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ABSTRACT By improving the quality of life and extending the length of life, Western society is becoming
an increasingly ageing population with a higher proportion of seniors. From another point of view, there is a
critical shortage of care staff, both in hospitals and for in-home care. Thanks to new technology trends such
as Smart Homes and Smart Furniture, there is an opportunity for increased support for seniors by utilizing
new technologies. This paper presents the current trends and possibilities in applying smart information and
communications technology (ICT) solutions for in-home care concerning diseases in old age. The paper
consists of a systematic review according to the PRISMA methodology of the available literature in Web of
Science, IEEE Xplore, PubMed, Springer, and the Espacenet patent database. Publications report the usage
of some types of artificial intelligence and their implementation and non-intrusive sensing technologies.
The patents review identified solutions with a focus on monitoring the state of older adults and mobility
improvement. Existing ICT smart solutions must address the following issues: (1) ease-of-use; (2) invisibility
and disuse that isolate older adults; (3) privacy and security; (4) affordability of technology in terms of cost;
and (5) supporting elderly individuals to stay in their homes or move in different environments independently.
There is a significant gap between a large number of scientific publications and commercial solutions. The
existing products reflect the specifics of the diseases in a rather wider context instead of the fulfilment of
exact needs. It is often stated that such devices can be used across diseases, but the direct connection and
benefits for the disease is still rather weak. The challenge remains to tap the existing potential of a large
number of innovative ideas on the market and improve the quality of life.

INDEX TERMS Respiratory diseases, senior citizens, technology, smart, air quality sensors.

I. INTRODUCTION

The demographic changes in developed countries are specific
to the ageing population, and higher age is associated with
many chronic diseases. Currently, we are witnessing a trend
of creating superior technology that can be applied to many
domains, including health and social care. Tools such as sen-
sors, digital devices, and applications are already emerging
as aids that seniors can use, often in their home settings, and
enable augmented communication and better monitoring for
caregivers.
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Such smart solutions need to be based on the Smart Homes
idea [1], but they need not be so complex that they are
obtrusive for users [2]-[8]. Thus, they need to substitute,
or even improve, existing communication between the user
(older person) and responsible person (e.g., descendant).
There is already one existing platform, known as Smart
Furniture [9]-[12], that covers all of the mentioned issues.
It brings some standardization but at the same time provides
enough freedom to implement new ideas that may not be too
complex, as Smart Homes are in most cases but will provide
the right solution. Last but not least, the final (market) price of
the solution must be low enough to be an alternative or add-on
to existing models of communication between older people
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and descendants [13]. Integrated information and communi-
cation technology (ICT) solutions that would improve healthy
and safe ageing of elderly people play an important role in this
area [14]-[16]. The potential of these solutions is also seen in
the possible reduction of health and social expenses.

At the same time, it is an area supported by a great deal
of finance in developed countries aiming to not just improve
the quality of life (QoL) [17] but also ensure the sustain-
ability of care for which there is a continually increasing
financial burden [18]. Among other things, this is strongly
related to demographic development and the ageing of the
population [19].

The trends in demographic crisis determine the need to
apply ICT solutions for home care concerning old-age-related
diseases. Ageing of the population, the onset of chronic
diseases, and the development of ICT solutions are inter-
connected processes requiring systematic approach based on
experience both from academia and industry. The use of ICT
solutions can improve the QoL of older adults by supporting
independent living at home while reducing health and social
expenses. Therein lies the motivation for this research, i.e.,
to provide current trends on smart homes and ICT solutions
and answer these research questions: What are the described
ICT solutions for the most frequent diseases? Are the current
state of knowledge and deployment of technology in practice
consistent?

For this purpose, a literature review and patent analysis was
performed.

The objective of the paper is to analyse and present the cur-
rent trends and possibilities for applying smart information
and communications technology (ICT) solutions for social
care concerning diseases in old age. The research papers
cover ICT solutions related to the World Health Organiza-
tion (WHO)’s top 10 chronic diseases that are behind the
most deaths globally. The patent analysis includes health-
related ICT solutions with a granted patent application. This
combined analysis provides a comprehensive understand-
ing of health-related ICT solutions of smart homes for the
elderly population, from both an academic and an industrial
perspective.

The paper covers the research gap from two perspectives.
From an academic perspective, it summarizes the health-
related ICT solutions of smart environments for the elderly
population with the potential to expand innovation develop-
ment. From an industrial perspective, it provides a patent
analysis related to the subject matter in order to promote the
development of practical applications. Thus, this systematic
review of health-related ICT solutions may be useful for both
the academic and industrial communities as well as other
stakeholders interested in this contemporary and attractive
field in order to recognize the research gaps and recommend
new research directions.

This paper is structured as follows. After the introduction
in the first section, section 2 covers the theoretical back-
ground for this research. The methodology is outlined in
section 3 while section 4 and 5 provide the results analysis and
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FIGURE 1. Top 14 most frequent diseases by WHO causing the most
deaths in European region in 2016 in age group 60+ (merged by groups
60-69 and 70+) (Source: http://www.who.int/gho/mortality_burden_
disease/causes_death/top_10/en/).

discussion of the reviewed literature and patents along with
research limitations and implications. At the end, the sixth
section provides a conclusion to the paper and provides open
research areas for the future activities.

Il. THEORETICAL BACKGROUND

A. OLD-AGE-RELATED DISEASES

The human life span has continued to increase due to many
reasons [20]-[24]; meanwhile, ICTs are developing at a fast
pace and affect each aspect of human life. Although often
perceived as an obstacle to participation by older adults, ICTs
may help them maintain independence and improve their
quality of life. The most frequent diseases causing the most
deaths in the European region in 2016 in the 60+ age group
according to WHO are shown in Figure (Fig. 1).

Many deaths worldwide can be attributed to stroke and
ischaemic heart problems. The two illnesses are the leading
causes of death around the world during the last 1.5 decades.
In 2016, the two collectively accounted for 15.2 million
deaths globally while chronic obstructive pulmonary disease
resulted in the loss of 3 million lives. Lung cancer led to
another 1.7 million deaths. Over 1.6 million lost their lives
to diabetes during the same period, a number that jumped
up from 1 million in the year 2000. During the 2000-2016
period, dementia-related deaths increased by 50%. It became
the fifth most prominent cause of deaths around the world,
jumping from the 14th position in the year 2000. In terms
of communicable illnesses, lower respiratory infections led
to three million deaths during 2016, causing the most deaths
globally. A decrease of approximately one million deaths
was observed during the same period for diarrhoeal issues.
However, this disease still caused the deaths of 1.4 million
people. Similar trends were also observed for tuberculosis,
with deaths falling during the given period; however, its status
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as a deadly killer remained unchanged as it is still listed
among the top 10 diseases killing people around the world,
registering 1.3 million deaths globally. While it used to be
a top killer, HIV/AIDS is no longer as lethal. In 2000, the
disease killed 1.5 million people, a number that has fallen to
one million since.

B. HEALTH-RELATED NEEDS OF OLDER ADULTS
According to the previous subsection, ageing induces age-
specific chronic diseases (e.g., cardiovascular diseases,
Alzheimer’s disease, diabetes mellitus, etc.) which increase
the demand for support and care in everyday life. Indepen-
dent living of older adults under complex disease patterns
implies being able to perform different activities regardless
of age-specific limitations. As the interpretation of indepen-
dent living depends on individual’s health conditions and
(un)affected skills, the main issue of how to support it refers
to age-specific limitations. This issue demands a holistic
concept focusing on the QoL of older adults [25]. Good
health not only improves the QoL of older adults and their
family members but also facilitates social and economic
development by increasing the human resources accessible
within a social community[26]-[29] [27]-[30]. Older adults
can make an important and valuable contribution to the com-
munity if they follow steps for healthy ageing accounting for
many different life aspects as described in [30]-[34], even
with the support of health-related ICT solutions.

In this regard, certain ICT solutions may support indepen-
dent living of older adults within their home even while facing
some health obstacles. Even so, the needs of older adult have
not been adequately assessed. To understand these needs, it
is necessary to explore the acceptance of health-related ICT
solutions of older adults.

Health is a basic need of all people, and especially seniors.
Health is closely connected to physical activities, which can
be planned, recorded and associated with health factors such
as blood pressure, weight, etc. In this sense, physical activities
can be considered as a type of prevention and component
of healthcare at home. In addition to prevention, healthcare
includes early detection of age-related diseases (e.g., heart
diseases, diabetes, cancer, dementia, etc.). Moreover, there is
aneed to overcome the physical health obstacles related to old
age (e.g., fall-related injuries, mobility impairments, etc.).

However, older adults do not easily adapt to health-related
ICT solutions for home care. Moreover, it is not favourable
for their well-being to be placed into an unknown living
environment, as they may only feel comfortable when sur-
rounded by familiar places, people and things. Therefore, it
is important to recognize the ICT solutions that may help
to maintain independent living of older adults within their
homes despite facing some health obstacles.

C. BEST PRACTICES FOR HEALTH-RELATED ICT
SOLUTIONS

Many health-related ICT solutions are proposed with the
purpose of prolonging and providing aid for the independent
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and active living of seniors in their homes. In line with this
purpose, these ICT solutions are intended to satisfy the needs
of older adults and caregivers and improve well-being and
QoL [35].

Different technologies are used to build ICT solutions
with user-friendly configuration and management that can
be integrated with smart environments at home, at work, in
a social community, etc. These technologies include various
functions, which can be controlled by sensors and devices,
communication and connectivity, and cloud and analytics
and integrated with living environments to support individual
needs and independence. They provide older people with
control over the time and the place for monitoring their health
conditions. Furthermore, they decrease the stress on hospitals
and other care institutions while making a significant contri-
bution towards managing several health conditions.

In this regard, ICT solutions of smart homes for
the elderly population may be categorized in relation
to the context of use: (1) resident activity monitor-
ing [36]-[46] and (2) resident health monitoring and/or
managing [38], [44], [47]-[57]. They give older adults the
opportunity to use wearables and/or environmental sensors
and devices which are intended to monitor and/or manage
various health conditions, i.e., ischaemic heart disease [47],
stroke[39], [49], [50], [58], Alzheimer’s disease and other
dementia [4], [34], [36], [37], [41]-[46], [48], [59], chronic
obstructive pulmonary disease [34], [52], [53], [60] diabetes
mellitus [38], [55]-[57], and physical disabilities [51]. With
this approach they can improve the coordination among care-
givers, emergency response teams, and intervention effective-
ness, which contributes to cost savings and better QoL for
older people living with chronical conditions.

The summary above shows that existing ICT solutions
have a twofold purpose, i.e., (1) prolonging and supporting
the independent living of older people [37]-[40], [44], [45],
[47], [49]-[51], [55], [57], [58], [60] and (2) providing help
and simplifying activities for caregivers [38], [41]-[44], [46],
[48], [52], [53], [56]. The ultimate goal is to build a smart
ecosystem based on technological infrastructure including
the following components: (1) sensors and devices; (2) con-
nectivity and communications; (3) services and application;
(4) security and privacy; and (5) data management and analyt-
ics [61]. Although each technological component is important
for optimal operation of the future smart ecosystem, sensors
and devices are key integrating technologies connected with
smart living environments that assist people in activity and
health monitoring and in managing well-being and health-
care. In this regard, wearable technologies are becoming an
important part of everyday life as they are associated with
daily life activities. Although wearable sensors represent the
most suitable avenues for both deployment and acceptance of
technology in larger scale setups, the current main issue is the
unwillingness to adopt technology for privacy and security
concerns [62]. Another issue may be the exhaustion of using
a wearable. There is demand for a decent balance in terms
of accessing and/or sharing such data versus privacy and
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security underpinnings. Additionally, there is an intention to
personalize them and make them more pervasive and multi-
functional [63]-[66].

D. IMPORTANCE OF HEALTH-RELATED ICT SOLUTIONS
ANALYSIS

Changes in population structure, chronic disease frequency,
personalized care demands, and financial pressure require a
new, integrated approach to healthcare that has the potential
to enhance the quality, efficiency, and security of healthcare
services in terms of aiding one with their daily chores, activity
and health monitoring, accessing medical and emergency
systems, etc. Building a smart home plays an important role
in such an integrated approach as many older people are
adopting ICT solutions more than ever in order to age in the
most independent manner achievable [34], [63], [67], [68].

These ICT solutions should be understood through some
formalized analysis. This paper seeks to analyse health-
related ICT solutions occurring in the smart homes for the
elderly population within scientific parameters. There are
three possible options for doing this, i.e., (1) analysing the
marketplace, (2) examining the various ICT solutions through
a literature review, or (3) evaluating the patenting activi-
ties [69]. A marketplace analysis would soon be outdated
as many health-related ICT solutions have passed through
research and development. A literature review related to
health-related ICT solutions would be skewed towards the
academic perspective rather than the industrial and practical
perspective [70]. The most cost-effective, data-driven predic-
tor of the marketplace of health-related ICT solutions can be
reached by patent analytics [71].

To address these shortcomings, our analysis combines the
literature review and patent analytics, similar to [72]. The lit-
erature review on health-related ICT solutions of smart homes
for the elderly population is based on exploring the frontiers
of a subject. In contrast, the patent analysis is closely con-
nected to the industrial application of ICT solutions, thereby
promoting the practical development of smart environment
for the elderly population. This choice fills the knowledge
gap of academia and industries in the subjects of smart envi-
ronments or the elderly population, similar to [73]. We expect
to gain a reproducible, measurable, and unbiased analysis of
health-related ICT solutions of smart environments for the
elderly population.

lll. METHODS

A. SEARCH STRATEGY

Our search of scientific and research sources focused on sci-

entific sources as well as on intellectual property (IP) patents.
The scoping review was conducted for research papers

based on PRISMA guidelines [25]. The literature search

was undertaken between 1 September 2019 and 13 February

2020 to find peer-reviewed, published work alongside con-

ference papers produced in English. The search considered

articles indexed in Web of Science, IEEE Xplore, Springer
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FIGURE 2. Publication (upper) and patent (lower) search process.

and PubMed that were published between 1990 and 2018.
The keywords included ‘“Smart Home & AAL area” in con-
nection with “Elderly”. The keywords were added to journal
and database searches. The references of the retrieved articles
were examined for appropriate articles that the original search
may have overlooked; thus, several other results were added.

Additionally, we used a semi-automated search frame-
work [74]. The engine automatically scans papers pub-
lished between 1990 and 2018. The keywords included
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in the automated search were “Working after a Stroke”,
“Smart environments”’, “Intelligent environments”, “Ambi-
ent Assisted Living”, “Enhanced Living Environment™ and
“Smart homes”. After that, the articles that were returned
by the search engines of IEEE Xplore, Springer and PubMed
were analysed by the framework [74] using additional prop-
erties reflecting the diseases listed in the figure (Fig. 1).
The results selected by the framework were then manually
screened, and the relevant articles were selected for a more
thorough manual review.

Patent searching was performed in the Espacenet, PatentIn-
spiration and Google Patent databases with the same time
range as the article search, from 1.1.1990, until Decem-
ber 2018 for the application date. The search strategy focused
on patents concerning smart home with a connection to the
elderly population. Because of the importance of diseases in
the elderly population, we search for a connection to the most
frequent diseases in the elderly population using 14 specific
different keywords reflecting the diseases listed in the figure

(Fig. 1).

B. ARTICLE AND PATENT SELECTION AND DATA
COLLECTION

1) ARTICLES — DATA COLLECTION

As for the original search for “Smart Home & AAL area”,
the exact search string used was as follows: “SMART ENVI-
RONMENTS or Intelligent ENVIRONMENTS or Smart
Home or Smart indoor or Smart Room OR AAL OR Ambi-
ent Assistive Living OR Enhanced Living Environment™.
We received 58,701 results from the ISI WOK database for
the topic search (title, abstract or keywords) and 7,027 results
for the title-only search string.

As the goal was the need to survey smart solutions for
the elderly population, we searched for “Smart Home &
AAL area AND Elderly” where we used the exact string
“ELDERLY OR Older OR OLD OR senior”. The structure
of the records covered 2,803 records by topic search and
717 records by title search. The final results are summarized
in the table (Table 7), where they are structured according
to the 14 most frequent reasons for death in the elderly
population (604 group, as shown in figure (Fig. 1)). Finally,
from 717 records 193 records of the “article” type were
considered for the analysis, where only 163 records remained
when we combined them with 14 diseases. We found full-
text documents for 154 articles, which were screened; then,
21 records were selected as a result and fully analysed
(table 7 - appendix).

The general procedure is described in the figure (Fig. 2).

For the IEEE Xplore, Springer and PubMed databases, the
semi-automated framework for literature reviews returned
16,418 articles. The articles were then additionally anal-
ysed using a list of predefined properties such as “Can-
cers”’, “Chronic bronchitis”, ‘“Ischaemic heart disease”,
“Respiratory Disease”, “Smart capabilities”, “Stroke” and
their synonyms. From the 16,418 articles, 11,534 arti-
cles were found to not be related to any disease,
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4,557 articles were not relevant or were other types of records,
and 313 articles were briefly manually reviewed by 4 different
people. From those articles 20 articles were selected from
which 7 were found to be duplicates with the previous selec-
tion. The remaining 13 articles were included in the review.

2) PATENTS — DATA COLLECTION
A search of patents by patent databases (ESPACENET,
Patent Inspiration and Google) with “Smart Home &
AAL area” was executed with the exact search string
as following: “(SMART AND ENVIRONMENTS) OR
(Intelligent AND ENVIRONMENTS) OR (Smart AND
Home) OR (Smart AND indoor) OR (Smart AND Room)
OR AAL OR (Ambient AND Assistive AND Living) OR
(Enhanced AND Living AND Environment)”. We received
70,705 results from the patent databases for the topic search
(title or abstract or claims) and 58,217 for the title-only search
string. A combination with the elderly topic was executed
with the string “ELDERLY OR (Older AND people) OR
(OLD AND people) OR seniors OR senior”’. The structure
of records covered 367 records in the topic search for both
‘Smart’ and ‘Elderly’ keywords and 249 records in the topic
search for the keyword ‘Smart’ and title search for ‘Elderly’.
The final results are summarized in the table (Table 8), where
they are structured according to the 14 most frequent reasons
of death in the elderly population (60+ group, as shown
in figure (Fig. 1)). Finally, when 367 records from the topic
search was combined with these 14 most frequent reasons,
we obtained 92 records of which only 77 had available
abstracts of the patent application. After removing 41 dupli-
cates, 36 remaining patent applications were fully analysed.
After the full-text analysis 17 patents were removed, and
19 were included in the synthesis presented in the table
(Table 8 - appendix).

The applicant countries covered China (9), United
States (7), Canada (1), Taiwan (1), and Korea (1).

C. DATA EXTRACTION AND STUDY QUALITY EVALUATION
The analysis was conducted based on a combination of impact
factors of the publications considering reviews and original
articles (denoted as articles in the remainder of the text) and
patent applications (as patents). Articles and patents were
included in the selection and review.

During the last 20 years (until 2013), the patent activ-
ity, which was infrequent, oscillated with patent applica-
tions in HO4L12/00 “‘data switching networks”, G06Q50
“Systems or methods specially adapted for specific busi-
ness sectors” and HO4L29 Arrangements. Nevertheless,
since 2013 a significant growth can be detected from
fig xxx where in the last four years the patent activity has
focused mainly on GO8B21 ‘“‘Alarms responsive to a sin-
gle specified undesired or abnormal condition” and similar
GO08B25 ““Alarm systems in which the location of the alarm
condition is signalled to a central station”. These alarm
patents can be achieved by the expansion of new tech-
nologies, sensors, machine learning and high-quality video
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FIGURE 3. IPC code evolution in time for ICT solutions AND elderly keywords (367 patents).

cameras. The next significant group is A61J7 “Devices for
administering medicines orally” and A61B5 ‘“Measuring
for diagnostic purposes” with possible use for the elderly
population to help them with independent living. The last
group with two IPC sub-codes is represented by GO5B15
“Systems controlled by a computer” and the similar GO5B19
“Programme-control systems” as computer-based systems
for monitoring a ubiquitous environment or Smart Home.

It is evident that most of the technologies discussed in
the scientific literature (in articles) were established early
on or before 2009. Nevertheless, keywords such as activity
recognition, classification, ontology, mild cognitive impair-
ment and perception have been frequently used since 2014.
For example, “activity recognition” is connected to sensors,
elderly, care, dementia and Alzheimer’s disease, recognition
and independent living. From the newest connections IoT,
algorithm, recognition, behaviour and ‘“‘machine learning”
can be highlighted. It is evident that the last trend is focused
on using machine learning for activity recognition based on
sensor data and recognition.

During recent years (2017-2018) the significant trend lay
in applying algorithms, behaviours and IoT to the elderly
population and e-health from 2016. Behaviour can be named
as a growing example, and it is connected to activity
recognition, AAL, care, Smart Homes and independent liv-
ing. This trend corresponds with the growing possibilities for
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detecting many activities from online video sources; thus,
real-time AAL solutions are becoming real at present.

The following inclusion and exclusion criteria were estab-
lished.

1) INCLUSION CRITERIA

o Ordinary results in a 20-year window: 1998-2017.

« Reviewed full texts of articles or patents in English.

o The aim is to analyse the current state of the art and
potential of different types of smart homes and assisted
living or perceptions of future potential users.

o The output of the articles was both descriptions of spe-
cific Smart Home solutions and the analysis of the state
of the solution and the efforts to address the elderly
population, as well as with any of the 14 most frequent
types of diseases causing death in Europe (EU-28).

o Addressed the use of technology in environments that
included seniors with complicated needs

o Addressed the complicated needs of seniors, including
physical and mental problems they may face; included
technology that has been applied to support indepen-
dence for seniors, at least as a pilot; and considered data
collection and communication challenges.

o Sample included seniors who needed constant care,
such as permanent monitoring and chronic conditions
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and were afflicted with chronic issues that restrict their
capacity for ADL1 and IADL2.

o If the work only looked at conditions such as heart
problems or diabetes, the paper was included only if
it discussed the sample subjects’ restrictions in terms
of IADL or ADL or both due to physical, psychoso-
cial or mental impairments and at home.

o Works that included any study method or design with
negative or positive outcomes.

2) EXCLUSION CRITERIA
The articles and patents that we gradually eliminated from the
analysis had the following specifics:

o A language other than English.

« Papers that offered a review of any sort, meta-analyses,
theoretical papers, notes from conferences, and any
other form of literature review.

54580

Studies that were not related to health elements
and instead looked at home-based technology aimed
at other aspects such as home security or energy
efficacy.

Works that looked at assisting tools such as wheelchairs,
walkers, hearing aids, etc.

Papers that were not available or only available with an
abstract.

In the case of diabetes, studies that were conducted
focusing on better self-management without linking to
the elderly population.

Studies addressing medical devices and related clinical
trials.

Furthermore, articles on mental perceptions of ICT per-
ception were also excluded.

When the study was focused on attitudes of careers.
Focus on industry and production of ICT solutions.
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FIGURE 5. IPC patent map. Patents in the results are located in A: Human
Necessities, G: Physics, H: Electricity.

Il A61B5/00 (5 patents, 18%) Measuring for diagnostic
purposes

[ GO6F3/00 (4 patents, 14%) Input arrangements for
transferring data to be processed into a form capable of
being handled by the computer

Il H04M1/00 (3 patents, 11%) Substation equipment

[l A61N7/00 (3 patents, 11%) Ultrasound therapy

[l A61N1/00 (3 patents, 11%) Electrotherapy

[ G06Q10/00 (2 patents, 7%) Administration

GO6F19/00 (2 patents, 7%) Digital computing or data
processing equipment or methods

Il A61N5/00 (2 patents, 7%) Radiation therapy
Il A61N2/00 (2 patents, 7%) Magnetotherapy

[ A61M21/00 (2 patents, 7%) Other devices or methods
to cause a change in the state of consciousness

FIGURE 6. IPC codes (Main groups) of 19 results in the patent pool.

o A focus on solutions in developing countries where
there are conditions different from those of developed
countries, a similar economic level and an ageing popu-
lation.

3) LIMITATIONS

Some relevant articles could have been unintentionally left
out of this review due to the specificity of the search strings.
Additionally, some empirical studies may not have been
identified in this literature review because only English peer-
reviewed published papers were analysed. Most of the anal-
ysed articles considered technological maturity from the
R&D or prototype level; only one of them analysed the final
product. Original research in cooperation with the corporate
environment would need to be conducted to ensure the anal-
ysis of the final products.

IV. RESULTS

In the systematic review 34 articles and 19 patents were
included, and the objective, effect and technology in relation
to the diseases are described.
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automatic - average - certain - characteristic - chinese

dese + common -+ complete - digita| direct + effective

envionmental + equal + final + full + functional - general
human -/dndividual  initial - local

new -+ normal -

- original \ personal » physical

proper * I"ea| « red related remote respiratory

secondary Several = short ' Sound * SpeCIal

standard + smenonous + third + whole + wireless
FIGURE 7. Patent text analysis using a tag cloud for adjectives in patent
applications. Summary of the 50 most-used adjectives mentioned in
selected patents (in Title, abstract, claims) with selected adjectives for

analysis.

IS T N
s8FESS
s & & § § <Q Terms Patents
° ° ° ° ° ° 6 4
° ° ° ° ° 5 1
° ° ° ° ° 5 2
° ° ° ° ° 5 2
° ° ° ° 4 1
° ° ° 3 1
° ° o 3 1
° ° 2 2
° ° 2 1
° ° 2 1
° . . . 1 1
° . . 1 2

FIGURE 8. Combination analysis for patent pool for selected adjectives
where all 19 patents are covered by these selected adjectives.

A. ANALYSIS OF RESEARCH PAPERS

Regarding research papers most of the summarized articles
are connected to Alzheimer’s disease and other dementias
(14x), diabetes mellitus (7x) and stroke (7x) while the other
diseases are represented by only 1 to 3 articles which use
some ICT solution to help the elderly population with specific
diseases (Table 1).

54581



IEEE Access

P. Maresova et al.: Health-Related ICT Solutions of Smart Environments for Elderly—Systematic Review

Fibres Symmetry Liquid to spray
19
Senses Information
Market 15 smell
11
Automation Surface
8
Pulsation 4 Shape
2
Taste Flexibility
State Transparency
Companents Liquid to foam
Color Sound
Integration Fragmentation
Porosity Coordination

FIGURE 9. Evolutionary potential showing which properties were
explored in the 19 patents in our pool [124].

Fibres SYmmety Liquid to spray
164
Senses Information
Market 131 Smell
98
Automation Surface
66
Pulsation 23 Shape
Taste " Flexibility
State Transparency
Components Liquid to foam
Color Sound
Integration Fragmentation
Porosity Coordination

FIGURE 10. Evolutionary potential in 185 patent citations [124].

As there is a logical need to monitor patients with any kind
of dementia [36], [43], [46], a number of articles, studies
and research projects have been undertaken during recent
years. Ambient Assistive Living (AAL) technologies [45] as
well as Smart Home systems [34],[46],[51], [53] are widely
suggested as a useful ICT solutions to help patients with
dementia as well as to caregivers. Monitoring is performed
by passive and active IR motion sensors [43] which have
been found to be suitable solution in cases where more
independent living is possible in the elderly population. When
more precise patient monitoring is needed, video monitoring
systems are widely used [36], [60].

Several articles also evaluate the possible use of ICT tech-
nologies as a part of AAL [47], [58], [49], [41], [45], includ-
ing how elderly and patients can work with these Smart ICT
technologies as such tablets, touch screen devices, and ther-
mostats. Hwang et al. 2015 [45] concluded that AAL tech-
nologies must be created or developed to be customizable,
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flexible and possibly featuring a DIY capability that can aug-
ment or help care, experiences and relationships. A require-
ment for constant user involvement during the development
and implementation process, constant training and support
throughout system use and transfer between the real and the
virtual world especially when using ICT technologies in old
age was confirmed also by Muuraiskangas et al., 2012 [47].

QoL and well-being are also connected to comfort in
the elderly environment. Air conditioning system control
for places where multiple users lived is also suggested by
Tartarini et al., 2017 [41]. The problem of agitated behaviours
from setting the temperature within a community impacts
not only the person exhibiting the said actions but also those
around them, i.e., residents in close proximity. It also impacts
care delivery for all involved. The authors suggests setting
only a limited number of indoor air temperature variations to
reduce agitation.

One trend is also to use multicomponent interventions and
smartphones/PDAs, whereas wearables, biosensor devices,
and computer systems as the sole technological solution
are not in vogue now. This indicates an ability to use ICT
technologies in elderly living environments, including smart-
phones, wearables and any devices they can have [55].

We performed an in-depth analysis regarding the techno-
logical aspect of the suggested solutions. It is essential to
know whether the sensing technologies used are invasive (in
terms of privacy and personal space) (Table 2). Additionally,
we reviewed the consideration of Smart technologies which
are becoming increasingly popular as they are continually
being improved. Novel methods based on machine learning
are known to be used in many different aspects of AAL and
medical informatics where they give promising results [97],
[98]. The user interface is another aspect that we considered
in the analysis. With the increased usage of mobile devices,
we also see an increased number of applications that use
them. Furthermore, for impaired people, voice recognition
modules are one of the possible solutions that are taken
into consideration. Next, one of the essential aspects of any
solution is the user. Which user type is the solution intended
for: the doctor, the caregiver, or the patient or older person?
We also reviewed the technological maturity of the solution
in terms of the state of development. Finally, we reviewed if
the authors considered the acceptance and satisfaction of the
proposed solution by the users.

Most of the solutions use web or mobile applications with
several of them considering speech recognition to process
user input. Depending on the application, a large part of the
solutions consider non-invasive sensors which are commend-
able; in addition, the inclusiveness of Smart capabilities is a
trend, especially in newer publications. Almost all of the solu-
tions consider the older adult or the patient as a user. Many
of them are intended to be collaboratively used by the older
adult and the caregiver. However, some of them also include
healthcare providers. In almost all publications, the state of
development is at the R&D or prototype level which is under-
standable considering the nature of the problems. Most of

VOLUME 8, 2020



P. Maresova et al.: Health—Related ICT Solutions of Smart Environments for Elderly—Systematic Review

IEEE Access

TABLE 1. Summary of studies in relation to the most frequent reasons of death in European region.

[ STUDY OBJECTIVE METHODS MAIN FINDINGS LIMITATIONS MARKETED
© %‘ SOLUTIONS
2%
X a

~ To implement a virtual coach | 30 participants; interview - how they | Use of ICT in old age requires constant | Ambient  Assisted  Living

%‘) § that can help users participate | expected to perform a short task. | involvement of users during the development | (AAL) research project is aimed

24 . actively in reaching out to | Services and Applications are used | and implementation process, constant training | at finding a solution to ridding

'g E people and educating them on | with help of Mobile devices | Tablet | and support throughout system use and transfer | one of loneliness by use of

ER E starting and  maintaining | (touch screen devices) between the real and the virtual world. technology that is easy to use,

=38z substantial relationships. such as a tablet.

= To develop an end-to-end | Software development, evaluation | Authors have developed and evaluated an end- | Not  very  high  reported

- software application that uses | and reporting. Uses mobile phones | to-end solution for monitoring that can be used | acceptance rate by the aged

: E mobile phones to monitor risk | with Bluetooth communication with | by patients, caregivers and doctors and uses | population. Only 69%.

‘E - of heart diseases sensors. High response speeds and | mobile devices such as smart-phones

3= rule-based decision support

T .

integrated system.

z To develop a method of | Develop method based on data from | Smart shirts and machine learning approaches | Limited set of activities can be | Smart Sofa solution [77] for
2 . automatic ~ recognition  of | multimodal sensors and machine | can achieve high accuracy in detection of | detected, additional research is | household, for posture
B 2 sedentary behaviour related to | learning algorithms for activity | sedentary behaviour needed for different states. Not | monitoring which enable
5 o cardiovascular risk based on | recognition and validate using all behaviours are detected with | furniture shape change.

2 § quantitative measurement of | experimental protocol. equal accuracy and some are | Smart BED solution [78],
2 = physical activity. ambiguous (like standing and | [79] with heart rate,
§ g sitting still) temperature, sleep
E S monitoring and breath rate
- monitoring.

- Study looked at how effective a | ABA multiple baseline design was | Graphemic cueing therapy was conducted over | Small sample size, necessity of

= self-administered care through | implemented so that the CP’s | a period of three weeks and resulted in an | confirmation of this results.

5 g‘T smart tablet could augment verb | performance could be compared to | augmented level of the aforementioned

2 - naming skills three equivalent sets for stimuli. Use | activity, as opposed to the untrained set and the

=3z of sensors and devices | Mobile | baseline.

=« devices | Smart Tablet

“ Authors  suggested - self- | A pretest—posttest follow-up, single- | Smart Arm training may offer a feasible option | Not a final product, study is a | VirtualGym: A Kinect-

'g = administered, Home-based | case, mixed-method study using | for people with stroke with severe paresis to | base for next development. based system for elderly

A Smart Arm training. multiple component system, | undertake  self-administered  upper-limb exercising at home [32].

z E § environmental sensors, and | rehabilitation at home.

5= computer-training programme.

To allow seniors and people | Canadian Occupational Performance | The treatments in the Smart Home IRIS | The number of Assistive | Smart BED solution [78],

with disabilities to use and | Measure (COPM) and the Functional | appeared to contribute to higher occupational | Technology ~ATs in the | [79] for  household

check multiple assistive | Independence Measure (FIM) using | performance and satisfaction with performance | statistical models was only | with heart rate,

. technologies and solutions so | environmental sensors of Smart | and higher functional independence of persons | considered. temperature, sleep
= that they may become more | Home IRIS - technological solutions | with disabilities and elderly people. monitoring and breath rate
= independent that compensate some kinds of monitoring providing foot

"é b disabilities and thereby improve the warming, bed shape change

3 g QoL of persons with disabilities. and lightning control.

S Google Nest Yale Smart
lock [80] for household use
with  lock and voice

F recognition feature.
§ o Measurement the duration of | 25 participants monitored by Sensors | Adults both young and old who were in good | Small sample Smart BED solution [78],
i S Sit-to-Stand (SiSt) | and devices | Environmental sensors | health come up with shorter SiSt, registered at [79] for  household

(\; unobtrusively and automatically | | Video camera | Pressure sensor | 2.31 and 2.88, respectively. However, people with heart rate,

= using a pressure sensor array. array under a bed mattress and a floor | who had suffered a stroke or hip fracture temperature, sleep

o plate beside the bed. registered 5.00 and 3.32, respectively. monitoring and breath rate

Tz = mlonit.oring prf)\fiding 'foot

22 warming, bed shape change
and lightning control.

_ To evaluate a platform for 36 participants divided into 3 groups | A robust system from technical point of view, | Several technical problems with

= personalized rehabilitation Monitoring using Cameras, sensors, | users reported ease of use and 75% of them | the sensor communication

5 within the CogWatch Kinect  device, servers, web | would favour using the system in their own | reliability reported and clinical

framework with the intent of application and interface. home results not included in the study.

g 5 fostering independence in

5 5 activities of daily living in

23 patients with apraxia and action

s a disorganization syndrome

. To build a system for cognitive | A group of 20 therapists were | The system provides greater autonomy for | The study was made on 20 | Smart BED solution [78],

> rehabilitation that allows users | questioned to evaluate the system of | therapists and patients but doesn’t replace the | random conveniently chosen | [79] for  household

o to use it at their convenience. head-set for emotion detection, | therapists. therapists. Further study is | with heart rate,

= Kinect V2, Glove vibrotactile sensor, needed for patient’s satisfaction. | temperature, sleep

S Servers and Web based services with monitoring and breath rate

5 client application for both therapists monitoring providing foot

g‘ g and patients. wam}ing, bed shape change
and lightning control.

- Detection ~ of  multimodal | Longitudinal Smart Home datafor29 | All mobility, cognition, and depression | Model can improve sensitivity | Happie Home automation

= symptoms that are often found | older adults with average duration of | symptoms can be predicted from Activity- | by including additional | system [83], [84] s

° to be impaired in AD >2 years. Mobility, cognition and | aware Smart Home data. Based on Smart Home | longitudinal data and by further | provided to facilitate senior

o § mood were evaluated every six | data, regression models was created to predict | improving strategies. care, as well as to facilitate

" g o months by use of sensors, devices, | symptoms, measured by the tests and a feature care for individuals
£ ﬁ > environmental sensors, and machine | selection analysis was performed. suffering from Alzheimer's
g o learning software in Java. disease or other dementias.
E To determine the specific | 21 residents, living in 1 nursing | Agitated behaviours not only affected the | Low number of participants. | A home control unit is
'S correlation between indoor air | home, were assessed for a 10-month | person manifesting them but were found to be | Corrections of residents | provided that is connected
2 temperature and agitation of | period using the Cohen- disruptive for other residents and the delivery | positions indoor by caregivers | to, and interfaces with, a
e — nursing home residents with | Mansfield = Agitation  Inventory | of care. Agitation can, therefore, be when not precis location by | combination of health
T = dementia. (CMAI). Environmental sensors | potentially reduced by limiting the range of | indoor positioning system. equipment, smart home
s = iButtons (Maxim Integrated - small, | indoor air temperature variations appliances, a smart
§ 5 cylindrical data logging devices 17.5 medicine cabinet, a smart
ﬁ ?f mm in diameter and 6 mm deep) was pantry, wearable sensors,
5 3 used. motion detectors, video
E g cameras, microphones,
2 § video monitors, speakers,
N s smart thermostat, lighting,
< = floor sensors, bed sensors,
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TABLE 1. (Continued.) Summary of studies in relation to the most frequent reasons of death in European region.

people with impairments.

smoke detectors, glass
breakage detectors, door
Sensors, and other
perimeter sensors.

v s Integration of three previously | Controlled trial with pre- and post- | All participating people felt that Rosetta was a | The system had not detected

g © | developed AT systems into one | test measures across three countries truly helpful introduction and would prove | falls of participants three times.

:a: 5 § ! modular, multifunctional | (Germany, Netherlands and | useful for care in the future. In one case person continued

| system Belgium) moving while on the ground.

. Study of speech-based | A set of experiments, such as | Seniors who presented with AD had a higher | Not all nonverbal and semi | IKEA solution [85]
= interactions between mobile | finishing a daily activity in a home | likelihood of ignoring a robot, and account for | verbal strategies was taken into | focusing on range of
RN robotic platform called ED, | environment that is simulated. ED | approximately 40 percent of these types of | account — thus problem with | household smart items such
8 E along with every one of the | intended to assist with daily activities | behaviours when dealing with it. non-formal ~ promotions  of | as  lightning  control,
2= senior adults that presented with | by visual monitoring and verbal elderly wireless charging, wireless
M AD prompts in cases of difficulty. speakers, etc.
= Patterns  of intra-individual | System of strategically placed | Home-based monitoring provides a method for | Due to the large use of passive
= variation detected in each of | sensors in over 480 homes. | tackling one of the greatest challenges across | IR and contact sensors -

\n these areas was used to predict | Collecting data for up to 8 years. | the spectrum of dementing diseases from pre- | difficulty ~of distinguishing
IS outcomes such as low mood, | oRCAt Ch Platform design with | symptomatic to manifest disease. between individuals if more
Tér loneliness, and  cognitive | several types of sensors, wireless | Upgrades included IR sensors (by ZigBee). than one person in the home.

3 function. passive IR motion sensors in each Low fidelity of recognizing and
2 room. Wireless magnetic contact distinguishing between
ES sensors also placed on the outside activities recorded.

) .

doors and the refrigerator.
- Demonstration of effectivity | 15 sociomedical operators and 14 | During the experimentation, the acceptability, | Small sample IKEA solution [85]
> and acceptability of developed | patients with AD were directly | utility, usability, and efficacy of this system focusing on range of
< innovative domiciliary smart | involved. Monitoring using sensors | were evaluated by operators and patients as household smart items such
E sensor system with an AAL | and mobile devices, video cameras, | quite positive. as  lightning  control,

2 approach for providing | bed and easy chair monitoring wireless charging, wireless

= domiciliary ~ assistance  to | systems, door monitoring tool, speakers, etc.
5 g patients with AD. personal localization system, and
personal posture monitoring system.
Design, development, testing, | Experiment with 6 participants, | Suggestion that AAL should be designed to | Small sample IKEA solution [85]
5 and evaluation of the caregiver | patients and caregivers using sensors | support solutions that complement tacitly focusing on range of
- interface artefacts as triggers to | and mobile devices. improvised care strategies and enable them to household smart items such
= facilitate envisioning of AAL try, observe, and adapt to solutions over time. as  lightning  control,
a support and unpack the situated, In this way, an ICP could decide which wireless charging, wireless
= idiosyncratic  context within activities to entrust to AAL support. AAL speakers, etc.

?ﬂ which AAL aims to assist. technologies should be designed to be flexible,

g customizable, and potentially with “do-it-
£ yourself” (DIY) capabilities to complement
= care routines, relationships, and experiences.

Solution to support independent | Case study: Can system detect Only 3 motion sensors and 2 | IKEA solution [85]

- living of the elderly population | abnormality within the behaviour of door contact sensors. | focusing on range of
= by means of equipping their | an occupant living in a real (movement and door entry | household smart items such
3 § homes with a simple sensor | environment in 6 months. Home point) as lightning control,
oo network to monitor their | automation sensors are used, while wireless charging, wireless
2= behaviour. neural networks are set to predict the speakers, etc.
= future values of the activities for each

Sensor.
= The aim of the study is to | 64 participants over 65 years old | This study outlines the interest of a novel tool | Short duration of the scenario.
@ propose a Daily Activity | were included: 16 AD matched with | coming from the ICT world for the assessment | Only the relative position of the
s} Scenario (DAS) score that | 10 NC for protocol 1 and 19 MCI | of functional impairment in AD and MCL. The | participant in the room is
b1 detects functional impairment | matched with 19 NC for protocol 2. | derived DAS scores provide a pragmatic, | automatically —processed by
= using ICTs in AD and Mild | Video monitoring system (VMS) is | ecological, objective measurement which may | computer vision algorithm.
2 Cognitive Impairment (MCI) | used to obtain a quantifiable | improve the prediction of future dementia Automatic recognition of IADL
S compared with Normal Control | assessment of IADLs in AD and in remains in progress.
2 group (NC). MCI - Two fixed monocular video
4 cameras (eight frames per second).
Design, development, and | Trial in a nursing home after | Preliminary results from a trial in a local | When the wetness sensor was | IKEA solution [85]
preliminary deployment of a | conducting several experiments in | nursing home are promising and can | not being put in the optimal | focusing on range of
% smart  wireless  continence | the laboratory in order to prove the | significantly improve the quality of care for | position of the diaper, the | houschold smart items such
5 management system for | usefulness and importance of this | patients. detection rate would be loweras | as  lightning  control,
S dementia-impaired elderly or | system. Mote wireless platform used there is limited contact between | wireless charging, wireless
o patients in institutional care | for deployment of large quantities of the wetness sensor and the | speakers, etc.
= settings such as nursing homes | wetness sensors with wider coverage urine.
E and hospitals. with dramatically less complexity
g and cost - an intelligent signal relay
mechanism.
5 | To build an assistance system | 25 caregivers for people with | Promising overall functionality and high | Needs increased accuracy in | Panasonic Mirror solution
& | for aiding caregivers in dressing | Alzheimer and 10 people for control | acceptance with caregivers. clothes detection. Care | [87] for household with
%« | people with Alzheimer, with | for the evaluation of the system in recipients weren’t included in | skin condition detection
§ S | automatic detection of clothes | controlled laboratory settings. the study. and recommendation which
g < | and suggestion system to aid product to use by using
© | dressing. image processing,
© To propose a system for | 4homes had installed various sensors | Overall usage of the system improved the | Detection of abnormalities is | IKEA solution [85]
> monitoring of activities in | such as wearables, object motion, | scores of the monitored neuropsychological | not synced and requires notes | focusing on range of
S problematic living areas and | presence, sleep utility usage and | assessment. The abnormalities detection was | from the patients/users in order | household smart items such
g give automated feedback and | other for distance monitoring of | crucial for assessing the current situation, | to be able to match activities | as  lightning  control,
= health related observations to | patients and health pattern analysis | driving interventions and evaluate | with abnormal sensor readings wireless charging, wireless
g improve quality of life and detection, data visualization.. | improvements. speakers, etc.
E 3 The collected data is combined with
- clinical data and visualized.
To perform analysis of features | Evaluation of machine learning | Promising results for early AD diagnostics | The reported results are only for | Google Nest Yale Smart
5% § in Spontaneous Speech and | algorithms performance on existing | based on speech. the dataset, no field testing is | lock [80] for household use
£ - | Emotional Response oriented to | dataset consisted of 20 AD patients performed with lock and voice
-‘3 = | pre-clinical evaluation for the | and 20 normal patients for control recognition feature.
5 | definition of appropriate tests | group, where date are taken from
& S | for early AD diagnosis speech  recording in  home
- environments.
© Evaluation of a framework for | Evaluation of the user experience by | High satisfaction of caregivers and selected | The article lacks a | IKEA solution [85]
= multimodal interactive system | caregivers and randomly selected test | users. The proposed framework and application | comprehensive evaluation with | focusing on range of
2 that uses a conversational agent | users by mobile application, speech | are able to provide to the user a large | people with Alzheimer household smart items such
s recognition, and  context-aware | combination of input and output modalities to as  lightning  control,
% _ application. communicate with the system which makes the wireless charging, wireless
'5 a system especially useful for older adults and speakers, etc.
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TABLE 1. (Continued.) Summary of studies in relation to the most frequent reasons of death in European region.

© The KSERA (Knowledgeable | User studies using sensors and | The results showed that (1) the KSERA Hyundai Livart solution
Z a2 Service Robots for Ageing) | devices, robotic services, person-and | system and Nao robot are likeable, (2) the [91] is focusing on Living
;_ g _ project integrates Smart Home | self-localization, person-aware | attitude towards the Nao robot is highly room, kitchen where it
g o § technology and a socially | navigation, speech recognition and | correlated with the attitude towards the system, clean the air by UV LED —
S g = assistive  robot to extend | generation, robot gestures, emulated | and (3) communication through a robot is Violeds solution
g S independent living for elderly | emotions, eye contact and joint | preferred over interaction with the individual Infurma Actiu Smart chair
:g s people, in particular those with | attention, ~and  audio  video | technical elements of a Smart Home. [92] for SoHo use
z ; COPD. communication. with posture, air qu?lity,
E E £ tgmp.erature, .humldlty,
] 2 hght‘mg. and noise lev.els
6 —g'. :é monitoring updatmg design
of Smart chair.
<« Developed a non-contact vital | System was tested by 16 subjects | The Vital-CUBE measurements exhibited a | Small sample size Hyundai Livart solution
> sign monitoring system (Vital- | (22£3 years old) using sensors, | strong positive correlation with those of the [91] is focusing on Living
(\; CUBE). environmental sensors, phone with | reference contact-type sensors (ECG: r = 087, room, kitchen where it
= virtual network, and radar. Users can | p<001; respiratory effort belt: r =091, p <001) clean the air by UV LED —
53 immediately and conveniently access Violeds solution
g ﬁ measurement  data. Randomized
s = control trials.
- Concept of Health Smart Home | Not full description of system design. We can follow the cardio-respiratory state by | Not evaluated within Home | Hyundai Livart solution
" = designed to follow dependent | Using of sensors and devices, | measuring the intensity of the respiratory | environment. [91] is focusing on Living
H ) people at home in order to avoid | environmental sensors and sensors | sinusal arrhythmia in order to quantify the room, kitchen where it
g s the hospitalization, limiting | set. integrity of the bulbar vegetative system. Need clean the air by UV LED
“QE) é E hospital sojourns to short acute to carefully watch abnormal symptoms (e.g., Violeds solution
- S o care or fast specific diagnostic arterial pressure or presence of plasma proteins)
§ g =4 investigations. in the expired air flow for early detecting
g o hypertension/pulmonary oedema.
;l- . Indoor air quality system for | Design of prototype and evaluation | The proposed system can be deployed and used | Not yet ready for specific cases | Hyundai Livart solution
2 23 monitoring PM air particles | in indoor environments with iDust | in indoor environments and has full end-to-end | such as hospitals, workplaces, | [91] is focusing on Living
5 = S inside rooms and buildings hardware component that connects to | implementation including web application for | schools etc. room, kitchen where it
E § = § servers and communicates with web | monitoring and setup. clean the air by UV LED —
= = application. Violeds solution
- Description of personal-care | Design of prototype equipped with | Personal-care devices; nurses/physicians | No details about evaluation, no | Smarty Pans solution [94]
= devices sensors and devices, connectivity, | desktop application to manage personal health | numbers of respondents for household with
%' web services and applications, | cards (glycaemic index IS) via patient’s web temperature, weight
jach wearable sensors, RFID, and IoT | portal monitoring and diet
g g 6LoWPAN. Evaluation with monitoring.
= a patients, sisters and physicians.
5 Present the  VirtualECare | Design of technical solution - | Intelligent multi-agent system able to monitor,
s o project. multiple component system with | interact and serve its customers, which need
g 27 mobile devices and web services —its | care services.
U T al .
presentation.
. Adaptive computer assistant | 28 older adults evaluated usability of | Older adults were able to use the adaptive | Targeted to elderly Smarty Pans solution [94]
28 development for the supervision | assistant in the Georgia Tech Aware | computer assistant. In addition, it had a positive for household with
§ o of diabetics’ self-care, to | Home using sensors and mobile | effect on the development of health literacy. temperature, weight
s support limiting illness and need | devices, electronic diabetes diary, monitoring and diet
:Ec) % o for acute treatment. and an interaction frame and a traffic monitoring.
- light.
5 Present the results of the Approximately 290 patients’ data | Of the sample, approximately 76% people | The examination was not
— process evaluation and patient | collected by sensors in mobile | thought that D-SMART had been helpful in | created based on the experiment
4 ﬁ experience in completing the | devices was used because they had | ensuring they thought of diabetes. Of this, 67% | and therefore the collected data
L E = Diabetes Self-management | diabetes. D-SMART was linked to | said that good information was provided about | couldn’t be controlled
£ 2092 - - . .
< Assessment Report Tool (D- | the telephone and computer systems | the disease and themselves. A staggering 94% | rigorously inn terms of the
=R SMART) to five sites. were happy with it. The satisfaction level was | population — at least high degree
OAE linked to the system and how it was used. = limit.
© Development and | Implementation and testing. | The benefits associated with usability testing | For elderly - many | Smarty Pans solution [94]
S implementation of a Web-based | Researcher’s experience with the | include reduced training time, support calls, | technological issues which | for household with
2» intervention to enhance diabetes | development using web services and | and maintenance, and increased user | negatively influenced testing of | temperature, weight
g E self-management  for older | applications. satisfaction application monitoring and diet
A= adults. monitoring.
5o To create an end to end system Hardware and software | The concept of Internet of m-health Things can | Not yet implemented and tested
> for glucose monitoring using implementation using IoT concepts. | be used and applied to tele monitoring of
E s N _ Opto-physiological Glucose Web servers with sensors connected | patients.
% E M‘ :’; % | sensor to gateway that communicates with
£ c = hospital software.
2 5= To create materials for | Sensor hardware implementation The proposed hardware can be used to monitor | Only in prototype phase, not yet
2 ° § _ monitoring ulcers on feet of the pH and temperature and thus monitor the | clinically tested
é—‘ 3 = 3 diabetic patients state of ulcers by introducing it to smart
- wearables

the publications do not report technology acceptance or user
satisfaction. This is a considerable shortcoming considering
that these aspects are essential for any solution that is to be
used by older adults. The reason is the scepticism towards
using novel technologies in everyday life which has been
reported in many publications.

B. ANALYSIS OF PATENTS

Based on the summary provided in Table 3, the most-filed
patent application is in the field of Smart Homes, especially in
the monitoring of biomedical information of home residents.
SoberCam Engine [100] as the most-cited patent application
is in this case also the most sophisticated solution, and it also
has a variety of computer analyses methods and technologies
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meant to protect elderly in homes or private care, elderly
homes, or caregiver environments. SoberCam Engine [100]
contains a fuzzy logic intelligent camera system which cov-
ers recognition of body actions, facial patterns, stress, voice
stress analysis, voice recognition, lip-reading, facial and emo-
tional stress analysis and many other methods. The pro-
posed system is suitable for elderly persons living alone
and suffering from some kind of disease such as a heart
attack or stroke or timely falling. When movement by the user
is detected, the system records and monitors said movement
so that it can later be identified or examined. Moreover,
it can moreover identify or detect health issues such as heart
attacks or seizures, should they present themselves, alongside
health and drug or alcohol information. The system also
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TABLE 2. Overview of used ICT solutions.

Consideratio Conside- Reported
n of sensiflg ration of User interface User Technologic technology
technologies Smart al maturity | acceptance and/or
in study capabilities satisfaction
L § < § =
o | 218 S S N § v | S
1 RN HEHE R N BRI REHEE
AR IR B IR N e AR Il AR I SRR g -
= PRI ETEE T
Publication 2 S
(Muuraiskangas et al. 2012) [47] X X X X X X
(Lavoie et al. 2015) [49] X X X X | XX X
(Hayward et al. 2015) [50] X X X X X X
(Ocepeket et al. 2013) [51] X X X[ X X X X
(Arcelus et al. 2009) [39] X X X X1 X X
(Alberdiaramendi et al. 2018) [40] X [ X X X1IX [ XXX X
(Tartarini et al. 2017) [41] X X XX | X[X]X X
(Hattink et al. 2016) [42] X X X XXX X X
(Rudzicz et al. 2015) [37] X X X X X
(Lyons et al. 2015) [43] X X X X1 X X
(Cavallo et al. 2015) [44] X | X X X X X X X X
(Hwang et al. 2015) [45] X | X X X X X | X X
(Lotfi et al. 2012) [46] X X XX X1X X
(Sacco et al. 2012)[36]] X X X1X|X X X
(Wai et al. 2008) [48] X X XXX [X]X X
(Johnson et al. 2014) [60] X | X X X X X X
(Sun et al. 2014) [52] X X X XXX X X
(Demongeot et al. 2002) [53] X1 X X X X1 X[ XX X
(Jara et al. 2011) [38] X X X X | X X X
(Costa et al. 2009) [54] X | X X X X | X[ XX X
(Henkemans et al. 2008) [55] X X X X1 X X
(Charron-Prochownik et al. 2007) [56] X X X | X | X X X X
(Bond et al. 2006) [57] X X X X X X
(Hervas et al. 2013) [75] X [ X X X X | X | X X X
(Kantoch 2018) [76] X X XX [X[X X X
(Marques et al. 2018) [93] X X X X X X
(Istepanian et al. 2011) [99] X X X X X X
(Salvo et al. 2017) [96] X X X X X X
(Mahoney et al. 2015) [86] X X X X X X
(Lazarou et al. 2016) [88] X X X X X X
(Lopez-de-Ipifia et al. 2013) [89] X X X X X X
(Pastorino et al. 2014) [81] X X X | X X | X X X
(Oliver et al. 2018) [82] X X X X [ X X X
(Griol et al. 2016) [90] X X X X X X X

incorporates the use of medical alerts, breach of places and
property, fire, etc.

The European patent application from the Chinese inven-
tor Yibing Wu [101] contains 142 uses for the elderly
population in the patent description. This application,
named ‘“‘Life maintenance mode, brain inhibition method
and personal health information platform”, also repre-
sents a very complex ICT solution. The system comprises
of several parts, where resident activity monitoring mea-
sures the urine volume, amount of relative limb exer-
cise, body weight, amount of exercise sweat, food intake,
water intake and defecation amount. The proposed system
is connected via a wireless network to a mobile terminal
responsible for vital sign data acquisition and transmission,
and this terminal is used by each user in the living and
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working environment. The mobile terminal measures (1) vital
signs and physiological data (e.g., EEG, blood wave, ECG,
pulse oximetry, EMG, etc.), (2) acquired living condition
data and (3) acquired subjective feeling data. The system
also utilizes pressure, temperature, and near-infrared laser
sensor data. All data mentioned above are processed, and
if the system detects an abnormal activity, an automatic no-
response alarm service is activated.

“Recovery system for old people suffering from
Alzheimer’s disease” by Wang et al. from University of
North Eastern [102] is the next example of a patent appli-
cation focusing on monitoring the elderly users to prevent
them from being lost due to Alzheimer’s disease. Moni-
toring is provided via remote video monitoring and GPS
positioning while an anti-lost function for the elderly users is

VOLUME 8, 2020



P. Maresova et al.: Health—Related ICT Solutions of Smart Environments for Elderly—Systematic Review

IEEE Access

TABLE 3. Summary of patents.

systems” [105]

finger

techniques.

s B
Q
5 5 @ Title Proposition Summary/Main findings Type of usage b}" the elderly
S~ 3 population
& El
S < biometric sensing device
iy biometric sensing system Methods including average intensity, pixel density, rate of | producing a fingerprint by
= “Spoof detection for and techniques for detection | warming, ridge uniformity, ridge signal strength, water capturing images is worn to
g biometric sensing of non-living body using droplet differential, fingerprint vitality, and inverted spoof | report a living finger = living

user

condition, and
intoxication
recognition, fuzzy
logic intelligent
camera system” [100]

Voice, Lip-reading, Face
and Emotion Stress
Analysis, Fuzzy Logic
Intelligent Camera System

techniques and technologies (video pattern recognition,
Facial recognition, body action recognition, stress analysis,
voice stress analysis, voice recognition) to protect senior
citizens in private care, senior homes, or caregiver
environments

:E “Reciprocating

S | movement platform for

%‘ the external addition of platform for user health

Z pulses to the fluid Design of apparatus (which enables non-invasive treatment by providing various

O | channels of a subject” | apparatus for providing monitoring) containing a mattress, cast shoes, a footboard | exercises to support user health
[106] medical treatments support, a drive for causing reciprocating movement treatment

< | “Video surveillance

2 | data analysis

§ algorithms, with local Seniors living alone and

< | and network-shared suffering from heart attack,

S | communications for stroke, falls, detecting stumbling

% facial, physical SoberCam Engine includes a plurality of computer analysis | or falling. When movement by a

person is detected, the system
starts to monitor and record this
movement for later analyses or
identification. A sensor is used
to alert medical personnel.

Method for single click
and multiple key
combining click
mixing input Chinese

Method of single clicking
and multiple keys applicable

Input method can be more convenient and quicker on dual-
purpose keyboard/mobile phone/other digital keyboards for

Using this input method can
bring better convenience to

and English and to various types of the input of Chinese characters or English text. 6 to 12 keys | seniors in the typing speed of the
keyboard [107] keyboards/keypads, etc. can be pressed simultaneously. new method

Method and keyboard | Invention adds new

for mixed inputting technology to Using this input method can
English with a single simultaneously allow 4 keys bring better convenience to

button and multiple
buttons [108]

for one hand or 8 keys for
two hands.

This invention can improve input speed greatly and fit both
Chinese and English.

seniors in the typing speed of the
new method

Method for managing
electronic ticket trade
certification, including
its carrier structure,
system and terminal
[109]

A certification-managing
method of electronic ticket
transaction including setting
up a certification-
management centre of
electronic ticket transaction

Exchanging tickets through a transaction-certification
network station of ticket for achieving integrated
certification in order to ensure truth of the ticket.

Old-age insurance version
generated as one of the steps for
an electronic safety strategy

Keyboard method for
single and multiple
input Chinese and
English [110]

A method for inputting
Chinese and English by
single-stroke and twin-
stroke

Input method applies spelling and stroke for single-stroke,
double spelling and double-stroke input, which means twin
input, pressing down 4 keys maximally in one-hand twin
stroke and 8 keys maximally in two-hands twin stroke,
enabling a single stroke and twin stroke to be applied on
the digital keyboard of a mobile phone.

Using this input method can
bring better convenience to
seniors in the typing speed of the
new method

“Virtual reality tools
and techniques for
measuring cognitive
ability and cognitive
impairment” [111]

Tools and techniques that
can be implemented to study
the impact of treatment
and/or quantify the decline
of cognitive abilities over a
given period.

For senior men, testosterone could add to the degradation
of cognitive function. Tools and methods to test or outline
the likelihood of such impairment in older people (i.e.,
those linked to diseases such as Alzheimer's).

Seniors, both men and women,
underwent a virtual reality test
and spatial navigation testing.
Performance was measured over
time to quantify and examine
changes in cognitive function of
those being tested.

US2010332404A1| US2008280276A1{ CN101089795A] CN101075316A|CN1908870A] CN1900886A

Method and
mechanism for
protection, sharing,
storage, access,
authentication,
certification,
attachment and
tracking anything in an
electronic network
[112]

A method for tracking any
mechanism for creations,
content, thoughts, ideas,
intellectual property,
discoveries and inventions.

Method enables protecting their intellectual property
utilized via networked computers, electronic devices
(online and offline) and mobile (wireless) devices.

Elderly person is one type of
user.

CN101934111A

“Music chromatic light
physical factor:
physical and mental
health system based on
computer” [113]
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Remote monitoring by
biological information
detection/environmental
monitoring module, Internet
and a multi-path
camera/microphone of the
system.

By positioning technology, a medical health network
system is convenient to establish and instantly detects the
therapeutic effects by utilizing a biological information
sensor, creating an activity environment of system users
into a scientific environment.

Seniors and patients are
monitored by video and images
which can be sent to a mobile
phone user assigned by the
operator to address the condition
or to the medical centre -
Equivalent to hospital wards at
home.

54587




IEEE Access

P. Maresova et al.: Health-Related ICT Solutions of Smart Environments for Elderly—Systematic Review

TABLE 3. (Continued.) Summary of patents.

S Draw a life curve for elderly -
b regulated body temperature,
§ “Cell-phone-based pulse, heart rate, blood sugar,
= | physical and Design of the environment | Adjustment device (phone based) with integrated blood pressure, brain wave,
Z | psychological with different colour positioning technology which is convenient for establishing | acupoint potential, myoelectric,
O | adjustment device schema, brightness, a medical care network system to detect a treatment effect | respiration, vital capacity, vision
through physical temperature, and humidity instantly. Furthermore, it embodies a new biological- and hearing biometric
factors of music and for optimal psychological psychological-social medical mode, which is a brand-new | information sensor detecting
colour shade” [114] treatment. nonpharmacological treating mode. user.
S New kind of writing suitable
S asa
g generation/recognition/input
Q method for alphabetic Civil intelligent automatic recognition eyes which can be
Z | Dragon ball alphabetic | writing-related arranged on intelligent automobiles, trains, wheels,
O | writing as well as improvement/design airplanes, military equipment, automatic production lines
application device and | methods for various product | of factories, detection equipment of ports and customs and
method thereof [115] equipment. robots. No specific benefit or use.
g < System and method for Monitor respiratory function of patients (elderly), Monitors the respiratory
2 % | “Generating a flow- respiratory function chronically ill patients with respiratory diseases and function of patients (elderly) free
> volume loop for assessment of a patient in a | premature babies in a non-contact, remote sensing to move around in environments
A respiratory function non-contact, remote sensing | environment for lung/respiratory function and by a video while being monitored for
- assessment” [103] environment. acquisition system. respiratory function.
% < Equipment can achieve the goal
I & | “Platform of Smart Smart security protection Smart security protection-integrated system platform that of good senior care. The senior
> Security Protection integration system platform | has a device to put out fire, notify or send a security alert caring device electronically
7 Integrated System” coupled with devices to through a device, a transmission for communication device, | connects to the communication
- [116] report and extinguish fires an automatic moving device, and a detecting device. transmission device.
< | “Life maintenance
& | mode, brain inhibition Continuous diagnosis and
% method and personal Mode for life maintenance, inspection analysis report and
9 | health information inhibition of the method and | Mobile vital sign information acquisition terminal as a tool, | trend; performing active control
& | platform” platform for personal health | taking automatic extraction of characteristic indicators of of the change in life condition
[101] data the vital sign data as the core data by means of the senior.
§ g Real-time adjustment of the
o\ Home remote health monitoring system including (1) environmental oxygen content
S “Long -range health Long-range home remote monitoring module with oxygen humidifier (2), and cooling environment to
2 monitoring system of | health monitoring system of | microcontroller (3) temperature control for air reduce the probability of a flare-
o family” [117] the family conditioning, and (4) blood pressure module via Bluetooth | up of an old illness.
E S | “Recovery monitoring Intelligent system used for mild and severe AD patients Positioning and navigating
= system for old people | Recovery monitoring including (1) ultrasonic brain stimulation therapy recovery | function for preventing seniors
S suffering from system for seniors suffering | module, (2) intelligent smart home video monitoring from becoming lost;
Z Alzheimer's disease” from Alzheimer's disease module, (3) GPS positioning navigation module, and (4) rehabilitation for elderly with
o [102] via rehabilitation mobile phone APP client module. Alzheimer's disease.
<~ Concept of smart mask with functions of health care and
a facial skin care - detection of snoring or sleep talking The elderly population and
§ during sleep; GPS positioning used for user location; patients with respiratory disease,
o “Smart mask for health | Smart mask for health care | photo-plethysmography (PPG) and electrocardiogram snoring and rhinitis are being
= care service” [104] service (ECG), blood oxygen saturation (SP02). treated.
< A home control unit is provided that is connected to, and
Q interfaces with, a combination of health equipment, smart | Many applications: Solving the
5 Home automation system is | home appliances, a smart medicine cabinet, a smart pantry, | consequences of not following a
e} provided to facilitate senior | wearable sensors, motion detectors, video cameras, prescribed medication regimen.
= care as well as care for microphones, video monitors, speakers, a smart thermostat, | Monitoring elderly users, remote
@ individuals suffering from lighting, floor sensors, bed sensors, smoke detectors, glass | communication; designed ICT
= Happie home system Alzheimer's disease or other | breakage detectors, door sensors, and other perimeter furniture devices for the elderly
[83] dementias. Sensors. population.

implemented for outside navigation. The system uses surveil-
lance cameras, photosensors, smoke detectors and alarms,
temperature and humidity sensors and relays to remotely
control home appliances (e.g., for gas and lights). The system
also implements a fire/gas alarm function when smoke >
0.06%. It also contains an automatic voice prompt to alert
the elderly users, an automatic delay voice reminder that is
started again after several minutes, and an SOS alarm.

The last two examples of patent applications ‘“Generating a
flow-volume loop for respiratory function assessment” filed

by Xerox Corp. in 2013 [103] and “Smart mask for health
care service” filed by Chong-Sik Choi in 2014 [104] address
monitoring the respiratory function of the elderly popula-
tion in some monitored environment. By the Xerox patent,
the elderly individual or person with respiratory diseases is
free to move around in the environments while being mon-
itored for respiratory function and by a video acquisition
system while an image-based depth-sensing device is used to
obtain video images and to provide a time-varying sequence
of depth maps. The alert signal is generated to a nurse,
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TABLE 4. Overview of used ICT solutions for supporting elderly living.

Publication
number

ion//Granted
date

Citations

Monitoring

Applicants

Type of Applicants

Family size

BW

Type of Applicants

To Whom Patent is
Cited
(name or
characteristic)
z

Inter/National

Type of Applicants

'Who Cited (name or
characteristic)
TOP 14 diseases

Resident Activity|

Home Environment

Resident Health

Home Appliance|

Wireless Connectivity

Alert/Reminder Service

Elderly cited
tion)

type of usage by Elderly

‘WO00124700A1

12.04.2001

11-50
employees,
Computer
SW, USA
Virginia

FUJITSU -
Fingerprint-

detecting device,

Biometric,
personal

authentication

system

45

NEC,
L’Oreal,
Fujitsu,
Motorola,
TATA,
Qualcomm,
Konika
Philips,
Infineon,
Toshiba

CN1662204A

31.08.2005//02.07.2008

NON-
INVASIVE|

SYST [US]

Passive
simulated
jogging
device

-/2/13

US2006190419A1

24.08.2006

BUNN FRANK E| MONITORING| VERIDICOMINC[US]

S,C

Microsoft, GE

MED Syst.,

130

S,C

AT&T, IBM,
Schneider
Electric,
American
Express
Travel,
SONY
Ericsson

-/23/2

CN1900886A

24.01.2007

Chinese
inventors -
methods and
keyboard for
Chinese
characters

CN1908870A

07.02.2007//29.06.2011

YIXIN LI LI YIXIN [CN]| ADAIR RICHARD D)

Only self-
citations -
Method and
keyboard for
Chinese
characters

-/1/2

CN101075316A

21.11.2007

LU HANGCHENG|

[CN])

39

VISAINT,
China
Telecom,
China
Unicom,
Chunghwa
Telecom,
Sharp

CN101089795A

19.12.2007//16.11.2011

Only self-
citation
method and
keyboard for
inputting
English

US2008280276A1

13.11.2008

UNIV OREGON|

34

Eastman Kodak,

University

California US,
University of
Emory, University

of Rochester,
Einstein Coll
Medicine

ege of

University of
Coruna,
medical
corporations

1/-/39

US2010332404A1

30.12.2010

VALIN|

DAVID| HEALTH & SCIENCE| LI YIXIN [CN]]

Amazon,
Microsoft,
Tektronix

64

1BM,
Microsoft,
Sony, JBF

0/1/2

10

CN101934111A

05.01.2011

LONG L

Self-citations
3x,
University of
Nanjing,
Hisense, etc

-/6/15

11

CN101972508A

16.02.2011

LONG L]

S,C

Konika
Philips,
Huizhou 1
TCL Mobile
Comm

-/1/1

12

CN102142076A

03.08.2011

YIZH]
GUO,XIEPING|

HUANG

0/0/0

13

US2015073281A1

12.03.2015

XEROX CORP [US]

130,000
employees,
Stanford,
USA

S,C

KONICA
PHILIPS
ELECTRON!
NV -

Ultrasonic image

stabilization

system and method

1CS

SHARP,
XEROX
CORP -
Measurement
apparatus,
system, and
method,
respiratory
pattern
identification

1/-/2

14

US2015254952A1

10.09.2015

[TW]

CHAO KANG
CHAO YUNG TAJ|

[TW]]

S,C

Boeing, and sole

Applicants

S,C

Monitoring
and early
warning
instrument, 1
systems and
solutions

-12/17
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TABLE 4. (Continued.) Overview of used ICT solutions for supporting elderly living.

z UNIV
= PENNSYLVANIA
] -
4
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= electrophysiologic /5/
=] and cerebral blood
15 16.09.2015 Z s flow neuroimaging
T2 O
Z &0
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ZNO
Z zZ @ 51-200
CN204995459U g2EE employees, | - 0 0 1 X | x| x| x 1/3/- | 0
2 <l Medical
=] Devices,
16 27.01.2016//27.01.2016 = C China
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Z
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CN106215336A ?EJ 0 0 1 X X X X X X 8/14/39 X
=
g
17 14.12.2016//28.08.2018 Z | U
Mo KOREA
g ELECTRONICS
Z TELECOMM - L’Oreal -
:O: physiological Tool for
EP3178525A1 o 7 2 monitoring during 1| 1|C measuring 1 X X X X 2/-/18 | O
[} sleep, vital signs property of a
5 measuring body surface
apparatus and
18 14.06.2017 S
R eR-
EZ3
o= 2-10
= g employees, | - 0 0 1 X[ x| x| x| x|x 1/1/22 | X
T Computer
19 | US2018342329A1 29.11.2018 C SW

NOTE: X - ACTIVE USAGE OR FULL DETAIL; O - PASSIVE USAGE OR ABSTRACT LEVEL OF DESCRIPTION

doctor or respiratory therapist, and the alert can be a pre-
recorded voice, text, or video message. A smart mask patent
[104] proposed detection of snoring or sleep talking during
sleep. The smart mask uses GPS positioning for the user’s
location and photo-plethysmography (PPG), electrocardio-
gram (ECG), and blood oxygen saturation (SP02). An alarm
is sent out via a speaker and vibration stimulator to the user
when the pre-set bio indexes are not met. Both patent appli-
cations are trying to manage existing respiratory diseases in
the elderly population.

Most patent applications in the patent pool were filed in
China (9), United States (7), Canada (1), Taiwan (1) and
Korea (1). The first relevant application was filed in 1999 by
the inventors O’gorman et al. and published as a world
patent application [105]. However, most of the selected patent
applications were filed in the last 12 years (16x). The most
cited patent is ““Video surveillance data analysis algorithms,
with local and network-shared communications for facial,
physical condition, and intoxication recognition, fuzzy logic
intelligent camera system’” [100] with 130 citing patent appli-
cations. The patent application that appears most often as
a result in the search is “Reciprocating movement platform
for the external addition of pulses to the fluid channels of a
subject” [106]. Nonetheless, it is not entirely relevant as a
clear ICT solution because the solution represents the concept
of a hospital bed suitable for a specific exercise that has
a positive effect on the elderly population with a specific
disease in 11 cases (see Table 4).

Modern ICT solutions can communicate wirelessly in most
common cases, and 12 of 19 patents also describe a specific
wireless communication standard by which other communi-
cation devices (of the user or another system) can connect
to the designed system or solution protected by the patent
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application. In recent years WiFi, Bluetooth, ZigBee or NFC
connectivity is often mentioned, whereas in earlier patent
applications GSM, Internet or radio frequency communica-
tion is mentioned [83], [118], [119]. As shown in Table 4,
most of the patent applications focus on monitoring user
activity, the home environment and health. Since 2011, they
often cover the connection and control of home appliances.
This trend is a consequence of the increasing trend of IoT,
wireless sensors and Industry 4.0 [120]-[122]. Most cases
also perform monitoring; when some anomaly is detected,
they issue alarms.

1) PATENTS VALUE ANALYSIS

In total, 19 selected and classified patent applications com-
prised a set of patents where applicants were 5 companies,
2 universities and 12 individual applicants. Most companies
were characterized as mostly small- and medium-sized with
10 to 200 employees while one US patent belongs to a big
company, Xerox. The university applicants are from the US
and China while individual applicants are mostly from China
(9 times) and US (2 times and 1 from Korea).

Five patent applications were already granted. The value
of a patent application is closely connected with the number
of citations from newer patent applications (forward citation
count). Seven applications in the pool had received more than
10 citations already. From this point of view, the most valu-
able patent is US patent No. US2006190419A1 which has
130 international citations. The structure of the citing patents
consist of well-known companies, such as AT&T, IBM,
Schneider Electric, American Express Travel, and SONY
Ericsson, to name a few. The other selected company names
are shown in Table 4.
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There also other patents with a high number of citations,
namely, 64, 45 and 39. These high citation counts confirm
that the selected patent applications are from a very active
industry area. The total number of all citations to the selected
patents is 185.

As mentioned earlier, the patent pool also contains two uni-
versity patents, cited 0 and 16 times. While even 16 citations
is a relatively high number, there was no big company among
the citing patents.

2) PATENT CODE CLASSIFICATION

The 19 patents results summarized in the table (Table 4)
represent our patent pool, which can be characterized by
several properties. One of the most usable is a patent map
using International Patent Classification (IPC) codes (Fig. 5).

Each of these three main IPC code groups can be examined
in more detail, where the most frequent ones are shown
in Fig. 5.

The IPC code A61B5/00 (measuring for diagnostic pur-
poses) was used by 5 patents, representing 18% of our
patent pool result of 19 patents. The next most impor-
tant IPC code GO6F3/00 represents input peripheries such
as keyboards to be attached to a computer. Furthermore,
the other relevant IPC codes were AG6IN (a subcode
for ELECTROTHERAPY; MAGNETOTHERAPY; RADIA-
TION THERAPY; ULTRASOUND THERAPY) and A61
(MEDICAL OR VETERINARY SCIENCE; HYGIENE) of
the A group (HUMAN NECESSITIES) already mentioned
in Fig. 6 [123].

To provide a more precise technology analysis, we also
analysed the technologies in our patent pool, where the
IPC classification codes were mapped to technologies and
clustered into groups. The clustering algorithm used similar
IPC codes to form technological areas, which are defined
according to Schmoch’s classification (WIPO, 2010) [123].
The result for our patent pool is shown in Table 5, where the
largest group represents electrical engineering with 17 patents
and the second cluster consists of 14 patents focused on
instruments (Table 5).

3) PATENTS TEXT CLASSIFICATION

Another option for patent analysis and classification is the use
of text analysis, where it is possible to extract various types of
words such as adjectives using a syntactical interpretation of
English sentences. A standard visualization uses a tag cloud,
as shown in Fig. 7.

To provide a cross-domain analysis, we marked six adjec-
tives for which we provide a more in-depth combination
analysis with result visualization (see Fig. 8). Notably,
the 15 patents meeting the criteria are Smart, Digital, Per-
sonal or Individual. Every patent from our patent pool
of 19 selected patents falls under one adjective from the six
selected (Fig. 8).

As a final step in the patent analysis, the future trends in
patent applications also need to be discussed as evolution-
ary potential. This analysis showed the number of patents
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TABLE 5. Technological areas mentioned in patent pool.

Electrical engineering - 17x
Audio-visual technology
Telecommunications
Digital communication
Computer technology
IT methods for management

Instruments — 14x

DN |00 [N |W (N

Control

Medical technology
Chemistry — 1x

Environmental technology | 1
Other fields — 1x

Other consumer goods | 1

O [

TABLE 6. Technological areas mentioned in citations to patent pool.

Electrical engineering - 190x
Electrical machinery, apparatus, energy | 1
Audio-visual technology 26
Telecommunications 6
Digital communication 20
Computer technology 101
IT methods for management 36

Instruments — 55x
Optics |
Measurement 4
Control 20
Medical technology 30
Chemistry — 1x
Environmental technology | 1
Mechanical engineering 7x
Handling 1
Other special machines 2
Transport 4
Other fields — 1x
Furniture, games |3

(up to 19) in which a property was identified (see Fig. 9).
Properties with a lower count (Test, Components, and Liquid
to spray) have a greater innovation potential instead of the
most frequently used ones (Information).

Contrarily, properties with high count (Information,
Colour, Integration, etc.) provide information about a high
accumulation of interest and innovation in this field based on
the patent pool structure (Fig. 9).

4) PATENT CITATION ANALYSIS

The patent value is mostly indicated by the number of cita-
tions together with the patent family size. Thus, the analysis
of citations provides a vital overview of an analysed tech-
nological area. For our selected patent pool of 19 patents,
there were 185 citations from other patents. These patents
were targeted mainly at Electrical engineering, where some
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of the subfields were mentioned 190 times according to the
IPC classification code analysis (Table 6). The main subfield
is Computer technology, which was covered 101 times.

The structure of companies in the role of patent appli-
cants can be characterized as mostly covered by big and
well-known world “players” such as the already-mentioned
IBM, Microsoft, SONY, Sharp and Xerox (see Table 4).

Another factor of patent value is the status that a patent
application is granted. This attribute was assigned for
132 patents among the 185, indicating the very high quality
of these patent applications.

The analysis also needs to be performed with the evolution-
ary potential for all 185 citations (Fig. 10). The shape of the
graph is similar. All patents deal with Information properties.
The most significant increasing update is in the Market prop-
erty, where almost 4/5 patents covered this parameter com-
pared with only 3/5 for the original patent pool of 19 patents.
The citing patents also did not often fall into Surface, which
decreased from 4/5 to 2/5 (Fig. 10).

V. DISCUSSION

A. ANALYSIS OF RESEARCH ARTICLES

The results of the analysis of research articles show that
elderly users are the leading target group of the solutions,
followed by their caregivers and the doctors. Most solutions
are in the ‘“‘research and development” phase; meanwhile,
only several prototypes and only one final product was pre-
sented. In most cases, they are non-invasive solutions, most
of which focus on people with dementia and stroke. The
study addresses design issues, development, and preliminary
deployment, demonstration of effectivity and acceptability.
Fig. 11 shows evaluation from the Smart Solution Validation
and Ecosystem (Table 1) point of view and according to the
three aspects of QoL and well-being (smart ageing determi-
nants, smart solution context and service users).

The most evident fact shows that long-term care is the
most frequently used case of ICT and smart solutions usage.
Such technologies aid the elderly population in increasing
their QoL and well-being and help care for them in case
they are affected by some of the most frequent diseases. The
second-most used case of ICT solution, Diet and Nutrition,
reveals that monitoring of food frequency and quality is very
important for elderly home care services. Both most-frequent
cases address elderly or patient monitoring as the main group
categories of ““Smart Solution Context” were Resident Activ-
ity Monitoring (12) and Resident Health Monitoring (6).
The remaining two were distributed according to Resident
Health Managing (9) and Home Environment Monitoring (1).
Finally, service users were distributed into two major groups
as Older Person (15) and Care members (11) while only two
remained as Others (2).

B. ANALYSIS OF PATENTS

Patent applications for ICT are targeted mostly by some
technical solutions which can be described as a set of inter-
connected blocks. A set of 19 applications resulted from our
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search and analysis, whereas compared with the IST WOK set
of 34 analysed records, the patents were even more focused
on monitoring the user (resident). Ninety-two percent of
the patents included resident health monitoring while 83%
covered resident activity monitoring; 71% of patents also
provided some alert or reminder service for users or a superior
system. Half of the analysed patents also addressed control-
ling home appliances, and these examples were all from after
2011. This fact confirms the availability and growth of IoT
solutions and services which facilitate designing new Home
Care and AAL solutions. While almost all new patent appli-
cations contain some kind of superior system, none covers
the financial aspect of such a solution; this is the most crucial
aspect, when a patent application is going to be licensed and
used in real life. From the many analysed patent applications
only a very few, and in our set none, propose a low-cost home
care system useful for easily helping the elderly population
in daily life and that can create an information bridge to the
caregiver in a remote location. This could bring benefits to
almost every elderly person living alone or without daily care
by some service or nursing home.

Based on the reviewed literature one can conclude that
articles addressing this matter do not cover disability predic-
tion and health-related QoL or fall prevention. Furthermore,
the offered solutions do not provide assistive support for
prediction, and neither they are flexible, adaptive, or user-
centred [34], [58], [125]. Many of the articles did not report
about the technology acceptance and/or satisfaction, which is
important for the implementation of the smart environments
for the elderly population with certain disease conditions.
This finding is in line with a previous review which reports
that most solutions have never been properly verified by the
elderly population [126].

C. SUMMARY OF SUGGESTED SOLUTIONS

The above literature and patent database search show that
there are many emerging solutions in relation to selected
diseases. To support older people with chronical conditions
in being as independent as possible, the existing ICT smart
solutions must address the following issues [127]: (1) ease-
of-use because many older adults are not comfortable with
technologies; (2) invisibility and disuse to isolate older adults;
(3) privacy and security to avoid older adults from becoming
vulnerable considering their health conditions; (4) affordabil-
ity of technology in terms of cost; (5) supporting older people
to stay in their homes or move in different environments
independently.

This is evidenced not only by the specification of tech-
nologies from expert articles but also by information about
producers that address the given area and that put the products
into practice (Table 1).

Most of the publications report solutions that can be used
by the older adults, and caregivers or doctors can also use
many of them. The trend shows that the recent publica-
tions almost always report usage of some type of artificial
intelligence in their implementation, which means that with
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TABLE 7. Summary of TOP 10 causes of death by WHO in Europe in the context of Smart Home & AAL AND Elderly in IS WOK database.

Smart Home & AAL area Smart Home & AAL area AND Elderly
Elderly TOP 10 causes of death by WHO TOPIC (58701 by topic, 7 027 by title by IS| WOK 2018) (2803 by topic, 717 by title by IST WOK 2018.12.10)
2016 (Europe) by ISI WOK
TOPIC TITLE TOPIC
Cause of death Age 60-69 AgeT0+ Highly Conferenc Highly full
e - e i
N 1o1AL | TotaL | €4 | roraL | article | SOPference | proray | artice € | roraL | Cited | Articte | fext | Conference
in Proceedings Proceedin in Field availab | Proceedings
4 | toral | #] total Field o in Fie "
Ischaemic heart disease OR
Coronary artery disease OR 1306700 1 1821000 2127700 | 454992 4808 78 48 16 3 1 2 9 0 6 6 2
cardiovascular diseases
Stroke 3121600 2 784000 905600 | 308645 2121 192 104 93 39 22 16 31 1 17 16 14
Alzheimer disease OR dementia 3465000 465000 | 236781 1954 380 208 142 134 2 50 200 } 103 97 71
Trachea OR bronchus OR lung 2 131900 5 200000 331900 | 319813 3148 64 52 1 10 8 2 1 0 1 1 0
Chronic obstructive pulmonary
disease OR COPD OR Chronic 5 46800 4 280000 326800 | 96427 489 43 19 13 6 4 2 10 1 3 3 3
bronchitis OR emphysema
Colon OR rectum cancers 457600 7 169000 226600 | 205925 1128 32 28 3 8 8 0
Lower respiratory infections OR 6 176000 176000 | 414673 1838 | 157 93 44 31 17 9 13 0 6 6 6
respiratory
Diabetes mellitus OR diabetes 1027300 8 134000 161300 | 260034 1870 39 25 13 1 0 1 21 0 12 12 8
Hypertensive heart disease OR
High Blood Pressure OR 9 130000 130000 | 495305 2508 75 52 26 6 4 1 17 0 9 9 9
Hypertension
Kidney diseases (1) 111000 111000 | 36336 187 17 10 6 1 1 1
Cirrhosis of the liver 6 46000 46000 61884 614 22 20 1 1 1 0
Breast cancer 7 36500 36500 | 530085 4409 124 80 14 20 18 1 5 0 4 4 0
Stomach cancer 8 35300 35300 24032 168 3 2 0
Pancreas cancer 9 31700 31700 16601 138 2 1 0
[Erderly | Eurostat EU-28 65+ 1/2016 | 1622243 5664 2803 1216 1521 717 193 382 307 3 161 154 113
| Search results at ISI WOK for "Elderly" only in given columns SUM by columns |

LONG-TERM CARE

CARE MEMBER, 2
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OLDER PERSON, 3
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FIGURE 11. Graphical representation of Smart Ageing Determinants, Smart Solution Context and Service Users.

the increased quantity of available data, the solutions will
become even better. More than half of the publications use
non-intrusive sensing technologies; this is also an improve-
ment because it preserves the privacy of older adults and
does not interfere with their daily routine. The negative
aspect of the publications is that they rarely address the
critical issue of technology acceptance; furthermore, the user
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interfaces, where available, could be improved with more
modern approaches. The smart capabilities, the non-
intrusiveness and the ability of the reported solutions to be
used by both older adults and caregivers offer promise for
the future development of solutions for older adults that
would increase their quality of life and maintain health and
well-being.
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TABLE 8. Summary of TOP 10 causes of death by WHO in Europe in the context of Smart Home & AAL AND Elderly in Patents databases.

Smart Home &
Elderly TOP 10 causes of death by WHO AALarea (70705 | ¢/ ¢ Home & AAL area AND Elderly (367 by topic, 249 by title
TOTAL Patents | by topic, 58 217 by
2016 (Europe) . and abstract by Patents 2019.8.14)
title and abstract by
Cause of death Patents (14.8.2019))
Age 60-69 Age 70+ TOPIC
(title & | abstract ” 0 relevant?
4 total 4 total TOTAL | TOPIC | TITLE | TOPIC | TITLE abs.& available country? | granted? (publication No)
claims)
Ischaemic 3xCN, CN204995459U,
hoant disease 1306700 1 1821000 2127700 | 63738 34040 74 21 4 3 I<CA 2 ON1662204A
CN101236617A,
US2006190419A1,
CN1662204A,
13xCN, CN102142076A,
2xUS, US2010332404A1,
Stroke 3121600 2 784000 905600 | 268154 177706 250 117 18 17 2XCA. 7 CN101089795A.
1XWO CN101075316A,
CN101004641A,
CN1908870A,
CN1900886A
CN106215336A,
US2008280276A1,
CN101236617A,
Alzheimer 10xCN, CN1662204A,
disease OR 3 465000 465000| 79230 38985 67 15 14 14 3xUS, 6 US2018342329A1,
dementia 1xCA CN101089795A,
CN101004641A,
CN1908870A,
CN1900886A
Trachea OR
4xCN, CN101236617A,
bronchus OR 2 131900 5 200000 331900 94399 40163 97 39 5 3 A 2 N 16622047
lung cancer
Chronic
obstructive
2xCN, US2015073281A1,
pulmonary 5 46800 4 280000 326800 33421 12995 30 6 3 2 US 1 N1 662200A
disease OR
CoPD
Colon OR 4 57600 7 169000 226600 39248 8344 34 2 2 0 IxCA, 0 0
rectum cancers 1XWO
Lower 4N, AL
re;pl:.atory 6 176000 176000 93020 57562 168 79 7 6 21))((IIEJPS, 2 US2015073281A 1.
Infections CN1662204A
Diabet. 3xCN,
ravetes 10 27300 8 134000 161300 157881 93436 123 52 5 4 1xUS, 1 CN1662204A
mellitus
1xCA
US2015254952A1,
Hvoertensi lgig\i CN101972508A,
yperiensive 9 130000 130000 77236 42287 138 30 16 14 g 3 CN101934111A,
heart disease 1xUS,
WO CN1662204A,
WO0124700A1
Kidney 7xCN, CN101236617A,
diseasys 10 111000 111000 35991 12481 43 4 8 7 IXCA 4 CN1662204A
Cirrhosis of 6 46000 46000| 8680 2937 8 1 1 1 1xCN 1 CN1662204A
the liver
Breastcancer 7 36500 36500 66620 20732 53 3 3 2 ZIXXCC& 1 CN101236617A
Stomach 8 35300 35300 18062 4036 28 3 5 3 XN ! CN101236617A
cancer 2xCA
Pancreas 9 31700 31700 10107 1200 14 0 1 1 1xCN 1 CN1662204A
cancer
Elderly E“"’if‘]‘ ]23;}162)8 65+ 98000000| 34879 30965 367 249 92 77 kY

The patents review identified many solutions that pro-
vide caregivers with the means to monitor the state of
older adults considering their condition. Some are prod-
ucts that enable impaired adults to interact with the envi-
ronment, and others are solutions that help them to be
more or less independent of caregivers for some activi-
ties. Although there are many patents, there are still lim-
itations to the provided solutions, and there is still much
research and development that need to be done in order to
overcome these limitations. The scientific publications that
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were considered provide many different solutions to criti-
cal problems that the older population faces. These solu-
tions, however, are mostly in the research and development
state or in an early prototype state with a small number of
exceptions.

The currently available products reflect the specifics of the
disease rather than the wider context. They are devices moni-
toring the state of the individual’s health or the surroundings.
They are also devices intended to facilitate mobility. Often,
they can be used across diseases, but there is no direct link and
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benefit towards managing the disease. Thus, the fundamental
space and challenge for the applied research workplace is
evident as well as the directions of the further research of
companies.

D. LIMITATIONS

Despite the valuable insights provided in this study, it suffers
from several limitations as well. First, some relevant articles
could have been unintentionally left out of this review due to
the specificity of the search strings. Second, the examined
articles were categorized by variability in the objectives,
populations, and results. However, what is generally missing
in this area is a quantification of the relationships among
QoL, its dimensions, smart determinants, and the factors
affecting them, which can be considered a challenge for
further research.

E. IMPLICATIONS OF REVIEW

From the review above it is evident that there is a need
for standards, safety and interoperability of health-related
ICT solutions for the elderly population, as their applica-
tion requires new infrastructure that is unavailable, expen-
sive or unadjusted to the needs of older adults. In addition,
there is a requirement for validation and verification methods
to prove the reliability and sustainability of health-related
ICT solutions. Furthermore, the awareness of the potential
of health-related ICT solutions for the elderly population
with different stakeholders should be increased. Finally, there
is a need to reflect the various aspects of one’s well-being
and QoL in the research activities in order to have more
accurate results. An initial solution would be to consider each
QoL dimension, associate it with key determinants of healthy
ageing (e.g., long-term care, diet and nutrition, social inclu-
sion and participation, physical activity, and environment and
accessibility), and discuss ICT solutions as building blocks
that all sync into the concept of personalized ageing.

Thus, this paper results in several managerial, theoreti-
cal, and policy implications, which should be discussed on
the micro, mezzo, and macro levels, as done in smart city
research [128].

At the micro-level, the essential requirements include com-
munication and connectivity, a unified approach towards data
management, and the training and awareness of people in
old age, their family members, and caregivers. At the mezzo
level, there is a demand for different business intelligence and
analytics to be investigated together with the approaches to
increase the establishment and management of smart envi-
ronments for the elderly population. At the macro level,
the crucial need is associated with data management and
advanced analytics used for monitoring and prediction of
indicators related to innovations and sustainability. Finally,
all three levels must incorporate the unique needs of people
with chronic disease in old age in the design of ICT solutions,
which should follow a comprehensive and multidimensional
approach in order to improve the QoL and well-being of
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older people. Furthermore, strategies and policies related to
smart environments for the elderly population should cover
research into sustainable innovations and related case studies,
promoting academic and industrial partnership.

VI. CONCLUSION

A significant current demographic trend is the ageing of the
population, which is because of both augmented expectancy
of life and a lower rate of births. Therefore, the motivation of
this research was to answer the following research questions:
What are the described ICT solutions for chosen diseases?
Are the current state of knowledge and deployment of tech-
nology in practice consistent?

The results from the literature review show that ICT solu-
tions are focused on invisibility, privacy and security to avoid
older adults becoming vulnerable and generally support them
in staying in their homes or moving in different environments
independently.

Regarding the results of the patent analysis, the solutions
can often be used across diseases, but there is no direct link
and benefit towards managing the disease. Thus, the funda-
mental space and challenge for the applied research work-
place is evident.

An ageing population cannot be seen as a negative phe-
nomenon if society can adapt to this new situation. Infor-
mation and communication technologies and assisted living
services for the elderly population have been shown to sig-
nificantly reduce the negative consequences of an ageing
population.

When considering the current interconnection of research
problems in theory, research publications and practice, and
actually existing products, it is clear that there is a large gap
between the current state of knowledge and the marketing of
R&D results.
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