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Abstract — Nowadays Ambient Assisted Living (AAL)
technologies can be successfully applied to create assistive
systems able to support frail and elderly people and promote
active aging. Indeed, objects are ready and matured enough to be
applied at low cost and can exchange information each other by
proper communication protocols available on the market.
However, there are still some open issues limiting the diffusion of
such technologies and their effective introduction in people
everyday life. Limitations mainly refer to three aspects: low
system usability, poor acceptance by users, and lack of
personalization and flexibility. The first two issues directly derive
from the technology-oriented approach adopted in designing
such systems, which does not consider the users’ needs. The third
issue is mainly due to the adoption of standard protocols that
allow communication only among a set of compliant devices. The
present research proposes a new model to design an AAL system
to support active aging by adopting a user-centred approach to
define an interoperable architecture integrating different types of
Smart Object. The result is a high usable and flexible platform
that allows creating user-friendly products as well as services and
realizing also high-level functions by integrating data from
completely different contexts. The research case study specifically
addresses elderly people needs living alone or affected by chronic
disease, which require a continuous control and feedback.

Keywords — Smart Objects; Active aging; Requirements
Elicitation; User-Centred Design (UCD); Delphi methodology.

L INTRODUCTION

Ambient Assisted Living (AAL) is becoming one of the
most important fields of application of ICT-based solutions and
IT systems since the actual importance of assistive
technologies. It directly derives from the increasing aging of
the global population [1], which requires of modern
technologies enabling people with specific demands (e.g.,
disabled or elderly) to live longer in their preferred
environment by increasing their autonomy, monitoring its
actions and providing care. In the last years, some attempts
have been made to explore the use of intelligent objects, also
called Smart Objects (SOs), to provide assistance and monitor
the users’ wellbeing with the aim to support an independent
living. Indeed, such technologies can be added to traditional
objects to create intelligent devices able to collect information
about the environment and people living inside, and create
high-level information to be re-used to design and configure
the products and the services provided according to the users’
needs.

In this context, through User-Centred Design (UCD)
approaches, it is possible to analyse the users’ characteristics
and collect information to guide the technological development
in order to optimize the human-machine interaction achieved
[2]. However, the AAL systems are not really user-centred yet
and, as a consequence, the adoption and application of
Assistive Technologies (AT) to real situations, especially those
based on SOs [3], are still limited. The main barriers to their
diffusion are represented by:

a) low system usability and low acceptance by final users,

b) lack of interoperability with external devices, which
imply a limited product and service portfolio to be
offered to the users.

The first issue (a) is directly connected to the system design
that is highly technology-oriented instead of user-oriented.
Indeed, systems are usually defined starting from the analysis
of available technologies and not from the users’ needs. As a
consequence, those systems are conceived by skilled and
healthy people that are not deeply involved and fully aware
about how frail people live and think. The second issue (b)
mainly derives from the adoption of the existing standards of
communication (i.e. Bticino, KNX, Modbus), which can
guarantee a set of compliant devices able to get into the
network and exchange information, but are close to not-
compliant devices. The result is a blinded system where
personalization is hard to realize and evolution is limited to the
development of each specific standard.

The present research proposes a new model to design
assistive ICT-platform including smart products and services to
support active aging for elderly and frail people. Such a model
is characterized by several entities including the users, which
represent the core element and are involved during the entire
design process; the SOs, which allow the users to carry out
specific activities and are adopted in action execution; and a
system infrastructure able to properly collect and manage data
and information.

The main novelties of the proposed model consist of:

1. design methodology, that is based on Delphi technique and
Quality Functional Deployment (QFD) technique to allow
users’ needs elicitation and definition of the system
requirements according to a user-centred approach based;

2. system architecture, that manages every kind of product or
service as a Smart Object (SO) a priori, without knowing



its specifications in advance or requiring to adhere to some
specific communication standards. Such an approach
allows to create a flexible and easily configurable system,
where objects can vary and change over the time;

3. integration between heterogeneous systems, that is realized
by the adopted approach oriented to create a multi-
protocol system by assuring the inclusion of any kind of
SOs (from shoes to TVs or energy monitoring systems)
and different home automation systems as sub-systems.

The paper is structured as follows. Section II describes the
research background focusing of the concepts of Smart Object
and Assistive Technologies and presenting the HICMO project,
where the research is moving. Section III describes the
proposed design methodology in details and its underpinnings.
Section IV presents the research case study focusing of the
HICMO project and deepens how the proposed method has
been applied in practice to define the UCD system architecture
for active aging. Finally, Section V presents conclusions and
future developments.

II. RESEARCH BACKGROUND

A. Smart Objects for active aging

The notion of Smart Object (SO) describes a technology-
enhanced everyday object equipped with sensors and memory
to have communication and data exchange capabilities [4, 5]. A
SO is usually able to capture information about its surrounding,
communicate with other devices and react according to
previously defined rules [6]. The concept of SO was initially
conceived to define any advanced device enriched with
information in the context of Internet of Things (IoT). Such
information can refer to object properties (physical properties
or text), interaction information (e.g. position of handles,
buttons, grips), object behaviour (based on state variables) or
agent behaviours (rules that an agent should follow when using
the object) [7].

In a broader sense, nowadays SOs have the capability to
interact with humans directly, help people in participating in
their environment through adaptation, accessibility and
communication, and support users to accomplish their tasks in
new intuitive ways [8]. This also stresses their role in offering
assistance to the elderly people’s independent living. As
applied to people with disabilities or frailties in general, a SO
can be considered as an Assistive Technology (AT) as “a
device or system that allows an individual to perform a task
that they would otherwise be unable to do, or increases the ease
and safety with which the task can be performed” [9].

Today numerous SOs are commercially available and the
interest in their application for active aging is growing. In the
last decade the applicability of such technologies in supporting
elderly people life and monitoring their conditions by realizing
an ICT platform has been also tested and demonstrated thanks
to numerous EU projects: from AGNES (Succesfull Ageing in
a Networked Society) [10] to H&H (Health@Home) [11],
HAPPY AGEING (A Home based APProach to the Years of
AGEING) [12], HERA (Human and Environmental Risk
Assessment) [13] and PAMAP (Physical Activity Monitoring
for Ageing People) [14]. Furthermore, an inventory of the main
characteristics and functionalities of such products for assistive
purposes for elderly people has been recently provided by [15].

Such work provides a useful overview for both researchers and
designers about the potential application of SOs in supporting
elderly people independent living and the main functional
domains of activities that can be performed in a domestic
environment with their support. However, an effective
introduction of SOs into a real home environment is not easy to
realize. Firstly, the efficacy of their support strongly depends
on how the users accept such technologies and how they use
them, so that defining their functional support is not enough to
really achieve it. Secondly, information exchange is a
fundamental step to realize effective support but is hard to
realize among objects using different communication
protocols, so that a full integration is practically impossible.

B. The HicMO project

The HicMO project is a regional project funded by the
Marche Region and promoted by INRCA (National Institute on
Health and Science of Aging) in the framework of smart home
for active ageing and ambient assisted living of elderly people
managed by INRCA. It involves 12 companies, both LEs and
SMEs, and 1 Research Centre.

HicMO is the acronym of “Hic Manebimus Optime”, a
latin sentence by Tito Livio (i.e. Ab Urbe condita libri, V, 55)
which stands for “here we will live very well” and express the
general approach of the future users of HicMO technologies. It
started into 2013 and aims to develop an integration platform
able to manage smart products and services to support the
elderly people active ageing by adopting an ambient assisted
living approach. The concept of SO assumes a great
importance in the project; it has been defined as any object or
home device that is able to communicate its interactions with
the user in order to monitor the daily activities, to understand
the habits, to detect any abnormal behaviour that may highlight
situations of hardship or danger, or the symptoms of some
incipient illness.

The present research moves into the boundaries of the
HicMo project and, in particular, proposes a methodology to
identify the system requirements and to configure the HicMO
architecture using a UCD approach to guarantee high usability
and user acceptance of the adopted technologies, and effective
device interoperability by integrating heterogeneous systems. It
will assure to overcome the mail limitations of the other
systems designed and developed for AAL purposes.

III. THE UCD METHODOLOGY

The proposed methodology aims to design an assistive
ICT-based platform to support elderly people active aging by
integrating smart products according to the user’s needs. It
allows eliciting the specific needs of the target users,
identifying the main system requirements and defining the
conceptual system architecture to assure interoperability,
configurability and high usability of the selected technologies
according to a UCD approach. The method consists of a double
phase of evaluation involving experts in different disciplines
according to the Delphi technique. Delphi technique is a widely
used and accepted method for gathering data from respondents
within their domain of expertise; indeed, it is designed for a
group communication process which aims to achieve a
convergence of opinion on a specific real-world issue [16]. The
Delphi process has been used in various fields of study but
primarily for needs assessment since it allows easily exploring



the context of application and correlating judgments about a
multidisciplinary topic.

The methodology has been organized in four steps and
formalized according to the QFD approach to better highlight
the data involved and the correlations required (Figure 1). The
method steps are better detailed in the following paragraphs.

1. Definition of the target users and analysis of the users’
needs: the first step involves experts and researchers in
the different disciplines (from medical assistance to
social science, to home automation and engineering, and
finally ICT topics) and uses interviews to depict a wide
market analysis, identify the market segments of interest
for the research and finally elicit the most relevant users’
classes, which will represent the target users for the
study. After that, the needs of each selected target of
users are elicited by ad-hoc questionnaires. They allow
analysing in details the users’ profile and their habits,
underlining the unsupported tasks during everyday life,
and identifying the requirements for supporting
technologies.

2. Analysis of the assistive technologies and mapping of
the available functionalities: this step involves directly
technicians, designers and experts in SOs and ATs to
define the functionalities that can be provided by the
different technologies and their correlation with the
specific devices. In particular, experts and researchers
from different disciplines participate to focus groups to
discuss the features of the different technologies and
mapping the functionalities. Brainstorming technique in
particular is adopted to discuss the features of any

technologies, support ideation of new design
alternatives. As a result, technologies are grouped into
four categories (i.e. vital monitoring, lifestyle
monitoring, mobility  monitoring,  environmental

parameters monitoring); for each category, technologies
are represented according to their features, constraints or
prerequisites, and provided functionalities.
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Fig. 1. QFD-based methodology for UCD system design

3. Correlation between users’ needs and supporting
functionalities: this step involves both experts and
samples of final users to evaluate and compare how
different functionalities can support the users’ needs.
Firstly, groups of experts participate in creative
workshops to find out the correlation between the SOs
functionalities (from step 2) and the users’ needs (from
step 1); visible planning technique is used to support a
pragmatic and effective discussion. As a result, such
correlation highlights which functions better support
each specific need and allows selecting the necessary
functionalities. Secondly, samples of target users express
an evaluation about the selected functions by interviews
on the basis of their personal experience, acceptance, and
usability perceived.

4. Elicitation of the system requirements: this step relates the
necessary functionalities (identified in step 3) with the
technological parameters for system requirements
elicitation. Requirements considers on one hand those
parameters which have to be monitored, controlled or
managed to satisfy the considered users’ needs, and on
the other hand the technological constraints and features
of every SO. Such elicitation exploits the Design
Structure Matrix (DSM) method to correlate parameters
and functions by identifying a set of technologies able to
satisfy the target market needs and, at the same time, to
meet the users’ positive feedback.

System requirements elicitation directly supports the definition
of the system architecture; on the basis of the selected
technologies that can be products or services, the general
system architecture can be defined. It will include all the
necessary devices comprehending different systems and
realizing a truly interoperable platform. Single items represent
the platform modules and their compatibility will be assured by
a central system assuring the interplay among heterogeneous
communication protocols.

Such a method has been applied for elderly people active aging
purposes, but is general and could be adapted also for other
AAL scopes involving any other solution for healthcare or
assistive technology. Indeed, the proposed requirements
elicitation can be easily extended to include ergonomic or
cognitive aspects or DfA (Design for All) principles.

IV. THE HICMO CASE STUDY

A. Definition of the user needs

The proposed method has been successfully applied to the
HicMO project in all its steps. The first step focused on the
investigation of the Marche Region population, which
represents the first target market for the HicMO companies. In
particular, three profiles of target users are selected on the basis
of their relevance for the project scopes. The analysis adopted a
preventive perspective considering an over-60 population and
had a strong focus on cardiovascular problems. For users’
stratification mono-dimensional classes are considered such as
ADL (Activities of Daily Living) and IADL (Instrumental
Activities of Daily Living) scales. The three profiles are
characterized by a relevant frailty condition at a regional level.
They are:



Ul. Users living alone and/or affected by minor chronic
diseases (e.g. osteoarthritis): studies demonstrated that this
profile represents 50% of the entire over 60 population in
the Marche region, and the majority of them suffer from
two or more chronic diseases. Indeed, the presence of more
than one diseases at the same time makes the user more
weak in managing everyday tasks such as caring about food
and beverages, assuming medicines correctly, or looking
after the house;

U2. Users with diabetes: in the Marche region diabetes
represents the most critical one contributing to degrade the
quality of life of the elderly among all the chronic diseases.
Indeed, diabetes affects 9% of the over 60 regional
population. In this context, the attention to the user food
habits and physical activity is fundamental to face a
metabolic  disorder characterized by a state of
hyperglycaemia like in the diabetes; however, managing
this aspects is very difficult for elderly people;

u3. Users suffering from hypertension: hypertension
represents a huge quantity of the over 60 population in the
Marche region (45%) and vascular problems in general
affect 30%, so that this profile is significant. Furthermore,
70% of the stroke cases is registered after 70 years old and
could be easily avoided is a monitoring system was

adopted.

From the short description provided, it is possible to infer
that all target users’ profiles require assistance and continuous
monitoring of their health parameters in order to avoid critical
events, prevent an accident, and improve the quality of life. By
interviews and questionnaires with experts, a list of needs is
defined. Table 1 provides the summary of the needs elicited for
the three users’ profiles.

B. Correlation between the needs and the system
functionalities

According to the Step 3, experts were involved in focus
groups (Figure 2) to define the correlation between the
identified users’ needs and the most relevant functions on the
basis of a deep analysis of the state of art of assistive
technologies for telemedicine and home automation purposes.
The analysis of the technologies in Step 2 is based on a recent
research work and not reported here due to page limit [17].

The workshops generated a list of functionalities to be
implemented for satisfying each needs, for each user profile.
After that, functionalities were analyzed in details and included
into a smart product or a smart service. The summary table
(Table 2) presents the high-level correlation between needs and
functionalities.

C. Elicitation of the HicMO sytem requirements

Thanks to the adopted approach, a set of technologies to be
integrated into a unique platform has been identified. In
particular, the functionalities identified in the previous step
have been related to devices (i.e. SOs) to be provided by a
system architecture based on the HicMO concept as presented
in section I1.B.

In order to realize the desired functions as elicited in Table
2, the general system framework that is composed by the
entities described below.

TABLE L SUMMARY OF THE USERS’ NEEDS FOR THE HICMO PROJECT
NEEDS U1l U2 U3
1. Vital parameters To control cardio-
o . To control
monitoring (specific C vascular
N chronic diseases
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gycaem diabetes
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p health conditions . health conditions
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5. Daily interaction |user in everyday |physical \programs
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Fig. 2. Focus groups with experts (A) and examples of results from visible
planning (B) to support the activities in Step 2




TABLEIL CORRELATION BETWEEN USERS’ NEEDS AND SYSTEM FUNCTIONALITIES
NEEDS
Parameters Monizglt"i)ntghseople Communicati | Lifestyle monitoring
monitoring . on and control
environment
el S| 2| . - w | g s | w
sS|£5|55 £ | E| & | 5| 5| E| 2| £
SEIGEEE 2|2 (320: 51

515§ = | =] S 2|2 < | €
SELECTED FUNCTIONALITIES =9 E =9 = & <
Data acquisition from devices X X X X X
Data visualization X X X X X X
Audio-video communication X X X X X
Messaging X X X X X X
Content adaptability and configuration X X X X X
Content personalization X X X X X X X X
Cloud network X X X X X X
Interfacing with web services (Cloud) X X
Learning tools on smart product-service X X X
Monitoring of medicine assumption X X X X X
Control of the storing condition for medicines X X X X
Monitoring of action and movements X X X X X X
Acquisition and elaboration of motion X < « <
parameters
Acquisition and elaboration of state parameters X X X X
Monitoring home energy consumption X X X X X
Supporting the use of single devices X X X X X X
Control the home environment quality X X X X X X X X
Integration with home automation systems X X X X X X
Interoperability and SO management X X X X X X

Users, characterized by specific habits and needs, which
represent the core element and are involved during the
entire design process;

Smart Objects (SOs), which allow the users to carry out
specific activities and are adopted in action execution.
They can be SOs able to communicate and be connected
by themselves, or simple products enhanced with sensors
and a proper interface system to become smart products.
They can vary from household appliances (e.g. fridge,
washing machines) to wearable items (e.g. shoes, shirts,
watch), until devices dedicated for specific functions (e.g.
TV, phone). They can also include complex system like a
telemedicine platform or a learning system. In all cases
they track the users’ actions and movements and send
data to a central unit;

Integration Platform (IP), that allows data to be collected,
SO and SS to be configured and synchronized, and
information to be managed by a set of High-level
Services and sent back to the SOs;

High-level Services (HSs) to allow data to be elaborated by
a system intelligence adopting user-centred rules to
configure the SOs’ aspect, behaviour or functions
according to the users’ need and the occurring events;

External Gateway, able to make the IP communicate also
with standard protocols in order to include also products
and services offered by commercial home automation
systems (e.g. Bticino, KNX).

In this context, a SO is any smart device equipped with a
software component that is able to communicate using a “http”
protocol in order to perform the following standard procedure:
1) identify the IP into a home network; 2) present itself to the
IP; 3) ask the IP to be authorized and/or to be configured; 4)
exchange information with other devices by the IP.

The system requirements can be divided into two
categories: IP requirements and SOs requirements. About the
IP (Integration Platform), it is a software platform in SOA
architecture, which enables:

1. To acquire information from any SO;

2. To store, interpret and properly manage the information
received;

3. To share such information when a SO asks for some
information;

4. To send command towards a SO;

5. To interact with web services and cloud-based systems.

Every SO communicates with the IP platform by means of
an XML file containing all the information characterizing a
certain SO. Such XML describes a data model describing the
data structure and nature; a protocol for data exchange; a
meta-data schema for data interpretation and information
understanding, sharing and management. About the SOs, the
method allowed defining a set of SOs for the specific target
users and eliciting a set of requirements for each of them.
Hereafter just a short summary is provided.

Sensorized Shoes: they are advanced shoes enhanced with
sensors able to monitor the users movements and other



dynamic parameters such as speed, accelerations, step rate,
feet pressure map and temperature, as well as localize the user
thanks to RFID and Zigbee communication. It works as data
provider in the HICMO system.

Sensorized Shirt: it is a shirt enhanced with a Zigbee
module and vital sensors to measure the human body
temperature, heath rate and skin conductance. It works as data
provider in the HICMO system.

Intelligent Fridge: it is a fridge with sensors to control
temperature of the various areas of the fridge and to control
the door or drawers opening. It also contains a medicine
drawer where conditions and use are strictly monitored. Also
this object works as data provider in the HICMO system.

User tracker: it is a wearable device (i.e. bracelet) to
monitor the user’s location, movements and conditions. It is
used in conjunction with IR-cameras monitoring the users’
behaviors and the environment conditions. It works as data
provider.

Home Automation SO: it is a special gateway that
communicates with different home automation commercial
systems (i.e. Bticino, Modbus, KNX), which usually control
some home functions (e.g. lighting, door and windows
opening-closing, home alarm, home sound system). It can be
used not only as data provider, but also as data consumer
(controlling some functions according to conditions detected
by other SOs).

Sensor cluster: this SO is composed by a set of sensors to
measure environmental parameters such as temperature,
humidity, fumes, or water flood. It works as data provider.

Smart TV Adapter: it allows using the traditional TV as a
user-friendly interface to display messages or deliver any kind
of contents from the other SOs connected to the system. Such
device directly derives from the analysis if the elderly people’
habits at home. It works mainly ad data consumer as it usually
displays information when something happens (e.g. alarm,
reminder, learning videos, video-conference app).

Tele-medicine SO: this SO is able to interact with other
devices and share information to better do their job. Indeed, it
works according to a twofold perspective, as data provider
(i.e. measurements about vital parameters) and as data
consumer (i.e. setting its tools according to human actions or
environmental parameters as communicated by other SOs).

Learning SO: this SO provides learning contents (i.e.
videos, tests, games) for both elderly people and caregivers
about those practices they usually fail. It works as data
consumer mainly, where information about users’ habits and
mistakes are communicated by other SOs.

V. CONCLUSIONS

The paper presents a UCD methodology to support the
design of an AAL ICT platform in order to respect the users’
needs. A Delphi technique is adopted to involve experts to
elicit users’ requirements; a QFD-based process is used to
identify the most important functionalities according to the
target users; and finally DSM allows eliciting the system
requirements. The use case is represented by the HicMO
project, a regional project involving 18 companies on the
Marche Region, in Italy. The research highlights the main
benefits due to the adoption of a user-centred approach to an

AAL project; indeed, the HicMO project is a valuable example
of a successful system platform designed according to the
specific needs of their direct users. Such an approach allows
achieving a very high user satisfaction and very usable
solutions with low impact on the users’ everyday life. In order
to objectify these aspects, a proper evaluation metric will be
defined to assess the power and flexibility of the proposed
methodology.
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