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Å High level overview of our ray tracing related R&D

Å Topics
Å Geometric representation

Å Improvements in importance resampling techniques 

Å Volume sampling

Å Orochi

Å HIPRT

Å Radeon ƫProRender

INTRODUCTION
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MULTI-RESOLUTION GEOMETRIC REPRESENTATION



AMD PUBLIC        |        GDC22|        AMDƛs RAY TRACING RESEARCH        |        MARCH 20224

Å Problem description
Å Is it possible to reduce the algorithmic complexity of ray cast using BVH?

Å Explicit LOD is the solution for rasterization

Å Requires both pre-processing and additional memory for storing these

Å Can we do better?

Å What do we do for materials at another geometric representation?

Å Simply filtering parameters do not work for complex material graph

Å Our geometric representation
Å Re-using the existing data structure for ray tracing, which is the BVH

Å No need for additional data

Å Stochastic material sampling

Å No assumption about materials on the geometry we simplify

Å No restriction on the material

DO WE ALWAYS NEED TO RAY CAST AGAINST FINE GEOMETRIES?

(° °͒)
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Å Geometric approximation
Å Use AABBs as a coarse approximation

Å Multi-resolution representation of geometry
without any additional precomputation

Å Use ray cone for LOD computation

METHOD

Fine LOD Coarse LOD

?



AMD PUBLIC        |        GDC22|        AMDƛs RAY TRACING RESEARCH        |        MARCH 20226

Å Geometric approximation
Å Use AABBs as a coarse approximation

Å Multi-resolution representation of geometry
without any additional precomputation

Å Use ray cone for LOD computation

Å Stochastic material sampling
Å Sample a triangle of nodeƛs descendants

and use its material for shading

Å Only two integers are stored in each node 

Å Support complex shading network

METHOD

Exact Fine approx. Coarse approx.

Fine LOD Coarse LOD

Procedural texture can be filtered
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RESULTS

Multi-Resolution Geometric Representation using BoundingVolumeHierarchy for Ray Tracing, S. Ikeda et al., GPUOpenTech Report, No. 22-02-f322

Path traced Approximation Diff
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IMPORTANCE RESAMPLING 
+ RESERVOIR SAMPLING RELATED
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Å Importance resampling
Å Importance Resampling for Global Illumination, Talbot et al., 2005

Å Reservoir sampling

Å Stochastic Light Culling, Tokuyoshiand Harada, 2016

Å Importance resampling + Weighted reservoir sampling
Å Spatiotemporal reservoir resampling for real-time ray tracing with dynamic direct lighting, Bitterli et al., 2020

IMPORTANCE RESAMPLING + RESERVOIR SAMPLING
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WORLD-SPACE SPATIOTEMPORAL RESERVOIR 
REUSE
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Å Reservoir-based resampling is a great solution for light sampling
Å Allows to efficiently sample from thousands of light sources

Å GPU-friendly streaming approach makes for good performance

Å No pre-processing == Compatible with dynamic scenes

Å Unfortunately, the original approach does not scale to sampling lights at secondary path vertices
Å Screen-space reservoir reuse

Å Limited to path vertices directly visible from camera

Å We extended the reservoir reuse using a world-space structure

RESERVOIR-BASED SPATIOTEMPORAL IMPORTANCE RESAMPLING (RESTIR)
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Å Adaptive world-space reservoir cache using spatial hashing
Å Quantize the world-space position based on an adaptive cell size and hash it

Å Conflicts can be resolved using linear probing

Å Create a list of reservoirs for every hash cell

Å This allows to efficiently resample from many neighbor reservoirs
Å We find nearby reservoirs in a single lookup through jittering

Å Reservoir resampling available anywhere in world space

Å Neighbor path vertices can share the effort in finding the best light sample!

WORLD-SPACE SPATIOTEMPORAL RESERVOIR REUSE
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RESULTS Ƙ30,672 AREA LIGHTS

1spp ƘNEE 1spp ƘWS ReSTIR


