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Abstract. To live longer, healthier, and more active, people at any age
have to follow simple and clear suggestions that cover the 3 main pillars
of health: physical activity, nutrition, and sleeping. Unfortunately, due
to the intrinsic (e.g., daily-life habits) and extrinsic (e.g., environmental
change) factors, people are far to have a healthy life and, thus, there is
an increase of chronic diseases, mental disorders, and premature death.
Approaches to increase citizen empowerment vary from self-management
programs to those for promoting citizen (especially patients) involvement
in treatment shared decision-making, to those to facilitating also the
clinician-patient cooperation, when required. This paper presents the
approach followed in CarpeDiem, an IoT-based system focused on self-
management as a way to engage and empower citizens in order to improve
their quality of life, to allow a better follow-up by clinicians in case of
patients or elderly people, and to improve training in case of sportsmen.

Keywords: Healthy habits - Citizen empowerment - Physical
activity - Nutrition - Sleeping activity - Activity monitoring -
Recommender system

1 Introduction

Digital tools represent a valuable potential resource for healthcare systems,
especially when addressing populations with a high prevalence of risk factor
clustering. However, although technological innovations may provide monitoring
instruments which can improve person-centred care, they are often ineffective
or underutilised due to barriers associated with implementation. These include
issues such as the incompatibility of the technology to the local context, limited
interoperability, poor system performance, increased cost, lack of financial incen-
tives, inadequacy of legislation and policies, poor organisation of work, health
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professionals’ resistance, lack of leadership, negative attitudes and beliefs, lack
of planning [25].

In this scenario and according to the P4 medicine paradigm [19], we claim
that facilitating new forms of active participation by patients, citizens, and con-
sumers in the self-management of personal health data will allow disease pre-
vention for healthy citizens [10,28].

There is not a universally accepted definition of self-management [4]. Alder-
son et al. refers to it as “an inter-disciplinary group education, based on the
principles of adult learning, individualized treatment and case management the-
ory” [2]. On the other hand, in [22], authors define self-management as a treat-
ment that combines biological, psychological, and social intervention techniques,
with a goal of maximal functioning of regulatory processes. In contrast, in [10],
authors interpret self-management as the “day-to-day tasks an individual must
undertake to control or reduce the impact of disease on physical status.”. Accord-
ingly, four kinds of self-management approaches have been identified, depending
on the role of the healthy citizen or the patient [5]: subordinate, structured, col-
laborative, and autonomous. Subordinate tools are those that provide modest
patient discretion through controlling and supervisory technology. Structured
tools require more active, though still limited, patient participation. Collabora-
tive ones involve patient drawing on their own knowledge and making decisions
jointly with clinicians. Finally, autonomous tools support patients take matters
in hand without much participation from clinicians.

In this paper, we present the CarpeDiem IoT-based self-management system
aimed at providing intelligent and automatic support to people who want to
maintain a healthy lifestyle. CarpeDiem target users are people who need to
follow a strict diet, athletes who want to control their weight and stay healthy,
or simply, citizens who want to follow a healthy diet (in a comprehensive way,
taking into account nutrition, physical activity, and sleep).

The CarpeDiem self-management system is intelligent and autonomous, and
it is aimed at monitoring physical- and sleeping-activity, nutrition, as well as
environmental data and lifestyle habits, with the final goal of providing person-
alized recommendations and nudges to foster behaviour change towards healthier
behaviours. The self-management system is composed of a micro-services-based
back-end [29], in which intelligent techniques have been implemented for per-
sonalization and automatic monitoring, and a front-end in form of an app to
be installed in the citizen’s smartphone. The first prototype of the system is
available for Android and 14 healthy users are currently testing it.

The rest of the paper is organized as follow. Section 2 illustrates the overall
solution for monitoring activities, environmental data, and lifestyle habits. In
Sect. 3, we present the current prototype available in the Android market place.
Section 4 summarizes similar works currently available pointing out limitations
and differences with CarpeDiem. Finally, Sect. 5 ends the paper with conclusions
and future directions.
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2 The IoT Self-management System

With the aim of improving healthy habits in the population, we propose an
automatic and intelligent system that empowers and supports the citizens giving
them personalized recommendations and nudges.

Recommendations / Nudges
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Fig. 1. The CarpeDiem IoT system at a glance.

Figure 1 shows the CarpeDiem IoT-based self-management system that put
together data from smart devices (i.e., an activity tracker, a scale, and a smart-
phone), questionnaires, and open sources (i.e., Dark Sky API' and Dades Obertes
(open data) from Generalitat de Catalunya?).

2.1 Data Collection

As depicted in Fig. 1, the IoT-based self-management system works with a set
of data coming from different sources.

CarpeDiem users wear an off-the-shelf activity tracker 24/7. Physical- and
sleep-activity are monitored in terms of: number of steps, total number of min-
utes of activity per level (i.e., low, medium, high, and sedentary), total number
of sleeping hours, number of sleeping hours during the night, number of sleeping

! https://darksky.net/dev.
2 http://governobert.gencat.cat/en/dades_obertes//.
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hours during the day, number of naps, onset time, offset time, minutes awake,
and sleep efficiency. Moreover, the energy expenditure in terms of calories is
constantly monitored. Smart scales measure the weight and calculate the body
fat scale and uploads the measurements to the cloud by using the WiFi con-
nection [21]. CarpeDiem users are asked to monitor her/his weight once a week
in order to take under control her/his Body Mass Index (BMI) and to avoid
reaching overweight and, thus, obesity.

The CarpeDiem system integrates the LogMeal API [7], capable of recogniz-
ing meals through pictures taken from the smartphone camera. LogMeal is an
intelligent cloud-based application which automatically recognizes several dishes,
based on images acquired by the user with a smartphone to objectively and
seamlessly collect food intake information. The pictures taken by using the Car-
peDiem system are automatically sent to LogMeal that analyzes them and gives
as output a list of meals. The citizen selects the right one and CarpeDiem auto-
matically indicates the corresponding food group and calculates the number of
calories and key nutrients of a dish portion, basing such calculation on the recipes
also available through LogMeal.

In the literature, several questionnaires have been identified and are currently
applied to monitor the status of citizens (both healthy people and patients) in
terms of, for instance, overall satisfaction, anxiety and depression, quality of
life, perceived pain, self-care, as well as mental disorder [15]. In CarpeDiem,
questionnaires are used to directly ask the users regarding some lifestyle habits.
They have to be filled the first time the user enters to the system and, then,
once a week or everyday, depending on the questionnaire. To be aware regarding
seasonality, daylight hours, and further environmental data, we rely to the Dark
Sky API3. It allows to look up the weather anywhere on the globe, returning
(where available): weather conditions, minute-by-minute forecasts out to one
hour, hour-by-hour and day-by-day forecasts out to seven days, hour-by-hour
and day-by-day observations going back decades, weather alerts, and humidity.

Finally, to monitor the air quality in Catalonia, the Dades Obertes by Gen-
eralitat de Catalunya is used?.

2.2 The Recommender Systems

The CarpeDiem IoT-based self-management system collects and fuses the het-
erogeneous data coming from all the data sources and sends personalised nudges
and recommendations to empower citizens in better follow-up healthy habits
concerning the main pillars of health, according to their profile. Recommenda-
tions and nudges are sent on a daily (short-term), weekly (medium-term), and
monthly (long-term) basis.

A specific recommender system for each of the pillars has been defined and
developed.

3 https://darksky.net/dev.
4 http://governobert.gencat.cat /en/dades_obertes//.
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Fig. 2. Example of a volunteer that overpasses her goal every day.

Physical Activity. The Physical Activity recommender system of CarpeDiem
improves and extends the one proposed in [17].
Its main functionalities are:

— Computation of the daily adherence of the patient;
Computation of the adherence profile of the patient;
— Computation of activities during the week;
Computation of improvements during the month.

Daily adherence is calculated as a percentage of the amount of activity ful-
filled against the goal in terms of number of steps. The adherence computation
takes also into consideration, for each user, her/his “best” and “worse” days of
the week and also National holidays. In doing so, different messages will be sent
those days, accordingly. Thanks to the integration of the Dark Sky API, we also
consider the weather in order to not push the users to walk if it is snowing or
during a storm.

The adherence profile considers prolonged time periods, so as to assess how
adherence fluctuates during time. The recommender system relies on two coun-
ters, one for the number of consecutive days in which the patients achieved
the goal (winstreak), and one for the number of consecutive days in which the
patients did not achieve the goal (losestreak). Any time the patient moves from
achieving to not achieving the goal, the winstreak counter is reset to 0. The same
with losestreak when moving from not achieving to achieving. Early in the morn-
ing, the recommender system checks if the day before the goal has been achieved
or not, and it updates the counters, accordingly. Depending on the number of
days that the patient is achieving/not achieving the goal, the message will be
more or less effective. The more the number of days s/he is not achieving, the
stronger the message to push the patient to improve. The more the number of
days s/he is achieving, the stronger the message to compliment the patient and
to push her/him to doing better and better.

Activities during the week are calculated considering the adherence weekly
seasonality. The weekdays with less adherence over time are stored. Depending
on the day the patient is achieving/not achieving the goal, the message will be
different. We do not push the users to walk during the days of the week where
the adherence is usually lower, which may be due to impossibility of the user to
perform physical activity at certain moments of the week.
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Improving during the month are calculated to check if the current goal is still
applicable or a new one has to be suggested. For instance, Fig. 2 shows the case
of a volunteer that overpassed her goal during all the period. In this case, the
recommender system will suggest to increase the goal.
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Fig. 3. Data distribution of the 8 selected users collected during the pilot.

Sleeping. In order to define the Sleeping recommender system, data from a
8-months pilot performed during 2019 have been used to create the models [30].
A total of 30 volunteers have been recruited in Barcelona and Lleida (Spain).
Volunteers were asked to wear their activity tracker 24/7, to weight once a week,
and to answer selected questionnaires at the end of the week. The day of the
inclusion, we also took note of the comfort of the bed of each volunteer, as well
as her/his address to take into consideration the environmental factors. Due
to technical problems and adherence issues, 6 of the 30 volunteers dropped-out
before finishing the first month of the study. Thus, the analysis of the data have
been done using the data of 24 volunteers (38.43 £ 11.46 years old; 15 females;
and 23.09 + 3.66 BMI). The pilot started on May 2019 and finished in December
2019.

A static profile is first created considering gender and age together with data
coming from the questionnaires. That profile will be dynamically and continu-
ously updated by considering the data gathered from the wristband, the changes
in the BMI, if any, the questionnaire answers, and the environmental data.

Once the profile is built, the citizen is automatically clustered according to
fixed groups of habits defined considering the intersections among the three
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Fig. 4. The correlation matrix between the sleep features collected by using the activity
tracker and the questionnaires. The Pearson correlation coefficient is displayed for each
parameter pair. Legend of parameter names: minutesNightSleep_mean - weekly average
of the minutes spent sleeping during the night, minutesArousals_mean - weekly average
of the minutes spent awake during the night, efficiency-mean - weekly average of the
sleep efficiency, awakeCount_mean - weekly average of the number of awakening times
during the night sleep, minutesDaySleep_mean - weekly average of the minutes spent
sleeping during the day, countsDaySleep-mean - weekly average of the number of the
sleep periods during the day, timelnBed_mean - weekly average of the total time spent
in bed, timeToFallAsleep_mean - weekly average of the time it takes to fall asleep,
onset_std - weekly variation of the onset time, offset_std - weekly variation of the offset
time, onset_mean - weekly average of the onset time, offset_mean - weekly average of
the offset time, S - weekly satisfaction answer from SATED questionnaire, A - weekly
alertness answer from SATED questionnaire, T - weekly timing answer from SATED
questionnaire, E - weekly efficiency answer from the SATED questionnaire, D - weekly
duration answer from the SATED questionnaire, caffeine - weekly averaged caffeine
consumption, phoneUsage - weekly electronic device minutes of usage before bedtime,
weight - citizen weight, age - citizen age, bmi - citizen body mass index. The (*)
symbol indicates the significance level: *** if p-value < 0.01, ** if p-value < 0.05 and
*if p-value < 0.1.

categories: number of sleeping hours (less than the recommended hours, the rec-
ommended hours, more than the recommended hours), sleep efficiency (below
or above 85%), and satisfaction with the sleep. The recommended hours are
defined taking into account the citizen age, according to what defined in the lit-
erature [18]. Similarly, the efficiency threshold is defined according to the work
in [23]. Finally, satisfaction is assessed by using the 5 levels of the SATED ques-
tionnaire [6]: 1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Usually, 5 = Always.

To study the correlation among the features to start automatically profiling
the users, we selected the 8 volunteers who had a higher adherence to the pilot
during a time frame of 15 weeks in order to study the relationship between the
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features (see Fig.3). In Fig. 4, the correlation matrix is shown. A weak but sig-
nificant correlation is found between caffeine consumption and the time spent
awake during the night by the users. Additionally, a negative weak correlation
is found between the time spent awake and the citizen sleep satisfaction, which
could indicate an indirect impact of caffeine consumption on sleep quality. Nev-
ertheless, no correlation is found between caffeine consumption and onset time,
although in the literature it has been shown that a delay should take place [8,14].
As expected [9], a correlation is found between the averaged time that a citi-
zen goes to bed and the usage of electronic devices before bedtime. Overall,
these results showed the usefulness of using questionnaire to detect bad sleep
habits and finding ways of improving the sleep quality and satisfaction of the
citizens, such as by recommending a reduction the caffeine consumption or the
electronic devices usage before bedtime. However, the lack of strong significant
relationships between the questionnaire answers and the sleep parameters lead
into changes in the question wording. Stronger relationships are expected to be
found during the next pilot, in accordance to what the literature states.

We also studied the impact of environmental factors (e.g., pollution concen-
tration levels) in the sleeping activities. Unfortunately, preliminary experiments
do not show any evidence.

Nutrition. Given the heterogeneity of nutritional habits, and the involvement
of nutritional experts in the project, the Nutrition recommender system follows
an expert-based approach following the specifications proposed by nutritionists
from Eurecat. Its main objective is to provide recommendations based on the
user profile to trigger behaviour change towards healthier nutritional behaviours,
for example, increase fruit consumption or decrease salty food. It uses as input
the food diary built from the pictures taken by users through their smartphone
camera, and some questionnaires triggered at a convenient time throughout all
the intervention. Based on the recipe coming from the LogMeal API, the recom-
mender system computes the number of nutrients consumed by the user and the
corresponding food groups contained on it, with the objective of calculating the
adherence of the user to the corresponding behaviours. To do so, a nutritional
database with more than 450 ingredients based on the CIQUAL® database was
built and contains information about food groups and key nutrients. The results
of these calculations are exploited with a rule-based reasoning (RBR) approach
which decides what recommendations to be triggered during the intervention.
The RBR bases its rules on the guidelines about food group intake specified by
nutritionists. Aiming at not being very intrusive and repetitive, the Nutritional
recommender system manages differently the required actions needed to be per-
formed by the user, depending on the specific moment. The first week, the user is
asked for taking pictures of all her/his meals, so that the behavioural and nutri-
tional profile can be built. At the end of this phase, the nutritional objective of
the user is set (e.g., increase fruit consumption) taking into account a) the food
groups to work on, and b) distribution and types of recommendations. After

5 https://ciqual.anses.fr/.
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that, the user will be receiving personalised recommendations for 3 weeks with
checkpoints each week to check the progression. In each checkpoint, the nutri-
tional profile is updated with the new data coming from the past week, and the
nutritional objective is adjusted accordingly. After one month, the user receives
follow-up questions, so that the system can evaluate the progression and, if the
system detects that the proposed behaviour has been adopted, it will propose
the user to change to another objective. Figure 5 sketches the overall workflow.

Behavioural profile
The objective of the user is set with a) food
groups to work on, and b) distribution of
types of recommendations

2nd checkpoint 1-month follow-up
Send questionnaires to Evaluate the progression and, if
check progression good, change objective:

3 weeks receiving
recommendations
1 week

@ 12, 12, 19, e
monitoring

Nutritional information ...Start again
gathered every day,
every meal

15t checkpoint 3rd checkpoint
Send questionnaires to Send questionnaires to
check progression check progression

Fig. 5. The workflow adopted by the Nutrition recommender.

3 The Current Prototype

The CarpeDiem self-management system front-end is an app available in the
Google Play (early access) for Android smartphones®.

3.1 Data Collection

In its current version, the self-management system integrates all the devices and
external sources described in Sect. 2.1:

— activity trackers from Fitbit” and Withings® for monitoring steps, sleeping
habits, and energy expenditure;

— smart scales from Withings, for monitoring the weight and the BMI,

— LogMeal, for the automatic food recognition from pictures;

Dark Sky API and Dades Obertes, for monitoring weather and air pollution,

respectively.

5 https://play.google.com /store/apps/details?id=com.eurecat.carpediem.
" https://www.fitbit.com/.
8 https://www.withings.com/.
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Users are asked to wear the wristband 24/7. Moreover, during the first week,
they have also to take pictures to all the meals they eat. Finally, they have to
fill, through the app, 3 questionnaires on her/his habits once a week and 1 more
every day. The questionnaires are: SATED, about the satisfaction of the citizen
regarding her/his sleep; Smoke, on the number of cigarettes smoked on average
during the week; Use of technology, concerning the number of minutes spent on
average using the smartphone or a tablet just before going to sleep; and Caffeine,
to check the number of coffees, teas, and energy drinks the user drunk during
the 7h before going to sleep, the day before.

Feature(s) Value Frequency Title Modifier Message

More than the Daily (Today) Goal achieved Worst days Congratulations! You have already reached

goal your goal although it is Tuesday!

Less than the goal | Daily (Today) Goal not Almost Right now you are only 50 steps away to
achieved complete today's goal! You almost got it!

More than the Daily Goal achieved Consecutive

goal (Yesterday)

Less than the goal | Daily Goal not Adverse weather
(Yesterday) achieved

Monthly

Congratulations! Yesterday you achieved your
goal for the last 5 consecutive days!

Right now you are 3000 steps away to
complete today's goal, but we know it's
because it is raining.

We have noticed you have been struggling to
keep up with your goal the past month, would
you like to decrease your goal?

Less than the goal
on average

New month, new | None

Fig. 6. Example of recommendations and nudges for improving the physical activity.

3.2 Nudges and Recommendations

Physical Activity. As described above, the Physical Activity recommender
system sends nudges and recommendations considering the daily adherence and
the adherence profile. Figure 6 shows some of the nudges and recommendations
that have been defined. Some of them are totally generic and can be sent without
considering the profile of the user. On the other hand, some others consider the
day of the week (e.g., the “worst day”), the number of consecutive days the
goal has (has not) been achieved, or the weather (e.g., a raining day). As shown
in the Figure, monthly nudges are more oriented to suggest to change the goal
depending on the overall trend of the last month.
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Sleeping. For each cluster, together with the clinicians from the Biomedical
Research Institute (IRB) in Lleida, we defined a suitable set of recommenda-
tions and nudges with the final goal of moving all the citizens in the healthiest
cluster, corresponding to the number of hours suggested depending on the age,
a sleep efficiency higher than 85%, and a satisfaction of 4 or 5 (i.e., normally
or always satisfied). Recommendations and nudges on daily basis are based on
the number of slept hours, the efficiency, the performed physical activity, and
the questionnaire answers. Figure 7 shows an example of the nudges and recom-
mendations that have been defined for each of the timing (daily, weekly, and
monthly).

Feature(s) Value Frequency Title Message

Satisfaction Satisfaction “normally” Weekly Satisfaction Your sleep satisfaction is high, but it is
(high) but less than the worsening! worsening! Pay attention to the sleep
previous week recommendations to improve it!

Fig. 7. Example of recommendations and nudges for improving the sleeping activity.

Nutrition. Thanks to the expertise of Eurecat nutritionists, a database con-
taining 130 recommendations of different types was constructed. Each of them is
tagged with different labels (i.e. food group to increase/decrease, triggering time,
and type of profile which it applies to). The database is used by the Nutritional
recommender system to assure that the nutritional guidelines concerning food
group consumption are met. The ones which frequency is daily and weekly, are
automatically triggered through a scheduler at specific times manually specified.
In contrast, the ones marked with “at a convenient time” frequency, are triggered
through a rule-based reasoning system, which considers both the nutritional user
profile and the recommendations already delivered. Figure 8 shows some of the
nudges and recommendations that have been defined.

3.3 The Front-End

Figure 9 shows some screenshots of the app: (a) the home page where the user
has an overview of her/his status and may answer to the questionnaires; (b) a
list of received notification, each pillar represented by a different icon; (c) the
setting page that shows, besides other information, that the app is linked to
Fitbit; (d) the physical activity page with the summary of the steps a day that
the goal was achieved; (e) the sleeping page with the summary of the current



48 M. Gémez-Martinez et al.

Feature(s) Frequency Message

Weekly food
groups

These are the
food groups

detected this
week

Information
about the

consumption of the
weekly food groups.

Weekly An image with the food
groups detected during the week,

compared with the recommendations.

Hydratation Water and other At Take an Adding infusions or soups to your diet
recommendations to | convenient time | infusion! will help you to be more hydrated.
keep the hydratation

Recipes Recipes to cook At Increase the Cook different vegetable recipes, for
specific food groups | convenient time | vegetable example:
consumption | "https://www.directoalpaladar.com/rec

etas-de-legumbres-y-verduras/receta-
de-ratatouille"

Expertise Explain important At convenient Make sure that, at lunch and dinner,
nutritional features | time there is a part of protein (legumes, fish,
chicken, eggs, ...), grains (pasta, rice,
quinoa, ...), and don't forget the
vegetables!

Fig. 8. Example of recommendations and nudges for improving the nutritional habits.

weak showing the sleeping hours and the efficiency as calculated by Fitbit; and
(f) an example of recognized food (meatballs).

3.4 The Pilot

On July 2020, a pilot started with 14 healthy volunteers that have been recruited
in Eurecat (35.64 & 8.58 years old; 5 females; and 22.96 + 2.67 BMI). The pilot,
which will end at the end of the year, has a threefold objective: (1) collecting
feedback to improve the app and/or correct bugs; (2) testing the usability and
evaluating the user experience; and (3) gathering new data to improve the 3
recommender systems and start implementing the holistic one. Results of the
pilot will be calculated in terms of usability once the pilot ends.

4 Discussion

Self-management plays a central role in the P4 medicine paradigm, as it has a
beneficial impact on both physical and psychological health status [10]. From
a technological standpoint, personalisation, adaptation, and scalability are key
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Sleep Height 187 cm
Physical Activity Nutrition
3 Answer the caffeine City Barcelona
5> questionnaire!
15 -7 i 01/09/2020 11:00 Goals Vd
Steps cal
o \eman ing
Physical Daily Steps 10000
P, q | Activity
Questionnaires ’ @ 2 (4 .
1 Y Rule breaker alert Devices
P — m NE 10972020 05:00 Choose the brand of your device to connect
Did you drink coffees or
teas? . ithi
Let's analyze yesterday’s caffeine - . i:‘yis'_f;' within gs
e 10
f !h - Today steps goal not
TAKE QUESTIONNAIRE > "V reached f t b t
- at/08/2020 18:00 #TILo! Connected
0 Sleep 8
(@) (b) (€)
Physical activit; Slee S
Y Yy P Nutritional diary
Aug3l-6 > Aug31-6 > AN
* * * * 5

Mon Tue Wed Thu Fri Sat Sun

1 42 9 1 Mon Tue Wed Thu Fri Sat Sun
Steps
n What dish is it?
540 mi 895 Choose the closest option
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Our recommendation
L4 Our recommendation
= Meatballs with cuttlefish
58 ¢
- -
(d) (e) ()

Fig. 9. The CarpeDiem app: (a) the main page with an overview of the activities; (b)
a list of received notifications; (c) the setting page; (d) the physical activity details; (e)
the sleeping activity details; (f) an example of food recognized by its picture.

properties to leverage when designing and developing software solutions promot-
ing self-management through, for instance, patient empowerment [27]. One way
of empowering patient so as to let them self-manage not only disease, in case
of patients, but also day-to-day life, in case of any citizen, is to let them be
aware of their healthy or unhealthy habits with the goal of, respectively, encour-
age them to improve or not. For instance, a common strategy regarding physical
activity practicing is to provide regular reminders based on objectively measured
levels of adherence [1]. This is true for both activities of healthy subjects and
prescriptions to patients suffering of some chronic condition [26].

Many studies have shown that patients who engage in healthy diet, exercise,
or other aspects of self-management have healthy benefits in terms of fewer symp-
toms, better functional capability, and fewer complications than those who do
not in various diseases (e.g., HIV/AIDS [11], rheumatoid arthritis [24], asthma or
chronic obstructive pulmonary disease [3], diabetes [31], and heart failure [20]).
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Most relevant studies have examined the association between poor adjustment
and poor self-management. On the other hand, there are studies that investigated
the connection between good adjustment and engagement in self-management
practices. These studies show evidence of a bidirectional association between
wellbeing and adherence to self-management regimens. Citizens who can main-
tain good moods seem to be more willing to engage in lifestyle changes, and those
who practice self-management behaviours also report improved wellbeing [12].

Mobile phones and other mobile information and communication technol-
ogy applications and technologies hold great potential as a basis for powerful
citizen-operated self-management tools. Apps for monitoring activities have been
enthusiastically adopted by the general public. Most of the apps are linked to
wearable devices (i.e., activity trackers) [13,21]. Activity trackers are capable of
monitoring the daily activity of their users, in particular the number of steps,
the heart rate, and the sleeping activity [16]. The counting steps module of the
devices is based on the data from a 3-axis accelerometer. The steps are counted
by using an algorithm which looks for intensity and motion patterns that are
most indicative of people walking and running and includes algorithms to discard
other acceleration movements as those produced by other transportation (e.g.,
cars, bus, train). The algorithm only counts a motion as a step if its duration
is long enough. Some activity trackers measures also the heart rate considering
blood volume changes produced by the heart beats. Automatic and continuous
algorithms are normally applied to measure heart rate every minute. The algo-
rithm that monitors the sleep activity is slightly different depending on the brand
and the model. New generation activity trackers use the variability of the heart
rate to estimate the sleep phases: light, deep, and REM. The sleeping activity
data can be divided into summary variables and time series data. Similarly to
CarpeDiem, apps that rely on activity trackers for monitoring activities focus
on physical activities (e.g., steps, distance, and performed exercises), sleeping
habits (number of sleeping hours and sleep phases), and, some of them, also
nutrition (burned calories, food and drinks intake) and weight. Unfortunately,
they are more based on monitoring activities than giving suggestions and rec-
ommendations to improve habits. Moreover, no personalisation is provided and
only general nudges are given.

Apps specifically aimed at monitoring nutrition are also currently available
in the market: for managing a daily food diary, track activities and lose weight
successfully”; for registring or for scanning food care products to decipher their
ingredients and evaluate their impact on your health!'®'!. Unfortunately, those
solutions continuously need the manual intervention from the user that stops
using them.

CarpeDiem advances current solutions because it is an IoT solution that fuses
together data from different sources and, considering the profile of each user, pro-
vides personalized recommendations and nudges. Moreover, it considers not only

9 https://play.google.com/store/apps/details?id=com.yazio.android.
19 https://play.google.com /store/apps/details?id=io.yuka.android.
1 https://myrealfood.app/.
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data from an activity tracker or manually input by the user (i.e., questionnaires
or food images), but also environmental data that may influence daily life activi-
ties. Thus, CarpeDiem takes into account preferences, habits, weather conditions,
and further data when compiling recommendations and nudges. Currently, Car-
peDiem provides support to healthy people that want to follow healthy habits.
Next versions of the system will allow also to follow a plan for reducing weight,
improving training, or having a plan specialized for a specific need (e.g., elderly
adults or chronic patients).

5 Conclusions and Future Directions

This paper presented the CarpeDiem self-management system, an IoT solution
aimed at providing intelligent and automatic support to people who want to
follow a diet to lose weight, or to maintain a healthy lifestyle. The CarpeDiem
approach integrates smart devices and open data sources, as well as input from
the user. It monitors physical- and sleeping-activity, nutrition, as well as envi-
ronmental data and lifestyle habits, and provides personalised recommendations
and nudges. The first prototype of the system is available for Android and 14
healthy users are currently testing it.

As for the future directions, we will start first from the feedback we are
receiving from the volunteers. In particular, we will improve the nutrition mon-
itoring allowing the volunteers to select suggested recipes or to upload their
owns. They will be allowed also to specify the size of the dish. The smartphone
will be used also to detect the luminosity of the bedroom during the sleeping
time and the citizen will be asked regarding the comfort of the bed, since espe-
cially vulnerable or at risk citizens often sleep on truly old or uncomfortable
beds. Furthermore, data gathered from the pilot will be used to re-train the
models of the recommender systems improving them. From those data, we will
investigate and develop also an holistic recommender system that considers all
the pillars together to give more personalised recommendations that take into
account all the lifestyle habits together. Collaborative approaches will be also fol-
lowed to consider similarities among citizens in order to send recommendations
and nudges, adding also gamification. Finally, mindfulness, the fourth pillar of
the health, will be also considered to give support to the citizens in managing
anxiety and stress, as well as improve sleeping quality.
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