. The chapter presents, 
through two initiatives deploying innovative co-creation processes, best practices to address health and care 
needs of a person over their life course with life supporting technologies. 
 

¶ Trust is a fundamental issue, and a common understanding of what it takes to go forward with IoT in an 
ethical then sustainable way is required 

¶ Ethical & sustainable Design means on one side more control to the user, and it is implemented in the 
!/¢L±!D9 ǇǊƻƧŜŎǘ ǘƘǊƻǳƎƘ ŀ άƭŜŀǊƴƛƴƎ ōȅ ŘƻƛƴƎέ ŀǇǇǊƻŀŎƘ ŎƻƳōƛƴŜŘ ǿƛǘƘ ŀ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǇǊƻŎŜǎǎ ƻŦ ŀƭƭ ǘƘŜ 
different stakeholders 

¶ It also means new ways of collaboration, to get a common vision across stakeholders from sectors that 
normally do not collaborate ς such as housing, health, and ICT to mention those required   to upgrade the 
9ǳǊƻǇŜΩǎ ōǳƛƭǘ ŜƴǾƛǊƻƴƳŜƴǘ ǘƻ meet the changing and evolving needs of older people. An example of a 
successful attempt to ŎǊŜŀǘŜ ǘƘƛǎ ŀƭƛƎƴƳŜƴǘ ƛǎ ŘŜǘŀƛƭŜŘΣ ǘƘǊƻǳƎƘ ǘƘŜ άbŜƛƎƘōƻǳǊƘƻƻŘ ƻŦ ǘƘŜ CǳǘǳǊŜέ 
experience. 

¶ The dynamic nature of user needs - user needs as something that is established during the appropriation 
of new technologies - must be taken in account in relation to how new technologies are appropriated into 
existing social relations and care arrangements. 

¶ it is also important to map future scenarios of using Smart Living solutions, as user needs and ethical 
issues are dynamic and change alongside with technological development and implementation 

¶ Evaluation frameworks ς whether they assess economic growth, sustainability or quality of life - must 
demonstrate that IoT technologies can help to measure the costs and the added-value of underlying 
technologies. 

The last chapter of this report - Demonstrating the IoT impact in ageing well ς is describing how technology is 
currently positioned as a solution to the ageing society. Technology is now at the heart of the prototyping of use 
cases, scenarios and services for Smart Living Environments for Ageing Well. The chapter explains the technology 
enablers for Active and Healthy Ageing services, from the underlying semiconductor technologies (sensors, 
microcontrollers, connectivity, security by design, artificial intelligence...) to the whole IoT movement, associated 
to a deep and continuous transformation in the way ageing people interact with their environments. The 
ACTIVAGE project has defined a reference architecture for IoT Platforms Interoperability allowing this movement 
to enhance this movement for the SLEaw domain. There is a strong focus in this chapter on the security and privacy 
concern, due to the IoT particularities which contribute to create a complex security challenge, especially in the 
case of SLEaw, where the main security concerns would be citizen-focused. 

We also describe several experiments, among which two of them are currently deployed under the ACTIVAGE 
project. IsereADOM - ACTIVAGE Isère Large scale Deployment Site - is pioneering a disruptive business model, 
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ƛƴǾƻƭǾƛƴƎ ƛƴǎǘƛǘǳǘƛƻƴǎ όIƻǎǇƛǘŀƭǎΣ {ŜƴƛƻǊ IƻǳǎŜǎΧύ ǘƻ ǇǊƻƳƻǘŜ !ƎŜƛƴƎ ƛƴ ǇƭŀŎŜΦ 9ǉǳƛƳŜǘǊƛȄ - implemented in 
ACTIVAGE Madrid deployment site - is an innovative solution increasing autonomy at home, actually the first 
clinical device measuring the state of balance by combining two highly relevant human motion descriptors: centre 
of mass and foot. Beyond ACTIVAGE experimentations ς the different Reference Use Cases are all summarized in 
this chapter -, we pay a special focus on other experimentations illustrating how technology improvement can 
improve user or patient quality of life. A first example is related to the Internet of Medical Thing, with the 
experience brought by a General Practitioner within the hospital with a medical robot, used as a real organizational 
pivot of care, with the potential to extend this ability to daily life support thanks to Artificial Intelligence.  It is 
interesting to observe the complementarity between these initiatives ς for instance between the robot Charlie 
ŀƴŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ άǊŜŦŜǊŜƴǘ ǎŜƴǘƛƴŜƭƭŜέ όŎƻƴŎŜǇǘ Řǳƭȅ ŜȄǇƭŀƛƴŜŘ ƛƴ ǘƘŜ ǊŜǇƻǊǘύ ƻŦ LǎŜǊŜ!5haΣ ŘŜƳƻƴǎǘǊŀǘƛƴƎ 
concretely that user needs must definitely be placed at the centre of innovation, but also highlighting the 
importance of enabling social and health care coordination. 

We finally introduce an innovative quality of life concept, enhancing the impact of smart living environments for 
ageing well thanks to the effect of light on the circadian rhythm: Human Centric Lighting. Research in the key 
mechanistic principles for the biological clock ς including the mechanism by which light can synchronize the clock 
- led to a Nobel Prize in Physiology or Medicine (Hall, Rosbash, Young - 2017). 

 

¶ ThŜ ŎƘŀǇǘŜǊ ŜȄǇƭƻǊŜǎΣ ŦǊƻƳ Lƻ¢ ŘŜǎƛƎƴŜǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜΣ ǘƘŜ ŜǾŜǊ-increasing toolkit of key IoT 
technologies, highlights their need and suggests solutions to conceive smart things adapted to the 
requirement of an ethical and sustainable IoT environment. 

¶ New generation SLEaw will incorporate more powerful edge computing layer capabilities, due to the 
necessity of ensuring continuity of care when the target user leave home. 

¶ Thanks to ACTIVAGE IoT Ecosystem Suite (AIoTES) Framework, ACTIVAGE architecture is designed to serve 
as common framework to build interoperable smart living solutions in the form of apps, software tools 
and services that can be deployed, extended and replicated across Europe. 

¶ /ƻǊŜ ǎŜŎǳǊƛǘȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ƴƻǘ ŀǾŀƛƭŀōƭŜ άƻŦŦ ǘƘŜ ǎƘŜƭŦέΦ Securing IoT systems requires to rethink and 
redesign systems and reaching such objectives shall take time. Semiconductor companies can assist with 
end-to-end solutions by providing on-chip security, supplying comprehensive hardware and software 
services, including authentication, data encryption, and access management. Collaboration between 
semiconductor companies and application designers or network-equipment manufacturers, would also 
be helpful for the design of secure software. 

¶ Concerning current IoT impact related to experiments for Smart Living Environments for Ageing Well, we 
highlight through 4 different projects - from robotics to personalized IoT kits and lighting ς and more 
broadly through the presentation of the 11 Reference use cases of the ACTIVAGE project,  how technology 
can support two important and specific objectives of Smart Living Environment for ageing well: 

V Avoid and postpone hospitalization in optimizing patient follow-up at home, and intervening 
proactively for early detection of physical and cognitive deterioration 

V Enable a better and faster return to their homes when hospitalization occurs by intervention 
programs supported by IoT based SLEaw 
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1 BUILDING SUSTAINABLE SMART LIVING ENVIRONMENTS FOR AGEING WELL 

1.1 User needs and societal needs 

1.1.1 Ageing in Europe 

The ageing of Europe, also known as the greying of Europe, is a demographic phenomenon in Europe characterized 
by a decrease in fertility, a decrease in mortality rate, and a higher life expectancy among European populations. 
There a big deal of informed reports that describe the phenomena of the Ageing in Europe, its causes and their 
potential effects on the global economy in the EU, on the Quality of Life (QoL) of European citizen, on the pension 
systems, health care systems and many more. The purpose of including this subsection in this papers is to set the 
overall context where IoT for Smart Living Environment for Ageing Well (SLEaw) will play its mayor impact, taking 
extracts from relevant documents, without entering into the social, policies and political analysis for which we 
refer the reader to the abundant bibliography on this matter. 
 
The 2018 Ageing Report [EU-SG ECFIN 2018]  
 
The 2018 Ageing Report, published in May 2018, shows that fiscal costs linked to pensions, health care and long-
ǘŜǊƳ ŎŀǊŜ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǊƛǎŜ ƻǾŜǊ ǘƘŜ ŎƻƳƛƴƎ ŘŜŎŀŘŜǎΣ ŀǎ 9ǳǊƻǇŜΩǎ ǇƻǇǳƭŀǘƛƻƴ ŎƻƴǘƛƴǳŜǎ ǘƻ ŀƎŜ ǎƛƎƴificantly. 
 
The long-term projections show where (in which countries), when, and to what extent ageing pressures will 
accelerate as the baby-boom generation retires and as the people in the EU are expected to live longer in the 
future. Hence, the projections are helpful in highlighting the immediate and future policy challenges for 
governments posed by projected demographic trends. The report provides a very rich set of information at the 
individual country level which covers a long time-span (until 2070), compiled in a comparable and transparent 
manner. The following are highlights from the report related to the economic and budgetary impact of population 
ageing.  
  

 Significantly lower working-age population projected for the EU over the coming decades. The demographic 
projections over the long-ǘŜǊƳ ǊŜǾŜŀƭ ǘƘŀǘ ǘƘŜ 9¦ ƛǎ ΨǘǳǊƴƛƴƎ ƛƴŎǊŜŀǎƛƴƎƭȅ ƎǊŜȅΩ ƛƴ ǘƘŜ ŎƻƳƛƴƎ ŘŜŎŀŘŜǎΦ ¢ƘŜ 
total population in the EU is projected to increase from 511 million in 2016 to 520 million in 2070, but the 
working-age population (15-64) will decrease significantly from 333 million in 2016 to 292 million in 2070 
due to fertility, life expectancy and migration flow dynamics. For males, the projected population in 2070 is 
lower than or close to the population in 2016 in all age cohorts between 0 and 64 years old (69 in women). 
Conversely, in all age cohorts of 65 years old and above (69 years old and above in women), the projected 
population in 2070 is higher than in 2016. Moreover, while in 2016 the largest cohort for both males and 
females is 45-49 years old, in 2070 the largest cohort will be 70-74 years old for women and 50-54 years old 
for men.  

 

 The projected demographic old-age dependency ratio (people aged 65 and above relative to those aged 15 
to 64) will almost double over the long-term. This implies that the EU would go from having 3.3 working-age 

people for every person aged over 65 years to only two working-age persons.  

 ¢ƘŜ ŀƎŜƛƴƎ ƻŦ 9ǳǊƻǇŜΩǎ ǇƻǇǳƭŀǘƛƻƴ ǿƛƭƭ ŀƭǎƻ ƘŀǾŜ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ƛǘǎ ƭŀōƻǳǊ ŦƻǊŎŜΦ While the total 
supply of labour in the EU among those aged 20 to 64 is expected to fall by 9.6% between 2016 and 2070 
(9.7% in the euro area), labour force participation rates are projected to rise from 77.5% in 2016 to 80.7% in 
2070. This increase is particularly apparent among women and older workers in most of the EU Member 
States that have recently legislated pension reforms. The projections show an average increase of 
approximately 12.2 percentage points (pps) in the participation rate for men and slightly higher (16.2 pps on 
average), for women.  

 Population ageing will increase pressure on public spending. The fiscal impact of ageing is projected to be a 
significant challenge in almost all Member States, with effects already becoming apparent over the course 



© All rights reserved, Alliance for Internet of Things Innovation (AIOTI) 2019 10 

of the next two decades. Long-term care and health care costs are expected to contribute the most to the 
rise in age-related spending, increasing by 2.1 pps up to 26.7% of GDP. However, the public pension benefit 
ratio, which describes the average public pension in relation to the average wage, is projected to fall by 10.6 
pps on average in the EU.  

 

Some conclusions from the socio-demographic picture: 

 Extrapolating from Figure 1.1, in 2018 the population of people of age between 65 and 90 is 48 million men 
and 52.5 million women. That is a total available market of 100 million persons, increasing up to 59 million 
men and 69 million women (e.g. a total of 129 million persons) in the study period.  

 Buying capacity of pensioned people will fall in the long term by 10% compared as today, while public 
expenditure will be stable respect to GDP, meaning almost the same amount of revenue for more people  

 The Baby Boom generation (those people born worldwide between 1946 and 1964) started entering in the 
retirement age from 2011. The oldest cohort is now in its 70th, when the demand of services starts growing. 
We must consider that in a large extent these people have been incorporated into the digital transformation 
of life in the last 20 years: Personal Computers massive use, internet, and mobile telephony. This is changing 
the landscape of education and technology use experience of targeted users versus the previous generation.  

 An informed population with a better exposure to digital technology is consequently expecting more from 
affordable, personalized, effective and ubiquitous services that help Daily Life Activities (DLA). 

 

 
Figure 1.1: Population by age group and gender, 2016-70 (thousands). Source: Commission services, Eurostat 
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1.1.2 What are Smart Living Environments for ageing well?  

Ageing poses therefore a crucial societal challenge. And technology is not only perceived as a brick of the solution 
to overcome these challenges, but also ŀǎ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŀŎƘƛŜǾŜ ŀ άǘǊƛǇƭŜ ǿƛƴέΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƻōƧŜŎǘƛǾŜ ǎŜǘ 
by the EIP for AHA [EIPonAHA 2019], improving quality of care for elderly people, helping reduce the social burden 
and economical cost of the ageing population, helping caregivers to monitor the elderly as well as assisting them 
to age in place. 

The application of Internet of Things technologies for the health and social care of senior people is set in the 
intersection of two broad domains. On one side, we have the DEMAND of SERVICES from senior people and their 
care givers, supporting them in extending their life living with independence, safety, security and quality, outside 
of any institutional physical and spatial restriction. 
 
This domain is known with the name of ACTIVE and HEALTHY AGEING (AHA). Examples of AHA SERVICES are: 
continuous activity monitoring (to detect risk conditions or risk events), early detection of cognitive decline, social 
connection support, emergency detection, physical activity advisor and trainer, home rehabilitation trainer, 
companion for outdoors activity, tourist and leisure, booking services, and many more. 
 
On the other side, we have the PHYSICAL SPACE where AHA services will take place and be delivered to senior 
people and caregivers. These physical spaces enabled through IoT and communication technologies are known 
with the name of SMART LIVING ENVIRONMENTS for Ageing Well (SLEaw). Examples of SLEaw are: smart home 
equipped with sensors for context and events detections, actuators for SLEaw driven interventions, user 
interaction devices, smart devices that perform automatic DLAs, Artificial Intelligence (AI) for continuous learning 
of living conditions and detection, communication networks, security and privacy protection, and more. 
 
Other SLEaw are extensions of the smart home in public spaces like airports, train stations, governmental 
buildings, day care centers, public transport vehicles, private cars, shops, supermarkets, resorts and any space 
where a senior people can stay and receive local and global services. 
 
Smart homes is not a new concept. It evolves from the definition of ubiquitous computing that, according to Mark 
Weiser, promotes the ideas of "a physical world that is richly and invisibly interwoven with sensors, actuators, 
displays, and computational elements, embedded seamlessly in the everyday objects of our lives, and connected 
through a continuous network [M Weiser, 1991]. 
 
This visionary vision is nowadays becoming a reality with IoT enabling SLEaw. 
 
[ŜǘΩǎ ǎŜŜ ǘƘŜ ƪŜȅ ƭŜǾŜǊǎ ƻŦ ǘƘƛǎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΣ Ƴaking possible to age in place. 
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1.1.2.1 IoT platform in SLEaw for ageing well 
 
Lƻ¢ ƛǎ ǘƘŜ ŎǊǳŎƛŀƭ ŜƭŜƳŜƴǘ ǇǊƻǾƛŘƛƴƎ ǘƘŜ άǎƳŀǊǘέ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎŎŀƭŀōƭŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀƴŘ 
services connecting the physical world to the virtual world between objects, systems and people. The IoT platform 
is therefore an integrated physical/virtual entity system that enables the communication between the machines 
and devices and then the acquisition, processing, transformation, organization and storing machine and the sensor 
data. [M. Zdravkovic 2016]. The IoT platform components ensure that the communication between the device 
and the output is accomplished, that data is collected and formatted correctly and functions such as remote 
updates and access are facilitated. 
 

 
Figure 1.2 - IoT platform levels 

 
The IoT platform is the key enabler for providing data, around which business models can be developed, like for 
instance IoT-based environments for ageing well. 
 
The IoT platform is therefore the mean to gather and make sense of the data. 
 
Below, a summary of the technologies used across the different levels of IoT platforms. 

 
There are hundreds of IoT platforms in the market, from the ones provided by large multinational companies to 
open source projects usually supported financially by EU research and innovation programs. New platforms 
ŀǇǇŜŀǊ ŜǾŜǊȅ Řŀȅ ƛƴ ǘƘŜ ƳŀǊƪŜǘΣ ŎƻƴǎŜǉǳŜƴǘƭȅΣ ƛǘ ƛǎ ƴƻǘ ǎǘǊŀƛƎƘǘŦƻǊǿŀǊŘ ǘƻ ǇǊƻƳƻǘŜ ŀ ǎƛƴƎƭŜ άŘƻƳŀƛƴ ǎǇŜŎƛŦƛŎέ 
SLEaw platform, but rather a well-defined standard based interfaces across all layers, with the associated methods 
for interoperability across platforms. Therefore, IoT for SLEaw should be almost agnostic related to the Platform 
technology.  
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Figure 1.3 - Technologies by level of IoT platform 

 

1.1.2.2 LƴǘŜǊƻǇŜǊŀōƛƭƛǘȅΥ ŀ άƳǳǎǘέ ŦƻǊ ŀ ǘǊǳŜ SLEaw ecosystem 

Today, the IoT market is growing and offering increasingly attractive applications but the lack of industry 
consensus on the use of open standards and protocols poses a major barrier to their diffusion. 
 
In addition, current software development practice is the continued preponderance of ad-hoc approaches driven 
by industry needs, commercial interests, and market pressures, rather than scientific principles. It can be stated 
ǘƘŀǘ άŜǾŜǊȅ Lƻ¢ ŘƻƳŀƛƴ ŀƴŘ ŜǾŜǊȅ Lƻ¢ ǾŜƴŘƻǊ ǇǊƻŘǳŎŜǎ ƛǘǎ ƻǿƴ Lƻ¢ ǇƭŀǘŦƻǊƳέ. 
 
5ƛŦŦŜǊŜƴǘ άǾŜƴŘƻǊ ƎǊƻǳǇǎέ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ different domains, while not a single vendor can be seen as having an 
άǳǇǇŜǊ ƘŀƴŘέ ƛƴ ōŜƛƴƎ ǇƻǎƛǘƛƻƴŜŘ ŀŎǊƻǎǎ ŀƭƭ Lƻ¢ ŘƻƳŀƛƴǎΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǿƛǘƘƻǳǘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ ŎƻƳƳƻƴ 
mechanism through which devices and applications can exchange information, regardless of their technological 
standard, brand or manufacturer, the IoT will never reach its full potential. 
 
For these reasons, IoT challenges like research for standards, scalability, heterogeneity, common service 
description language, domain specific service discovery, integration with existing IT systems etc. have to be faced. 
Those topics are strongly related with the concept of interoperability. 
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Interoperability is essential to create a true IoT ecosystem because a single IoT platform alone will never be able 
to cover, just to talk about ageing well, the wide spectrum of potential use cases. 
 
The International Organization for Standardization (ISO) has defined interoperability as the ability of two or more 
ǎȅǎǘŜƳǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘΣ ǘƻ ǳǎŜ ŜŀŎƘ ƻǘƘŜǊΩǎ Ŧǳnctionalities and to give access to their respective resources. 
 
The Healthcare Information and Management Systems Society (HIMSS) has also given its own definition of 
interoperability [HIMSS 2019]. HIMSS Ƙŀǎ ŘŜǎŎǊƛōŜŘ ƛǘ ŀǎ άǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǎȅǎǘŜƳǎ ŀƴd devices can exchange 
data, and interpret that shared data. For two systems to be interoperable, they must be able to exchange data 
ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ǇǊŜǎŜƴǘ ǘƘŀǘ Řŀǘŀ ǎǳŎƘ ǘƘŀǘ ƛǘ Ŏŀƴ ōŜ ǳƴŘŜǊǎǘƻƻŘ ōȅ ŀ ǳǎŜǊέΦ 
 
On a technical level, interoperability helps to reduce the time it takes to have useful exchange of information 
between providers. Some advantages highlighting the importance of interoperability are: 
 

 Improved Efficiency: interoperability is designed to boost efficiency. When data is presented on a 
ŎƻƴǎƛǎǘŜƴǘ ōŀǎƛǎ ƴƻ ƳŀǘǘŜǊ ǿƘŀǘ ǘƘŜ ǎƻǳǊŎŜ ƛǎΣ ƛǘΩǎ ŜŀǎƛŜǊ ŦƻǊ ǳǎŜǊǎ ǘƻ ǉǳƛŎƪƭȅ ƎŜǘ ǘƻ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŜȅ 
are looking for. 

ω Safer Transitions of Care: continuity of care is crucial for patients, whether for chronic conditions or 
taking care of an acute situation with multiple health service providers. Interoperability enables safer 
transitions of care, which leads to better patient outcomes. 

ω Can Help to Lower Costs: Interoperability means that more useful information can be shared in a timely 
ƳŀƴƴŜǊΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǘƘŜ Řŀǘŀ ŦǊƻƳ ŀ ǇŀǘƛŜƴǘ ǿƘƻ ǊŜŎŜƴǘƭȅ ƘŀŘ ŀ ōƭƻƻŘ ǘŜǎǘ ŀǘ Ƙƛǎ ŘƻŎǘƻǊΩǎ ƻŦŦƛŎŜ ƳƛƎƘǘ 
be immediately available during a transfer to the emergency room, saving time and cost as well as 
increasing efficiency at the hospital. 

 
This means that interoperability will help the final users to work in mixed environments without facing the 
ŎƻƳǇƭŜȄƛǘȅ ƻŦ ƳŀƴŀƎƛƴƎ ŘƛŦŦŜǊŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴǎƛŘŜ ǘƘŜƛǊ ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ǊŜŘǳŎƛƴƎ ǘƘŜ Ŏƻǎǘ ƻŦ 
buildings. In a worƭŘǿƛŘŜ ǾƛŜǿΣ ǳǎŜǊǎ Ŏŀƴ ƳŀƪŜ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ƴŜǘǿƻǊƪ ŘŜǾƛŎŜǎ ōŜƭƻƴƎƛƴƎ ǘƻ ƳǳƭǘƛǇƭŜ ǾŜƴŘƻǊǎΩ 
technologies. This allows to implement scalability in IoT increasing the workflow efficiency in any environment 
connecting objects from anywhere to anywhere using different technologies. 
 
Interoperability is surely the main challenge to be faced to achieve IoT full impact, due to the current absence of 
a widely accepted global standard for IoT, and the vast heterogeneity of IoT systems and elements, at all levels. 
 

1.1.2.3 Applications and Services 

Applications and services correspond to the service level of the IoT architecture. They exploit the results of the 
data analysis processed and stored in the cloud domain. The processed information is available to the users, as 
the application layer executes the applications in charge of monitoring and/or control the IoT system. Additionally, 
the level includes the use of statistical and optimization tools to refine, monitor, and analyses structured and 
unstructured data for enabling different services. 
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Methods and algorithms for Big Data management, collection and annotation are established within this domain. 
Statistical programming, text and data mining, Image and video processing, predictive models, machine and deep 
learning algorithms, optimizing and simulation and visual analytics are some significant examples of data 
formation. 
In the next figure, we highlight the position of the different stakeholders, particularly the elder users in the IoT for 
SLEaw.  
 

Figure 1.4. Elder users within the IoT for SLEaw ecosystem 

We want to remark here a closed loop process on the valorisation of data across the whole stack. Indeed, 95% or 
more of the data is produced directly by the elder users or by the interactions with the environment. This has 
several implications with the management of the data, related to the property of the data, the privacy, the consent 
for the use of the data and so on, that we will not address here in this section.  What is relevant is that when these 
data are used and transformed into services, these services are consumed by the same producers of data, closing 
the loop. Additionally, there are other consumers of aggregated data, normally anonymized data that are the 
organizations participating in the ecosystem. 

  






































































































