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Visualisation in (spectral line) astronomy,
a general perspective



Masterclass December 2025Thijs van der Hulst   University of Groningen

Any technique for creating images, diagrams, or animations to 
communicate a message.

- Historic examples:  

cave paintings, hieroglyphs, ancient graffiti

- Modern examples:

drawings,  photos,  3D rendered figures

- Modern visualisation:

full 3D,  interactive,  multi-data and multi-dimensional

Visualisation:   basic meaning
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• To form a picture of someone or something in your mind, in 
order to imagine or remember him, her, or it

• Making a visible presentation of numerical data, particularly a 
graphical one

• Visualization is the process of representing abstract business 
or scientific data as images that can aid in understanding the 
meaning of the data

Visualisation:   basic meaning

But here:  presenting 1-D, 2-D, 3-D and n-D data in a 
comprehensive way and be able to interact with the data
          

http://dictionary.cambridge.org/dictionary/english/form
http://dictionary.cambridge.org/dictionary/english/picture
http://dictionary.cambridge.org/dictionary/english/your
http://dictionary.cambridge.org/dictionary/english/mind
http://dictionary.cambridge.org/dictionary/english/order
http://dictionary.cambridge.org/dictionary/english/remember
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Old School Visualisation
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Modern Visualisation I

SoFiA Imaging Pipeline     https://github.com/kmhess/SoFiA-image-pipeline/

global profile major and minor axis PV slice

HI column density S/N image velocity field v-dispersion

https://github.com/kmhess/SoFiA-image-pipeline/
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Modern Visualisation II

front view side view

www.astro.rug.nl/~slicerastro/

M 101
SlicerAstro

http://www.astro.rug.nl/~slicerastro/
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Visualisation:   available FITS viewers
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Visualisation:   available 3-D viewers

Karma   (kvis, kpvslice, etc. )
Gipsy viewers   (sliceview, visions)
DS9 (CfA)
QFitsView (MPE)
FITS3D
CARTA         cartavis.github.io

VO:  Alladin  + HiPS  (Hierarchical Progressive Surveys)
       TopCat  (for table data)

Volume rendering:  Frelled   (uses Blender)
                             VAA3D  (                      )
                            MayaVi

   SlicerAstro  
    ViSL3D  

www.astro.rug.nl/~slicerastro/

https://github.com/ixakalabadie/ViSL3D

Immersed  VR:  iDaVIE       https://github.com/idia-astro/iDaVIE/releases/tag/v1.0

http://cartavis.github.io
http://www.astro.rug.nl/~slicerastro/
https://github.com/idia-astro/iDaVIE/releases/tag/v1.0
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Visualisation:   commonly used 3-D viewers

DS9

QFitsView

KVIS

CARTA
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3-D Viewers:

- basic features present 
- handling very diverse
- few can combine multiple data (kvis)
- few can display 3 dimensions at once (kpvslice, visions)
- few are coupled directly to the data analysis environment 

kpvslice

visions, Gipsy

Visualisation:   commonly used 3-D viewers
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Visualisation:   commonly used 3-D viewers



Masterclass December 2025Thijs van der Hulst   University of Groningen

Galaxies in the Ursa Major cluster

Data: Busekool et al. MNRAS 501, 2608–2626 (2021) 
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Visualisation:   complex HI data sets
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Discovering subtle 
structures

3D + modeling 
pros:
See also Punzo et al., 2017, Astronomy and Computing.

NGC 2403

Kinematic models as masks
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Summary

• many existing viewers

• most are standalone

• some can read several different formats

• very few provide good volume rendering

• Karma probably the most versatile, despite its age

• CARTA now widely used and developed further

• SlicerAstro has added volume rendering capabilities 

coupled to analysis tools

• iDaVIE       fills the niche of immersed cube viewing


