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Motivation

Reflection Nebulae

a Attractive objects

« Colorful, diverse appearance

a Astrophysical relevance

« Star formation, stellar evolution
* Interstellar matter

a Interesting physics

 Example of complex interplay
between light scattering and extinction

Hubble Heritage Project, © STScl/NASA




Goal, Challenges, Contribution

a Goal
* Interactive visualization & exploration tool
» Astrophysically correct
 On standard PC + graphics card
« Educational & scientific applications
* Animation production for planetarium shows

» Astrophysics courses
* Model validation in astrophysics

a Challenges
Arbitrary, inhomogeneous 3D geometry
Anisotropic scattering characteristics
Wavelength-dependent scattering & extinction
Multiple scattering

a Contribution

New rendering approach for participating media




Overview

Related work

Physics of reflection nebulae
. Our model

Implementation

Results




Astro-Renderings

L

e.d.,

. Voyager Fly-by Animations
[Jim Blinn 1977-1987]

. Solar Journey Project
[Hanson et al. 1999-]

Fly-through Animation of the Orion Nebula
[Nadeau et al. 2001]

Physically based Night Sky Model
[Wann Jensen et al. 2001]

. 3D Reconstruction of Planetary Nebulae
[Magnor et al. 2004]




o5

Related Work - Graphics

a Rendering of Participating Media

» Kajiya and von Herzen [Siggraph’84]
 Rushmeier and Torrance [Siggraph’87]
« Max [TVCG'95]
o Stam [EGRW’95]

* As visualization aid
» Kniss etal. [TVCG'03]

* For enhanced realism
« Jensen et al. [Siggraph’01]
 Premoze et al. [EGSR’03]
* Riley et al. [EGSR’04]

a Fast ray casting on GPU

o Krueger and Westermann [Vis'03]
o Scharsach [CESCG’05]




Related Work - Astrophysics
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a Reflection nebulae — 3D geometry
 Henyey and Greenstein [ApJ'38]
o Witt and Schild [ApJSS’86]
* Gibson and Nordsiek [ApJ'03]

a Interstellar dust — optical properties

* Phase function
 Henyey and Greenstein [ApJ'41]
o Witt et al. [ApJ’'82]
» Sellgren et al. [ApJ'92]
o Calzetti et al. [ApJ'95]

« Extinction
o Cardelli et al. [ApJ’95]

e Summary
» Gordon [Astrophysics of Dust, ASP conference’04]
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Physics of Reflection Nebulae



Interaction of Light with Single Dust Grain



Interaction of Light with Single Dust Grain
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Nebula Volume
Generation

3D
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Light Transport
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Light Transport Model
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Per-Voxel Scattering Phase Function



Effective Scattering Phase Function
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Per-Voxel Scattering Characteristics

Appearance depends on
3D dust distribution and viewpoint




Large-Scale Multiple Scattering



Multi-Resolution Rendering



Multi-Resolution Rendering



Multi-Resolution Rendering



Multi-Resolution Rendering



Multi-Resolution Rendering



Multi-Resolution Rendering



Large-Scale Multiple Scattering Effect



Multi-Resolution Rendering: Limitation
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Reflection Nebula Visualization
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GPU Ray-Casting



Initialization
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Reflection Nebula Rendering



Physics Exploration Tool
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