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Ray Tracing Many Unique Animated Objects Is Expensive

For every object that uses a different non-rigid animation pose:

) Write .
Animate . Build/Update Build/Update
: = Animated = P = >
Vertices BLAS TLAS
Vertex Buffer
Vertex Animation Vertex Animation BLAS Build TLAS Build
. Running time scales with o Temporary animated * Build time and memory The top-level structure can

updates finish.

) 1

2026




Uniquely Animated Frogs

BVH Memory Consumption on RX 9070 XT
(lower is better)
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Existing Optimizations Help, But Still Do Per-Object Work

Application Side Faster Builds

* New algorithms — e.g. HPLOC . BVH geometry
« P-TLAS/CLAS/C-BLAS nvipia 2024) ‘compression’

« LOD selection

« Staggered BVH updates

* Uniqueness issues still present
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High-Level Idea: Animate a Coarse Proxy, Not Every Vertex

Animate tetrahedra-cage instead of dense set of vertices (Luton et. al HPG 2025)

Decouple BVH complexity from geometry complexity (of the animated object)

=> Lower BVH build time and memory footprint

Decouple animation complexity from geometric complexity
=> Lower animation cost

Why Tetrahedra?

Simple piecewise-linear map between animated Fewer tetrahedra are cheaper; more
cage and rest-pose space; Allows to use hardware tetrahedra give a better approximation
instance XFs to deform rays of the deformation.
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Offline Preprocessing: Build A Tetrahedra-Cage

Fill Rest-Pose

BBox With Voxels
‘ Delete
Empty Voxels
‘ Split Remaining
Voxels Into
Tetrahedra
| ~ Delete Empty
Tetrahedra Clip Mesh Into

: > Rest-Pose
: mini-Meshes WPE
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Once during Application Startup

Build one Static
Reusable mini-BLAS
— Object From Each

Static Clipped mini-Mesh

mini-Meshes:
each shown with
a different colour
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At Runtime, We Animate The Cage
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How Do We Ray Trace The Animated Object Then?

Animated Rest-pose
Tetrahedron Tetrahedron
Exit World-

triangle space
Deformed
rest-pose ray

* Inspired by Luton et. al,

-_— “Real-time rendering of
Use same animated meshless
et”Try’ elx't representation, HPG 2025
Animated mini-BLAS rlangte
and hit point

(which we never compute or store) barycentrics

Transform the ray instead of transforming the geometry!
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Ray Tracing The Animated Cage And Object

Animated Rest-pose
Tetrahedron Tetrahedron
World-
as space V3
Ray Trans-
l\\ formed
]
A Ray
<N MA1
a; Sy
—l
a; vl\\ \

4\»
Vo Uz
Transform the ray instead of transforming the geometry!
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Per Frame Animation Pipeline

. Compute Use Per Tet XF )
Animate . por ey for Instance - B“"‘JT':_ ‘:\';date =>  Trace TLAS
Tet-Cages T which points to
one mini-BLAS

vl.x —v0.x v2.x—v0.x v3.x—v0.x O
B= vl.y—v0.y v2.y —v0.y v3.y —v0.y 0 |static tetrahedron (precomputed)
Ray deformatlon can vl.Z — UO.Z v2.Z — UO.Z v3.Z — UO.Z 0

be mapped to = val.x —va0.x wva2.x —va0.x wva3.x —va0.x va0.x
DXR Instance transforms =<va1.y —val0.y wva2.y —va0.y wva3.y—wva0.y wva0. y) animated tetrahedron
=> Hardware acceleration val.z—va0.z wva2.z—-va0.z wva3.z—-va0.z va0.z

=> DXR instance XF for a given tetrahedron is Inst2World -A-B~?!
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DXR Hierarchy for N Uniquely Tet-Cage Animated Objects

Animated Object 0/Cage 0 Animated Object N-1/Cage N-1
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(’ Object 0 Object 0 Object N-1 Object N-1 .
s Instance/Tet 0 Instance/Tet j-1 Instance/Tet 0 Instance/Tet j-1
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BVH Memory Consumption And Build Time

BVH Memory Consumption On RX 9070 XT BVH Build Time On RX 9070 XT
(lower is better) (lower is better)
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DispatchRays() Time (2 Rays Per Pixel) And Total Frame Time

DispatchRays Time On RX9070XT @ 1080p Total Frame Time On RX 9070 XT @ 1080p
(lower is better) (lower is better)
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RX9070 XT @ 1080p: 580 million triangles, ~2 million tetrahedra Tree with 1.1 million triangles
Animation + BVH-Update + Rendering: 10ms Skinned 1k-tetrahedra-cage
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Applications And Caveats: Use Where It Makes Sense

Good Fits

* BVH memory or build time is the bottleneck * Approximate animation, not exact deformation

* Plants and foliage swaying in wind * Not areplacement for every hero asset

* Distant or mid-distance crowds * Watertightness issues need to be worked around
* Animation LOD for many unique objects * Preprocessingis required: cage + mini-meshes
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Hybrid Animated Objects Build Better Tetrahedra-Cages
Cage LOD
* Use tetrahedra for low error parts « Get higher quality approximations ‘ .
* Support for morph-targets « Explore different optimization * Cage hierarchies
 Make sure seams meet strategies  LOD transitions
Mutlti-Level BVH (MLAS) P-TLAS/C-BLAS/CLAS Watertightness
* BVH Build time investigations * BVH Build time Fast, mathematically-sound
* Decouple from TLAS build time * Traversal time impact? watertightness

Note: Luton et. al recently uploaded independent work: “Fast Hardware Ray-Tracing of Animated Objects Using a

Tetrahedral Indirection Structure® - similar in spirit but traces several hardware rays per object WE
026




Future Work — Building Tetrahedra Cages

We are current implementing a header-only C++ library with:
 Support for skinned objects

 Support for keyframe-animated objects

* Support for hybrid animations




hgruen@amd.com
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P-TLAS Layout For N Unique Tetrahedra-Cage Animated Objects

P-TLAS
Partition O Partition P-1 Global Partition

Object 0 Object 0
Instance/Tet 0 Instance/Tet j-1

Object N-1

\ [
SRS nstance/Tet 0 Instance/Tet j-1




MLAS+ P-TLAS: N Unique Tetrahedra-Cage Animated Objects

P-TLAS
Partition O Partition P-1 Global Partition

Object 0 Object N-1 These act like C-BLAS but contain
MLAS MLAS deformed instances

Object 0 Object 0 Object N-1 Object N-1
Instance/Tet O Instance/Tet j-1 Instance/Tet 0 Instance/Tet j-1

MLAS allows do decouple P-TLAS build-flags from per object MLAS build flags;
Also, the number of dynamic (P-)TLAS instances can drop significantly
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Building Tetrahedra-Cages For Skinned Objects
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Deformation scoring over keyframes
Blue = low deformation score

Yellow-green = mid deformation scores
Fed = high deformation score _ : 1 :

Clipped mini-meshes




Building Cages For Keyframe Animations

Keyframe meshes

Keyframe cages
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The information presented in this document is for informational purposes only and may contain technical inaccuracies, omissions, and
typographical errors. The information contained herein is subject to change and may be rendered inaccurate releases, for many reasons,
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differences between differing manufacturers, software changes, BIOS flashes, firmware upgrades, or the like. Any computer system has
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