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• Cosmology visualisations, in collaboration with Dr Alan Duffy (ICRAR, 
UWA) and Dr Rob Crain (Leinden Observatory, the Netherlands).

• Visualisation in cultural heritage, in collaboration with the School of 
Creative Media, City University, Hong Kong.

• Volume visualisation for a exhibition in an art museum, in collaboration 
with Dr Peter Morse.



Visualisation of cosmological simulations

• Present three examples: “COSMOS”, “GIMIC”, and “KINETIC”.

• Characteristics:
- Large numbers of points, minimum 200 million, maximum 1 billion (COSMOS).
- Generally three types of particles: Dark Matter, Stars, Gas.
- Relative numbers of each type of particle may vary over time.
- Each point has a region of influence, smoothing kernel.
- Typically have multiple parameters per particle.
  Interest here in position, velocity (for time interpolation), mass, smoothing radius.

• Requirements / goals:
- Explore pipelines the researchers can use.
- High impact images and animations.
- High resolution fisheye images for digital planetarium projection.
  Targeting typically 3K square for an inhouse fulldome production and 
  up to 8K square for high end planetariums, eg: Macau, Hong Kong, Beijing.
- Support for multiple projection types: orthographic, perspective, fisheye, spherical.
- Produce all images as 16bit PNG to give enough dynamic range for postproduction effects.



Gadget

Code base is Gadget (actually our private Gadget3 version). It's a C based code for 

cosmological N-body/SPH simulations on massively parallel computers with distributed 

memory. It uses an explicit communication model that is implemented with the 

standard MPI communication interface. It computes gravitational forces with a 

hierarchical tree algorithm (optionally in combination with a particle-mesh scheme for 

long-range gravitational forces) and represents fluids by means of smoothed particle 

hydrodynamics (SPH). It is both highly optimised and stable, and readily portability to 

supercomputers using standard libraries.

Alan Duffy



Smoothing kernel

• 3D functions of radius, similar to a “point spread function” in optics. Note this is used within 
the simulation software so not an arbitrary choice for the visualisations.

• For particles without a smoothing kernel (eg: stars) a Gaussian is used which allows the 
same pipeline to be employed. Use a single standard deviation, star mass determines the 
amplitude.



Smoothing kernel

• Easier to deal with when sampling into a volume. 
Decided not to do this here due to resolution constraints.

• Smoothing kernel radii are not necessarily “local”, sampling into a volume an be expensive.

• Implemented smoothing kernel by sampling (regular or stochastic) in 3D. Points are then 
projected onto plane, cylinder, or spherical surface. The image is then a histogram the projected 
points contribute their kernel weighted mass to.

• Only works because of the very large number of points, smooth histogram image forms quickly.

• Advantage of being able to form image with speed/quality trade-off.

Uniform sampling Random sampling



Projections

Perspective

Spherical

Fisheye

Cylindrical

Orthographic



COSMOS

• Simulation within a cubic region (periodic bounds) of the Universe just after the Big Bang.

• 600 million light years on each side of the cube.

• Shows dark matter collapsing over 14 billion years of cosmic time, forming filaments and 
collapsing haloes of the Cosmic Web.

• Note there is no smoothing kernel here, the images look smooth and continuous due to the 1 
billion+ particles per time step. 

• Even at 3Kx3K, if the whole dataset is in shot then on average there are over 100 points per 
pixel (if they were distributed uniformly).

• The final image is essentially a histogram formed on the projection plane.

• Original simulation computed on vayu (NCI).
Used 1024 cores, 2.8TB RAM, took 19 hours (~20,000 CPU hours)
Rendering performed on epic (iVEC).



Rendering pipeline
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GIMIC

• Simulates the formation of a Dwarf Galaxy, similar to the Large Magellenic Cloud.

• The formation of these galaxies is a violent dynamic process.

• Dark Matters forms in filaments along which gas flows into the central disk where star 
formation occurs.

• Computed on cosma (Durham University).
Used 32 CPUs, 92 hours (~3,000 CPU hours).
Rendering performed on epic (iVEC).
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KINETIC

• Simulation of the formation of a Spiral Galaxy similar to our own Milky Way but about half the 
current age.

• The Gas follows the Dark Matter along the filaments.

• Each of the small satellite galaxies are about the same mass as the GIMIC Galaxy.

• Computed on epic machine (iVEC).
Used 1024 cores, 2.05TB RAM, took 470 hours (~500,000 CPU hours).
Rendering performed on epic (iVEC).





Visualisation in cultural heritage

• Place Turkiye

• iJiao

• Both involve immersive displays: stereoscopic cylindrical display or iDome.

• Both in conjunction with the School of Creative Media, City University of Hong Kong.



Stereoscopic panoramas

Left eye

Right eye

42,000 pixels x 12,000 pixels

Ephesus. Courtesy Sarah Kenderdine, Jeffrey Shaw



Alignment / registration of stereoscopic cylindrical pair

Overscan!
zone

Overscan!
zone

Zero parallax distance
Two pairs of matching points in each panorama



City University Hong Kong: School of Creative Media



360 x 150 degree video

5400 x 2700 pixels Whirling Dervishes, Orient Express train station



Navigable movie in the iDome



Sample shoots

Borusan Philharmonic Orchestra Yeni (New) Mosque

Hashbecktashi Dancers Whirling dervishes: Orient Express Train Station



360 video for cylindrical displays

Yeni (New) Mosque

Hashbecktashi Dancers

Traditional potter



Traditional potters





Didn’t enjoy myself at all.

The “Castle”, Cappadocia



iJiao

• Showcase of cultural heritage of China.

• Venue: Main Gallery, Hong Kong Central Gallery.

• 360 degree video of various Taiping Qingjiao, also known as the Jiao festival.

• “The festivals, held throughout Hong Kong, appease the ghosts and give thanks to the deities 
for their protection. They take place every year or every five, eight, or ten years, depending on 
local customs. The religious rituals involved are meant to purge a community and prepare it for 
a new beginning.” 
[Sarah Kenderdine]







Space navigator

Kinect

iDome

Spatial audio
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Max MSP
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OSC



Volume visualisation for a public exhibition: Pausiris

• MONA: Museum of Old and New Art, Hobart, Tasmania. Opened on the 21st January 2011.

• Responsible for an exhibition based upon the Pausiris mummy, in collaboration with Peter 
Morse.

• Volume rendering from a high resolution CAT scan data using Drishti.



Data/projection overview

• Each frame of the movie is rendered at 4000 x 1500 pixels, intended to run at 30fps.

• The display case comprises of two WUXGA (1920 x 1200 pixel) projectors.

• Each frame of the movie is split in half (plus an overlap) and sent to each projector. 
The overlap portion is edge blended to form a seamless 3600 x 1200 pixel image.

• Geometry correction and edge blending is performed in realtime to allow for recalibration if 
the hardware geometry changes and edge blending adjustments as the projectors age.

• Playback is controlled by network messages: start, stop, pause triggered from laser scanning of 
the gallery that detects visitors entering and exiting.



Data alignment challenge

• CAT scans were performed in three sections to increase resolution and the scanner carry 
through wasn’t long enough for the whole case.

• Top two sections only required translation and only in one plane.

• Last section required translation in one plane and rotation about the axis perpendicular to the 
plane.

• Limited overlap (+/- 40 voxels) between top two sections, plenty of overlap (+/- 210 voxels) 
between lower two sections.



Brute force 3D cross correlation
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Realtime processing pipeline

Movie Split frame Apply blending Apply warping



Quartz Composer playback



Dual 1920x1200 pixel projector rig



Pausiris gallery

• Room is filled with water containing black dye.

• Only 2-3 people allowed in at one time.



Not without some stress: 24 hours before the opening



~1400 iPodTouch units, 280 per charging cabinet

• Location aware iPods, accurate to within a 3m diameter using time of flight to base stations.

• Loaded with information and curatorial comment on each exhibit/gallery, there is no signage in 
the entire museum.

• Voting system: “love” or “hate”. Can be used as the basis for changing the galleries.





Questions?


