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Selected Publicly Available Codes

- PLUTO   Modular finite-volume code for HD/MHD & relativistic flows (jets, shocks)
- FLASH / FLASH-X  AMR multi-physics framework (HD/MHD, gravity, radiation, supernovae) 
- RAMSES   AMR code for self-gravitating HD/MHD (galaxies, star formation) 
- MPI-AMRVAC  Flexible AMR toolkit for HD/MHD, scalable to large 3D simulations 
- Athena / Athena++  High-order Godunov MHD code (turbulence, ISM, disks) 
- Phantom   SPH/MHD code (disks, star formation, dust–gas physics) 
- Pencil Code  High-order finite-difference code (turbulence, dynamos) 
- Enzo   AMR cosmology code (structure formation, galaxy evolution) 
- GADGET   N-body + SPH code (cosmology, galaxy mergers) 
- AREPO   Moving-mesh code combining Lagrangian & grid methods 
- VH-1   PPM-based hydro code for strong shocks 
- NIRVANA  Finite-volume HD/MHD code (jets, accretion flows)
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Analysis & Visualization 
of Scientific Data
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1. Data Acquisition: Simulations (HPC output) or models

2. Filtering/Pre-processing: Data reduction, denoising, or 
selecting a region of interest 

3. Mapping: Converting values (e.g.,density, temperature, 
velocity) into geometric primitives (points, lines) and optical 
properties (color, opacity).

4. Rendering: The GPU process of converting 3D scenes into 
2D pixel arrays for the screen.

The Formal Definition
Scientific visualization is the process of mapping data attributes to visual attribute. 
This follows a specific linear flow:
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What do we actually have?

• 3D distributions: density, temperature, 
velocity, magnetic field, abundances…

• Tracers and passive scalars
• Time evolution / snapshots
• Synthetic observables
• Huge multidimensional datasets

 The simulation produces data, 
not yet understanding



S. Orlando  -   salvatore.orlando@inaf.it -  Napoli, October 2026

How do we explore the data?

• Select regions, times, and physical 
components

• Slice, filter, and extract sub-volumes
• Follow tracers and structures
• Track shocks, clumps, filaments, 

instabilities…
• Compare different simulations / physical 

models (exploration of parameter space)
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From visual inspection to measurements

• Radial profiles
• Distributions of variables (rho, pressure, etc.)
• Energy budgets
• Shock velocities and Mach numbers
• Mass, momentum, energy and magnetic flux
• Characteristic scales and timescales
• Correlations between physical quantities

Explore ≠ Visualize

identify where, when and why 
something happens
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EXPLORATION
Data analysis and extraction of 

information
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Grid-Based Models (Eulerian)
- PLUTO
- FLASH

Particle-Based Models (Lagrangian)
- GADGET
- PHANTOM

PARAVIEW SPLOTCH
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� An open-source, scalable, multi-platform visualization application

� Support for distributed computation models to process large data sets

� An open, flexible, and intuitive user interface

� An extensible, modular architecture based on open standards

Jerry Clarke, US Army Research Laboratory

Swiss National 
Supercomputing 

Centre

Renato N. Elias, 
NACAD/COPPE/UFRJ, 
Rio de Janerio, Brazil

S. Orlando
INAF - OAPa

ParaView
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� Started in 2000 as collaborative effort between Los Alamos National Laboratories 
and Kitware Inc. Sandia has been a major contributor since 2005

� Used by academic, government, and commercial institutions worldwide

� Downloaded ~200K times per year

� Current funding

ParaView

This research was supported by the Exascale Computing 
Project (17-SC-20-SC), a collaborative effort of the U.S. 
Department of Energy Office of Science and the National 
Nuclear Security Administration.
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Data Types

Uniform Rectilinear
(vtkImageData)

Non-Uniform Rectilinear
(vtkRectilinearData)

Curvilinear
(vtkStructuredData)

Polygonal
(vtkPolyData)

Unstructured Grid
(vtkUnstructuredGrid)

Multi-block
Hierarchical Adaptive 

Mesh Refinement 
(AMR)

Hierarchical Uniform 
AMR

Octree
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More Information

� The ParaView web page
� www.paraview.org

� Help Menu

� The ParaView User’s Guide
� https://docs.paraview.org/en/v5.12.0/UsersGuide/index.html

� Tutorials
� https://docs.paraview.org/en/v5.12.0/Tutorials/index.html

� ParaView community support
� https://discourse.paraview.org/c/paraview-support/7

http://www.paraview.org/
http://www.paraview.org/
https://docs.paraview.org/en/v5.12.0/UsersGuide/index.html
https://docs.paraview.org/en/v5.12.0/UsersGuide/index.html
https://docs.paraview.org/en/v5.12.0/Tutorials/index.html
https://docs.paraview.org/en/v5.12.0/Tutorials/index.html
https://discourse.paraview.org/c/paraview-support/7
https://discourse.paraview.org/c/paraview-support/7
https://discourse.paraview.org/c/paraview-support/7
https://discourse.paraview.org/c/paraview-support/7
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User Interface

Menu Bar

Toolbars

Pipeline Browser

Properties Panel

Advanced Toggle

3D View
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Analysis of simulation data
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VISUALIZATION / DISSEMINATION
Production of engaging images, 

movie, VR scenes 
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Tutorials

https://sketchfab.com/blogs/community/category/tutorial/
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Getting Started with Sketchfab

1. Prepare your 3D Files
2. Upload
3. Check the appearance and modify the model 
4. Publish
5. Share!
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Prepare your 3D Files

OBJ files should almost always come with an MTL material library 
file. Both should be uploaded together, along with any textures
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Prepare your 3D Files

prepare your models by combining all your files into a ZIP file
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How to Design an 
Effective Visualization
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NOT Effective
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NOT Effective
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"… a wealth of information 
creates a poverty of attention"

- Herbert A. Simon
influenced the fields of computer science,
economics, and cognitive psychology
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https://viz.wtf
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understand the "human hardware" 
(the eye and brain)Initial Processing

 Spatial Position                                            
The most powerful channel for quantitative 
data

 Color/Intensity          
Highly effective for categorical and ordinal 
data

 Shape/Size              
Good for differentiating multi-component 
structures (e.g., CSM/ISM, stellar debris)
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JXNEFHMBCBZCNKJFLVEFKDJLIJKKEFKBGKDSJHKD
EICHFERJDERIARIVLKDSJBCRTHBKJLIFNXZALKSEF
NBVZEGYTWEZNMSUJRHXRZQWOUDHWVEMCOIBL
RDXGUWKJCOEUHZLMXNCWIEUYVZTXTPEPOKHMH
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Effective visualizations use the power of 
perception to offload cognition 

- Have graphical integrity WRO
NG
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Effective visualizations use the power of 
perception to offload cognition 

- Have graphical integrity

- Keep it simple
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Effective visualizations use the power of 
perception to offload cognition 

- Have graphical integrity

- Keep it simple "… a wealth of information 
creates a poverty of attention"

- Herbert A. Simon
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Effective visualizations use the power of 
perception to offload cognition 

- Have graphical integrity

- Keep it simple

- Use the right display

WRO
NG
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Effective visualizations use the power of 
perception to offload cognition 

- Have graphical integrity

- Keep it simple

- Use the right display

- Use colors strategically

WRO
NG
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High resolution       
MHD simulation

 Cartesian grid: 
20483

~20 million CPU hrs

Radiative losses 
 NEI
 ejecta abundance

(Orlando et al. 2025)
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Immersive Horizons 
A Semi-Serious Guide to Finding Your 

Way in Virtual Data Space
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What is Virtual Reality

https://www.youtube.com/watch?v=icDz35zYFwM

Ivan Sutherland Sketchpad Demo

Ivan Sutherland is considered by many to be the creator of Computer 
Graphics and an Internet pioneer. Starting with his Ph.D. thesis, 
named Sketchpad, which is one of the most influential computer 
programs ever written by an individual, Sutherland has contributed 
numerous ideas to the study of Computer Graphics and Computer 
Interaction. He introduced concepts such as 3-D computer modeling, 
visual simulations, computer aided design (CAD), virtual reality, etc.

https://en.wikipedia.org/wiki/Ivan_Sutherland
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What is Virtual Reality

https://www.youtube.com/watch?v=icDz35zYFwM

Ivan Sutherland Sketchpad Demo
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What is Virtual Reality

https://www.youtube.com/watch?v=icDz35zYFwM

Ivan Sutherland Sketchpad Demo
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What is Virtual Reality

https://www.youtube.com/watch?v=icDz35zYFwM

Ivan Sutherland Sketchpad Demo
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What is Virtual Reality

https://www.youtube.com/watch?v=icDz35zYFwM

Ivan Sutherland Sketchpad Demo
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What is Virtual Reality
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What is Virtual Reality

https://www.youtube.com/watch?v=icDz35zYFwM

Ivan Sutherland Sketchpad Demo
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Applications

Military

Healthcare

Education

Scientific 
Visualization

Entertainment



S. Orlando  -   salvatore.orlando@inaf.it -  Napoli, October 2026 51

Beyond the "Flatland" of Screens

 The 2D Bottleneck: Modern simulations are 3D (or 4D 
with time), but we analyze them through 2D glass 
(screen, figures, movies)

 The Immersive Shift:     
Moving from looking at data to being inside data

 Key Definitions:

 Virtual Reality (VR): Full occlusion; total 
immersion in a synthetic data world.

 Augmented/Mixed Reality (AR/MR): Overlaying 
complex models (e.g., a galactic merger) onto your 
physical desk.

 Immersive Analytics: The science of using these 
tools for actual discovery, not just demonstration.
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Virtual Reality (VR) vs Augmented Reality (AR)

VR = virtual reality
 User is completely immersed in 

virtual world - sees only light 
emitted by display (e.g., ready 
player one)
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Virtual Reality (VR) vs Augmented Reality (AR)

VR = virtual reality
 User is completely immersed in 

virtual world - sees only light 
emitted by display (e.g., ready 
player one)

AR = augmented reality
 Display is an overlay that augments 

user's normal view of the real world 
(e.g., Terminator)
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Virtual Reality (VR) vs Augmented Reality (AR)

VR = virtual reality
 User is completely immersed in 

virtual world (sees only light emitted 
by display)

AR = augmented reality
 Display is an overlay that augments 

user's normal view of the real world 
(e.g., Terminator)
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Spatial Understanding & The "Depth" Advantage

 Our brain uses the distance between our eyes to perceive depth. In VR, this is restored, 
making complex 3D structures (like ejecta distributions in SNRs) instantly legible

 In VR, moving your head changes the perspective. This "motion parallax" is the most 
powerful cue for understanding 3D shape

 We perceive the relative sizes of 
features much more accurately 
even if they are not presented at a 
1:1 human scale

Star Blast: a VR tour of the 
outcome of stellar 

explosions
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Principles Grounded in Reality

Immersion ≠ Magic:           
The principles in designing graphics still apply!

 Color Ethics: Poor colormaps are even more 
confusing in 3D

 Data Reduction: You cannot render 1 billion
points in a VR headset at 90fps. Decimation and 
Isosurfacing are more critical here

 Occlusion: In VR, you can "walk through" an 
occluding layer, solving one of the biggest 
problems of 3D desktop visualization
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Exploratory Analysis vs. Presentation

Exploration

"Walking" through a simulation to find unexpected 
topological features

 Grabbing and rotating a model with your 
hands to inspect a specific structure

Communication

 Public Outreach: Allowing the general public 
to "fly" through a nebula.

 Collaborative VR: Two scientists in different 
cities meeting inside the same dataset to 
discuss a specific feature.

Purdue University, USA
Danny Milisavljevic

INAF, Italy
Fabio Vitello

WORK IN PROGRESS
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The "Cost" of Immersion (Constraints)

 Simulator Sickness                       
Frame rate must be high (>90 FPS). If the visualization 
lags, the user gets nauseous

 UI/UX Challenges         
You can't use a standard keyboard and mouse in VR. 
We need "Spatial UI" (floating menus)

 Information Overload                                                  
Being immersed in data can be overwhelming
Keeping things simple remains the golden rule
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Closing Remarks – The Responsibility of the Visualizer

Clarity as a Scientific Duty

 Visualization is an Act of Translation             
You are translating mathematical abstractions (e.g., MHD equations) into a visual language;     
if the translation is obscure, the science is lost

 Complexity is not a Virtue                                 
A "busy" or "complex-looking" plot does not prove the complexity of your model; it often only 
proves a lack of editorial focus

 The Cognitive Load             
Every unnecessary color, label, or 3D artifact competes for the viewer’s limited attention;      
your job is to maximize the signal-to-noise ratio
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Closing Remarks – The Responsibility of the Visualizer

Target Audience Primary Goal Strategy

Peer Researchers Validation & 
Discovery

Technical accuracy, raw data context, high-
density information, standard colormaps

Students / Education Conceptual Linking Highlight physical mechanisms, use 
analogies, simplify specialized jargon

Public Outreach Impact & 
Engagement

Wow effect, emotional resonance, extreme 
simplification, focus on the "Why" over the 
"How"

Know Your Audience, Define Your Goal

The "best" visualization does not exist. It is defined by who is looking at it
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Possible Applications
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India: Project “Being Aarvam” promoted by the Payir 
Foundation

Malaysia: Using Virtual Reality for Astronomy Education in 
Secondary School
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Natural history museum of Washington

NASA

Smithsonian Astrophysical 
Observatory
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(Orlando et al. 2021, 2022)
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Anna Hoetjes
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Visualization is not about making 'pretty' pictures. It is about 
maximizing the bandwidth between the data and the researcher's 
brain while minimizing the noise introduced by the software

Recommended Reading

 Tufte, E. R. (2001). The Visual Display of 
Quantitative Information

 Cole Nussbaumer Knaflic (2015). 
Storytelling With Data: A Data 
Visualization Guide for Business 
Professionals


