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        We are proud to announce 
the publication of the book 
“SUN:Social and hUman 
ceNtered XR - A Horizon Europe 
Project Paving the Way for 
the Widespread Adoption of 
Extended and Virtual Worlds” 
which provides an overview of 
the results achieved in terms of 
research and innovation.
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Final consideration on the SUN project

We are at the end of the inspiring and ambitious journey of the 
EU-funded SUN (Social and hUman ceNtered XR) project. The 
main aim of SUN was to investigate and develop XR solutions 
that integrate the physical and the virtual world in a convin-
cing and effective way, offering new opportunities for social 
and human interaction.

SUN identified key limitations hindering the practical adoption 
of XR and addressed them through a multidisciplinary approa-
ch, where research and development were conducted syner-
gistically across several complementary domains.

SUN explored and developed innovative approaches to re-
constructing, streaming, and enriching visual content for XR. 
These advancements include artificial intelligence-based sca-
lable methods for generating and improving 3D environments, 
objects, and avatars; high-performance solutions for interacti-
ve streaming in XR; and the application of artificial intelligence 
to analyse and enrich 3D assets.

SUN investigated advanced solutions for collaborating and in-
teracting in XR. The project introduced novel techniques for 
delivering thermal feedback to users, alongside innovative we-



4

arable haptic devices that enable more natural manipulation 
of virtual objects. Additionally, the project developed systems 
that support collaborative interaction among multiple users 
within a shared XR session.

SUN also explored and experimented with novel paradigms for 
capturing user input and feedback. Specifically, it proposed and 
demonstrated the use of electromyography to infer user mo-
vement intentions, alongside sensor and computer vision-ba-
sed techniques for postural assessment and pose estimation. 
These efforts were complemented by solutions for hand ge-
sture recognition and user emotion detection.

The components and solutions developed within SUN were in-
tegrated into the SUN Integrated Platform, an innovative tech-
nological framework designed to support the sustainable and 
secure development of XR applications. The platform incorpo-
rates solutions based on non-fungible tokens for managing XR 
assets, along with advanced techniques for detecting cyber 
threats in XR applications.

SUN also addressed the sustainability of XR solutions by in-
vestigating viable business models and examining the legal, 
ethical, and societal dimensions of XR. This includes exploring 
the implications of processing personal and sensitive data col-
lected through wearable devices, 3D acquisition technologies, 
and human-machine interaction systems.

Over the course of its three-year duration, the SUN project 
validated its technologies through real-world case studies fo-
cused on key application areas: XR for rehabilitation, XR for 
workplace safety and social interaction, and XR solutions de-
signed to support individuals with mobility and verbal commu-
nication impairments. Validation activities were conducted at 
three distinct sites: the Rehabilitation Unit of Versilia Hospital 
in Lido di Camaiore (Italy), the shop floor of FACTOR in Valencia 
(Spain), and the Clinique Romande de Réadaptation of SUVA 
in Sion (Switzerland). In each case, the validation process acti-
vely involved real end-users, ensuring that the solutions were 
tested in authentic, practical contexts.

SUN has not only advanced the technological frontier of ex-
tended reality but has also demonstrated its tangible value in 
real-world contexts, paving the way for sustainable, ethical, 
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and human-centered XR solutions. By integrating multidisci-
plinary research with practical validation, SUN leaves behind 
a robust foundation for future innovation, collaboration, and 
adoption of XR technologies across Europe and beyond.

Giuseppe Amato
SUN Project Coordinator
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SUN TECHNOLOGIES

The “SUN Technologies” 
section presents XR as more 
than a display technology. It 
is a multisensory, intelligent 
ecosystem capable of per-
ceiving and responding to 
users, supporting natural in-
teractions, and upholding pri-
vacy and safety. These foun-
dational technologies support 
subsequent human-centred 
applications discussed later 
in the book, setting the scene 
for XR’s role in rehabilitation, 
workplace safety, and social 

inclusion. 

The section starts with the 
essentials: the creation and 
refinement of high-quali-
ty 3D content. Through sca-
lable methods for generating, 
reconstructing, enriching, 
and streaming assets, SUN 
enables the development of 
digital worlds that feel au-
thentic. AI-driven 3D object 
reconstruction rapidly con-
verts raw scans into semanti-
cally rich models, making re-

We are proud to announce the publication of the book “SUN:-
Social and hUman ceNtered XR - A Horizon Europe Project 
Paving the Way for the Widespread Adoption of Extended 
and Virtual Worlds” which provides an overview of the results 
achieved in terms of research and innovation.

These results were attained through a multidisciplinary ap-
proach and thanks to strong collaboration among all consor-
tium members.

The following paragraphs summarize and preview the con-
tents of the book, which is organized into three main sections: 
“SUN Technologies”, “Human-Centered XR Scenarios and Re-
al-World Case Studies”, and “Sustainability, Ethics, and Im-
pact”.

Happy reading!
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al-time interaction possible 
across a wide spectrum, from 
handheld objects to complex 
environments. This approa-
ch ensures XR scenes mirror 
both physical and perceptual 
nuances of the real world.

A significant advancement is 
the automatic production of 
realistic avatars. SUN’s pipe-
line transforms user videos 
into lifelike, animatable ava-
tars within minutes, demo-
cratising personalised digital 
representation. Vision-based 
capture modules and multi-
modal pose estimation ensu-
re avatars accurately mirror 
users’ gestures and postures, 
turning them into social vehi-
cles that convey identity and 
emotion. Avatars are central 
to communication, not just 
decorative elements.

The SUN project also pione-
ers autonomous systems for 
real-time digitisation of phy-

sical environments. These 
systems scan and map spa-
ces like hospitals, homes or 
industrial zones, ensuring XR 
experiences are anchored in 
actual contexts. High-perfor-
mance rendering architectu-
res facilitate interactive stre-
aming, adapting to hardware 
limitations and network con-
ditions to keep even complex 
scenes fluid and responsive 
on headsets.

Beyond visual fidelity, SUN 
tackles the challenge of un-
derstanding and interpreting 
XR scenes. Using open-voca-
bulary object recognition and 
scene analysis, the system gi-
ves semantic meaning to 3D 
environments. This enables 
XR applications to adapt in-
structions, recognise user in-
tent, and improve safety and 
decision-making, particularly 
in workplaces or clinical set-
tings.
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SUN advances multisensory 
interaction through wearable 
haptics devices that let users 
“feel” virtual objects, tempe-
ratures, and forces. Fingertip 
and wrist-worn actuators pro-
vide fine-grained, distributed 
feedback, restoring tangibi-
lity to virtual manipulation. 
Experiments with thermal fee-
dback further enrich the sen-
sory experience, aiming for 
XR where temperature cues 
enhance realism and convey 
critical information.

Collaboration is also central: 
gaze-based interaction and 
multi-user environments let 
people cohabitate, share per-
spectives, and cooperate wi-
thin the same virtual scene. 
These developments shift XR 
from a solitary activity to a so-
cially meaningful space, whe-
re communication and joint 
action are key. Extending this 
idea, XR is also used to sup-
port coordination in complex 
work settings, where immer-
sive cues and intelligent task 
prioritisation can ease deci-
sion-making and reduce wor-
kload.

The technological suite ex-
tends into user perception 
and monitoring. SUN’s wea-
rable and vision-based sy-
stems interpret users’ physio-
logical and emotional states. 
Electromyography decodes 
hand and wrist movements for 
gesture control; postural mo-

dules track joint angles and 
movements, supporting reha-
bilitation and safety. Gestu-
re recognition and affective 
computing allow XR to adapt 
dynamically adjusting diffi-
culty, feedback, or support 
according to user fatigue, fru-
stration, or confidence.

Holding these innovations to-
gether is the SUN Integra-
ted Platform: an open, modu-
lar, and secure framework for 
XR application development 
and deployment. It manages 
data streaming, component 
integration, dynamic scene 
updates, and cybersecurity. 
Noteworthy is its tokenised 
asset management system, 
supporting persistence and 
traceability, and complemen-
tary cybersecurity functions 
that safeguard against thre-
ats, ensuring trustworthiness 
where safety is critical.

The unifying message is clear: 
XR’s future depends on under-
standing humans, responding 
to their needs, and making 
the virtual world accessible, 
empowering, and profoundly 
human.



9

HUMAN-CENTERED SCENARIOS &
REAL-WORLD CASE STUDIES
The “Human-centered scenar-
ios and real-world case stud-
ies” illustrate how XR tech-
nology finds true value when 
shaped around human needs, 
emotions, and social realities. 
This section moves beyond 
technical innovation, focusing 
on how XR transforms lives by 
being empathetic, safe, and 
inclusive.

The narrative begins with a 
foundational reflection on the 
need for humanity and ethics 
in XR design. SUN’s approach 
emphasizes safety (not just 
physical, but also emotional) 
and insists that users feel sup-
ported and respected. Empa-
thy guides the design: avatars 
interact gently, feedback re-
mains non-intrusive, and sys-
tems avoid overwhelming us-
ers. These principles set the 
ethical groundwork for the 
major pilot scenarios explored 
next.

The first case study spot-
lights a rehabilitation pilot in 
an Italian hospital. Here, XR 
technology reinvents thera-
peutic exercises for patients 
recovering from orthopedic 
injuries, neurological disor-
ders, or cancer surgeries. Us-
ing head-mounted AR, pa-
tients interact with virtual ob-
jects and avatars, supported 

by haptic feedback that simu-
lates touch. For example, up-
per limb rehab patients grasp 
virtual bottles and place them 
on shelves, while glove-based 
actuators reinforce the sense 
of movement. Sensors moni-
tor joint angles and compen-
satory movements, allowing 
therapists to intervene or the 
system to offer real-time cor-
rections.

Patient reactions highlight 
the transformative power of 
well-designed XR. Many re-
ports increased motivation, 
fascination with avatars that 
mirror their movements, and a 
sense of fun that replaces the 
monotony of traditional rehab. 
Clinical results show tangible 
improvements, such as re-
duced swelling and improved 
range of motion. However, the 
narrative also acknowledges 
limitations: XR supports but 
does not replace therapists, 
and technical challenges like 
glove fit or gesture accuracy 
prompt ongoing refinement.

The lower limb rehabilita-
tion scenario adds complex-
ity, guiding patients through 
squats, knee extensions, and 
gait exercises. Wearable EMG 
sensors and inertial units track 
muscle activity and posture, 
while the system provides 
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feedback on alignment and 
joint angles. The narrative 
stresses the need for adapt-
able design: older or inexperi-
enced patients benefited from 
careful onboarding and em-
pathetic interfaces, demon-
strating that XR is most effec-
tive as a supportive extension 
of clinical care.

The second case study shifts 
to an industrial setting in Spain, 
where XR enhances workplace 
safety and workflow coordi-
nation. In safety training, AR 
headsets deliver interactive 
modules on personal protec-
tive equipment, guided by av-
atars. In real-world use, work-
ers tour the factory, using 
voice commands and com-
puter vision to assess compli-
ance. XR here sharpens situ-
ational awareness, nurtures 
safety culture, and reduces 
cognitive strain.

A parallel industrial scenario 
centers on task prioritization. 

XR systems monitor factory 
conditions, displaying dynamic 
task lists in workers’ headsets. 
Gesture-based interaction al-
lows workers to make deci-
sions autonomously, while XR 
adapts task priorities as situ-
ations evolve. Feedback from 
workers reflects enthusiasm 
for practical guidance and im-
proved coordination, though 
initial hesitancy over gesture 
recognition and new interfac-
es is addressed through iter-
ative refinement. The key to 
success is deep integration 
with existing workflows, re-
spect for worker autonomy, 
and transparent handling of 
data.

The third case study focus-
es on individuals with severe 
mobility or speech impair-
ments. XR empowers these 
users through gaze-based in-
terfaces, wearable sensors, 
and adaptive avatars, enabling 
new forms of communication, 
learning, and social participa-
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tion. Traditional XR systems 
often exclude such users; 
SUN’s approach, grounded in 
co-design and ethical sensi-
tivity, transforms XR into a me-
dium for agency and dignity.

Several cross-cutting themes 
emerge throughout the case 
studies. Co-design is crucial: 
therapists, patients, workers, 
caregivers, and individuals 
with disabilities actively par-
ticipate in shaping technol-
ogy. Barriers such as techni-
cal complexity, physical lim-
itations, trust, or resistance 
are treated as vital feedback, 
guiding SUN’s iterative adap-
tation and improvement.

In summary, the section un-
derscores XR’s true strength 
not in immersion alone, but in 
creating meaningful, person-
alized experiences. Wheth-
er it’s helping a patient regain 
movement, supporting a work-
er in complex tasks, or giving 
a nonverbal user a voice, XR 
serves as a bridge between 
the physical and digital, be-
tween challenge and oppor-
tunity. The human-centered 
approach is clear: technology 
achieves its fullest potential 
when it is anchored in human 
values, developed collabo-
ratively, and sensitive to re-
al-world contexts.
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SUSTAINABILITY, ETHICS AND IMPACT

The concluding section of the 
SUN Book move focus from te-
chnical innovations and pilot de-
ployments to broader questions 
of sustainability, ethics, and im-
pact in XR (Extended Reality) 
systems. Instead of viewing su-
stainability as a purely technical 
challenge, the narrative frames 
it as a dynamic, human-cente-
red ecosystem that connects 
patients, workers, caregivers, 
institutions, and communities. 
To push XR beyond research 
phases, it must adapt to varied 
real-world settings and build 
trust through transparent go-
vernance. SUN’s participatory 
approach involves end-users as 
long-term partners, promoting 
shared ownership of innovation 
rather than focusing solely on 
hardware longevity.

The SUN Integrated Platform 
stands at the center of this vision: 
an open, modular XR ecosystem 
integrating wearable sensors, 
AI-driven analytics, haptic devi-
ces, secure asset management, 
and cybersecurity tools. Rather 
than being a one-size-fits-all 
product, the platform is desi-
gned for flexibility enabling in-
tegrators, developers, and har-
dware providers to customize it 
for industry, healthcare, or assi-
stive applications. SUN adopts 
an “open core” business model: 
essential components are freely 
accessible, encouraging com-

munity adoption and extension, 
while advanced modules offer 
commercial opportunities for 
professional services and in-
dustry deployment. This hybrid 
strategy supports sustainability 
by balancing community invol-
vement with commercial viabi-
lity, and the platform’s validation 
across rehabilitation, industrial 
safety, and assistive technolo-
gy showcases its adaptability 
and market relevance.

A significant portion of the nar-
rative addresses ethical consi-
derations. XR systems gather 
highly sensitive data, including 
movement, biometrics, emotio-
nal states, and environmental 
models. The book highlights the 
necessity of privacy-by-design, 
informed consent, and transpa-
rent AI, especially when enga-
ging vulnerable users. Throu-
ghout real-world pilots, ethical 
questions are woven into the 
scenarios: XR should enhance 
autonomy in rehabilitation wi-
thout becoming prescriptive; in 
industrial settings, it must avoid 
fostering surveillance; and for 
people with disabilities, it should 
empower rather than patronize. 
Striking a balance between assi-
stance and autonomy is essen-
tial, as overwhelming feedback 
or excessive automation can 
undermine user trust and en-
gagement. SUN’s methodology 
emphasizes adaptive control, 
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letting users adjust feedback 
and interaction styles, reinfor-
cing that respecting autonomy 
is both an ethical requirement 
and crucial for adoption.

Data protection and legal com-
pliance are explored through the 
lens of GDPR and broader Eu-
ropean regulations. Managing 
diverse data types, such as 3D 
scans and emotional analytics, 
while ensuring users retain con-
trol of their digital identity is a 
complex challenge. Legal rigor 
and ethics-by-design are pre-
sented as keys to building trust, 
institutional acceptance, and 
the long-term sustainability of 
XR technologies within health, 
industrial, or educational sec-
tors.

The discussion of impact is 
multi-faceted. On an individual 
level, XR can boost motivation, 
self-efficacy, and emotional 
comfort, giving patients greater 

control in rehabilitation, suppor-
ting workers in their roles, and 
providing people with disabili-
ties new avenues for communi-
cation and participation. At the 
organizational level, SUN helps 
hospitals adopt personalized 
rehabilitation tools, factories to 
strengthen safety cultures, and 
care institutions to foster auto-
nomy and engagement. These 
transformations help integra-
te XR into lasting institutional 
practices.

From a societal perspective, 
SUN positions XR as a trustwor-
thy and ethically grounded te-
chnology through inclusive 
governance involving NGOs, 
patient associations, industrial 
partners, and academia. This 
multi-stakeholder approach 
strengthens societal readiness 
and acceptance, showing that 
when XR is co-designed and 
governed collectively, it gains 
broader legitimacy and value.



14

A distinctive feature of SUN’s 
impact assessment is its inno-
vation monitoring methodology. 
Rather than focusing solely on 
technical metrics, SUN incor-
porates emotional, ergonomic, 
ethical, and usability factors into 
its evaluation framework. Con-
tinuous feedback, interviews, 
and iterative adjustments ensu-
re that XR development remains 
closely aligned with users’ real 
needs and lived experiences.

The section concludes with a 
forward-looking vision: SUN’s 
ethical models, technological 

innovations, and human-cente-
red, participatory governance 
provide a blueprint for the future 
of XR in Europe. The project en-
visions deeper integration with 
European digital infrastructures, 
evolving XR avatars into secure 
digital identities, and seamless 
blending of physical and digital 
environments. Ultimately, the 
long-term impact of XR, SUN 
argues, will be determined not 
by technology alone, but by its 
capacity to empower, respect, 
and resonate with the people it 
serves.
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