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Preface
We are pleased to welcome you to the third conference meeting of COST Action CA16226: “Indoor
living space improvement: Smart habitat for the elderly” (Sheldon), which follows a hard period
of distant joint work, along with some short-term scientific missions, and physical networking
carried out early in 2021.
It is the third time participants are coming together to share their work with the rest of the Sheldon
Community. Researchers and practitioners working in living environments and furniture, ICT
tools, services, and devices, and health care for older adults will join each other to discuss,
to share, and to learn from one another. We hope the conference provides an opportunity to
build new collaborations between participants, to extend both the fundamental and applied
research work through multidisciplinary cooperation, and show that the best solutions come
from stakeholder engagement.
We know the Sheldon Community will continue to contribute to healthy, active, safe, and sustainable environments for older adults that allow them to live independently and with dignity.
The ageing population has needs that extend beyond the border of any country or region and
are truly a global concern. The network we have all created together will continue to refine,
innovate, and create new solutions that supports healthy and active ageing, that supports their
caretakers, and that ease socioeconomic concerns related to ageing. This third Sheldon conference will show the strength of our network, showcase the hard work of its members, and
be a transition point from our last Action Period to the next. We see this as another step in
building continuity and future collaboration within the network. We hope that all attendees take
advantage of the expertise our members provide, engage, and challenge each other. We are
convinced our third conference will be a successful event that broadens our network, results in
new collaborations, and builds on the lasting friendships created within the Sheldon network.
On behalf of the Core Group

Francisco Melero, Chair
Mike Burnard, Vice-Chair
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Biometric Cryptosystem Based on
Smile Video Data from Trained
Autoencoder and Concatenated
Reed Solomon and Linear Codes
Boris Assanovich
YK State University of Grodno, Grodno 230023, Oszeshko
22, Belarus.
basgrsu.by
Abstract:
A new biometric cryptosystem based on smile imprint obtained from video frames data with the use of stacked of
autoencoder and fuzzy commitment scheme applying the
concatenated RS and linear codes has been proposed.
The performance of system verified with smiles from UvANEMO database has shown the achievement of FRR=0.51% for data size of 31-63 elements.
Keywords:
Autoencoder, biometric features, smile imprint, fuzzy commitment, concatenated Reed-Solomon codes, authentication.
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1 Introduction
Recently, the analysis of human emotions has attracted more and more researchers. Often a person’s smile is a key factor not only in determining the person’s psychological state, but also is
one of the main elements in the human-computer interface (HCI) implementation. A number
of publications discuss both the methods of detecting smiles [1] and simultaneously performing real-time face detection and smile recognition with the use of so-called SmileNet [2]. Last
years, facial biometry has become one of the most preferred biometric methods both in video
surveillance and in digital banking [3] due to the fact that it does not require precision equipment and uses a non-contact data processing method.
To ensure the high accuracy of recognition and resistance to various attacks (cropping, spoofing,
etc.), a number of authors moved on to the analysis of the dynamic characteristics of a person’s
face or to soft biometrics [4]. Few years ago Murat Taskiran et all [5] have applied dynamic face
features extraction from videos and used them for face recognition. Authors performed the
analysis of face videos and extracted the statistical properties of facial distances during several
phases of spontaneous and posed smiles on the UvA-NEMO smile database that have been
created before for biometric applications by Dibeklioğlu et all [6]. As a result [5] the segmentation of smile phases from video and extraction of the main face landmarks allowed to recognize face with the equal error rate EER=30% (threshold 2.8) for the spontaneous smile and with
EER=21.25% (threshold 2.39) for the posed one with the use of feature vector with a length of
648 elements. It should be noted that the use of a person’s smile characteristics also makes it
possible to evaluate his gender, as it has been done in [7].
Despite the fact that there are a number of techniques that use facial dynamics to identify a person
with extracted from face various spatio-temporal parameters, the deep learning methods are
increasingly being exploited for recognition tasks. Classical linear methods of image processing
and feature extraction based on principal components analysis (PСА) are replaced by non-linear transformations. Compared with PCA, the use of an autoencoder significantly increases the
classification accuracy, especially with a large number of items [8].
In this paper, we will consider the use of autoencoder to extract soft biometric information from a
person’s smile and use them for authentication to provide access to digital services. In addition,
we will propose an error correction method for creating biometric templates with the use of
Juels and Wattenberg (JW) fuzzy commitment scheme [9] and can be revoked if compromised.
The article demonstrates the creation of a digital face smile imprint to provide a secure biometric
interface for organizing access to digital services. It continues in Section 2 by reviewing the related structure of an autoencoder and the error correcting code parameters. The methodology
used for the research work is presented in Section 3. Section 4 describes the results from this
study. The paper concludes in Section 5 and also provides some direction for future work.
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2 Autoencoders and Error Correction Codes
2.1

Autoencoders

There are several types of autoencoders. Sparse Autoencoder has a dimension of the hidden layer that is greater than the input. It consists of two parts: coder (encoder) G and decoder F as
depicted in Fig. 1 [10]. The encoder translates the input signal into its representation (code):
y=G(x), and the decoder restores the signal by its code: x'=F(y). Moreover, the transformation
functions F and G contain activation function, weights and biases of trained artificial neural networks [11]. By changing the mappings F, G, autoencoder tends to learn the identity function
x=F(G(x)), minimizing kind of error based on some functional L=(x,F(G(x'))). Let consider that a
vector x∈R connected to the input of an autoencoder. Then the encoder maps the vector x to
another vector y∈R as follows y=hi(Wix+bi) where the superscript i indicates the i-th layer. Then hi
is a transfer function for the encoder,Wi is a weight matrix, and bi∈R is a bias vector. Hence, the
decoder maps the encoded representation y back into an estimate of the original input vector
x, as follows: x'=hi+1(Wi+1x+bi+1) where the superscript i+1 represents the i+1 layer. Then a transfer
function hi+1 for the decoder has a factor Wi+1∈R that is a weight matrix, and bi+1∈R is a bias vector
correspondently. If the encoder has only two layers then the expression for the transfer function
can be represented as x'=h2(W2y+b2).
Actually an autoencoder is the Machine
Learning (ML) method that is forced to
learn to select the most important features from data. To exclude the process
of overfitting in ML sparse autoencoders
are used. It is done usually by adding
a regularizer to the cost function that
makes neurons of a hidden layer to respond to some object features that are
only present in a small subset of the
training examples. Then for a sparse autoencoder a cost function consists of 3
terms: mean squared error term, regularization term and sparsity regularization term [10,11] that are optimize in unsupervised manner.
Fig. 1. Autoencoder structure
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In our setup we applied so-called stacked autoencoder (SAE) that is a neural network including
several layers of sparse autoencoders where output of each hidden layer is connected to the
input of the successive hidden layer. In this case the hidden layers are trained in an unsupervised way and then fine-tuned by a supervised method.
The use of SAE will allow the use of the trained data of the output layer of the neural network as
features for biometric identification of users. The effectiveness of user comparisons depends
on similarity rates, which are often determined by the distribution of root mean square (RMS)
distances of their characteristics.
The more the two distributions are separated and the smaller the standard deviation for each
distribution, the better the separation of the classified classes. This property of distributions is
estimated by such a parameter as decidability index
,(1)
where μg, μi and σg, σi are the means and standard deviations of genuine and imposter distributions.
In addition to the decidability index, an equal error rate (ERR), which is the error rate at which a
false accept rate (FAR) is equal to a false rejection rate (FRR), is normally used as a measure of
biometric system verification accuracy. In biometrics FAR is the rate at which an imposter print
is incorrectly accepted as genuine and FRR is the rate at which a genuine print is incorrectly
rejected as imposter.
Then, a comparison of users by their feature representation can be performed by the evaluation
of a receiver operator characteristic (ROC) curve that demonstrates how a genuine acceptance
rate (GAR) determining a correctly received genuine imprint depends on a change in FAR.
The use of autoencoders will make it possible to compactly present biometric features and then
apply the scheme to organize HCI, where instead of tokens and passwords, a biometric key can
be exploited for authentication To handle the variability inherent in biometric authentication, it is
necessary to create and store a template for each user. To create it, we will use the fuzzy commitment scheme with application of error correcting codes (ECC).

2.2

Error Correcting Codes

Below we define the main characteristics of ECC and their parameters for authentication and identification tasks. In this paper, in contrast to the generally accepted application of binary ECC in
Biometric Cryptosystem (BC), we consider the use of non-binary Reed-Solomon codes (RS).
However, the parameters we enter for evaluating the effectiveness of biometric systems can
easily be used for binary ECC.
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More formally, a non-binary ECC consists of a set C*∈{0, q-1} of codewords C with length n. Error
correcting codes may of course be easily defined on binary spaces as well. The use of the code is
aimed at encoding a message of length k with the addition of redundancy r = n-k, so that if a certain
number of characters is corrupted, it is still possible to get the correct codeword C and message
R. The robustness of an error-correcting code depends upon some distance between codewords.
There are several types of distances and for each specific case we will determine them.
Thus, the construction of our fuzzy commitment scheme is designed to commit a codeword C
using a witness X, where both C and X are n-symbol strings [9]. In biometric scenarios, X will
represent a biometric template, such as a face image, fingerprint, etc. The codeword C will
represent a secret key protected under this template and is presented in a concealed form with
the use of hash value h.
Let the RS code be defined over the GF(2m) field with a redundancy of n-k symbols and let the
symbol error probability be p.
The important performance parameters to consider when using EEC in BC are still FAR and FRR.
The FRR, which depends on Symbol Error Rate (SER) of RS code, is actually can be upper
bounded by the probability that more than (n-k)/2 errors occur, i.e. [12]:
, (2)
where n, k are the ECC parameters defined above, and t its error correction capacity, i.e. the ability
to correct any set of up to t symbol errors.
Considering that an imposter produces a random syndrome during decoding for uncorrectable
error patterns and it is accepted by BC FAR will be the probability that it is valid, i.e.
. (3)
From (1) and (2), we see that FRR, FAR can be reduced by increasing (n-k) and t.
The dimension of the field and the redundancy of the RS code significantly affect the length of
the cryptographic key R in the biometric JW scheme. The use of non-binary RS codes has the
advantage that an increase in the symbol dimension leads to an increase in the length of their
bit representation. On the other hand, in order to obtain high error correction capacity t of ECC,
it is necessary to increase the redundancy, which reduces the code rate k/n and leads to the
need to use several ECC codewords. For example, to obtain a user's secret key R with a length
of more than 128 bits, when using RS (31,9) code over GF(25) with a rate of about 0.3, only 45 bits
can be placed in one codeword. Hence the key length of more than 128 bits, 3 such codewords
are required. Whereas when using the RS (63,15) code with rate 0.24 over GF(26), the key length
180 bits can be distributed between two codewords of this ECC. To evaluate the effectiveness
of these codes, the corresponding FRR values for these to codes have been calculated at different symbol error probabilities and placed in Table 1.
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SER

FRR: RS (63,15)

FRR: RS (31,9)

0.0050

2.8692e-13

1.9230e-10

0.0100

9.6275e-06

7.8766e-07

0.0150

0.2431

1.0220e-04
Table 1. Evaluation of FRR for RS codes (63,15) and (31,9)

It follows from Table 1 that with the increase of p, FRR grows exponentially and, taking into account
(2), to reach FRR = 1.0e-04 for RS code (63,15), it is necessary to reduce SER by 1.36 times.
Thus, in order to achieve the required performance of the biometric system, it is necessary to
introduce a significant redundancy of ECC applied. One of the alternative ways to increase the
efficiency of error-correcting coding is the transition to concatenated codes, which is applied
in practice when creating the cryptographic key with the use of Physical Unclonable Function (PUF) [13], where a concatenation of binary repetition code (REP) and binary Bose-Chaudhury-Hockwengham (BCH) code has been exploited.
The use of a binary REP code made it possible to reduce by an order of magnitude the probability
Pm of erroneous decoding of a m-bit block.
To find the required value of m when using REP codes, you can use the approximation of calculating the binomial distribution based on the Stirling formula:
(4)
where pe is Bit Error Rate (BER) of a Binary Symmetric Channel (BSC) model, which is often used
to analyze ECC performance at the bit level. For example, if a BSC with pe = 0.1 is used, then to
obtain Pm = 0.01, a REP code with a block length of approximately m = 9 bits is required. However, it should be taken into account that formula (4) is an estimate, since this approximation is
used for large m and small Pm. Nevertheless, numerical experiments using REP codes in code
constructions for PUFKY [13] showed good performance of REP (7,1,3) with t = 3.

Page 10 - Sheldon 3rd Online Conference Meeting 14th October 2021

3 Proposed System
Machine learning methods have recently been widely used in image processing [10], providing
high data separability, therefore, in the proposed biometric system, we will use the neural network data of trained autoencoder. Moreover, this technique can be applied to many other neural network structures.
As soon as autoencoders are widely used in many applications many researches have tested their
efficiency. In his article [14], K. Siwek describes the comparative analysis of face recognition with
the use of classical PCA transformation and the application of autoencoding. The experiments
of face recognition based on SVM and softmax classifiers have shown that in recognition of 51
classes autoencoder achieved the error rate 9.53% while PCA 13.5%.
Inspired by an expected improvement in the classification characteristics, we have used an autoencoder to obtain biometric data on a person’s smile and bind it to a secure user key. Due to
the fact that biometric data has instability, error correction codes (ECCs) should be adopted to
ensure that fuzziness of biometric data can be alleviated.
According to our knowledge, the use of auto-encoders to create a biometric imprint from face
dynamics the context of implementing BC and linking the secret key to a human smile have
not been considered before.
Therefore, in the section we will describe the implementation of such a system based on the application of concatenated ECC and determine its main characteristics.
Despite the widespread use of binary BCH codes, recently, an interest has grown in non-binary EСС,
which also found the application in the creation of Physical Unclonable Function (PUF) for secure
storage of cryptographic keys and tamper-detection systems. V. Immler et all [15] demonstrated
that ECC processing q-ary symbols of higher-order alphabets after equidistant quantization have
much better performance in terms of noise resistance than binary constructions.
An overview of the principles of using ECC codes in various biometric cryptosystems is given in
[16]. In our study, we will apply concatenated ECC based on non-binary RS codes and binary
linear codes with the use of hard-decision decoding technique.
The model of the proposed system is depicted in Fig. 2. We will introduce the term Smile Imprint
of biometric data obtained from SAE output layer and concatenated Y=y1y2...yM to form a
supervector from several vectors yi, where M is a number of processed frames with smile. It
should be noted that the Preprocessor block also performs such operations as smile detection
and smile frames selection related to its main three phases (onset, apex, offset) as it is also
described in [17].
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Fig. 2. A System model

At the stage of Qantization, the real values Y converted into their quantized versions Z producing
also deviations W* from the centers of the quantization intervals used as Helper Data 1 (HD1).
In the Encoder block, the user's password or Key R is encoded with one or more ECC codes,
depending on the required password strength and FRR, which will be discussed below. Further,
for a biometric authentication purposes the bit representation of the resulting codeword is added modulo 2 to the quantized and encoded version C of smile imprint Z, which results in W that
serves as Helper Data 2 (HD2). Further, we will consider the authentication scenario.
The proposed system works in two operating modes (see Figure 2). In the first mode, the user is
registered and his smile imprint is obtained from SAE and with the use of HD1 and HD2 linked
to the secret Key R, the h-hash of which is calculated and stored in the Biometric Database (BD).
During verification, the reverse process of decoupling the “auxiliary” data HD1, HD2, decoding C’
and comparing two hashes h and h’ is performed by a Matcher.
Thus, the user smile imprint captured from his video can serve as the biometric key to organize
the access to different external digital services. At the same time, the proposed system implements the JW scheme with the use of two helper data HD1, HD2 sets that can be stored in the
public domain. System parameters such as the length of the cryptographic key, the type and
characteristics of the ECC must be determined by the quality of biometric data, the number
of users, resistance to external attacks, etc. Examples of using the proposed approach will be
given below.
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4 Experiments performed
The UvA-NEMO Smile Database has been used for experiments. It contained videos of spontaneous and deliberate smiles collected from 400 subjects. Using FaceAnalyzer Application (FAA)
developed before [18] we have extracted and normalized frames related to three main phases
of video smile, then calculated the statistical characteristic of biometric features.
The selected 10 files with different smile phases per subject were stored in an intermediate database for preprocessing and training. In addition to evaluating the quality of using RS codes,
we were also interested in how deep the features received from the SAE are comparable with
other characteristics of a person's face in terms of out-of-class separability. For this, by analogy with [18], we have extracted 4464-dimensional vectors from selected video smile frames,
calculated their reliability and applied a 511-element mask for subsequent encoding with BCH
codes (511,58,91) (511,28,111). The results showed a superposition of inter-class and intra-class
distributions on each other and significant classification errors.
A series of experiments were performed with SAE to get good compact biometric features. To
reduce time spent, in these experiments the subsets of 40 subjects randomly selected from
the entire UvA-NEMO Database were used, reproducing a posed smile. Then normalized grayscale images from corresponding video of 112x112 pixels in size, scaled to 50%, creating a vector
length of the input layer of 6272 elements have been used for unsupervised learning of SAE.
Combinations of the second and third SAE layer dimensions had values 255/63, 127/63, 127/31,
and 63/31. The selected values were determined by the length of the applied RS-codes, as
well as the chosen dimension of equidistant quantization. The SAE layers were pre-trained and
tuned by MatlabR2020b environment with parameters: L2WeightRegularization', 0.001, 'SparsityRegularization', 4, 'SparsityProportion', 0.05, 'DecoderTransferFunction','purelin'.
However, to perform quantization and encoding, the following structures were chosen 127/63 and
63/31. The selected values were determined by the length of the applied RS-codes, as well as
the chosen dimension of equidistant quantization.
The training of the SAE layers consisted of 2 stages: 1). Unsupervised training on a 6x40 = 240
frames from training dataset, containing 3 phases of a smile, and 2). Supervised training, when
4 additional video frames were added to SAE input from the control dataset for tuning testing.
Soft-Max classifier was used for test identification.
To evaluate the quality of training, on the basis of latent layer data y, such values as FRR, FAR, GAR,
ERR and DI were calculated and the ROC-characteristic was monitored, as well as the values
of MSE for controlling the intra-class and inter-class distance distribution. The results of the
intra-class and inter-class distribution of data values before and after supervised training and
tuning for SAE with layer dimensions 127/63 are shown in Fig.3. It can be seen from the figure
that due to the fine-tuning procedure, the interclass distributions expanded significantly relative
to each other, and the decidability index DI is increased by more than 2.5 times at ERR = 5.5e-17.
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Fig. 3. Learning results of the SAE with parameters 127/63

At the next stage, several experiments have been carried out to train SAE for 5 different groups of
40 users each, randomly selected from the UvA-NEMO database, for which the encoding-decoding procedures of their data were modeled using the above-mentioned ECC. For these 200
subjects, the real-valued data with lengths of 63 and 31 elements obtained from SAE and equidistantly quantized have been encoded with non-binary RS code (63,15), concatenated with linear code (6,3,1) at the beginning, and then with RS (31,9), concatenated with REP codes (3,1,1) and
(5,2,2) with parameter t=1,2. The conversion of symbols to bits was done based on Gray's code.
The hard-decision decoding has been applied for both type of ECC. Attempt to use the error-reducing technique [15] based on quantization data W* with ECC failed to achieve adequate improvement due to the rather large variance of quantized data.
The corresponding results of the FRR estimation for the investigated code structures at FAR = 0
are given in Table 2. Zero value of FAR in the experiments is mostly determined by the RS decoder in Matlab, which outputs a specific message when codeword is not found.
Key, R (bit) /Frames

Inner code

Outer code

FRR, %

RS (63,15)

Linear (6,3,1)

1.0

135 / 3x63

RS (63,15)

REP (3,1,1)

0.5

120 /4x63

RS (31,9)

REP (3,1,1)

0.5

120 /8x31

RS (31,9)

REP (5,1,2)

0

126 / 14x31

(Dimension)

Table 2. Evaluation of FRR and Key size for concatenated ECC
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From the table 2 it follows that system performance improves with increasing the ECC redundancy. RS codes (31,9) and (63,15) have virtually the same FRR, which is explained by a decrease in
SER due to the transition to a smaller field dimension and a decrease in the code length. However, as the results of the last column of T2 show, in the case of using a shorter RS code, a larger
number of video frames are required when going from data dimension 63 to 31. Thus, there is a
trade-off between a decrease in FRR and an increase in the number of processed video frames.

5 Conclusions
In this article, we examined the principles of implementing a cryptographic system based on the
use of facial smile imprints. Video frames of the main smile phases (onset, apex and offset) were
used to obtain biometric data, on the basis of SAE consisting of two inner layers and trained
with the use of smile videos of 400 subjects taken randomly from UvA-NEMO database. The
real data of the output layer was quantized and encoded by the concatenated ECC based on
RS codes (63,15) and (31,9) c with a redundancy of more than 70%, which affects the entropy loss
or leak-age rate [12]. The simulation experiments to assess the system performance showed
the possibility of achieving FRR values of no more than 0.5% and 1% for crypto keys of size 120135 bits for biometric feature data dimensions of 31, 63 elements.
In our setup, we have used more simple DNN structures and concatenated ECC based on non-binary RS codes in comparison with binary LDPC from [19], which made it possible for us to obtain better performance of the proposed biometric cryptosystem compared to known systems
choose the key length in accordance with the required processing time.
The direction of further work can be both the study of other DNN structures to obtain deep
features of a smile facial imprint, and the improvement of the technique of using ECC based on
soft-decision decoding and side information from quantized data.
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Ageing@home: A secure 5G welfare
technology solution for elderlies

Abstract:
The world population is ageing at a fast pace and to enable
elderly to age at home can become a viable solution both
economically and socially speaking, leading also to the
overall improvement of the elderly’s well-being and comfort. There are currently a few AAL (Ambient Assisted Living)
systems which although operational are not yet optimal in
terms of efficiency and security. This paper proposes a welfare technology solution called Ageing@home which aims
at enabling newly hospitalized elderlies to come home
earlier by making use of a dedicated 5G network slice for
health care system. Such an isolated logical network will
provide adequate security, privacy and reliability for the
selected welfare technologies and services deployed at
the elderly home. The proposed solution allows the selection and customization of needed welfare technologies
and services and promotes the re-allocation and re-use of
equipment. Validation methods and a business plan have
been presented as well as a through description of a proofof-concept implementation.
Keywords:
5G mobile networks, network slicing, assisted living, home
based elderly care, welfare technology.
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1 Introduction
Population ageing is taking place across all countries of the world, raising major issues for the direction of social policy [1]. The proportion of those aged 60 years and older in the Global North
is expected to reach 32% in 2050. In the Global South, the share of older persons increased
slowly between 1950 and 2013, from 6% to 9%, but is expected to accelerate in the coming
decades, reaching 19% in 2050 (United Nations, 2014a). This can lead to significant challenges such as increased dependency rates, overload of the healthcare systems, lack of elderly
homes to provide support, etc. Enabling elderly people to stay and live in the comfort of their
own homes as much as possible is a good solution to address those problems, as it puts less
pressure on the current healthcare systems and is by far more cost efficient than elderly homes.
It is important nonetheless to be able to monitor the senior citizen’s well-being and to provide
appropriate guidance and assistance in this process. In Europe, the Ambient Assisted Living
(AAL) Programme [2] has as objective the development and use of new technologies to allow
elderly and disabled people to live comfortably at home, improving their autonomy, facilitating
daily activities, ensuring better security, monitoring and treating sick people. Similarly, in the
Nordic countries including Norway, welfare technologies [3] have been proposed to provide
better services for the elderly living at home and in nursing homes.
Unfortunately, the state-of-the art welfare technologies are still suffering from many major limitations [4], such as: operation instability, deployment difficulties, poor usability and high costs
which hinder their adoption and use [5]. One of the root causes lies on the use of WLAN (Wireless LAN) as connectivity technology, which suffers of disadvantages like poor security, complex configuration, limited portability, dependency on electricity, etc. Indeed, it could be quite
challenging at deployment to configure and obtain optimal connectivity with WLAN. To remedy
the mentioned shortcomings, we propose Ageing@home, a 5G-based solution, which makes
use of the concept of network slicing to provide simple and quick deployment, simple re-collection and re-use of allocation of equipment and service adaptability and extensibility. This
solution is a further refinement of Home-based Elderly Care solution realized at the Secure
5G4IoT lab in Oslo [6] which enables elderlies who just had an operation at hospitals to come
home by tailoring and deploying technology equipment e.g., sensors, actuators, monitoring devices, etc. necessary for a remote follow-up and assistance by healthcare personnel. Network
slices (dedicated logical networks) will be allocated to the Ageing@home solution to connect
in a secure way all the health sensors, devices and all caregivers to the Health Care application
running on the cloud. The proposed solution will ensure higher level of security and privacy
while facilitating the caregiver’s assistance to the elderly in need.
The paper starts with a brief summary of state of the art of digital solutions to smart living environments for ageing people. A brief introduction of the 5G mobile network slicing is included
before the main part of the paper, which is the detailed description of the proposed Ageing@
home solution. To validate the implementation of the proof-of-concept, validation methods
are elaborated and described in the following section. Next is the business plan which aims
to ensure the successful adoption of Ageing@home as well as the description of the proof-ofconcept implementation at the Oslo Metropolitan University’s Secure 5G4IoT lab. To conclude,
the paper presents some final remarks with some suggestions for future works.
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2 State of the art of digital solutions to smart
living environments for ageing people
There are currently many research activities both in EU and the Nordic countries. As umbrella
programmes there are Active & Assisted Living (AAL) programme, a European Innovation Partnership with 19 countries and Nordic Ambient Assisted Living coordinated by the Nordic Council
of Ministers. In addition to numerous national projects in European countries there are also multiple COST and H2020 projects such as Sheld-on, Activage, Phara-on, Ghost-IoT, etc. Unfortunately, so far, the AAL Digital solutions has still quite low uptake due to the following limitations:
Low technology maturity [7]
• Instability: Most of solutions using Wireless LAN 802.11 experience occasional loss of connection
due to interference, channel collision, coverage variation, etc.
• Configuration problems: The usage of Wireless LAN requires also the configuration of several
parameters for each installation, which is error prone. Further, security protection requires
considerable knowledge and efforts.
• Installation difficulties: The installation of sensors and devices at the elderly home could be
difficult due to the furniture, time consuming and hence annoying to the users.
Fragmentation: The current digital solutions are “silos” applications that operating in isolation
without interworking and interoperability with each other. Consequently, the introduction of additional services will require a full installation of hardware and software which incurs high cost
and disturbance to the elderly.
Technology oriented: The current digital solutions are too much technology oriented [8] consisting of a bunch of technologies that are put together and offered to the elderly without sufficient considerations of the elderly user’s preferences or the health personnel’s opinions [9].
Security and Privacy issues: Although it is necessary to collect data to provide effective services
to the elderly these data are personal data which illegal access constitutes a privacy violation
[10]. Unfortunately, the protection of personal data is currently not adequate. Further the use of
video camera has been considered as obtrusive by elderly who feels watched.

Page 20 - Sheldon 3rd Online Conference Meeting 14th October 2021

3 Brief introduction to 5G network slicing
The 5th generation mobile network (5G) [12] is well known for its significant advantages compared
to 4G in terms of performance, coverage and quality of service and the promise of an enhanced
mobile broadband (eMBB) with higher data speed and the support of a wide range of applications and services ranging from massive machine-type communications (mMTC) to ultra-reliable and low-latency communications (URLLC). Less known but not less important is the fact
that 5G is a softwareized and virtualized network [13].

Figure 1 The 5G Reference Architecture (Courtesy of 3GPP)
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The software nature of the 5G network brings with it both weaknesses and strengths since it shows
the same vulnerabilities as any other software at the same time as higher flexibility and dynamicity can be achieved through the logical network segments also known as Network slices.
Currently, there is no consensus on what a network slice is and how it can be realized [14]. In fact,
while the 3rd Generation Partnership Project (3GPP) [15] provides a more network-focused definition stating that “network slices may differ for supported features and network functions optimizations”, the 5G Infrastructure Public Private Partnership (5G PPP) adopts a business oriented
view mandating that “network slice is a composition of adequately configured network functions, network applications, and the underlying cloud infrastructure (physical, virtual or even
emulated resources, RAN resources etc.), that are bundled together to meet the requirements
of a specific use case, e.g., bandwidth, latency, processing, and resiliency, coupled with a business purpose [16].
In this paper we use the 5G PPP’s definition that allows the support of a variety of devices. To obtain
a wireless Home Networking capable of supporting a broad range of devices, the 5G network
slicing concept is adopted to establish a secure 5G network for Elderly Care.

4 The Ageing@home solution
4.1

Objectives

The main objective of Ageing@home is to enable elderlies newly hospitalized to return home
earlier by providing a set of welfare technologies and services deployed at their home which
provides efficient support and assistance from the healthcare personnel. Ageing@home solution can also be used permanently or temporarily in the time needed for full recovery. The
deployed equipment could be easily removed and recollected for re-use by other elderlies. Indeed, Ageing@home can be used in a dynamic and customized way for any elderly who needs
assistance from healthcare personnel while living at their home.

4.2

Ageing@home welfare technologies and services

The Ageing@home solution is adaptable and can be tailored to fit the demands of each individual elderly by enabling the selection and customization of the following welfare technologies and services:
• Vital Signs Monitoring System: allows the monitoring of vital signs such as heart rate (HR) [17],
body temperature (BT), respiration rate (RR) and blood pressure (BP), etc. that are used by the
medical professionals to get a good overview about the health of the elderly person.
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• Reminding System: helps elderly citizens remembering to take their medicines as well as meals
at correct time and dosage [18].
• Automated Activity and Fall Detection System: can distinguish between normal and abnormal
activities and to detect a fall to trigger an alert, which can again result to an emergency with
intervention of caregivers [19].
• Automated Emergency Call System: locates, contacts and directs the nearby appropriate
caregiver who gives assistance to the elderly person in emergency cases [20].
• Multimodal Communication: provides secured remote medical check-up call with doctor/
medical staff, secured interactions with health care system including notifications and alarms at
the same time as it helps to combat isolation and loneliness by allowing elderly to communicate
to friends and relative.

4.3

Typical use case

To illustrate the flexibility, adaptability and scalability of Ageing@home let consider the case of Kari
who had a successful heart surgery and is allowed to come home after 4 days instead of one
week on condition that her vital signs, glucose and breathing status are monitored and also
assistance can be given on time at occurrence of incidents such as loss of consciousness, fall,
heart attack, etc. In addition, Kari suffers of sleep disorder which needs to be diagnosed. Last
but not least, Kari needs a secure communication facility which allows secure interactions both
with the hospital and also with family and friends.
To be safe at home Kari will need to have the following technologies in place at her home:
•
•
•
•

Sensors for monitoring of vital signs, glucose and breathing.
Sensors for detection of incidents such as loss of consciousness, fall, heart attack, etc.
A tablet PC acting as secure communication with the hospital and for contact with family and friends.
A secure and reliable connection to link the sensors and equipment to the hospital system.

As the majority of elderlies Kari does not have the necessary sensors and equipment nor the
secure and reliable connection needed. But, thanks to Ageing@home all the necessary equipment and infrastructure can be identified, allocated, configured and installed at Kari’s home
short time before her return. The roll out consists of the following steps:
• Visit and assessment of the technology infrastructure at Kari’s home by technology specialists
• Design and configuration of the necessary equipment such that they will be functioning
immediately after power on without any on-site configuration:
• 5G Sensors and devices will get installed SIM cards. The device/sensors IDs, the
corresponding IMSIs (International Mobile Subscriber Identity), the corresponding ISDNs
(Mobile Station International Subscriber Directory Number) will be registered and their
access rights to the healthcare 5G network slice (will be described in later section) and to
the healthcare system will also be set up and enabled.

Page 23 - Sheldon 3rd Online Conference Meeting 14th October 2021

• For sensor and devices using other wireless technologies such as Bluetooth, Zigbee, WLAN,
etc. 5G gateway will be used and necessary pairing to ensure security will be performed.
• Design and establishment of the connection to the Health care network slice: Depending on the
availability of broadband connection at Kari’s home, one connectivity alternative will be chosen
among 5G Fixed-wireless Access (FWA), indoor radio unit or 5G enhance Mobile Broadband.

4.4

Conceptual architecture

Figure 2 The Ageing@Home conceptual model

To be able to accommodate all the improved welfare technologies described above in a customized, adaptable and scalable way the Ageing@Home end-to-end solution has an architecture
represented by a conceptual model shown in Figure 2.
Multiple heterogeneous sensors, both wearable aka on-body and ambient aka off-body with dedicated mission are connected to an open unifying IoT platform (OUIP) directly via 5G or indirectly,
first via certain Local Area technologies such as Wireless LAN IEEE 802.11x, Zigbee, Z-wave, etc.,
to a Sensor Gateway and then via 5G to the OUIP. The sensors collect data and upload to the
OUIP, which can then forward the collected data depending on the need to the Ageing@Home
applications (Ageing@Home Apps), the Artificial Intelligence/Machine Learning (AI/ML) Platform
or the Health Care System (HCS), where they are consumed in various ways. At the AI/ML Platform they [the data] are in multiple analytic tasks, especially the elaboration of the elderly’s profile, which allow for better understanding the elderly and to respond appropriately to their needs
and mood. When necessary, the data can be anonymized before being forwarded and stored.
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The AI/ML Platform has interfaces with the Ageing@Home Apps and the HCS, which are then enabled to invoke various analytic tasks. The interface between the Ageing@Home Apps and the
HCS enables the Ageing@Home Apps to access the HCS user and caregiver database and also
other functionality, while the HCS can control the Ageing@Home Apps. The Ageing@Home
Apps are essential to the implementation and provision of the targeted welfare technologies
such as Digital night vision, Entertainment, Event and vital sign monitoring and detection, etc.
Two Ageing@Home Apps, Broadcasting of Physical exercises and Multimodal communication,
as communication apps have direct connection with their devices, i.e. TV, PC, tablets, etc.

4.5

The 5G Healthcare network slicing

Figure 3 Network Slicing for Ageing@home

In order to provide a connection which provides adequate protection of security and privacy at
an acceptable level of reliability a dedicated and isolated end-to-end network slice will be established. This healthcare network slice is a logical network realised by own vNFs (Virtual Network Functions) for both access network and core network as shown by Figure 3. Only devices
equipped with SIM cards own by the hospital can be authorised to connect to this healthcare
network slice. While IoT devices are in general not allowed to some smartphones may be permitted to have simultaneous connection to the public network slice depending on the security
policy of the hospital.
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As shown in Figure 3, the Ageing@Home solution consisting of OUIP (open unifying IoT platform),
AI/ML (Artificial Intelligence/Machine Learning) platform and a variety of Ageing@Home applications are hosted on a MEC (Multi-access Edge Computing) host, which is located on Edge
Cloud. Since the Edge Cloud is in the same area as the elderly home, very low latency can
be achieved making this deployment option quite suitable for Welfare technologies, such as
Broadcasting of physical exercises and mobility sessions technology. Further, both the security
and privacy are considerably enhanced because communications between sensors and the
Ageing@Home do not have to traverse the entire mobile network, but only a short path between the gNBs and the Edge Cloud.

5 Validation methods
To be accepted and used it is crucial that the Ageing@Home solution not only technically functions properly but also meets all the needs and demands of the elderlies as primary users and
the health care personnel as secondary users. For the technical functioning, thorough functional and performance testing will ensure the proper operation of the Ageing@Home solution.
Regarding the user acceptance it is far more challenging and not quite successful for existing
welfare technologies. For example, while giving positive answers when being asked about the
use of cameras in monitoring and assistance service some elderlies sabotaged the cameras by
disconnecting them or taping over the lens.
Ageing@Home will make use of a combination of most efficient existing validation methods while
researching and experimenting new ones as follows:
•
•
•
•

5.1

Outcome measures: to measure some aspects and benefits.
Use monitoring: to have an overview of the use of the digital solution, which proves their usefulness.
Questionnaires: to gather information from a wiser group of users.
Interviews: to collect information from selected users. By using a structure of questions and
open-ended questions it is possible to capture issues that escaped the other measurements.

Outcome measures

Independence
The Lawton Instrumental Activities of Daily Living Scale (IADL) is an appropriate instrument to assess independent living skills (Lawton & Brody, 1969) [21] and is useful for identifying how a person is functioning at the present time and for identifying improvement or deterioration over time.
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There are 8 domains of function measured with the Lawton IADL scale: ability to use the phone,
shopping, food preparation, housekeeping, laundry, mode of transportation, responsibility for
own medications and ability to handle finances. Persons are scored according to their highest
level of functioning in that category, scores ranging from 0 to 1. A summary score ranges from
0 (low function, dependent) to 8 (high function, independent).
Quality of Life /Health Related Quality of Life
Health related quality of life (HRQoL) refers to how health impacts on an individual´s ability to
function as a multi-dimensional concept that includes domains related to physical, mental,
emotional, and social functioning. A related concept of HRQoL is well-being, which assesses
the positive aspects of a person’s life, such as positive emotions and life satisfaction.
The RAND-367 [22] is a 36-item questionnaire intended for use as a generic measure of HRQoL. It
is developed by a non-profit organization RAND Corporation and the 36 items are identical to
SF-36, described by Wade and Sherbourne (1992).

5.2

Use Monitoring

The usefulness and usability are best proven by the use of the proposed solution. For that, the
Ageing@Home solution will have embedded log function which allows to record how often it
is used. This method may not be usable in cases in which sensors and devices or services are
constantly used.

5.3

Questionnaires and interviews

The success of the questionnaires and interviews relies totally on the asked questions and on the
views and perspectives they are focused on. So far, the sociological perspective is still neglected, and Ageing@Home project will remedy the situation by carrying out innovative research on
relational perspectives on gerontechnology, i.e. technology for old age which encompasses
three central dimensions:
1. The relationship between care and control.
2. The relationship between autonomy and social isolation.
3. The question of agency’s relation to rationality, emotion and habits.

Page 27 - Sheldon 3rd Online Conference Meeting 14th October 2021

6 Business plan
To ensure the success and adoption of Ageing@home it is essential to have a sound commercial
exploitation. A business plan must be elaborated at early stage and populated gradually with
more details. The latest version of the Ageing@home business plan is shown in Table 1.
Ageing@Home Business Plan
Vision: to secure smart living environments for ageing and disabled people enabling them to
live a secure and comfortable life at home as long as possible.
Mission: to develop and launch a customizable and scalable end-to-end digital solution using
multiple welfare technologies that offers different services to elderly people living at home.
The Ageing@Home solution shall mitigate the limitations with current welfare solutions for
elderly, improve the operation instability and deployment difficulties for caretakers and represent a more efficient use of resources/cost decrease for the nurseries and the municipalities.
Products/Service Solution: Ageing@Home is an extensible and customised solution which enable the selection and customisation of the following welfare technologies as described earlier:
• Event and vital sign monitoring and detection
• Basic system for abnormality detection and appropriate response
• Action recognition and prediction system
• Improved digital remote passive attention
• Long term sleep status monitoring
• Behaviour analysis system by sound, voice and communication
• Reminding System
• Multimodal communication
• Automated Emergency Call System
Customers/Market:
• Primary users of Ageing@Home solutions are elderly living at home.
• Secondary users are healthcare personnel supporting and interacting with the elderly in
their home location. Retirement homes/nursing homes may also make use of the Ageing@
Home solutions. The primary and secondary users are invited to participate in workshop and
demonstrations and giving feedbacks on the different solutions versions.
• Other Ageing@Home stakeholders: Municipalities in charge of eldercare in Nordic
countries and healthcare organizations in order countries are both decision makers in
relation to deciding which eldercare solutions to purchase and implement In addition elderly
organizations, relatives of elderly, national health authorities are also relevant stakeholders
with interests in the outcome from the project. Providers of elderly solutions such as telecom
operators, Internet service providers, device/terminals providers also have interest in the
project outcome.
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• Market: Population ageing is taking place across all countries of the world, raising major
issues for the direction of social policy. The proportion of those aged 60 years and older in the
Global North is expected to reach 32% in 2050. In the Global South, the share of older persons
increased slowly between 1950 and 2013, from 6% to 9%, but is expected to accelerate in
the coming decades, reaching 19% in 2050 (United Nations, 2014a). According to EU they
estimate a doubling of elderly over 80 years from 5% in 2015 to 12% in 2060.Moreover, the
ratio of workers to pensioners will decrease with 50% from four workers per pensioner in 2015
to 2 workers pensioner in 2060 [23]
Organization and Management:
The following work after validation of the Ageing@Home solution during the pilot tests is the
launch and go to market activities. Telenor as main partner of Ageing@home plans to be the
actor that offers an integrated end-to-end Ageing@Home solution to the municipalities. In
Norway and the Nordic market (Norway, Sweden, Denmark and Finland). This offering will be
aligned with existing portfolio on welfare technology solutions.
Ageing@Home solution features based on inventions, design or other intellectual work developed by sub providers related to the integrated offering from Telenor will follow an application process for IP protection managed by the responsible party in parallel with piloting and
go to market process.
Go to market plan/Action plan:
The major industry partners in the consortium will head their go to market plans for their respective geographical market segments. For these market segments the following actions
will be executed:
• Demonstrations and promotions: There will be presentations of the pilots and results
in Norway and internationally. National demonstrations of the pilots will be carried out at
Norwegian National health conferences arranged by KS and the yearly e-Health conference
by Norsk Helse IT together with Nordic e-health conference [24].
• Dissemination materials will be brochures, posters and flyers will be elaborated and
distributed at the demonstrations. Results from the pilots in Norway and Portugal will is
planned to be demonstrated in selected EU e-Health related events, conferences, workshops
and exhibitions throughout year 3 such as European conference an exhibition namely Mobile
World Congress and Nordic Conference on ICT.
• Sales targets: The market objective after launching the commercial Ageing@Home solution
is to secure adoption by 25% of the roughly 250 municipalities in Norway that remains
implementing Telenor’s welfare technology. Whether the target is met will be measure three
years after the Ageing@Home is deployed. The Ageing@Home solution will be launched
in the other Telenor Nordic subsidiaries Denmark. Sweden and Finland with the same 25%
target market share of the solution in municipalities. Altice and Cisco plans for similar sales
strategies in their respective market segments.
• Pricing strategy: A fixed price for the different unified Ageing@Home solution features
as well as a fixed price for the unified Ageing@Home solution including all the features.
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Complementary services such as training, customization, implementation, maintenance,
certification and support services will be priced extra based on a combination of penetration
pricing, value-based pricing and variable pricing strategies. Prices will be evaluated and
determined through the project execution.
Financing and funding:
The detailed business plan from the will be developed during the project execution including
estimated costs and revenues over a two to three-year period for all activities necessary to
perform the further development, produce and deliver the Ageing@Home product/service
for the specific Nordic, EU target markets. Required amount of funding (money and competence/persons wise) to finance (Capex/Opex) these activities will be described together
with funding sources.
The industry partner Telenor will together with their subproviders finance the commercialization
and go to market activities. There are however options for SME/Sub providers to acquire
funding of further development and testing activities in relation to pilot customers [25] as
well as for commercialization activities [26] with help from public agencies such as Innovation Norway in Norway.

7 Proof-of-concept implementation
The network slicing for Ageing@home is achieved in a way that the users connecting to different
slices will be isolated from each other and the WAN using policies and routing on-demand. In
other words, separate users from slices that are not related to the healthcare system will not be
able to connect to it without appropriate policies and authentication. In other case, this would
open a security vulnerability that would enable adversaries to perform attacks within the slice
or across network slices of the healthcare system.
Consequently, to avoid illegal actions and mitigate initial security threats, the Healthcare slice must
be entirely separated from other slices, or more specifically the public enhanced Mobile Broadband slice for regular mobile communication. This implies that mobile network subscribers shall
be denied access to the Healthcare slice and the assets and facilities related to it.
To complete the prerequisite, a detailed limiting network policy must be initiated at Core Networks
and the C-RAN, aiming at constraining access to certain network endpoints and permitting only
approved traffic.
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As represented in Figure 4, a 5G network infrastructure provisioned at the Secure 5G4IoT lab, comprised of a Cloud Radio Access Network (C-RAN), is communicating to a cloud OpenAirInterface
[27] vEPC (virtual Evolved Core Network). The deployment represents a functional split of a Baseband Unit (BBU) and the Remote Radio Heads (RRH), with the NGFI (Next Generation Fronthaul
Interface). For network slicing, the User Equipment with SIM1 is coupled to the Mobility Management Entity MME_1 instance, and the IoT apparatus using SIM2 is associated with the MME_2.
Both MMEs are running into Docker containers as means of virtualization and define the virtual
EPC core. The other core network functions follow the same virtualization principle, with two
HSS (Home Subscriber Server) databases, or more precisely HSS_1 and HSS_2 that communicate with MME_1 and MME_2 instances, respectively. The container network interface policy
restricts the communication between the two HSS instances and allow only their equivalently
associated MME instances to execute DIAMETER authentication in adjacent PLMN
(Public Land Mobile Network) domains.
Through a VPN tunneled communication,
the IoT devices with SIM2 can have a secure access to the analogous network slice
via its assigned SGW (Serving Gateway)
and PGW (Packet data network Gateway),
establishing a route to the adjoining MME_2
and a PLMN with identifier that classifies
that MME. The Service and Packet Gateways enable virtual GTP-U (GPRS Tunneling Protocol User data tunneling) tunnels
between the interface of the instance to a
virtual interface at the MME_1 and MME_2
successively, allowing the UE (User Equipment) to have a unique IP address and connectivity to the WAN and Internet.
Figure 4 5G4IoT Lab Cloud Radio Access Network slicing concept

The association of specific users to a specific network slice is achieved at the RAN layer, namely
using the FlexRAN controller to match a particular IMSI (International Mobile Subscriber Identity) value of the UE to entries within the HSS_2. When the UE authenticates with the network, the
UEs will not be able to reach other devices that are authenticated in the HSS_2, as these values
are explicated in the HSS_1 and the routes are thus different for the traffic to reach the WAN via
distinct Service and Packet Gateways.
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Figure 5 Implementation of the Identity Management system

Allied to the described network, an identity provisioning and management system (IDMS) [28] has
been implemented as shown in Figure 5, to strengthen as well as simplify the authentication
process for users (e.g. caregivers) and devices using the network by offering a single sign-on
mechanism across the network and the application layers. More precisely, we inherit existing
components from the network that can provide a secure way to identify a device and used it a
unified way between layers.
To achieve a consensus on which parameters can be used as identifiers (identity federation), an
API was also developed [29] to bridge between the IDMS and the network. After issuing the
identities for the desired caregivers/devices, a module is created and given to the healthcare
center, so that when a verification request has to occur, the healthcare center will confirm with
the system as if one is eligible to provide support to an elderly person.
This identity management system is created by using an instance of the Gluu Server [30] that provides a combination of the provisioning and management tools, as well the option of deploying
OpenID clients for integrations with third-party applications.
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8 Conclusion
In this paper we have presented Ageing@home a welfare solution which enables newly hospitalized elderlies to come home earlier by providing a secure, privacy preserving and reliable 5G
network slice and an extensible and adaptable framework allowing the selection and customization of the needed welfare technologies and services. The solution also enables the re-allocation and re-use of equipment when they are no longer needed. Validation methods and
business plan are elaborated in the preparation for a future trial.
The next step of this initiative is to carry out a field trial with real elderly users living in some municipalities in Norway. Although the current proof-of-concept is working only functional and limited
performance tests have been done. Further tests and validations done with real users must
be performed to identify weaknesses that can be improved ensuring the adoption of Ageing@
home for the benefits of the elderlies. The most optimal validation would be a field trial with a
limited set of elderly at one or two municipalities for a period of 6-12 months on a real 5G mobile network which is made available by the H2020 5G VINNI’s facility pilot [31] in Norway. For
the realization of such trial funding is required and efforts have been put to elaborate both national applications and EU project proposals. In addition, contacts and dissemination activities
towards elderly organizations and municipalities should also be pursued.
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Abstract:
In this work, the Augmented Reality (AR), Virtual Reality (VR) and Mixed Reality (MR) technologies are presented as candidate tools for promoting
cognitive and physical activity and for avoiding social isolation in ageing
population. The work includes a desk-research, focused on the software/
hardware solutions, innovations and challenges. An experimental study in
ageing population has been conducted to get preliminary results about
the benefits and drawbacks of these technologies for elderly. The positive feedback received open the door to extend the study with specific
key performance indicators (KPIs) that can help to better measure the improvements of cognitive and physical activity through continuous training,
and e.g. to study the benefits on ageing population with specific impairments or degenerative diseases like dementia, Parkinson or Alzheimer.
Keywords:
Augmented Reality, Virtual Reality, Mixed Reality, ageing population.
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1 Introduction
The increasingly exponential growth of ageing population and the lack of resources to manage
their needs has stimulated the creation of new frameworks and solutions, where the Information and Communication Technologies (ICT) have an important role in them. The pandemic of
covid-19 has also served to reinforce the fact that the ICT can help to avoid isolation, permitting
social interaction when the mobility of population is reduced or restrictions by lockdown are
applied. But ICT are also promoted in ageing population for helping them in healthcare needs,
e.g. to combat cognitive ageing. In this regard, immersive technologies like Augmented Reality
(AR), Virtual Reality (VR) or Mixed Reality (MR) offer older people the opportunity to be stimulated, and to live, in a virtual reality environment, simulating activities or physical exercises that
they used to do or cannot do now due to illness or physical/mental impairments.
VR, MR and AR are immersive media technologies that provide new scenarios and applications to
education, healthcare, business and society, enabling new ways of learning, interacting, communicating, enjoying and working. Although numerous applications have been or are being
developed for the immersive media AR, MR and VR, uniform technical and legal standards and
the methods for workflows to develop content and products are still missing for mass market
maturity. Distribution channels through which larger user groups can use these media are just
emerging as well. In short, AR, MR and VR are innovative technologies that are still in an early
stage of development [1].
One of the biggest differences between AR/MR and VR (at the
current time) is that AR or MR is
more of an individual experience,
whereas in VR enables an easier
communication and collaboration
with other avatars, like in multiplayer video games. However, according to recent reports [3] [4] [5],
AR will also soon move towards
collaboration. Nevertheless, AR/
MR and VR should not be seen as
competing products, as both have
individual potential uses with advantages and disadvantages.
Fig. 1. Differentiation of VR, AR and MR [2]

In this work, the AR, VR and MR technologies are introduced in depth, identifying the state of art,
research, innovations and challenges of these for ageing population. The research is focused
on the software/hardware solutions existing that can be applied in an extended Ambient Assisted Living (AAL) where intelligent furniture and living habitat of the ageing population is ex-
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pected. The research also includes an experimental study carried out with AR and VR, to show
the benefits of using these technologies in ageing population.
This contribution is organized as follows: Section 1 introduces the work. Section 2 defines VR, AR
and MR technologies, reviews the most popular devices and applications that are found in the
state of art and market. Section 3 explores the development and application tools of AR, VR
and MR that could be useful for ageing population. Section 4 explains the experimental study
carried out to make a first assessment of the suitability of using AR and VR technologies for
stimulation in elderly people. Finally, Section 5 presents the conclusions and future work.

2 AR, VR and MR: definition, devices
and development tools
2.1

Virtual Reality

VR, from a technology-centered perspective, is a set of computer systems that create immersive
and interactive environments through appropriate hardware such as stereo displays. VR is also
defined as a methodology for giving users the experience of inclusion in an illusory reality. The
goal is not necessarily to achieve a perfect VR in which virtuality and reality can no longer be
distinguished. Peculiarities of human perception such as the "Suspension of Disbelief" can be
used to create effective virtual environments for people and to give them the feeling of being
present in VR. This can serve different purposes: research (e.g. human perception), education,
entertainment, supporting communication, visualising simulation results or economic goals
(e.g. prototyping to increase efficiency or save costs). The goal of VR is mainly focused on creating innovative interfaces between humans and computers [6].
VR experiences can have different levels of immersion, understood as the capacity of a system to
generate an environment that emulates experience of presence in the real world. Depending
on the degree of immersion, VR are classified as:
• Non-immersive: They show the virtual world through a combination of three-dimensional
images on screen, sounds and a high degree of interaction with the simulated virtual world.
The hardware used is low cost and easy to install. A clear example is the desktop personal
computer and 3D video games. Although they are not immersive systems per se, they are
capable of generating a high degree of attraction of the user's attention, producing strong
emotional responses.
• Semi-immersive: These generally comprise a projection system that displays the virtual
environment on the walls and floor of a room. They also have a system that tracks the user's
head movements in order to adjust the simulation accordingly, and in most cases, they
incorporate a handheld device to interact with the virtual world. This type of system has a multi-
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user capability, where several people can enjoy the virtual experience, which makes them very
interesting in collaborative work environments. These systems require a large space for their
installation and their cost is high.
• Immersive: They offer the highest degree of immersion, making the user's perception of the
virtual world as close as possible to the human relationship with the real world, blurring the line
between the physical world and the digital or simulated world. These systems are generally
comprised of a helmet with a stereoscopic vision system that allows the user to visually perceive
the three-dimensional virtual world in a way that is identical to how the real world is perceived.
The helmet also incorporates position and movement sensors that synchronise the user's
position and perspective with the virtual world in real time, as well as headphones that reproduce
a surround sound environment and various input devices, such as joysticks or gloves, that allow
interaction with the virtual world. The cost of these systems varies from medium to high,
depending on the system chosen and its peripherals.
The most popular devices that enable a VR
experience are the VR goggles with headphones. They enable virtual or visual experiences. In virtual experiences, the user
does not interact with the real world, and is
immersed in a virtual environment with an
avatar. The user can manage it with gestures, controllers or a special suit via motion tracking. In visual experiences, the user
is immersed in the virtual environment only
with visual role, e.g. when playing Minecraft
or visiting a virtual world such as Second Life
by means of a computer screen [7].
Fig. SEQ "Figure" \* MERGEFORMAT 4. Cybershoes [10]

2.2

Augmented Reality

AR is defined as a set of tools that offer a user experience in which the real world that the user
perceives is enriched by additional information, usually generated by a computer. Then, AR can
be understood as an integration of the virtual world into the real world. The real world can be
augmented by one or several senses, which means that visual, sound, tactile and even olfactory AR experiences can be achieved, separately or a combination of them.
AR experiences with a visual component can be classified according to their levels of immersion,
with the following degrees or levels:
• Non-immersive: These monitor the user's orientation by means of sensors and capture the real
world through a camera, which in turn is shown to the user through a screen. It is in this interface
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where the integration of the real world with the virtual elements takes place, which are oriented
according to the data received by the sensor system. Currently, most of mobile devices in the
market (smartphones and tablets) are compatible with these developments, and are used as
tools for capturing, processing and projecting the augmented experience. This is a low cost
solution for enjoying the AR experience.
• Immersive: These are the same as in VR experiences, but with the use of a set of cameras
that capture the real world and transfers it to the helmet's vision system. The experience
reproduced has a strong immersion, by combining its stereoscopic vision system, together with
the advanced sensor system and controls for interaction with the virtual elements.
The most popular devices for VR are the smart glasses such as Google Glass or slightly futuristic-looking glasses like Microsoft's HoloLens, which also make it possible to superimpose virtual elements in the real world. [7].
AR can be enjoyed also through smartphones
with camera and apps such as Aurasma
[11], which superimposes content on the
smartphone screen over the images that
come from the camera; e.g. info about historical monuments placed in the street, or
translating text captured by the camera in
real time. One popular AR example is the
smartphone game Pokémon GO, in which
Pokémon are superimposed on the user's
current surroundings [1].
Fig. SEQ "Figure" \* MERGEFORMAT 6. Aurasma CITATION AUR21 \l 1031 [8]

2.3

Mixed Reality

MR belongs to the continuous spectrum of virtuality, integrating the virtual world with the real
world but one step further, allowing the physical elements of the user's environment to be
components of interaction with the virtual elements. This allows the creation and modification
of virtual objects through data obtained from the real world and a better integration of the
virtual elements in the real world, by being able to calculate how they are affected by the real
physical environment in which they are incorporated, e.g. to adapt the shadows and reflections
to the physical environment, to modify the lighting of the object depending on the luminosity
of the scene, to limit their movements to the real environment, etc.
MR systems can be classified analogously to AR systems: non-immersive systems and
immersive systems, as AR systems were taken as the basis for further research and
development in MR technologies.
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The term MR is often used synonymously with AR and associated with data glasses such as the
HoloLens. Since both cases involve the expansion of the real-physical environment through the
integration and overlapping of virtual objects, the terms MR and AR are used synonymously in
this work.
MR is currently in a development phase and requires a boost in research at both software and hardware level, making it necessary to explore improvements in the algorithms for interpreting the real
world and perfecting the capabilities of components and systems for immersive technologies.

3 AR and VR tools for stimulating
and motivating ageing people
AR and VR can be used as a driver technology for avoiding isolation, stimulating and motivating
ageing population, tools to support active ageing [12].
With AR, it is possible to superimpose a lot of information in text, graphics, video and audio into
a real time environment. Elderly people can participate interactively with the environment, exploring and learning details of each significant area of the event site [13]. With AR is also easy to
design interactive paper worksheets to be used in workshops for adults and ageing population.
The work is done by uploading the triggers (objects such as pictures that are recognized by an
AR app when users look at it through the camera). The AR app (e.g. Aurasma) enables to add
overlays. When a user scans the worksheet with the AR app, tips, learning videos or additional
tasks are plotted [14].
The AR interface can reduce cognitive load and provide correct spatial information, promoting the
spatial visualisation ability of older adults [15]. Some AR gaming applications have also proven
to be useful for early detection of dementia and cognitive training [16].
At present, we can find some interesting applications and services for creating interactive AR contents for different purposes. Thinking on elderly people, a set of tools are identified as suitable
candidates for cognitive and physical stimulation. They are listed in Table 1.
On the other hand, VR allows users to interact with all manner of objects and systems, including
those that are too small, too large, or perhaps too dangerous to experience in real life. With VR,
elderly people can work in stimulating tasks, such as assemble, disassemble, manipulate and
modify objects and environments in ways that have not been possible previously. VR can also
help ageing population to expand their knowledge about complex concepts that cannot be
explained otherwise.
VR enables to engage the senses, emotions and cognitive functions of the brain, harnessing the
most powerful aspects of retention. Now, from manufacturing to customer service, organizations are jumping on the bandwagon, realizing that virtual visits in training can really affect their
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bottom line. VR, delivered through immersive headsets, offers the opportunity for interventions
to improve physical, mental and psychosocial health outcomes in older adults [17].
Nowadays we can find applications that allow health professionals and caregivers to create their
own content for VR glasses, focused on ageing population. One of the most popular is the tool
provided by Google, which enables virtual field trips with its Google Cardboard and Google
Expeditions apps. Others are also coming onto the market with higher-priced glasses such as
the Oculus Rift or the HTC Vive [18].
A set of interesting applications have been identified that could be beneficial for stimulating elderly people, even although some of them were primarily designed for educational purposes.
They are summarized in Table 1.
AR tools / apps

VR tools / apps

Quivervision Education [19]

Boulevard [20]

Mirage [21]

Tilt Brush [22]

Sky Map [23]

Nature Treks VR [24]

Google Expedition AR [25]

Google Expedition [26], Google Earth
VR [27], Google Arts & Culture [28]

FaceRig [29],

YouTube VR 2021 [30]

Aurasma [11]

Oculus Room [31]

Star Walk 2 [32]

Renderver [33]

Table 1. List of suitable AR / VR tools and apps for being used for stimulating elderly people.

4 Experimental study of immersive experience
of ageing population with AR/VR
There are numerous works that present different applications of AR and VR to improve the quality
of life of older people, e.g., on how to improve spatial vision [15], medication management [34],
early detection of dementia and cognitive training [16], fall prevention [35], etc. But only a few
show results of using these technologies already implemented, freely available and easily accessible tools.
In this context, in this work an experimental study was carried out with elderly people to measure
if immersive experiences using AR and VR could be beneficial to them. The candidates were 10
people over range of 73-80 years old, without mental/physical impairments or diseases, living
alone or with a partner. Six of them are women and four are men.
This study was conducted during the month of April 2021 in Spain, so the global covid-19 pandemic situation prevented a larger number of participants, as the study candidates belong to the
at-risk population. In addition, the restrictions and security measures resulting from the pan-
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demic also influenced both the development and the number of participants. It should be noted that all necessary distancing and hygiene measures were complied with and the activities
ran smoothly.
The candidates were invited to enjoy two different experiences:
to use AR app using smartphones and to use VR glasses in
which they watched 360 videos on topics of interest to them
and to try out. The VR experience consisted of watching or
visiting one of the following list of possibilities: (1) Machu Picchu, (2) The Maldives, (3) Manhattan, (4) Seeing a pride of lions
and (5) Wild dolphins. Six of them decided to enjoy an experience of virtual travel and four of them to watch animals. For
the VR experience, REDSTORM VR glasses [36] with built-in
headphones for a more immersive experience, and adjustable grip were used. The ARLOOPA [37] application was used
for AR, giving them the opportunity to overlap some virtual
elements on their real environment.
After enjoying both experiences, the users filled a questionnaire
to gather key information that could help us to primarily evaluate the suitability in the use of immersive technologies in
the elderly population. The questionnaire was designed to
capture also two KPIs:
• Positive or negative feelings with the experience.
• Weaknesses in the use of the devices, technologies and
environment.
Fig. SEQ "Figure" \* MERGEFORMAT 11. Virtual Experience Wild dolphins.
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Fig. 14. ARLOOPA App – Screenshots.

For reasons of data protection, only the gender and age of the respondents were collected as personal data. The age of the respondents is between 73 and 80 years old, 40% man, 60% woman.
They were asked about overall rating of the AR experience. The results were very positive, 60% 9
points over 10, 40% 10 points over 10 (Figure 15). The users were also asked about their emotions during the AR experience. The answers (Figure 16) reflected that they felt closer to the
young population, being enthusiastic and excited to be able to use these technologies.

Fig. 15. (Left) Rating of AR experience. Fig. 16 (Right) Feeling during the AR experience.

They were asked about the AR experience lived. Most of them declared it was fun and moving.
They also stated that to see the information superimposed on their environment was impressive and exciting. They were entertained and showed interest in continuing to play with the
application and its different functions. A summary of the answers gathered is shown in Figure 17.
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Regarding augmented reality, what did you think about what you were able to see through the mobile
phone at home?
• I found it very amusing to see how an elephant appeared in the room. And I really enjoyed seeing the
Mona Lisa painting in my living room.
• I was very impressed to see the eagle, it looked very real.
• I enjoyed playing with placing furniture in different places in the living room.
• I found it a very moving experience. I liked on the mobile screen how the animals moved in my house.
• I found the experience very fun and entertaining.
• I loved to see the eagle flying on my balcony, it was very beautiful.
• I found it very interesting, I liked it, now I understand my grandchildren better and why you spend so much
time playing with the mobile phone, but I still think that the mobile phone is only for a short time a day.
• I really enjoyed seeing the animals in my house and choosing new furniture and placing it in my living room.
• I liked it, but I prefer to go to the countryside and see the real animals and breathe fresh air.
• I liked it and I was entertained for a while.
Fig. 17. Synthesis of the AR experience.

On the other hand, the overall evaluation of the VR experience was also very positive, with 50%
giving the experience the highest score and the other 50% giving it a 9 out of 10 (Figure 18).
In order to synthesize the emotions experienced with VR, we provided them with a list of 6 statements (Figure 19). Most of them stated that they felt disconnected from their everyday life, felt
that for a short period of time they were away from home and had interest in the places they
were visiting virtually. The experience was fun both for learning and getting to know something
new and for feeling integrated by being able to use this technology.

Fig. 15. (Left) Rating of AR experience. Fig. 16 (Right) Feeling during the AR experience.

They were also asked for the positive things of using VR. All of them answered to have had an
enriching and immersive experience. The feeling of doing something different for the first time
and feeling integrated, both for the experience and for the use of the devices and technology.
The list of the answers gathered is shown in Figure 20.
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What is the best thing you can say about this experience?
• It seemed like I was really in Machu Picchu. The scenery was beautiful, and all this sitting on the sofa in
my house.
• I liked everything. And I had a very fun time.
• Have the feeling of being in the jungle with the lions. To be able to turn around and see everything around me.
• Some of the images were a bit blurry, but I really enjoyed seeing the dolphins in the sea.
• Feeling like I was away from home in a different country, and seeing beautiful places.
• I really enjoyed the scenery I saw even though the glasses were a bit heavy and uncomfortable.
• Seeing and listening at the same time made me feel that I was really in this place.
• The feeling of freedom and disconnection, watching TV is very boring at times, I really enjoyed the
experience and the feeling of being somewhere else.
• Being able to turn around and see everything was a new and very exciting experience, everywhere I
looked I had things to see. It felt like I was present at the site of the video.
• Seeing the family of lions, one of them looked like it wanted to greet me and I reached out to try to touch it.

Fig. SEQ "Figure" \* MERGEFORMAT 20. Synthesis of the experience with VR.

Some problems were also detected during the experiment. Eight of the ten participants encountered some problems with the use of the glasses due to the weight of the glasses and the lack
of sharpness in the images. With more modern and higher quality devices these sensations can
be reduced considerably. Figure 21 summarizes the list of drawbacks.
Have you had any discomfort while using the goggles?
• No
• The glasses bothered my nose a bit.
• The image was not very sharp and the glasses were a little annoying.
• I got a little dizzy.
• I had to take off my glasses to be more comfortable with the device and I couldn't see very clearly.
• The glasses are a bit heavy and they bothered me a bit.
• A little dizzy when I took the device off.
• No, everything has been fine.
• I've had a weird feeling about having those big glasses on my face, they're not very comfortable.

Fig. 21. Discomfort while using VR glasses.

Figure 22 shows participants' ratings of their experiences with VR and AR according to gender. As
can be seen in the graph in figure 23, there is hardly any difference, despite the fact that women
rated them higher, both sexes rated the experiences above 9.
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Between 1 and 10 (1 being the lowAge

Gender

Between 1 and 10 (1 being the

est and 10 the highest) How would

lowest and 10 the highest) How

you rate the experience with the

would you rate the experience with

virtual reality glasses?

augmented reality?

73

Woman

9

9

78

Woman

10

10

74

Woman

10

9

75

Woman

9

10

78

Woman

10

10

75

Woman

10

9

79

Man

10

10

80

Man

9

9

79

Man

9

9

73

Man

9

9
Fig. 22. Data collected on VR and AR experience ratings.

Moreover, the trainers of the study also detected
that most of candidates presented other problems during the experiment. Most of them were
related to the difficulty candidates had in handling the devices, visualizing buttons or commands, need of training and help in its use. Finally, the high cost of some of the devices and
applications for AR and VR, not mentioned during the experimental study, could be a handicap
for their massive adoption for ageing population.
Fig. 23. Average rating of VR and AR experiences by gender.

5 Conclusions
In this work, the AR, VR and MR technologies have been introduced as suitable tools for promoting
cognitive and physical activity and for avoiding social isolation in ageing population. The work
has included a review of the most popular hardware and software solutions found in the state of
art and market and the use of them for specific activities focused on elderly people. An experimental study has been also carried out to get a preliminary feedback about the benefits and
drawbacks of these technologies for elderly. Although the technologies used in the study were
very welcome by the candidates, reflecting positive feelings and experiences, some drawbacks were exposed, most of them related to the convenience of the devices. Trainers in the
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study also detected that elderly population need specific training for the use of these technologies. The positive balance in the experimental study opens the door to extend the study
with specific KPIs that can better measure the improvements of cognitive and physical activity
through continuous training, and e.g. to study the benefits for ageing population with specific
impairments or degenerative diseases like dementia, Parkinson or Alzheimer.
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Abstract:
The paper analyzes development of gross and fine motor skills
in older age that can be supported by space arrangement
and its equipment or regular furnishings elements and products of daily use. Important is to introduce dif-ferent body
postures in daily activities as a prevention of impact of sedentary culture through introducing different body postures
in daily routine. Strate-gical is here physical activity, not only
from many health aspects, but also as the prevention of falls,
introducing and maintaining independence and sup-porting socialization. In this context the age friendly built environment should first of all invite, motivate and challenge to
natural movement, e. g gardening, using stairs as an option,
and by multigenerational housing or mixed program housing
also an interaction with young people and children. There
are also included reflections of these concepts in interior and
product design. Paper also explores fine motor skills in elderly people that can be weakened by age itself, by injury or
by various medical treatments (e.g. chemotherapy) that can
affect grasp in significant way, especially when also tremor
occurs that can lead to feeling of shame and in the end in
isolation or depression, and the existing impairment utensils
and their availability and the ways of increasing empathy by
designers developing these products.
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1 Introduction
Aging is not a disease, but a physiological process, a natural period of life, where individual life
style and gained habits contributes to the overall health and wellbeing.
Maintaining of gross and fine motor skills in good state through sufficient natural movement in daily routine, accompanies by practicing of appropriate strength (anaerobic) and power exercises,
are important for overall health during whole lifetime, but especially in the 3rd and 4th age. How
we can support this agenda by creating the built environment on macro and microscale? We
have explored already the implementation of appropriate physical activity, introducing dynamisation of microenvironment as an opposite to sedentary culture in our previous research at the
platform of BCDlab/ Body conscious design laboratory of Faculty of architecture and design,
STU in Slovakia. Now it is an opportunity to deepen this knowledge concerning problematics
of ageing and age friendly built environment within COST SHELDON and recent project DESIRE- DESIgn for all methods to cREate age friendly housing within scheme ERASMUS+ that
is based on international partnership involving 4 countries working on Design for All applied
to age-friendly housing. DESIRE will provide professionals in the building industry and home
furnishings sector with the tools and skills to apply Design4All methods as an integral part of
the design process, with the aim to create or adapt age friendly housing as a solution for the
wellbeing, comfort and autonomy of the older adults or dependents at home.
The measurement of motor skills is one of the fundamental aspects of measuring human performance. It is well known that aging is accompanied by impairments in sensorimotor as well
as cognitive and perceptual functioning. Although motor performance tends to decline in old
age, learning capabilities remain intact, and older adults are able to achieve considerable performance gains. The extent to which the learning capability varies with age, however, has to be
considered very carefully. While most studies revealed that performance gains in fine motor
tasks are diminished in older adults, results for gross-motor-skill learning are more contradictory. Additionally, there is considerable agreement on the finding that age-related learning
differences are statistically more robust in complex tasks, whereas in low-complexity tasks, the
learning of younger and older adults is very similar. This applies to fine and gross motor skills. [1]
It means that challenging in many ways has meaning.
There are two approaches to age friendly built environment, one is the universal design, design
for all, whereas space and its furnishing should accommodate people of any age or disabilities
with high level of adaptability. The second approach is search and implement solutions that are
particularly considering ageing and respect and empathy to degenerative processes in human
body and to design or adapt the furnishings according to that. In the paper we are exploring
both approaches. The first mostly by the gross motors skills and second in the fine motor skills.
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2 Gross motor skills and physical activity
With higher age various limitations may occur. They are mostly age-related or are result of an injury or accident caused by instability and problems with walking, whereas priority is having stability and self-sufficiency. The most common issues are connected with degenerative changes in
the joints (fingers, knees, hips), overall fragility, dizziness caused by instable walk accompanied
by fear of mobility and risk of falling. People are not willing to get out and to socialize.
Basic physical activity within age friendly environment consists in accessibility and motivation for
mobility within household - private, semiprivate and semipublic places with support of self-sufficiency that provides feeling of satisfaction. In this context the age friendly built environment
should first of all invite, motivate and challenge to natural movement in the daily routine, e. g
gardening, using stairs as an option, and by multigenerational housing or mixed program housing also an interaction with young people and children.
Important is space arrangement suitable for home exercises and equipment that is designed to
suit into limited space and match into housing environment, made preferably of natural materials with high contact comfort by maintaining hygiene standards.
Risk of falling increases with ageing. Although many falls don’t cause serious injury, falls remain
the cause of nearly all hip fractures and the most common cause of traumatic brain injuries.
Still, almost half of the adults who fall don’t tell their doctor or family, fearing a loss of independence or a potential move to an assisted living facility.

2.1

Sufficient physical support and prevention of falls

The simplest way to prevent falls is to keep up regular physical activity appropriate to age and
health situation to maintain core muscle and leg strength.
The physical activity is strategic not only from many health aspects, but also as the prevention of
falls, introducing and maintaining independence and supporting socialization.
In order to prevent social isolation sufficient body strength is needed. This can be reached by
space arrangement furnishing or having enough mobility support utensils at home. For space
arrangement and interior design it means creating barrier-free space, enough space for movement and for manipulation also in case of access of emergency service, support everywhere
at home (for example handles can be incorporated in furniture), importance of chosen flooring
material. Soft and warm flooring materials are suitable (carpet, soft wooden floor from spruce
or pine, cork, natural linoleum), avoid slippery materials. But a question arises: Is the use of soft
flooring in conflict with maintenance?
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2.2

Movement in form of exercises

Another level is the physical activity with intention. Beside a regular walking that is the most natural
sort of movement, we can speak about aerobic and anaerobic activities (power exercises) that
were connected with many fake stereotypes.
Proper physical activity prolongs life, delays aging, reduces consumption and the need for medical care, and delays the emergence of dependence and the need for hospitalization. The stable
anchoring in the social environment and the quality of contacts with the environment play an
important role. The social and built environment as well as the life strategy leave traces on the
nature and pace of human aging.
Why exercise at an older age? Active people not only live to be older, but also enjoy a better overall condition. Of course, exercise often does not eliminate the problems, but it can significantly
reduce their further development. Regular exercise improves mobility, the ability to walk, which
is important for seniors to maintain self-sufficiency, improves or maintains muscle strength and
range of motion in the joints, thereby reducing their pain. Exercise has a positive effect on the
cardiovascular system, increases metabolism (the body burns more calories), improves intestinal peristalsis (thus reducing the risk of colon cancer), improves sleep quality, learning ability
or short-term memory. Incontinence problems are improving. Coordination of movements is
improved, thus reducing the risk of falls.
Research from kinanthropology shows many benefit of power exercise also for elderly, especially
improving of gross and fine motor skills. For example strength training for seniors caused:
•
•
•
•
•

189% improvement in forearm extensor strength
87% improvement in thigh extensor strength
the most significant improvements in the "weakest"
Nutritional supplements did not statistically significantly affect the results
the increased force was reflected in: spontaneous walking speed (+ 12%), walking speed to
stairs (+ 28%), spontaneous physical activity (+ 34%) [2] [3].

Also, physical laziness can be a sort of behavioural dependence. MUDr. Okrúhlica, the director
of the Centre for Drug Addiction in Bratislava, has set out a hypothesis that nowadays lower
levels physical activity –laziness –is one of the most prevalent mental disorders and shows the
typical characteristics of dependence. Chronic physical hypoactivity can be a mental disorder
and laziness can be primarily a behavioral dependence. First of all, it is important that prevention begin in early childhood through the influence of parents, schools and the whole society.
It is not optimal to take the time spent in physical activity as the criterion for its contribution to
health. This would be a significant simplification. The most important indicators of the sufficiency of physical activity are the results of clinical measurements of physiological parameters, e.g.,
VO2 and pulse/heart rate [4].

Page 53 - Sheldon 3rd Online Conference Meeting 14th October 2021

2.3

Introducing different body postures

In order to fight various civilization diseases we have to create a free choice and exchange of body
postures or combine passive and active sitting positions. Standing, saddle seat and perching
are examples of possible alternatives. More body movement, more blood flow in muscles and
tissues, better cardio-vascular circulation and less degeneration can have significant positive
impact of our overall health and in the same time can help to prevent social isolation.
At young age it is normal that people have a lot of physical activities but with the onset of older
age the importance of movement is much higher. For interior and product design this means
creating more elements integrated into inbuilt parts of interior and furnishings - combining various functions – training utensils combined with furniture. How is it with active sitting or saddle
sitting by older adults? As the physical activity including power exercises, the active sitting and
saddle sitting and perching are more suitable in the phase of prevention, in 3rd age, in the 4 th
age it can be already dangerous. Introducing of different body postures during daily activities is
a good prevention of degeneration and diseases caused by sedentary culture. Saddle seat and
perching, plus active/dynamic sitting combined with the standard rectangular passive sitting
is a suitable prevention from degenerative diseases of musculoskeletal system. Small micro
movements (swaying, whistling, shaking, stretching ) that are arising by active/dynamic sitting
are good practice not only for nourishing the intervertebral disks, but they activates muscles
and joints in whole body that works like a tensegrity structure where every movements changes the whole body posture. Small movements means constant stimuli from tendons, joints,
whereas by standard static seat there is a deprivation of body stimuli (signals from body). By
people suffering already from some musculoskeletal disorders that case lower body stability
by fit ball exercises and sitting it is good to use any kind of fixation of the ball by the feet. Important is to know that the active sitting on unstable elements is recommended only for short term
using, thus after cca 40 minutes it can created tiredness and overload of nervous system [5].
The question arise about suitability of active seat for elderly that already suffer from some degenerative body changes. If the contemporary health situation allows some kind of challenging, it is
good to introduce saddle sitting or perching. They provide body posture where spine is in the
natural S-shape natural position, but in the same time there is more balance and overall control
over the body then by active/dynamic sitting. They activate body through pelvis and hip joints
and also back muscles, namely lower shoulders (lower fixators) thus there is necessity to keep
the corpus in upright position without back rest. So the saddle seat and perching are probably
more suitable positions then the active sitting that is more demanding about keeping stability,
at least during dining, working and other activities usually done by the table that should be high
adjustable that allows also standing as short stay posture.
Standing is also suitable for elderly and it is recommended to practice active stand that means
standing on a more broad basis, on the width of our hips or shoulders, with toes apart, with possibility to practice one leg and feet forward combining with sidestep, like a “tread on the spot”
and stand on tiptoe or simulating playing piano with fingers on the feet. All these help also to
improve circulation of blood in the vascular system. It is related to ting topic of barefoot culture,
thus it brings many stimuli into the body that has many already mentioned benefits.
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Different prevailing body posture then the regular right angle sitting during the day, has relation
also to the state of abdominal muscles and muscles related to correct breathing (through
free belly that allows breathing through diaphragm - abdominal-chest breathing that is more
healthy). It helps to prevent or partly overcome disease stereotypes by elderly caused by passive sedentary culture.

2.4

Reflection in interior and product design

Permanent challenging by space arrangement furnishing of resignation for passive comfort? We
can formulate two basic approaches to physical activity and ageing in furniture design:
a) maximum support and somatic comfort
is the most preferred and manageable way, but can support passivity and sedentary culture
causing many health problems, losing good will to move.
b) challenging
Being curious and further experimenting, means more risk of falling, but prevention of fragility
and loosing body strength.
Example of the challenging concept are products of Norwegian designer Peter Opsvik (see fig. 1).
In the BCDlab we have also developed coupled of concepts for saddle sitting, perching and
active sitting.

Fig. 1. Petr Opsvik´s multiposture chairs, combining active sitting, perching and saddle seat [6].
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To reduce impact of sedentary culture, it is possible to provide:
• free choice and exchange of body postures
• introducing of standing, saddle seat and perching as part of age friendly concept
• benefit not only for good body postures and state of body strength, but also for mental health
and digesting system
• combining passive and active sitting and other body postures in relation to ageing
• more body movement, more blood flow in muscles and tissues, cardio-vascular circulation
means less degeneration of all tissues
Practicing of risk management is needed, but anyway there can arise problem with stability.
There are more possibilities, how to deal with the physical activities within household. First of all
we have to leave more free space practicing home fitness, with safe floors that are pleasant to
touch by laying down.
Then can design more attractive training utensils for practicing physical exercises by using more
pleasant materials to touch and to handle with, to use materials with high contact comfort like
wood or cork, to invite more to touch (see fig. 3).
Also there is an option for introducing exercises with smart pieces of furniture or just ordinary furnishing, adapting design of the furniture for simple exercises/workouts with own body (see fig. 2).

Fig. 2. (left) Incorporating equipment for power exercises and expercesis with own body weight intothe interior design of
senior club in Bratislava, design: Eliška Pilátová, Faculty of architecture, STU, 2014.
Fig. 3. (right) Wooden one arm dumbbell, made of acacia wood and brass rods has high contact comfort and civil design and many different functions that match to housing environment, design: Veronika Kotradyová, photo: Noro Knap.
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3 Support of fine motor skills
Fine motor skills in elderly people can be weakened by age itself, by injury or by various medical
treatments (e.g. chemotherapy). This condition can affect grasp in significant way. When also
tremor occurs it can lead to feeling of shame and in the end in isolation or depression.
The most common issues with hands are dry fingertips and lower sensitivity. These affect various
daily tasks, such as manipulating with paper money, opening a plastic bag in grocery store,
picking up smaller parts or opening a small jar with prescribed medicine. Such situations are
often very frustrating for elderly. It is very hard to imagine such feeling until you experience it
on your own. To better understand the situation Instant Aging simulation tools were designed.
These tools can add approximately 20 years to your current age. Number of simulation tools or
simulations suits were designed, beginning with very simple, yet effective ones, to very sophisticated full of electronic devices and sensors.
One of the companies which began to use simulation tool was Stannah Stairlifts. They produce
domestic starlifts for mostly elderly people. In order to better understand their clients and create better design solutions they started to use a simulation suit.
Nick Stannah, Product Marketing Director at Stannah Stairlifts, stated: “It is through innovative
techniques like this that we can ensure our products and staff continue to help our customers
retain their independence in and outside of the home. Indeed, the osteoarthritis suit is already
having a very positive impact on how Stannah designs its products and empathises with the
needs of its customers.”
The simulation suit was developed and designed at Loughborough Design School SKInS –Sensory and Kinaesthetic Interactive Simulations (Loughborough University; United Kingdom). One
of many parts of simulation suit are gloves simulating the dryness of fingertips and weakened
grip due to osteoarthritis. We were able to try the simulation suit and all basic daily tasks were
hard to accomplish. After the simulation process we truly understand the importance of such
experience. Therefore we are encouraging designers to simulate various impairments to better
understand the client and create more suitable design solution. Compulsory courses of Ergonomics and Universal Design are held at Department of Design, Faculty of Architecture and
Design, Slovak University of Technology in Bratislava. Course of Universal Design is focused on
principles of Human-centered Design and Design for All where simulation as a design support
is learned via practical exercises. Various health disabilities and problems related to higher age
are simulated to allow students to understand a person's limits.
Blum is another example of company which started to use simulation suit to simulate physical
limitations for movement, sight, touch, and hearing that naturally change through life. For their
research on elderly people moving and working in kitchen space was used AgeExplorer® suit
(see Fig. 4). It is used worldwide in many countries and institutions.
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Fine motor skills are affected also by tremor. There
are number of various tremors, but in higher age
occur particularly Essential tremor and Parkinson’s
tremor. The differences between the tremors are
that Essential tremor is present continuously and
has supination-pronation movement and Parkinson’s tremor occurs only at rest and has flexion-extension movement. Most common problems with
tremor occur when people are eating or drinking.
Many people stopped going to public because
they felt ashamed by spilling food or drinks in restaurant. This can lead to isolation and depression.
Specially designed products can help not only to
improve daily life but can also help to socialize.
To simulate tremor we use at our university simulator from company Produkt+Projekt. It consists of
gloves, electrodes and transmitter. Beside tremor,
gloves also simulate lowered haptic perception and
dryness of fingertips. During our research project
Importance of Simulation in Design Process participants were tasked with filling a glass with water
while wearing simulation gloves. They were surprised how difficult it was and how much water they
spilled (see Fig. 5). One participant stated: “It's interesting when I had to perform all the movements
with shaking, how it affects the psyche. It was fun at
first because I had to control myself, but if I couldn't
control it, like people who suffer from this disease,
I would probably feel pretty hopeless and embarrassed in society.” Another stated: “Brainstorming
was difficult for me, this topic is unknown by me. The
experience of the simulation exercise was extremely interesting. I focused more on impulses than on
shaking, doing whatever was a big challenge.”
Fig. 4. Simulation suit for company Stannah Stairlifts [7].and the simulation suit AgeExplorer® at testing kitchen space by company Blum [8].
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Fig. 5. Participants of research project Importance of Simulation in Design Process when working with liquids and completing neurological test to determine level of tremor (© Mária Šimková, 2017)

Simulation exercises are important at the beginning of every design process. They help designers
to understand people, their needs, difficulties and they even increase the level of empathy. After such experience they are prepared to suggest better design solutions. Nice example is
spoon from Liftware company which eliminates tremor. Electronic stabilizing handle creates
opposite direction to detected tremor. Many people who stopped going to public because they
felt ashamed by spilling food in restaurant are now happily socializing. This product retains dignity, confidence, and independence of users (see Fig. 6).
However many of these products are costly at the beginning and seniors or people with disabilities
could not afford them. Many people in Slovakia even do not know that special products designed
for their needs even exist. Establishing a connection between doctors
and medical social workers can be a
solution. Doctors themselves aren’t
mostly aware of product or service
designed for people with various
needs or impairments – information
are not compulsory. If we establish
a connection between doctor and
medical social worker (informed
about all the necessary information), who can directly help people, it
would be a significant improvement.
Fig. 6. Liftware spoons for tremor reducement [9].
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4 Conclusion
Body strength is important not only for overall health, but also for maintain self-sufficiency and preventing social isolation that is often caused by feeling of physical disadvantage and fear of fall.
The simplest way to prevent falls is to keep up regular physical activity appropriate to age and
health situation to maintain core muscle and leg strength. In this context the age friendly built
environment should first of all invite, motivate and challenge to natural movement, e.g. gardening, using stairs as an option, and by multigenerational housing or mixed program housing also
an interaction with young people and children. Important is space arrangement suitable for
home exercises and equipment that is designed to suit into limited space and match into housing environment, made preferably of natural materials with high contact comfort by empowering hygiene standards. Physical passivity is incorporated into our bodies through mechanism
of habituation / somatization, particularly by being part of sedentary culture during decades
of lifetime, accompanied by frailty and losing body strength. It is hard to get rid of, especially in
older ages, when threats and warnings are not so much effective for changing human behavior
that is explored by cognitive neurosciences. There can be implemented three instruments: social inceptive, immediate reward and progress monitoring that can help efficiently change the
human behavior towards more physical activity that is appropriate for particular health situation.
What does it means for age friendly interior design?
• to implement more occasion for other than sitting postures
• to leave more free space practicing home fitness, with safe floors that are pleasant to touch by
laying down
• to design more attractive training utensils for practicing physical exercises by using more
pleasant materials to touch and to handle with, to use materials with high contact comfort like
wood or cork, to invite more to touch.
• introducing exercises with smart pieces of furniture or just ordinary furnishing, adapting design
of the furniture for simple exercises/workouts with own body.
Concerning fine motor skills that can be weakened by age itself, by injury or by various medical
treatments (e.g. chemotherapy), ageing and illnesses can affect grasp in significant way, especially when also tremor occurs. It can lead to feeling of shame and in the end in isolation or
depression. There exist products for repairmen and compensation of the tremor, but they are
not available and known. Putting more attention to this topic, supporting development of such
and impairment utensils and making them available and affordable. Also establishing of a better connection between doctors and medical social workers can be a solution.
Here also active practicing of daily action routine in household, but also hand works and handicrafts as a hobby activity helping to maintain feeling of usefulness too can retard the degenerative changes.
All these issues offer challenge for architects, spatial and product designers, working in interdisciplinary team to contribute to know how for age friendly environment.
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In relation to this topic there is arising research question for social scientists: If the change of habitual stereotypes has to happen, how to inspire and motivate to physical activity with no forcing,
strict commands and terrifying of bad health?
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What do nurses and carers in
Portugal wish and need from
a digital intelligent assistant for
nursing applications
Abstract:
Cognitive disorders (CD) are challenges in healthcare and
present a looming threat to the financial and social systems
of most countries. There are nearly 10 million new dementia cases every year and this has a physical and psychological impact on their nurses and carers. To soften this burden,
the DIANA Project (AAL Programme and FCT) is developing
a solution composed of smart 3D sensors, an open management platform, and a mobile application to fulfil several
functionalities such as: monitoring patient safety 24/7 (e.g.,
unusual behaviour, falls), support activities of daily living
(e.g, toileting) and observe health trends of patients (e.g.,
fluid intake, changed behavioural patterns). To better understand the secondary end-users’ needs and preferences
regarding a solution of this kind, we applied a user-centred
approach, to gather information from a questionnaire to retrieve the initial requirements of this solution. This outcome
was combined with a literature review on the state-of-theart projects in this field and the care for patients living with
CD. As a result, the responses from 54 Portuguese nurses
and carers were analysed regarding the establishment of a
first set of functional requirements to the DIANA project, as
well as the definition of use cases and personas to study.
The results show that the three most important advantages
of DIANA in Portugal would be assistance in nursing care,
social interaction, and falls/mobility detection.
Keywords:
Artificial intelligence, Cognitive Disorders, Nurses, Carers.
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1 Introduction
In 2020, over 50 million people globally were living with cognitive disorders (CD). This number is
expected to double every 20 years, reaching 75 million in 2030 and 152 million in 2050 [1]. In
2018, the combined EU28+ non-EU countries had 9,780,678 people living with CD with an estimated rise to 18,846,286 in 2050 [2]. The main cause for this increase is demographic change.
As people live longer, chronic diseases become more prevalent, along with a trend of lifestyles
and behaviours that favour them, since ageing is not a sine qua non condition to CD. The frequency of dementia rises exponentially with advancing age. It duplicates with every 6.3 year
increment in age, from 3.9 per 1000 person-years at age 60-64 to 104.8 per 1000 person-years
at age 90 and over. In Europe the peak frequency is among people aged 80-89 years [3].
In 2015, the estimated worldwide cost of CD was US$ 818 billion [4], being one of the toughest
financial challenges in healthcare. A high proportion of patients with CD eventually requires
placement in a long-term care facility such as a nursing home, assisted living facility or group
home. At the same time, their care is very demanding for nurses and formal carers, leading to
an increase in these professionals’ burnout. For this reason, it is of utmost importance to develop solutions that can support nurses and related carers in their daily working routines.
Considering this background, the digital intelligent assistant for nursing applications (DIANA), a project co-funded by the Active & Assisted Living Programme (AAL), thought of an innovative solution to assist nurses and carers in their daily lives and helping the care of persons with CD. The
solution aims to alleviate medical staff of routine tasks which could be managed by an AI-powered digital assistant, e.g., monitoring the safety of patients 24/7, control walks during the night,
react to alarms from existing sensors, support in activities of daily living (ADL) or observe health
trends of patients and recording of such data for later assessment by clinical experts.
However, to better adapt to the medical staff routine, the integration, effectivity, and usability of
these functionalities need to meet the real needs and expectations of the end-users. For this
reason, nurses and formal carers were involved since the beginning of the project in the requirements collection.
This manuscript describes the methodology and the results of the users’ requirements compilation.
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2 Methods
DIANA builds on a user-centred approach, focussing on users and their needs in each phase of the
design process [5]. This approach goes beyond consultation by building and deepening equal
collaboration between citizens affected by, or attempting to, resolve a particular challenge.
Three essential phases of this study were a) a literature review, that provided a theoretical background and benchmarked some of the best practices and results of previous AAL and H2020
projects; b) a literature review about the care and special treatment of patients with cognitive
disorders and c) an online questionnaire, which collected information from both nurses and
carers (secondary end-users)1 [6], including samples from Portugal and Switzerland, the other
end-user organization country in the project. In this manuscript, the main objective is to present
the view from the Portuguese consultation.
It is important to emphasize that, although the focus of the project is the improvement of the quality of life of patients with CD, their involvement in this phase of requirements collection was not
necessary. Nurses and carers have the main role in this project, therefore they were the first
to be consulted. By collecting their opinions about the care of people with CD and the use of
technology, the project collects an overview of what can be implemented through the solution.
The literature review was composed by the benchmarking of the best practices and results of previous AAL and H2020 projects in the same field of the DIANA project (intelligent digital systems
in care; ambient assistance living; systems to people with mind impairment) and a review about
the care and special treatment of patients with cognitive impairment, as well as statistical information about the use of technology in the daily work of nursing homes and hospitals in Portugal.
To complement these findings, an online questionnaire was used to learn more about the carers’
and nurses’ perception and needs to use new technologies in their work environment. The information was collected through 54 questionnaires completed by both carers and nurses.
We used a set of different approaches to achieve the targeted number of respondents. Firstly, a
meeting with the Centro Region delegation of the Order of Nurses [7] was held, that engaged
the organisation in the dissemination of the questionnaire, supporting Cáritas Diocesana de
Coimbra (CDC) to reach potential respondents. Also, several invitations were sent to the regional delegations of the Order of Nurses all over the country. Besides this, the questionnaire was
disseminated by sending it to a mailing list of stakeholders, and a broader engagement was
reached through social media, local newspapers, and specific home care centres. In this last
area, the direct engagement of the professionals in the units of CDC was also relevant to reach
the established goal. Finally, although this consultation took place during the pandemic period,
it was possible to overcome the initial goal for Portugal (n=54).

1 Link to online questionnaire: https://redcap.link/51uki44z
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The questionnaire was developed in REDCAP [8] and thus the answers were automatically saved
and grouped, which allowed to avoid manual errors in data handling and to analyse the results
in a simple and agile manner. Besides the research team, also the respondents benefited from
this questionnaire, as it ensured the absolute anonymization of the answers, which was also an
objective at this phase of the study.
With the results achieved, the medical, technical, and social requirements were laid down in the
description of 4 personas (a fictional character in the user-centred design created to represent
a user type that might use a site, brand, or product similarly).
The outcomes of these three different phases will be explored and detailed in the following sections.

3 Results
3.1

Literature review: benchmarking of state-of-the-art projects in
DIANA field.

The benchmarking was designed to present true state-of-the-art of projects in the same field as
DIANA. It is practically impossible to survey all the solutions that are currently on the market,
given the immense number of programs and investment. Nevertheless, an overview in the AAL
and H2020 programs lead the consortium to perceive some good practices that should be integrated into DIANA. With this research, it was possible to understand what should be avoided
and what needs to be implemented, in terms of system design and approach.
The Roadmap project [9] observed that people are increasingly having access to technology that
allows the use of app-based activity monitors. However, concerns around data security limit
the use of the technology available on smartphones and tablets, as does a lack of confidence
or willingness to use this technology. The project described an important factor, that people
affected by CD are vulnerable and have difficulties to communicate effectively, making it increasingly difficult to know what their priorities and preferences are. Thus, nurses and carers’
opinions are prioritized at this stage of development in the DIANA project.
Guidelines retrieved from ICT4Life [10] report that primary end-users are very concerned about
sensors and the camera, but after testing it, generally, accept them well. During the pilot tests,
the project verified that the voice commands were very well accepted by patients and that the
evolution and recommendations of the system for patients were very well accepted by physicians and physiotherapists. Finally, they concluded that the communication tools between
health professionals, carers, and other professionals and between patients and health professionals are the key point for integrated care platforms: this aspect has been underlined by all
end-users; it has an economic impact because, according to users’ opinions, it reduces personal visits to the doctors and emergency interaction.
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The Toilet4me [11] started reflections both technologically and ethically for the development of
smart toilets. Some guidelines have already been developed regarding data protection: Restricting access to data based on a “need to know” basis; providing users with unique login data
with individual access levels; using encryption when sharing the data, developing a “clean policy,” meaning not to leave personal data to unauthorized people and ensuring that all archived
data is encrypted.
These conclusions will be considered during the development of the DIANA solution.

3.2

Literature review about the care and special treatment of patients
with cognitive disorders

Care for patients with cognitive disorders includes support in basic Activities of daily living (ADL).
The health workers must do these routine tasks while encouraging the function and independence of patients for as long as possible [12], thus, promoting patient’s safety, reducing their
anxiety and restlessness, upgrading communication and in parallel educating the family carers.
Bathing/hygiene, dressing and grooming, impaired physical mobility, wandering and risk for injury are some of the areas to which assistance from nurses and carers is needed and addressed
in nursing care plans.
Risk of falls
Inpatient fall prevention has been an individual area of concern for nursing for almost 50 years. At
the international level, studies show that 30% of people over the age of 65 suffer at least one
fall per year. According to the World Health Organisation (WHO), falls are the second leading
cause of accidental or unintentional injury deaths worldwide and older adults suffer the greatest number of fatal falls [13].
Toileting Behaviour analysis
Competent toileting is a critical life skill necessary for independent living, and not being able to
use it adequately is a significant barrier for the quality of life of individuals with CD. Independent
toileting can improve an individual’s quality of life through improved hygiene and improved
self-confidence, as well as reduced stigma and reduced physical discomforts. The use of technology could facilitate some tasks. For someone who regularly wets themselves, it may be
helpful to develop a timetable that offers a reminder to go to the toilet. For example, real-time
notifications on user’s smartphone can also be useful for the person to remember to use the
toilet or to check if their pad needs changing.
This information will also be considered during the development of DIANA.
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3.3

Questionnaires – requirements collection

Demographics and working conditions
From the 54 respondents, most had working experience of ≤ 5 years or 6-10 years. The majority
worked in a hospital or long-term care setting. The respondents were aged between 31 and 40
years and 78% were women. The questionnaires were broadly disseminated, so we can argue
that the gender imbalance among respondents reflects the scenery in social and health care
in Portugal for carers and nurses. The number of persons with CD they care for was mentioned
as < 25 per workspace in most of the cases and the respondents spend between less than
one hour and more than 6 hours together with these persons. Needs for assistive/non-acute
medical devices were discovered in most cases during regular care and either the physician or
family-members were informed about it. Such products arrive within less than one week.
The respondents described their residents/patients as persons who have difficulties to go to the
toilet in more than 90% of the time, that also have difficulties finding the room or their way in a
room. More than 83% estimate that their patients have gaps in several aspects of the correct
toileting sequence [14].
The most challenging tasks when providing care for persons with dementia in Portugal was to
help with mobility, eating and toilet visits.
Use of technology - Experience and Requirements
As for new technologies, 82% of the respondents agreed or strongly agreed that they would find
them simple to learn. In contrast, half of the professionals did not think their cared persons
would accept DIANA or were neutral. Nevertheless, the vast majority (80%) believed that digital
assistance is an important asset for the care of old persons in the future. In addition, 72% felt that
their company/institution would support such technologies. The most important areas mentioned were cognitive training and security, while only 26% mentioned autonomy (e.g., using the
toilet) as a goal for AAL-technology and 23% did not feel well due to data safety issues. Positive
thoughts on any device were mentioned if it reminded the person to wash the hands, to detect falls and had additional intelligent features, such as light control, monitoring of unwanted
movement and call for help. 65% of the participants thought that an avatar or an acoustic clue
is helpful to demonstrate correct use of a toilet. Also, the use of optical guidance was deemed
helpful in 76% of the health care professionals.
Use of technology – Available devices
As for currently available devices, the respondents had some experiences with falls sensors, intelligent toilets, and highest experience with light sensors (24%). Roughly, 30% use tablets for nursing documentation. The nurses/carers spend about 10 minutes per day in the management
of residents/patient personal data, between 10 minutes and one hour per day to implement
information and tasks induced by physicians, including delivery for medication, while the time
spent for individual nurse care planning is largely fluctuating.
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New systems and DIANA solution perception
As for potential new systems, the respondents ranked patient/resident privacy protection the
highest, while there were heterogeneous responses related to cables, wires, installation, mobility, and cleaning.
The three most important advantages of DIANA in Portugal would thus be assistance in nursing
care, social interaction, and falls/mobility detection. Nurses and carers see the potential of DIANA in the areas of wellbeing, medication management and the monitoring of mobility. Most of
the nurses/carers would also be willing to share experiences with such systems and the most
frequently used resources to collect information about DIANA would be articles, conferences,
and social media.

4 Discussion and conclusion
For fall risks, the literature review revealed that it is necessary to address extrinsic and intrinsic
fall risk factors to optimize patient safety. This is done mainly by the medical or nursing staff.
However, the DIANA solution can support this task, by providing additional security monitoring
safety of patients 24/7, e.g., bed-exits, falls, wandering, etc. If nurses and carers receive this
critical information, they can be able to prevent falls in time and act accordingly. Furthermore,
they can adjust the system to their patient’s needs, while maintaining privacy.
Regarding toilet issues, the DIANA project has thought of an innovative solution that can foster primary end-users’ autonomy all the while helping the carers and nurses’ work and saving time by
not having to provide toilet assistance. The use of 3D sensors in a toilet allows for private sphere
protecting action by using behaviour recognition algorithms already available but trained for
other application areas. The algorithms are specifically trained to recognize movement sequences during toilet visits. After training the algorithms to detect relevant actions, they are
combined into a complex activity model. The solution is to have an avatar to inform the patient
if he/she missed some of the steps. Through this non-intrusive way, the user can autonomously
use the toilet and the carer/nurse does not need to intrude privacy.
Regarding what has been gathered from the replies to the questionnaire, the respondents believe
that they can use and work with AAL solutions such as DIANA. They already know several digital technologies in their field and most of them have at least some experiences using them.
The care of patients is challenging - eating and toileting- the latter being the most challenging
one. Secondary end-users think DIANA should be reliable, easy to install, wireless and easy to
transport. Data on patients and or nurses should be safe since this is of concern.
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Based on these findings and outcomes, the first set of functional requirements that the DIANA
system must provide for was developed. The DIANA solution requirements extracted from this
study reinforces that the prospects and needs of secondary end-users (nurses and carers)
must be considered since the beginning of the project, especially in solutions that will have
a direct impact in their work routine. Further information and requirements will be developed
along with the project’s timeframe, especially during pilot tests.
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Abstract:
This contribution summarizes the co-design and user requirements engineering work carried out in the framework of the
Pharaon Large Scale Pilot project, in Pilot to be deployed in
the Region of Murcia (Spain). During the co-design phase, authors de-fined the methodology for the co-design and representation of user requirements as goal models, use case
scenarios, and user stories. The methodology entailed several up-to-date co-design methods for user requirements’
elicitation. ISO 9241-210 standards were followed. The original plan for eliciting and representing user re-quirements was
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1 Introduction
The Pharaon1 Large Scale Pilot project aims to design and implement a European healthcare
– ecosystem – in which people, software and hardware interact with each other in a smart,
non-intrusive and dynamic way, that is, a novel Information and Communication Technology
(ICT)-based healthcare solution. The Pharaon ecosystem is composed of a great variety of Ambient Assisted Living (AAL) technological solutions organized in clusters – Large Scale Pilots
– to be deployed in 6 different sites: Murcia and Andalusia (Spain), Portugal, The Netherlands,
Slovenia and Italy (see Figure 1). Each Pilot will be designed to perform a set of scenarios and
use cases, while a Large-scale Pilot, under the Pharaon ecosystem umbrella, will orchestrate
a subset of technologies deployed on each Pilot and data gathered, to perform novel and collaborative crossed-Pilot scenarios and services.
Pharaon project can be categorized as a human-service project, since its final goal consists of
promoting and improving the healthy life of ageing people. In fact, Pharaon project follows a
human-centric design (HCD) approach. In this context, co-design is seen as a critical phase to
success [1]. Co-design helps people involved in the project development to articulate more
precisely and realistically the needs of the service’s customers or users and for the organizations involved. The benefits of co-design are related to improving the creative process, the service, project management, or longer-term effects. The phases of co-design are mainly twofold:
(1) to identify the goals of the service design project and (2) to align their co-design activities
and the associated benefits with these goals. The co-design output feeds the engineering user
requirements, mandatory step for finding the technical requirements, and consequently, for the
design, development, implementation and testing of the technical solution.
This contribution summarizes the co-design and user requirements engineering work carried out
in the framework of the Pharaon project, in the Murcia Pilot (Spain), serving as inspiration for
similar approaches in the field of ICT for healthcare, AAL or smart environments, among others.
The authors defined a methodology for the co-design and representation of user requirements as
goal models, use case scenarios, and user stories. The methodology entailed several up-todate co-design methods for user requirements’ elicitation, such as the DO-BE-FEEL method,
the HOW-NOW-WOW method and empathy maps, gathering the data from interviews and
surveys, and also other trending goal-based approaches for representing user requirements.
ISO 9241-210 standard [2] is followed for co-design and requirements elicitation, which provides
a framework for human centred-design (HCD) activities. The original plan for eliciting and representing user requirements was modified due to the Covid-19 outbreak in March 20. This is
explained in depth in subsection 3.1.
The rest of the paper is organized as follows: Section 2 introduces the general methodology for
engineering user requirements. Section 3 explains in depth the co-design engineering and user
requirements performed in the Murcia Pilot. Finally, section 4 summarizes the conclusions.
1 Pilots for Healthy and Active Ageing. Project ID: 857188, funded under the H2020 topic DT-TDS-01-2019 - Smart and healthy living at home. https//www.pharaon.eu
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Fig. 1. Pharaon Large Scale Pilot. (left) Deployment sites. (right) Collaborative vision

2 General methodology for
engineering user requirements
The methodology for co-design and user requirements elicitation to be applied in the
Pharaon project should enable iterative
co-design with the stakeholders - in particular with older adults. Iterative co-design
means that the requirements are iteratively
validated and elaborated through user experience design and prototyping until the
stage is reached. Then, more detailed requirements for the actual implementation of
the prototyped solutions can be specified.
(see Figure 2).
Fig. 2. Iterative co-design of the Pharaon ecosystem.

In the Pharaon project, user requirements were elicited by co-design workshops, managed by
each pilot, with format of motivational goal modelling [3]. After that, the results of each co-design
workshops must be represented in a uniform way, so that it would be possible to identify the
commonalities of the co-design results by different pilots and integrate country-wide pilots into
a European Large-Scale Pilot, which is a clear expectation by the European Commission (EC).
Co-design workshops involved older adults and other stakeholders in the elicitation process,
such as healthcare professionals, formal and informal caregivers, and service providers. The
requirements elicitation methods used by the pilot sites were interviews by phone and electronic means, in-person interviews conducted by formal caregivers trained for this purpose,
web surveys, and, in some cases, virtual co-design workshops.
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The useful data gathered from these workshops were basically an understanding of what activities by older adults and other stakeholders should be supported by the overall sociotechnical
system to be designed, and what are the quality and emotional aspects of the activities to
be supported [4]. In other words, an understanding of who should be able to perform what
activities, which quality aspects should be considered in performing these activities and how
should the actors feel when performing these activities. In short, workshops and other means
produced the following four lists:
• Do (functional goals): e.g. communicate (be in touch); sustain wellbeing; call for help.
• Be (quality goals): e.g. easy-to-use; secure; scalable; quick response; helpful; proactive;
accessible; reliable; mobile.
• Feel (emotional goals): e.g. helpful; purposeful; fun; engaging; positive; empowering; secure;
feeling cared about; feeling independent; feeling assured; feeling in control.
• Who (stakeholder roles): e.g. older adults; caregivers including formal caregivers and informal
caregivers; healthcare professionals including nurses and physicians.
To obtain a holistic overview of the solution to be designed, the four lists should be represented
in a structured way as a single page diagram – goal model. Goal model can be considered
as a container of four components (Figure 3): functional goals, quality goals, emotional goals
and stakeholder roles [5, 6, 7]. The skeleton of a goal model is a hierarchy of functional goals
drawn as a tree. The hierarchical structure is to show that the subcomponent is an aspect of the
top-level component. The root of the tree sits at the top of the page and represents the overall
goal of the system. An example of goal model for the wellbeing support system designed for
older adults is shown in Figure 4. It reflects, the overall goal of the system is to support wellbeing, divided into “Being in touch” and “Calling for help”. “Being in touch” has, in turn, been
elaborated into “Communicating”, “Confirming” and “Acknowledging”. The roles, quality goals
and emotional goals are placed at an appropriate level in the hierarchy, whereby each of them
applies to the functional goal they are attached to and all the functional goals below that goal
in the goal hierarchy.

Fig. 3. Notation for goal models
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Fig. 4. The goal model of supporting wellbeing of an older adult [6].

3 Co-design and engineering of user
requirements in Murcia Pilot
The Region of Murcia is one of the 17 autonomous communities of Spain. It is located in the southeast of the state, on the Mediterranean coast. It has more than 1.5M inhabitants, being the
7th most populated province in Spain. One third of the population lives in the capital and its
surroundings with the 16% of it is 65 years old and above. The Murcia pilot aims to deploy a
new line of virtual assistance that will transform the current model of health and care service
based on the patients to notice when they need help. The pilot is focused on older patients
with chronic heart failure (CHF). The new telecare model would allow patients to stay in their
preferred environment and provide a more intense, effective, proactive and less intrusive care
and observation service. Such novel model is based on:
• Tele-assistance: Integrating technologies like sensors, wearables, Internet of Things (IoT) or robotics.
• Proactivity and Prevention: Since the demographic change and the increased longevity are
changing the profile of the user of the health and care services, moving from passive patient
receiving treatments to active consumers of health and care that must participate in the process
from the data perspective, not only in critical situations but also paying a lot of attention in prevention.
• Users and their environment: Because one of the main problems now is that care and health
facilities are being used as care homes, being more expensive than keeping them at home as
much as possible and only using institutional health facilities when intensive care is needed.
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Murcia pilot defines two target scenarios for addressing two Pharaon challenges: PCH2 (Health
status definition and its progress over time, focused on hearth failure) and PCH3 (Non-intrusive
monitoring and alarm triggering, focused on energy consumption patterns). These scenarios
are called Angel of Health and Care@Home. The definition of these scenarios includes goals,
roles involved, Key Performance Indicators (KPI), quality goals, emotional goals, technologies
involved and ethical concerns. Table 1 and 2 summarizes some of these features.

3.1

Planned methodology and contingency plan

The methodology for engineering user and pilot requirements in the Murcia pilot was planned is
depicted in Figure 5. Three workshops were planned to be carried out during one month. The
attendees of the workshops were 1-2 representatives of the target collectives: primary care
doctor, cardiologist, internist, primary care/hospital nurse, Emergency (hospital & PC), pharmacy, rehabilitation, psychologist, social workers, patient, relative/caregiver, technology provider
and/or representatives of health and care authorities.
Target scenario in Murcia Pilot: Angel of Health
Angel of health: user’s information gathering, response, alarm setting and management.
Goals: improve health and care services and follow up to patients with CHF; decrease older
adult´s dependency; involve patients in the health and care process from the data perspective; help relieve health-care centres and their workers of workload pressure; improve health
care prevention/reaction in emergency/alarm status.
Roles involved: patients, caretakers, health professionals (primary care doctors, cardiologists,
primary care nurses), call emergency centre staff, platform and solution providers.
Quality goals and KPI: reduced number of visits of patients to health centres; reduced number
of visits of health professionals to patients’ homes; reduced health complications and the
related number of hospitalizations; increased satisfaction of patients, caregivers and health
professionals; reduced time response in emergency status (alarms); increased years of independent living; increased of the Social Return of Investment (SROI) ratio.
Emotional goals: independent; empowered; safe; healthy; proactive; reactive; satisfied.
Technologies: Onesait Healthcare Data Homecare (OHC)2 platform as a communication tool,
for tracking vital signs, for registering clinical information and setting alarms; other technologies, such as wearables, accelerometers, presence sensors, pill reminders, etc.

2 https://onesaitplatform.atlassian.net/
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Target scenario in Murcia Pilot: Care@Home
Care@Home
Goals: reduce the older adult’s dependency; early detection of emergency situations.
Roles involved: older adults; relatives/informal caregivers; neighbors; emergency services staff
(nurses and medical doctors).
Quality goals and KPI: reduction of response time in an emergency situation; reduction of severity of emergency situations. reduction of complications due to emergency situations and
related hospitalizations.
Emotional goals: safety level perceived by older adults and relatives.
Technologies: MIW+ Platform3 as a comprehensive platform that connects individuals with their
total energy consumption data at their homes; uGRID4, energy management software; OHC
platform; other technologies, such as wearables, accelerometers, and presence sensors.

Fig. 5. (up) The methodology planned for engineering user and pilot requirements in the Murcia pilot.
Fig. 6. (down) The contingency methodology for engineering user and pilot requirements in the Murcia pilot.

Due to the constraints imposed by Covid-19, a contingency methodology was designed (see Figure 6), based on three main phases:
• Desk work phase. Desk research on co-design workshops, data and results obtained in previous
initiatives carried out by the public healthcare in Murcia framed in similar contexts than Pharaon,
3 https://www.miwenergia.com/plataforma-miw/
4 https://ugrid.miwenergia.com
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like ProEmpower5, ReadiForHealth6, INC3CA7 and CARPRIMUR8. The functional, quality and
emotional goals identified during this desk research phase are presented in Figure 7. This initial
phase provided a global overview of potential requirements of the stakeholders.
• Requirement analysis phase. The design, dissemination of a questionnaire for all the involved
groups and analysis of results. The feedback received was used to further identify potential
participants from the different target collectives and to complete the initial goals framework. It
also helped to build a map of barriers and opportunities for the assistance of CHF in the whole
region and appoint the most suitable representatives from each collective. 50 responses were
gathered (56% were patients, relatives or caretakers and 44% health and care professionals).
Two thirds of the respondents showed interest in participating in the working groups planned
for the next phase. The main conclusions of the questionnaire were:
• All focus groups agreed on the need of providing access to a personalized online and userfriendly care plan that enhances patient self-management of the heart failure disease.
• A lack of heart failure knowledge on the part of patients and caregivers has been identified
that can be compensated for by mixed training (face-to-face + online).
• The disparity in heart failure-related metrics and measurements opens the door to the
development of a unified monitoring plan for the disease. Need to create face-to-face
communities as a link among focus groups to empower and motivate patients and families.
• It is advisable to find new
flexible
communication
channels that adapt to
the needs of the focus
groups, such as WhatsApp
messages, emails, Skype
or notifications from mobile
apps.

Fig. 7. Quality (blue), Functional (pink)
and Emotional (green) goals and
goal models (purple) identified
in the desk research stage.

5 Procuring innovative ICT for patient empowerment and self-management for type 2 diabetes mellitus. Grant Agreement nº 727409. H2020 topic SC1-PM-12-2016 - PCP - eHealth innovation in empowering the patient. https://proempower-pcp.eu/
6 Regional Digital Agendas for Healthcare. Grant Agreement nº 320021. Funded under the FP7 topic REGIONS-2012-2013-1 - Transnational cooperation between regional research-driven clusters.
7 INclusive INtroduction of INtegrated CAre. Grant Agreement nº 621006. Funded under the topic CIP-ICT-PSP.2013.3.1b. www.in3ca.eu
8 Institutional Project from the SMS aiming at transferring knowledge between cardiologists and primary health
doctors for improving the attendance of patients with Chronic Heart Failure. https://carprimur.com/proyecto/

Page 78 - Sheldon 3rd Online Conference Meeting 14th October 2021

• Virtual co-design phase. To arrange a virtual co-design workshop with the selected representatives of each collective, selected in the previous step, and pilot partners for the introduction of
the work framework, and create different focus groups with representatives of each collective
that, through several teleconference meetings, in order to define and discuss the goals and their
models. The selected participants were grouped in 6 different collectives: patients, family and
caregivers, hospital physicians (cardiologists and internists), primary care physicians, nurses, and
mixed practitioners (one psychologist, two social workers, one pharmacist, one rehabilitation
specialist physician, one physical therapist and a nurse). Approximately fifty people involved in
the six focus groups attended a webinar, organized as a workshop where partners involved in
the Murcia Pilot explained the objectives and methodology of the Pharaon project, provided
details about the pilot to be carried out in the region and the framework for the focus groups.

3.1

Identification and design of goal models

The analysis of the results obtained from the abovementioned activities performed during the
contingency methodology resulted in the identification of quality, functional and emotional
goals. The main three goal models identified to be designed were: “Get involved in the health
and care process”, “Improve patient care” and “Detect emergency situations”. The design of
these goal models is represented in Figure 8, 9 and 10, respectively.

Fig. 8. Representation of the goal model “Get involved in the health and care process”
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Fig. 9. Representation of the goal model “Improve patient care”
Fig. 10. Representation of the goal model “Detect emergency situations”
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3.3

Use case scenarios

From the goals models and main scenarios described above, the methodology of use cases was
used to identify, clarify and organize the system requirements in the Murcia Pilot. Seven use
cases were defined:
•
•
•
•
•
•
•

Get involved in the health & care process
Asses personal situations and risks
Strengthen Knowledge of Healthy Lifestyles & Behaviors
Improve patient care
Boost disease follow-up
Upgrade interventions
Detect emergency situations

The fields of the use cases descriptions have been designed to describe all requirements needed
as input in the next Pilot deployment phase: to decide the technologies to be used in the use
case scenarios, and how to use them as building blocks of the Pharaon ecosystem. Some of
these technologies are already designed as building blocks, to be accessed by Application
Programming Interfaces (API). Others need and extra software development for its integration
as new building blocks. Then, the user requirements should be represented in even a more
detailed manner as user stories.
Tables from 3 to 5 show a set of the use cases defined, as example of the work performed. Note
that the field Potential technology enumerates those offered by the Technical and platform
providers in the Pharaon consortium.
Goal

Strengthen Knowledge of Healthy Lifestyles & Behaviors

Initiator

Health Professionals and Platform/Solution Providers

Trigger

Action by the Health Professional

Description/
Outline
Expected
Innovation
Condition
Step

Activity

Learning/ training process for older adults to increase their knowledge of his/her illness
and have it under control.
This scenario allows the patient to participate in the health and care process from the data
perspective not only when intensive care is needed with the aim of paying attention in
prevention.
Interleaved
1
Training sessions and tools are made
available to older adults and relatives

2
Generate specific communities for patients and
caregivers with similar profiles and geographic
proximity.
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Roles involved
Quality goals
Emotional
goals
Potential
technology

Health professionals, platform/solution

Caregivers, older adults, health professionals,

providers

platform/solution providers

Personalised, preventive, automated,

Personalised, preventive, automated, accredit-

accredited, mixed, brief

ed, mixed, brief, expert

Motivated, capable
OHC platform

Motivated, capable, sense of belonging, informed
OHC platform, Sentab TV platform9; IoTool10 and
IoChat11; eHealth Platform12

Table 3. Description/requirements of use case “Scenario for Strengthen Knowledge of Healthy Lifestyles & Behaviors”

Goal

Upgrade Interventions

Initiator

Health professionals

Trigger

Action by the Health professional

Description/
Outline

Upgrade interventions, unify clinical information, provide clinical practice guide.
It will allow to unify clinical information of the same patient to ensure their safety, continuity
of care and portability in other Spanish Autonomous Communities. This will also facilitate

Expected
Innovation

communication among professionals (alert to Primary Care after discharge, fast communication among professionals, shared spaces among professionals), as well as the systematic use of a single Clinical Practical Regional Guide for decisions on care of patients with
CHF, applied in all areas of health and care level.

Condition
Step
Activity
Roles involved

Quality goals
Emotional
goals
Potential
technology

Sequence
1

2

Unify Clinical Intervention

Provide a Clinical Practice Guide

Health professionals, Older adults
Personalised, Preventive, Continuous,
Portable, Interprofessional, Private

Personalised, Preventive, Continuous, Portable,
Interprofessional, Private, Standardized, Unified,
Online, Accessible, Easy-to-use

Motivated, In Control, Cared
OHC platform
Table 4. Description/requirements of use case “Scenario for upgrade interventions”

9 www.sentab.com
10 www.iotool.io
11 www.iochat.io
12 http://www.rrd.nl/en/
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Goal

Detect Emergency Situations

Initiator

Older Adult/Caregiver

Trigger

Action by the Older Adult/Caregiver

Description/
Outline
Expected
Innovation
Condition
Step

To prevent emergency situations in older adults and improve their attendance in case they happen.
It will demonstrate the feasibility of the energy domain to detect and predict emergency
situations with the support of sensors and AAL devices and the definition of energy consumption patterns according to the user routines
Sequence

Interleaved

1

2

3
The living environ-

A customized
plan on the most
Activity

relevant risks of
the older adult is
conducted

The scenario of

ment is checked

each older adult is

and triggers alarms

evaluated, consid-

in case of possible

ering those social,

emergencies (re-

public and private

quires caregivers/

resources available.

older adults to have
specific skills)
Older adult, formal

Roles involved

Older adult, formal
caregiver

Older adult, formal

and informal car-

and informal car-

egivers, relatives,

egivers, neighbors

technology/ platform provider

4
The older adult´s
health is monitored
according to his/
her vital signs and
emergency alarms
are triggered if
needed
Older adult, formal
and informal caregivers, neighbors,
health professionals
Accessible, remote,
permanent, person-

Quality goals

Accessible, remote, permanent, personalized

alized, alarm-triggered, user-friendly,
immediate

Emotional goals

In control, cared

In control, cared, empowered.
IoTool; MIW+;

Potential
technology

OHC platform; Asistae13; Amicare14 [8]; MIW+;

Amicare; Asistae;

Aladin15; IoTool, IoChat; Sentab TV platform;

RB-Base217; Aladin;

eHealth Platform, eWall Platform16

eWall Platform;
SmartHabits [9]

In control, cared
Discovery18 ; Sentab
TV platform; MOX19;
eHealth Platform;
eWall Platform

Table 5. Description/requirements of use case: “Scenario for detect emergency situations”

13 http://asistae.fama.es/
14 http://www.cetem.es/en/projects/i/934/321/amicare-project-completed
15 https://www.domalys.com/en/pro
16 https://cordis.europa.eu/project/rcn/110560_it.html
17 https://www.robotnik.eu/mobile-robots/rb-1-base/
18 https://alfred.eu.
19 www.accelerometry.eu
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4 Conclusions
This work has introduced the co-design and user requirements engineering work carried out in
the Pharaon Large Scale Pilot project, focused on the Pilot in the Murcia Region (Spain). The
work has been conducted by a co-design phase, where the authors had to define the methodology for the co-design and representation of user requirements as goal models, use case
scenarios, and user stories. The methodology entailed several up-to-date co-design methods
for user requirements’ elicitation. The result of this work will feed the next step in the Pilot deployment, deciding the technologies to be used in the use case scenarios, and how to use
them as building blocks of the Pharaon ecosystem. In most cases, such building blocks already
exist and can be accessed by the appropriate APIs. However, whenever needed, new building
blocks or wrappers to the legacy building blocks will be developed. For such cases demanding
development of new software, user requirements should be represented in even a more detailed manner as user stories. This contribution can serve as inspiration for similar approaches
in the field of ICT for healthcare, AAL or smart environments, among others.
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The Psychological Remedies
for Older Adults
Abstract:
The discovery and the implementation of measurement instruments and practical
solutions for enhancing Psychological Well Being of older adults- is what our
team is working on. The aim is to investigate the need for ensuring the continuity
of social and economic activities, also we aim to learn how to maintain, but better- improve intellectual, emotional and psychological well-being of older people. The research method consists of selection and accumulation of quantitative
and qualitative information of investigation and questionnaires of groups of older persons. The procedural objectives of the research consist of accumulating,
structuring and retention of statistical data obtained of interviewing of the groups
of older people from different countries with the use of quantitative and further
qualitative investigation instruments (questionnaires, tests, interview, etc.). In the
current research, there were investigated correlations between the dimensions
of questionnaires and the characteristics of the continuity of activities, IQ, EQ and
psychological well-being of the elderly. Are investigated, selected and proposed
recipes for a better psychological well-being and social behavior towards the
continuity of spiritual, intellectual and emotional activities in society of older
people. Sustainability: We are still working on specification and proposal of inter-group activities (between created age groups of older adults) and also intergenerational activities, aiming the elaboration of a bigger portfolio of recipes
and recommendations for achieving a better psychological behavior for older
people from the selected groups. The sustainability of the proposed methods
and procedures lies in the revolution and, through their implementation, based
on KAIZEN methodology, the sustainability of the development of intergenerational society in the long term will be achieved. In conclusion, if we achieve to
obtain the awareness of both older adults and the employers of the fact that the
continuity of activities after the retirement age, and also the understanding that
practicing the proposed recipes abundantly will raise their well being, they will
not leave this world unfulfilled in terms of full knowledge of the supply of the
well-being for older people.
Keywords:
Psychological Well-Being, older adults, IQ, EQ, measurement instruments.
Funding:
This work was supported by the Horizon 2020 Framework Programme of the European Union, more exactly by COST Action CA16226-SHELD-ON-Indoor living
space improvement: Smart Habitat for the Elderly, supported by COST (European
Cooperation in Science and Technology). COST is a funding agency for research
and innovation networks. Our actions help connect research initiatives across
Europe and enable scientists to grow their ideas by sharing them with their peers.
Page 87 - Sheldon 3rd Online Conference Meeting 14th October 2021

1 Introduction
By 2050 [1] the number of people in the EU aged 65 and above is expected to grow by 70% and the
number of people aged over 80, by 170%, which will increase demand and costs for healthcare.
Integrating ICT solutions into habitats, along with improved building design, will allow us to live
at home and stay active and productive for longer despite cognitive or physical impediments.
Improving accessibility, functionality, and safety at home, at work and in society in general requires combining many disciplines together to develop solutions that integrate ICT, ergonomics, healthcare (psychological and physical) and community design.

2 Independence in own homes
In assignment of AFEdemy, within the Project „ Independent Living in the rural areas of The Netherlands” 7 students from the Hanze University for Applied Sciences and University of Groningen
performed research in the municipality Oldambt [2] in order to investigate the problem: “what
do older people from 80 years and older need in their daily life, mobility, social network and
well-being to remain independent in their own homes in the villages”.
Was underlined [3] that „ ... there are several solutions to keep the elderly living longer at home,
for example doorstep aids, wall brackets in the bathroom and the toilet, a second handrail and
a stair lift. The national government says that older people can live at home longer by adapting
the current home using new technologies. The last option is domotics (or home automation):
this can make a home safer, easier to use and can help older people stay at home for longer…”.

3 What the older people need to
continue living in their own house?
Two Social Work students from the Hanzehogeschool have done research to the needs of older
people in the township Oldambt for the organization AFEdemy [4].The main goal of the research
was to get to know what the older people need to continue living in their own house. The resource question is: What do older people of 80 years and older need in the field of daily functioning, social participation and mental well-being to keep living in their own house.
The needs of the respondents are very different. Most of them, 18 respondents, said that they have
no needs for support in any way. Most of them have a good social network who helps them
were the need or are, despite their age, still vital and independent from others. The respondents that do need support most of the time wants more contact and involvement with others.
These are often people with a smaller social network and less skills to look for and find support
themselves in any way. Seven respondents said that they feel lonely and they said that they
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want to go out more or want to have more contacts. Also, the outcomes of the research of Wijnja (2018) said that a lot of older people in Oldambt feel lonely. Overall seems the respondents
satisfied with their living situation, they give themselves a seven or eight, average.
The first recommendation involves a better information giving from the municipality of the township Oldambt to older people, so that they know where to find the facilities in the area, especially
the social facilities. The other recommendations to SociaalWerkOldambt are to make plans to
recruit more volunteers and make the organization better known and accessible for older people.

4 Mobility of the older people
The everyday outdoor mobility of older people has received an increasing amount of attention in
the academic world and in policy-making [5]. There are two reasons for this. The first reason is
the recent and projected growth of senior citizens in (and the impacts of this on) most Western
societies. Secondly, research has shown that mobility outside of the home is strongly related to
wellbeing in later life. Older adults’ experiences with outdoor mobility have been investigated
by Bart Roelofs& Liselotte Vreelingsupervised by: prof. dr. Louise Meijering and commissioned
by: AFEdemy [2].
This report explores the outdoor mobility experiences of community-dwelling older people in
Winschoten, the Netherlands. Specifically, was investigated why outdoor mobility is important,
what influences their outdoor mobility and how they adapt to changes in mobility. This is connected to theories on age-friendly environments, outdoor mobility, independence and wellbeing. The research consists of six in-depth interviews with older inhabitants of Winschoten.
The main findings indicate that outdoor mobility of older adults is diverse and subjective, and is
perceived to be important because it is closely related to independence. Furthermore, three
interrelated dimensions are experienced to have an influence on their outdoor mobility: personal, social and environmental. Finally, older people seem to adapt to a decline in mobility by
self-regulation. We advise policy makers to adjust the living environment in such a way that
it meets the needs and capacities of older people, thus creating an age-friendly Winschoten.
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5 The Age-Friendly Cities and
Communities Questionnaire
The AFEdemy is co-developer of The Age-Friendly Cities and Communities Questionnaire (AFCCQ) Project [6]. In early 2020, the municipality of The Hague awarded the consortium consisting
of The Hague University of Applied Sciences, HulseboschAdvies and AFEdemy to develop a
questionnaire and run a representative survey on the perceived age-friendliness of the city
among its older citizens. Part of this survey was the development of a validated questionnaire,
which allows for an assessment of the perceived age-friendliness. In order to do justice to the
superdiversity of the population of The Hague, the municipality also wanted a representative
number of older Western and non-Western immigrants to be included in the sample.
The consortium started to review scientific and public sources to check whether a default questionnaire was already available. The search delivered several examples of questionnaires that
either lacked transparency on the development and validation or did not measure the construct of age-friendliness as a whole. This made the consortium decide to develop and validate
a validated questionnaire, coined the Age-Friendly Cities and Communities Questionnaire.
In order to develop the questionnaire, the consortium made use of the Consensus-based Standards for selection of health Measurement Instruments (COSMIN). The development consisted
of the following four phases: Development, Initial validation, Psychometric validation and Instrument translation.
The theoretical basis of the questionnaire was the Global Age-friendly Cities Guide, published by
the World Health Organization in 2007, and its accompanying Checklist. This guide published
a model of age-friendly cities and communities, consisting of eight domains: outdoor spaces
and buildings; transportation; housing; social participation; respect and social inclusion; civic participation and employment; communication and information; and community support
and health services. The features of the Checklist formed the foundation of the items for the
questionnaire. Additionally, questions on technology and the financial situation were added
based on the literature review.
The Age-Friendly Cities and Communities Questionnaire measures the views of older adults on
the eight domains already defined by the WHO and on a relevant ninth domain, namely their
own financial situation. The questionnaire is open for use on every geographical level and by
every public authority, civil society organization or any other who is interested. It might be necessary to culturally validate the questionnaire.

Page 90 - Sheldon 3rd Online Conference Meeting 14th October 2021

6 The Smart Healthy Age-Friendly
Environments Network
In middle of 2020 Carina Dantas and Willeke van Staalduinen was announced [7] that “The
SHAFE Stakeholders Network is happy to release its Position Paper, developed in collaboration between SHAFE partners and the participants on the COST Action Net4AgeFriendly,
to present recommendations that aim to promote healthier environments for all citizens and
make environments accessible, sustainable and reachable for all, with the support of ICT”. The
Smart Healthy Age-Friendly Environments Network will thus focus on the narrative, debate,
disclosure and knowledge translation of smart digital solutions and of solutions to optimize the
physical and social environments of individuals in a concerted manner, bringing together also
the domains of health and social care.

7 Psychological well-being of retired seniors
In October-November 2020 the COST CA16226 accepted a short term scientific mission (STSM)
“Measurement, maintenance and improvement of psychological well-being of retired seniors” with the scope to research the psychology of older people in the conditions of continuous activity with the emphasis of their psychological well-being supported by intellectual and
emotional activities. The host institution was The AFEdemy, the researcher was PhD student
Dumitru MICUȘA and mission coordinator Mrs. Willeke van STAALDUINEN.

7.1.

Collaboration between Netherlands and Republic of Moldova

The overarching aim of the STSM was to strengthen the collaboration between AFEdemy (Netherlands) and ULIM (Republic of Moldova) in order to improve mutual capacity to raise awareness
and exchange information on the state of art of smart healthy age-friendly environments on national and regional levels particularly within the topics of Responsible Research and Innovation
and addressing societal challenges.
This STSM was aimed to exchange information accumulated in an international environment (Moldova-Netherlands) by observing and questioning elderly people, processing the data obtained
in order to define, maintain and improve the level of psychological, intellectual and emotional
well-being for seniors.
To bring an instrument for measuring psychological well-being was the main object of this STSM,
also monitoring the evolution of the defined psychological leaks in multifunctional indoor environment. The scope is to meet the requirements of Europe's ageing population while promoting healthy
and safe ageing, to identify core challenges that older adults face when aging in the workplace.

Page 91 - Sheldon 3rd Online Conference Meeting 14th October 2021

This aim is allied to the objectives of the fourth Working Group of the COST Action, which works
to improve smart support furniture and habitat environments according to user’s needs and
further validated by these users (elderly and caretakers) for an active ageing.
After the mission, when the efficiency of our methodology is proved, to deliver to the host institution the new statistical method of research. In our turn, we expect to also obtain a new method
of research regarding the measurement of emotional/psychological/intellectual well-being of
seniors, this way creating a portfolio of various methods which are to be applied on other samples during our empirical research.

7.2.

Psychological Well-Being Questionnaire (PWBQ)

Research Methods
In order to test the conceptual framework, according to which the well-being of the older adults
is positive, we have developed a scale method. It contains a Likert type response scale in 7
steps – from -3 to 3.
In order to measure the psychological well-being state at the moment of questioning, we built a
Psychological Well-Being Questionnaire (PWBQ) with 30 items, five items for each of the six
dimensions that we considered appropriate for the definition of psychological well-being:
•
•
•
•
•
•

feeling of being happy,
self-acceptance,
control over the environment,
autonomy,
positive relationships with others,
purpose and meaning of life.

It was discussed Moldovan and Dutch and other investigative questionnaires about psychological,
intellectual and emotional well-being of elders.
Based on the questionnaires from Moldova, the questionnaires from AFEdemy in Netherlands, using other surveys, among other things the 36-Item Short Form Survey Instrument (SF-36) from
USA, it was finished with the Psychological Well-Being Zero-Measurement instrument, which is
ready to be applied where needed. You can find an example in Table 1 where you can notice that
each of the six dimensions contains 5 questions that are related to the topic of the dimension.
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-3

-2

-1

0

1

2

3

1. Generally, I consider myself
A person not too happy

Very happy
2. Compared to my colleagues / other people, I am

Less happy

Happier

3. Some people are generally very happy. They enjoy life, no matter what happens to them, they take maximum advantage of everything. To what extent does this characterization describe you?
Not at all

To the greatest extent

4. Some people are generally very unhappy. Although I am not depressed, I am never quite happy as I would
be. To what extent does this characterization describe you?
To the greatest extent

Not at all
5. Every morning I wake up with a feeling of living a happy day?

Never

always.
Table 1. Items for measuring the subjective feeling of happiness (PWBQ) (p. 6.2.1)

Scoring
1st dimension. For scoring, we calculate the average for all 5 items. The maximum score is 3. The
average score of the subjective feeling of happiness is about -0.5 to 1.0. Lower scores of -0.5
denote shared feelings of unhappiness, greater than 1.0 - of happiness. The higher the scores
are, the higher is the subjective appreciation of happiness.
2nd dimension. The scores are calculated the same as previously reported. Lower scores of -0.5
denote low self-acceptance: lack of recognition of merits, lack of positive qualities, lack of skills
and aptitudes, dissatisfaction and self-disdain, greater than 1.0 – high self-acceptance.
3rd dimension. The lower scores of -0.5 denote an inability to monitor affective states, behavior in
various circumstances, the mood of others, the communication course, greater than 1.0 – social
monitoring capacity and circumstances according to their own intentions and the expectations
of others.
4th dimension. Just as before, small scores denote the lack of autonomy, self-confidence and
assertiveness, features that limit the person into actions, the high ones – the ability to manifest
themselves genuinely, to show initiative, actively involved in various projects and activities.
5th dimension. Small scores characterize a person with insufficient capabilities of communication
and social networking; the high ones denote potential enough adaptation to new and communicable environments and people, capable of establishing and maintaining positive relationships with others.
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6th dimension. High scores are accumulated by people who recognize and accept the experience of the past, control their present and look with optimism for the future, see the meaning of
life and personal existence. People who accumulate small scores do not have the meaning of
life, they have few or even no objectives or goals, do not see the meaning of past experiences,
present and perspectives.

8 Questioning with the use of PWBQ
8.1.

In the Netherlands

The questionnaire PWBQ was adapted
to Dutch language. With the help of
the PWBQ questionnaire, a group of
older adults from different collectives
in the Netherlands were interviewed
and the information was collected
about the psychological well-being.
The results on each of the 6 dimensions
from 12 respondents from the Dutch
space are listed below in Table 2 and
graphically represented in Figure 1.
Figure 1. Graphic representation of the results of Netherlands respondents (PWBQ) (p. 7.2.)
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Psychological

Dim. 1:

Dim. 2:

Dim.3:

Dim. 4:
Autonomy

well-being/

Feeling of

Self-

Control over

Interviewed per-

happiness

acceptance

environment

son: Netherlands

Dim. 5:

Dim. 6:

Positive

Purpose and

relations with

meaning of

others

life

1st

9

15

3

2

7

14

2nd

12

8

5

9

15

12

3rd

-2

2

1

1

1

5

4th

-3

1

-4

4

2

1

5th

9

11

6

10

13

6

6th

13

12

10

13

14

5

7th

4

10

3

9

12

11

8th

-1

1

-1

1

0

3

9th

9

4

-4

6

10

5

10th

12

14

-3

6

10

9

11th

9

15

10

11

13

9

12th

2

7

-7

5

7

5

Total

73

100

19

77

104

85

Table 2. The results of Dutch respondents (p. 7.1)

8.2.

In Moldova

The questionnaire PWBQ was adapted to Romanian language. With the
help of the PWBQ questionnaire, a
group of older adults from the Association „AESM Seniors” at Academy
of Economic Studies of Moldova and
associates were interviewed and the
information was collected about the
psychological well-being. In Table 3
you can find listed the results of Moldovan respondents, as well as graphical representation of the given results
in Figure 2.
Figure 2. Graphic representation of the results of Moldovan respondents (PWBQ) (p. 7.2.)
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Psychological

Dim. 1:

Dim. 2:

Dim.3:

Dim. 4:
Autonomy

well-being/

Feeling of

Self-

Control over

Interviewed per-

happiness

acceptance

environment

son: Netherlands

Dim. 5:

Dim. 6:

Positive

Purpose and

relations with

meaning of

others

life

1st

15

13

11

12

14

15

2nd

2

8

-8

-1

7

11

3rd

10

14

11

10

8

11

4th

8

10

8

8

10

9

5th

8

2

2

-2

0

2

6th

10

10

5

10

9

12

7th

15

15

15

15

15

15

8th

6

15

13

12

13

15

9th

8

2

2

-2

0

2

10th

7

10

7

12

12

7

11th

5

5

-1

7

3

7

12th

10

8

5

10

12

13

Total

104

112

70

91

103

119

Table 3. The results of Moldovan respondents (PWBQ) (p. 7.2)

Data from the Netherlands and Moldova were structured both separately and jointly for analysis in
terms of comparative evolution (Table 4, Figure 3, Figure 4).
Psychological

Dim. 1:

Dim. 2:

Dim.3:

Dim. 4:

Dim. 5:

Dim. 6:

well-being/

Feeling of

Self-

Control over

Autonomy

Positive

Purpose and

Interviewed per-

happiness

acceptance

environment

relations with

meaning of

others

life

son: Netherlands
Netherlands

73

100

19

77

104

85

Moldova

104

112

70

91

103

119

Table 4. The results of Netherlands Moldovan respondents (p. 7.2.)
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Figure 3. Comparative data regarding psychological well-being Netherlands – Republic of Moldova (p. 7.2.)
Figure 4. Comparative data regarding the evolution of psychological well-being Netherlands – Republic of Moldova (p. 7.2.)

Based on collected data on the psychological well-being using PWBQ questionnaire was analyzed the statistical methods of maintaining and improving the psychological excitement of the
seniors from different groups of the seniors.
Collected data and analyzed methods will support the methodology and the decisions to be proposed in the branch of creating a more productive, healthier, and more comfortable society for
the elderly.
Also the questionnaires, which have been implemented within the STSM, were based on the characteristics of the psychological well-being of the older adults in the sectors of psychological
energy loss.
Access to local libraries and databases from the Hague, Amsterdam, Roterdam and AFEdemy
gave the opportunity to select and study several methods of work with investigative questionnaires. The host institution AFEdemy helped to organize the groups of respondents and administering the questionnaire to the sample of respondents in Dutch space.
The information obtained from surveys as a result of the questioning seniors from selected Dutch
collectives was processed, analyzed and distributed on three age compartments to be subjected to processing using statistical methods of processing surveys. The respondents had a
positive reaction on the survey, but with a remark that there are too much questionnaires to fill
up everywhere nowadays (i.e.: hospital, city hall, etc.), and that they would have much more
pleasure from discussing personally with specialists sharing their stories with them. The specialists instead, can observe from these discussions the needs of the seniors, and bring to them
the appropriate IoT and ICT solutions.
Under the guidance of the host institution AFEdemy was given the opportunity to work with scientists from other Dutch institutions such as Prof. Joost van Hoof, professor of Urban Ageing
from The University of Hague, and Elisabeth de Vries, and others, who helped a lot and gave
suggestions on the structure of age-friendly societies and steps to take to its construction.
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Portfolio of methods for measuring different
aspects of well-being for seniors.

8.3.

The STSM has been finished successfully with very good results, maybe even more than we’ve expected.
The main purpose of applying our instrument of zero-measurement of the psychological well
being, by bringing it to the host institution for validation and appreciation, was fulfilled, so now
the instrument is ready to be introduced in the portfolio of measurement instruments of the
researchers from the field of Social Psychology and Sociology.
Also, the host institution AFEdemy shared with us their latest Age-Friendly Cities and Communities
Questionnaire, which is a representative survey on the perceived age-friendliness of the city
among its older citizens. Part of this survey was the development of a validated questionnaire,
which allows for an assessment of the perceived age-friendliness. This new instrument can be
applied successfully in other countries and can also be included in our Portfolio of methods for
measuring different aspects of well-being for seniors.
There were interviews held with some older adults from Netherlands, who shared with us the experience of living in an age-friendly environment, and also shared some practical recommendations (for example: creation of computer-learning classes) for countries such as Republic of
Moldova, where age-friendly environments are not that developed. These recommendations
are to be implemented.
Based on discussions with interviewees and on their past experiences with different questionnaire-based surveys, was made the conclusion that older respondents prefer more participating
in the interview-based surveys than filling up questionnaires. It gives a more personalized and
qualitative response. But, even with observing these preferences at respondents, there is still no
other better way of questioning big groups of respondents than questionnaire-based surveys.

From quantitative results to qualitative
results of psychological well-being.

8.4.

Considering the opinion of the interviewees and representatives from the nursing homes was also
made the observation that there is a very high level of healthcare and good environment for the
elderly living in the community, but at the same time a lack of psychological services in these
habitats, that is why there is a lack in measuring and maintaining the psychological well-being.
A recommended solution would be to attract more psychologists to work in age-friendly habitats,
this way there would be the possibility to obtain more qualitative results through frequent interviews and conversations, rather than through the questionnaire method which gives more
quantitative results.
A better understanding of the personalized psychological needs of each individual would bring a
propulsion in development of IoT Related Technology and their Impact on New ICT.
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8.5.

First impressions from the international collaboration.

It has been a pleasant and a very fructuous collaboration with AFEdemy, as we brought to Republic of Moldova new solutions in building age-friendly environments.
The questionnaires of the elderly, assigned and implemented for different groups of elderly people in the problems of the well-being of the elderly, serve to investigate and propose different
methods of maintaining and improving the psychological health of the elderly.
As part of the medical outcomes study (MOS), RAND developed the 36-Item Short Form Health
Survey (SF-36). The SF-36 is a set of generic, consistent and manageable quality of life measures. These measures are based on patient self-reporting and are now widely used by managed
care organizations for routine monitoring and evaluation of care outcomes in adult patients.
To measure the degree of psychological well-being, it was compiled a questionnaire with 30
items: five items for each of the six dimensions that we considered appropriate for defining
psychological well-being: feeling of happiness, self-acceptance, environmental control, autonomy, positive relationships with others, purpose and meaning of life - The Psychological
Well Being Questionnaire (PWBQ).
After examining the results of the questionnaire through the short-term scientific mission at the
AFEdemy Academy in Guada, the Netherlands in October-November 2020, require analysis
of the psychological situation of the individual in order to propose methods to maintain and
ascend his well-being.
The activities of the individual to raise his psychological well-being are based, to a large extent,
on the hormonal reflections of the individual. It requires us to be aware of the hormonal reflections, on which the spiritual, emotional and cognitive psychological state of the individual
is based. They are component elements of the actions of psychological survival of the elderly.
The repositories of the spiritual, intellectual and physical procedures of intergenerational social
activities represent the nucleus for the elaboration of the methods of evolution of the psychological well-being of the individual.
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9 The sustainability and collaboration
with perspective.
We consider this STSM was just a jumpstart of the collaboration between Netherlands and Republic of Moldova.
For the future collaborations we express our willingness to involve Moldovan specialists in international researches, in order to develop better personalised methods of questioning and afterwards to bring solutions for the psychological assessment of older adults in the EU age-friendly
habitats for SHELD-ON and AFEdemy, for improving the general level of well-being for elderly
and to bring new ideas to IoT and ICT developers.
These questionnaires are also to be used on older adult samples from the Republic of Moldova with the development of different recipes for maintaining and improving the psychological
well-being of the elderly. Finally, a joint estimate of the results of the mixed survey will be made
using questionnaires of the two types. The respective conclusions will be made on the use of
"Personal Psychology" recipe warehouses, "Positive-Negative" recipe repository, together with
the PWBQ recipe warehouses. These deposits will form the basis of future research into methods of maintaining and positive development of the psychological, intellectual and emotional
well-being of the elderly.
There will be investigated measures to improve the well-being of the elderly, which are largely
supported by such means as: continuity of the life of the elderly through production and consumption activities, hormonal reflections and psychological survival.
This continuing activity of the seniors has to be investigated with the thoroughgoing study of their
creational and emotional psychological performance. Most of the researches we make are oriented to achieve the purpose of maintaining and developing the seniors’ progress in their activities
inside their habitat and in the process of transition from one of the group of seniority to another.
The results of our investigations, partly coming from the mission work, carried out through this
STSM project will be proposed to be implemented in the network of all the educational institutions of the Republic of Moldova and in the network of the European’s universities with the goal
to exchange the accumulated experience.
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Rethink Outdoor/indoor for Seniors',
in a climate change scenario.
Abstract:
The combination of air pollution, climate change and urban
heat island in cities cause deficits in seniors respiratory and
circulatory systems, while an increase in mean radiant temperature increases mortality. The reduction of green areas
in the city further decreased the environmental quality of
cities. This discourages seniors from spending time outside.
The ongoing pandemic emergency imposes reflection on
the relationship between elderlies and those who are vulnerable within the city outdoor and indoor life, noticing how
a large rate of spaces need to be redesigned. Urban and
architectural design are critical factors in defining a healthy
and equitable city for the elderly.
Several studies proved that the greenery may improve both
the physical and mental health of the elderly. Existing literature demonstrates how the quality of seniors life depend
on urban density, building shape and orientation, presence
of nature-based solutions, and building materials' properties. However, little research focuses on what solution for
outdoor and indoor can positively affect outdoor and indoor
spaces to support seniors' thermal regulation and what microclimate specific solutions generate. By filling this gap,
the paper unfolds technical solutions that could potentially
sustain the elderly's urban and indoor life.
Keywords:
Elderly, Climate change, Outdoor comfort, Indoor Comfort,
Architectural Technology
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1 Introduction
As the urban population increases and gets older on average, issues related to climate change
are tangible. Climate change summed to urban heat island affects cities climatic patterns, with
the manifestation of extreme and more frequent weather events, including heatwaves. Climate
change in dense cities places stress on everyone but disproportionately on the vulnerable
populations, including the old and those with chronic illness. Older adults are the most at risk
because of decreased mobility, physiological changes, and limited adaptive capacity.
Soon, climate change will have an even more significant impact on urban environments, leading
to environmental stress on urban infrastructure. This condition is exacerbated in urban areas
where spaces are warmer than surrounding rural areas. Concrete, asphalt and steel reduce
the city albedo (the thermal reflectivity of surfaces), and the absorbed heat is retained in place
by thermal mass. The subsequent installation of indoor air conditioning systems increases the
overall urban temperature (heat is extracted by indoor spaces and released in the streets).
These adverse circular effects determine the so-called Urban Heat Island (UHI), a condition
that leads to several senior's deaths in extreme summers.
The effects of UHI and high temperature in cities are variable, depending on pre-exposure health
status, psychological wellbeing, and social characteristics. Older people are more likely to suffer from adverse health effects due to climate change because of physical decline or frailty.
Those individuals who suffer from multiple pre-existing chronic conditions and those who take
medications that increase susceptibility to heat are more at risk because of those factors. Underlying chronic medical conditions (for example, cardiovascular disease, obesity) exacerbate
vulnerability, as do medications that affect the body's thermoregulatory capacity. For instance,
studies have shown that when the outdoor Mean Radiant Temperature (MRT) exceeds 60 °C,
heat-related mortality risks increase by 10% in people aged over 80 (Thorsson).
As many scientific studies have proven in the last decades, urban and architectural design are
critical factors in defining a healthy and equitable city mode (Azzopardi, Campolongo). As sustained by the European Academies Science Advisory Council (EASAC), evidence abounds regarding the negative and direct climate change impact on health (Fullman) and, in particular,
the combination of air pollution and UHI, which causes deficits in the respiratory and circulatory systems, by affecting in specific vulnerable people such as children and the elderly. Other
studies link the presence of greenery in living environments, the improvement of mental health
(Melis, Astell-Burt), the reduction of mortality, and the promotion of easily accessible physical
activity in a mixed urban environment and the reduced risk of obesity (Dempsey, Knobel) and
diabetes (Atell-Burt).
Among the full range of design solutions for mitigating heatwaves and UHI, re-greening is the
most viable discussed in the article. Greening of cities is a key strategy from many sides. It improves the elderly psychological wellbeing; it positively influences air quality via CO2 absorption and increases outdoor thermo-hygrometric comfort.
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Besides, greenery is the only known side-effect-free solution against heat in cities. According to
UN SDG #3, nursing healthy lives and promoting wellbeing for all is central to building a prosperous society; from a broader perspective and debating urban green scape links these topics
in a section that focuses on the potential of natural elements. Improving elderly access to green
spaces and water is thus crucial for the "urban agenda". Also, the building façades can play an
essential role in mitigation and are discussed in the article.

2 Aim
Considering the rapidly increasing older population worldwide and the effects of climate change
on cities, urban planning modelling, local and human biometrics recording, and science-based
solutions need to be in place. Designing to optimise the thermal comfort of outdoor spaces and
the indoor with a focus on elderlies has a crucial role. It is, therefore, the area of investigation
of this paper. Here, outdoor spaces, building fabric and indoors are explored as dual climate
givers for outdoor and indoor (Naboni, d). In a few words, designing an interior is also assumed
to impact outdoor thermodynamics and vice-versa. The article highlights outdoor and indoor
interconnectedness. It explains how this can be studied in the design process that leads to
temperate spaces for seniors. The cases relate to five instances:
1.
2.
3.
4.
5.

façade influence;
nature-based impacts;
transitional spaces impact on outdoor/indoor;
streets and plazas;
influence of urban fabric and topography on thermal comfort.

3 Background
3.1.

Elderly thermal comforts

Humans have a steady internal temperature of around 37 °C. To feel good, we must maintain this
temperature. However, there is a reasonably significant difference between the 20 °C we have
indoors and the internal temperature in the body (37 °C). The whole explanation for this is not that
we isolate ourselves with clothes. Still, it has to do with the fact that we also regulate our temperature with the skin and internal physiological processes. The skin, which has a temperature
of around 32 °C – helps us ensure that our internal body temperature does not rise too much.
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Everything a human being does, even without any physical activity, generates heat. If we freeze,
we shiver - which causes more heat - so that the body temperature rises. If we get too hot, the
heat must be able to make its way somewhere. If we get hot, we sweat. We usually can sweat
about one litre per hour. The sweat evaporation leads to the air closest to the skin cooling
down, and the skin can also dilate blood vessels to increase the heat transfer rate. For heat to
be transferred from the body to the skin, it requires that the body temperature be higher. The
skin must therefore be able to cool down. The combination of dissipating excess heat from the
body's interior to the skin and the skin to the outdoors allows the body to maintain its optimal
internal temperature.
This is why humans can live in temperatures that exceed body temperature, as long as they can
sweat and protect the skin body from direct sunlight. If we can drink much water simultaneously and replace salts and other things we sweat out, so we do not dry out, then we can manage.
A prerequisite for the body to cool down is that the humidity is not too high, as the air must absorb the sweat from the skin. Humidity is measured by the difference between a thermometer
with a dry sensing body and a thermometer with a sensing body in a damp cloth (so-called
wet bulb temperature, which measures the temperature at which it is possible to cool another
surface via evaporation). The higher the wet temperature and humidity, the more difficult it is
for the person to cool down the body by sweating (because the air does not absorb the sweat).
When wet-bulb temperatures reach up to 35 °C, people can no longer maintain their body
temperature independently. People’s thermoregulation is not possible even if they drink water
and are in the shadows because the heat from within the body cannot be given off to the environment via the skin.
To make an example, many regions of Sweden have an average humidity of around 80 %. At the
same time, warmer countries in Africa, such as Sudan, are also drier, with an average humidity
of about 30 %. This means that Sweden has higher wet-bulb temperatures at the same room
temperature. In drier countries, people thus have a more significant opportunity to regulate
their body temperature by drinking and sweating than in Sweden. The heat can be fatal for the
elderly at high wet-bulb temperatures, even if the average room temperature is not so high that
we would generally consider it dangerous. Those who do not have the same ability to regulate
their body temperature by sweating are particularly vulnerable. It is for this reason that the article discusses solutions that control temperature and humidity by different means.

3.2.

Elderly in the climate change

The greater vulnerability of the elderly related to environmental conditions is a relevant issue today. It is now clear that the elderly and the children are more affected by heatwaves and poor
air quality. Nevertheless, several studies focus on elderly indoor thermal adaptation (Mendes,
2013; Hong, 2015), but a great gap in climate change adaptation studies for the elderly in the
outdoor environment can be seen. In general, the elderly prefer a neutral thermal environment
(Cena, 1986) if compared to the general population (25 °C in summer and 23 °C in winter) and
their thermal sensitivity is lower (Shellen, 2009, 2010), mainly because of a reduction in metabolic rate and also because older subjects are less active.
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Even if older people tend to live mostly indoors (approximately 19 to 20 h/d), climate change's
tangible consequences have shifted the attention towards the adaption potential of outdoor
environments to meet the elderly needs. These aspects, along with the rapid growth in the
elderly population, have to be thoroughly investigated in linking indoor and outdoor conditions
in future climate scenarios.

3.3.

Thermally linking indoor and outdoor

Heat is a factor that profoundly affects urban microclimates (WMO), disturbing the elderly quality
of life. Heat flows can be significantly modified at the microscale as forms of spaces and buildings have the most prominent influence on microclimates (Fan). The height and the distance of
urban elements affect the amount of shortwave radiation impacting on and absorbed by buildings. Furthermore, shortwave radiation is reflected (or multi-reflected) in a dense urban context
where multiple facilities face each other. Longwave solar radiation is also a primary type of heat
exchange in local urban contexts. Here, the emissivity of materials and vegetation becomes a
significant parameter (Hasem). These clauses give a primary role to spaces and buildings’ form
and materials in characterising outdoor and indoor conditions (Takebayashi).
Therefore, it is logical to think that outdoor and indoor space should be designed to calibrate local
heat exchanges. Characterising geometry and material is a game involving substantial modifications of shortwave, longwave, conduction and convection. Starting with clarifying the link
between outdoor and indoor flows by modelling is a first step to be part of the game.

3.4.

Digital methodology

It is known that buildings interconnect indoor and outdoor by conductive, radiative (short and
long wave) and convective phenomena, evaluating the interactions of the building façades'
physical properties with materials, building geometry, urban morphology, and outdoor/indoor
conditions requires modelling techniques. Some algorithms and tools are already approaching
the topic. ENVI-met and Ladybug Tools workflows were developed to allow holistic evaluation
of choices related to space/building forms, material and operations [Naboni, c]. Their digital
workflows allow holistic assessment of seemingly disparate environments.
When designers are working on modelling the outdoor thermal comfort of a specific location, it is
essential to understand how the elderly are currently experiencing it. The need to assess simultaneously-methodically and bridge the indoor and urban outdoor performance is fostering new
numerical models. These simulate local conditions and predict the effects of design on outdoor
thermal comfort, indoor temperatures and buildings' energy consumptions. Several algorithms
and tools, among others ENVI-met and Ladybug Tools, are being used in research to study
the effects of buildings on outdoor microclimate and vice versa. Each tool has capabilities and
limitations. ENVI-met and Ladybug Tools workflows are used in this review.
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4 Review of Studies
4.1.

Façade influence on outdoor/indoor

It is vital to create a nice thermal transition from indoor and outdoor and avoid thermal shocks for
the elderly. A preliminary work tested how variations of the window-to-wall ratio (WWR) and
the colour of the outermost surface of the façade located in Copenhagen and Madrid impact
outdoor and indoor MRT and Illuminance (lux). The simulation proved that the façade choice
could significantly impact the outdoor and indoor rooms' thermal and visual comfort (Figure 1).
It is shown that in Copenhagen streets, MRT can be increased by 2 °C depending on the façade
type, leading to milder winters. In Madrid, MRT can be reduced by 4 °C in summer, leading to
cooler streets.

Fig. 1 The changing colour of façades gives a variation of MRT in Copenhagen and Madrid.

Shading systems decrease the perceived temperature in the building's indoor environment and
the direct vicinity of the façade, the street, and the front-facing building interiors. Further investigations (Naboni et al. (e)) have led to the conclusions that façades can change canyons
temperatures in winter and summer at any latitudes. By using the custom Ladybug Tools script
mentioned above, several façades are tested (Fig. 2). Results show how geometry affects the
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surface temperature in the vertical walls (up to 15 °C difference on average) and up to 5 °C of
MRT difference when measured at ground level. A further study conducted with Ladybug Tools
explored possible strategies to minimise the thermal stress induced by the heavy UHI effect in
Catania, Sicily (Evola). The study shows how different types of façades affect outdoor temperatures and primarily the building energy demand, therefore proving that outdoor microclimatic
conditions have a strong influence on the indoors.

Fig. 2 Surface Temperature and MRT assessed to evaluate the impact of façade geometry.

4.2.

Nature-based solutions impacts on outdoor / indoor

In recent years, cities are adopting Nature-Based Solutions to create better climates for the community and offer liveable spaces to seniors. Several types of research highlight how these affect either UHI mitigation or reduce building energy consumption (Voxet al. 2018; Köhler 2008).
A soil-based green wall is an excellent tool for therapeutic gardening for the elderly. Unlike
traditional horizontal green grass (turf), a green wall is raised. It does not require older people
to spend large amounts of time bent over on the ground. Vertical Greenery Systems (VGS) are
getting popular, and studies to quantify their size and types are undertaken (Olivieri et al., 2017).
By offering indoor and outdoor surface temperatures (Fig.3), these values can be used to model
both indoor and outdoor comfort, therefore selecting the exact thickness of vertical ground that
would benefit pedestrian and building occupants.
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Fig. 3 The thermal behaviour of the green façade varies according to insulation thickness.

Linking Outdoor and Indoor. The influence
of outdoor greenery on indoor

4.3.

It is well known that trees increase outdoor comfort during summer by shadings and evapotranspiration in a site located in Shanghai, where the climate is tropical humid. The building on
the left (Fig. 4) has a masonry façade, whilst the one on the right has a glazed curtain wall, an
asphalt road, and a sidewalk that separates them in concrete pavement. Two scenarios are
modelled: one with trees with spherical crowns with low Leaf Angle Distribution (LAD) (2 m2
m-3) and one without trees.
There are many areas along the road near the trees where the Universal Thermal Climate Index
(UTCI) is lower than the scenario without trees (Fig. 5), with more than 2.3 °C of difference. However, the high level of relative humidity, the wind speed reduction near the trees, the Sky View
Factor reduction, and the orientation North-South increase the UTCI at few exposed areas at
the sun (+ 0.2°C) north side. The building's inner temperature on the right increases slightly because of the wind speed reduction (Fig. 9) due to trees. The building's average internal temperature with curtain wall is lower than the scenario without trees, with a difference of almost 2 °C
in Shanghai in a day in June at 1.00 pm.
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Fig. 4: Delta UTCI and Average Indoor Temperature at 1 pm: Comparing a scenario with trees and a scenario without trees.
Fig. 5: Delta Wind Speed at 1 pm: Comparing scenario with trees and scheme without trees.

4.4.

Transitional spaces impact on outdoor/indoor thermal comfort

A relevant topic is how historical buildings can be adapted to elderly needs. Thermal comfort for
seniors traditionally focuses on indoor thermal environments. Recently, there has been some
new research about outdoor thermal comfort, which has shifted the attention on the "transitional spaces", the architectural area where the indoor and outdoor climate is modified. Here senior
occupants may experience the dynamic effects of this change. A study on the relation between
indoor and outdoor spaces was carried out for two different Chiostri in Parma (IT). The research
aims to analyse the current environmental performance of the key selected courtyards under
study (Figure 6) to understand their role in terms of hygrothermal influence on transitional (indoor/outdoor) spaces in a temperate climate.
The methodology assesses microclimate parameters for the hottest day in Parma to determine
outdoor liveability (PET values and UTCI index) in the present and future weather Scenarios (2050
and 2080) inside the cloisters. Some partial results suggest that the increased density of shadow
areas can mitigate the outdoor temperature values and subjective thermal comfort perception.
High fabric density, the presence of green mass (in San Francesco del Prato), and shadowing
potential (in Sant’Uldarico) seem to better contribute to mitigating overheating phenomena, confirming the importance of shadowing building compactness (surface-to-volume ratio). When
comparing the future climate scenarios 2050 and 2080, it can be seen that the high thermal
mass of the typical historical city plays a crucial role in users' thermal processes adaptation.
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Fig. 6: The cloister of Sant’ Uldarico and the cloister of San Francesco del Prato (Parma, Italy).

4.5.

Streets and plazas on outdoor/indoor

Venice is a city visited by every generation, from kids to the elderly; the city needs to be readapted
to offer a temperate climate. Much has been discussed on the liveability of the city of Venice,
but little has been studied on the positive aspects for older users within the boundary of summer heatwaves. A simulation conducted on the scale of the urban block in the historic fabric of
Venice, has led to some preliminary results on the mutual influence in outdoor/indoor thermal
behaviour in a compact city (Gherri et al., 2020). Based on IPCC's future weather predictions for
2050, assessments on two selected Venetian Campi thermal behaviour highlight how the urban fabric configuration affects the local microclimate and outdoor conditions.
As in Fig. 7, at the district level, despite the evident increase of outdoor temperatures in projected
2050, the Venetian fabric can ensure a significant mitigation potential. In the two key selected
areas, San Polo and Santa Maria Formosa, the MRT values increase noticeably, were already
high, due to paved and waterproof pavements but, thanks to the shadows cast by the building
façades, the deviation from the 2020 scenario is negligible. At large, the open spaces of the
Venetian urban fabric, despite the rising temperatures, seem to respond adequately to users'
thermal needs.
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Fig. 7: Santa Maria Formosa in Venice, ENVI-met MRT values distribution on 2020 and 2050 summer hottest day at 4pm.
San Polo, ENVI-met MRT values distribution on 2020 and 2050 summer hottest day at 4pm.

4.6.

Influence of topography and urban form on indoor/outdoor

During the summer of 2018, wet temperatures of up to 26 °C were measured in Sweden. An estimated 700 people died due to scorching conditions. Cities built in the 1970s host the larger
communities of elderlies in Sweden: one example is Stenungsund. The chart in Figure 12 shows
the expected variations in dry bulb temperature from 2018 (data recorded in a locally built
weather station) to 2050 (modelled according to the IPCC scenario A2). The first chart displays
a monthly analysis, while the second one focuses on temperature recorded along a typical
summer week (Figure 8 a, b). A study was then conducted to assess current microclimate conditions and the IPCC projections for 2050. An area of more than one square kilometre in front
of the city harbour was simulated with ENVI-met. The port, the commercial space, residential
buildings of different ages, dense vegetation spots, and an irregular topography with small
valleys give shape to the local climate. ENVI-met was used to assess the UHI phenomenon for
outdoor spaces, the temperature inside buildings and the energy consumption (Fig. 9).
The presence of dense greenery contributes positively to the lowering of outside temperatures.
In the shown case, air temperatures are significantly lower in the presence of vegetation and
porous surfaces. The city's urban fabric is characterised by recently constructed buildings and
older ones with less insulating materials. The latter are recognisable in the figure as having an
internal temperature similar to the external temperature, which will easily reach 35 °C in 2050.
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Where dense vegetation is very close, some less insulated buildings benefit from lowering the
temperature by shadowing, approaching the 26-28 °C typical of the best performing buildings.

Fig. 8: (up) Monthly charts with stochasticity climate predictions,
(down) Extreme hot week (27 July to 2 August) with stochasticity predictions
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Fig. 9: Outdoor / indoor air temperature in Stenungsund area.

5 Conclusions
Research on heatwaves suggests that interventions to mitigate climate change and the UHI
should be beneficial to the elderly. As such, both tools and countermeasures to UHI effects are
here sought and simulation-based experiments were implemented. The previous studies show
how building façades, nature-based solutions, buffer zones, streets and plazas shapes and
urban fabric strongly affect the outdoor and indoor thermal conditions. Consequently, all these
systems should be duly considered when planning an elderly-friendly space. The review of the
digital approaches used in the case studies shows that linking thermally indoor and outdoor
would provide for synergies that support seniors wellbeing.
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Balancing activity recognition and
privacy preservation with a multiobjective evolutionary algorithm
Abstract:
With the widespread of miniaturized inertial sensors embedded in wearable devices, an increasing number of individuals
monitor their daily life activities through consumer electronic
products. However, long-lasting data collection (e.g., from
accelerometer) may expose the users to privacy violations,
such as the leakage of personal details. To help mitigate
these aspects, we propose an approach to conceal subject’s
personal attributes (i.e., gender) while maximizing the accuracy on both the monitoring and recognition of human activity. In particular, a Multi- Objective Evolutionary Algorithm
(MOEA), namely the Non-dominated Sorting Genetic Algorithm II (NSGA-II), is applied to properly weight input features
extracted from the raw accelerometer data acquired with a
wrist-worn device (Empatica E4). Experiments were conducted on a large-scale and real-life dataset and validated
by adopting the Random Forest algorithm with 10-fold cross
validation. Findings demonstrate that the proposed method can highly limit gender recognition (from 89.37% using all
the features to 64.38% after applying the MOEA algorithm)
while only reducing the accuracy of activity recognition by
5.45 percent points (from 89.59% to 84.14%).
Keywords:
Human Activity Recognition · Privacy preservation · Gender
user identification · Wearable sensors · Multi-objective evolutionary algorithm.

Page 119 - Sheldon 3rd Online Conference Meeting 14th October 2021

1 Introduction
Different sensors and sensing modalities can be adopted in lifelogging applications, which may
expose the subject to risks associated with privacy violations, because of the pervasive and
long-lasting collection of data [9, 23, 25]. Additionally, the potential threat to privacy is also
determined by the subject’s awareness about the undergoing collection of sensor data, while
performing daily life activities. In fact, while the explicit user permission is typically requested,
e.g. by mobile devices operating systems, to access and activate data collection from sensors
such as cameras, microphones and positioning systems, which are generally perceived as information rich and intrusive of the user’s privacy, other sensors such as accelerometers, gyroscopes and barometers are usually considered less dangerous in terms of privacy implications,
if not taken into consideration at all [24]. Unfortunately, the vast majority of the accelerometers
embedded in consumer wearables and smartphones are usually accessible to several third
parties (manufacturers, service providers, developers of apps running on the hosting device),
that are to be wisely considered as potentially untrusted if not malicious, especially because
the user does not have any control on their capabilities to access the sensor data. As acceleration data collected from wearable devices is shown to enable the leakage of personal details
[20] [42], suitable approaches to privacy by design and by default in wearable devices, which
are prescribed by privacy regulations such as the European GDPR [15], are needed [17].

1.1.

Activity recognition with accelerometry

Human Activity Recognition (HAR) targets to automatically detect and predict human behaviours
through motion data collection. Over the past years, both video- and sensors-based HAR have
been explored in many application fields, such as ambient assisted living (AAL) [38], anomaly
living patterns [16], fall detection [31], sport [47] and pandemic emergency like COVID-19 [19].
Generally, the development of a HAR system follows a specific sequence of steps, named Activity
Recognition Chain (ARC), leading from collected raw data to activity recognition system performance. As detailed in [5], ARC consists of four consecutive steps that include the pre-processing,
the segmentation, the feature extraction, and finally the selection of features and classifier training.
Within the context of sensor-based HAR, thanks to the quick spread of miniaturized inertial sensors (Inertial Measurement Units—IMUs) embedded in wearable electronic devices, motion-related raw data can be easily acquired from several consumer electronics products (e.g. smartwatches and smartphones), although their metrological properties are often unavailable [10].
Acceleration data are widely employed for HAR analysis [1], [40]: such approaches offer an adequate, comfortable and affordable solution to directly measure the movement of the human
body. Several studies focused on monitoring human activities have been reviewed in [13] and
[39], where the accelerometer is used either alone or combined with other inertial sensors like
gyroscopes and magnetometers.
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Acceleration samples generated by the sensor capturing the current user’s status may be continuously gathered from the wearable devices, processed and then used to classify the performed
activities through the use of Machine Learning (ML) and Artificial Intelligence (AI) algorithms.
Among others, some of the most commonly implemented classification algorithms include
Naive Bayes (NB), Random Forest (RF), Decision Tree (DT), Support Vector Machine (SVM),
k-Nearest Neighbor (kNN), Hidden Markov Model (HMM), Artificial Neural Network (ANN), Convolutional Neural Network (CNN) etc. [37] [22]. However, different algorithms can be suitable for
different scenarios of HAR, depending on the nature of the data collected [36] and also on the
target item to classify (activity, gesture, pose, and so on). All of the mentioned algorithms exploit features computed on the acceleration data, either in the time or in the frequency domain;
however, some of the features may capture not only the information strictly needed to classify
the activity, but also personal details about the subject performing it. As a consequence, the
risk is that the personal information is exposed with the HAR classification results.

1.2.

Privacy preservation

The very rapid growth in the adoption and popularity of wearable devices has nurtured the development of a huge amount of different applications exploiting not only the data collected
by means of the on board sensors, but also the personal information each user may decide to
provide, such as age, height, gender and weight.
For the latter, several mechanisms and approaches have been proposed in the literature, in order
to guarantee anonymous sharing and avoidance of privacy disclosure [29], [46], [7]. However, the same personal information could be disclosed also without the explicit consensus of
the user, by processing some of the motion-related data collected from wearable sensors,
especially those generated by accelerometers. As explained in [43], for applications targeting
HAR based on acceleration data, a potential privacy leakage exists about the user’s identity,
because it is possible to infer gait characteristics depending on a user’s muscle growth, bone
structure, height, and weight, from the sensed accelerometer data. Also, the authors show how
feature selection and sampling rate adjustment have an impact on the accuracy of both activity
and identity recognition, and they should be considered on the basis of their mutual information
metric. Based on the above observations, motion data can be classified as a quasi-identifier
[24], because it may allow the identification and tracking of a user. In fact, every individual has a
distinctive way of walking, which is the reason why gait can be a key element of biometric techniques to authenticate and/or identify the user of a wearable device. Moreover, motion data
can be drawn from wearables (such as smartbands) and mobile devices without the user’s conscious participation or explicit permission, thus becoming a potential threat despite being generally thought to be harmless. Boutet et al. in their report [4] present a privacy-preserving tool
to sanitize motion sensor data against unwanted sensitive inferences (thus improving privacy),
while keeping an acceptable accuracy of the HAR (thus maintaining data utility). To do so, the
tool builds several models to sanitize the motion data against the specified attribute (such as
gender), by exploiting Generative Adversarial Networks (GANs). The generated sanitized data
may result to be distorted with the respect to the raw one, for the aim of the target application
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(HAR) so, based on a utility/privacy trade-off, several models may be necessary before finding
the one that optimizes HAR performance loss, sensitive inference reduction, and data distortion. Authors present test results on available data collections, for which gender inference is
reduced up to 41% while decreasing the HAR accuracy only by 3%.
While gait has been proved to enable a subject’s identification from his/her motion data in the
literature, in a previous paper we discussed the risk of exposure of personal information also
when the collected acceleration data are not related to gait, but associated to different types
of activities or gestures [34]. Taking all this into consideration, the main objective of this paper is
to design a method to properly select features computed from the acceleration data acquired
with a smart wristband while performing different activities, and used by supervised classification algorithms, so that HAR accuracy (i.e. the utility of the data) is not affected, while personal
attributes (i.e. unnecessary private details in the processed data), such as gender, are concealed. A Multi-Objective Evolutionary Algorithm (MOEA) is applied to find appropriate weights
for each feature, differently from the paper cite above which exploits GANs. The remainder of
this paper is organized as follows. In Section 2 the initial method applied for HAR and gender
recognition is presented. This Section also provides a description of the collected dataset, highlighting the features extracted from the accelerometer signal, which serve as input for the recognizing systems. In Section 3 a multi-objective evolutionary algorithm is described to find the
relevance of each feature so that HAR accuracy percentage is maintained (or improved), while
gender recognition is worsened to preserve the private information. Finally, Section 5 discusses
the approach proposed in the paper and presents some future works.

2 Activity and gender recognition
2.1.

The dataset

This work employs the publicly available PAAL ADL Accelerometry dataset [32], a dataset acquired with a wearable multi-sensor device, the Empatica E4 [14], which provides raw activity
motion data in real-life conditions.
To the aim of this work, among the signals collected by the sensors embedded in Empatica E4,
only the acceleration has been extracted to monitor the users performing different activities of
daily living. To promote the real-life acquisition procedure, subjects acted in their natural environment, with no instructions about how and for how long to perform each activity.
The dataset includes 24 different activities performed using real objects. Each activity was repeated between 3 and 5 times by 33 healthy subjects, characterized by a gender balance (19
females and 14 males), and a large age range (between 18 and 77 years, mean = 45.24 years and
standard deviation = 18.24 years).
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The list of activities is presented in Table 1. This dataset also includes information about the gender
and age of each subject.
List of activities performed by the subjects.

2.2.

1. Drink water

7. Take off jacket

13. Sit down

19. Sneeze/cough

2. Eat meal

8. Put on jacket

14. Stand up

20. Blow nose

3. Open a bottle

9. Put on a shoe

15. Writing

21. Washing hands

4. Open a box

10. Take off a shoe

16. Phone call

22. Dusting

5. Brush teeth

11. Put on glasses

17. Type on a keyboard

23. Ironing

6. Brush hair

12. Take off glasses

18. Salute

24. Washing dishes

Signal processing and Features extraction

Each time series of acceleration samples A was filtered by applying a 4th order low-pass Butterworth filter (cut-off frequency: 15 Hz) for eliminating the high frequency noise and preserving
the human activities and gestures [35]. In addition, a 3rd order median filter was applied to remove abnormal spikes. In order to infer the information contained in the human activity data,
specific features were computed in both time- and frequency-domain, and then extracted, either from each spatial direction (Ax, Ay, Az) and from the signal magnitude vector (SMV) of ac, where i is the index of the sample).
celeration (defined as SMVi =
A successful technique for extracting features from accelerometer data is to divide the signals
into windowed segments [28]. Therefore, we extract features from both raw data of the three
axes and SMV, each segmented by fixed-size sliding windows of 5 s (i.e. 160 samples), with 20%
(i.e. 1 s) of overlapping between two adjacent windows. Concerning the time domain analysis,
features strictly related to the changes in the acceleration signal were evaluated. The frequency
domain analysis was conducted by computing the magnitude of discrete Fast Fourier Transform (FFT) on the acceleration signals. The selected features were then extracted from the
obtained signals. The list of 62 features used is presented in Table 2 [33, 2].

2.3.

Implementation

The overall implementation was made using the Python library Scikit-learn. Among the ML classifiers commonly selected to train and test the classification model, Random Forest (RF) was
used thanks to its good performance reported in previous similar studies [44, 18]. RF is designed
to obtain accurate predictions by constructing multiple trees (named also estimators), where
each tree is grown with a randomized subset of features. In this study, the whole set of features
was used to build each tree of RF, measuring the quality of split with the information gain function. The number of trees was investigated by selecting different numbers of estimators (from
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10 to 170) to verify whether such parameter can improve the model accuracy for activity and
gender recognition.
In order to train the model, the k-fold cross validation was implemented with k = 10. This means
that the original dataset was randomly partitioned into k subsets: k-1 as training set, and the
remaining as validation set. After k times, the average of the k performance measurements on
the k validation sets gives the cross-validated performance.
Domain

Time

Frequency

Features

Computation

Mean

X, Y, Z axes, SMV

Median

X, Y, Z axes, SMV

Standard Deviation

X, Y, Z axes, SMV

Maximum

X, Y, Z axes, SMV

Minimum

X, Y, Z axes, SMV

Range

X, Y, Z axes, SMV

Axes Correlation

XY, YZ, ZX axes

Signal Magnitude Area

SMV

Coefficient of Variation

2

Median Absolute Deviation

X, Y, Z axes, SMV

X, Y, Z axes, SMV

5

Skewness

SMV

Kurtosis

SMV

Autocorrelation

SMV

Percentiles (20th - 50th - 80th - 90th)

SMV

Interquartile range

SMV

No. of Peaks

SMV

Peak - Peak Amplitude

SMV

Energy

SMV

Root Mean Square

SMV

Spectral Entropy

SMV

Spectral Energy

SMV

Spectral Centroid

SMV

Mean

X, Y, Z axes, SMV

Standard Deviation

X, Y, Z axes, SMV

Percentiles (25th - 50th - 75th)

SMV

Table 2. List of features extracted in time and frequency domain.
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2.3.

Results

Generally, in the HAR context, supervised learning
approaches are widely exploited by using labeled data as inputs for predicting the classification
of unknown data through the ML algorithms. In
this section, we present the results of the RF supervised approach used to investigate both the
activity and gender recognition, separately.
Fig. 1. Number of trees for RF classifier.

The experimental results are shown in Fig. 1,
where the number of trees is associated to a
value of accuracy percentage achieved by the
RF algorithm. Contrary to what often may be
thought, the results show that a large number
of trees does not necessarily cause a better recognition performance for the RF algorithm. In
fact, for both models, the percentages of improvement stabilize or slightly decrease as the
number of trees increases, especially after a number of trees equal to 90. This means that the
benefit in recognition performance from using more trees is lower than the cost in computation
time for learning the additional trees. Therefore, at 90 estimators, the global accuracy percentage is 89.59% and 89.37% for human activity and gender recognition, respectively. Besides the
accuracy, the performance of the activity and gender recognition was assessed using the confusion matrix, that summarizes the information about the actual and predicted classes, either
correctly or wrongly classified. Fig. 2 shows the results obtained for the RF algorithm to classify
each activity. As it is clear, the highly misclassified activities are the following ones: open a box
classified as open bottle, take off a shoe classified as put on a shoe, take off glasses classified
as put on glasses, and stand up classified as sit down. On the other hand, Fig. 3 shows the performance obtained for the RF algorithm in distinguishing the gender of the participants. Male
subjects were confused more than female ones, probably because there are more female
users in the dataset.
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Fig. 3. Confusion matrix for gender recognition.
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3 Concealing private information with a
multi-objective evolutionary algorithm
The above results can be considered good for HAR. However, if the goal is to protect identity details
of the users performing those activities, this set of features also gets good results for gender
recognition. Then, the question is: Can the input features be transformed so that HAR remains
good but gender (or any other private data) recognition accuracy decreases? This would lead
to systems that perform well for HAR, maintaining the utility of the data, but, simultaneously,
conceal private information. This work presents a mechanism to filter the input features in order
to obtain this objective. We propose the use of a multi-objective evolutionary algorithm to find
appropriate weights for each feature.

3.1.

Evolutionary feature weighting

This is a similar objective to previous works on evolutionary feature subset selection or feature
weighting. This is, trying to approximate the optimal degree of influence of individual features
using a training set. However, the final goal of this work is to filter the signal captured by the
wristband trying to maximize the HAR accuracy while at the same time to minimize the recognition of personal characteristics of the subjects, e.g. gender or age.
In the case of evolutionary feature weighting, the approach is to consider an individual as a real
vector where each gene represents the weight given to each feature. Two main models are
presented in the literature to implement this [6, 45]: the filter model and the wrapper model.
The former selects the features based on a priori decisions on feature relevance according to
some measures (information, distance, dependence or consistency) [30], ignoring the learning
algorithm underneath. In the latter, the feature selection algorithm exists as a wrapper around
the learning algorithm; in the search of a feature subset, the learning algorithm itself is used
as part of the evaluation function [21]. The main disadvantage of the wrapper approach is the
time needed for the evaluation of each feature weight [26]. On the other hand, filter-based approaches, although faster, find worse solutions in general [6].
This paper follows the wrapper approach, trying to find appropriate weights for the features presented in Table 2 using RF as classifier.
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3.2.

Multi-objective evolutionary algorithms

In multi-objective optimization, the goal is to optimize simultaneously several objective functions.
These different functions have conflicting objectives, i.e., optimizing one affects the others.
Therefore, there is not a unique solution but a set of solutions. The set of solutions in which the
different objective components cannot be simultaneously improved constitute a Pareto front.
Each solution in the Pareto front represents a trade-off between the objectives. MOEAs [8] are
heuristic algorithms to solve problems with multiple objective functions. The three goals of an
MOEA are [41]: (1) to find a set of solutions as close as possible to the Pareto front (convergence);
(2) to maintain a diverse population that contains dissimilar individuals to promote exploration
and to avoid poor performance due to premature convergence (diversity); and (3) to obtain a
set of solutions that spreads in a more uniform way over the Pareto front (coverage). This work
employs the Non-dominated Sorting Genetic Algorithm II (NSGA-II) [11] as wrapper algorithm.
NSGA-II has the three following features: (1) it uses an elitist principle, i.e., the elites of a population are given the opportunity to be carried to the next generation; (2) it uses an explicit
diversity preserving mechanism (Crowding distance); and (3) it emphasizes the non-dominated
solutions. The algorithm will obtain a set of solutions, some of them optimizing one over the
other objective and vice versa. From these set of solutions, a specific solution fulfilling particular
conditions could be selected.

3.3.

Characteristics of the algorithm

An individual in the population (potential solution) is encoded as a real vector U whose elements
uj,∀j∈ [1..62] represent the weight of a particular feature during the classification (62 being the
number of features, see Table 2), i.e. each feature is multiplied by the appropriate weight before
being input to the classifier.
The fitness functions to be optimized are:
The objective will be to maximize f1 while minimizing f2, i.e. maximizing HAR while taking gender
recognition close to random. Therefore, for other private information, the second term in f2 must
be
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4 Results
This work has employed the implementation of NSGA-II offered by pymoo [3], a multi-objective optimization framework in Python, using the following parameters, which have been selected experimentally:
•
•
•
•
•
•
•
•
•

Size of the population: 50;
New individuals (offsprings) created per generation: 10; and
Number of generations without changes in the best individual to stop the algorithm: 100
Some other characteristics of the algorithm are:
The individuals in the initial population are created with random real values between 0 and 1;
Binary tournament is used to select the parents to generate a new offspring;
Simulated Binary Crossover (SBX) [12] with default parameters is employed to create each individual;
Each new individual is mutated by applying Polynomial Mutation [12] with default parameters; and
Duplicates are eliminated after merging the parent and the offspring population. If there are
duplicates with respect to the current population or in the offsprings itself they are removed
and the mating process is repeated to fill up the offsprings until the desired number of unique
offsprings is met.

The application of this algorithm obtains a set of solutions, some of them optimizing one over the
other objective and vice versa (Fig. 4). From these set of solutions, this work selects the solution
closer (using Euclidean distance) to
perfect HAR (value equal to 1) and
random gender recognition (value
equal to 0.5). The accuracy results of
this selected final solution (marked in
green in the Figure) are 84.14% and
64.38%, for activity and gender recognition, respectively. Comparing
with the results presented in Section
2.4 (in red in the Figure), in which all
the features are equally considered,
HAR accuracy has been reduced
5.45 percent points while gender
recognition has worsened 24.99.
Fig. 4. Final set of solutions for a run of the MOEA algorithm. The best-balanced solution is marked in
green. The initial result in which all features are equally considered (presented in Section 2.4) is marked
in red. For the sake of clarity, 0.5 has been added to f2, which is then the gender accuracy.

Fig. 5 shows that results are similar to those shown in Fig.2, although accuracy has been reduced for
most of the classes. However, gender classification has been dramatically affected by applying
the MOEA as almost all the inputs are now identified as being performed by a female user (Fig. 6).
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5 Conclusion
In this work, the authors propose a method for privacy preservation in non gait- related human
motion data collection. More precisely, an MOEA is applied on a dataset of 24 different activities
of daily living performed in realistic conditions by 33 healthy subjects, and for which acceleration signals were collected from the medical grade wrist worn device Empatica E4.
In order to investigate how much private information (i.e. related to gender) is included in the set of
features extracted from accelerometer data, the RF algorithm was firstly adopted for both the
activity and gender recognition separately. Then, the NSGA-II was employed as a wrapper algorithm to find the appropriate weights for each feature so that HAR accuracy is maximized while
simultaneously gender accuracy is minimized. In order to validate the MOEA with respect to the
initial method, the classification accuracy along with the confusion matrices were investigated.
Initial results show a global accuracy percentage of 89.59% and 89.37% for human activity and gender recognition, respectively, by adopting the RF algorithm with a number of trees equal to 90.
In particular, the confusion matrix for HAR suggests that some activities are highly misclassified
because they are difficult to distinguish using only a single accelerometer worn on the wrist,
as the movement of the device may be similar in some contrary activities (e.g. stand up and
sit down). Also, the same activity performed with two different tools was harder to distinguish
(e.g. open a box and open bottle). Regarding gender recognition, the results demonstrate that
the user’s gender can be easily detected from the wrist motion data. Finding the appropriate
weights by using an MOEA allows to conceal the gender of the user while HAR is not considerably affected, resulting in a global accuracy of 84.14% and 64.38% for human activity and gender
recognition, respectively. Additionally, Fig. 4 shows that the output of the multi-objective evolutionary algorithm is not a single set of weights (single solution) but a set of solutions constituting
a Pareto front. Therefore, under some conditions instead of choosing the best-balanced solution
(as this work proposes) any other of the obtained solutions could be chosen, for instance in the
case that, for a specific user, activity recognition needs to be prioritized over privacy protection.
Getting back to the motivations of this study, implementing a concealing strategy on-board the
sensor based on the selected condition on the Pareto front, could be seen as a way to implement what is envisaged as a privacy-by-design approach by the regulations.
In the future, this work will be extended to consider other private information which users would
like to conceal, e.g. age. In that case, in which more than two objective functions were to be
considered, the optimization will be carried out with a many-objective evolutionary algorithms
[27]. Additionally, other set of features extracted from the accelerometer data will be explored.
For instance, extracting deep features from the original data instead of using the handcrafted
features presented in Table 2.
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Abstract:
The world population is ageing and a key hazard to healthy
ageing is falls. The consequences of falls can be costly to
health and social care systems. Falls can be prevented by
continuously monitoring of older people for near falls, as
they are a major risk factor for falls. This preliminary study’s
aim was to find the optimal placement of a monitoring
device to detect falls, as this is the first step towards understanding how to detect a near fall. This study involved
one participant wearing four commercially available motion trackers simultaneously. The participant performed
five controlled sideways falls onto a crash mat. The motion
trackers were controlled using the associ-ated software
that also logged the data. The results presented display
the ac-celerometer and gyroscope data for falls at the four
locations (wrist, waist, ankle, and thigh). The data shows
monitoring at the thigh gives the most consistent pattern
per fall for both the accelerometer and gyroscope data.
Keywords:
Fall Detection, Near Fall Detection, Wearables, IoT.
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1 Introduction
Today people are living longer and the world population is ageing [1], with the world population of
over 65s expected to increase from 9.3 % in 2020 to 16.0 % by 2050 [1]. Therefore, the concept
of healthy ageing has become increasingly important. The World Health Organization (WHO)
defines healthy ageing as ‘the process of developing and maintaining the functional ability that
enables wellbeing in older age’ [2]. Healthy ageing is about quality of life rather than just physical health and wellbeing.
A major risk factor to the quality of life of the ageing population is falling. The impact of a fall can
cause physical injury ranging from minor (such as bruises) to serious (such as a hip fracture) [3],
decline in mental wellbeing [4], or in the worst cases mortality [5]. The cost of falls to health and
social care systems is large and increasing globally, for example the average cost to health care
systems in Australia is US$ 1049 per fall [6]. The quicker a fall is detected, the lower the likelihood of serious complications and damage to mental health, which could prevent further falls
[7]. Importantly quicker detection will result in a faster delivery of medical treatment, which is
important for good clinical outcomes in the case of a serious fall. Therefore, the ability to remotely monitor falls would reduce pressure on health and social care systems and would allow
for the ageing population to live comfortably at home for longer, however, this will not prevent
the risk of falls. The definition of a near fall is a slip, trip, or imbalance that is corrected to prevent
a fall [8]. Near falls are more likely to occur than falls, and near falls are a risk factor for a fall [8].
Consequently, continuous monitoring for frequent near falls can be used to prevent falls.
Wearable technology is often used for continuous monitoring of health
and well-being [9], and wearables have been implemented for fall detection in the form of watches [10, 11] and pendants [12, 13]. It is unclear
how these products detect the fall, but the Apple Watch does state that
it uses the accelerometer and gyroscope inside of the watch to detect
a hard fall [14].
The position of the sensor will be important, and the prevalence of wrist
mounted, or pendant based devices is likely due to ease of implementation. There have been studies to find the optimal placement of the
sensor for fall detection [15] and activities of daily living (ADLs) [16] exploring placing sensors on the waist, ankles, wrist, chest, arm and knee,
however these studies have been inconclusive. In the literature, the
sensors are often placed in several different locations for fall and near
fall detection, without any clear reasoning provided.
The first step towards understanding how to detect a near fall is to ensure
that a fall can be accurately detected. This study aims to find the optimal placement of a sensor to detect falls. This preliminary work only
covers fall data taken at four locations.
Fig. 1. Image of outline of the human body taken from [17] and edited to include the sensor locations of the wrist,
waist, ankle and thigh. his image is licensed under a CC0 1.0 Universal Public Domain Dedication License.
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2 Methods and Materials
This preliminary study was completed using one healthy volunteer (female, age 31, 170 cm, 61
kg) that was asked to perform five controlled sideways falls onto a crash mat (244cm x 122cm
x 20cm). The experiment took 34 seconds to complete. Ethical approval was obtained from
Nottingham Trent University Ethics committee. The participants provided their written informed
consent prior to testing.
For monitoring the falls, the MbientLab MetaTracker (MbientLab, San Francisco, CA, USA) was
used, which is capable of monitoring acceleration and orientation in real-time. In this preliminary study data is presented from four location (see Figure 1); left wrist, waist, left thigh, and left
ankle. These are commonly used monitoring locations in the literature for fall [7], near fall [8] and
activity detection [16]. Data presented in this work was taken as part of a larger study including
five participants, where additional activities and monitoring locations were explored.
The MetaTrackers were controlled using the MetaHub from MbientLab and data was recorded
from the various locations simultaneously with a 25 Hz sample rate, allowing for a direct comparison between locations. The MetaTracker has an embedded 6-axis inertial motion unit (IMU)
(BMI160, Bosch Sensortec, GmbH, Gerhard-Kindler-Strasse 9, 72770 Reutlingen, Germany)
which is comprised of a 3-axis accelerometer and 3-axis gyroscope. Acceleration was measured in g acceleration due to gravity (g) and the gyroscope data was measured in degree per
second (deg/s). The data was processed using Microsoft Excel to create a pivot table that averaged three points logged at each time interval. The MetaTrackers where attached to the body
using fabric (95% polyester and 5% spandex) cut up into strips and tied tightly onto the body.
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3 Results and Discussion
3.1.

Wrist

Figure 2 shows the accelerometer (Fig. 2a) and gyroscope (Fig. 2b) data taken at the wrist for the
five controlled falls.

Fig. 2. (a) Accelerometer and (b) gyroscope data as a function of time taken at the wrist for the five controlled falls in the
x-axis

, y-axis

and z-axis

.

From Figure 2, the graphs show that the accelerometer data during each fall is not consistent. The
only clear features are when the participant is standing still prior to the fall. The gyroscope data
does not have any visible pattern. This is likely due the participant moving their wrist differently
during each fall. Together the two graphs do not appear to provide valuable information for
identifying a fall.
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3.2.

Ankle

Figure 3 shows the accelerometer (Fig. 3a) and gyroscope (Fig. 3b) data at the ankle of the five
controlled falls.

Fig. 3. (a) Accelerometer and (b) gyroscope data as a function of time taken at the ankle for the five controlled falls in the
x-axis

, y-axis

and z-axis

.

Fig. 3a shows the acceleration at the ankle as a function of time. It is clear from the data when the
participant is standing prior to the fall. During the fall there is a consistent 1 g increase in the
z-axis acceleration, and a 1 g increase in the x-axis acceleration. For the gyroscope data alone, it
can be seen that there are five points of movement that correspond to the falls, but the pattern
of motion is not consistent each time the fall occurs.
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3.3.

Waist

Figure 4 shows the controlled fall data for the accelerometer (Fig. 4a) and gyroscope (Fig. 4b) at
the waist.

Fig. 4 (a) Accelerometer and (b) gyroscope data as a function of time taken at the waist for the five controlled falls in the
x-axis

, y-axis

and z-axis

.

From figure 4 it can be seen that there is a consistent pattern for the fall in both the accelerometer
and gyroscope data. It is visible when the participant is standing before the fall. There is a decrease of 1 g in the acceleration in the x-axis and z-axis. In the y-axis for acceleration there is a
smaller decrease in acceleration of 0.5 g. The pattern for the gyroscope is slightly more variable
for each fall.

Page 140 - Sheldon 3rd Online Conference Meeting 14th October 2021

3.4.

Thigh

Figure 5 displays the controlled fall data taken at the thigh for the accelerometer (Fig. 5a) and the
gyroscope (Fig. 5b).

Fig. 5. (a) Accelerometer and (b) gyroscope data as a function of time taken at the
thigh for the five controlled falls in the x-axis

, y-axis

and z-axis

.

The graphs in figure 5 illustrate a clear pattern for both the accelerometer data and the gyroscope
data. The graphs clearly illustrate when the participant is standing. The acceleration in the x-axis, y-axis and z-axis increase by 1 g. The gyroscope data shows an increase in angular velocity
in the x-axis and y-axis and a decrease in the z-axis as the fall occurs.

4 Conclusions and future work
From the data presented it can be seen that the fall data at the thigh provides the most consistent
and clear pattern and is very similar for each of the falls. The wrist data appears to be the least
consistent per fall, which is most likely due to random arm movement. However, further analysis is required on the rest of the data collected at each location on the body for various activities
of daily living to determine the optimal location. This may change dependent on which location
can best differentiate between the various activities and a fall.
Further work will investigate monitoring different actives, such as a stumbling or tripping to mimic
near falls. Additionally, extra participants of varying heights, weights, and ages will be required.
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Building Inclusive Environments
for All Ages with Citizens
Abstract:
The paper provides an introduction to the public discourse
around the notion of smart healthy inclusive environments.
First, the basic ideas are explained and related to citizen
participation in the context of implementation of a “society
for all ages” concept disseminated by the United Nations.
Next, the text discusses selected initiatives of the European
Commission in the field of intergenerational programming
and policies as well as features of the COST Action NET4Age-Friendly: Smart Healthy Age-Friendly Environments
(SHAFE). The following sections are focused on studying
and discussing examples of projects and methodologies
that have been aimed at: empowering facilitators of smart
healthy inclusive environments, empowering citizens to
deal with health emergencies, and supporting older people’s voices. The conclusion covers selected recommendations for entities of public policy on ageing (ageing policy) as well as potential directions for further research.
Keywords:
Age-Friendly Cities and Communities, Citizen Participation,
Inclusive Environments, Intergenerational Programmes and
Policies, Smart Healthy Age-Friendly Environments (SHAFE),
Society for All Ages.
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1 Introduction
Smart, healthy, and inclusive environments can help improve and support independent living
throughout the course of life, regardless of age, gender, health status, disabilities, cultural differences, and personal choices. In order to develop and design these environments, it is of the
utmost importance to include the people who are to live in these designed surroundings and
should ideally accept the use of the proposed solutions. In this contribution, we explore several approaches to citizen participation in order to create smart healthy inclusive solutions and
environments, including solutions, programs, schemes, products, and services for all ages. The
methodologies of involvement and engagement are acknowledged, and—if appropriate—success factors and lessons learned are identified. At first, a short overview of the smart healthy
age-friendly environments (SHAFE) notion is given. This is followed by a paragraph on citizens’
participation in the context of implementation of a “society for all ages” concept promoted by
the United Nations. Thereafter, several projects are presented, methodologies of participation
highlighted, results described, and conclusions drawn.

2 Defining the Smart Healthy Inclusive
Environments
The challenges of various sectors, such as the information and communications technologies
(ICTs) sector, the building and urban planning industry, health and social care, as well as those
of citizens and their communities, are interlinked. Responding to these challenges will foster
awareness and support the creation and implementation of smart, healthy, and inclusive environments for present and future generations that enable them to learn, grow, work, participate
in society and enjoy a healthy life, benefiting from the use of digital innovations, accessibility
solutions and adaptable support models in the European context.
The local community is the physical, social, and cultural ecosystem closest to people, which is
built on relationships of trust, sharing, solidarity and intimacy, where people find social, cultural
and identity references, socialise and live their daily lives. The objective conditions of the environment (maintenance, accessibility, mobility, safety, and comfort) affect the quality of life and
well-being of citizens, particularly in the context of environmental challenges such as climate
change and thus affect the whole community.
Thus, smart healthy inclusive environments, also described as smart healthy age-friendly environments (SHAFE), require a comprehensive approach that optimises the design of social and
physical environments, which is supported by digital tools and services, which allows providing
better health and social care as well as promotes not only independent living but also equity
and active participation in society. This approach follows the United Nations’ line-up, with the
Sustainable Development Goals (SDGs) intended to be achieved by the year 2030 [1], stating
that sustainable environments for all ages represent the basis for ensuring a better future for
the entire world population and addressing most of the growing issues of the ageing popula-
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tion. They are in particular related to Goal 3 (“Ensure healthy lives and promote well-being for
all at all ages”) and Goal 11 (“Make cities inclusive, safe, resilient and sustainable”) and can be
understood as an approach broader than other ideas used in the literature such as ambient
assisted living (AAL), smart and age-friendly cities and communities (SAFCC), and “ageing in
place 2.0” (AIP2.0) [2].

3 Citizen Participation in the
Context of Implementation a
“Society for All Ages” Concept
In order to develop the above mentioned inclusive, smart, and healthy environments, citizen involvement and cooperation is particularly important. Having people’s voices heard during the
conceptualisation and design phases of the development of the living environment fit the objectives of the intergenerational policies related to the United Nations concept of “society for
all ages” and its implementation by the World Health Organization’s (WHO) Global Network on
Age-Friendly Cities and Communities (GNAFCC). Citizen participation clearly pertains to the
distinguished domains of age-friendliness described as buildings and housing, social participation, and social inclusion [3, 4].
Van Hoof et al. [4] took the widely used concept of the “ladder of citizen participation” by Arnstein
[5] as a starting point in shaping various roles that citizens can play. Arnstein described eight
roles for citizens, varying from nonparticipation (in forms such as manipulation and therapy)
through tokenism to citizen power. Tokenism is divided into informing (about citizen’ rights, but
often the one-way flow of information), consultation (e.g., ask for opinions in surveys, neighbourhood meetings or hearings), and placation (citizens are granted a limited degree of influence in
boards or commissions). Higher levels of participation grouped under the notion of citizen power are divided into partnership (shared planning and decision-making responsibilities through
structures such as policy boards), delegated power (some degree of control is transferred to
citizens), and citizen control (participants or residents can govern a programme or an institution
and be in full charge of policy and managerial aspects).
Additional research on citizen participation by Van Hoof et al. [4] showed that involvement is not
automatically a guarantee for success. For example, due to a limited number of active participants, lack of required skills to participate or not representing the target group, success can
be rather limited. Van Hoof et al. further identified the factors that impact the participation of
citizens in a positive manner, such as the provision of regular feedback, the full commitment of
the involved organisations, and the usage of understandable and inclusive language. Having
these observations in mind, the following sections are providing discussions and examples of
various approaches to citizen participation related to SHAFE.
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3.1.

Selected Initiatives of the European Commission in the Field of
Intergenerational Programming and Policies

In 2012, the European Commission announced the European Year for Active Ageing and Solidarity
between Generations and took the initiative to launch a bottom-up approach to involve citizens
and organisations’ actions and opinions in the field of public policy on ageing (ageing policy)
[6]. It led to the creation of the European Innovation Partnership on Active and Healthy Ageing
(EIPonAHA) [7]. At first, it was well-received, and many parties joined the network. Over the
years, the broad interest slowly faded but the main challenges recognised remained unsolved,
for example, the need for scaling up and transferring across the countries, regions, and communities the best practices and solutions such as social innovations and technological innovations in ageing [8, 9]. Nevertheless, several networks that had their origin in the EIPonAHA, such
as the Stakeholders Network on Smart Healthy Age-Friendly Environments (SHAFE) [10] and
the Reference Sites Collaborative Network [11], still continue to operate.
To bring the European Union (EU) citizens’ involvement alive again, the European Commission,
at the beginning of the year 2021, launched a new cooperation network titled the Active and
Healthy Living in the Digital World. This network is a part of the Futurium platform that started
already in the year 2011 as a foresight project aimed at participatory policymaking, crowdsourcing of ideas, and discussing EU policies [12]. One of the dedicated areas within this emerging
network is dedicated to age-friendly environments.
On a different note, the President of the European Commission, Ms Ursula von der Leyen, also at the
beginning of the year 2021, took the initiative to launch a bottom-up approach initiative: co-designing the New European Bauhaus [13]. The New European Bauhaus proposes to focus the conversations on the places that EU citizens inhabit and on the relationship with natural environments
beyond the built space. It is a practical approach to discover beautiful, sustainable, and inclusive
ways of living and to use them to inspire our way forward. EU citizens are invited to join the conversation and are asked to share their thoughts on future environments and places to be like.
Moreover, if it was their neighbourhood, how should that look like, feel like, and work like.

3.2.

COST Action NET4Age-Friendly: Smart
Healthy Age-Friendly Environments

The concept behind SHAFE has inspired several projects and initiatives, including one of the
most recent initiatives supported by the European Cooperation in Science and Technology:
NET4Age-Friendly (2020–2024; COST Action 19136), which is an international interdisciplinary
network on health and well-being in an age-friendly digital world focused on the promotion of
social inclusion, independent living, and active and healthy ageing in society.
Participating scholars, practitioners, and stakeholders from the business and third sector work in
four thematic groups on user-centred inclusive design, integrated health and well-being path-
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ways, digital solutions, and large-scale sustainable implementation, and on impact and sustainability (including policy development, funding forecast, and cost-benefit evaluations). In order to synthesise and critically examine the results of these four themes and existing practices
of SHAFE, a fifth working group will develop a reference framework with guidelines, standards,
and practices (success factors and lessons learned) [14].
The main purpose of described COST Action is to build and nurture local, regional, or national
ecosystems in each participating country. Ecosystems consist of citizens, public authorities,
businesses, non-governmental organisations (NGOs), and research and development entities. These ecosystems aim to foster the implementation of SHAFE with the support of the
above-mentioned working groups.

3.3.

Empowering Facilitators of Smart Healthy Inclusive Environments

Erasmus+ is the EU’s programme to support education, training, youth, and sport in Europe in multinational consortia [15]. These areas are key to support citizens’ personal and professional development. High quality, inclusive education and training, as well as informal and non-formal
learning, ultimately equip participants of all ages with the qualifications and skills needed for
their meaningful participation in a democratic society, intercultural understanding, and successful
transition in the labour market. Within the frame of Erasmus+, training and education is developed
to empower facilitators to implement smart healthy inclusive environments in their community.
Projects such as “Hands-on SHAFE” [16], “Educational game BIG” [17], “Bridge the Gap!” [18], and
“DESIgn for all methods to cREate age-friendly housing” (DESIRE) [19] supported by the Erasmus+ programme include adult learners in the field of inclusive environments. “Hands-on
SHAFE” aims to deliver online training packages for informal learning experiences and handson tools to improve the skills of people of all ages and especially seeks to enable persons with
lower skills or qualifications to choose and implement SHAFE in their own homes or neighbourhoods. In this way, the project fosters and promotes social inclusion for people of all ages and
genders, including people with cognitive or physical impairments or disabilities. It also aims to
enable citizens to become innovators and trailblazers in their own neighbourhoods or to become entrepreneurs in the field of SHAFE services and products.
The educational game “Building Inclusive environments for all Generations” (BIG) elaborates further
on the training about SHAFE by developing an online game. The player can meet and solve the
challenges of characters during the play, such as inaccessible housing for a wheelchair, loading
goods in a car while taking care of a child, or visiting a restaurant with impaired sight. The project
will also develop a workshop methodology to use the game in joint training settings.
The “Bridge the Gap!” project focuses on the training of older people to create and improve their
own living environments to support independent living and participation in society. On the one
hand, the training offers traditional means to advocate their interests. On the other hand, it will
mainly focus on the capacity building of older adults to use digital skills. Such digital actions in-
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clude accessing social media, building online advocacy accounts, or sharing photos to express
to stakeholders and decision-makers specific local needs to improve the local living environment.
The DESIRE project is developed by an international partnership involving four countries working
on a design for all (D4ALL) concept applied to age-friendly housing. DESIRE aims to provide
professionals in the building industry as well as furniture and home furnishings sector with the
tools and skills to apply D4ALL methods as an integral part of the design process, with the aim
to create or adapt age-friendly housing as a solution for the well-being, comfort and autonomy
of older adults or people in situation of dependency at home. The project will develop an innovative training course on D4ALL to meet the emotional, cognitive, and social needs of older
adults while driving new opportunities in the habitat sector, fostering interactions and knowledge exchange in the design process between cross-cutting fields such as science, social
sciences, and arts.

3.4.

Empowering Citizens to Deal with Health Emergencies

Erasmus+ project “STEP_UP” [20] intends to develop a training tool for social care and community
stakeholders, where they are introduced to the impact of behaviours in the spread of a pandemic or emergency situation and trained, through gaming strategies, to prevent and cope,
being empowered to protect and promote well-being in their communities.
The core of this project will be an educational game, which can also be used as a recreational
game for the common public. In “STEP_UP,” the players will play with the aim to stop a pandemic from spreading. A list of measures will be displayed, and the player needs to learn about
them in order to be able to choose those that would help to impede the virus spread without
damaging the economy or causing societal anger. This game will also help people better understand and follow governmental measures and set aside evidence-based information and
facts from myths, fake news, and other forms of misinformation or disinformation.
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3.5.

Case Study of Supporting Older People’s
Voice: Senior-Friendly The Hague

Since 2015, the municipality of The Hague is a member of the WHO’s Global Network on Age-Friendly
Cities and Communities [21]. Member cities of GNAFCC follow a 5-year cycle of planning, implementation, and evaluation in order to make their respective city or community age-friendly. The
Hague recently finalised their first cycle by performing a broad survey among older people (65+) to
express their opinions on the age-friendliness of the city. Overall, the older citizens of The Hague
value the age-friendliness of their city as well as perceives it as sufficient. They give high scores to
their own homes. On the contrary, outdoor spaces and buildings were scored significantly lower.
People in the situation of having a lower income, health and mobility issues are less satisfied.
In order to better involve older adults in local policymaking, the municipality facilitates three ways
of citizens’ involvement. At first, it subsidises the overarching Older People’s Council of The
Hague (in Dutch: Stedelijke Ouderencommissie; SOC) [22, 23, 24]. Secondly, it facilitates and
supports the building and maintenance of a local ecosystem titled the Knowledge Platform
Age-Friendly The Hague. In this platform, older citizens, scholars, public health administration,
municipal policy-makers, and social enterprises (social small and medium-sized enterprises;
SMEs) meet on a regular basis to exchange ongoing research and to look for cooperation opportunities in the field of the municipal Action Plan Age-Friendly The Hague (2020–2022). The
final support to hear the voice of older people in The Hague is the fostering of the active involvement of an older people’s panel: a broad panel of at least 1,500 older adults (out of 77,000
people aged 65 and over) who can be consulted on a large variety of municipal topics.

4 Conclusion: Citizens’ Participation in Smart
Healthy Inclusive Environments Explored
From this broad overview of fieldwork, it has been possible to explore various perspectives of inclusive environments, their challenges, and the needs to be addressed. Some of the lessons learned
in the various projects include that citizen participation is fully recognised as essential (Table 1).
However, a long way is still necessary to make it structured, constant, and comprehensive.
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Initiatives

Strengths

Weaknesses

Challenges

European Commission’s

Combining bottom-up

Unclear monitoring and

Scaling up of the best

Initiatives

and top-down approaches evaluation of results.

practices and policy trans-

to ageing policy.

Dependent on funding

fer across the countries,

Focus on combining

programmes with priori-

regions, and communities.

population ageing with

ties on specific sectoral

digitalisation processes

policies (e.g., ICT and

and the development of

AI-focused economic

diverse environments.

entities).

COST Action NET4A-

Bottom-up internatio-

Establishing sustainability

Building multilevel

ge-Friendly

nal and interdisciplinary

for the network after the

ecosystems with a qua-

network.

project period.

druple helix of citizens,

Providing support in the

public authorities, compa-

form of guidelines, stan-

nies, and researchers.

dards, and practices.
Projects: “Hands-on

Delivering training pac-

Limited scale of in-

Further dissemination and

SHAFE,” “BIG,” “Bridge the

kages and tools related

novative solutions.

development of schemes.

Gap!,” and “DESIRE”

to age-friendly homes or

Empowering citizens

Monitoring and evalua-

Extending focus on the

to deal with heal-

tion of results after the

fight with misinformation

th emergencies.

COVID-19 pandemic.

or disinformation.

Senior-Friendly The

Broad set of initiatives to

Establishing sustainabi-

Citizens’ involvement is

Hague

involve older people in

lity of the older people’s

dependent on their so-

implementation and go-

council, the knowledge

cioeconomic status.

vernance of age-friendly

platform, and an older

city’s idea.

people’s panel.

neighbourhoods.
Entrepreneurship promotion.
Project “STEP_UP”

Table 1. The Comparison of Selected Initiatives of Citizen Participation Related to the Implementation of a “Society for All Ages” Concept.

The call for active citizenship and ownership of the transformation of society is, on the one hand, a
gift to the citizens. Nevertheless, at the same time, this call is also a burden in terms of commitment and involvement, which currently, not all are prepared to deliver. To overcome these barriers, learning experiences focusing on older adults in Erasmus+ training activities and games
as well as knowledge platforms and ecosystems do support the awareness of older adults to
uptake and realise their own lives in their environments. The initiatives that foster more active
citizenship and those who call for the participation of several age and societal groups are at the
core of this citizen empowerment need, essential to create a better and fairer society for all. This
development just started.
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Abstract:
The population of Western countries has notoriously aged during
the last decades, thus increasing the number of people living
in retirement houses. This causes that, in certain circumstances,
the staff of these residences can not properly take care of all
the users due to several situations. For that reason, the usage of
solutions based on Information and Communications Technologies (ICT) to support such staff has arisen over the last years.
In this context, the present work introduces a new Smart Assistance solution for retirement houses. Based on a mobile-sensing paradigm, the proposed framework is able to collect several
health and physical parameters of the users and visualize them
in a central multi-platform dashboard. Furthermore, the system
allows detecting certain abnormal or dangerous situations related to the residence’s users and send alarms to the staff providing
also proactive functionalities. Our proposal is illustrated through
a case of use for a patient in an early stage of the Alzheimer’s
disease and a tendency to be sedentary.
Keywords:
Mobile Application · Elderly patients · Retirement house · Smart
Habitat · Smart Assistance.
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1 Introduction
In the last three years, sales of wearable devices have grown by 50% and the number of smartwatches is expected to reach one billion by 20221. Wristbands and smartwatches now include a
palette of sensors able to collect information about the users and their health parameters. This
information is valuable because it can be used to develop beneficial solutions within the health
sector. More in detail, some advanced devices might include heart-rate, triaxial-acceleration,
geomagnetic and air pressure sensors along with GPS antennas and Bluetooth connection,
among other features. As it has been widely studied in the literature, this type of sensorization
is able to capture a rich amount of contextual features of an end-user [7].
At the same time, the population of Western countries has been ageing steadily for the last decades. As a matter of fact, the rate of the population aged above 65 years will increase 49%
between 2019 and 2050 [11]. In the particular case of Spain, 14.27% of the Spanish population
was over 70 years old in 2019, which is equivalent to a total of 6,761,510 million people2. Furthermore, there are 5,417 retirement houses in Spain with a total of 372,985 available places [1].
In this context, it is sometimes very difficult for the staff working in these houses to effectively
control and take care of all the residents and patients at the same time. This may cause some
potentially-dangerous situations for such patients. For example, a mentally-ill patient might
leave the residence’s premises without any type of supervision causing him/her to be totally
disoriented outdoors. This calls for the development of new and innovative solutions based on
Information and Communication Technologies (ICT) to support such staff in the management
of the residences and provide a more personal attention to their users.
The present work proposes a Smart Assistance service for retirement houses. By means of a client-server architecture, the solution is able to proactively collect relevant information about the
physical activity and health parameters of the users of a residence (hereby users) through a set
of smart bracelets. Moreover, the service is also able to identify certain events in such collected parameters that might reflect some abnormal or dangerous situations related to any of the
users. In that case, the solution is also able to notify to the residence’s staff. Lastly, the solution
also includes a dashboard to allow the staff to visualise all the data collected from the users.
The rest of the paper is structured as follows. Section 2 provides an overview about current mobile-sensing solutions for elderly people. Next, section 3 describes the architecture of the proposed application in detail. Section 4 puts forward a preliminary use case whereas section 5
states the final conclusions and future lines of research derived from this work.

1 https://www.statista.com/statistics/487291/global-connected-wearable-devices/
2 https://www.ine.es/jaxiT3/Datos.htm?t=31304#!tabs-tabla
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2 Related Work
Nowadays, it is possible to find in the literature many different solutions to support assisted-living
centers. To start with, the robotics field has played an important role to develop solutions for
elders. For example, a telescopic manipulator for elder-care facilities is stated in [9]. The device
is used to, for example, help elder people to taking objects from high shelves. For its evaluation,
a corn-toss game was developed showing quite promising results. Other robotic arms have
been used and tested with elderly people in other works, such as in [8], where authors develop
a robotic arm with which they can also pick up objects from shelves as part of a game, and the
level of acceptance by the elderly is very high. A further step is made in [2], where a full-body
robot controller is developed to assist frail patients. This is an ambitious project in which a humanoid robot can even be responsible for initiating the assistance process in front of a person,
establishing the first contacts with him or her.
A study that could complement any of the aforementioned ones is found elsewhere [10], in which
the focus of the study is the feeling of confidence that the elderly have about this type of
new technology that can replace human assistance. Through the study in different residences
in Canada, with more than 150 users, the following relevant conclusions are reached: elderly
people are not against an autonomous home care system, especially if they meet a series of
conditions such as ease of use; people can develop a feeling of belonging to the systems;
and the feeling of confidence can be higher if these systems can share feelings of socialization. Exploring this type of feelings of confidence towards these new robotic social assistance
systems is also the focus of the work of Iglesias et al. [6]. They develop the idea of a long-term
implementation in retirement houses, as well as evaluating the trust in it and its acceptance.
This work is based on the assistance in simple and repetitive tasks by the robotic systems, in
order to make the robot a facilitator of social feelings in a second term.
In [5] robotic assisting systems are tested with a segment of the population that has been growing
in recent years, namely the elderly who suffer from some form of senile dementia. In the study,
daily routines are recorded and analyzed, which helps the elderly to maintain their daily independence. The use of devices related to the Internet of Things makes these studies possible,
which are closely related to our proposal.
Most of the approaches based on mobile sensing to provide health-care services for elderly people focus on detecting the physical activity and other kinematic-related features of the patient.
Thus, the work of Hu et al. [4] studies a smart health system based on cell phones and wearable
devices. The authors focus on the study of certain event-condition-action (ECA) rules, and how
it would be possible to generate these rules from the study of the data generated and acquired
from the different devices. Likewise, the work in [3] fuses data from a smart band and a smart
phone so as to identify human activities. The key innovation of this work is that the target activities to be detected are not individual but family-related ones like watching TV or talking.
All the works previously mentioned study the monitoring of the health of the elderly from different
perspectives by using different methods, such as robotics, sensors, wearable devices, mobile
devices, etc. By combining all these methodologies and devices together, we can understand
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what the Smart Home for the Elders (SHfE) would be, with the processing of data from all these
types of devices with the aim of caring for the health of our elderly. This vision is provided by a
pilot project in [12].

3 Smart Assistance Service
Fig. 1 depicts the general architecture of
the proposed system that must be instantiated separately in each retirement
house. As it can be seen, the solution
has been split into two different modules. The client application is devoted
to collect health, activity and location
data of each user of a residence. The
administrative module (AM) provides a
dashboard to the staff of the residence
to control the activity and health status
of each of its members. Both modules
are explained next.
Fig. 1. Global architecture of the proposed system.

3.1.

Client Application

The first module is in charge of collecting different features of each elder user of a residence. This
is done by means of a set of smart bands and a mobile application running an Android Smart
Assistance-Client application. Concerning the smart bands, our solution is compatible with two
different models, the Xiaomi Mi Band 23 and the Xiaomi Amazfit Bip4 (see Fig. 1). These two
models have been selected because they are affordable devices, their energy consumption is
limited and both of them have Bluetooth Low-Energy (LE) connectivity.
Each user must wear one of these two bands in his/her wrist and carry a mobile-phone with the mobile application in his pocket. The band is connected to the user’s smart-phone via Bluetooth LE.
It is worth mentioning that to carry out the synchronization between a user’s smart band and his/
her phone, it is necessary to enter a code generated automatically when the user is registered in
the system by the administrators. Thus, we avoid potential intruders in the system.

3 https://www.mi.com/global/miband2/
4 https://www.amazfit.com/en/bip.html
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Once the synchronization is done, the client application continuously collects data from different
sensors of the smart band and the mobile-phone itself. Next, it stores all the collected data in
a central Firebase5 datastore by means of a Rest-API connection. In particular, the application
collects in real time the following parameters of the user directly from both the smart band and
the smart phone:
•
•
•
•
•
•

walking steps during the current day,
distance covered during the current day,
current dynamic state,
calories consumed during the current day,
heart beats per minute,
current GPS location every two minutes.

By means of the first two parameters, the systems is
able to control the physical activity of each user in
terms of mobility. This information is completed
with the current dynamic state of the user. This third
item is inferred from the smart-band data and can
take six different values, namely walking, running,
lying, quiet, sit and unknown. Hence, it is possible
to know the current state of the patient and his/
her recent physical activity. As it will be explained
in sec. 3.2, all this information is instrumental so as
to trigger alerts for the residence staff related with
abnormal or dangerous behaviours of the users.
Finally, Fig. 2 shows the graphical user interface (GUI)
of this application. Due to the fact that the data
collection is done automatically, the GUI is limited
to inform whether the aforementioned synchronization between the mobile phone and the smart
band has been successfully performed.
Fig. 2. Graphic user interface of the Smart Assistance-Client
application. The view informs that one Amazfit Bit Watch has
been successfully connected to the mobile application.

5 https://firebase.google.com/

Page 158 - Sheldon 3rd Online Conference Meeting 14th October 2021

3.2.

Management Application

The key goal of this module is to provide a tool to the medical and administrative staff of the residence to control and monitor all their users. To do so, a mobile and web-based application have
been developed. Both of them are fed with the data from the users’ application described in the
previous section that is stored in the central back-end repository (see Fig. 1).
To start with, both versions include a dashboard as initial view showing some general statistics of
the residence premises and their users as depicted in Fig. 3. This view allows the staff to easily
have a complete overview of the residence state at each moment. Then, the application has
five key management features which are described next.

Fig. 3. Initial dashboard of the management application showing some global statistics of the residence premises, user
and staff. In particular, both panels inform that the residence has 2 patients and 1 person as staff. (Left) View in the web
application. In this case, the panel shows the location of two different premises of the residence. (Right) View in the
mobile application.

Register a new user of the residence in the system. The administrative staff of the residence can
easily register new users by means of the mobile and the web application (see Fig. 4). Each time
a new user is registered, a unique code is generated for him/her that must be inserted during
the synchronization of the smart band and the mobile phone as described in sec. 3.1.
Listing all the users of the residence under monitoring. Both applications provide a list of all the
users who are using the client application as shown in Fig. 5. Hence, by means of this view, the
staff can quickly review some health parameters of each user along with the battery level of
their mobile-phones.
Furthermore, it is possible to visualize some of these parameters for a particular user with more detail. In particular, historic data related to the user’s walking steps, daily covered distance, heart rate
and consumed calories can be displayed. Fig. 6 shows this view of the management application.
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Fig. 4. Registration panel for new users in the system.
(Left) View in the web application. (Right) Registration panel for new users in the system.

Fig. 5. List of all the users of a residence with the mobile app.
(Left) View in the web application. (Right) View in the mobile application

Fig. 6. Health data of a patient in the management application.
(Left) View in the web application. (Right) View in the mobile application.
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Remote configuration and sending notifications to the users’ devices. One
of the instrumental features of the
administrative part of the system is
that it allows the management staff
to perform certain actions on the user’s devices. On the one hand, the
staff can remotely activate or deactivate the GPS sensor from a user’s
mobile device (see Fig. 7a). This way,
it is possible to stop or start the location tracking of a user. The rationale
behind this feature is because tracking is a rather energy-consuming task
that might drain the battery of a users’
mobile-phones quite quickly. For that
reason, the staff should perform such
a monitoring task only at certain hours
of the day during which, for example,
a user might move freely around the
residence’s premises.
Fig. 7. View panels related to the delivery and visualization of the notifications to the users. (Left) Pop-up menu with the
different actions available for the residence staff, send notification, activate and deactivate the GPS sensor. (Right) View
with the notifications generated by a user. In particular, three different ones are listed, two informing that the user has
connected to the system (paciente conectado) and other one reporting a very low heart rate (pulsaciones bajas).

On the other hand, it also possible to send alarms to the users. In that sense, an alarm just makes
the user’s smart band to vibrate. The rationale of this action is to provoke some type of stimulation on the patient to alert him/her about a dangerous or undesirable situation.
Generation of health reports. The continuous and proactive monitoring of the health state of
each user is one of the paramount features of the proposed system. For that reason, the management application controls some of the health parameters captured by the mobile side and
triggers a set of alerts when some risky situations are detected. In particular, the system can
generate two different alerts per user:
• Low heart-rate alarm. This alert is triggered when the heart rate of a user is below 50 beats per
minute. This alarm relies on the heart-rate captured by the smart wrist of each patient and the
goal is to generate early reports about certain dangerous situations with respect to the heart
state of a user.
• Low activity-level alarm. This alert is generated when the client application of a user reports
that his/her dynamic state has been quiet or sit for more than 2 hours (see sec. 3.1). The idea is
to detect situations where a user might be without any physical activity during too much time.
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This way, the medical staff of the residence would be able to take certain actions to encourage
the movement of the users avoiding sedentary behaviours. In that sense, Fig. 7b shows an
example of some alerts generated in the mobile version of the application.
Definition of geo-fences. Most retirement houses allow users to leave their premises to, for example, go for a walk or to certain appointments. However, some users of these residences should
not go out due to several reasons given their physical or mental health.
To control the fact that some users do not leave the residence without being supervised by the
staff, the proposed system allows the generation of geo-fences, that is, geographical areas defining the spatial extension within which the users of the residence can roam without problems.
Given these fences, whenever a user leaves any of them, the system automatically generates
an alarm. This is possible because, as stated in sec. 3.1, the client side of the system is able to
periodically collect the current location of a residence user by means of the GPS sensor in the
mobile phone.
Fig. 8 shows the interface of the application to generate such geo-fences. In the current version, it is
required to define the geographical center of the fence as a pair of latitude-longitude coordinates
and a radius in kilometers. As a result, it is possible to generate fences with circular shapes. Once
a fence is created, the system performs a spatial-join operation between the fence’s spatial area
and each new GPS location generated by a user to detect whether he/she remains inside the
fence or not. If not, the system generates a new alarm informing about this event.

Fig. 8. View to generate the geo-fences with circular shape.
(Left) View in the web application. (Right) View in the mobile application.
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4 Applicability of the proposal
As an illustrative example of the applicability of our proposal, we could consider a retirement
house with an elder user who has early-stage Alzheimer’s and a tendency to be sedentary.
To begin with, when this patient gets up in the morning, the client module would detect this situation by reporting a change in the patient’s dynamic state from lying to sit or walking along with
a slight increment in his heart rate. Hence, a member of the staff could go to the user’s room to
help him/her to get dress and have breakfast.
After having breakfast, the staff activates the GPS tracking of the patient’s mobile phone so as to
control that he/she does not leave the premises, defined by a geo-fence, without supervision.
Furthermore, the staff also controls that the user does not remain seated for a long time and
goes for a walk regularly. This can be done as the application also reports the patient’s daily
covered distance.
Once the patient has had lunch, the staff allows him/her to rest a bit and deactivates the GPS
tracking of the phone to save battery. One hour latter, the staff detects that the user keeps
sleeping and sends him/her an alert that makes the smart band to vibrate. Like in the morning,
the staff can see through the dashboard of the management module whether the user has
woken up or not.
Finally, in the evening the staff can prepare a dinner menu based on the total consumed calories of the
user collected by the client module and displayed in the management web or mobile dashboard.
All in all, it can be seen that the described functionality of the system supports the staff at the retirement
houses to control and provide a better service to their users at different moments of a regular day.

5 Conclusion and Future Work
Information and Communication Technology (ICT) solutions are a key enabler in the creation of
smart habitats and applications for the elderly and their carers. In particular, this work focuses
on the development of a monitoring framework for retirement houses aimed at helping the
carers in their daily tasks. This framework allows for a more personalized monitoring of the residents by controlling not only their health parameters such as walking steps, daily covered distance, heart rate and consumed calories, but also their location in the residence and therefore
detecting unauthorized walkaways. The framework is based on a client-server architecture,
in which the client module consists of a low-cost smart band and smart phone for collecting
the aforementioned data, whereas the server module is developed both as a web and an app
services that enable the carers to efficiently monitor all the residents through five management
features, including the remote configuration of users’ devices and the notification of potential
dangerous situations by means of alerts. A case of use for a patient in an early stage of the

Page 163 - Sheldon 3rd Online Conference Meeting 14th October 2021

Alzheimer’s disease and a tendency to be sedentary is shown to illustrate the functionality of
the proposed framework.
We are currently working on extending the creation of geo-fence areas to different shapes other
than circular to enable the definition of customized spatial extensions. Another future line of
research is the combination of the current data from the mobile sensors in our framework with
data obtained from fixed sensors embedded in the furniture of the retirement houses (e.g.,
beds, lights, doors, etc.) to augment the information available about the patients’ behaviours.
Moreover, machine learning methods will be applied to this data fusion to evaluate the possibility of predicting potential patient health risks.
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