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3D Gaussian Splatting
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Rendering Flow

3D Gaussians
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Sorting & Rasterization
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if (pixel is out of boundary)

Inefficiencies in 3DGS

Pixel Rendering

Problem 2.
Ineffective Alpha Computation

!-Computation

"-Blending

continue

Pixel

Gaus
1for Gaus in { , … }



24

if (pixel is out of boundary)

Inefficiencies in 3DGS

Pixel Rendering

Problem 2.
Ineffective Alpha Computation

14 out of 16 (=87.5%) threads do 
ineffective ! computation L

!-Computation

"-Blending

continue

Pixel

Gaus
1for Gaus in { , … }



25

if (pixel is out of boundary)

Inefficiencies in 3DGS

Pixel Rendering

Problem 2.
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Gaussian Shape-Aware Intersection Test
Original
: AABB-Based Intersection Test

Axis-Aligned Bounding Box (AABB)
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Gaussian Shape-Aware Intersection Test
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Gaussian Shape-Aware Intersection Test
GSCore
: Shape-Aware Intersection Testvs.
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Axis-Aligned Bounding Box (AABB)
OR

Opportunistically apply
only for skewed Gaussians
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Gaussian Shape-Aware Intersection Test
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Subtile Skipping

Tile 2
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Subtile Skipping
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Subtile Skipping
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Subtile Skipping

Tile 2
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Hierarchical Sorting
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Depths of the Gaussians
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Methodology
RTL Implementation
•  Process node: 28nm technology

Baselines
•  SW: Author-released 3DGS impl.
• HW: Jetson Xavier NX
} GSCore: 3.95 mm2 óXavier NX: 350 mm2

Performance Evaluation
•  Cycle-level simulator
}  with functional simulation

Evaluated Workloads

Dataset Scene (Abbr.) 
(Resolution) Type

Tanks&
Temples

Train (TN)
(980x545) Real World

& OutdoorTruck (TR)
(979x546)

Deep
Blending

Playroom (PR)
(1264x832) Real World

& IndoorDr. Johnson (DR)
(1332x876)

Syn-NeRF Lego (LG)
(800x800)

Synthetic
Syn-NSVF Palace (PL)

(800x800)
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Performance

End-to-End Speedup
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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

Jetson Xavier NX GSCore

GSCore enables real-time rendering 
with a substantially small area overhead! J
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More Details in Our Paper
•  Roofline Analysis
•  Using RT cores for intersection test

•  Sensitivity Study
•  Area & Energy Efficiency
•  Analysis & Discussion
•  Fixed-Function Rasterizer in GPU
•  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! J
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Appendix – Falsely Assigned Gaussians
AABB of the original algorithm leads to many tiles with falsely 
assigned gaussians!
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Appendix – Ineffective Alpha Computation
Tile-based execution of the original algorithm leads to ineffective 
alpha computation in majority of threads!
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Appendix – Equations in Rasterization Stage 

($!%&' += 1 − ,()*+, ∗ ,-./0 ∗ (1234
 ,()*+, += 1 − ,()*+, ∗ ,-./0

,-blending

,-./0 = .(01234)
,-computation

Transmittance -

% ∗ ',
-
. /,0 !1"#$(/,0)

Rasterization = $-blending of Gaussians
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Appendix – Rendering Quality
Playroom

Drjohnson

Lego

Palace
Org: 29.89 dB Ours: 29.83 dB

Org: 35.19 dB Ours: 35.00 dB

Org: 34.47 dB Ours: 34.40 dB

Org: 33.75 dB Ours: 33.76 dB

* Higher is better

FP32 FP16
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Appendix - Sorting & Rasterization Speedup
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