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2. Übungsblatt

Whitted-Style Raytracing
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Limitationen von Whitted-Style Raytracing

Keine Kaustiken oder korrekte Dispersion

Keine indirekte Beleuchtung

Keine Flächenlichtquellen

Kein Motion-Blur oder Tiefenunschärfe

Mögliche Lösung => Distributed Raytracing
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Distributed Raytracing

Erlaubt es (fast) alles zu rendern

Tiefenunschärfe

Weiche Schatten

Indirekte Beleuchting

…
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Distributed Raytracing - Flächenlichtquellen

Area Light
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Distributed Raytracing - Flächenlichtquellen



10

Distributed Raytracing - Flächenlichtquellen
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Distributed Raytracing – Ambient Occlusion

ka = 1 – O / Ω
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Distributed Raytracing – Ambient Occlusion
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Distributed Raytracing – Indirekte Beleuchtung
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Distributed Raytracing – Indirekte Beleuchtung
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Distributed Raytracing – Indirekte Beleuchtung
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Distributed Raytracing - Tiefenunschärfe

Bildebene

Linse

Pixel

Fokus



17

Distributed Raytracing - Tiefenunschärfe
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Realistische Linsen
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Realistische Linsen
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Realistische Linsen
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Distributed Raytracing→ Pathtracing

Strahlenbaum von DT “explodiert”

Lösung Pathtracing
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Partizipierende Medien

Aufwendige Berechnung
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Many-Light Methods
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Many-Light Methods
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Many-Light Methods
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Many-Light Methods
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Demo Real-time Ray Tracer

https://www.shadertoy.com/view/4sfGDB
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Interactive Path Tracing

2x Geforce Titan , 0.5 s – 1 s
360 spp (12 spp or 11 Mio paths @ 30 fps)
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Fixed-function Hardware Today?

Fixed-function Operations

Ray / AABB

Ray / Triangle

44x weniger Fläche

Energie …

Pipelining …

www.gdcvault.com/play/1020741/New-Techniques-Made-Possible-by

www.gdcvault.com/play/1020741/New-Techniques-Made-Possible-by
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HW-accelerated Ray Tracing

PowerVR mobile GPUs 2014

300 Mio rays / second (@O(1) Watt)

x5 für gleiche Performance

x150 für gleiche Qualität in Real Time
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HW-accelerated Ray Tracing

PowerVR mobile GPUs 2014

300 Mio rays / second (@O(1) Watt)

x5 für gleiche Performance

5 Jahre? (GFLOPS)

x150 für gleiche Qualität in Real Time

15 Jahre?! (GFLOPS)

en.wikipedia.org/wiki/List_of_Nvidia_graphics_processing_units
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Ray Tracing Bottlenecks

GFLOPS

Traversal

Intersection Testing

Sampling

BRDF

Bandwidth

Traversal

Material Data (Textures!)
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Rasterization Data Access

Curtains Wall Lion …
Rasterizer

Linear Data Access
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Ray Tracing Data Access

Geometry Materials

Acceleration
Data 

Structure

…

Rays …

Random
Access

Ray 
Tracer
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www.gdcvault.com/play/1020741/New-Techniques-Made-Possible-by

PowerVR mobile GPU 2014
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Online Ray Reordering: Traversal

www.gdcvault.com/play/1020741/New-Techniques-Made-Possible-by
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HW-accelerated Ray Tracing

PowerVR mobile GPUs 2014

300 Mio rays / second (@O(1) Watt)

x5 für gleiche Performance

5 Jahre? (GFLOPS)

x150 für gleiche Qualität in Real Time

15 Jahre?! (GFLOPS)

en.wikipedia.org/wiki/List_of_Nvidia_graphics_processing_units
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HW-accelerated Ray Tracing

PowerVR mobile GPUs 2014

300 Mio rays / second (@O(1) Watt)

x5 für gleiche Performance

9 Jahre? (Bandwidth)

x150 für gleiche Qualität in Real Time

27 Jahre?! (Bandwidth)

en.wikipedia.org/wiki/List_of_Nvidia_graphics_processing_units
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Light Propagation Volumes

https://www.youtube.com/watch?v=0OPOyiRapsQ

https://www.youtube.com/watch?v=0OPOyiRapsQ
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Light Propagation
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Voxel Cone Tracing
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Komplexität Rasterisierung?

„ Modern rasterization pipelines are 
already disgustingly complicated... 
Now we are excited to rough voxelize
our scene and add another shading 
stage? Wake me up in 5 years, i dont
want to work with this nonsense“

- Das Internet
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Screen-Space Methoden
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Screen-Space Methoden

Lokale Lösung für globales Problem?!

„Nur“ adaptive Detailverbesserung

Mehr Detail für unmittelbar Sichtbares (lokal)

Rest muss anders approximiert werden (global)

Ohne globalen Teil unvollständig & instabil

Globale Approximation -> andere Methoden
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Image Proxies
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Radiance Caches
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Finite Elemente / Radiosity
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Finite Elemente / Radiosity
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Finite Elemente / Radiosity
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Komplexität Ray Tracing

Hierarchien und Algorithmen

Geometrie, Objekte, Lichter

Out-of-order Execution und Scheduling

Hit Test & Shading Reordering für maximale Kohärenz

Speicher und Kompression

Hierarchien

Coherency Queues

Aktive Strahlen/Pfade mit Rekursionsstapel
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