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Preface

We are pleased to welcome you to the first international conference of COST Action 
CA16226: “Indoor living space improvement: Smart habitat for the elderly” (SHELDON). 
This conference, held in Riga, Latvia on October 10th, 2018, follows a year of joint work, 
short term scientific missions, and networking. It is the first SHELDON organised event 
where participants will share their work over the past with each other. Researchers and 
practitioners working in habitats and furniture, ICT tools, services, and devices, and 
health care for older adults will come together to discuss, to share, and to learn from one 
another. We hope the conference provides an opportunity to build new collaborations 
between the working groups, to extend both the fundamental and applied research work 
through multidisciplinary cooperation that ensures stakeholder needs are addressed. 
Through these activities, SHELDON will contribute to healthy, active, safe, and sustainable 
environments for older adults that allow them to live independently and with dignity.

The needs of an ageing population extend beyond the border of any country 
or region and are truly a global concern. Together, SHELDON participants will 
advance the state of the art to refine, innovate, and create new solutions that 
drive global change that increase the wellbeing of older adults, that support their 
caretakers, and that ease the socioeconomic concerns related to ageing. 

The first conference of the SHELDON COST Action will allow us to strengthen our 
network, find joint interests, and further define the activities we will cooperate 
on over the coming years. We hope that all attendees take advantage of the 
degree of expertise present, engage, and challenge each other. 

We are convinced our first conference will be a successful event that broadens our network, 
results in new collaborations, and builds lasting friendships within the SHELDON network.

On behalf of the core group,

Mike Burnard, Vice-Chair
Francisco Melero, Chair
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Bringing nature 
indoors: Design and 
development of indoor 
living spaces in harmony 
with nature for active 
and healthy ageing in 
urban environments 
Vladan Djokić1, Jelena Ristić Trajković2, Ana Nikezić3, Milena Kordić 4
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dwelling of elderly, well-being, architecture 
design, interior design, urban areas
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The focus of this research is improving well-being and happiness of the elderly in terms of de-
sign and development of their indoor living spaces in harmony with nature. Multiple scientific 
studies have pointed out on the benefits and importance of nature for people, and especially 
for children and older populations. These benefits (increased participation in physical acti-
vities, improved mental health and cognitive function and an increase in social interaction) 
found through access to nature are key ingredients to well-being during ageing. As our po-
pulation ages rapidly, and at the same time, the majority of people live in cities since urba-
nization is continuing worldwide, it is important to provide and foster re-connection with na-
ture for the senior members of our communities. Today’s cities suffer from many health and 
environmental problems. In recent years the growing awareness of sustainability and climate 
change issues make it even more apparent that bringing nature into our homes is essential. 

Bringing nature indoors causes people to feel happier, healthier, calmer, and at the same time 
more energetic and optimistic about their lives. Natural environments also help to improve 
sleeping patterns, reduce pain, speed up recovery and even increase longevity. Nature, with 
all its elements, has a great power on a human body. It can make that we feel in harmony 
with the surrounding environment, and above all welcomed into a space. The biophilia hypo-
thesis suggests that there is an innate connection between humans and nature and that 
people tend to show a positive response when they experience a connection with nature. It 
states that since humans originated from savannah-like environments they have “the urge to 
affiliate with other forms of life”. When connected with nature and natural systems, humans 
can feel more emotionally content, and this has the potential to increase their life span.

How can we design an extension of nature in indoor living spaces for elderly? There are many 
inspiring ways to bring nature into homes: nature-based solutions, using of natural materials; 
plants– live walls, vertical walls etc.; natural elements; outdoor colours; views & light; etc. 
Design of spatial relations between outdoor and indoor spaces is also very important for the 
quality of indoor space. Even visual perception of nature, looking out a window into a garden 
or forest or viewing pictures of nature, can contribute to mental benefits that are especially 
significant for older inhabitants. All the above mentioned, called Biophilic design, is the de-
sign of spaces in a manner that promotes and encourages the interaction of humans with 
nature and natural systems. 

This research deals with different design strategies, principles, scales, concepts and patterns of 
biophilic design for elderly people, as well as their different benefits for health and well-be-
ing, with the aim of improving the design of dwelling environments in urban areas. The re-
search also stimulates further discussions about the question of how bringing nature indoor 
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through design (of interior/ architectural spaces, furniture) can improve the well-being of 
elderly, and how these can enable them to undertake activities that contribute to their we-
ll-being. It means creating a sensitive and responsive design that highlights a) visual connec-
tion to nature, b) pulpability and soundness of the nature and c) nurturing a sense of place, a 
community in which the role of aesthetics is crucial for behavioural change.
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This abstract reports  selected results of a semi-experiment on human sensory experience of 
wood and wood-like materials. The goal was to determine, whether it is possible to spot a 
difference in user experience with diverse materials and whether observation channels cap-
ture process interferes with the measured user experience.

The experimental design of the study could be summarized with the following assumptions: 

•	 participant is requested to recognize wood in wooden and non-wooden sample 
set, using senses of sight and touch separately and in a combination;

•	 12 samples: 4 samples for touch, 4 samples for sight, 
4 samples for touch-sight combination;

•	 samples selection based on questionnaire-based wood 
detection test (including obvious and tricky choices);

•	 recording of the following input channels: camera for facial expressions analysis, 
physiological signals set: skin conductance, blood-volume pulse, respiration, 
peripheral temperature, electromyography of trapesius muscle, EEG;

•	 independent variable: type of material;
•	 dependent variable: physiological reaction signals, facial expression;
•	 confounding variables: knowledge on material type.

The experiment was held at CNR-IVALSA, Italy under STSM of the COST Action CA16226 
SHELD-ON. Participants were recruited among IVALSA employees and their families. Parti-
cipant characteristics: 9 people, age: average 45 (±13), 2 of them above 60 y.o., sex: 3 female, 
6 male, expertise: 7 wood experts, 2 non-experts; dominant hand: right (9/9).

The input channels were evaluated on the following criteria: is intrusive - the degree of the input 
channel capture is influencing the experience values measured (based on subjective parti-
cipant opinion); is robust - the level of the user experience procedure interfering with input 
channels capture; is informative - whether the channel differentiated modes and sample 
types. 

Analysis of the results obtained in the study allowed to reveal some preliminary observations 
on using the input channels for observation of human experience with materials, which are 
reported in Table 1.
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Input channel Intrusive Robust Informative Remarks 

Face expressions (video) No No No
Camera location is crucial, as face angle 
changes while looking at samples.

Skin conductance
(fingers)

No Yes Yes -

Peripheral temperature No Yes No Features were not differentiating materials

BVP

Heart Rate No Yes No Time-domain parameters

BVP Heart rate variability No Yes Yes Frequency domain parameters

Electromyography 
(trapesius)

No No Yes
Moving/touching samples significantly 
disturbed the channel

Respiration
(thorax and abd.)

No Yes Yes Both locations are advisable.

EEG Yes No ?
Only recorded for 3 participants. The equipment 
used was hard to adjust and highly intrusive.

Table 1: Summative evaluation of observation channels in monitoring user experience with materials

The study could be concluded with the following statements:

•	 Camera-based observation was not intrusive for participants. Physiological sensors, 
that were placed on non-dominant hand, thorax and abdomen and on trapesius 
muscles were also considered as almost non-intrusive. EEG helmet was intrusive.

•	 Facial expressions channel was problematic due to location of the camera. 
Automatic emotion recognition is very sensitive to illumination, camera 
angle and face occlusions (glasses, beard, moustache etc.).

•	 EMG signal measured on trapesius was disturbed by moving and touching samples, 
perhaps it  would be more advisable to consider an alternative location on facial muscles.

•	 Some physiological signals were able to differentiate 
user experience with different samples.

The procedure indicates, that there is a significant effort should be put into finding non-in-
trusive ways of monitoring human experience, including non-invasive sensor locations. 
EEG-based solutions were not exhaustively explored and require further studies. The 
proposed procedure, with minor simplifications and modifications, might be used in further 
studies on human experience with diverse materials. 
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Visually and tactilely pleasant materials help create healthy indoor environments which have a 
positive influence on psychological well-being. When people are in contact with materials 
they prefer, their emotional and physiological functioning tends to improve (Demattè et al. 
2018, Ikei et al. 2017). Beneficial effects of healthy materials could be especially valuable to 
older adults who spend a considerable amount of time indoors. Wood is generally one of 
the preferred materials that can lead to improvement in human well-being (Burnard and 
Kutnar 2015). In recent years, wood modification processes became increasingly popular, 
since they improve many mechanical (and other) properties of wood (e.g., dimensional sta-
bility) (Sandberg et al. 2017). However, modification processes also change visual and tactile 
characteristics of wood (Bakar et al. 2013) which play an important role in the general evalua-
tion of materials by laypeople (Bhatta et al. 2017). Since the use of modified wood is likely to 
increase over time, it is important to know how this material is perceived and evaluated by 
the end-users. To gain insight into this matter, we prepared six cylindrical handrail samples 
created from unmodified spruce, unmodified pine, acetylated radiata pine, thermally modi-
fied spruce, thermally modified pine, and stainless steel (Fig. 1).

 

Figure 1: The handrail samples used in the study.

50 persons over the age of 65 were presented with all six samples in random order twice, first 
to assess by touch only, and again to evaluate by touch and vision combined. In both condi-
tions, the participants rated the samples on a semantic differential scale which consisted of 
sensory (e.g., rough-smooth) and evaluative (e.g., like-dislike) pairs of descriptors. After these 
two tasks, the participants were presented with all six samples at once to simultaneously see 
and touch and ranked them from most to least preferred.  

The results suggest that modified wood is perceived and evaluated similarly to untreated wood 
in both conditions (tactile and tactile-visual), while stainless steel is seen as considerably 
different than all types of wood. In both tasks, all samples of wood were generally perceived 
as warm, natural, and liked, while the steel was rated as cold, artificial, and less liked. The 
same handrail samples were rated similarly between the tactile and tactile-visual task, which 

Proceeding page 2/3October 10th 2018

Modified wood and psychological well-being



CO
ST

 A
ct

io
n 

C
A1

62
26

First sheld-on conference meeting. Riga, October, 10th 2018. Proceedings Book

Working Group 1
Furniture & Habitat Industries

Page 16 / 97

In
d

ex

suggests that touch plays an important role in the perception and evaluation of materials. 
Handrails created from modified wood were generally given higher preference rankings than 
those manufactured from untreated wood (Table 1).

Spruce Pine A.Pine T.M.Pine T.M.Spruce Steel

Ranka 6 3 2 4 1 5

aThe final rank was calculated by summing all responses and reranking based on the totals

The results indicate that the tactile and visual properties of modified wood are evaluated favou-
rably among older adults. These findings encourage the use of modified wood in creating 
healthy indoor environments.
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Demographic trends indicate a marked rise in the number of elderly people in the urban po-
pulation and there is a high correlation between their age and disability. The share of elderly 
people in the total population is expected to rise from 21% in 2000 to around 31% by the year 
2020 and to around 34% by the year 2050. 

Due to demographic changes older and disabled people represent a significant and perma-
nent growing part of the Czech population. Disabled people represent around 13% of the 
nation. Problems of social exclusion in connection to ageism arise. 

There has been a progressive increase over the past decade in the social awareness of the 
requirements for older and disabled people throughout the Czech Republic and other parts 
of Central Europe. This progression has moved from making provision for older and disabled 
people on a welfare-oriented basis, towards increasingly equal access to all facilities as a 
matter of human rights. Improving access to any form of travel will provide additional social, 
as well as economic benefits at personal, governmental and commercial levels. 

Czech policy regarding the elderly aims at maintaining their active life and mobility. This is a 
central element of their integration in society. Senior citizens want to enjoy a good life with 
many activities like travel, tourism and mobility and want to stay autonomous and indepen-
dent as far as possible. Without the possibility to maintain mobility, senior citizens cannot 
lead an independent life, with many other problems, such as isolation and health problems 
as a consequence. Various initiatives recognize the needs of elderly people. With changing 
attitudes and conditions the desire to travel for social activities, medical care and leisure re-
presents a potential major new source of ideas for travel providers, urban planners, car, IVIS 
and ADAS designers and producers. We have used a procedure to recommend that helps 
understand existing problems of senior citizens. 

Many needs only become transparent if appropriate methods of research are used. In the case 
of our projects, a combination of qualitative, quantitative and heuristic methods was chosen. 

Relevant questions were discussed and elaborated together with the target groups. The re-
sults of the project work were critically reviewed by scientists, representatives of senior 
citizens’ organizations, as well as by decision makers and practitioners of various disci-
plines at workshops, conferences and mobility planning in the Czech Republic and other 
European countries.
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The importance of the physical environment is increasingly recognized as a key component in 
influencing the quality of life and the behavior of residents living in nursing homes (Chaud-
hury, Cooke, Cowie, & Razaghi, 2017)(Garre-Olmo et al., 2012)(Parker et al., 2004). There is 
a large body of literature on the impact of the physical environment of dementia care se-
ttings. Researchers have been focusing on understanding the effect of the environmental 
components in the long term nursing homes ((Elf, Nordin, Wijk, & Mckee, 2017) (Parker et 
al., 2004)) on different aspects of quality of life (Lawton, 1991)(Verdugo, Gómez, Arias, Navas, 
& Schalock, 2014)(Wang, Schalock, Verdugo, & Jenaro, 2010). Design guides typically offer 
“hypotheses” for how the spatial organization and appointment of the physical environment 
may promote well-being for people with dementia (K., D., & C., 2000).  Recent comprehen-
sive literature review  (Chaudhury et al., 2017)  highlighted the influence of unit size, spatial 
layout, homelike character, sensory stimulation, and specific spaces (i.e., dining, bathing, and 
outdoor spaces) on residents’ behaviors and well-being in care facilities and   stresses the 
importance  of the  physical environment to be appropriate and responsive to the cognitive 
abilities and functioning of people living in nursing homes.

Addressing the unit configuration as a whole and as a system can play a key role in residents’ 
quality of life and behavior as well.  Literature approaching the Unit configuration relate 
mainly to orientation and to the ability navigate independently in the given environment. Un-
fortunately, these researches are contradictory and confusing. (Marquardt & Schmieg, 2009) 
(K. et al., 2000)(Schmieg 2009). There is no literature on the aspect of the unit layout as a 
system and its effect on the QOL and behavior of the residents. Addressing the layout as a 
system claims that every component might affect or be affected by other physical compo-
nents, and at the same time, when we address the unit as a system we need to acknowledge 
that a good physical environment alone cannot create the seeked milieu. The potential of 
an appropriate physical setting is meaningfully utilized only when there is a corresponding 
recognition of all systems components that include people who are involved: the residents, 
the staff (especially caregivers) and the family. Furthermore, the perceptions of residents, 
staff, aides, and families differ when it comes to defining quality of life. Residents’ percep-
tions of quality of life primarily focused on their morale or attitude. On the other hand, staff 
members, aides, and family members defined quality of life primarily in terms of care. It is 
therefore possible that the staff opinions reflect what is best for residents as a group rather 
than for the specific individual (Birren et al., 1991). For example: it has been found that family 
visitation is correlated with residents morale and on the other hand it can be very stressful 
for the staff or it can help the staff by downloading some of the staffs workload. Therefore 
Creating an environment which will enhance family visitation (components like appropriate 
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meeting areas, the right location of entrance as well as other physical components), might  
improve the residents quality of life ad change  staffs satisfaction and performance.

The absence of knowledge about the physical layout highlight the need for an appropriate 
tool that will help measure, evaluate, compare or differ different  building layouts. The goal 
of this paper is to create a new methodology that will define layouts of nursing homes and 
divide them into different typologies. In order to create these typologies, all the units of the 
nursing homes need to have the same guidelines with the same building components (with 
the minimum area required). In Israel, all nursing homes are controlled and authorized by 
the Israeli Ministry of Health; therefore, all nursing homes follow the same guidelines. Most 
components are obliged to be located in the same unit, and all the units’ components must 
be located in the same floor. There are a few components that can be shared by three  nur-
sing home units, therefor external to the specific unit, and can be located anywhere in the 
building (mostly administrative and para-medical facilities)  To create the typologies we aim 
to analyze the nursing home unit layouts in four main dimensions:  the existence/or shared 
components, the area of each component (especially compared to the minimum size re-
quired, walking distances, and the floor layout-proximities taking into account the previous 
findings (size and distances).

In this COST meeting, we intend to share our new knowledge and display the results based on 
a preliminary search that was conducted in eight different nursing home units.
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Contemporary societies are undergoing significant social, economic, cultural, and political 
changes, which correlate with the dynamic developments of the digital communications. No 
matter how positive the impact of ICT applications and media developments on progress in 
all areas of life might be, it is no less true that they pose challenges to the social stratification 
of society. The different speed, extent, and level of utilizing the digital competence by the di-
fferent layers of the population determine the need to update the mechanisms for accessing, 
using and perceiving information disseminated online. Therefore, media and information lite-
racy programs acquire additional importance in today’s habitat.

Population ageing and the development of modern communication environment are two inter-
linked processes. The trends of demographic crisis determine the need for urgent prevention 
of digital generation divide, i.e. of the vulnerability and the social exclusion of older people 
from the ICT world. In order to deal with the challenges to population ageing, it is important 
to analyze how these issues are presented in the media ecosystem, and to seek information 
on the current good practices and deficits regarding digital communication and older adults. 

The demographic trends display the growing percentage of the aged population. Although it is 
expected that the overall population of the European Union will grow to 532 millions by 2060, 
the population in nearly half of the member states (Bulgaria, Croatia, Germany, Greece, Esto-
nia, Hungary, Latvia, Poland, Portugal, Rumania, Slovakia, Slovenia, and Spain) will decrease. 
The prognoses show also that the ratio of people above 65 years to those between 15 and 
64 will increase from 27.8% to 50.1% (European 2015).

Despite these forecasts, the amount of attention devoted to older people is still not propor-
tionate to the challenges they face in the modern world. The active efforts to promote the 
adoption of a special Convention on the Rights of Older Persons by the UN have not been 
successful so far. Although many UN and EU institutional documents related to technology, 
business models and the editorial responsibility of the media have been adopted, the mul-
ti-faceted attitude at older people as objects of coverage and as subjects of the communi-
cation process have still not been treated effectively.

The Active Ageing Index (AAI), jointly developed in 2012 by the United Nations Economic Com-
missionn for Europe and the European Commission is a key monitoring tool for policy makers 
to enable them to devise evidence-informed strategies in dealing with the challenges of po-
pulation ageing and its impacts on society. The Index is built on four domains: employment; 
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participation in society; independent healthy and secure living; capacity and enabling envi-
ronment for active ageing. Among the six factors of the fourth domain are use of ICT, social 
contacts and educational attainment. Two Nordic countries, namely Sweden and Denmark, 
come at the top of the overall ranking across EU Member States. In contrast, the majority of 
the Central and Eastern European countries, as well as Greece, is at the bottom of the ran-
king and need further improvements (Active 2012).

The demographic shifts may have a dramatic impact on consumers’ expectations from media 
and communication industries, as well for their ICT literacy and skills while navigating the 
digital world. Thus, the habits of the millennials (the generation born between 1981 and 1997) 
differ from those of the older adults (55+). The demand for technology services that offer 
convenience, memorable experiences and instant access to content anywhere and anytime 
by the younger population is often juxtaposed to the preferences of the older people for 
health and wellness, entertainment and education services designed especially for them. 
Contemporary media ecosystem requires not only e-reading and e-writing practices but 
also e-producing talents and e-disseminating skills. 

Regarding the well-being of older people in the contemporary digital media and communica-
tion environment some significant tendencies can be outlined:

•	 legally: there is a general insufficiency of legal instruments to provide reliable 
regulatory mechanisms for a more adequate media coverage of older people’s life;

•	 technologically: the dynamic progress of ICTs poses significant challenges 
to media consumption and digital usage by the older population;

•	 economically: decreased economic interest in topics related to older people is a 
serious challenge to the process of their social integration and quality of life;

•	 socially: the contemporary ICT based environment has an ambivalent impact 
on media consumption. Older people can be both consumers and creators 
of content, and moreover, they can mutually socialize with one another.

Prejudices and negative stereotypes are among the major current challenges relative to the 
life of the ageing population in the modern information and communication environment. 
Identifying the ways in which these prejudices may be effectively overcome will help to 
prevent vulnerability and to neutralize the rise of barriers to the full participation of older 
people in socio-cultural processes.

Ageing in digital environment
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Introduction

In recent years, nodes of WSNs including sensing, wireless communications and modest com-
putation capabilities have become an affordable commodity with low power and size re-
quirements making it possible to perform non-intrusive (or transparent) monitoring by the 
integration into everyday objects. WSNs can be connected to cloud services contributing to 
the expansion and progression of ambient intelligence systems, not only in static elements, 
but anywhere and everywhere.

The Ambient Intelligence for Supporting Caregivers system (AmICare) has been developed 
by CETEM and is based on the pervasive or ubiquitous computing paradigm, where sensor 
nodes can be integrated into common home items (like furniture pieces) hidden from users 
and ubiquitously distributed in the home. Its main goal is to provide caregivers with valuable 
information about the elderly (or disabled people) behaviour, monitoring their resting time 
and detecting any unexpected user behaviour (e.g. getting out of bed at unexpected times).

Compared to other solutions, one of its key advantages lays on its simplicity along with its ease 
of deployment and maintenance, all of which translates into a low total cost of ownership. No 
wearable device is required and it can be integrated not only in private homes, but it scales 
up very well to bigger environments such as nursing homes, residences, hospitals or any 
kind of caregiving facility. Any user with an internet-capable device within the same Wi-Fi 
network can access the server, configure alert generation rules for each resident and quickly 
receive notifications if these alerts are triggered.

In this paper, the system and its deployment in an intellectual disabled residence are described.

System Description

Our system has been designed around a local server (HTTP Apache) and database (MySQL) 
implemented in a Raspberry pi 3 (model B+) which acts as a central node of the WSN. The 
complete system works under the same local network, which prevents unwanted accesses 
from outside the network.

The database stores information about the system users or caregivers (user/password, user ID), 
as well as the residents or client (name, idClient, room and bed). It also stores sensor data 
with the time-date information and its corresponding resident. Finally, it stores the alerts that 
have been triggered (idClient, time-date, sensor type and value).
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The node is made up of an electronic PCB that includes a processing unit and some sensors. 
The processing unit integrates all necessary devices for a full functional Wi-Fi node inclu-
ding an on-board antenna. The main processor is the CC3200 wireless microcontroller from 
Texas Instruments. 

Even though the node could include a wide range of sensors, for the deployment in the disa-
bled residence only three different sensors were chosen: a textile presence sensor for beds, 
accelerometer for detecting impacts and an ambient temperature sensor.

Caregiver Interface and Functionalities

Considering the input from caregivers, the interface had to satisfy some main requirements: 
attractive and user-friendly; run in the background; independent alert configuration and tri-
ggering for each resident; alerts noticeable but not too loud; alerts can be turned off by 
caregivers; access and visualisation of acquired data and historical data; access to the inter-
face must be secure with a login process; system should be accessible from different kind 
of platforms. Finally, it was implemented as a web interface using PHP, which is very flexible 
and can meet all requirements.

The interface always starts with a “login or registration”, after which a “main page” with six navi-
gation tabs is reached. The “Home” tab presents a brief description of the system. The “Data” 
tab, the user can see the sensor data in a table and filter it per resident name, type of sen-
sor, or time-date ranges. The “Users” tab allows the residence staff to enter the information 
of each resident name and her corresponding bedroom and bed. The “Alert” tab allows the 
residence staff to configure new alerts, as well as delete and check the status of triggered 
alerts. The “monitor” tab shows notifications of the entire facilities at a glance on top of its 
floorplan.

The system provides the following functionalities: absence or presence detection in bed; im-
pacts or shocks detection; temperature room monitor; resting time monitor; configuration of 
personal alerts for each resident; tracking of attended/non-attended alerts; sound and visual 
alerts.

Real Deployment and Tests

A gradual deployment and testing procedure were carried out in three stages in order to mini-
mise the impact on the everyday activities of the residence. Fist, three sensors were installed 
in three beds of a room, and tested for a complete month. This tested the system robustness 
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at a small scale, was used to identify bugs and interface improvements from users feed-
back. The second stage had an intermediate size (4 triple rooms or 12 nodes) and lasted for a 
month and a half. The final stage included all beds and rooms in the residence and has been 
working correctly for 3 months.

The caregivers’ feedback has been quite positive: registration of residents is easy and can be 
double checked; absence/occupancy information is very useful during certain time periods; 
impact detection provides few alerts but no false one; temperature information can be use-
ful in extreme weather conditions; resting time graphs are useful to detect sleep changes; 
individual alerts are necessary; tracking of alert status (attended or not) is very useful.
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Novel information and communication technologies create possibilities to change the future 
of care models towards a personalized healthcare. In line with this, Ambient Assisted Living 
(AAL) concepts may to provide ambient intelligence technologies to enable for example el-
derly people and chronic patients to continue to live in their preferred environments. 

However, applying trained models from health data is challenging because the personalized 
environments could differ significantly than the ones which provided training data.

The present study focuses on dealing with modelling, and evaluation of an adaptable system; 
for heterogeneous scenarios emerged from the personalized healthcare, capable to select 
the most relevant information from multiple either data sources or sensors with the predic-
tion accuracy in mind. In addition, the proposed system may offer a suitable and proficient 
user interaction independent of it experiences and technology literacy.

Design of software for active ageing
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In this paper, the possibilities and methods for using assistive technologies with focus on 
the people that cannot regularly control different aspects of their home environments are 
analyzed. A smart home environment platform for assisting people with physical disabili-
ties to control devices in their home environment is presented. There are various types of 
disabilities which can affect people in different ways. Some of the types include intellectual, 
sensory, mental or physical disabilities. In this paper we focus on individuals with physical 
disabilities, because those people have difficulties in meeting their everyday needs at home 
without caregivers. Advances in technology [1, 2] have opened new ways to help support 
people with devices that can be used and configured by physically disabled individuals. 
Current smart home systems are implemented under a centralized architecture in which the 
electrical home devices are controlled by the home gateway which is the platform for servi-
ce providing to the users of the system. Smart homes include electrical devices that control 
features of the home. Originally, smart home technology was used to control environmental 
systems such as lighting and heating, but recently almost every device in the home can be 
controlled by such systems. Smart home gateways does not simply turn devices on/off, 
they can monitor and react based on the environmental activities. Inputs to the gateways 
are usually mobile phones or smart home remote controls. We are providing an extension 
to the traditional smart home architecture to bring the smart living environment closer to 
people that have physical disabilities. The extended smart home environment control is set 
up with the usage of different gestures and facial expressions, which are customized for 
every user. Autonomous user control of essential devices using facial expressions or small 
hand movements is provided. The user can control doors, lights, heating, air conditioning, tv, 
radio and various other electronic devices. The electronic devices can be easily connected 
to the recognition system and controlled with wireless transmitters and receivers specifically 
designed for smart home environment control. Different triggers on the smart home devices 
can be configured with individually set up facial expressions. The facial expressions can be 
scanned individually or as a combination of more facial expressions to represent particular 
action on the smart home devices. For example, a user can configure the system to turn off 
the lights if he blinks three times in a row.

Four modules are included in the platform that enable end users of the system to complete 
everyday activities without additional assistance. 3D cameras [3] are used to capture facial 
landmarks and expressions to map the user intent into a specific action in the smart home 
environment. Actuators [4] are triggered to complete actions based on the detected and ma-
pped facial expressions. The mapped expressions are autonomously configured by the user 
with the module for settings configurations and data entry, which uses specialized input de-
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vices[5]. Qualitative and quantitative experiments were performed by individuals with disabi-
lities for usability and acceptance evaluation of the extended smart living environment. In the 
experiments, mesurements for correctly recognized facial expressions and accuracy test of 
the mapping between different combinations of expressions were performed. As part of the 
qualitative analasys, interviews and surveys were conducted for evaluation of the usability 
and acceptance of the data entry and settings module. Those experiments contributed to 
provide guidelines for overall system enhancement, which are presented in this master the-
sis. In the future, the extended smart home environement will enable authonomius control of 
the home environement for individuals with other types of disabilities also.

Fine tuning is needed in the movement and expression recognition. The IRS (3D camera) mo-
dule along with the RealSense and the Kinect 3D cameras is evaluated in series of facial 
expressions, not only one facial expression at a time. With this kind of evaluation, we tested 
the probability of mistake in the activation of the home device action when using multiple 
facial expressions at a row, for example, first blink one eye then open mouth and afterwards 
kiss in order to activate the turn on heating control
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Abstract—In this study, we present a pair matching formulation for facial expression recogni-
tion. Our main purpose of this approach to be able to decide the facial expressions of two 
unlabeled facial images are the same or different. Match and mismatch facial expression 
pairs are created from two wellknown datasets: The Extended Cohn-Kanade dataset and 
the Japanese Female Facial Expression Database. To demonstrate our approach, the local 
binary pattern is applied for feature extraction from facial images and match/mismatch fa-
cial expressions are classified via support vector machines as a binary classifier. Results of 
binary classification are utilized to recognize the facial expression for each image by using 
controlled facial images with knowing facial expressions. Experimental results show that this 
approach improves facial expression results, especially when the limited data is available.

I. Introduction

Facial expressions play an essential role to understand human feelings and to be able to com-
municate and help them. Therefore, researchers have been concentrate on facial expres-
sion recognition by using mainly machine learning and computer vision algorithms. To be 
analyses of facial expression recognition, datasets can be mainly categorized into two types 
in terms of collecting environments: controlled and uncontrolled (wild) datasets. The con-
trolled dataset consists of images which are collecting in basically lab environment with the 
same background and light conditions, whereas images of uncontrolled dataset belong to 
in everyday life in variations such as pose, illumination, occlusion and camera quality [1]. In 
addition, creating a controlled dataset is challenging to collect and label facial images of 
a specific person for different facial expressions, therefore this kind of datasets have fewer 
images. On the other hand, images can be easily collecting from the web for the uncontro-
lled dataset which contains lots of images, conversely, however annotation of these images 
requires so much effort [2]. In this study, we present a new pair matching problem for facial 
expression recognition to address these problems: (i) augmentation for small datasets, (ii) 
annotation for large datasets. To be able to assess this problems, we propose a baseline 
approach by utilizing local binary pattern as a feature extraction and support vector machi-
nes for classification on The Extended Cohn-Kanade Dataset (CK+) [3] and The Japanese 
Female Facial Expression (JAFFE) Dataset [4] which are commonly used for facial expression 
recognition in terms of controlled environment.

II. Methods

Facial expression analysis generally employs three steps: face alignment, feature extraction, 
and classification. Face alignment can be required to obtain frontal faces when there are di-
fferent viewpoints in the dataset. Feature extraction methods are based on hand-crafted and 
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learned from data by using a neural network. Traditional machine learning algorithms such 
as support vector machine which is widely used and deep neural networks can employ for 
classification problems. In this study, the CK+ and the JAFFE datasets are used to evaluate 
the proposed method since both of them are controlled dataset and contain fewer facial 
images. Firstly, the facial images are aligned and cropped, and matched/mismatched pairs 
are generated. Local binary pattern (LBP) are used to extract features from each image, and 
differences of features for each pair are obtained via subtraction. The label of the differences 
of features is one for the matched pairs and zero for the mismatched pairs. Support vector 
machine (SVM) is applied as a binary classifier. Also, the principal competent analysis (PCA) 
is used to dimension reduction before the fed into features to SVM. Facial expression are 
recognized by utilizing pair matching results of each image pair.

III. Experimental results

Evaluation methods of FER system generally can be divided into two groups: cross-dataset 
approach and subjectindependent manner which has k-fold cross-validation and leave-one-
subject-out (LOSO) approach to split dataset as a train and test sets. In this study, we utilized 
the leaveone- subject-out (LOSO) for only classification the facial expression without using 
pair matching and proposed pair matching approaches. Table I and Table II demonstrated 
that our proposed method increased the facial expression recognition. Performance compa-
rison with our method and state-of-the-art methods can be shown in Table III and Table IV.

Methods Accuracy (%)

Ours (Only Classification) 64.32

Ours (Pair Matching) 96.24

Table I: Our results on the JAFFE dataset. 

Methods Accuracy (%)

Ours (Only Classification) 90.21

Ours (Pair Matching) 92.35

Table II: Our results on the CK+ dataset.

Methods Accuracy (%)

2D Inception-ResNet (5-fold) [5] 85.77

3D Inception-ResNet (5-fold) [5] 89.50

3D Inception-ResNet+landmarks (5-fold[5] 93.21

Methods Accuracy (%)

Inception-ResNet without CRF (5-fold) [6] 85.77

Inception-ResNet with CRF (5-fold) [6] 93.04

DTAN (10-fold) [7] 91.44

DTGN (10-fold) [7] 92.35

DTAGN (10-fold) [7] 97.25

DTGAN (8-fold) [7] 91.44

AUDN (10-fold) [8] 92.05

Going Deeper [9] 93.20

STM-ExpLet (10-fold) [10] 94.19

IACNN (8-fold) [11] 95.37

Ours (LOSO) 92.35

Table III: Performance comparison on the CK+ dataset in	
terms of seven expressions.
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Methods Accuracy (%)

Dahmane et al. [12] 85.65, 86.69

Buciu et al. [13] 90.34

Liu et al. [14] 91.80

Methods Accuracy (%)

Ours (LOSO) 96.24

Table IV: Performance comparison on the JAFFE in 	
terms of seven expressions.

IV. Conclusion

We introduced a pair matching formulation for facial expression recognition to be able to de-
fine whether the facial expression is the same or different for two facial expressions which 
belong to different persons. The advantages of this formulation, the amount of data for the 
controlled dataset can be increased and a large uncontrolled dataset can be labeled. Expe-
rimental results demonstrated that that pair matching formulation improves the accuracy of 
facial expression recognition.
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Feature and sensor selection for AAL applications is a very important task, especially when 
trying to detect activities in daily living. The importance of the selection is elevated by the 
fact that not all sensors are always needed for every activity. Furthermore selecting the right 
features from the time series recorded by the sensors could lead to a better classification 
model when classifying the activities.

Another objective to have in mind is the quality of recognition when the system is deployed in a 
real-life environment. It is important to note that the sensors not always record and someti-
mes malfunction. In these scenarios we need to be able to have robust classification models 
especially when we want to detect life endangering activities and situations. Building fault 
tolerant models is another issue that needs to be addressed and for which the sensor selec-
tion has a major role.

In this paper we present some of the methods used for feature selection in order to build a be-
tter and more robust activity classification models and also will present methods for sensor 
selection and how to build fault tolerant models.

Feature and sensor selection for AAL
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The building and construction industry is an important part of the EU economy and society. It 
contributes to about 9% of the EU´s GDP and provides around 18 million direct jobs. It also 
creates high-skill jobs and investment in other industries that leads to further social and eco-
nomic benefits (European Commission 2018). There are two important challenges to address 
in the sector. One is related to the increasing implementation of ICT tools, while the other 
is associated with a greater requirement of managerial and collective skills brought by the 
changing profile of the sector (Skills panorama 2014).

Building Information Modelling (BIM) is disrupting the sector. This tool provides all stakeholders 
with a digital representation of a building’s characteristics throughout its entire life-cycle and 
thereby holds out the promise of large efficiency gains. BIM is being rapidly adopted, so it is 
critical for public bodies and industries that the sector maximises its value to deliver impro-
ved efficiencies and increased innovation in the management, design, construct and opera-
tion phases of a built asset (Poljanšek 2018). Training the current and incoming workforce is 
necessary to ensure effective adoption of BIM.

The demand of public and private environments adapted to the needs of older adults is ex-
pected to grow in the coming years. Despite living longer, EU citizens will spend too many 
years in old age in environments conceived for younger and healthier people, creating de-
pendency, isolation and mental health problems (Tram et al. 2016). Being physical and social 
environments key determinants for people to remain healthy and autonomous into their old 
age (WHO 2002, WHO 2005).

The use of BIM in the design, construction and management of multifunctional indoor environ-
ments will greatly contribute to meet the requirements of Europe’s ageing population while 
promoting healthy and safe ageing.

The main aim of ESSENSE (Education Supporting Smart Environments for Seniors) is to develop 
and implement a common curriculum and learning approach on BIM towards the design, 
construction and management of public and private environments for older adults that will 
meet the learning needs of Higher Education students. These will be relevant to the labour 
market and societal needs of an ageing society. 
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ESSENSE is a Strategic Partnership in the field of Higher Education comprised of Higher Edu-
cation and Vocational Education and Training institutions, business associations and repre-
sentatives of social enterprises, bringing varied expertise on teaching, BIM, project mana-
gement, ICT, Smart Housing and AAL, where collaboration will be directed at significant 
societal challenges

ESSENSE will comprise the following activities and results:

•	 An analysis of the current situation and evolution of AAL within the BIM Method.
•	 An educational philosophy and joint curriculum having as a basis both the skills 

and competences required for the use of BIM tools for the design, construction 
and adaptation of environments for an active and healthy ageing.

•	 Didactic materials, tools and assessment methods.
•	 A Blueprint and the deployment of its respective action plan.

ESSENSE will offer innovative tools to HE students and experts from building-related fields that 
are aligned with the future needs of society and with the opportunities that the implementa-
tion of Smart Housing and AAL principles that BIM processes can bring. Furthermore, it will 
also raise awareness among authorities about the importance of aligning the educational 
programmes to societal needs and implementing these principles in educational and labour 
policies.
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A multitude of different sensor technologies are available for assisting and keeping track of ac-
tivities in the home environment.  This study explores how these technologies can be used 
to improve the lives of older adults living independently in the community. Focusing on older 
adults’ perceptions of privacy and data security in the context of a home monitoring sys-
tem. In this study, non-invasive sensors readily available in the market were integrated into 
a simple user interface that was then introduced into study participants’ homes.  Following 
introduction of the system,  study participants were interviewed by a team of researchers. 
The interview addressed questions as to how participants think that they can benefit from 
integrating sensor technologies into their home and which activities of daily living they per-
ceive as beneficial if tracked. As well as focusing on privacy concerns and who they  would 
like to share the information obtained by these sensors with and how the devices may affect 
their communication with other family members.

Privacy and data security concerns toward 
home sensor technologies among the oldest old
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Lifelogging (also known as quantified self or self-tracking) technologies may enable and mo-
tivate individuals to pervasively capture data about them, their environment, and the peo-
ple with whom they interact (Gurrin et al., 2014). Acquisition and processing of physiological 
signals (e.g. heart rate, respiratory rate, body temperature, skin conductance), motion and 
location data, performed activities, images seen, and sounds heard, are the basis for the 
provision of a variety of services to increase people health, wellbeing, and independence 
(Flórez-Revuelta and Chaaraoui, 2016).

The lack of understanding of the human factor has significantly reduced the transfer of deve-
lopments of lifelogging technologies to innovations having a social and economic impact 
(Lidynia et al., 2017). Sensitive and detailed information regarding health status, physical con-
ditions, and behavioural patterns might be available everywhere, anytime, and to different 
stakeholders (Ziefle et al., 2016). This may implicate both positive (e.g. productivity, mobility 
and growth) but also negative and threatening effects (e.g. violations of privacy, security con-
cerns, infrastructure constraints and distrust in smart healthcare applications). 

The detailed study of humans’ technology acceptance, willingness to accept self-tracking te-
chnology as well as individual usage motivations and barriers are mostly disregarded or 
even underestimated so far. Any successful rollout of such sensitive technologies requires 
first and foremost the acceptance by users, and consider the way these technologies meet 
users’ needs with respect to privacy, dignity, and their requirements for lifelogging to be 
perceived as useful. 

The European Commission recently adopted the General Data Protection Regulation (GDPR). 
Lifelogging technologies must consider privacy-by-design in order to protect the funda-
mental rights not only of the users but also of other people interacting with them or by-stan-
ders, particularly if video or audio data are captured, which are easily understandable by 
anyone (Colonna, 2014).

The aim of the PAAL project is manifold: to increase the awareness about the ethical, legal, 
social, and privacy issues associated to lifelogging technologies; to propose privacy-aware 
lifelogging services for older people, evaluating their acceptability issues and barriers to fa-
miliarity with technology, in order to elaborate on possible strategies for overcoming them; 
and finally to develop specific applications referred to relevant use cases for older and frail 
people. 
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The expected impact of PAAL aims at developing practical outcomes that include new lifelog-
ging systems, products and devices to improve the wellness and quality of life of the aging 
population. The emphasis on practical outcomes will be realised through the inclusion of key 
factors, such as the ethical, cultural and social implications of this type of technology.
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The final goal of smart things and systems should be to improve the Quality of Life (QoL), spe-
cially of elderly given that this population is characterized by exponential growth. 

A number of smart ageing solutions are developed without QoL of elderly being noticeably 
improved.

This paper aims to investigate whether smart ageing solutions succeed in direct improvement 
of QoL of elederly. 

After intoduction of QoL indicators for elederly population, a survey study is performed. 

The results of the conducted survey in lead to a conclusion that the existing smart ageing solu-
tions does not necessarily directly contribute to QoL of elderly due to several reasons. 

This conclusion opens a wide area of research issues to be addressed and corrections to be 
applied in the future.
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Introduction: A new, innovative project in the field of ambient assisted living will be presented. 
The project “SmartyourHome” wants to empower older adults to understand and use the 
possibilities of smart home technology to support them in their daily live at home. Seniors 
shall be initiated to configure and program such devices and to control them, also via voice 
recognition services.

Aim: SmartyourHome has two strong motivations, related to senior’s needs: Smart home tech-
nologies and services can be of special benefit for seniors if deployed in a target group orien-
ted way. Second: Seniors are mostly excluded from live long learning since specific, seniors’ 
adapted training is only provided, if ever, in agglomerations. But seniors live everywhere. An 
inclusive online learning approach is needed, which is applied in this project, as everyone 
who has access to the internet can benefit. This project links both motivations: Reliable smart 
home competences and skills are brought to the seniors’ reach. Seniors shall be empowered 
to benefit from smart home technologies for more comfortable, safer and healthier indepen-
dent living which allows them to stay longer at home, as most seniors wish. They should be 
enabled to understand basic smart home principles and to start first installations.

Results: 120 seniors with basic ICT skills will be directly involved in the project, as learners and 
as tele-tutors. Despite the number being limited due to the very innovative and early adop-
ters’ approach, this will not hinder large numbers of seniors to be inspired from the project 
and to go forward in the same direction. Targeted communication channels and strategies 
are therefore essential for SmartyourHome. Since publications are scarce in the field, a pre-
study will be elaborated and published which make existing knowledge, competences and 
preferences of seniors more transparent. Based on it, three online and blended learning 
modules will be developed on basic smart home principles and hands-on which will be 
embedded in context of 360°, synchronous and asynchronous support, mentored by peers 
as tele-tutors. Since no equivalent experiences exist so far, the project has a very strong re-
search component. All developments will be evaluated by seniors. As a result, a tested, eva-
luated and adapted introduction into the extremely beneficial field of smart home for seniors 
will be available for free, as open resource, for all seniors at the end of the project. This will 
contribute to higher awareness of options and benefits related to affordable and accessible 
smart homes amongst seniors in general.
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The Information and Communication Technologies (ICTs) have been the lead actors in the past 
and recent applications for healthcare and Ambient Assistant Living (AAL) scenarios (Dohr 
et al. 2010). Many works on this topic can be found in the scientific literature, with proposals 
focused on patient monitoring systems, remote medical services or patient data security. 
They have been designed not only to keep patients safe and healthy, but also to impro-
ve how physicians deliver care as well, and boost patient engagement and satisfaction by 
allowing them to spend more time interacting with healthcare staff.  All of them make use of 
the well-known driver technologies for healthcare applications such as NFC (Prinz et al 2012, 
Alzahrani et al. 2013), RFID (Alsinglawi et al. 2017, Amendola et al. 2014, Aslam et al. 2017) or 
BLE (Kropf et al. 2016); now most of them are under the umbrella of the Internet of Things 
(IoT) paradigm, where thousands of smart devices will be connected each other or to a hi-
gher entity through an Internet connection (Fernandez and Pallis 2014, Catarinucci et al. 1015, 
Laplante and Laplante 2016). 

The massive adoption of IoT in healthcare entails to face with some challenges about inter-
connection or interoperability, security and privacy, management, data structure, layered 
architecture and programmability, among others. For instance, the use of IoT healthcare 
applications in a hospital comprises to manage thousands of Electronic Health Record (EHR) 
systems, sensors, tools and applications from different vendors, with vendor-lock problems 
and lack of interoperability. Moreover, all of them need to be connected through the hospital 
local network or directly through the Internet, transmitting and receiving data at real time. 
This means GB of data per second to store and manage with low latency and data security 
and privacy constraints (Alzahrani et al. 2013, Somasundaram  and Thirugnanam 2017). 

This work explores the current challenges and solutions found in the recent scientific literature 
about the massive adoption of IoT in healthcare. This study has been addressed by three 
steps: (i) to know the main applications of the IoT in AAL and healthcare, (ii) to identify the 
problems and challenges of these implementations and (iii) to show the methodologies and 
tools used to alleviate these problems. The results are presented as an updated survey 
about IoT applications for healthcare and AAL scenarios with a huge number of IoT devices. 
Most of the recent scientific literature focuses their software architecture proposals on Sof-
tware Defined Networking (SDN) (Hu et al. 2015) or similar solutions (Li et al. 2016, Salahuddin 
et al. 2017). SDN enables the management of healthcare data in a safe and efficient manner, 
providing interoperability among devices and EHR systems, scalability, and high efficiency. 
SDN is not only used for the operation, configuration and management of IoT devices, but 
also the entire IT network. Finally, in this work we suggest the use of OpenDaylight (ODL) as 
a great SDN controller for the IoT orchestration in healthcare applications. ODL is a modular 
and open-source tool that allows the addition of own modules developed by the client for 
their special deployments in the field of healthcare, smart homes, smart cities, Industry 4.0. 
ODL provides a specific module for IoT, IoT Data Management (IoTDM), which provides the 
flexibility, security, structuring and interoperability required for healthcare scenarios in a sin-
gle software system.
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Abstract—In this work we proposed a deep learning based method for face recognition uder 
mismatched conditions. We extracted face embedding using very deep convolutional neu-
ral network models trained on VGGFace2 and MS-Celeb-1M databases. For evaluation of the 
methodd we tested our approach on International Challenge on Biometric Recognition in the 
Wild, ICB-RW 2016, and SCFace databases. In these databases, there is a frontal Mugshot 
image per subject as gallery set, and images acquired from surveillance cameras as probe 
set. We used the nearest neighbor classifier with correlation as the distance metric for face 
identification. Experimental results on the ICB-RW 2016 database show that the features 
learned with deep learning models are discriminative which can be fed to simple classifier 
like nearest neighbor for face identification. We reported the results for features extracted 
from single models and ensemble model. Our best single model Rank-1 identification rate 
has around 15% improvement over the ICB-RW 2016 winner system. The ensemble of four 
models achieved 91.8% Rank-1, 98.0%  Rank-5 identification rate, and 0.997 Area Under the 
Curve of Cumulative Match Score on the probe set. Furthermore, we evaluated the discrimi-
native power of learned features on SCFace database. The ensemble of four models achie-
ved state-of-the-art Rank-1 identification rate on distance 3, and distance 2 probe faces, 
94.35 ±1.01, 99.37 ±0.32 respectively.

I. Introduction

The face recognition problem under constrained conditions can be considered as solved. Face-
Net [9] took advantage of Inception model [12] followed by L2 normalization and Triplet Loss 
and trained on around 260M images which led to the record accuracy of 99.63% on LFW [7] 
and 95.12% on YouTube faces database [?]. In DeepID3 [13] two VGG [?] architectures including 
Inception modules [12] are used to extract features from 25 different crops of face per ne-
twork. The extracted features were merged and Principal Component Analysis was used to 
reduce dimension to 300. Finally, a joint Bayesian model is learned for face recognition. The 
accuracy on LFW is 99.54%. The Angular-Softmax loss was introduced in SphereFace [14] to 
increase the inter-class distance and decrease the intra-class distance simultaneously. The 
learned face embeddings were used to identify the faces by nearest neighbor classifier with 
cosine similarity . This method achieved 99.42% accuracy on LFW and 95.0% on YTF.

Although, the performance for face recognition under constrained scenarios have reached al-
most 100%, there is still a big performance gap for surveillance scenarios. In surveillance 
face recognition, there are variation in pose, illumination, expressions, occlusion, blur, which 
make face recognition very challenging as usually there is a single high resolution frontal 
face image in the gallery to match. In this work, we evaluated the robustness of features 
learned by deep networks on ICBRW 2016 [3], and SCFace [15] databases. In ICB-RW 2016 
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database, there are 90 subjects, with 1 frontal face as gallery and 5 probe faces as probe set. 
SCFace databse consist of 130 subjects, with 1 mugshot, and 15 probe faces captured with 
surveillance cameras which we used in the experiments.

II. Method

In the experiments four models are used for extracting face features. Resnet-50 [6], SENet-50 
[5] models trained from scratch on VGGFace2 database, VF2-ResNet and VF2-SENet res-
pectively. Resnet-50 [6], SENet-50 [5] models trained from scratch on MS-Celeb-1M and 
fine-tuned on VGGFace2, shortly VF2-ft-ResNet and VF2-ft-SENet.

The faces in ICB-RW database are cropped using groundtruth bounding boxes and MTCNN [10] 
model is used for detecting the faces in SCFace database. The detected faces are cropped 
and resized to 224x244 before feeding to models. The 2048 dimensional face embeddings 
are extracted from the last layer of these networks, and for evaluating ensemble model, the 
extracted features from four models are concatenated. We used nearest neighbor classifier 
with correlation distance as metric to identify the faces.

III. Experimental results

In the ICB-RW 2016 database, the performance of the models are reported with Rank-1, Rank-5 
identification rate, and Area Under Cumulative Match score in Table I, the results achieved by 
the best previously reported method are in the last row. The experimental results for SCFace 
database are shown in Table II. We used randomly selected 80 subjects for reporting the test 
results as in [11]. We run 20 experiments and report the average and standard deviation of 
identification rate for 20 runs.

Model Rank-1 (%) Rank-5(%) CMC

Ensemble Model 91.78 98.00 0.997

VF2-ft-SENet 85.33 98.22 0.995

VF2-SENet 85.11 97.11 0.994

VF2-ResNet 87.11 96.00 0.993

VF2-ft-ResNet 87.11 96.89 0.991

Ekenel et al. [4] 72.00 86.22 0.962

Table I: Identification rates and CMC of models on ICB-RW 2016 database.
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Distance d1 (4.20 m) d2 (2.60 m) d3 (1.00 m)

Ensemble Model 54.03 ±1.72 94.35 ±1.01 99.37 ±0.32

VF2-ResNet 47.41 ±1.93 92.69 ±1.03 98.53 ±0.47

VF2-SENet 47.84 ±2.23 91.91 ±1.04 98.47 ±0.54

VF2-ft-SENet 42.95 ±1.88 88.54 ±0.98 98.38 ±0.50

VF2-ft-ResNet 38.70 ±2.12 89.30 ±1.64 97.65 ±0.74

Coupled-ResNet [11] 73.3 93.5 98.00

Table II: Rank-1 identification rates of models on SCFace database.
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The Short-Term Scientific Mission (STSM) consists in the development of methods for the mo-
nitoring and assisting of the physical training of elderly people. The new methods developed 
help in the particular assistance of each subject and it may help to measure the health state 
of the subjects, identifying possible diseases and risks with machine learning techniques. 

During the research visit, I plan to analyse the previously acquired data related to the mobi-
le sensors (e.g., accelerometer, gyroscope, magnetometer, GPS receiver, and microphone), 
external sensors (e.g., Electroencephalography, Electromyography and Electrocardiography 
sensors) and furniture sensors (e.g., pressure sensors, contact sensors, light sensors, RFID 
sensors and temperature sensors) during the physical training and tests performed by insti-
tutionalized ageing people. 

The research method for this research visit was done with the following steps:

•	 Development of a mobile application in order to capture data of the accelerometer, 
gyroscope and magnetometer sensors, the microphone and the GPS receiver from 
the off-the-shelf mobile devices, the Electroencephalography, Electromyography 
and Electrocardiography sensors from the Bitalino device, and the pressure, 
contact, light, RFID and temperature sensors from another Bitalino device;

•	 2Development of a method to identify the ADL related to elderly 
people and to measure the results of the different tests;

•	 Propose an architecture of a new solution that help the 
elderly people for the independent living.

The new architecture is based in the results obtained in the previous works already published 
(Pires 2018a, Pires 2018b, Pires 2018c).
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Our behaviour, outlook, general wellbeing and everyday social interactions are directly tied to 
the natural and built environment. How spaces and their structures control our everyday use 
have far reaching consequences – potentially impacting our long-term mental and physical 
health.

The paper is a summary of recent multidisciplinary research of human centred design on plat-
form of BCDlab. It is summarized into 11 features of supportive environments for contempo-
rary humans – “cultural animals”. 

The needs of human beings are changing with time and for senior citizens the formulated 11 
principles of spatial design for well-being are intensified. 

Lack of a supportive environments contributes to diseases relevant for public health.

Feeling of safety; prospect and refuge (1+2)

First of all, it is a feeling of safety, combined with the competence to manage risks and at-
tractions. This is  connected to the second important features – the possibility to combine 
prospect with refuge, often related to protecting one’s back with a simultaneous overview 
about the situation in the space. It is clearly reflected in space occupation, especially in pu-
blic spaces. This need is also about seeing and being seen, as humans need to control this 
status and this need is strongly culturally dependent.

Contact with the outdoors (3)

A third important feature of spatial design for well-being is contact with the outdoors, at least 
visually, during the day and the possibility to control it. This remains strongly undervalued in 
many working environments. 

personal space and intimacy vs socialisation (4+5)

Another important issue is the need for personal and intimate space – one’s own territory – and 
competence to occupy and control it. In later life, this need to control one’s own space is 
extremely important.
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This is strongly related to the need to switch between privacy and social interaction according 
to the current situation. The success of these systems depends on the arrangement of space 
that either supports or postpones communication, and is a topic grounded in proxemics and 
anthropology. By older life appreciation of living in mixed heterogeneous communities that 
consider age and social status increases. This state provides feeling of inclusiveness.

Appropriate scale (6)

The sixth feature is providing an appropriate scale and harmonised proportions of buildings and 
their indoor living and working environment - spaces for long-term occupation by humans.

Attachement (7)

Another important characteristic is the possibility (or competence) for an individual to be atta-
ched to a place or products, to have the competence to adapt them, personalize, to mirror 
and extend the Self/ego into the occupied space and gain a state of self-identification. This 
feature is important for the human as a cultural creature, but also as an animal that needs 
its own marked habitat. This is strongly connected with the 8th feature - maintaining cultural 
sustainability through providing local identity to the built environment and to life style.

local identity (8)

Securing identity in private and public spaces and preventing loss of local identity thanks to 
globalization and especially in the environment for older adults.

Body consciousness (9)

A critical characteristic prevention of pain and body deformation due to the use of inappropriate 
products and environmental settings; freedom in choice of body position and use of body 
conscious products are needed to achieve this. 

Aprropriate environmental stimulation (10)

The tenth feature is the selection of adequate sensual stimuli – without over stimulation – in 
long-term stay environments. In older life this includes, providing the right ratio of stimulating 
and relaxing arrangements.
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More natural materials (11)

The last characteristic is the choice of appropriate materials, where natural materials are priori-
tised and can also influence measurable parameters of well-being. 
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Dignified and Positive Aging (EDP) is an intervention model that starts from the premise of aging 
as an opportunity for life development for older adults. It poses a new challenge for actors 
that must give close, flexible and creative solutions to positive aging that in turn respects 
and maintains fundamental rights (dignified aging). In terms of methodology, EDP starts from 
praxis and is enriched by professional expert knowledge, considering both the person and 
their environment, from the perspective of a free and balanced practice. The (EDP) model 
includes five basic principles: bioethics, active participation, collaborative intelligence, wel-
fare, and co-responsibility.

The application of these principles and criteria is ensured and assessed through two key inter-
connected factors: monitoring and evaluation. The first is insured by a monitoring committee 
and the second through evaluations of evidence and analysis of the results of the interven-
tion. This includes analysis (of documented and undocumented practices)  results in equi-
librium indexes in application, systematization, implementation, and connectivity as well as 
the degree of implementation and identification of improvement proposals (progressivity).

In this section we focus on the principle of EDP “wellness”, which includes criteria such universal 
accessibility and technology. Practical application in services for dependent people include 
good EDP practices in Home Help Service and good EDP practices in Gerontological Cen-
ters.

“The DPA model considers that technological activity must be inherent to each service. A so-
cially committed entity will include in its intervention model a criterion based on technology, 
and among its objectives include influencing the social and economic progress, guiding the 
results of the service to meet the users’ needs, from the evolution of the service. This crite-
rion is applied in the model in a clearly cross-sectional way, which contributes to providing 
the model with its own distinctive and easily identifiable particularities.”

Results: The DPA model has been deployed by the Ageing Lab Foundation for care of the 
elderly in Spain. Experience has been obtained from over 3000 home care users, and 16 
centres for the elderly (6 retirement homes and 10 day-care centres, involving nearly 1000 
users and 300 staff).

Applicability in European Projects: as a framework, the DPA model will help extend ethical de-
ployment of EDP beyond the scope of the REMIND, FRAIL, and SHELDON projects. All of 
them have been approved by European Commission.
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The Ageing Lab Living Lab is a concept to support the ICT systems oriented to the user, with 
the prior condition that Living Labs are located in real world contexts, not in laboratory envi-
ronments, this being a response to current trends.

In 2006, the European Living Labs Network (ENoLL) was established. In 2012, there were 320 
Living Labs members of ENoLL and the network is continuously growing. ENoLL members 
are operating all over the world, but primarily in Europe. Ageing Lab, is part of this network 
as an entity with the capacity to operate  in real environments: livinglabsocial.com   open-
livinglabs.eu  

Living Lab Social of Ageing Lab in real Environments  provides tailored solutions, to research 
projects and in the development and innovation of products or services that respond to the 
challenge of aging.

It is an instrument that allows active participation of the end user, from their own experience, in the 
process of design or redesign of projects, products and services, as well as in the pilot phases.
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Emissions from products are widely discussed, but focusses on isolated products under con-
trolled conditions. These measures help with material selection and product development, 
especially if designed for low emitting products. However, when forming consumer products 
such as furniture or even residential buildings, a variety of different products are combined, 
leading to a more laminar composition than a uniform one. Consequently, the overall emis-
sion of the combined products is mostly unknown as sorption and diffusion of emissions al-
ter the overall emission profile. Furthermore, emissions are evaluated most commonly after 
28 days of exposure. Following the assumption that after such a time an emission steady 
state is reached and these values could be used as an estimate of the long-term emission 
profile of the consumer product. However, even this doesn´t reflect the real emission kinetics 
as a steady state is often not reached, especially if natural materials such as wood are used. 
Hence, due to the fact that the indoor environment contains many different products with of-
ten unknown surface-dimensions exposed to the indoor air, the real loading within a room is 
usually unknown. Additionally, variable air exchange rates are a further source of uncertainty. 
Ultimately, the indoor air quality can´t be calculated based on commonly available informa-
tion related to consumer products. 

To better understand the long-term emission kinetics under real life conditions, measurements 
for volatile organic compounds (VOC) and formaldehyde were carried out during the buil-
ding phase of residential houses as well as through approximately six months after move in. 
Thirteen houses were selected, one made of concrete, and each six of either timber frame 
or solid wood. All objects were completely furnished, and sampling was conducted within 
the sleeping room, as these are the rooms people commonly spend the longest time per 
day in, especially without any further activities that might influence the emission kinetics. A 
mechanical ventilation system was installed in nine houses, wooden floorings were used in 
eleven of which the majority was surface treated via natural oil. Additionally, health state re-
lated parameters were collected periodically from surveys and measures of blood pressure, 
eye lid blink rate, and pulmonary function.

A comparison of the long-term emission profile for TVOC (i.e., the sum of all VOCs) and for-
maldehyde in case of controlled ventilation or manual ventilation is given in Fig. 1 (Cronhjort 
et al. 2017, Fürhapper et al. 2017). Indoor air quality has a dynamic behaviour over time, and 
that especially controlled ventilation systems help reduce contamination. In all cases, indoor 
air quality was good according to different grading systems. From other studies (not shown 
here) it is known, that furniture is an additional emission source, but for both furniture and 
building, declining emissions can be assumed. When generating living environments for 
persons with special needs such as older adults or chronically ill people, toxicological and 
epidemiological assessments of the indoor air status are favourable. Inhabitants in this study 
showed throughout the whole investigation, even within times of elevated emissions, good 
overall health states and the well-being self-assessment was generally at a very high level. 
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From a toxicological point of view, each single substance must be evaluated. It turned out, 
that all measured objects at almost all measured times showed no toxicological peculiarity. 
Exceptions in one case came from one building material leading to slightly increased for-
maldehyde concentrations, and in another one from the application of air fresheners and 
smoking. Although this study shows a limited sample size, it is clear, that good indoor air 
quality can be gained when applying modern building standards and building products, and 
if occupants show adequate behaviour. On the other hand, the occurrence of irritating, toxic 
or CMR-substances must be prevented. In this respect, evaluation of indoor air quality status 
coupled with toxicological assessment is recommended, preferably not immediately after 
finishing the building project, and especially if occupant’s special needs must be assumed.
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Figure 1: Comparison of the long-term emission profile for TVOC (left) and formaldehyde (right) in case of controlled ventilation 

(blue) or manual ventilation (orange)
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The aim of this project is the realization of a low-cost analytical system capable of detecting 
the current air quality in residential and office premises for the elderly or, in general, for per-
sons suffering from respiratory difficulties in poor air quality conditions. The project addres-
ses both the applied and the technical aspects of the solution, including data collection, 
storage, visualization, and data centralization. 

To analyze data about the quality of air indoors, a set of sensors (intelligent autonomous tech-
nical devices) are under development. It is only through the connection of data collection 
and analytics that the project is different from existing solutions, such as weather stations or 
systems evaluating the air quality in buildings equipped with a ventilation system. 

The aim of the hardware aspect of the project is development and implementation of prototype 
sensors that are capable of detecting the presence of CO2, CO, different types of hydrocar-
bons, dust particles, temperature, humidity, illumination, atmospheric pressure, etc. 

The result of the project are therefore not only diagnostic hardware but also security hardware 
that allow detection of various extreme and dangerous situations, and prevention of further 
complications. The results are primarily targeted at the elderly, which is a group where not 
only health risks but also safety risks must be eliminated.

The developed solution is comprised of a unique sensor platform based on a type STM32Fxx 
single-chip micro-controller with high performance and multiple peripherals. To communi-
cate with the environment, most current sensors use a serial bus connection of type IIC, SPI, 
UART, etc. Several cheap sensors were developed to allow concentration at a single mea-
suring point and to enhance the information about air quality with additional information. Co-
rrelations between the individual quantities is therefore easier to examine and test because 
the data are centralized at one place and there is no need to link different types of databases 
(such as National Hydrometeorological Institutes). 
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Conclusion

The advantage of the sensor – application – action / visualization elements is obvious. In this 
way, it is possible to implement external information (such as the occurrence of inversion via 
a web service), and control circulation fans or electromagnetic window locks, or to visualize 
the need to air the room directly at the window with a notification or a color light. This sys-
tem, however, asks for more than a group of enthusiasts with innovative hardware, it requires 
coordination with industry partners and extensive facilities. This is the only way to bring to 
life a widespread system that can appeal to a large part of the population and provide better 
living conditions. 
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The world’s population is ageing rapidly. Nowadays, already a quarter of the European popu-
lation is 60 years old or over. Portugal is not an exception; by 2030 Portuguese will rank 3rd 
among the world’s oldest population. The major public health goal for older individuals is to 
prevent disability and to enhance active life expectancy. Recent evidence advocates that 
healthy ageing may be possible with morbidity compressed to the later years of life. One 
area of concern is the burden of environmentally induced disease in susceptible popula-
tions. The potential to reduce the prevalence of some major diseases is driving research to 
understand the totality of exposures over the course of our lifetime. The European Commis-
sion has recognised (Healthy) Ageing as a principal societal Challenge in Europe. Prevention 
of Frailty in old age was one of the key actions identified. Frailty is a multidimensional syn-
drome characterised by increased vulnerability and functional decline that may be reversed, 
but if it is not addressed frailty may lead to long-term disability and hospitalisation. On the 
basis of the scientific evidence that prevention is a better intervention the main aim of the 
present study is a) to identify new cellular and molecular biomarkers associated with frailty 
that might be detected before clinical manifestations become evident, b) to evaluate the po-
tential influence of physical exercise on the biomarkers studied and if it may prevent or even 
reverse frailty, and c) to investigate the impact of environmental and lifestyle factors on older 
adult’s health, particularly its influence on frailty incidence and development d) identify risk 
factors related to frailty syndrome aetiology.

 The data presented are preliminary results of the BioFrail project. A group of older adults (≥ 65 
years old) from Porto was engaged in this study. Frailty status was assessed via Fried’s frailty 
model. DNA damage and oxidative stress endpoints were measured through comet assay in 
whole blood samples. Lifestyle factors such as farming activity, home ventilation, household 
proximity to traffic, etc., were assessed via questionnaire. A job-exposure matrix was also 
applied to assess the occupational risk to known hazard compounds. The study population 
was classified as 47.5% robust, 49.2% pre-frail and 3.3% frail. A significantly higher prevalence 
of second-hand smokers was found in the pre-frail group compared to the robust group. No 
significant differences were found in primary DNA damage and oxidative damage between 
groups. Regarding the exposure-related parameters, a significant effect was obtained for 
consuming home-produced vegetables (within the robust group), living near farming ope-
rations (within the robust group) and living near industrial areas (within the pre-frail group). 
This general vision will help to further understand the frailty state and eventually will help to 
face it when it has already manifested or to anticipate it when it has not appeared yet. The 
ultimate goal of this project has clear and important benefits for the societies as the early 
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identification of people at risk of frailty will allow implementing preventive actions and spe-
cialising care, improving the quality of life in old age and reducing healthcare costs. Results 
and conclusions of this study are routed to obtain realistic and enduring applications that 
may help Europe and more particularly Portugal to deal with this new reality. 
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Introduction: Developing countries are experiencing demographic changes, including an in-
creasing number of seniors and people with neurodegenerative diseases such as Alzhei-
mer’s disease.  

The aim of the paper is to present an up-to-date overview of technological solutions available 
for assisting elderly patients suffering from Alzheimer’s. 

Results: Works were obtained from Web of Science, PubMed, Springer, ACM and IEEE Xplore. 
Four independent reviewers screened the identified records and selected relevant articles 
which were published between 2007 and 2018. A total of 6,705 publications were selected 
and 128 full papers were screened. Results obtained from the relevant studies were fur-
thermore divided into the following categories according to the type and use of technolo-
gies: devices, processing, and activity recognition. The leading technological solution in the 
category of devices are wearables and ambient noninvasive sensors. The introduction and 
utilization of these technologies, however, bring about challenges in acceptability, durability, 
ease of use, communication, and power requirements. Details are described in Figure 1. 

Sensor/device types Processing type Activity detection and recog-
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Use-case

Authors, title of study W
e

ra
b

le
s 

/ 
p

ho
ne

s 
/ 

ta
b

le
ts

A
m

b
ie

nt
 M

o
ni

to
rs

e
ns

o
rs

 
(in

va
si

ve
)

A
m

b
ie

nt
 M

o
ni

to
rs

e
ns

o
rs

 
(n

o
n-

in
va

si
ve

)

P
ro

ce
ss

in
g

 o
n 

lo
ca

l 
co

m
p

u
te

r o
r a

d
 h

o
e

C
lo

u
d

 b
as

e
d

 p
ro

ce
ss

in
g

 
o

nl
in

e
 s

e
rv

ic
e

U
se

s 
m

ac
hi

ne
 le

ar
ni

ng
 

al
g

o
rit

hm
s 

fo
r a

ct
iv

ity
 

cl
as

si
fic

at
io

n

U
se

s 
ro

le
 o

nt
o

lo
g

y 
b

as
e

s 
ap

ro
ac

h 
o

r 
se

p
ar

at
e

 s
u

b
sy

st
e

m
 

fo
r e

ac
h 

ac
tiv

ity
 

N
o

t r
e

la
te

d
 to

 
ac

tiv
ity

 d
et

e
ct

io
n

M
o

ni
to

rin
g

R
e

ha
b

ili
ta

tio
n

E
xp

e
rim

e
nt

al
 s

tu
d

y

Jekel et al. 2016 X X X X X X

Radziszewski et al., 2017 X X X X X

Lazarou et al., 2016 X X X X X X X

Hussain et al., 2014 X X X X X X

Nuñez Naveira et al., 2016 X X X X

Stavropoulos et al. X X X X X X X

Cavallo et al., 2015 X X X X X

Westerbeg et al., 2010 X X X

Wang et al., 2017 X X X X X

Realdon et al., 2016 X X X X X

Olsson et al.,  2013 X X X

Figure 1: Characteristics of findings according to sensor types, data processing type, the usa-
ge of activity recognition and use-case (Maresova et al, 2018).
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Older citizens in Europe wish to stay in their homes for as long as possible and enjoy active and 
healthy ageing. However, the number of older people living alone has increased to 13.14% in EU 
[EUR15]. Therefore, there is an urgent need for new and innovative forms of mental health care.

This work discusses technologies for mental health monitoring during daily life activities. These 
technologies are selected following a current scientific literature review together with inter-
views with psychologists.

A first prototype includes wearables for physiological measurements; home sensors to identify 
daily activities and patterns, like sleeping; and smartphones for ecological momentary as-
sessment (EMA). Examples are shown in Figure 1. 

Following this prototype we carried out an initial experiment for mental health monitoring of 
elderly people during their daily life using a subset of the proposed methods. During approx. 
14 days, four participants (55-60 years old) wore an E-4 wristband, recorded activeness and 
happiness using an EMA smartphone app, and answered STAI questionnaires every night. 
This data was analysed and an intelligent classifier (Chang and Lin 2013) was trained to auto-
matically recognize emotional states (Russell 1980). 

Results for a split of 75% for training data and 25% for test data are shown in Figure 2(left), using 
different time windows.

Figure 1. Left: E-4 wristband for physiological measurements. Centre: home sensors. Right: Smartphone with EMA software.
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Figure 2. Left: 75%-25% data split. Right: leave one out..

Future work includes increasing the number of patients and the duration of the experiment, 
using of home sensors to detect activities and behaviours, and designing new ways of using 
EMA to improve the frequency and quality of emotional self-assessment.
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Adjusting environments for elderly to create conditions which are comfortable for dignified 
aging at home, with the possibility to work and be a valuable part of the community is a top 
concern of the European Union (EU). Based on “The 2018 Ageing Report”, the EU population 
will increase from 511 million in 2016 to 528.5 million in 2040 and then will decline to 520 
million by 2070 (EC, 2018). The aging process will change significantly because of the de-
mographic situation and migration. The ratio of people aged 65 or above to the ones aged 
15-64 is going to increase in the EU in coming decades. This ratio in 2010 was 25%, in 2016 
has risen to 29.6 %, and it is expected that in 2070 it will be 51.2% (EC, 2018). It is expected that 
the employment rate for older workers will increase because of pension reforms in most of 
EU countries by raising the retirement age (from 55.3% in 2016 to 67.9% in 2070 (EC, 2018)).         

Analysing aging through sustainability aspects, “Transforming our world: the 2030 Agenda for 
sustainable development” could be considered (UN, 2015). Three development goals of se-
venteen could be discussed: 

•	 Ensure healthy lives and promote well-being for all at all ages (Goal 3).
•	 Make cities and human settlements inclusive, safe, resilient and sustainable (Goal 11).
•	 Ensure sustainable consumption and production patterns (Goal 12).

Sustainable well-being of elderly could be assured through good indoor environment quality 
(IEQ) conditions indoors and sustainable design and production of products for older adults 
(for example, furniture). 

Life cycle assessment (LCA) is quite a young methodology, which was developed from the 
collaboration between industry and universities. The term “life cycle assessment” was in-
troduced in 1990, until that time the methodology was recognized by two different names: 
“Resource and Environmental Profile Analysis” (REPA) in the USA, and “Ecobalance” in Europe 
(Hauschild et al. 2018). LCA addresses several environmental issues. This tool is used while 
creating new products or during the redesign stage. LCA can show the level of sustainabi-
lity and environmental performance while comparing different products (Kylili et al. 2015). 
Companies can identify opportunities to improve environmental aspects of their products in 
different life cycle stages. So, in the process of creation or redesign of different products de-
dicated for older adults, one can consider not only functionality and economic aspects but 
could create products which are sustainable and friendly to the environment.     
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IEQ and energy-related projects were carried out to test indoor environmental conditions in 
offices, residential houses and heritage buildings (Seduikyte et al. 2016, Grazuleviciute-Vile-
niske et al. 2017). The main research indicators in IEQ projects are thermal comfort, ventila-
tion effectiveness, particular matter, voltaic organic compounds, and the energy efficiency 
of analysed spaces. Usually, field measurements, questionnaires, and computational fluid 
dynamics methods are used. 

Thermal sensation of the elderly is different from the younger adults. Higher core temperatu-
res and heat stress, less efficient reaction to cold because of reduced metabolic response 
appears with age. This leads to decreasing sensitivity to environmental temperature chan-
ges and can result in failure react appropriatly to maintain core temperature (Ma et al. 2017). 
The thermal sensation of elderly might be influenced by physiological and psychological 
influence.  

Very few studies have analysed the perception of IEQ by people of different ages. There is a 
need for new research stream which will include sustainable aging.    

Conclusions 

Awareness of the growing percentage of elderly is present. A sustainable approach to the en-
vironment of elderly people is needed. This includes comfortable IEQ and sustainable pro-
duction of products dedicated to the elderly.
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