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Abstract. This article presents an overview of the technological advancements and re-
search initiatives in the fields of Active and Healthy Ageing (AHA) and Autism Spectrum
Disorder (ASD). Through the integration of IoT platforms, AI-based systems, and sensor
networks, several projects have demonstrated significant improvements in quality of life for
elderly individuals and children with developmental disorders. In this article, we will refer-
ence projects conducted by the SiLAB laboratory of ISTI-CNR in these two fields, which
are united by the shared emphasis on inclusiveness and the application of similar tech-
nologies. These initiatives emphasize personalized approaches to healthcare, rehabilitation,
and monitoring, highlighting the potential of technology in creating inclusive environments.
The article also consider the implications of European regulations, such as the GDPR and
the AI Act, for projects dealing with sensitive data, stressing the importance of stakeholder
engagement and ethical considerations in the development of these technologies.
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1. Introduction

The Signals & Images Laboratory (SILab)
SiLAB (2024), part of ISTI-CNR ISTI (2024),
is an inter-disciplinary research laboratory in
computer vision, signal analysis, smart vision
systems and multimedia data understanding.
Among the various activities, a research line
dedicated to supporting vulnerable individuals
has been in place for many years. The labora-
tory has specialized over time in two main ar-
eas through numerous projects and activities:
Active and Healthy Ageing (AHA) Sixsmith

et al. (2014) and Autism Spectrum Disorders
(ASD) Howlin (1998).

1.1. Active and Healthy Ageing

Due to demographic shifts in European coun-
tries, health and social care have emerged as
critical challenges for many nations world-
wide. The overall rise in the elderly popula-
tion relative to the total population impacts
both the current and future economic land-
scape. The scientific community has played
a key role in addressing this issue by re-



Carboni: Towards and inclusive future 45

searching and proposing solutions and tech-
nologies under the frameworks of Active and
Assisted Living (AAL)Siegel & Dorner (2017)
and AHA. These initiatives aim to develop
tools and technologies that enhance the ageing
process and the well-being of older adults, par-
ticularly those in vulnerable situations.

1.2. Autism spectrum disorder

ASD is a neurodevelopmental condition char-
acterized by challenges in social interaction
and communication. It is classified as a per-
vasive developmental disorder marked by a
combination of three core impairments: dif-
ficulties in social communication, challenges
in reciprocal social interactions, and atypical
repetitive behaviors. Currently, there are no
medications that can cure autism or directly
address its primary symptoms; a significant
portion of interventions emphasizes behav-
ioral strategies, with the most recognized be-
ing Applied Behavior Analysis (ABA) Kanner
(1943), which relies on repetitive patterns and
reinforcement techniques. Other methodolo-
gies, such as the Developmental Individual
Difference Relationship (DIR) Pajareya &
Nopmaneejumruslers (2011) model, take a dif-
ferent approach. DIR operates on multiple lev-
els of engagement, aiming to mitigate the core
symptoms of autism through guidelines that in-
clude: (1) fostering connection to combat iso-
lation, (2) promoting communication and flex-
ibility to counter rigidity and persistence, and
(3) encouraging gestures to reduce stereotypi-
cal and aggressive behaviors. In designing our
system, we drew inspiration, albeit not strictly,
from the DIR model.

2. Inclusivity and research in Europe

To effectively foster inclusivity in develop-
mental disorders and active aging, it is es-
sential to develop comprehensive services that
encompass the design of accessible physical
and digital environments, the creation of tai-
lored support programs, and the promotion of
a culture of respect and acceptance of indi-
vidual differences. Several European projects
have been instrumental in advancing this goal.

The FIWARE FIWARE (2024) platform, for
example, facilitates the creation of smart ap-
plications that can be customized for differ-
ent needs, including smart cities and health-
care, while UniversAAL provided an open
platform for the development of interoperable,
digital solutions for elderly care and indepen-
dent living. In more recent times, ACTIVAGE
ACTIVAGE (2024), focused on using Internet
of Things (IoT) technology to create smart en-
vironments that support older adults in main-
taining their independence and improving their
quality of life, while PlatformUptake.eu PU.eu
(2024) analysed and supported the large-scale
adoption of european open service platforms
through the study of the state of the art and
the creation of a platform for the evaluation
of the uptake of new or existing platforms.
In addition to these projects, there are several
European initiatives specifically focused on
autism and pervasive developmental disorders.
The ASDEU (Autism Spectrum Disorders in
the European Union) project Micai et al.
(2022), for example, aimed to improve under-
standing and diagnosis of autism while pro-
moting social inclusion and developing tai-
lored policies. Meanwhile, AIMS-2-TRIALS
A2T (2024) and its predecessor, EU-AIMS
EU-AIMS (2024), represent major efforts to
understand the biological mechanisms behind
autism and develop personalized treatments
through advanced research on genetics, neuro-
biology, and behavior. Other notable initiatives
are the Activage Association ASSOCIATION
(2024), which aims at promoting and drive
the implementation and scale-up of prod-
ucts and services targeting Health and Active
Living for all ages across Europe, and EaSI
(European Association for Social Innovation)
EASI (2024), which aims to create a network
driven by the motivation of promoting social
innovation among its members and finding new
solutions for societal problems. By promoting
cooperation between public and private sec-
tors, these projects aim to break down barriers,
ensuring that individuals with developmental
disorders, autism, and the elderly can fully par-
ticipate in society, with their needs met through
both physical accessibility and digital innova-
tion.
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3. SILab activities in the field

At the SILab laboratory of ISTI-CNR, a long-
standing research line has been dedicated
to supporting vulnerable populations. These
projects have focused on the use of emerg-
ing technologies to develop innovative solu-
tions, leveraging technological advancements
that, over the years, have led to the creation
of increasingly powerful, non-invasive, and
precise tools and sensors. The projects de-
scribed in this section summarize the labo-
ratory’s main research activities in this area,
showcasing its contributions to the develop-
ment of technology-based interventions, par-
ticularly children with ASD and the elderly.

3.1. SiDOREMI

Since 2014, SILab has been specialized in the
analysis and experimentation of gestural in-
terfaces for the development of an informat-
ics system able to generate sounds, music and
graphics closely related with the body move-
ment. SiREMI was an interactive auditory sys-
tem presented in a playful format, designed
to engage children with Autism Spectrum
Disorder and their caregivers. A pilot study
involved four children (ages 4-8), whose ses-
sions were recorded on video and later re-
viewed by three psychologists. The psycholo-
gists completed observation grids for each ses-
sion. The results of this pilot study indicate a
significant increase in behavioral expressions
reflecting relational development. The SiREMI
Magrini et al. (2015) project was inspired by
the DIR/Floortime model and was based on a
video acquisition system using standard RGB
video, processed in real-time for sound gener-
ation.

Thanks to this experimentation, the impor-
tance of transferring the session benefits to a
familiar context became evident. To achieve
this goal, a home version of the system,
SiDOREMI Magrini et al. (2016), was devel-
oped in collaboration with the Telecom Italia
Foundation TIM (2024). This version, based
on more sophisticated technologies, was in-
stalled in patients’ homes. With this version,
families were able to follow the rehabilitative

course in a home environment. The data pro-
duced during the ”game” sessions were sent to
a remote server, where they were analyzed by
specialists. Furthermore, the home systems of-
fered a video-chat function through which fam-
ilies could communicate directly with special-
ists. The home installation was completed by a
system for monitoring sleep quality. The chil-
dren involved in the project, who were diag-
nosed with high-functioning ASD, participated
with great interest, and their sensory percep-
tion and interaction improved significantly.

3.2. SEMI

The SEMI Magrini et al. (2019) project
builds upon the previous work done with
SiREMI/SiDOREMI, enhancing it by intro-
ducing new modes of interaction, including vi-
sual elements. This Multichannel Expressive
Interactive System was developed by the
SiLAB, in collaboration with the MAiC
Foundation in Pistoia. The project’s objective
was to support rehabilitation by encouraging
children to perform various movement patterns
in an engaging and enjoyable way. To achieve
this, SEMI incorporated a series of interac-
tive games, structured by difficulty levels and
tailored to the sensory profiles of individual
children. The primary beneficiaries were chil-
dren aged 6 to 10 years with Autism Spectrum
Disorder (ASD) and dyspraxia, who were re-
ceiving weekly rehabilitation treatments at the
MAiC Foundation. The study was approved by
the local ethics committees of each institution
and was in accordance with the declaration of
Helsinki. Each parent gave informed written
consent before inclusion for participation and
for publication of the clinical data.

3.3. Intesa

INTESA aimed to develop a suite of personal
and personalized services to ensure the well-
being of vulnerable individuals by incorporat-
ing highly configurable innovative technolo-
gies and enhancing their functionalities with
advanced research and development capabili-
ties in the fields of e-health, e-inclusion, sen-
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sor networks, and data mining. The project
involved the development of interactive soft-
ware systems, designed in an exergame style,
to stimulate the cognitive and motor skills of
the users involved. The experimentation was
conducted on a sample of individuals in a nurs-
ing home. Interaction with the system was
contactless, through the real-time acquisition
and analysis of videos from cameras equipped
with depth sensors. The services were designed
to be modular and independent but to utilize
a common interface connected to a software
platform dedicated to data collection and anal-
ysis. This platform was capable of identifying
vulnerability conditions early and preventing
their deterioration by monitoring changes in
the individual’s functional, clinical, cognitive,
and psychological state.

3.4. ACTIVAGE

The H2020 ACTIVAGE initiative aimed to cre-
ate the first ”IoT for Active Ageing” ecosys-
tem in Europe. AIOTES, the ACTIVAGE IoT
ecosystem suite, integrated services that mon-
itored daily activity and mobility, ensuring
safety, security, and comfort within homes.
AIOTES was deployed across existing IoT
platforms and evaluated in twelve deployment
sites across nine European cities by measuring
specific KPIs (Key Performance Indicators) re-
lated to quality of life, economic impact, ac-
ceptability, and usability, involving approxi-
mately 8,000 end-users. Each deployment site
developed a range of solutions, including ex-
ergames, sleep analysis systems, lifestyle mon-
itoring, health monitoring, and the provision
of personalized services for the people in-
volved. These solutions were subsequently in-
tegrated into the AIOTES platform. The results
of ACTIVAGE were also incorporated into var-
ious H2020 projects that leverage artificial in-
telligence for personalized early risk detection
or integrated care assistance. In the H2020
PlatformUptake.eu project, AIOTES was se-
lected as one of the 8 most significant plat-
forms in the AHA/AAL research field.

3.5. PlatformUptake.eu

The PlatformUptake.eu project aimed to de-
liver an inventory of the state of the art and an-
alyze the use of open service platforms in the
Active and Healthy Ageing domain Carboni
et al. (2023). This included both open plat-
forms, such as UniversAAL and FIWARE, as
well as partly-open or proprietary platforms
developed by industry, and addressed the in-
teractions between these platforms. To mea-
sure the impacts of such platforms and enhance
their adoption, the project proposed a method-
ology for monitoring open platform develop-
ment, adoption, and spread across Europe. It
listed key factors that determined success or
obstacles to their uptake by end-user groups,
as well as the evolution of their ecosystems and
stakeholder networks.

4. Stakeholder roles and data
protection

European regulations such as the GDPR
(General Data Protection Regulation) GDPR
(2024) and the recent AI Act AI-ACT (2024)
have significant implications for projects in-
volving vulnerable individuals or the elderly.
The GDPR is the primary regulatory frame-
work for the protection of personal data in the
EU. It imposes strict obligations on all orga-
nizations that collect, process, and store per-
sonal data, with direct implications for projects
handling sensitive data concerning vulnerable
individuals or the elderly. The AI Act, cur-
rently in the final stages of approval, is the first
comprehensive regulatory framework for arti-
ficial intelligence in the EU. This regulation
classifies AI systems based on their risk lev-
els, imposing specific requirements for those
deemed ”high-risk” which could have a signifi-
cant impact on fundamental rights, particularly
for vulnerable groups such as the elderly or in-
dividuals with disabilities.

A proper definition and identification of
stakeholders is crucial in the context of
European projects involving vulnerable indi-
viduals or the elderly, especially considering
regulations like the GDPR and the AI Act. This
process is essential for several key reasons, in-



48 Carboni: Towards and inclusive future

cluding compliance with regulations and the
protection of rights, safeguarding vulnerable
populations, personalizing and improving ser-
vices, and managing risks. Engaging all key
stakeholders not only improves project gover-
nance but also ensures that the proposed so-
lutions are ethical, transparent, and genuinely
beneficial for the end users.

Another important and often overlooked
factor is the difference between privacy regu-
lations and the perception of privacy by end
users. GDPR is designed to protect personal
data and ensure that the fundamental rights of
EU citizens are respected in the processing of
their personal information. However, the per-
ception of privacy by users can be influenced
by various cultural, social, and cognitive fac-
tors, which can significantly differ from the
protections that regulations aim to provide. For
instance, in AHA projects, particularly when
cameras or wearable devices are involved, sys-
tems may fully comply with privacy regula-
tions from both technological and legislative
perspectives. However, they are often met with
suspicion by users, which can lead to a de-
cline in the quality of the data collected. A
limited understanding of the technologies in-
volved, the culture of consent, the perceived
value of data and trust in technology can lower
the perception of privacy in users. There is
often a discrepancy between what regulations
seek to guarantee and how users perceive the
protection of their privacy.

5. Conclusions

The research and technologies discussed in this
article illustrate the critical role that innova-
tive systems play in improving the lives of
vulnerable populations, particularly the elderly
and individuals with developmental disorders.
Several projects showcase the potential for AI
and IoT platforms to enhance healthcare, re-
habilitation, and daily living through person-
alized, non-invasive interventions. However,
the success of these initiatives relies heavily
on adherence to European regulations like the
GDPR and AI Act, which ensure the ethical
use of data and protection of individual rights.
A key takeaway is the necessity of involving all

stakeholders in the design and implementation
phases to ensure the solutions are both effec-
tive and ethically sound, paving the way for a
future where technology-driven inclusivity is a
standard practice.
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