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ABSTRACT Predictions estimate that the future will entail several devices related to IoT (Internet of Things).
Most of these will be present in our homes, collecting useful information and triggering informed actions.
Much work has been done on collecting data and triggering such devices. However, there is not much work
on how to make use of such information to measure the well-being of a person. In the context of older
adults, it would be useful to define a means to estimate their well-being, provide them some feedback, and
eventually share it with a family member or caregiver. This article emphasizes how to measure well-being
through a user-centered Personal Well-being Rating (PWR). Although the proposed rating is idealized as
a general equation, our case study is mainly centered on older adults. These are undeniably a group of
society that can enrich their lives, by integrating possible solutions implemented considering the PWR. This
interpretation opens the door to the development of future interfaces, which can be supported by an explicit

way of measuring the well-being of someone inside a home.

INDEX TERMS Ambient assisted living, human-computer interaction, Internet of Things, smart homes.

I. INTRODUCTION

If predictions are correct, then, by 2022, there will be about
18 billion connected IoT-related devices [1] and some of these
devices will certainly be used to monitor people at home
(e.g. [2]), which is particularly important for older adults. It is
a fact that overall life expectancy is increasing [3] and most
families are not able to care for or spend enough time with
their older adults. On the other hand, these (older adults) also
prefer to live in their own homes, rather than living in nursing
homes. Similarly, there are also several studies on the accep-
tance of adoption of Smart Home services by older adults and,
although there are still several aspects that may not yet have a
completely positive impact on their acceptance (e.g. security
and privacy issues, the cost of establishing a smart house,
electricity consumption and uninterrupted power availabil-
ity), the acceptance perspective of these services is generally
favorable [4]-[6].

For these reasons, Ambient Assisted Living (AAL) and
Enhanced Living Environments are major areas, where efforts
have been made in recent years, to address the quality of life
of older adults. There is a vast literature in these areas, cov-
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ering various fields of study (in [7]-[9] most research efforts
and advances in these areas are presented). Likewise, there
are also numerous larger projects and programs to improve
the daily lives of older adults (including those co-financed
by the European Union), such as: ALADIN (Ambient Light-
ing Assistance for an Ageing Population) [10]; CAALYX
(Complete Ambient Assisting Living EXperiment) [11];
K4CARE (Knowledge-based HomeCare eServices for an
ageing Europe) [12]; OLDES (Older People’s e-services at
home [13]; SHARE-IT (Supported human autonomy for
recovery and enhancement of cognitive and motor abili-
ties using information technologies [14]; SOPRANO (Ser-
vice oriented programmable smart environments for older
Europeans) [15].

Although several works exist in Ambient Assisted Living,
Enhanced Living Environments, and also efforts to measure
or quantify well-being, to the best of our knowledge,
presently there is no universal formula that allows the quan-
tification of the well-being of someone which may be param-
eterized according to each individual. Although generally
well-being can be defined as the state of feeling healthy and
happy, there are several dimensions in which well-being can
be measured and undeniably the aspects of well-being are
subjective [16] by nature.
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In the context of older adults, allowing for different persons
to interpret a well-being rate in a universal, simple and com-
prehensive way, would represent an enormous benefit. This
could bring several advantages, not only to the older adults,
but also to the circle of persons that interact with them, either
being doctors, nurses, caregivers, or family members.

The main research question of this work is ”is it possible to
define a general metric to determine the level of well-being of
older adults, which can be customized for each individual?”

To answer this question, several other questions were
raised which are answered in the following sections, namely:
how can technology be used in the context of a smart home
to obtain parameters associated with well-being? (section II);
how to guarantee the availability and scalability of a system
based on our proposal? (section II); which dimensions are
responsible for the well-being of older adults? (section III);
how can a simple and intuitive scale be defined that can be
easily interpreted in the context of well-being? (section III);
is it possible for a specialist to tailor the PWE? (section 1V).

We streamline our approach by starting with a discus-
sion on the well-being of older adults and the dimensions
which can be used and then present how several approaches
can be pursued to gather data on these dimensions. Then
we present our approach, with the introduction of a Per-
sonal Well-being Equation to measure well-being, which is
followed by a formative evaluation and discuss the major
conclusions. Throughout this work, several specialists in
different areas of health care for older adults were consulted.

The rest of the article is organized as follows. Section II
describes the context in which the proposed measures for the
well-being of older adults are introduced. The methodology
for measuring the well-being of older adults is presented
in section III, as well as the various dimensions consid-
ered. Several implementation possibilities are also presented
for integration with the Personal Well-being Rating (PWR).
Section IV presents a formative evaluation, carried out with
experts, and demonstrates the results of applying the PWR
with real examples, discussing the results obtained. Conclu-
sion and the scope of future work are discussed in section V1.

Il. WELL-BEING OF THE OLDER ADULTS

In this section, two different topics are discussed. The first is
related to the context in which the measurement of well-being
is carried out, in this case, in the context of smart homes
for older adults, where much previous work has been carried
out. The second topic focuses on previous efforts to mea-
sure well-being and on the classification of its associated
dimensions.

A. WELL-BEING HOME

In previous work [17], we introduced a new model which
may be perceived as an abstraction model (shown in Fig. 1),
appropriate for the well-being of the older adults, for much
of the existing smart home architectures and frameworks.
The model is composed of three types of entities (agents,
devices, and geography) and a Home Processing Unit (HPU).
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The latter centralizes all the information gathered from the
household entities.

The HPU will also have the complex task of managing
all these types of entities, in a smart home, to use them in
an integrated manner and trigger appropriate actions when
necessary (e.g. using emotion regulation through music and
color/light, as in [18]). These actions will be supported by
complex algorithms and will employ artificial intelligence
techniques (as in other related literature, e.g. [19]-[21]) to
communicate appropriate actions to household entities in a
user-centered approach.

Fig. 1 shows the abstraction model for such a home. This
can be integrated with eServices [22], a distributed archi-
tecture proposed in our previous work, as a support service
platform for non-invasive continuous surveillance and social
inclusion.

Agents

Devices

l Geography

FIGURE 1. The model of a well-being home [17]. The HPU receives/sends
data, through communication technologies, from/to the three types of
entities: agents, devices, and geography. The PWR, based on the received
data, calculates a value to be used by the HPU to trigger the appropriate
events.

The advantage of integrating with this platform is to facil-
itate customer management and service integration. These
eServices are linked to caregivers, health professionals,
or family members and can alert them to any abnormal
situations. They also communicate with the HPUs to see if
they are connected. Depending on the degree of criticality,
several solutions can be contemplated to ensure the avail-
ability of the system, although it increases the cost of the
system. These solutions can be applied both in the eServices
(e.g. through service redundancy, mirroring databases, among
others), as well as inside the home, e.g. low-cost solutions,
relying on a cheap and small cluster of HPUs per home (e.g.
Raspberry PI computers) running a high-level integration
platform (e.g. Node-RED to abstract sensors’ communication
protocols) and messaging brokers (e.g. RabbitMQ to route the
acquired and already formatted sensor’s data). These solu-
tions may also include cloud management and monitoring
systems to deal with high availability and automatic failback
by using floating IP and multiple reverse proxies.

Fig. 2 shows the whole solution with this distributed
architecture.

Indeed, in former work, we have demonstrated how to
provide an AAL solution for older adults [23], which includes
low-cost equipment and offers real-time communication
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FIGURE 2. Distributed architecture with a well-being home integrated
with the eServices which are linked to caregivers, health professionals,
or family members.

with caregivers. The specific solution includes a system that
is available anytime and anywhere, for family and care-
givers. It uses low-cost devices to be affordable by anyone,
applies machine learning algorithms, for the data being gath-
ered by the 10T sensors, which allow the system to detect
unusual behavior. Finally, it is adapted for older adults that
live alone in their homes. The sensors are connected to
resource-constrained IoT devices with communication capa-
bilities (through an 802.11 network connected to an Internet
provider) that are programmed to control and read values
from sensors. The data is sent to a cloud-based platform,
to be used in a supervised Al algorithm. The communication
between devices uses the MQTT protocol, and an Edge Hub
with the function of an MQTT broker, responsible for receiv-
ing and filtering messages, determining who is subscribed to
each message, and sending the message to these subscribed
clients. The LAN device sends MQTT to publish messages
with information about data gathered in the home sensors,
while the cloud platform receives MQTT subscribe messages.
At the platform, a supervised mechanism is applied to all data
received, to create patterns regarding the older adult’s behav-
ior, detect unusual actions and warn family and caregivers.

B. WELL-BEING MEASUREMENT
One of the challenges related to implementing an HPU is
how to quantify the level of well-being of an older adult.
The motivation of this article is the definition of a Personal
Well-being Rating (PWR), which is constantly updated from
the data collected from the entities of each of the dimensions.
The details of how this PWR is determined is the motivation
of section III, where a formula is proposed to deal with the
dilemma of assessing the level of well-being of older adults.
The first question, when trying to define a formula for
measuring well-being, is which aspects of the human being
can influence the overall well-being of older adults. This is
a subjective question, in which different authors may present
different dimensions of well-being.
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Indeed, measuring or attempting to quantify well-being
has been addressed many years ago by many authors (e.g.
[16], [24]-[29]) and covers several areas (including psychol-
ogy, sociology, and health). In most cases the subject is
treated from a psychological perspective, but sometimes it is
also approached from other perspectives, such as spiritually
(e.g. [29]) or even socially (e.g. [28]). However, what many
authors agree on is that this is a subjective topic and there is
no consensus on this matter. What we are trying to do with
the expression of a well-being equation is to define a generic
equation, which must be adapted individually, and can serve
as the basis for further improvements.

However, some universal aspects undoubtedly contribute
to the general well-being of human beings, such as: health
conditions, physical activity, and emotional state. Thus, these
three dimensions were chosen for the definition of a general
formula of well-being centered on the user, as represented
in Fig. 3.

(4
Health Activity g

Emotional

@

FIGURE 3. The three dimensions of well-being. All of these dimensions,
health, activity, and emotional are user-centered and contribute
significantly to a person’s well-being.

Although different or more dimensions might have been
chosen, we selected these because of the obvious contribution
to one’s well-being. It is clear to us that a person’s well-
being may depend on several other factors. However, these
dimensions were chosen with two major concerns in mind:
their main contribution to a person’s well-being and because
it is possible to use various types of sensors to collect data in
each of these dimensions.

One interesting thing to note about these dimensions is that
sometimes they are related. For example, a person may feel
happy (emotional state) while watching a TV show (activ-
ity). Similarly, by monitoring a health condition (e.g. heart
rate), this will certainly be affected by a more intense sports
activity.

All of these dimensions are measured from data collected
from the corresponding agents and devices to allow the HPU
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to calculate the PWR. This is calculated using the Personal
Well-being Equation (PWE) introduced in section III.

One example of the need for classification, for one of the
dimensions that we considered to be one of the bases for the
definition of the PWE - health, is the International Classifi-
cation of Functioning, Disability and Health (ICF) [30], [31]
from the World Health Organization (WHO). The general
purpose of this classification is to provide a unified and stan-
dardized language as well as a framework for the description
of health and health-related states. Although this classifica-
tion is mainly health-oriented, it also defines some health-
related components of well-being.

There was no consensus among the various specialists
consulted in the various dimensions related to the well-being
of the older adults, but all acknowledged that the dimensions
would always include health, activity, and emotional as basal
for the well-being measurement. Until more investigation
eventually allows us to gather a larger consensus for the defi-
nition of the dimensions of well-being, our effort has been to
define a formula that is sufficiently generic to accommodate
more dimensions as well as the possibility of disregarding
some of the dimensions.

Similarly, the definition of quantification classes, scales,
and words is a common practice used in ICF, where it is
also indicated that evaluation procedures should be developed
through research. It is also recognized in the ICF that for
different users it may be appropriate and useful to add other
types of information to the coding of each item.

Indeed, scales are common in several user-related areas,
including Human-Computer Interaction (HCI), e.g. Sys-
tem Usability Scale (SUS), Post-Study System Usabil-
ity Questionnaire (PSSUQ), Experience Percentile Rank
Questionnaire (SUPR-Q), etc., and allow to measure mul-
tiple parameters, including self-reported behavior using
rating-scale questions. However, these types of question-
naires are more directed to other types of applications and
also vulnerable to response biases. In the case of older adults,
it may be complicated to obtain reliable data with a question-
naire, even if these are supported in the answers with the help
of professionals, derived from the subjectivity of classifying
well-being. The existence of an automatic system to quantify
an adult’s well-being through a simple customizable equation
thus becomes a key advantage for improving the living con-
ditions of older adults who live in their own homes.

The use of equations to measure the user’s response to a
physical stimulus is not new. For example, in a distinct field,
Alan Chalmers et al. proposed an equation of perception to
measure how each channel of sensory input contributes to an
overall perception experience of virtual reality. The proposed
equation is a function of preconditioning and task [32].

The PWE has been thought of as a simple, meaningful, and
effective way to give feedback on a person’s well-being.

lll. METHODOLOGY
Defining the dimensions of well-being is only part of the chal-
lenge. These dimensions are unlikely to influence everyone
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equally in the same way. For this reason, the Personal Well-
being Equation includes a coefficient for each dimension

PWE(p) = Kph + Ky,a + Kee, (1)
where,
h = health
a = activity
e = emotional
Kh = health coefficient
Ka = activity coefficient
Ke = emotional coefficient
plus,

Kn+K,+K, =1

Each dimension is also provided as a value between 0 and 1
(100%), so an example of the formula application for an
individual would be PWE(individual) = 0.4(heqiny x 0.9 +
0.3 activity) X 1.0+ 0.3 (emotionaty X 0.6, which would result 0,84
(or 84%).

PWE is a function of a precondition (p). This is because
the equation is determined based on an earlier condition for a
particular person (which is why we have chosen to include the
word ““Personal” in the equation name). An older adult will
not have the same health condition, will not perform the same
activities, or have the same emotional reactions as a child,
adolescent, or young adult.

The PWE also uses the word ‘““Personal” because the
definition of the weights to be used must be defined by
specialists, who will evaluate each person and adapt the
formula according to each specific case. Not only in the
health dimension but also in the other dimensions, individual
differences have to be adjusted (e.g. [33]-[35]). To simplify
this multiplicity of values and allow their analysis, we opted
for the use of scales, normalization of values, and words of
quantification (similar to the practices used in the ICF [30]
and the prescription of physical exercise, as the example of
MET application by researchers, clinicians, and practitioners,
among others, e.g. [36]). This allows for the values to be
correctly interpreted by people from different fields and even
to give proper feedback to the persons being monitored. Thus,
in all dimensions, as well as in the final value, the bounding
values are 0 and 100%. For the same reason, the sum of
the coefficients should totalize 100%, with each coefficient
representing the particular weight for the overall PWR.

It is expected that a person who has recently undergone a
serious spinal injury will still experience a variety of inconve-
niences, including reduced muscle strength, fatigue, anxiety,
and frustration. This will certainly limit the ability to perform
various daily tasks and will be reflected in all dimensions of
the formula. Thus, the suitability of the formula, during this
recovery period, will often have to be assessed to reflect the
evolution of the person.
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Indeed, the WHO also recognizes the importance of full
participation of people with disabilities and their organi-
zations in reviewing a rating of functionality and disabil-
ity. According to [31], in this context, the ICF will serve
as the basis for disability assessment and measurement in
many scientific, clinical, administrative, and social policy
contexts.

The equation has three variables that can be monitored by
agents from the dimensions shown in Fig. 1. Thus, the coeffi-
cients are individual but are expected to have some similari-
ties between several people with similar characteristics (same
age, same gender, etc.). These coefficients can be determined
with the help of experts from related areas in the context of
empirical studies.

Along with the coefficients, another concern is how to
determine the value of each variable (% : health; a : activity;
e : emotional). For this, we present some ideas based on
previous knowledge and projects, including IoT projects.
Table 1 shows examples of indicators to be used in each
dimension, described later in the following sections.

TABLE 1. Dimensions and indicators.

Health Activity Emotion
pulse type of activity emotion expressed
heart rate Metabolic Equivalent duration
(MET)
fall time spent intensity

There are several approaches (e.g. for determining the well-
ness of inhabitants using Wireless Sensor Networks (WSN)
[37]1-[39]) to collecting indicators for each dimension, but,
regardless of the dimension, monitoring indicators should not
interfere with the daily routines of older adults. For example,
if we consider the health dimension, the monitored person
will have a set of wireless body sensors to allow continuous
monitoring of vital indicators. In previous work [40], we pre-
sented an architecture for smart homes, with several consid-
erations on low cost, flexibility, and scalability, to record and
analyze the daily routines of older adults. Fig. 4 shows a dia-
gram of a fully integrated in-home automation and auxiliary
system utilizing home automation technology to remotely
and/or automatically monitor and control the state of installed
electronic resources.

Indeed, much of previous work (e.g. [40]-[44]) is related
to the development of assistive home systems, based on
available technology, to ensure the quality of life, safety, and
well-being of older adults where more specific implementa-
tion details can be found.

The following sections describe various strategies for
assembling and measuring indicators for each dimension.

A. ACTIVITY

A measure that can be used to quantify the activity being
performed is the Metabolic Equivalent (MET), which refers
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FIGURE 4. Full-integrated in-home automation and assistive system. The

system was conceived with the main focus being low cost, flexibility, and
scalability [40].

to the ratio between the metabolic rate of work and the Rest-
ing Metabolic Rate (RMR). MET is a physiological measure,
used in the “Adult Compendium of Physical Activities” [45]
of Ainsworth et al., which expresses the energetic cost of
physical activities.

MET values start at 0.95 (sleeping) and go up to 23 (run-
ning at 14 mph). In other words, this means that the Metabolic
Equivalent ranges from 0.95 to 23 1 kcal-kg~!-h~!.

The “traditional” MET does not take into account indi-
vidual differences (e.g. body size, body composition, age,
and gender) and the RMR varies from person to person.
Literature exists where the authors study the influence of
individual differences (e.g. [33], [34]). For example, in the
study presented in [34], the authors state that using measured
or predicted RMR as a correction factor can appropriately
adjust for individual differences when estimating the energy
cost of moderate-intensity walking. In [35], Ainsworth et al.
have also suggested that a correction factor may be required to
adjust for individual differences when estimating the energy
cost of physical activity.

In [34], the authors created a nomogram, based on maximal
exercise capacity (METs) and age, for assessing a patient’s
ability to perform a dynamic exercise to quantify the level of
physical disability or relative capacity for physical activity.
The idea was to present norms for METs based on age,
as well as population-specific nomograms, that enable physi-
cians to assess patients’ exercise capacity relative to their
age group. Undeniably, there is a widespread application
of the MET by researchers, clinicians, and practitioners to
identify and prescribe physical activities as stated by the
authors in [33]. Although, throughout this section, we present
a general hypothesis to determine the daily METs, when
accounting for individual differences the daily METSs should
be determined among specialists for each individual, as we
also suggest in the other dimensions.

Considering a real example of an older adult day routine
(woman, 59 years), Table 2 represents the list of activities
performed and the total MET and minutes spent in each
activity, totaling 1771 MET-min (minutes). Sleeping time (in
this case 9 hours) is not considered in the examples. The
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MET values were collected from the 2011 Compendium of
Physical Activities in [45].

TABLE 2. Day-to-day activities of older adults.

Activity MET Minutes
cognitive activities (crosswords) 1.5 60
cooking or food preparation, cleaning 35 210
dressing, undressing 2.5 40
eating 1.5 80
leisure activities (embroidery, crochet and sew) 1.8 60
reading 1.3 30
showering, brushing teeth 2 45
sitting on toilet, eliminating while standing or

. 1.8 30
squatting
sitting quietly and watching television 1.3 150
walking 2 120

The activities from Table 2 match recognized Activities of
Daily Living (ADL) [46], [47]. More specifically, the table
includes activities that correspond to basic ADL, i.e., those
that must be accomplished every day by everyone who wishes
to thrive by their one (e.g. functional mobility: walking);
and activities that match to instrumental ADL, i.e., those not
necessary for fundamental functioning, but still very impor-
tant to give someone the ability to live independently (e.g.
preparing meals).

The challenge lies in determining the activities performed
by a person. [oT solutions can be used for this purpose, where
sensors installed on some devices (e.g. television, stationary
bike, etc.) can transmit information to the HPU. Another
way is to use image processing algorithms and cameras to
monitor activities (e.g. dance) that do not involve any kind of
equipment.

Similarly, there are strategies for analyzing the daily
behaviors of residents in the context of smart healthcare in
smart home environments (e.g. [41], [42], [48]-[53]).

1) HUMAN ACTIVITY RECOGNITION
There is a lot of research in Human Activity Recognition
(HAR) (e.g. [54]-[58]) and several reviews were made in the
latest years (e.g. [S9]-[65]), where several vision-based meth-
ods are used in many applications including video surveil-
lance, health care, and human-computer interaction.

In the most recent of these surveys [65], the authors present
a review of Human Activity Recognition, using video-based
methods, especially for the activity representation (global
representations, e.g. [58], [66]-[68]; local representations,
e.g. [69], [70]; depth-based representations, e.g. [71], [72])
and classification methods (template-based methods, e.g.
[73], [74]; discriminative models, e.g. [75], [76]; generative
models, e.g. [77], [78]), where they divided human activities
into a hierarchical structure with three levels also somewhat
similar to what can be found in other surveys. These include:
action primitives — the atomic actions at the limb level (e.g.
raise the left arm); actions/activities (e.g. walking, running)
and interactions — activities that involve two or more persons
and objects (e.g. cooking, hugging).
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The result of the research from the authors in [65] shows
that HAR has achieved great success where methodologies
and technologies have made tremendous development in the
past decades and have kept developing up to date. Still,
they recognize that several challenges still exist when facing
realistic sceneries such as real-world systems or applications,
where applying HAR approaches is still non-trivial. One of
the reasons for this is the limited computing power which
makes them hard to be implemented in real-time. One of the
possible solutions in such cases is the use of inertial sensors to
assist in the recognition of the activities. As imaging technol-
ogy advances and computing devices, cameras and sensors
evolve, novel approaches for HAR constantly emerge, which
we believe will make this task easier.

Future work might even consider extensions to also allow
monitoring of user activities outside their homes. Of course,
in these scenarios, they should be considered as mobile agents
that can track and monitor the user wherever he goes. This
means that in the previous examples, the activity list could
have a few more lines, such as Table 3, which raised the total
MET-min to a new value of 2239 (~26.42% more).

TABLE 3. Additional activities.

Activity MET Minutes
playing with grandchildren 2.2 90
bathing grandchildren 2.0 30
walking with grandchildren to and from school 3.5 60

These additional activities refer to a hypothetical scenario
in which older adults are responsible for bringing and receiv-
ing their grandchildren to and from school (assuming a pedes-
trian route, therefore walking), playing and bathing them - a
reality known by many grandparents.

2) DAILY ROUTINES OF OLDER ADULTS

With the support of a direct-action member and coordinator
of a physical activity program for the older adults, we per-
formed a study that consisted of analyzing the daily routines
of 10 older adults. The data was gathered from oral ques-
tionnaires performed to the older adults in their homes by
the direct-action member (someone of their trust). All the
participants reside in the small Portuguese city of Marinha
Grande, a locality with around 10500 resident citizens and
a population density of about 206.7 inhabitants per km?
(population indicators by municipality, 2012 [79]). Their ages
ranged between 59 and 80 years old, distributed by both
genders (5 women and 5 men).

The activities from the daily routines were grouped in
categories from the Compendium of Physical Activities [45].
Only the categories that were more relevant for the present
study (those where significant MET are expended) were con-
sidered, namely: home activity (e.g. preparing meals, wash-
ing dishes, cleaning the house, ironing, etc.); Miscellaneous
(e.g. reading, doing crossword puzzles, being with friends,
etc.); occupation (e.g. embroidery, crochet, modeling, carpen-
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try, etc.); self-care (e.g. eating, dressing, grooming, personal
hygiene, etc.); walking. The activities, which are represented
in the chart from Fig. 5, do not include time spent sleeping
(night/naps), which averaged about 9 hours per person.

Older adults activities

Self Care Walking

Time per day (min)
g 8 8 8 8

=]

Home Activity Miscellaneous  Occupation

mWomen HMen

FIGURE 5. Minutes per day spent in each category of activities by 10 older
adults of Marinha Grande, Portugal. In the category “Home Activity” none
of the men registered any time of activity (associated with home chores).

As can be seen from the graphic of Fig. 5, there is still
a big difference in the activities carried out by the different
genders. None of the men performed the traditional domestic
chores (e.g. preparing meals, washing dishes, cleaning the
house, etc.). However, these spend more time than the women
developing other leisure activities (e.g. modeling, carpentry).
Conversely, it was observed that the women spent more time
self-caring and walking. It should also be noted that the
average age for women and men was approximately the same
(women: 66.8; men: 68).

The graph in Fig. 6 represents the average MET-min (min-
utes) per day spent in all the activities categories, considered
in Fig. 5, for both genders. It does not include time spent
sleeping (night/naps), which is approximately 9 hours on
average.

On average the older adults represented in this study
achieved about 1908.6 MET-min (standard deviation of about
322.29), with women slightly above this number as shown by
the graph (women: ~2133; men: ~1683).

3) RECOMMENDED DAILY ACTIVITY

We are confident that healthier, more active, and satisfying
lifestyles are possible through solutions that efficiently use
MET measurements. However, to have significant values for
this dimension, a scale is needed.

One possible way to achieve this is to consider Recom-
mended Daily Activities (RDA). To establish meaningful
RDA, we analyzed several recommendations on physical
activity for healthy lives and specific concerns or recommen-
dations regarding older adults.

One example is the Global Recommendations on Physi-
cal Activity for Health for 65 years and above [80], from
the World Health Organization (WHO). In these recommen-
dations, we identified several activities identical to those
performed by the older adults from our study, including
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FIGURE 6. MET-min per day for both genders. Women: ~2133; men:
~1683.

leisure time, physical activity, transportation (e.g. walking or
cycling), occupational, household chores, play, games, sports,
or planned exercise. Although we have some participants with
ages slightly less than 65 years, we can observe that, also
in the recommendations from the WHO, in the 18-64 years
range [81] some of the proposed activities are identical.

Another example is the one in [82], from the World Con-
federation for Physical Therapy, which presents recommen-
dations that refer to the same activities presented by the
WHO and also uses the Metabolic Equivalent (MET) for the
respective values.

Also, in the Pacific Physical Activity Guidelines for
Adults, from WHO [83] physical activity is addressed using
the MET where, “according to the Global Physical Activity
Questionnaire (GPAQ) scoring protocol, physical inactivity is
defined as a score below 600 MET-minutes/week, moderate-
intensity physical activity is assigned a score of 600-1500
MET-minutes/week, and vigorous-intensity physical activity
a score of more than 1500 MET-minutes/week.”” [83]. More-
over, in these guidelines is stated that “‘an activity assigned
3-6 METS is considered moderate intensity and an activ-
ity of >6 METS is considered vigorous-intensity physical
activity” [83].

In another source, namely in the ‘“‘Physical Activity and
Public Health in Older Adults: Recommendation From the
American College of Sports Medicine and the American
Heart Association” [84] the differences between the older
adult and adult recommendations are discriminated and also
the MET is used. In the Physical Activity Guidelines from
the Office of Disease Prevention and Health Promotion
(ODPHP), which is part of the U.S. Department of Health and
Human Services [85], it is stated that “Some adults have low
levels of fitness, particularly older adults. For these adults,
activities in the range of 3.0 to 5.9 METs are either relatively
vigorous, or physiologically impossible.” [85].

Our motivations for reaching the RDA values are based
on the several recommendations and insights that we have
gathered from all these sources and on the analysis from the
daily routines of the older adults from our study.

In the first step, we have decided which of the activity
categories to consider. The graph from Fig. 7 represents the
MET-min week for each category.

From the categories in Fig. 7 (gathered from our study
with the older adults from Marinha Grande, Portugal) we
chose the activity categories from the Compendium of Phys-
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Weekly MET-min distribution by categories
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FIGURE 7. MET-min per week spent in each category for both genders.

ical Activities that match the recommendations from the
WHO guidelines, namely ‘“home activity’’, “occupation”
and “walking”.

The second step consisted of determining the RDA. For this
we followed the WHO guidelines where physical inactivity
is defined as a score below 600 MET-min/week, moderate-
intensity physical activity 600-1500 MET-min/week, and
vigorous-intensity physical activity more than 1500 MET-
min/week. Hence, we considered these scores as threshold
goals to determine a classification that may be simply under-
stood. Table 4 shows the correspondence between the MET-
min/week thresholds and the corresponding classification.

TABLE 4. MET-Min/week and classification.

MET-min/week Classification
<600 insufficient
600-1500 sufficient
>1500 good

However, the goal of the PWR is to monitor the daily activ-
ity (whereas the guidelines are in MET-min/week). To sim-
plify the succeeding analysis, we converted the Met-min/day
from our study to MET-min/week by multiplying them by
the number of days in a week (not considering weekends).
The foundation for that is that we want to be able to provide
daily feedback. Moreover, from our contact with the older
adults from the study, their days are made of routines that
pretty much are equally from day to day. The changes occur
mostly on weekends, where most admit spending more time
resting. This was also confirmed by the several professionals
in healthcare that we consulted. Nevertheless, in the future,
there is the possibility to also consider weekly, monthly,
or any other period feedback.

By only considering the three categories specified (home
activity, occupation, and walking) we can observe in the
graph from Fig. 8 that all the older adults would be rated
good in this dimension. This makes sense since all of them
are still very active persons: almost walk a lot daily (either by
simply leisure or going to the coffee and/or by go take/pick up
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grandchildren to/from schools), have daily occupations, and
in the case of women perform several home chores (such as
cooking, cleaning, ironing, etc.).

Activity (home activity, occupation, walking)
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FIGURE 8. MET-min per week for both genders. The thick orange line
(upper horizontal line) is at 1500 MET-min/week - values above the line
are considered good. The thick grey line (lower horizontal line) is at

600 MET-min - values below the line are considered insufficient. Values
between the two thick horizontal lines are considered sufficient.

Due to the home activity, performed only by women in the
present case study, women have significantly higher MET-
min/week values than men. The influence of the daily chores,
performed by women, in the MET-min/week, is evident in
the graph from Fig. 9, where the home activity was not
considered lowering their MET-min significantly.

Without home activity
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FIGURE 9. MET-min per week, considering only occupation and walking,
for both genders. The thick orange line (upper horizontal line) is at

1500 MET-min/week - values above the line are considered good. The
thick grey line (lower horizontal line) is at 600 MET-min - values below
the line are considered insufficient. Values between the two thick
horizontal lines are considered sufficient.

In Fig. 10 and Fig. 11 we may observe, respectively,
the MET-min/week if the participants had no occupation or
didn’t walk daily. Almost all of the older adults performed
daily activities in both categories. All walked several minutes
daily and only one man and one woman had no occupation.

In the graph from Fig. 10, we can see that the activity from
one man was rated sufficient. All the other participants had
their activity rated good.

Also, in the graph from Fig. 11, the activity from one man
was rated sufficient and the activity, from another man, rated
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FIGURE 10. MET-min per week, without considering occupation, for both
genders. The thick orange line (upper horizontal line) is at

1500 MET-min/week - values above the line are considered good. The
thick grey line (lower horizontal line) is at 600 MET-min - values below
the line are considered insufficient. Values between the two thick
horizontal lines are considered sufficient.
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FIGURE 11. MET-min per week, without considering walking, for both
genders. The thick orange line (upper horizontal line) is at

1500 MET-min/week - values above the line are considered good. The
thick grey line (lower horizontal line) is at 600 MET-min - values below
the line are considered insufficient. Values between the two thick
horizontal lines are considered sufficient.

insufficient since it didn’t perform any home activity and
had no occupation (the reason why there is no bar in one of
the participants). All the other participants had their activity
rated good.

Still, removing only one of the categories identified
in Fig. 10 and Fig. 11 is strongly attenuated by the other
category, since almost all of the older adults performed daily
activities in both categories.

The third step consisted of determining a Maximum Daily
Activity (MDA) as a value above the one it is considered that
the gains in health are not significant. Therefore, it will be the
limit for our scale and any eventual value above it will be rated
as the maximum value in this dimension (100%). To reach a
meaningful value we considered the recommendations from
the World Confederation for Physical Therapy, in [82] which
states that ““most health gains occur when people achieve
3000 to 4000 MET minutes per week” [82], but where these
are not specific to older adults. Taking into consideration
the specific case of older adults, the data collected from
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the participants in our study, and all the other recommenda-
tions already presented, we have decided to define the value
3000 as a weekly MDA. Since we want a daily value (instead
of a weekly), for the reasons already addressed in this section,
we divide the value 3000 by the number of days in a week to
reach the final, rounded, MDA of 429.

However, we do reason that the values should be estab-
lished amongst specialists and case-by-case (which are also
the recommendations from several of the health-related orga-
nizations). For these studies, experts in several areas can
be involved, automatic techniques used (e.g. [37]-[39]) and
tools such as the Physical Activity Scale for the Elderly
(PASE) [86], a questionnaire that examines self-reported
occupational, household, and leisure activities.

In a final step, and to standardize the final activity rating,
we have decided to normalize the value to a range of 0-100%,
using a simple rule of three, for each range of the recom-
mended daily activity values,

activity = RDA range®100/MDA 2)

after this, the corresponding classification from table 4 trans-
lates to the classification presented in Table 5.

TABLE 5. Activity rating.

Rating

good > 50%
20% < sufficient < 50%
insufficient < 20%

So, it’s all about the Recommend Daily Activities (RDA)
and Maximum Daily Activity (MDA) value to be used and
more research in this field can still be held to improve them.
Similarly, within this approach, more empirical studies can be
carried out. These values can also be customized, i.e. adapted
to each user to improve classification efficiency.

B. EMOTIONAL

In HCI, human emotions have also been widely discussed,
following different strategies or computational models for
the regulation of affection or emotion (e.g. [18], [87]-[95]).
There are also several fields where these have been stud-
ied (e.g. sports [96], virtual storytelling [97], games [98],
therapeutic fields [99]). The detection of human emotions
in homes is also being addressed recently and, focusing on
a more directly related field, the older adults [39], [40],
[100]-[103].

Emotions are therefore essential for human interaction,
where emotional expressions are constantly monitored and
interpreted. The question that arises is: which emotions
should be identified? This is not a recent issue if we con-
sider that the study of emotions can be reported at various
times. In the ancient Greek treatise on the art of persuasion
“Aristotle’s Rhetoric’ [104], dating from the 4th century BC,
through *“The Expression of Emotions in Man and Animals”
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by Charles Darwin in 1872 [105] and the eight basic emotions
of Robert Plutchik’s theory in 1980 [106].

The emotion we consider most important in our study is
happiness. Other emotions are also significant and very inter-
esting to analyze additional issues (e.g. occurrences of fear
may alert us to something that may be wrong with a person
- if the person is not watching a horror movie). However,
in this study, we are only interested in the overall happiness
of a person, to measure the emotional state. Sadness can also
be considered, but it has some disadvantages. For example,
it can last much longer than other feelings (sadness can last,
on average, for 120 hours [107]). It is easy to understand
this duration if we imagine some events, such as a divorce
or the death of a loved one. Yet, even in times of sadness, it is
possible to have some happy feelings (e.g. seeing a grandchild
learning to walk). For these reasons, we decided to focus first
on happiness.

Since smiles are associated with happy feelings, these can
be used to identify this emotion. However, no one has a smile
on his face all the time. Therefore, alternative approaches
could be considered, and one is to count the number of smiles
per day. Smile detection is a common feature of various
devices, such as modern cameras and smartphones that can
take pictures automatically, triggered by smiles. There are
also countless ways to detect smiles (e.g. [108]-[112]).

The challenge behind an approach based on counting
smiles is how to determine how many times a day it is normal
for a person to smile. Several aspects influence this measure,
for example, the country of origin and the age of a person.
There is a study that says a UK adult smiles 11 times a
day [113]. Itis also well known that, in general, children smile
much more than adults. According to the study in [113], it is
also reported by a psychologist that “It’s interesting to see
that the majority of people think that they should smile at least
seven times a day in order to feel happy and content.” and
that “smiling has a huge amount of real value—recognised by
more than 90 per cent of us—and, when the number of times
you smile every day is added up, it can have great benefits to
overall happiness.” [113].

The simplest emotional measurement approach would then
be to count the daily number of smiles for a person and then
rate it appropriately.

One thing that can be considered is whether a person
should know that she/he is being evaluated through smiles
(in this dimension) since she/he might be tempted to make
false smiles. In an ideal system, however, these would be
recognized as false and therefore disregarded. Indeed, there
are several ways to automatically distinguish between true
and false emotions. One instrument for this is the Facial
Action Coding System (FACS) [114], a system that allows
the characterization of physical expressions of emotions, pre-
sented in more detail later in this section.

Literature can be found based on this system (and using
the facial Action Units), and also referencing the vast work
of Paul Ekman et al. to taxonomize human facial movements
by their appearance on the face (e.g. [114]-[118]). Numerous
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examples of approaches to distinguish between true and fake
smiles can be found (e.g. [119]-[124]) where the authors
achieved very convincing results. For example, in [121] the
authors, using image-based methods, analyzed the muscles
associated with smiles, defining Regions of Interest (Rol)
such as the mouth (which can be identified by the appearance
of wrinkles at the corners of the cheeks) and the eyes (which
can be identified by the elongation of the eyes). The use of
Rol that includes more than the mouth is frequent in most
approaches, to improve the accuracy when distinguishing
between real and fake smiles.

In the presented example, results show an accuracy of
the system of 86% with an error rate of 14%. This value
is similar to the one from the authors in [119] and higher
than human true vs. fake smile recognition ability as stated
in [119].

What allows to differentiate a real smile from a fake one is
the muscles that are contracted. Both real and fake smiles are
characterized by the contraction of zygomatic major muscle
(on the edge of the mouth corner). However, in a real smile
the obicularis oculli muscle contracts whereas in a fake it
doesn’t. The authors in [120] also state that ““Reliable expres-
sions are expressions said by the psychology community to
be impossible for a significant percentage of the population
to convincingly simulate, without feeling a true inner felt
emotion” [120].

Studies also exist related to Human—Robot Interac-
tion (HRI) focusing on smile recognition to recognize a
human’s mood while interacting with robots, such as in [125].

Still, happiness is not easy to measure, if we consider that it
can also be composed of several separable variables. In [25],
the authors describe as related variables: positive feelings,
negative feelings, and satisfaction with life.

Considering the challenges expressed, concerning an
approach to quantify happiness based on smile counting, and
considering that there are not enough scientific studies—that
we are aware of—that can provide us enough evidence,
to determine a scale in which we can classify the number of
smiles, we concluded that alternative approaches should be
considered.

Indeed, there are more ways to detect happiness as well
as other emotions. For example, in [126] wearable devices
based on electrodermal activity are used by Zangéniz et al.
to detect calm/distress conditions. Colour analysis of facial
skin can also be used (e.g. [127]) and even vocalizations
(e.g. laughers) can also be used to detect emotions, as in
[128], [129]. Color/light and music can even be used for
emotion regulation (e.g. [18]).

Similarly, well-being can also be explicitly asked of a
person by asking questions and measuring scales exist, e.g.
for example, the Warwick-Edinburgh (WEMWBS) Mental
Well-Being Scale [130].

As stated earlier in this section, the FACS can be used to
detect emotions and has been used by many authors effec-
tively (e.g. [114]-[118]). This system encodes individual
facial muscle movements and has been used by physiologists

86833



IEEE Access

N. Rodrigues, A. Pereira: User-Centered Rating of Well-Being in Older Adults

TABLE 6. FACS emotions.

TABLE 8. Intensity of emotions.

Emotions

happiness
sadness
surprise
fear
anger
disgust
contempt

TABLE 7. Emotional rating.

Rate From To
Good Gmin Gmax
Sufficient Smin Smax
Insufficient Imin Imax

and animators. It has also been established as an automated
system that extracts the geometric features of faces in videos
and produces temporal profiles of each facial movement.
More recently it has also been used in real-time 3D automatic
recognition technology [131]. The FACS also defines Action
Units (AU), which represent the contraction or relaxation of
one or more muscles.

The FACS represents several emotions (represented
in Table 6).

Another issue in the way the measurement is performed
is to also consider the intensity of the emotion. According
to the FACS, the emotions can be expressed in different
intensities, represented in Table 8. Several FACS intensities
are identified, ranging from ““trace” (the minimum intensity)
to the maximum intensity (‘“‘maximum’’).

Some studies relate the intensity of the emotions to the pre-
diction of some things, such as: future happiness [132], [133],
stability in marriage [134], and longevity [135]. There is
also some controversy about how to estimate the intensity
of expression [136]. Therefore, it is not clear to us the influ-
ence of the intensity of an expression on happiness, i.e. the
influence on happiness between expressed in its maximum
intensity and expressed only as a trace.

Indeed, there is a vast literature concerning the detec-
tion of emotions through facial expressions or even distin-
guish between spontaneous posed facial behavior (e.g. [137],
[138], [139]-[153]) and many different techniques may be
used to detect emotions, and more specifically, happiness.
The question that follows is: how to measure the emotional
factor?

The idea is still to provide a simple classification that indi-
cates the emotional rating as good, sufficient, or insufficient.
However, the values to be used in this classification will
depend on the approach pursued. For example, let’s consider
that the approach will measure the amount of daily time a per-
son is happy. Even so, these values should be determined by
specialists, similar as in the previous dimension, and for each
case. Each person has her/his only personality which con-
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Intensity of Emotions

trace

slight

marked or pronounced
severe or extreme
maximum

figures a specific mood, characterized by different emotional
states, as confirmed by our specialists. Hence, we emphasize
the significance of defining our equation as a function of a
precondition as we did.

According to these premises, and following the example
of the activity dimension, we divide the rate of this dimen-
sion into three possible classifications according to limits
defined for each person: insufficient, sufficient, and good
(represented in Table 7).

Future studies could also consider analyzing more emo-
tions and addressing the specific limits for a specified
approach with psychologists. There are several detec-
tion/recognition models/methods on affect which can be used
(some report accuracies above 90%) and several surveys
comparing them exist (e.g. [154], [155]).

C. HEALTH

Health is certainly a dimension of major importance to the
quality of life of older adults, but it is sometimes also the
easiest to monitor (depending on the type of health indi-
cators we want to analyze). It is in this dimension that
there is also a vast amount of previous work (e.g. [43],
[51], [156]-[163]) and several monitoring systems are com-
monly used, such as: pulse, blood pressure, heart rate, fall
detection devices, and panic buttons. Most of these devices
are wearables that monitor, in real-time, the health status of
humans. These devices must have versatile functions and be
user-friendly (to enable older adults to perform tasks with less
intrusion and disturbance, pain, inconvenience, or movement
restrictions [40]).

There are several examples of devices and solutions
related to this dimension. In [100], the authors present an
Android-based smartphone with a 3-axis accelerometer, used
to detect their carrier falls, in the context of an intelligent
home monitoring system. In [39], Gaddam et al. describe
intelligent sensors, with the cognitive ability to implement
a home monitoring system, that can detect abnormal patterns
in the daily household activities of older adults. Based on
electrodermal activity, wearable devices are used by
Zango6niz et al. in [126], to detect calm/distress conditions.
Cameras can also be used as fall detection systems for
older adults, as in [164]. Even wireless acoustic sensors are
considered, for ambient assisted living systems, for personal
health care, as in [165].

Regardless of the approach taken, as well as the two
dimensions already presented (activity and emotional), this
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dimension must also be quantified as a value that is mean-
ingful and can be used. In a sense, we can use the same
rating type used in the other dimensions, and that is our goal.
However, delicate apprehensions with the health dimension
bring some additional concerns, when it is considered a
way of quantifying a person’s health state. At the beginning
of this section, we say that it is relatively easy to mon-
itor some health indicators, but the same does not apply
when we want to translate all this information into a single
value.

A hypothesis to address the quantification of the health
dimension considers the same principles used in the defini-
tion of the Personal Well-being Equation: defining a health
equation that is a function of a precondition (p) and con-
sidering coefficients (determined among specialists) for the
different sub-dimensions (e.g. pulse, blood pressure, heart
rate) to be measured.

Again, the coefficients are individual but are expected to
have some similarities between several people with similar
characteristics (same age, same gender, etc.). It is wise to
define these coefficients among specialists in the medical
field, such as doctors, nurses, and even caregivers. They will
therefore be consulted before venturing to propose a formula
based on a dimension as important as health.

D. PERSONAL WELL-BEING RATING

Now that we have determined how to collect information and
assign a meaningful rate to each dimension, it is time to put
it all together.

As mentioned at the beginning of section III, each dimen-
sion contributes according to a certain weight which may vary
according to the user’s preconditioning.

The rating can be represented as a cylinder composed of
three dimensions, each contributing to the final punctuation
given to the user, as in Fig. 12. In this figure, it is easy to
observe and compare the dimensions. In the cylinder, the user
reaches the maximum in the activity dimension (100% - being
rated good), slightly smaller in the health dimension (90%
- also being rated good), and even smaller in the emotional
dimension (60% being rated sufficient).

The figure also includes a smiley-based assessment, where
each type of face corresponds to each rate so that a happy face
corresponds to good, a neutral face sufficient and a sad face
to insufficient (as in Table 9).

This pictorial system can be understood as an alternative to
the textual category, but with some advantages, particularly
useful in the case of older adults. It is a fact that, over time,
our sensory capacities diminish, such as hearing and vision
(sometimes also affected by some diseases, such as cataracts).
In some cases, the mental state may also be affected and there
are also some cases of illiteracy. This may complicate the
interpretation of some interfaces. User interfaces based on
detailed textual elements and metrics (numbers, proportions,
and percentages) are therefore not recommended if we want
to provide information to those users. However, additional

VOLUME 9, 2021

civicy
=Too%<

FIGURE 12. Cylindrical representation of the three dimensions. The
cylinder is “sliced” in the three dimensions considered for well-being. The
height of each “slice” is assigned by the value of each dimension and
represented by the corresponding smiley. Note the different heights of
each classification in the activity dimension, due to each of the
recommended daily activities.

TABLE 9. Smiley rating.

Rate Smiley
good O
sufficient

insufficient

scenarios may exist, where information is transmitted only
to a caregiver or family member.

The use of smiles is a more universal scale, which can be
easily interpreted from the data collected by the user. Smiley
faces also make use of a color scheme, where the sad face is
red, the neutral yellow, and the happy is green. Although these
colors alone have semantic interpretations in our daily lives,
color is only used as a complementary medium because of the
issues already raised (e.g. sensory and cognitive impairments)
and because there are also a significant number of color-blind
persons. This duplicity conveys some flexibility in the use
of possible implementation solutions, since caregivers, for
example, have two different ways of asking someone for their
visual Personal Well-being Rating (by the smiley face and by
the color).

This does not mean that more specific information should
be disregarded. Different levels of access can be defined. For
a doctor, evaluation through smiley faces will certainly not
be adequate. Instead, it may be more important to observe
the vital signs collected over some time. This is not, however,
the topic of the present study. For this study and many of the
concerns presented in this article, the approach to smiley
faces may be helpful.
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Evaluation through smiley faces is often used from a young
age. Primary school teachers use it to get feedback from chil-
dren in school activities or to provide behavioral information
to parents (as in Fig. 13). These scales are not only used in
the field of education. They are also used, for example, in the
context of health (e.g. to measure pain [166] or to determine
dental anxiety among children [167]).
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FIGURE 13. Children’s behavior information form to parents from an
elementary school.

Likewise, these scales are not limited only to children.
It is common to see smiley faces in various places being
used among adults. An example is to evaluate customer sat-
isfaction in retail stores and public services or even traffic
information, as in Fig. 14 to indicate if the speed limit has
been exceeded. This is a fun and simple way to receive and/or
transmit information.

FIGURE 14. Smiley faces being used in traffic information.

The same system of smileys is the one that will be used
in the final rating. Due to the normalization of the corre-
sponding dimensions and weights, the Personal Well-being
Equation (PWE) will return a value between 0 and 1 (which
can be interpreted as 0—100%) and the same scale can be used
for the final PWR (given by the PWE).

Given the example shown in Fig. 12, and considering some
subsequent arbitrary values and coefficients (for hypothetical
preconditioning of the imaginary person we called Ann), the
corresponding PWR would be determined by

PWE(Ann) = 0.4eainy x 0.9 + 0.3 acriviyy X 1.0
+ 0.3 (emotionaty X 0.6 (3)

which means that on our scale it will get a PWR of 0.84, so it
would be rated good with a happy face.

One thing to note about this PWR is that it is assumed
that a person is not in any type of critical condition, i.e. it
is not intended to be used in an emergency device. In Ann’s
PWR, even if she had a severely affected health and the
corresponding value rated “0”’, she would still have a PWR
of 0.48 (it would be considered sufficient, which would not
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be appropriate - imagine if the “0” in the health resulted
from the heart suddenly stop beating). Some modifications
can indeed be made to deal with such situations, but this is
not our goal. In our view, critical states should be treated by
a more specific and robust system. The PWR is intended for
monitoring a person’s overall well-being, not as a mechanism
for dealing with critical conditions (therefore, it should not be
used to replace other types of systems such as panic buttons,
emergency alarms, or similar systems).

In the Personal Well-being Equation, if we consider that,
for a certain precondition, one or more factors should not be
used, we can simply assign them the coefficient correspond-
ing to a value of “0”. The equation is thus easily adequate
for each case. For example, it may not make much sense to
give a large value in the activity coefficient for someone who
has serious mobility problems, which prevent her/him from
performing various tasks.

IV. EVALUATION, RESULTS, AND DISCUSSION

Although this is the first step in defining the PWE, it was
presented to several professionals in healthcare. We followed
a formative evaluation by conducting seven interviews. The
interviewees are:

o CEO of a company in healthcare;

o Occupational therapist;

« A technical director and psychologist of a nursing home;

o A doctor;

e A nurse;

o A direct-action member and coordinator of a physical
activity program for the older adults;

« A professor at a senior health science school specializing
in people in their final stages of life.

All of these participants work with older adults in their
professional activities. The main objective of the interviews
was to determine whether they considered the dimensions of
the equation appropriate and whether it was possible to define
appropriate weights for each dimension.

When asked if they consider the dimensions appropriate,
they all recognize the intrinsic value of health, emotions, and
activity for the overall well-being of older adults. The occu-
pational therapist cited “‘psychological” and ‘““social” as pos-
sible additional dimensions, the nurse also included ‘““social’.
Both these dimensions are also found in other literature [168].
The professor of health sciences included ‘““psychological,”
“emotional,” and ‘‘spiritual”’, but as sub-dimensions of
health. Although some different dimensions have also been
considered, all participants recognize that they ‘“fit” into the
dimensions already proposed. It has also been mentioned
that some dimensions are related, e.g. it is difficult to feel
good (emotional) when facing serious health problems. Tak-
ing all these assumptions into account, we believe that the
dimensions are appropriate, but also additional dimensions
can be added to the equation.

Regarding the weights (coefficients) of each dimension,
it was agreed that these should be defined individually,
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as there are strong differences among the older adults. This
fact confirms the need to have an equation for each individual,
with weights adjusted accordingly. It was with this premise
that we decided to define the equation as a function of a
precondition. These coefficients must therefore be adjusted
in an initial parameterization process to ensure that the equa-
tion returns significant values. This can be done, by experts,
the first time an equation-based system is used and adjusted
periodically to ensure proper use of the equation.

Another aspect in which all participants agreed was the
possible use of interfaces based on smiley faces.

To determine the daily activities, we consulted the direct-
action and coordinator of physical activity for older adults
to obtain a list based on the daily life of two older
adults. Table 10 corresponds to a woman of 59 years and
Table 11 corresponds to a man of 65 years. Both are retired
and live in their own homes.

TABLE 10. Activities of a woman, age 59 years.

Activity MET Minutes
personal hygiene: washing teeth 2 5
personal hygiene: bathing 2 40
dressing/undressing 2.5 40
walking 3.5 90
go to the cafe (walking) 35 30
meals (breakfast, lunch, snack, dinner) 1.5 80
leisure activities (embroidering, crochet and 18 60
sewing)
domestic activities (ironing, cleaning the

. 33 210
house, preparing meals)
reading 1.3 30
watching TV (after nap and dinner) 1.3 150
cognitive activities (crosswords) 1.5 60
going to the bathroom 1.8 20

TABLE 11. Activities of a man, Age 65 years.

Activity MET Minutes
personal hygiene: washing teeth 2 5
personal hygiene: bathing 2 25
dressing/undressing 2.5 30
walking 3.5 60
go to the cafe (walking) 35 30
meals (breakfast, lunch, snack, dinner) 1.5 80
leisure activities (modeling) 2.5 360
reading 1.3 30
watching TV (after nap and dinner) 1.3 150
going to the bathroom 1.8 40

The purpose here is to demonstrate how each dimen-
sion can be used and the formula tailored for each user.
The example considers only the activity dimension, but this
also allows us to show the flexibility of the equation since
it is not only possible to add more dimensions (just add a
new variable and the corresponding coefficient), but also to
exclude others. For this reason, considering that we only want
to measure the activity, we define the coefficients of the other
two dimensions as “0” (PWE (p)=0h+ 1a+0e).
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Considering the reference RDA (Recommended Daily
Activities) labeled in section III and excluding sleeping time,
both the older adults would receive a PWR of 100%, rated
good, which, looking at the level of activity they perform,
makes sense. However, for example, if the man did not walk,
he would have a PWR of ~49.97 (sufficient).

The effect of simultaneity has not yet been considered in
this study. Some dimensions indeed influence others, which
does not mean that they can be individually measured. How-
ever, the question related to simultaneity exists. Imagine
the hypothesis in which a person does not feel well phys-
ically (health) but that she is developing an activity that
typically makes her smile and feels good emotionally. How-
ever, she smiles, for this reason, fewer times and thus nega-
tively affect the emotional dimension as well. Considering a
sufficiently intelligent system, the equation’s weights could
automatically be adapted to contemplate this situation, based
on the specialists’ knowledge. It is assumed, however, that it
is underlying that in some of the methods presented they are
not yet fully universal, that is, there are clinical conditions
in which it may not be possible to determine the correct
value of some dimensions. To improve this the development
of technology is essential and there have been several recent
developments in different types of interfaces and interaction
methods (e.g. Brain-Computer Interfaces) that could lead to
the universalization of the PWR.

V. CONCLUSION AND SCOPE OF FUTURE WORK

Reality shows us that there is a growing number of older
adults living alone in their homes. In recent years much
research has been performed to develop various architectures,
frameworks, and devices to collect information. This infor-
mation allows us to determine the condition of the older adult
population in their homes and act in some way to improve
their lives. We believe that the Personal Well-being Equation
introduced in this article is a valuable step towards the defi-
nition of a general equation, which can be parameterized to
determine the well-being of older adults. It was presented in
all dimensions considered, with some examples demonstrat-
ing which values are expected from the application of the
equation.

The equation, however, was not defined to consider the
effects of simultaneity. Each of the variables is interpreted
individually. Several other variables may even be included,
and future improvements can be thought of. This is therefore
a field of study that is certainly of significant interest to us,
in the near future. In future work, we also intend to study the
use of other types of scales for each dimension.

These future improvements in the equation will serve as the
basis for the development of several user-centered devices,
that will use different means, including smiley-based rep-
resentations, to provide useful feedback on the well-being
of older adults, and hopefully be part of more satisfying

aging.

86837



IEEE Access

N. Rodrigues, A. Pereira: User-Centered Rating of Well-Being in Older Adults

REFERENCES

(1]

[2]

=

[4]

[5]

(6]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

86838

K. Barboutov, A. Furuskir, R. Inam, P. Lindberg, K. Ohman, J. Sachs,
R. Sveningsson, J. Torsner, and K. Wallstedt, “‘Ericsson mobility report,”
Ericsson, Stockholm, Sweden, Tech. Rep. EAB-17:005964 Uen, Revision
B, 2017.

K. Park, J. Park, and J. Lee, “An IoT system for remote monitoring
of patients at home,” Appl. Sci., vol. 7, no. 3, p. 260, Mar. 2017, doi:
10.3390/app7030260.

World Population Prospects—Population Division—United Nations.
Accessed: Jul. 29, 2018. [Online]. Available: https://esa.un.org/unpd/
wpp/

D. Pal, S. Funilkul, N. Charoenkitkarn, and P. Kanthamanon, “Internet-
of-Things and smart homes for elderly healthcare: An end user
perspective,” IEEE Access, vol. 6, pp.10483-10496, 2018, doi:
10.1109/ACCESS.2018.2808472.

D. Pal, S. Funilkul, V. Vanijja, and B. Papasratorn, “Analyzing the
elderly users’ adoption of smart-home services,” IEEE Access, vol. 6,
pp. 51238-51252, 2018, doi: 10.1109/ACCESS.2018.2869599.

D. Pal, T. Triyason, S. Funilkul, and W. Chutimaskul, “Smart
homes and quality of life for the elderly: Perspective of com-
peting models,” IEEE Access, vol. 6, pp.8109-8122, 2018, doi:
10.1109/ACCESS.2018.2798614.

C. Dobre, C. Mavromoustakis, N. Garcia, R. Goleva, and G. Mastorakis,
Ambient Assisted Living and Enhanced Living Environments: Principles,
Technologies and Control. Oxford, U.K.: Butterworth-Heinemann, 2016.
R. Li, B. Lu, and K. D. McDonald-Maier, “Cognitive assisted liv-
ing ambient system: A survey,” Digit. Commun. Netw., vol. 1, no. 4,
pp. 229-252, Nov. 2015, doi: 10.1016/J.DCAN.2015.10.003.

Q. Ni, A. G. Hernando, and I. de la Cruz, “The Elderly’s independent
living in smart homes: A characterization of activities and sensing infras-
tructure survey to facilitate services development,” Sensors, vol. 15,no. 5,
pp. 11312-11362, May 2015, doi: 10.3390/s150511312.

ALADIN Ambient Lighting Assistance for an Ageing Population.
Accessed: Jul. 29, 2018. [Online]. Available: https://etc.fhv.at/
ambientlighting/

CAALYX—Complete Ambient Assisting Living Experiment. Accessed:
Jul. 29, 2018. [Online]. Available: https://cordis.europa.eu/project/
ren/80528_en.html

F. Campana, A. Moreno, D. Riafio, and L. Z. Varga, “K4Care:
Knowledge-based homecare e-services for an ageing Europe,” in
Agent Technology and e-Health. Basel, Switzerland: Birkhéuser, 2007,
pp. 95-115.

OLDES—OIder People’s e-Services at Home. Accessed: Jul. 29, 2018.
[Online]. Available: http://www.oldes.eu/

U. Cortés, R. Annicchiarico, C. Urdiales, C. Barrué, A.Martinez,
A. Villar, and C. Caltagirone, ‘‘Supported human autonomy for recovery
and enhancement of cognitive and motor abilities using agent technolo-
gies,” in Agent Technology and e-Health. Basel, Switzerland: Birkhéuser,
2007, pp. 117-140.

SOPRANO—Service Oriented Programmable Smart Environments for
Older Europeans, EXODUS A.E., Greece, 2007.

E. Diener, ““Subjective well-being: The science of happiness and a pro-
posal for a national index,” Amer. Psycholog., vol. 55, no. 1, pp. 34-43,
2000, doi: 10.1037/0003-066X.55.1.34.

N. Rodrigues and A. Pereira, “A user-centred well-being home for the
elderly,” Appl. Sci., vol. 8, no. 6, p. 850, May 2018, doi: 10.3390/
app8060850.

A. Fernandez-Caballero, A. Martinez-Rodrigo, J. M. Pastor, J. C. Castillo,
E. Lozano-Monasor, M. T. Lépez, R. Zangroniz, J. M. Latorre, and
A. Ferndndez-Sotos, ““Smart environment architecture for emotion detec-
tion and regulation,” J. Biomed. Informat., vol. 64, pp. 55-73, Dec. 2016,
doi: 10.1016/j.jb1.2016.09.015.

J. Lloret, A. Canovas, S. Sendra, and L. Parra, “A smart communication
architecture for ambient assisted living,” IEEE Commun. Mag., vol. 53,
no. 1, pp. 26-33, Jan. 2015, doi: 10.1109/MCOM.2015.7010512.

A. Dimitrievski, E. Zdravevski, P. Lameski, and V. Trajkovik, “A survey
of ambient assisted living systems: Challenges and opportunities,” in
Proc. IEEE 12th Int. Conf. Intell. Comput. Commun. Process. (ICCP),
Sep. 2016, pp. 49-53, doi: 10.1109/ICCP.2016.7737121.

J. Bidot and S. Biundo, “Artificial intelligence planning for ambient
environments,” in Next Generation Intelligent Environments. New York,
NY, USA: Springer, 2011, pp. 195-225.

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

I. Marcelino, R. Laza, P. Domingues, S. Gémez-Meire, and A. Pereira,
“eServices—Service platform for pervasive elderly care,” in Advances
in Intelligent Systems and Computing, vol. 376. New York, NY, USA:
Springer, 2015, pp. 203-211, doi: 10.1007/978-3-319-19695-4_21.

A. H. Almeida, I. Santos, J. Rodrigues, L. Frazao, J. Ribeiro, F. Silva, and
A. Pereira, ‘“Real-time low-cost active and assisted living for the elderly,”
in Advances in Intelligent Systems and Computing, vol. 1006. New York,
NY, USA: Springer, 2020, pp. 153-161, doi: 10.1007/978-3-030-24097-
4_19.

W. Pavot and E. Diener, Review of the Satisfaction With Life Scale.
Dordrecht, The Netherlands: Springer, 2009, pp. 101-117.

E. Diener, C. N. Scollon, and R. E. Lucas, The Evolving Concept of
Subjective Well-Being: The Multifaceted Nature of Happiness. Dordrecht,
The Netherlands: Springer, 2009, pp. 67-100.

E. Diener, D. Wirtz, R. Biswas-Diener, W. Tov, C. Kim-Prieto,
D. W. Choi, and S. Oishi, New Measures of Well-Being. Dordrecht, The
Netherlands: Springer, 2009, pp. 247-266.

C. D. Ryft, C. Lee, and M. Keyes, “The structure of psychological well-
being revisited,” J. Pers. Soc. Psychol., vol. 69, no. 4, pp. 719-727, 1995.
F. M. Andrews and S. B. Withey, Social Indicators of Well-Being. Boston,
MA, USA: Springer, 1976.

C. W. Ellison, “Spiritual well-being: Conceptualization and measure-
ment,” J. Psychol. Theology, vol. 11, no. 4, pp. 330-338, Dec. 1983, doi:
10.1177/009164718301100406.

WHO | International Classification of Functioning, Disability and Health
(ICF), WHO, Geneva, Switzerland, 2018.

O. M. da Sadde and D.-G. da Satde. (2004). CIF—Classificagcdo
Internacional de Funcionalidade, Incapacidade e Saiide. Accessed:
Oct. 5, 2019. [Online]. Available: https://www.dgs.pt/estatisticas-
de-saude/documentos-para-download/classificacao-internacional-de-
funcionalidade-incapacidade-e-saude-cif-pdf.aspx

A. Chalmers and A. Ferko, “Levels of realism: From virtual reality to real
virtuality,” in Proc. 24th Spring Conf. Comput. Graph. (SCCG), 2010,
pp. 19-26, doi: 10.1145/1921264.1921272.

N. M. Byrne, A. P. Hills, G. R. Hunter, R. L. Weinsier, and Y. Schutz,
“Metabolic equivalent: One size does not fit all,” J. Appl. Physiol.,
vol. 99, no. 3, pp. 1112-1119, Sep. 2005, doi: 10.1152/japplphys-
101.00023.2004.

C. K. Morris, J. Myers, V. FE. Froelicher, T. Kawaguchi, K. Ueshima,
and A. Hideg, “Nomogram based on metabolic equivalents and
age for assessing aerobic exercise capacity in men,” J. Amer. Col-
lege Cardiol., vol. 22, no. 1, pp. 175-182, Jul. 1993, doi: 10.1016/
0735-1097(93)90832-L.

B. E. Ainsworth, W. L. Haskell, M. C. Whitt, M. L. Irwin,
A. M. Swartz, S. J. Strath, W. L. William, D. R. Bassett, K. H. Schmitz,
P. O. Emplaincourt, D. R. Jacobs, and A. S. Leon, “Compendium of
physical activities: An update of activity codes and MET intensities,”
Med. Sci. Sports Exerc., vol. 32, pp. S498-S516, Sep. 2000.

M. Jetté, K. Sidney, and G. Bliimchen, “Metabolic equivalents (METS)
in exercise testing, exercise prescription, and evaluation of functional
capacity,” Clin. Cardiol., vol. 13, no. 8, pp. 555-565, Aug. 1990, doi:
10.1002/c1c.4960130809.

N. K. Suryadevara, A. Gaddam, S. C. Mukhopadhyay, and R. K. Rayudu,
“Wellness determination of inhabitant based on daily activity
behaviour in real-time monitoring using sensor networks,” in
Proc. 5th Int. Conf. Sens. Technol., Nov. 2011, pp.474-481, doi:
10.1109/1CSensT.2011.6137025.

N. K. Suryadevara, M. T. Quazi, and S. C. Mukhopadhyay, “Intelligent
sensing systems for measuring wellness indices of the daily activities
for the elderly,” in Proc. 8th Int. Conf. Intell. Environ., (IE), Jun. 2012,
pp. 347-350, doi: 10.1109/IE.2012.49.

A. Gaddam, S. C. Mukhopadhyay, and G. S. Gupta, “Elder care based on
cognitive sensor network,” IEEE Sensors J., vol. 11, no. 3, pp. 574-581,
Mar. 2011, doi: 10.1109/JSEN.2010.2051425.

G. Ferreira, P. Penicheiro, R. Bernardo, L. Mendes, J. Barroso,
and A. Pereira, “Low cost smart homes for elders,” in Univer-
sal Access in Human-Computer Interaction. Human and Technologi-
cal Environments (Lecture Notes in Computer Science), vol. 10279.
New York, NY, USA: Springer, 2017, pp.507-517, doi: 10.1007/
978-3-319-58700-4_41.

I. Marcelino, J. Barroso, J. B. Cruz, and A. Pereira, “Elder care
architecture—A physical and social approach,” Int. J. Adv. Life Sci.,
vol. 2, no. 2, pp. 1942-2660, 2010.

VOLUME 9, 2021


http://dx.doi.org/10.3390/app7030260
http://dx.doi.org/10.1109/ACCESS.2018.2808472
http://dx.doi.org/10.1109/ACCESS.2018.2869599
http://dx.doi.org/10.1109/ACCESS.2018.2798614
http://dx.doi.org/10.1016/J.DCAN.2015.10.003
http://dx.doi.org/10.3390/s150511312
http://dx.doi.org/10.1037/0003-066X.55.1.34
http://dx.doi.org/10.3390/app8060850
http://dx.doi.org/10.3390/app8060850
http://dx.doi.org/10.1016/j.jbi.2016.09.015
http://dx.doi.org/10.1109/MCOM.2015.7010512
http://dx.doi.org/10.1109/ICCP.2016.7737121
http://dx.doi.org/10.1007/978-3-319-19695-4_21
http://dx.doi.org/10.1007/978-3-030-24097-4_19
http://dx.doi.org/10.1007/978-3-030-24097-4_19
http://dx.doi.org/10.1177/009164718301100406
http://dx.doi.org/10.1145/1921264.1921272
http://dx.doi.org/10.1152/japplphysiol.00023.2004
http://dx.doi.org/10.1152/japplphysiol.00023.2004
http://dx.doi.org/10.1016/0735-1097(93)90832-L
http://dx.doi.org/10.1016/0735-1097(93)90832-L
http://dx.doi.org/10.1002/clc.4960130809
http://dx.doi.org/10.1109/ICSensT.2011.6137025
http://dx.doi.org/10.1109/IE.2012.49
http://dx.doi.org/10.1109/JSEN.2010.2051425
http://dx.doi.org/10.1007/978-3-319-58700-4_41
http://dx.doi.org/10.1007/978-3-319-58700-4_41

N. Rodrigues, A. Pereira: User-Centered Rating of Well-Being in Older Adults

IEEE Access

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

N. Costa, P. Domingues, F. Fdez-Riverola, and A. Pereira, ““A mobile
virtual butler to bridge the gap between users and ambient assisted living:
A smart home case study,” Sensors, vol. 14, no. 8, pp. 14302-14329,
Aug. 2014, doi: 10.3390/5140814302.

G. Villarrubia, J. Bajo, J. De Paz, and J. Corchado, “Monitoring and
detection platform to prevent anomalous situations in home care,”
Sensors, vol. 14, no. 6, pp.9900-9921, Jun. 2014, doi: 10.3390/
$140609900.

A. Pereira, F. Felisberto, L. Maduro, and M. Felgueiras, ““Fall detection
on ambient assisted living using a wireless sensor network,” Adv. Distrib.
Comput. Artif. Intell. J., vol. 1, no. 1, pp. 62-77, Jul. 2013.

B. Ainsworth, W. Haskell, S. Herrmann, N. Meckes, D. R. Bassett,
C. Tudor-Locke, J. Greer, J. Vezina, M. Whitt-Glover, and A. Leon,
“2011 compendium of physical activities: A second update of codes
and MET values,” Med. Sci. Sports Exerc., vol. 43, pp. 1575-1581,
Aug. 2011, doi: 10.1249/MSS.0b013e31821ecel?2.

M. P. Lawton and E. M. Brody, ‘“Assessment of older people: Self-
maintaining and instrumental activities of daily living,” Gerontolo-
gist, vol. 9, no. 3, pp. 179-186, Sep. 1969, doi: 10.1093/geront/9.
3_Part_1.179.

S. Katz, “Assessing self-maintenance: Activities of daily living, mobil-
ity, and instrumental activities of daily living,” J. Amer. Geriatrics
Soc., vol. 31, no. 12, pp.721-727, Dec. 1983, doi: 10.1111/j.1532-
5415.1983.tb03391.x.

Z. Liao, L. Kong, X. Wang, Y. Zhao, F. Zhou, Z. Liao, and X. Fan,
“A visual analytics approach for detecting and understanding anomalous
resident behaviors in smart healthcare,” Appl. Sci., vol. 7, no. 3, p. 254,
Mar. 2017, doi: 10.3390/app7030254.

E. Frontoni, R. Pollini, P. Russo, P. Zingaretti, and G. Cerri, “HDOMO:
Smart sensor integration for an active and independent longevity
of the elderly,” Sensors, vol. 17, no. 11, p.2610, Nov. 2017, doi:
10.3390/517112610.

Y. Jung, “Hybrid-aware model for senior wellness service in
smart home,” Sensors, vol. 17, no. 5, p.1182, May 2017, doi:
10.3390/s17051182.

W. Ismail and M. Hassan, “Mining productive-associated periodic-
frequent patterns in body sensor data for smart home care,” Sensors,
vol. 17, no. 5, p. 952, Apr. 2017, doi: 10.3390/s17050952.

M. Valero, J. Bravo, J. Chamizo, and D. Lépez-de-Ipifia, “Integration
of multisensor hybrid reasoners to support personal autonomy in the
smart home,” Sensors, vol. 14, no. 9, pp. 17313-17330, Sep. 2014, doi:
10.3390/s140917313.

A. Reis, H. Paredes, 1. Barroso, M. J. Monteiro, V. Rodrigues,
S. R. Khanal, and J. Barroso, “Autonomous systems to support social
activity of elderly people a prospective approach to a system design,”
in Proc. 1st Int. Conf. Technol. Innov. Sports, Health Wellbeing (TISHW),
Dec. 2016, pp. 1-5, doi: 10.1109/TISHW.2016.7847773.

S. Maity, A. Chakrabarti, and D. Bhattacharjee, ‘“Robust human action
recognition using AREI features and trajectory analysis from silhouette
image sequence,” IETE J. Res., vol. 65, no. 2, pp. 236-249, Mar. 2019,
doi: 10.1080/03772063.2017.1409085.

I. Laptev, M. Marszalek, C. Schmid, and B. Rozenfeld, “Learn-
ing realistic human actions from movies,” in Proc. IEEE Conf.
Comput. Vis. Pattern Recognit., Jun. 2008, pp.1-8, doi: 10.1109/
CVPR.2008.4587756.

C. Schuldt, I. Laptev, and B. Caputo, “Recognizing human actions: A
local SVM approach,” in Proc. 17th Int. Conf. Pattern Recognit. (ICPR),
Aug. 2004, pp. 32-36, doi: 10.1109/ICPR.2004.1334462.

S. Maity, D. Bhattacharjee, and A. Chakrabarti, “A novel approach for
human action recognition from silhouette images,” IETE J. Res., vol. 63,
no. 2, pp. 160-171, Mar. 2017, doi: 10.1080/03772063.2016.1242383.
A.F.Bobick and J. W. Davis, “The recognition of human movement using
temporal templates,” IEEE Trans. Pattern Anal. Mach. Intell., vol. 23,
no. 3, pp. 257-267, Mar. 2001, doi: 10.1109/34.910878.

S. C. Mukhopadhyay, “Wearable sensors for human activity monitoring:
A review,” IEEE Sensors J., vol. 15, no. 3, pp. 1321-1330, Mar. 2015,
doi: 10.1109/JSEN.2014.2370945.

J. K. Aggarwal and M. S. Ryoo, ‘“Human activity analysis: A review,”
ACM Comput. Surveys, vol. 43, no. 3, pp.1-43, Apr. 2011, doi:
10.1145/1922649.1922653.

R. Poppe, “A survey on vision-based human action recognition,” Image
Vis. Comput., vol. 28, no. 6, pp. 976-990, Jun. 2010, doi: 10.1016/
j.imavis.2009.11.014.

VOLUME 9, 2021

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]
[82]

[83]

T. B. Moeslund, A. Hilton, and V. Kriiger, “A survey of advances
in vision-based human motion capture and analysis,” Comput. Vis.
Image Understand., vol. 104, nos. 2-3, pp. 90-126, Nov. 2006, doi:
10.1016/j.cviu.2006.08.002.

J. M. Chaquet, E. J. Carmona, and A. Ferndndez-Caballero, ““A survey
of video datasets for human action and activity recognition,” Comput.
Vis. Image Understand., vol. 117, no. 6, pp. 633-659, Jun. 2013, doi:
10.1016/j.cviu.2013.01.013.

D. Weinland, R. Ronfard, and E. Boyer, “A survey of vision-based meth-
ods for action representation, segmentation and recognition,” Comput.
Vis. Image Understand., vol. 115, no. 2, pp. 224-241, Feb. 2011, doi:
10.1016/j.cviu.2010.10.002.

S. Zhang, Z. Wei, J. Nie, L. Huang, S. Wang, and Z. Li, “A review on
human activity recognition using vision-based method,” J. Healthcare
Eng., vol. 2017, pp. 1-31, Jul. 2017, doi: 10.1155/2017/3090343.

N. ikizler and P. Duygulu, “‘Human action recognition using distribution
of oriented rectangular patches,” in Human Motion—Understanding,
Modeling, Capture and Animation. Berlin, Germany: Springer, 2007,
pp. 271-284.

S. Kumari and S. K. Mitra, “Human action recognition using DFT,” in
Proc. 3rd Nat. Conf. Comput. Vis., Pattern Recognit., Image Process.
Graph., Dec. 2011, pp. 239-242, doi: 10.1109/NCVPRIPG.2011.58.

Y. Ke, R. Sukthankar, and M. Hebert, ““Spatio-temporal shape and flow
correlation for action recognition,” in Proc. IEEE Conf. Comput. Vis.
Pattern Recognit., Jun. 2007, pp. 1-8, doi: 10.1109/CVPR.2007.383512.
X. Peng, C. Zou, Y. Qiao, and Q. Peng, “Action recognition with stacked
Fisher vectors,” in Computer Vision—ECCV (Lecture Notes in Com-
puter Science). New York, NY, USA: Springer, 2014, pp. 581-595, doi:
10.1007/978-3-319-10602-1_38.

Z. Lan, M. Lin, X. Li, A. G. Hauptmann, and B. Raj, “Beyond Gaus-
sian pyramid: Multi-skip feature stacking for action recognition,” in
Proc. IEEE Conf. Comput. Vis. Pattern Recognit. (CVPR), Jun. 2015,
pp. 204-212, doi: 10.1109/CVPR.2015.7298616.

W. Li, Z. Zhang, and Z. Liu, “Action recognition based on a bag of 3D
points,” in Proc. IEEE Comput. Soc. Conf. Comput. Vis. Pattern Recognit.
Workshops, Jun. 2010, pp. 9-14, doi: 10.1109/CVPRW.2010.5543273.
X. Yang and Y. Tian, “Super normal vector for human activity recognition
with depth cameras,” IEEE Trans. Pattern Anal. Mach. Intell., vol. 39,
no. 5, pp. 1028-1039, May 2017, doi: 10.1109/TPAMI.2016.2565479.
M. D. Rodriguez, J. Ahmed, and M. Shah, “Action MACH a spatio-
temporal maximum average correlation height filter for action recogni-
tion,” in Proc. IEEE Conf. Comput. Vis. Pattern Recognit., Jun. 2008,
pp. 1-8, doi: 10.1109/CVPR.2008.4587727.

V. A, A. K. Roy-Chowdhury, and R. Chellappa, ‘“Matching shape
sequences in video with applications in human movement analysis,”
IEEE Trans. Pattern Anal. Mach. Intell., vol. 27, no. 12, pp. 1896-1909,
Dec. 2005, doi: 10.1109/TPAMI.2005.246.

P. Wang, W. Li, Z. Gao, J. Zhang, C. Tang, and P. O. Ogunbona, “Action
recognition from depth maps using deep convolutional neural networks,”
IEEE Trans. Human-Mach. Syst., vol. 46, no. 4, pp. 498-509, Aug. 2016,
doi: 10.1109/THMS.2015.2504550.

S. Ji, W. Xu, M. Yang, and K. Yu, “3D convolutional neural networks
for human action recognition,” IEEE Trans. Pattern Anal. Mach. Intell.,
vol. 35, no. 1, pp. 221-231, Jan. 2013, doi: 10.1109/TPAMI.2012.59.

N. M. Oliver, B. Rosario, and A. P. Pentland, “A Bayesian com-
puter vision system for modeling human interactions,” IEEE Trans.
Pattern Anal. Mach. Intell., vol. 22, no. 8, pp. 831-843, 2000,
doi: 10.1109/34.868684.

T. V. Duong, H. H. Bui, D. Q. Phung, and S. Venkatesh, “Activity
recognition and abnormality detection with the switching hidden semi-
Markov model,” in Proc. IEEE Comput. Soc. Conf. Comput. Vis. Pattern
Recognit. (CVPR), Jun. 2005, pp. 838-845, doi: 10.1109/CVPR.2005.61.
Anudrio Estatistico da Regido Centro, Instituto Nacional de Estatistica,
L.P.,, Lisbon, Portugal, 2013.

WHO | Information Sheet: Global Recommendations on Physical Activity
for Health 65 Years and Above. Accessed: Oct. 28, 2019. [Online].
Available: https://www.who.int/dietphysicalactivity/publications/
recommendations65yearsold/en/

WHODAS, World Health Org., Geneva, Switzerland, 2010.

How to Measure Physical Activity, World Confederation Phys. Therapy,
London, UK., 2017.

Pacific Physical Activity Guidelines for Adults Framework for Acceler-
ating the Communication of Physical Activity Guidelines, World Health
Org., Geneva, Switzerland, 2008.

86839


http://dx.doi.org/10.3390/s140814302
http://dx.doi.org/10.3390/s140609900
http://dx.doi.org/10.3390/s140609900
http://dx.doi.org/10.1249/MSS.0b013e31821ece12
http://dx.doi.org/10.1093/geront/9.3_Part_1.179
http://dx.doi.org/10.1093/geront/9.3_Part_1.179
http://dx.doi.org/10.1111/j.1532-5415.1983.tb03391.x
http://dx.doi.org/10.1111/j.1532-5415.1983.tb03391.x
http://dx.doi.org/10.3390/app7030254
http://dx.doi.org/10.3390/s17112610
http://dx.doi.org/10.3390/s17051182
http://dx.doi.org/10.3390/s17050952
http://dx.doi.org/10.3390/s140917313
http://dx.doi.org/10.1109/TISHW.2016.7847773
http://dx.doi.org/10.1080/03772063.2017.1409085
http://dx.doi.org/10.1109/CVPR.2008.4587756
http://dx.doi.org/10.1109/CVPR.2008.4587756
http://dx.doi.org/10.1109/ICPR.2004.1334462
http://dx.doi.org/10.1080/03772063.2016.1242383
http://dx.doi.org/10.1109/34.910878
http://dx.doi.org/10.1109/JSEN.2014.2370945
http://dx.doi.org/10.1145/1922649.1922653
http://dx.doi.org/10.1016/j.imavis.2009.11.014
http://dx.doi.org/10.1016/j.imavis.2009.11.014
http://dx.doi.org/10.1016/j.cviu.2006.08.002
http://dx.doi.org/10.1016/j.cviu.2013.01.013
http://dx.doi.org/10.1016/j.cviu.2010.10.002
http://dx.doi.org/10.1155/2017/3090343
http://dx.doi.org/10.1109/NCVPRIPG.2011.58
http://dx.doi.org/10.1109/CVPR.2007.383512
http://dx.doi.org/10.1007/978-3-319-10602-1_38
http://dx.doi.org/10.1109/CVPR.2015.7298616
http://dx.doi.org/10.1109/CVPRW.2010.5543273
http://dx.doi.org/10.1109/TPAMI.2016.2565479
http://dx.doi.org/10.1109/CVPR.2008.4587727
http://dx.doi.org/10.1109/TPAMI.2005.246
http://dx.doi.org/10.1109/THMS.2015.2504550
http://dx.doi.org/10.1109/TPAMI.2012.59
http://dx.doi.org/10.1109/34.868684
http://dx.doi.org/10.1109/CVPR.2005.61

IEEE Access

N. Rodrigues, A. Pereira: User-Centered Rating of Well-Being in Older Adults

[84]

[85

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95

[96]

[97]

[98]

[99]

[100]

[101]

[102]

86840

M. E. Nelson, W. J. Rejeski, S. N. Blair, P. W. Duncan, J. O. Judge,
A. C. King, C. A. Macera, and C. Castaneda-Sceppa, ‘‘Physical activity
and public health in older adults: Recommendation from the American
college of sports medicine and the American heart association,” Circu-
lation, vol. 116, no. 9, pp. 1094-1105, 2007, doi: 10.1161/CIRCULA-
TIONAHA.107.185650.

Appendix 1—2008 Physical Activity Guidelines—Health.gov. Accessed:
Oct. 29, 2019. [Online]. Available: https://health.gov/paguidelines/
2008/appendix 1.aspx

R. A. Washburn, K. W. Smith, A. M. Jette, and C. A. Janney, “The phys-
ical activity scale for the elderly (PASE): Development and evaluation,”
J. Clin. Epidemiol., vol. 46, no. 6, pp. 153-162, 1993, doi: 10.1016/0895-
4356(93)90053-4.

T. Bosse, C. Gerritsen, J. D. Man, and J. Treur, “Learning emotion
regulation strategies: A cognitive agent model,” in Proc. IEEE/WIC/ACM
Int. Joint Conf. Web Intell. (WI) Intell. Agent Technol. (IAT), Nov. 2013,
pp. 245-252, doi: 10.1109/WI-IAT.2013.116.

E. Hudlicka, “From habits to standards: Towards systematic design
of emotion models and affective architectures,” in Emotion Model-
ing, vol. 8750. New York, NY, USA: Springer, 2014, pp. 3-23, doi:
10.1007/978-3-319-12973-0_1.

A. Manzoor and J. Treur, “An agent-based model for integrated emotion
regulation and contagion in socially affected decision making,” Biolog-
ically Inspired Cognit. Archit., vol. 12, pp. 105-120, Apr. 2015, doi:
10.1016/j.bica.2015.04.005.

S. Marsella, J. Gratch, and P. Petta, “Computational models of emo-
tion,” in A Blueprint for an Affectively Competent Agent: Cross-
Fertilization Between Emotion Psychology, Affective Neuroscience, and
Affective Computing. New York, NY, USA: Oxford Univ. Press, 2010,
pp. 21-41.

A. Mehrabian, “Framework for a comprehensive description and mea-
surement of emotional states,” Genet. Soc. Gen. Psychol. Monogr.,
vol. 121, no. 1978, pp. 339-361, 1995, doi: 10.1111/1471.

J. Treur, “Displaying and regulating different social response patterns: A
computational agent model,” Cognit. Comput., vol. 6, no. 2, pp. 182-199,
Jun. 2014, doi: 10.1007/s12559-013-9233-0.

M. Jeon, “Emotions and affect in human factors and human-computer
interaction: Taxonomy, theories, approaches, and methods,” in Emotions
and Affect in Human Factors and Human-Computer Interaction. Amster-
dam, The Netherlands: Elsevier, 2017, pp. 3-26.

E. Lozano-Monasor, M. T. Lépez, F. Vigo-Bustos, and
A. Fernandez-Caballero, “Facial expression recognition in ageing
adults: From lab to ambient assisted living,” J. Ambient Intell.
Humanized Comput., vol. 8, no. 4, pp. 567-578, Aug. 2017, doi: 10.1007/
$12652-017-0464-x.

J. C. Castillo, A. Castro-Gonzalez, A. Ferndndez-Caballero, J. M. Latorre,
J. M. Pastor, A. Fernandez-Sotos, and M. A. Salichs, “Software archi-
tecture for smart emotion recognition and regulation of the ageing
adult,” Cognit. Comput., vol. 8, no. 2, pp.357-367, Apr. 2016, doi:
10.1007/s12559-016-9383-y.

Y. L. Hanin, “Emotions in sport: Current issues and perspectives,” in
Handbook Sport Psychology, 3rd ed. Hoboken, NJ, USA: Wiley, 2012,
pp- 31-58.

T. Bosse, M. Pontier, G. F. Siddiqui, and J. Treur, ““Incorporating emotion
regulation into virtual stories,” Proc. Intell. Virtual Agents, 7th Int. Conf.
(IVA), 2007, pp. 339-347, doi: 10.1007/978-3-540-74997-4_31.

T. Bosse, M. Pontier, and J. Treur, “A computational model based on
Gross’ emotion regulation theory,” Cognit. Syst. Res., vol. 11, no. 3,
pp. 211-230, Sep. 2010, doi: 10.1016/j.cogsys.2009.10.001.

L. Campbell-Sills and D. H. Barlow, “Incorporating emotion regulation
into conceptualizations and treatments of anxiety and mood disorders,”
in Handbook of Emotion Regulation. New York, NY, USA: The Guilford
Press, 2007, pp. 542-559.

J. V. Lee, Y. D. Chuah, and K. T. H. Chieng, “Smart elderly home
monitoring system with an Android phone,” Int. J. Smart Home, vol. 7,
no. 3, pp. 17-32, 2013.

M. Chan, D. Estéve, C. Escriba, and E. Campo, “A review of smart
homes—Present state and future challenges,” Comput. Methods Pro-
grams Biomed., vol. 91, no. 1, pp.55-81, Jul. 2008, doi: 10.1016/
j.cmpb.2008.02.001.

S. Khanal, A. Reis, J. Barroso, and V. Filipe, Using Emotion Recognition
in Intelligent Interface Design for Elderly Care. Cham, Switzerland:
Springer, 2018, pp. 240-247.

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

A. Costa, J. A. Rincon, C. Carrascosa, V. Julian, and P. Novais, ‘“Emotions
detection on an ambient intelligent system using wearable devices,”
Future Gener. Comput. Syst., vol. 92, pp. 479489, Mar. 2019, doi:
10.1016/J.FUTURE.2018.03.038.

E. M. Cope and J. E. Sandys, “Aristotle: Rhetoric,” in Cambridge Library
Collection, vol. 1877. Cambridge, U.K.: Cambridge Univ. Press, 2010,

p- 1.
C. R. Darwin, The Expression of the Emotions in Man and
Animals, 1st ed. London, U.K.: John Murray, 1872. Accessed:

Dec. 6, 2017. [Online]. Available: http://darwin-online.org.uk/content/
frameset?itemID=F1142&viewtype=text&pageseq=1

R. Plutchik, “A general psychoevolutionary theory of emotion,” in The-
ories Emotion. Amsterdam, The Netherlands: Elsevier, 1980, pp. 3-33.
P. Verduyn and S. Lavrijsen, “Which emotions last longest and why:
The role of event importance and rumination,” Motivat. Emotion, vol. 39,
no. 1, pp. 119-127, Feb. 2015, doi: 10.1007/s11031-014-9445-y.

O. Deniz, M. Castrillon, J. Lorenzo, L. Anton, and G. Bueno, ‘“Smile
detection for user interfaces,” in Advances in Visual Computing (Lecture
Notes in Computer Science), vol. 5359. New York, NY, USA: Springer,
2008, pp. 602-611, doi: 10.1007/978-3-540-89646-3_59.

J. Whitehill, G. Littlewort, I. Fasel, M. Bartlett, and J. Movellan, ‘“Toward
practical smile detection,” IEEE Trans. Pattern Anal. Mach. Intell.,
vol. 31, no. 11, pp. 2106-2111, Nov. 2009, doi: 10.1109/TPAMI.2009.42.
C. Shan, “Smile detection by boosting pixel differences,” IEEE Trans.
Image Process., vol. 21, no. 1, pp. 431-436, Jan. 2012, doi: 10.1109/
TIP.2011.2161587.

P. Li, S. L. Phung, A. Bouzerdoum, and F. H. C. Tivive, ‘“Automatic
recognition of smiling and neutral facial expressions,” in Proc. Int.
Conf. Digit. Image Comput., Techn. Appl., Dec. 2010, pp. 581-586, doi:
10.1109/DICTA.2010.103.

V. Murthy, T. V. Sankar, C. Padmavarenya, B. Pavankumar, and
K. Sindhu, “Smile detection for user interfaces,” Int. J. Res. Electron.
Commun. Technol., vol. 2, no. 3, pp. 21-26, 2014.

Brits Smile 11 Times Every Day and 232,000 Times in Their Lifetime.
Accessed: Dec. 28, 2017. [Online]. Available: https://www.thesun.co.uk/
news/4670575/brits-smile-11-times-every-day-and-232000-times-in-
their-lifetime/

P. Ekman and W. V. Friesen, “‘Facial action coding system: A technique
for the measurement of facial movement,” J. Pers. Soc. Psychol., 1971,
doi: 10.1037/h0030377.

P. Ekman and W. V. Friesen, “Felt, false, and miserable smiles,”
J. Nonverbal Behav., vol. 6, no. 4, pp. 238-252, 1982, doi: 10.1007/
BF00987191.

P. Ekman, Telling Lies: Clues to Deceit in the Marketplace, Politics, and
Marriage. New York, NY, USA: Henry Holt and Company, 1985.

P. Ekman, E. R. Sorenson, and W. V. Friesen, ‘‘Pan-cultural elements
in facial displays of emotion,” Science, vol. 164, no. 3875, pp. 86-88,
Apr. 1969, doi: 10.1126/science.164.3875.86.

P. Ekman, ““Telling lies: Clues to deceit in the marketplace, politics, and
marriage,” Tech. Rep., 1985.

H. Liu and P. Wu, “Comparison of methods for smile deceit detec-
tion by training AU6 and AUI12 simultaneously,” in Proc. 19th IEEE
Int. Conf. Image Process., Sep. 2012, pp. 1805-1808, doi: 10.1109/
ICIP.2012.6467232.

Z.Zhang, V. Singh, T. E. Slowe, S. Tulyakov, and V. Govindaraju, “Real-
time automatic deceit detection from involuntary facial expressions,” in
Proc. IEEE Conf. Comput. Vis. Pattern Recognit., Jun. 2007, pp. 1-6, doi:
10.1109/CVPR.2007.383383.

I. G. A. Gunadi, A. Harjoko, R. Wardoyo, and N. Ramdhani, ‘“Fake
smile detection using linear support vector machine,” in Proc. Int.
Conf. Data Softw. Eng. (ICoDSE), Nov. 2015, pp. 103-107, doi: 10.
1109/ICODSE.2015.7436980.

H. Dibeklioglu, R. Valenti, A. A. Salah, and T. Gevers, “Eyes do not lie:
Spontaneous versus posed smiles,” in Proc. Int. Conf. Multimedia (MM),
2010, p. 703, doi: 10.1145/1873951.1874056.

B. Mandal and N. Ouarti, Spontaneous Versus Posed Smiles-Can We Tell
the Difference. Singapore: Springer, 2017, pp. 261-271.

H. Dibeklioglu, A. A. Salah, and T. Gevers, “Recognition of genuine
smiles,” IEEE Trans. Multimedia, vol. 17, no. 3, pp. 279-294, Mar. 2015,
doi: 10.1109/TMM.2015.2394777.

Z.W.Zikril,J. F. Azni, and F. K. Pembuatan, “Image processing for smile
recognition: Preliminary study on human-robot interaction application,”
Turkish Online J. Des. Art Commun., pp. 2580-2589, 2018.

VOLUME 9, 2021


http://dx.doi.org/10.1161/CIRCULATIONAHA.107.185650
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.185650
http://dx.doi.org/10.1016/0895-4356(93)90053-4
http://dx.doi.org/10.1016/0895-4356(93)90053-4
http://dx.doi.org/10.1109/WI-IAT.2013.116
http://dx.doi.org/10.1007/978-3-319-12973-0_1
http://dx.doi.org/10.1016/j.bica.2015.04.005
http://dx.doi.org/10.1111/1471
http://dx.doi.org/10.1007/s12559-013-9233-0
http://dx.doi.org/10.1007/s12652-017-0464-x
http://dx.doi.org/10.1007/s12652-017-0464-x
http://dx.doi.org/10.1007/s12559-016-9383-y
http://dx.doi.org/10.1007/978-3-540-74997-4_31
http://dx.doi.org/10.1016/j.cogsys.2009.10.001
http://dx.doi.org/10.1016/j.cmpb.2008.02.001
http://dx.doi.org/10.1016/j.cmpb.2008.02.001
http://dx.doi.org/10.1016/J.FUTURE.2018.03.038
http://dx.doi.org/10.1007/s11031-014-9445-y
http://dx.doi.org/10.1007/978-3-540-89646-3_59
http://dx.doi.org/10.1109/TPAMI.2009.42
http://dx.doi.org/10.1109/TIP.2011.2161587
http://dx.doi.org/10.1109/TIP.2011.2161587
http://dx.doi.org/10.1109/DICTA.2010.103
http://dx.doi.org/10.1037/h0030377
http://dx.doi.org/10.1007/BF00987191
http://dx.doi.org/10.1007/BF00987191
http://dx.doi.org/10.1126/science.164.3875.86
http://dx.doi.org/10.1109/ICIP.2012.6467232
http://dx.doi.org/10.1109/ICIP.2012.6467232
http://dx.doi.org/10.1109/CVPR.2007.383383
http://dx.doi.org/10.1109/ICODSE.2015.7436980
http://dx.doi.org/10.1109/ICODSE.2015.7436980
http://dx.doi.org/10.1145/1873951.1874056
http://dx.doi.org/10.1109/TMM.2015.2394777

N. Rodrigues, A. Pereira: User-Centered Rating of Well-Being in Older Adults

IEEE Access

[126]

[127]

[128]

[129]

[130

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

R. Zangréniz, A. Martinez-Rodrigo, J. Pastor, M. Lopez, and
A. Ferndndez-Caballero, “‘Electrodermal activity sensor for classification
of calm/distress condition,” Sensors, vol. 17, no. 10, p. 2324, Oct. 2017,
doi: 10.3390/s17102324.

G. A. Ramirez, O. Fuentes, S. L. Crites, M. Jimenez, and J. Ordonez,
“Color analysis of facial skin: Detection of emotional state,” in Proc.
IEEE Conf. Comput. Vis. Pattern Recognit. Workshops, Jun. 2014,
pp. 474-479, doi: 10.1109/CVPRW.2014.76.

S. Petridis and M. Pantic, “Audiovisual discrimination between laughter
and speech,” in Proc. IEEE Int. Conf. Acoust., Speech Signal Process.,
Mar. 2008, pp. 5117-5120, doi: 10.1109/ICASSP.2008.4518810.

K. P. Truong and D. A. van Leeuwen, ‘“Automatic discrimination between
laughter and speech,” Speech Commun., vol. 49, no. 2, pp. 144-158,
Feb. 2007, doi: 10.1016/j.specom.2007.01.001.

Warwick-Edinburgh ~ Mental Wellbeing ~ Scale (WEMWRBS).
Accessed: Jul. 29, 2018. [Online]. Available: https://warwick.ac.uk/
fac/med/research/platform/wemwbs/

A. Freitas-Magalhaes, Facial Action Coding System 2.0: Manual of Scien-
tific Codification of the Human Face. New Delhi, India: FEELab Science
Books, 2017.

J.P. Seder and S. Oishi, “Intensity of smiling in Facebook photos predicts
future life satisfaction,” Social Psychol. Personality Sci., vol. 3, no. 4,
pp. 407-413, Jul. 2012, doi: 10.1177/1948550611424968.

L. Harker and D. Keltner, “Personality processes and individual dif-
ferences expressions of positive emotion in women’s college yearbook
pictures and their relationship to personality and life outcomes across
adulthood a social-functional view of personality-emotion relations,”
2004, doi: 10.1037//0022-3514.80.1.112.

M. J. Hertenstein, C. A. Hansel, A. M. Butts, and S. N. Hile, “Smile
intensity in photographs predicts divorce later in life,” Motivat. Emotion,
vol. 33, no. 2, pp. 99-105, Jun. 2009, doi: 10.1007/s11031-009-9124-6.
E. L. Abel and M. L. Kruger, “Smile intensity in photographs predicts
longevity,” Psychol. Sci., vol. 21, no. 4, pp. 542-544, Apr. 2010, doi:
10.1177/0956797610363775.

J. M. Girard, J. F. Cohn, and F. De la Torre, “Estimating smile intensity:
A better way,” Pattern Recognit. Lett., vol. 66, pp. 1321, Nov. 2015, doi:
10.1016/j.patrec.2014.10.004.

M. S. Bartlett, G. C. Littlewort, M. G. Frank, C. Lainscsek, I. R. Fasel, and
J. R. Movellan, “Automatic recognition of facial actions in spontaneous
expressions,” J. Multimedia, vol. 1, no. 6, pp. 22-35, Sep. 2006, doi:
10.4304/jmm.1.6.22-35.

M. S. Bartlett, G. Littlewort, B. Braathen, T. J. Sejnowski, and
J. R. Movellan, “A prototype for automatic recognition of spontaneous
facial actions,” in Advances in Neural Information Processing Systems.
Cambridge, MA, USA: MIT Press, 2003.

M. S. Bartlett, G. Littlewort, M. Frank, C. Lainscsek, I. Fasel, and
J. Movellan, “Recognizing facial expression: Machine learning and
application to spontaneous behavior,” in Proc. IEEE Comput. Soc. Conf.
Comput. Vis. Pattern Recognit. (CVPR), Jun. 2005, pp. 568-573, doi:
10.1109/CVPR.2005.297.

J.F. Cohn, L.I. Reed, Z. Ambadar, J. Xiao, and T. Moriyama, ‘“Automatic
analysis and recognition of brow actions and head motion in spontaneous
facial behavior,” in Proc. IEEE Int. Conf. Syst., Man Cybern., Oct. 2004,
pp. 610-616, doi: 10.1109/icsmc.2004.1398367.

J. F. Cohn and K. Schmidt, “The timing of facial motion in posed
and spontaneous smiles,” in Proc. Act. Media Technol., Apr. 2003,
pp. 121-132, doi: 10.1142/9789812704313_0005.

S. V. Ioannou, A. T. Raouzaiou, V. A. Tzouvaras, T. P. Mailis,
K. C. Karpouzis, and S. D. Kollias, “Emotion recognition through
facial expression analysis based on a neurofuzzy network,” Neu-
ral Netw., vol. 18, no. 4, pp.423-435, May 2005, doi: 10.1016/j.
neunet.2005.03.004.

S. Lucey, A. Bilal, and J. F. Cohn, “Investigating spontaneous facial
action recognition through AAM representations of the face,” in Face
Recognition. Vienna, Austria: I-Tech Education and Publishing, 2007.
N. Sebe, I. Cohen, T. Gevers, and T. S. Huang, “Emotion recogni-
tion based on joint visual and audio cues,” in Proc. 18th Int. Conf.
Pattern Recognit. (ICPR), Aug. 2006, pp. 1136-1139, doi: 10.1109/
ICPR.2006.489.

M. F. Valstar, M. Pantic, Z. Ambadar, and J. F. Cohn, “Spontaneous vs.
Posed facial behavior: Automatic analysis of brow actions,” in Proc.
8th Int. Conf. Multimodal Interface (ICMI), 2006, pp. 162-170, doi:
10.1145/1180995.1181031.

VOLUME 9, 2021

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

Z.Zeng, Y. Fu, G.I. Roisman, Z. Wen, Y. Hu, and T. S. Huang, “Sponta-
neous emotional facial expression detection,” J. Multimedia, vol. 1, no. 5,
pp. 1-8, Aug. 2006, doi: 10.4304/jmm.1.5.1-8.

M. F Valstar, H. Gunes, and M. Pantic, “How to distinguish
posed from spontaneous smiles using geometric features,” in Proc.
9th Int. Conf. Multimodal Interface (ICMI), 2007, pp.38-45, doi:
10.1145/1322192.1322202.

B. Mandal and N. Ouarti, “Spontaneous versus posed smiles-can we tell
the difference,” in Advances in Intelligent Systems and Computing. New
York, NY, USA: Springer, 2017, doi: 10.1007/978-981-10-2107-7_24.

P. Wu, H. Liu, and X. Zhang, “Spontaneous versus posed smile recog-
nition using discriminative local spatial-temporal descriptors,” in Proc.
IEEE Int. Conf. Acoust., Speech Signal Process. (ICASSP), May 2014,
pp. 1240-1244, doi: 10.1109/ICASSP.2014.6853795.

A. B. Ashraf, S. Lucey, J. F. Cohn, T. Chen, Z. Ambadar, K. M. Prkachin,
and P. E. Solomon, “The painful face—Pain expression recognition
using active appearance models,” Image Vis. Comput., vol. 27, no. 12,
pp. 1788-1796, Nov. 2009, doi: 10.1016/j.imavis.2009.05.007.

Y.-L. Tian, T. Kanade, and J. F. Cohn, “Facial expression analysis,”
in Handbook of Face Recognition. New York, NY, USA: Springer,
2005.

M. Pantic and M. Stewart, “Machine analysis of facial expressions,”
in Face Recognition. Vienna, Austria: I-Tech Education and Publishing,
2007.

A. Kapoor, W. Burleson, and R. W. Picard, “Automatic prediction of
frustration,” Int. J. Hum.-Comput. Stud., vol. 65, no. 8, pp. 724-736,
Aug. 2007, doi: 10.1016/j.ijhcs.2007.02.003.

Z. Zeng, M. Pantic, G. I. Roisman, and T. S. Huang, “A survey of affect
recognition methods: Audio, visual, and spontaneous expressions,” [EEE
Trans. Pattern Anal. Mach. Intell., vol. 31, no. 1, pp. 39-58, Jan. 2009,
doi: 10.1109/TPAMI.2008.52.

R. A. Calvo and S. D’Mello, “Affect detection: An interdisciplinary
review of models, methods, and their applications,” [EEE Trans.
Affect. Comput., vol. 1, no. 1, pp. 18-37, Jan. 2010, doi: 10.1109/T-
AFFC.2010.1.

S. Majumder, T. Mondal, and M. Deen, “Wearable sensors for remote
health monitoring,” Sensors, vol. 17, no. 12, p. 130, Jan. 2017, doi:
10.3390/s17010130.

G. Villarrubia, J. De Paz, J. Bajo, and J. Corchado, “Ambient agents:
Embedded agents for remote control and monitoring using the PANGEA
platform,” Sensors, vol. 14, no. 8, pp. 13955-13979, Jul. 2014, doi:
10.3390/s140813955.

S. Majumder, E. Aghayi, M. Noferesti, H. Memarzadeh-Tehran,
T. Mondal, Z. Pang, and M. Deen, “Smart homes for elderly healthcare—
Recent advances and research challenges,” Sensors, vol. 17, no. 11,
Pp- 2496, Oct. 2017, doi: 10.3390/s17112496.

S. Eisa and A. Moreira, “A behaviour monitoring system (BMS) for
ambient assisted living,” Sensors, vol. 17, no. 9, p. 1946, Aug. 2017, doi:
10.3390/517091946.

A. Dasios, D. Gavalas, G. Pantziou, and C. Konstantopoulos, ‘“Hands-
on experiences in deploying cost-effective ambient-assisted living sys-
tems,” Sensors, vol. 15, no. 6, pp. 14487-14512, Jun. 2015, doi:
10.3390/s150614487.

V. Nathan, S. Paul, T. Prioleau, L. Niu, B. J. Mortazavi, S. A. Cambone,
A. Veeraraghavan, A. Sabharwal, and R. Jafari, “A survey on smart
homes for aging in place: Toward solutions to the specific needs of
the elderly,” IEEE Signal Process. Mag., vol. 35, no. 5, pp. 111-119,
Sep. 2018, doi: 10.1109/MSP.2018.2846286.

A. Yassine, S. Singh, and A. Alamri, “Mining human activity patterns
from smart home big data for health care applications,” IEEE Access,
vol. 5, pp. 13131-13141, 2017, doi: 10.1109/ACCESS.2017.2719921.
O. Geman, O. A. Postolache, I. Chiuchisan, M. Prelipceanu,
Ritambhara, and D. J. Hemanth, “An intelligent assistive tool using
exergaming and response surface methodology for patients with brain
disorders,” IEEE Access, vol. 7, pp. 21502-21513, 2019, doi: 10.1109/
ACCESS.2019.2898554.

K. de Miguel, A. Brunete, M. Hernando, and E. Gambao, ‘““Home camera-
based fall detection system for the elderly,” Sensors, vol. 17, no. 12,
p- 2864, Dec. 2017, doi: 10.3390/517122864.

M. Quintana-Sudrez, D. Sanchez-Rodriguez, I. Alonso-Gonzélez, and
J. Alonso-Herndndez, “A low cost wireless acoustic sensor for ambient
assisted living systems,”” Appl. Sci., vol. 7, no. 9, p. 877, Aug. 2017, doi:
10.3390/app7090877.

86841


http://dx.doi.org/10.3390/s17102324
http://dx.doi.org/10.1109/CVPRW.2014.76
http://dx.doi.org/10.1109/ICASSP.2008.4518810
http://dx.doi.org/10.1016/j.specom.2007.01.001
http://dx.doi.org/10.1177/1948550611424968
http://dx.doi.org/10.1037//0022-3514.80.1.112
http://dx.doi.org/10.1007/s11031-009-9124-6
http://dx.doi.org/10.1177/0956797610363775
http://dx.doi.org/10.1016/j.patrec.2014.10.004
http://dx.doi.org/10.4304/jmm.1.6.22-35
http://dx.doi.org/10.1109/CVPR.2005.297
http://dx.doi.org/10.1109/icsmc.2004.1398367
http://dx.doi.org/10.1142/9789812704313_0005
http://dx.doi.org/10.1016/j.neunet.2005.03.004
http://dx.doi.org/10.1016/j.neunet.2005.03.004
http://dx.doi.org/10.1109/ICPR.2006.489
http://dx.doi.org/10.1109/ICPR.2006.489
http://dx.doi.org/10.1145/1180995.1181031
http://dx.doi.org/10.4304/jmm.1.5.1-8
http://dx.doi.org/10.1145/1322192.1322202
http://dx.doi.org/10.1007/978-981-10-2107-7_24
http://dx.doi.org/10.1109/ICASSP.2014.6853795
http://dx.doi.org/10.1016/j.imavis.2009.05.007
http://dx.doi.org/10.1016/j.ijhcs.2007.02.003
http://dx.doi.org/10.1109/TPAMI.2008.52
http://dx.doi.org/10.1109/T-AFFC.2010.1
http://dx.doi.org/10.1109/T-AFFC.2010.1
http://dx.doi.org/10.3390/s17010130
http://dx.doi.org/10.3390/s140813955
http://dx.doi.org/10.3390/s17112496
http://dx.doi.org/10.3390/s17091946
http://dx.doi.org/10.3390/s150614487
http://dx.doi.org/10.1109/MSP.2018.2846286
http://dx.doi.org/10.1109/ACCESS.2017.2719921
http://dx.doi.org/10.1109/ACCESS.2019.2898554
http://dx.doi.org/10.1109/ACCESS.2019.2898554
http://dx.doi.org/10.3390/s17122864
http://dx.doi.org/10.3390/app7090877

IEEE Access

N. Rodrigues, A. Pereira: User-Centered Rating of Well-Being in Older Adults

[166] G. A. Finley, “How much does it hurt? Pediatric pain measurement
for doctors, nurses, and parents,” Can. J. Anesthesia/J. Canadien
d’anesthésie, vol. 48, no. S1, pp. R16-R21, Jun. 2001, doi: 10.1007/
BF03028173.

[167] H. Buchanan, “Development of a computerised dental anxiety scale for
children: Validation and reliability,” Brit. Dental J., vol. 199, no. 6,
pp. 359-362, Sep. 2005, doi: 10.1038/sj.bdj.4812694.

[168] G. Dewsbury, G. Dewsbury, and A. Qb, “The social and psychological
aspects of smart home technology within the care sector,” Hum. Services,
vol. 14, pp. 9-17, Sep. 2001.

NUNO RODRIGUES received the M.Sc. degree
in computer engineering from the Faculty of Sci-
ences and Technology, Universidade NOVA de
Lisboa, in 2006, and the Ph.D. degree in computer
science from the University of Trds-os-Montes e
Alto Douro, Portugal, in 2010. He is currently
a Coordinator Professor with the Department of
Computer Science Engineering, Superior School
of Technology and Management, Leiria Polytech-
nic Institute, Portugal. He is teaching interfaces
for ubiquitous environments, graphical systems and interaction, 3-D sim-
ulation and animation, and units for which he is responsible. He was the
coordinator of the undergraduate in computer engineering and two editions
of short-cycles in the development of multimedia products. As a Profes-
sor, he is a supervisor and a jury member of several M.Sc. dissertations
and undergraduate course projects related to computer graphics, virtual
environments, augmented reality, human—computer interaction, and among
others. He is a Researcher with the Computer Science and Communications
Research Center, Computer Graphics and Multimedia Team, Leiria Poly-
technic Institute. He is a member of the Grupo Portugués de Computagio
Gréfica (Eurographics Portuguese Chapter). He is the author and coauthor
of several articles in journals, conference proceedings, and book chapters
in the areas of computer graphics, virtual environments, augmented real-
ity, human—computer interaction, and among others. He holds a national
patent and has been involved in several funded research and development
projects related to his areas of research. His major research interests include
procedural modeling, virtual reality, virtual heritage, augmented reality, and
human—computer interaction. He has frequent activity in reviewing articles
for numerous international journals and conferences. He was involved in
the organization of several conferences and was a guest editor for several
international journals.

86842

ANTONIO PEREIRA received the B.Sc. and
M.Sc. degrees in electronical and telecommunica-
tions engineering from the University of Aveiro,
Portugal, in 1992 and 1995, respectively, the Ph.D.
degree in computer science engineering from the
University of Coimbra, Portugal, in 2006, and
the Habilitation degree in computer science from
the University of Aveiro, in 2018. He was the Head
of the Computer Science Engineering Department
and the Founder of the Computer Science and
Communications Research Centre, Polytechnic of Leiria. He is currently
a Full Professor with the Polytechnic of Leiria, Portugal. He is the Coor-
dinator of the master in computer engineering—mobile computing and the
Head of the smart IoT ecosystems research with the Computer Science and
Communications Research Centre, Polytechnic of Leiria. He has published
more than 150 conference papers and refereed journals articles in the areas
of computer science and communications. He is the author of three national
patents. He supervised five Ph.D. and 42 M.Sc. students in the information
and communications technology areas. He supervises nine Ph.D. and two
M.Sc. students in the industry 4.0, the Internet of Things, cybersecurity, and
active assisted living areas. He has participated in many Portuguese, Spanish,
and European research projects. He has coordinated more than 20 research,
development and innovation projects for small and medium companies and
institutions. His major research interests include the Internet of Things,
Internet of Unmanned Vehicles, industry 4.0, next generation networks and
services, body area networks, and ambient assisted living. He received the
two best papers awards at international conferences. He was a guest editor
of some impact factor international journals and has been organizing several
national and international scientific events.

VOLUME 9, 2021


http://dx.doi.org/10.1007/BF03028173
http://dx.doi.org/10.1007/BF03028173
http://dx.doi.org/10.1038/sj.bdj.4812694

