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inertia tensor. In the realm of 3D data acquisition, the focus is
typically on capturing the shape and appearance of objects;
however, when it comes to creating truly immersive interac-
tion experiences within an XR environment, the physical prop-
erties of 3D objects such as mass distribution play a funda-
mental role, as they support the simulation and rendering of
plausible physical behaviour and realistic feedback to humans.
Many earlier efforts to acquire mechanical properties either
made assumptions about a uniform and well-known object
density, or demanded costly laboratory setups. Our challenge
is achieving precise and dependable estimations of an object’s
physical properties from multimodal data obtained from inex-
pensive hardware sources. Our technique leverages a novel ac-
quisition device featuring an image acquisition box, a sen-
sorised gripper for controlled object manipulation, and a 3D-
printed object with controllable mass distribution for generat-
ing training data. Al techniques and data fusion algorithms are
under study to learn the expected inertia tensor and other rele-
vant physical characteristics that best match the anticipated
sensor readings.

The techniques described above will find application in differ-
ent scenarios. A first scenario is developing effective XR ap-
plications for training the workforce in industries, thus an-
swering the pressing demand for continuous workforce up-
skilling and reskilling. The fast virtualisation of the environ-
ments where industrial procedures take place, and the render-
ing of physical interaction in XR, would enable the creation of
a safe yet realistic environment for training for safety and se-
curity procedures, and for practicing real-time decision-mak-
ing in potentially dangerous situations.

As a second scenario, curated 3D assets for XR environments
can support rehabilitation, both for psychosocial and physical
issues. Novel techniques for high-quality 3D asset creation
would support the variability and adaptation of exercises to the
patients’ needs, by giving therapists a means to rapidly enrich
the virtual scenario with objects from the physical world. Also,
the recorded data about patients can be augmented with infor-
mation about the physical interaction with manipulated 3D ob-
jects, to assess progress during treatment.

A realistic XR environment cannot prescind from assets gen-
erated from real-world objects, but this digitisation process is
currently a bottleneck. Beside the objective of obtaining better
3D models, our work in the SUN project aims at streamlining
this process in a way that does not disrupt the standard tools
and procedures already established in the field, to make the
creation of XR environments cost-effective and scalable.

Link:
[L1] https://www.sun-xr-project.eu/
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Spatio-Temporal
Reconstruction of Large
Environments with Artificial
Hallucinations

by Marco Di Benedetto, Giulio Federico and Giuseppe
Amato (CNR-ISTI)

The power of Generative Al is employed towards a detailed
reconstruction of large environments, overcoming short-
range and sparsity of common techniques with spatio-tem-
poral 3D diffusion models.

In the rapidly evolving landscape of Extended Reality (XR),
the Social and hUman ceNtered (SUN) XR project [L1]
emerges as a pioneering endeavour to redefine intuitive 3D
data acquisition solutions, promising digitally immersive ex-
periences with unprecedented realism. Spearheaded by a col-
laborative effort involving esteemed institutions across
Europe, SUN aims to set new benchmarks in the creation of
physically convincing digital 3D models while facilitating
seamless integration with real-world objects.

The SUN XR project boasts a consortium of leading research
institutions including the Italian National Research Council
(CNR), University of Amsterdam, ETH Zurich, University
College London, and the University of Rome Tor Vergata.
Taking place across various locations in Europe, this ambi-
tious initiative represents a concerted effort to address the
pressing need for advanced 3D data acquisition techniques in
the realm of XR.

At its core, the research endeavours of SUN XR are fuelled by
a quest to bridge the gap between virtual and physical realities,
ushering in a new era of immersive experiences that blur the
lines between the two realms. The project commenced its
ground-breaking work with a comprehensive vision to revolu-
tionise XR applications through cutting-edge advancements in
3D data acquisition.

Central to the mission of the SUN XR project is the develop-
ment of intuitive solutions that enable the acquisition of 3D
models with unparalleled fidelity and realism. By incorporat-
ing crucial physical properties information and devising auto-
mated mechanisms for seamless integration with real-world
objects, SUN seeks to empower creators with powerful tools
to unleash their creativity in XR content creation.

The techniques employed within the SUN XR project repre-
sent a convergence of state-of-the-art methodologies from
computer vision, machine learning, and sensor fusion do-
mains. In this context, the Artificial Intelligence for Media and
Humanities (AIMH) laboratory of CNR-ISTI [L2] proposes a
ground-breaking 3D diffusion technique [1] that will integrate
in an XR session a 3D reconstruction of a real environment
that will transcend the limitations of traditional depth cameras
and lidars. By harnessing the temporal information encoded in
sequences of environmental images and leveraging spatial
cues extracted from initial sparse reconstructions (e.g. a 3D
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Figure 1: Data pipeline of our spatio-temporal diffusion architecture. Inputs represent an ordered sequence of colour images of the environment,

along with a sparse reconstruction of photogrammetric data. Our module will fuse incoming data and hallucinate a 3D representation of the

environment with a fine-tuned 3D diffusion generation pipeline.

point cloud consisting of features extracted from a SLAM ex-
ecution), this innovative approach promises to overcome
short-range acquisition challenges while mitigating the spar-
sity inherent in long-range lidar data. The fusion approach of
temporal and spatial information will lead to the definition of
a modular 3D denoising diffusion probabilistic model, able to
generate missing parts of the scene by hallucinating data that
has been precedently learned in a similar scenario (see Figure

1.

To this end, we used a sophisticated third-party driving simu-
lation engine, meticulously crafted to replicate real-world sce-
narios with high fidelity. The engine is capable of generating
3D colour images, capturing the nuances of light, texture, and
perspective to imbue virtual environments with a sense of pal-
pable realism. These images served as the foundation upon
which our 3D diffusion model would be trained, providing
rich visual data essential for understanding the intricacies of
the virtual world.

Complementing the visual data were Signed Distance Field
(SDF) volumes [2], a powerful representation of spatial infor-
mation that formed the backbone of our 3D mesh generation
process. By encoding the distance from each point in space to
the nearest surface, these volumes facilitated the creation of
detailed, geometrically accurate mesh models, ensuring that
our simulations faithfully captured the physical attributes of
the environments they sought to emulate. The final dataset will
be soon made available to the general public.

The innovative technique presented heralds a transformative
leap in the realm of XR experiences, promising to revolu-
tionise the way we interact with virtual environments. At its
core lies the capability to reconstruct the surrounding environ-
ment in near real time, leveraging a fusion of cutting-edge
technologies to capture intricate details and seamlessly hallu-
cinate missing elements. The end result is a virtual structure of
high fidelity and completeness, meticulously crafted to mirror
its real-world counterpart with as much accuracy as possible.

Looking ahead, the future activities of the SUN XR project are
poised to build upon its early successes, with a roadmap that

ERCIM NEWS 137 May 2024

encompasses further refinement of 3D data acquisition tech-
niques, extensive validation through real-world deployment
scenarios, and strategic collaborations with industry stake-
holders to drive technology transfer and commercialisation.

In conclusion, the SUN XR project stands at the forefront of
innovation in 3D data acquisition for XR, poised to redefine
the boundaries of digital immersion and pave the way for a fu-
ture where virtual experiences rival, and perhaps even surpass,
their physical counterparts. With a multidisciplinary approach,
unwavering commitment, and collaborative spirit, SUN XR is
poised to shape the XR landscape for years to come, leaving
an indelible mark on the fabric of digital reality.

Links:
[L1] https://www.sun-xr-project.eu/
[L2] https://aimh.isti.cnr.it
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