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HybridGS

Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Motivation
® Gs compression has two different branches: generative compression and traditional
compression
@ Generative compression: MPEG WG4
@ input/output: ground truth/synthetic images
@® 3D GS and its variants as intermediates, such as implicit feature domain
® Traditional compression: MPEG WG7

® Input/output: 3D GS
® Using point cloud encoder to generate bitstream

WG4 WG7
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HybridGS

Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Motivation

® Generative compression
@ high compression ratio + high PSNR
® Very slow encoding and decoding speed: operation on the implicit data field

'd - N
Current Different Data Format Highly Customized
Strategy Complex Ne1iral Network Processing
Multiview Compact Bitrate Synthesized
Image Representation f 0 View
Training Encoding Decoding
L +— Slow—" )

® Traditional compression
® High coding and decoding speed
@ Easy understanding and stable operation on the explicit data field
® Low compression ratio and low PSNR
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Motivation

® How about combining the above two methods?

® Therefore, we propose HybridGS
® Generating compact and explicit 3D GS data first
@ Using a mature point cloud encoder to code

Sparse
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L Cloud Data Format Compression Processing Standard Codec
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Framework

Dual-channel sparse representation: 1) sparse representation of feature; 2) primitive

sparsification
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Framework

® Sparse representation of feature

Compressible - Low-dimensional + Lightweight
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Framework

® Sparse representation of feature

HybridGS
learnable Parameters
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Framework
® Sparse representation of feature Loss
r
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Framework
‘ Spars e feature Quantiz ation [1 ] oPAT-Q: the quantization of a feature f is formulated as
f == fmin N
=A s A(f) = ———m N 1),
Loss = A+ A e P © M
o = round(A(f)) — A(f), o € [-0.5,0.5].
l r .
f = PAT-Q g DAT-R — Renderlng eDAT-R: the reconstruction (de-quantization) is cast into
q a ridge regression problem. The regularization factor A is
l l introduced, and the de-quantization is realized via solving
A
a b r(rll,iglﬁ||a~q+b—f||2+§a2,
EXPICt 3DGS | [yrota d where M is the dimension of f. Taking the partial deriva-
file e daa tives with respect to a and b, and setting the results to zero
Encoder —— yield the stationary points, which are
A 4 _ CO’qu _F : s
Bitrate | ————— Transmission “= Var,+x P70
Decoder _,1 # Primitive Featime where”, C'ov, and V ar represent the averaging, covariance,
ab q Quantized Feature and variance operators. Finally, the reconstruction of the
Vanilla3DGS | r — q — | r: Reconstructed Feature learnable feature is calculated using
file a/b: Reconstruction Parameters -, Covgg _
r=R@=a-gtb=7+3 (¢ —a).
arg + A

[1] Ye, Chengxi, et al. "Robust Training of Neural Networks at Arbitrary Precision and Sparsity." arXiv preprint arXiv:2409.09245 (2024 ).
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Framework
o imiti i i N—-2 9gN-3
Primitive sparsification 2 , 2 — W
Dol
wpl 3DGS Warm-Up Step 3 Integer . Step 4
— Decomposition ;
Multiview ; Basis
Naive 3DGS ;
Image _— Bit Depth Vector . -
= ‘ Quantized Quantized
SteBpDZGS Translation & Scaling Inner Prod17 Primitive Position Position
Primitive Coding = :
T lated & Scaled 3DGS 55 iti
ransiate cale Paditien Viector Primitive Position
z Uniqueness and Pruning :
Training Start e v 4 : 1 v
Top Quality: Ttop _1, O, and 1 Uniqueness End: Tu
Uniqueness
—t— ! o e | l I
) S Training End: T
Densification getl
Densificati Prunin
LQM er;srllcif:%dlon _ B | :Densification Interval
LRI | :Uniqueness Interval
Start: Tp

:Pruning Interval

Multimedia Computation and Communication Lab UN\IIKC p.10



HybridGS

Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

High-efficiency coding

® Two implementations: 1) revise the point cloud encoder interface; 2) split explicit GS
into multiple “xyzf” or “xyzrbg” file

_ Point cloud .
_ x,y,z,f2 — encoder Bitstream

x,y,z, 1,12, ..., fn /
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

High-efficiency coding
@ Two rate control methods

1) controlling primitive number
mazr Q(GS),
n

o+ Phis

sit., R(GS) < B and R(GS) = =

Pyit =3-(BDy + BD;) + k.- BD. + BD, + k, - BD,
2) adapting feature bit depth (BD)

maz  Q(GS),

N - (ppit — App;
s.t., R(GS) < B and R(GS) = (P tL Pbit)

Apbit:A'(kc+]—+3+kr)a
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Experiment

o Performance
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Experiment

® Coding time

Method bicycle room
Enc/Dec (second)
HAC 85.03/80.09 17.04/15.90
CompGS(MM) 36.29/22.47 7.82/6.28
HGSC HR 132.32/72.13  35.65/16.45
HGSC LR 124.22/52.94  31.64/13.39
HybridGS HR 1.67/1.77 0.44/0.47
HybridGS LR 0.66/0.92 0.26/0.46
-position 0.09/0.08 0.03/0.04
-attribute 0.57/0.84 0.23/0.32
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Experiment

® Rate allocation

Components bicycle dance

Total Size 22.88 MB 1.04 MB
-primitive number 1,286,284 56,490
-position 2.72MB (7.36) 0.16 MB (0.32)
-color (latent feature) 6.39 MB (7.36) 0.28 MB (0.32)
-opacity 2.40 MB (2.45) 0.11 MB (0.11)
-scaling 7.07 MB (7.36) 0.31 MB (0.32)
-rotation (latent feature) 430 MB (4.91) 0.18 MB (0.22)
-metadata 4 KB 4 KB
-color decoder weights 13 KB 13 KB
-rotation decoder weights 4 KB 4 KB
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Experiment

® Rate control

Dataset train
Type Method 1 Method 2
Target Rate | PSNR  Real Rate | PSNR  Real Rate
4 MB 21.13 3.96 18.20 2.20
6 MB 21.60 J.82 21.54 .13
8 MB 21.44 7.56 2115 T
10 MB 21.54 8.59 2 LE3 9.86
dance
0.5 MB 37.40 0.54 * *
1 MB 38.99 1.06 38.80 0.77
1.5 MB 39.76 1.59 39.86 1.40
2 MB 39.90 207 39.96 1.95
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Introduction

HybridGS: High-Efficiency Gaussian Splatting Data Compression using Dual-Channel
Sparse Representation and Point Cloud Encoder

Conclusion

® We propose a new 3DGS compression method, HybridGS, which first
generates an explicit and compact 3DGS file and then uses canonical point
cloud encoders to realize high-efficient coding and flexible rate control

® HybridGS reports comparable performance with SOTA methods and faster
encoding and decoding (from over 1 min to 0.4s-1.7s)

® HybridGS demonstrates characteristics of interpretability, compatibility, and
alignment with the demands of standardization

Limitation

The optimal compression efficiency of HybridGS is lower than end-to-end methods
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