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3D Gaussian Splatting
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Outline

« 3DGS Optimization & Inefficiencies

» GSCore: Efficient Radiance Field Rendering Accelerator
 Algorithmic Optimizations
- Hardware Architecture
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 Conclusion
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3DGS Optimization
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3DGS Optimization
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3DGS Optimization
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Optimized for GPU rendering,
but there are three inefficiencies! ®
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Inefficiencies in 3DGS
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Inefficiencies in 3DGS
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Inefficiencies in 3DGS
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Inefficiencies in 3DGS
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Inefficiencies in 3DGS
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Inefficiencies in 3DGS
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Outline

» GSCore: Efficient Radiance Field Rendering Accelerator
 Algorithmic Optimizations
« Hardware Architecture
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Gaussian Shape-Aware Intersection Test

Original |
- AABB-Based Intersection Test VS.

Axis-Aligned Bounding Box (AABB)

A large gap between
ellipse and bounding box ®

4 i

—_— o . W TE |




Gaussian Shape-Aware Intersection Test

Original
- AABB-Based Intersection Test

Axis-Aligned Bounding Box (AABB)

A large gap between
ellipse and bounding box ®

4 i

—_— o . W TE |

VS.

GSCore

: Shape-Aware Intersection Test

Tighter Bounding Box
(e.g., Oriented Bounding Box (OBB))

32
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Gaussian Shape-Aware Intersection Test
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Gaussian Shape-Aware Intersection Test
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Gaussian Shape-Aware Intersection Test
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Gaussian Shape-Aware Intersection Test

-

Advantage 1.
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Subtile Skipping
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Subtile Skipping
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Subtile Skipping
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Subtile Skipping
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Hierarchical Sorting
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Advantage 3-1. Reduced Sorting Overhead
for the Gaussians that will not be used
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Hierarchical Sorting
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GSCore: Rendering Acceleration Unit

1. Preprocessing in Culling & Conversion Unit
2. Gaussian Sorting in
3. Rasterization in Volume Rendering Unit
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GSCore: Rendering Acceleration Unit

3. Rasterization in Volume Rendering Unit
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Volume Rendering Unit
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Volume Rendering Unit

Volume Rendering Unit
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Volume Rendering Unit
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Volume Rendering Unit
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Volume Rendering Unit
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Volume Rendering Unit
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Volume Rendering Unit
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Outline

 Evaluation
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Methodology

RTL Implementation
* Process node: 28nm technology

Baselines
« SW: Author-released 3DGS impl.

« HW: Jetson Xavier NX
GSCore: 3.95 mm?2 <~>Xavier NX: 350 mm?

Performance Evaluation

» Cycle-level simulator
with functional simulation

Evaluated Workloads
Scene (Abbr.)
Dataset (Resolution) Type
Train (TN)
Tanks& (980x545) Real World
Temples Truck (TR) & Outdoor
(979x546)
Playroom (PR)

Deep (1264x832) Real World
Blending | Dr. Johnson (DR) & Indoor
(1332x876)

Lego (LG)
Syn-NeRF (800x800) |
Palace (PL) >ynthetic
Syn-NSVF (800x800)
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Performance

End-to-End Speedup
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Performance

End-to-End Speedup
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Performance
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Performance

End-to-End Speedup
30
B Original SW @ SW Optim. OGSCore

§ S 15.86X
D N
O
o
)

0 (e A e

O
N TR PR DR LG

"GM: Geo Mean
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Performance

Source of Performance Gain

-
SIT. Shape-Aware Intersection Test
STS: SubTile Skipping

\HS: Hierarchical Sorting

\
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Performance

Source of Performance Gain

-
SIT. Shape-Aware Intersection Test
STS: SubTile Skipping

\HS: Hierarchical Sorting
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- 2
Performance SIT: Shape-Aware Intersection Test

, STS: SubTile Skipping
Source of Performance Gain |HS: Hierarchical Sorting

B Baseline BSIT BSIT+STS B SIT+STS+HS (GSCore)
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- 2
Performance SIT: Shape-Aware Intersection Test

, STS: SubTile Skipping
Source of Performance Gain |HS: Hierarchical Sorting
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- 2
Performance SIT: Shape-Aware Intersection Test

, STS: SubTile Skipping
Source of Performance Gain |HS: Hierarchical Sorting
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Performance

| Jtso Xavier NX - S_Core
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GSCore enables real-time rendering
with a substantially small area overhead! ©
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More Details in Our Paper

» Roofline Analysis A [ e 5 " [Tosn
. . . = 10° @ Rasterize O 100
« Using RT cores for intersection test £ =
3 10 © 3 10
© 5
é 1072 éﬁ 1072
. 1073 |E 1073
1072 10! 1072 10!
Op. Intensity (Flop/B) Op. Intensity (Op/B)

* Sensitivity Study
* Area & Energy Efficiency

* Analysis & Discussion
* Fixed-Function Rasterizer in GPU
e Others..
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Conclusion

Problem

« Gaussian Sorting & Rasterization are two main bottlenecks of 3DGS
* There are many inefficiencies in both steps

Solution: GSCore, an efficient radiance field rendering unit
» Algorithmic optimizations reduce ineffective computations
« Hardware design synergistic with algorithm optimizations

Result

« GSCore achieves an average of 15.86x end-to-end speedup over the
GPU with a substantially small area overhead! ©
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Appendix - Falsely Assigned Gaussians

AABB of the original algorithm leads to many tiles with falsely
assigned gaussians!

2000

O Assigned after preprocessing
1500 @ Used for rendering
1000

# Gaussians

500
0 IIl — III - ] 1

T0 T1 T2 T3 T4 T5



Appendix - Ineffective Alpha Computation

Tile-based execution of the original algorithm leads to ineffective

alpha computation in majority of threads!

100

Qo
o

Percentage (%)

| | | |
@B Used Gaussians

OUnused Gaussians

J_-_._L—_—_

Train Truck Playroom  Drjohnson Lego Palace
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Appendix - Equations in Rasterization Stage

Rasterization = a-blending of Gaussians

—[ a-computation ] |
Agaus = G(pixel) [0 . e—%(p—u)TZ’_l(p—u) J

_[ a-blending ]_[ TransmittanceT]

Cpixel T= (1 = apixelj * Acaus * Ceaus

Apixel T= (1 — apixel) * AGaus




" Higher is better

Appendix - Rendering Quality

Playroom FP32 FP16

F “(// - H(//
Org. 20.89 dB Qurs: 20.83 dB

Org: 3519 dB Ours: 35.00 dB Org: 33.75 dB Ours: 33.76 dB &6



Appendix - Sorting & Rasterization Speedup

B Sorting B Rasterization O Sorting+Rasterization
40
o 30
D)
o)
D
) 20
Q
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