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Consortium:
/ N N D - ™
o ° DESIGN
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+
Auticon Srl Net Service Alkemy SpA Design Group Italia
(Milan) ) (Cagliari, Cosenza, Lecce) (Milan) \ Part of Alkemy (Milano)
N ‘ | J :
Consultant:
N
University of Cagliari MetaVerso
Department of Physics (Asolo)
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PROJECT GOAL

Developing an innovative tool for analyzing
and visualizing astrophysics data using
immersive technologies
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Project Roadmap

Oct. 2024 Nov. 2025

Literature search on the latest advances in the field of M0
WP 1 Immersive Visualization / VR / XR / Spatial Computing _
and analysis of existing software and ecosystems
Interview sessions with researchers on the state of M2.1
WP2 the art in astrophysical data visualization, with the —
goal of defining the most relevant visualizations to be

included in the MV/P, PoC and MVP definition.

W p 3 Definition of data structures. Selection of technologies _
best suited for the defined data structures

1T/t i D
visualization VR software and documentation

WP e e ecommation st e resits a ab L J
Open format and dissemination of the results
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Multidisciplinary Approach

Data & Analytics Design

Alkemy SpA ‘ Design Group Italia (Part of Alkemy)
Combining expertise in statistics, Serving as a bridge between business and
programming, machine learning and tech, they design intuitive, effective and
domain knowledge, data is transformed efficient digital systems for users through a
into strategic insights that support process that spans from initial research to
informed decisions and optimize business implementation and final testing.
performance.

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

Development

MetaVerso ‘

Leveraging coding and immersive
technologies to develop innovative and
scalable software solutions that guarantee
smooth functionality and optimal
performance.
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Research Phase
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2. Libraries and Frameworks for Data Management/Production

(2.A) RAMSES
RAMSES is a widely used computational open source tool in astrophysics, designed for simulating the dynamics of
astrophysical fluids and gravitational systems. It is MPI parallel, grid-based, Fortran code that employs an adaptive mesh

u
R e S ea rc h o n a St ro p h ‘IS I c a I d ata ST 7. Visualization Examples and Case Studies
All the following examples include simulations that in a way or another make use of Smoothed Particles
n u o
and 2D visualizations

Hydrodynamics and N-Body simulations to generate a model of an astrophysical phenomenon.

(7.A) Observations

Protoplanetary Disks

Younger Older Time>

Class 1 Flat Class 11
0.2 — 0.5 Myr 0.5— 1.0 Myr 1.0 — 2.0 Myr

CFHTWIR-Oph 79 Oph-emb 20

Research was conducted to gain an overview of data

structures and classical 2D visualizations in Ew————— ~

refinement. Sun-Pluto distance

. = y This makes RAMSES part =,
astrophysics across different domains: sl svucur of h
magnetohydrodynamics,

to simulate a variety of as

conducting high-resolutic

open-source nature of RA

their specific scientific ne

. (2.B) ROCKSTAR
n O b S e r\lat| 0 n S Rockstar is a highly effici
characterizing dark matte
Calculation using K-Spac

u S i m U | ati O n S which allows it to accurat

enables Rockstar to effec

nature of structure forma

™ To 0 | S an d | i b rari eS { A protoplanetary disk is a rotating disk of dense gas and dust around a young star. Although similar to an

accretion disk, a protoplanetary disk is not as hot or fast-spinning. Accretion disks are typically found
around black holes, not stars. The process of forming planets from a protoplanetary disk is different from
the accretion process.

Supernovae
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Research on potential
applications of VR

Research was conducted to gain an overview of
existing software and projects for VR applications
across three main categories:

= Astrophysics

= Natural and Experimental Science

= Other tools on data visualization, VR and
non-VR

code desi for astronhysical simulations. particularly

those involving galaxy {

be imported into game!
enables scientists to s
dark and visible mattes

o

60

[Mpc]

30

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

Fluid Dynamics in VR
Fluid D! ics VR is an ad

bridging traditional 207~
in the Flow Visualizati
enhance the study of
exploration of natural|

The platform allows r¢
challenges like depth
flow patterns, adjust f
models dynamically u‘
and integrated into Ut

Supported by a grant
collaboration betweer|
poised not only to ad\1
enabling the creation
relationships betweer|

Fluid Dynamics VR de
and pedagogy, provid
phenomena.

For further details, se|

d tool ig for immersive visualization of flow fields,

iDaVvIE

iDaVIE (Immersive Data Visualization in Virtual Interactive Environments) is an advanced tool
specifically designed to enhance the analysis of complex datasets in astrophysics and other
scientific fields. Its primary feature is the ability to immerse users directly into 3D data
environments, offering a level of interaction and understanding. This immersive approach allows
scientists to identify patterns, relationships, and structures that may be difficult or impossible to
discern using traditional 2D visualization methods.

The platform is open source, fostering accessibility and collaboration among the global scientific
community. Researchers can modify and extend the tool for their specific needs, making it a
flexible solution for diverse applications. Its adaptability allows for the visualization of not only
astrophysical data, such as galaxy simulations and cosmic phenomena, but also datasets from
fields like biology, medicine, and engineering.

iDaVIE also emphasizes scalability, capable of handling massive datasets that are often generated
by modern scientific experiments. Its compatibility with various display technologies, including VR
headsets and large-scale immersive environments, ensures that users can tailor their visualization
experiences to their research needs.

Its collaborative framework supports interdisciplinary research, making it a resource for exploring
complex phenomena across a broad spectrum of scientific disciplines.

For further details, see iDaVIE and this article.
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Interviews with astrophisics

Interviews play a crucial role in understanding the needs and
priorities of astrophysicists, translating insights into shared
team knowledge to enhance user empathy and building a data-
driven process rooted in actionable insights.

We conducted 8 interviews with a target group from the Scuola Normale
Superiore of Pisa:

Small-scale theoretical area
Galaxies
3 Large-scale theoretical area
Intergalactic medium

2 Observations
Galaxies

Most simulations are visualized to represent

data across a temporal span

Alem]

TYPE OF DATA

Quantitative or numerical data

are the primary type of data

DECEMBER 2024

INAF Astrovisio
Insight report
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KEY INSIGHTS 1
Observers' activities and data visualizations

01. 02. 03. 04.

Observers concentrate their The activities to be conducted The main task involves The quality of the data appears
activities on astronomical are determined by the desired interpolating the image to to be crucial at different levels,
images and data from outcome. They may involve extract physical data and assess  such as the quality of the
telescopes and other tasks such as cleaning and its reliability. For this, they observation or the quality of the
instruments. gathering new data, or primarily use tools with graphic model

validating theories. interfaces.
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KEY INSIGHTS 2

Theorists’ activities and data visualization

01.

Astrophysicists often develop custom
code to meet their specific research
needs, as standard tools may not
always be sufficient. Debugging is
essential to ensure the model's
quality.

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

02.

Simulations evolve data over time in
an iterative process to validate initial
conditions and ensure the outcomes
align with reality.

03.

The selection of data visualization
methods depends on the preferences
and expertise of the astrophysicist.
Simulations are typically represented
as 1D or 2D visualizations.
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KEY INSIGHTS 3

The role of Papers in scientific outreach

Scientific Outreach

01.

Papers play a central role in the
academic world, serving as both
the foundation and the
culmination of the research
process.

02.

Through papers, astrophysicists
efforts are solidified and
formalized, turning insights and
findings into tangible
contributions to their field.

I

03.

Graphs and visualizations play a
crucial role in enhancing the
value of papers, bridging complex
data and clear communication.

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

04.

Traditional papers limit how
information is presented.
Astrophysics papers may include
3D visualizations, interactive
plots, and videos.

Missione 4 » Istruzione e Ricerca
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KEY INSIGHTS 4

Astrophysic for the public outreach

01. 02. 03.

There is strong enthusiasm for Astrophysics is challenging to The choice of media depends on
sharing astrophysics with the make tangible, but developing the context and audience,
public, with schools inspiring interactive, hands-on projects including videos, images, hands-
young minds and festivals can make its complexities more on activities, and sensory
offering opportunities to connect, accessible to a wider audience. experiences with astrophysical
learn, and share experiences. data.

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

04.

Astrophysics could be more
accessible for people with
disabilities, underprivileged
children and to encourage young
girls to study in the STEM field.

Missione 4 » Istruzione e Ricerca
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Collaborative session

we moved on to a collaborative session that brought
together professionals with diverse expertise to creatively
explore possibilities and ideas for addressing the needs and
problems we identified

After gathering the key insights during the research phase, t:
|

Problem Solution

EXPLORE

DEFINE

Exploring creative
scenarios, ideating
multiple solutions

Refine the idea,
features, and technical
requirements
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#1

The

Sky-Watcher

Help the observer to manage and
improve the quality of
astronomical datas and images.

o
X

~

-

The

Galaxy Writer

Develop methods to enhance
visual simulations and tools to
efficiently debug and refine code

/

A

#3

The

Cosmic Guru

Help astrophysicists communicate

the value of their studies in a easy

and appealing way, spark interest
and exploration in the field.

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

/

S Public Outreach —

#4

&
A
The

Little Star Dreamer

Help astrophysics connect with the
public and create engagement,
especially in education.
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QUESTION TO ANSWER

"How might we solve the
archetype’s problems and needs?”

=% Ministero
i dell’'Universita
e

Alkemy [35]

ﬁ: -Galaxy Writer

Alemy [E]

The Cosmic Guru
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FINAL IDEA

An application leveraging Virtual Reality (VR) to
manage visualizations and time-lapses of
simulations, with expressive potential not only in
visual terms but also in tactile and auditory
modalities.
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The application will include:

= Controllers designed to exploit the full potential of immersive technology for interacting with
and manipulating data and visualizations.

= Will offer astrophysicists autonomy in managing and creating representations, enabling
them to work with concatenated datasets.

= It will also provide the ability to export materials for traditional papers

= Facilitate collaboration among multiple astrophysicists, creating shared spaces within the
virtual environment.

The immersive and sensory potential of the tool will make visualizations engaging even for
non-scientific audiences in outreach activities, generating interest in the material and allowing
astrophysicists to produce tangible content for public interaction.
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Feature Prioritization

first rels
;’ HIGH IMPACT
+

Rend del data cubs he "

Lettura file system locale approssimativa :“‘e :F"‘ “T“"“’“a"lm;‘ﬂ:p:' lizzo di color feedback
ja gestione e la mappatura del dato

Base PLCO pe splor, dati

== -

After further exploring the practical applications e [ ooy S e

of each idea, we analyzed the features we ‘ , :

would prioritize for the first release by s

evaluating them on a scale of high/low impact — = | e |

and high/low effort. | = | ‘ e e ’
D

Upload dei dataset

Strumento di export immagini da VR Registrazione delle visualizzazioni VR

LOW EFFORT
140443 HOIH

We focused on the high impact/low effort
quadrant for the first release. (I
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First Release Features GlistElease

= *Control toolbar: Allowing users to adjust parameters within the immersive environment.
Examples include linear and logarithmic scales, spatial zoom, and timeline management of
simulations.

» *Enhanced visualization expressiveness: Adding sound and haptic feedback alongside colors to

: explore data within visualizations.
First release
*Given the higher effort involved, the feasibility of including the following in the first release will be evaluated during the design and

» Local file system reading: Allowing the import and management of data directly from the user's development phases
device. In the first release, both the builder interface and the VR environment will be locally - J
handled.

= Builder area: A desktop interface that allows users to independently upload datasets and Future releases

configure visualizations that will be rendered in VR.

» Multi-user collaboration: Transitioning the platform from local to an online hosting service (a

» Visualization rendering: Representations that may be more or less approximate depending on middle-term solution could be also to use IP addresses), creating online-accessible collaboration

the tool's capabilities and the effort involved. rooms, and enabling each user to have their own personal account.

= Dynamic time-lapse: Enabling users to observe the evolution of data over time.
v P & » Expand tools for the user: Adding tools like a whiteboard for calculations and visualizing orders

» Data selection: A feature allowing users to focus on specific portions of a dataset for more of magnitude.

targeted analysis.
= Collaboration tools: Expanding the tools for real-time collaboration among users in the same

» Image export: Enabling the export and saving of VR visualizations in image format. o . , . ,
room, enabling interaction with elements and analysis tools for collaborative work.

» Visualization recording and export: Of the view of the user or potentially utilizing a "physical”
tool like a camera to create videos that can be shared or used in presentations.

= Support multiple data format: Support for multiple data formats to ensure compatibility with » Model comparison: The ability to overlay and compare simulations with consistent and
different types of datasets and maximize the application's flexibility. comparable dimensions.

» Public interaction: Introducing tools for interacting with the public within the VR environment.

I's
\
I's

\
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Next Steps

User Experience and User Interface Design

“ ~

Definition of data structures and data management strategies

Definition and implementation of data abstraction interface
= Design and implementation of data storage solution
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Synergy with Al Visio Lab

ACTION

To enable the integration, the Al Visio Lab
team will need to adhere to specific data
requirements provided by the AstroVisio

Integration Of one graphical Output team, ensuring the data is prepared in

compliance with AstroVisio's standards.

from Al Visio Lab into AstroVisio ‘*/;,

The idea is to apply the same concept of “exploring data from the inside” For the VR wisualiztion, the:same iogie

to a particularly meaningful graphical representation that will be identified and aesthetic features defined by the
AstroVisio team during the ongoing design
process will be applied.

during the Al Visio Lab project.
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