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Radiancia Mezok

Volume rendering — van mas ut?

S Neural Field
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NeRF, stb. — implicit reprezentacio & volume rendering
JO mindseg, de lassu rendering!




Radiancia Mezok

Volume rendering — van mas ut?

NeRF Gaussian Splatting
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3D Gaussian Splatting (3DGS): explicit reprezentacio + raszterizacio
JO mindseg & gyors rendering
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3D Gaussian Splatting

3D Gaussian Splatting for Real-Time Radiance Field Rendering 167.9

BERNHARD KERBL, Inria, Université Cote d’Azur, France Ours/K
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3D Gaussian Splatting (3DGS): explicit reprezentacio + raszterizacio
JO mindseg & gyors rendering
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3D Gaussian Splatting

l@) This video contfains a voice-over

3D Gaussian Splatting for Real-Time
Radiance Field Rendering
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3D Gaussian Splatting

El6zmenyek

SPLATTING:
A Parallel, Feed-Forward

Volume Rendering Algorithm

Lee Alan Westover

The Use of Polnts aa a
Display Primlitive

Mare Levoy
Turner Whilted

11985]




3D Gaussian Splatting

El6zmeéenyek

IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL.8, NO.3, JULY-SEPTEMBER 2002

EWA Splatting

Matthias Zwicker, Hanspeter Pfister, Member, |IEEE,
Jeroen van Baar, and Markus Gross, Member, IEEE

The Morgan Kaufruand ()
Serien in Computer Gnn‘nfa/_Q
| )

\ 4

Pont-alapu grafika — A ’00-s evek divatos kutatasi temaja...
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3D Gaussian Splatting

Otlet: reprezentaljuk a radiancia mezét explicit médon a térben
3D pontok, ellipszoid alaku “kiterjedéssel”
3D Gauss szUir6vel “szetkent” slrlség




3D Gaussian Splatting

Otlet: reprezentaljuk a radiancia mezét explicit médon a térben
3D pontok, ellipszoid alaku “kiterjedéssel”
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3D Gaussian Splatting

https.//wlt-ai-cdn.art/spark-2.0/260413/3dgs-props.html
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https://wlt-ai-cdn.art/spark-2.0/260413/3dgs-props.html

3D Gaussian Splatting

Rendering?

Hogyan rendereljuk?

3D Gaussian Blobs
floating in Space
*
O =
e RGB =
T O O — 05
RGB =@

Slide credit; Vincent Sitzmann
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3D Gaussian Splatting

Volume rendering?

Volume rendering?

De miért l[épkedjink sugar
mentéen ha konkrétan tudjuk
hol van “anyag”?

Slide credit; Vincent Sitzmann
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3D Gaussian Splatting

Raszterizacio / Splatting

VVolume rendering helyett: raszterizacio, “splatting”!

Slide credit; Vincent Sitzmann
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3D Gaussian Splatting

Raszterizacio / Splatting

Ami frustrumon kivil esik, egyszerien ignoralhatjuk...

Slide credit; Vincent Sitzmann
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3D Gaussian Splatting

Raszterizacio / Splatting

Image plane
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3D Gaussian Splatting

Raszterizacio / Splatting

 Vilag-Kamera transzformacio —
affin leképezés: ¢p(x) = MXx + p

» Gauss transzformacioja szintén

Gauss! ‘
gV(X o p) . 1 1 (x—p)TV_l(x—p) Camera

— e 2

27| V|2 I

= |M1‘1| Omvmr (U — @(p))

Slide credit; Vincent Sitzmann
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3D Gaussian Splatting

Raszterizacio / Splatting

* Perspektiv projekcio — nem affin transzformacio...

A
To wo [ w2 N
T = m(u) = w1 [
| ,, ) | T [
Up Io/l o
wy — m_l(x) = x1 [l - x2 . 1
U 1/1 - 2

e KoOzelités els6foku Taylor sorral (Jacobi matrix):

s

s

Oom
my, (1) = X + Ju, - (0 — ug) Ju, = — (ug)
1 Ju
W[ Ve e ,}
Ve = JV,J'

= JWV,W'J'
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3D Gaussian Splatting

Raszterizacio / Splatting

« 3D Gauss sugar menti integralja =
2D Gauss

/IR G4 (x — p) das = G2 (% — )

J= (3 4)-s &

Camera

. ' 1 S
q;c(X) — /R ‘J1HW1|9Vk(x—xkz,$2—$k2)d$2

1 R .
g e (X ‘\\

Camersa

|
N
0 S
o | o
~ O O
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3D Gaussian Splatting

Raszterizacio / Splatting

« VVégeredmeény: alpha blending!

C; = ch-an-Tn, where 1T, = H(l—am)

n<N m<n Y

.
.
.
.

1
p = Op - exp(—0,), op = EAIE'_lAn

An = Ky — D

Front to back processing

Image plane
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3D Gaussian Splatting

3D Gaussians

(a) Image Space

Raszterizacio / Splatting
<
» Alpha blendinghez kamerahoz képest —
rendezni szilkséges a Gauss-okat... Q - 2D Gaussians -
| ) I ) Tilel Tile2 Depth
* Per-pixel rendezes: tul koltseges... -
. ) ) ) . Tile3 Tile4 Depth
* Globalis rendezes melyseg szerint —
parhuzamositott GPU radix sort
Replication Sorted 2D Gaussians —
» Raszterezés — GPU implementacio: tile- Tiel | Depth Tilel | Depth
alapu (16x16 pixel) parhozamositott Tie2 | Depth Tilel | Depth
ren d erl N g Tile 1 Depth Tile 2 Depth
Tile 2 Depth Tile 2 Depth
e Gauss-ok replikacioja atfedd tile-okban Tle3 | Depth T3 | Depth
Tile 4 Depth Tile 3 Depth
* Rendezes tile index & melység szerint! Tie3 | Dept Tied | Deph
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3D Gaussian Splatting

Raszterizacio / Splatting

Top View Camera

/T;

Rendezés a k6zéppontok melysége alapjan:
nem teljesen korrekt (“popping artifact”), kompromisszumos megoldas...

21



3D Gaussian Splatting

Raszterizacio / Splatting

Top View Camera

/T;

Rendezés a k6zéppontok melysége alapjan:
nem teljesen korrekt (“popping artifact”), kompromisszumos megoldas...
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3D Gaussian Splatting

Raszterizacio / Splatting

1. Vertex Shader 2. Geometry Shader 3. Fragment Shader 4. Blending

.

7 ()

a0+ (1 — ay)a,0

3DGS forward rendering: standard grafikai csévezetékkel implementalhato!
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3D Gaussian Splatting

Optimalizacio — Pipeline

SfM Points

Initialization

Camera

-T2

»

=

3D Gaussians

Projection

Adaptive
Density Control

23
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Differentiable
Tile Rasterizer

Image

— Operation Flow

— Gradient Flow




3D Gaussian Splatting

Optimalizacio — Inicializacio

a..../\,'__,_,,y." Y
&

b
: v
TreNam

PR
4

,
a‘. .

Lehet random pontfelhdvel is inicializalni...

Inicializalas: klasszikus fotogrammetria, Structure-from-Motion (SfM) (COLMAP):
Kamera poziciok + Ritka pontfelhd

24


https://colmap.github.io/

3D Gaussian Splatting

Optimalizacio — Parameéterezes

* Hogy garantaljuk, hogy a kovariancia
matrix poz. def. marad optimalizacio

soran? <
» Faktorizacio: forgatd matrix (kvaternio) & P
skalazas @,

> =RSSTR! S =diag(s,.s,.5)

e 0. szigmoid aktivacio
+ 5: exponencialis aktivacio

25



3D Gaussian Splatting

Optimalizacio — Parameéterezes

m=-2 m = -1 m=0 1 =2
2=0 c,"+
n @@
‘
- ~N\ \
=2 +C'n +C, - ,. .,.c-m _
: ‘. “ ‘

red = sigm( P -@;Vq) =255

Nézeti irany figgd szin — gémbi harmonikusok
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3D Gaussian Splatting

Optimalizacio — Implementacio

* Optimalizacio: Adam algoritmus

* Explicit gradiens formulak a hatékonysag
érdekében!

* Periodikus Gauss sUrités/ritkitas:

Under
Reconstruction

’ L BN BN
Clone Optimization
Continues |
Split Optlmfzatlon
Continues

* Nagy pozicio-gradiensek esetén Gauss-ok
duplikalasa

* Felesleges (pl. attetszd) Gauss-ok eldobasa

 GOmMbi harmonikus “savok” fokozatos
bekapcsolasa

Over
Reconstruction

* 30k Adam iteracio — kb. 15-30 perc alatt
konvergal (kommersz NVIDIA GPU-n)

27



3D Gaussian Splatting

Implementaciok

lrrzia —

https://github.com/graphdeco-inria/gaussian-splatting

nerfstudio

https://docs.nerf.studio/nerfology/methods/splat.html

28

Efficient

gs p | O 1- Gaussian Splatting

CUDA Backend

https://docs.gsplat.studio/

A high-performance C=+ and CUDA implementation of 3D Gaussian Splatting®*

https://lichtfeld.io/
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3D Gaussian Splatting

Implementaciok

lrrzia —

https://github.com/graphdeco-inria/gaussian-splatting

nerfstudio

https://docs.nerf.studio/nerfology/methods/splat.html

28

Efficient

gs p | O 1- Gaussian Splatting

CUDA Backend

https://docs.gsplat.studio/

A high-performance C=+ and CUDA implementation of 3D Gaussian Splatting®*

https://lichtfeld.io/



https://github.com/graphdeco-inria/gaussian-splatting
https://docs.gsplat.studio/
https://lichtfeld.io/
https://docs.nerf.studio/nerfology/methods/splat.html

3D Gaussian Splatting

Implementaciok — Web-alapu renderek

V4
»- SuperSplat s Ph R K

An advanced 3D Gaussian Splatting renderer for THREE js

https://superspl.at/

https://sparkjs.dev/

kishimisu/Gaussian-
Splatting-WebGL

¢ Luma WebGL Library

https://lumalabs.ai/luma-web-library

https://webgl-gaussian-splatting.vercel.app/

29


https://sparkjs.dev/
https://superspl.at/
https://webgl-gaussian-splatting.vercel.app/
https://lumalabs.ai/luma-web-library

3D Gaussian Splatting

Kommercialis implementaciok

NIANTIC

1 Polycam gg postshot SCANIVERSE

https://poly.cam/tools/gaussian-splatting https://www.jawset.com/ https://scaniverse.com/

KIRI Engine @& UMAA

https:.//www.kiriengine.app/ https://lumalabs.ai/featured https://spatialview.io/

SpatialView

30


https://poly.cam/tools/gaussian-splatting
https://www.jawset.com/
https://www.kiriengine.app/
https://lumalabs.ai/featured
https://spatialview.io/
https://scaniverse.com/

3D Gaussian Splattin

Ipari adoptac

m 7

10

S

Adobe Substance

D

9

Chegos V-Ray

Ae

Adobe After
Effects

©

CinemadD

l

Agisoft
Meleshape

COLMAP

A

Autodesk 3ds

Max

Ccronal4

Autocizek Maya

DaVinci Resclve

OclanuRender

@

Houdini OctancRender FyCuSFM

2%

ReglityScan SketlchUp TouchDssigner

Unreal Engine

https://radiancefields.com/3d-gaussian-splatting-engine-support

31


https://radiancefields.com/3d-gaussian-splatting-engine-support

3D Gaussian Splatting

Szabvanyositas

3D Gaussian splats

<— [] OpenUSD

Interoperable
3DGS excluding
implementation

specific fields

https://www.khronos.org/blog/khronos-ogc-and-geospatial-leaders-add-3d-gaussian-splats-to-the-gltf-asset-standard

32


https://www.khronos.org/blog/khronos-ogc-and-geospatial-leaders-add-3d-gaussian-splats-to-the-gltf-asset-standard

3D Gaussian Splatting

Limitaciok

e “Vanilla” 3DGS limitacioi:
* Fellletek nem élesek
« SfM inicializacio (néha lassabb mint a 3DGS optimalizacio!)
* Pinhole kameramodell
o Kozelitd renderelés
 Nagy memoriaigény
o Statikus jelenetek

33



3D Gaussian Splatting
Variansok — 2DGS

Intersection -- Gaussian .
2D Gaussian

plane 4
@ &

Tangent frame (u,v) Image frame (x,y)
+++++++++++
+++++ b+t
+ 4+ + + + +
+ + + + + + e L
++ + + + 2DGS (ours)
++ + + + +
+ + + + + + + + +
+++++++F++++
++++++++++
2D Gaussian Splat 2D Gaussian Splat
in object space in image space

https://surfsplatting.qgithub.io/
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https://www.youtube.com/watch?v=oaHCtB6yiKU
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https://surfsplatting.github.io/
https://www.youtube.com/watch?v=oaHCtB6yiKU

3D Gaussian Splatting

Variansok — 2DGS — Mélyseg renderelés

Zmean — Z wizi/(z Wi + €) Zmedian = Max{z;|T; > 0.5}
) ]

w; = Ta;Gi(u(x)

= 1221 - ¢ 65 ()

Melysegkep
rendereléese

3DGS regularizacidjara
is hasznalatos!




3D Gaussian Splatting

Variansok — 2DGS — Mesh extrakcio

ODGS

Mesh extrakcio — volumetrikus fuzid + marching cubes:
3DGS — Mélységkép — SDF — Mesh
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3D Gaussian Splatting
Variansok — Markov Chain Monte Carlo (MCMC)

: . g < 8 — Air - VgEioz [Liota (8 I)] HAnoise - €
3D Gaussian Splatting as ° ‘

Markov Chain Monte Carlo € =\ o(—k(o—1)) - 3
n ~ N(0,I)

* Gradiens lépéshez random zaj hozzaadasa (a la
Langevin dinamika) e — | -

o Zaj skalazasa opacitas, kovariancia és
learning rate alapjan

« 3DGS optimalizacio heurisztikainak
Ujraértelmezése a Markov lancok nyelvén

0 0

3DGS MCMC

» Sokkal jobb eredmények random inicializacidval!

Gauss “klonozas” elott vs.

* A legtobb modern 3DGS konyvtar implementalja https://ubc-vision.github.io/3das-memc/
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https://ubc-vision.github.io/3dgs-mcmc/

3D Gaussian Splatting
Variansok — 3DGUT

covariance X
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Monte Carlo Sampling Linearization (EWA)  Unscented Transform (UT)

Altalanos (valosagos)

kameramodellek tamogatasal!

https://research.nvidia.com/labs/toronto-ai/3DGUT/
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3D Gaussian Splatting
Variansok — 3DGUT
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Does 3D Gaussian Splatting Need Accurate Volumetric Rendering?

3D Gaussian Splatting

Va ri é n S O k — Ko rre kt re n d e re I és A. Celarek', G. Kopanas™** 0, G. Dretuakis™* @, M. Wimmer' © and B. Kerb!'

GA »

(a) Viewing Scenario (b) Per-Gaussian sorting (3DGS) (¢) Per-pixel sorting (STP) (d) Exact integration (ray marcher)

A globalis Gauss sortolas “csalas”...
alternativak:
per-pixel sort (StopThePop)

vagy
rendes volume rendering (ray marching)

39


http://www.apple.com

Does 3D Gaussian Splatting Need Accurate Volumetric Rendering?

3D Gaussian Splatting

Variansok — Korrekt rendereles Nl e 40,6 40, Vi © i K

4k (Gaussians 100k Gaussians

3D Gaussian Splatting Ray Marching 3D Gaussian Splatting Ray Marching

Kevés Gauss-szal meég latszik valami kilénbség... tébb Gauss-szal mar nem!

A “bitter lesson” Ujabb példaja:
kellben sok parameéterrel a fizikai korrektség kevesbée lenyeges,
mint a modell rugalmassaga és az optimalizacio hatékonysaga!

40



3D Gaussian Splatting

Tomorites

e Gauss attributumok: C

« 3 koordinata &
« 3 kovarianca skala

« 4 forgatas (kvaternio)

* 1 opacities

* 3 RGB (diffuz szin, 0. rendld gémbi harmonikus egytthatod)

e 45 gbmbi harmonikus egyutthato (1.-3. rendd gombi
harmonikus, nézetfliggd szinezes)

e 59 float = 236 byte minden Gauss tarolasahoz!

* 1 Millid Gauss: > 200 MB memodriafoglalas — lehet tdmoriteni?”?

41

Millions of Gaussians
~640 MB

Index Position Color Scale Opacity

1] (01438 0 6N, D 24) (ME1, 0577, 11 88E) (11459, 11629, N.471) Nz

1 431,10 3219, D AR4) (N GBI, N 794, N374) (N376, NART NG E] not?

2 (C.773. 0833, 0.3%0) (0.207,0.169,0421)  (0.693, 0.551,0.672) 0.074

3 i L 207, (DAZ5 0478 0577) ] L L |

4 (€135, £.054, 0.508) (0.308,0.682,0826)  (0.364,0.5320.026) 0.503

g (€148, £.501, 0.255) (0.671,0577,086€)  (0.463,0.639,0.471) 0.722
567 (0.027,0.134,0.32) (0.204,0.666,081¢)  (0.877,0.563,0.170) 0.58

PSNR 25.44dB




3D Gaussian Splatting

Tomorites — SPZ formatum

* Niantic SPZ — “JPG for 3DGS”
* Veszteséges tdmorités

 Attributumok kvantalasa a mindseg
megdlrzése mellett

o Hatékony parhuzamositott ZIP tomo&rites
(ZSTD)

* Nyilt forraskodu implementacio
o Széles kdrben adoptalt atviteli formatum

* Pl. a GLTF extension is hasznalja

42

Element

Positions

Rotation

Colars (RGB)

Scales

Alphas

(Transparency)

Spherical
Harmonics

SPZ Format

24-bit fixed point integer with
adjustzable fractional bits

3 components of a guaternion
stored as 8-bit signed integers

8-bit unsigned integers per
channel

8-bit log-encoded integer

8-bit unsigned integer

8-bit signed integers for
coefficients, with 4-5 bits of

Precision

PLY Format

32-bit or 64-bit floating-point
4 components of qualernion as
32-bit floats

Typically 8-bit or 32-bit floats
per channel

Typically 32-bit or 64-bit
floating-point

Typically 32-bit float

Varies, but usually stored with
higher precision (e.g., 32-bit

floats)

Size
Reduction
(%)

25%—-62.5%

75%—-87.5%

75%

75%~-87.5%

https://github.com/nianticlabs/spz
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3D Gaussian Splatting

Tomorités — Self-Organizing Gaussian (SOGS)

Millions of Gaussians
~640 MB
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0 (0148, [ BN, 0.744) (ME71, 01577, (1 8&EG) (1049, 0629, 0.471) n7re
1 0431, 1 219, D) 354) (D83, 1 79, N 37%) (0376, N AR, N G713 nets ZD Attributes
2 (€773, 0,833, 0.3%0) (0207, 0,164, 0.427) (0,693, 0,081, 0,672 0.074
3 {CR38. 0 267, 0049 (MAZ5, 04T 0 52T) (N7%2, N253,N.771) 010G ~28 8 M B
4 {€135,0054,0.503) (0.203, 0.€82, 0.82%) (0.364, 0.532,0.02¢6) 0.303 -
5 (€ 118.€ 501, 0.285) (0.€71,0.577, 0.86€) (0.463, 0,639, 0.471) 0.722
2.5e7 (0.027,0.134.0.02) (0.204, 0.668, 0.81€C) (0.877, 0.383,0.170) 0.587
e e
1
|

Sorted

PSNR 25.44dB

PSNR 25.57dB

https://fraunhoferhhi.github.io/Self-Organizing-Gaussians/
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3D Gaussian Splatting

Tomorités — Self-Organizing Gaussian (SOGS)

-

Blockwise A Blockwise + Blockwise

LN [Gussien | near o /N (gessen | Lnew o [\ igwssn | near - Kép pixelek specialis, hatekony
| sortolasa

Quantization +

" AN TP AN J
(5 =~ o
=08 g YT AT 2
-y 1
"

Attributes to 0 Compression
2D Grids e I
i :g
< Compressed
Initial StM __, 3D Gaussian Smoothness 2D Gaussians
Point Cloud Splatting Training Regularization -4.5 MB

44



3D Gaussian Splatting

T6 m 6rl,tés _— Atte ki ntése k (g: SUCCESS-GS: Survey of Compactness and Compression for Efficient Static

and Dynamic Gaussian Splatting
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Tovabbi 3DGS Variansok

Convex Splatting

https://convexsplatting.github.io/
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Tovabbi 3DGS Variansok

Triangle Splatting

.github.io/

ing

lesplatti

lang

//tr

https
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Tovabbi 3DGS Variansok

Mesh Splatting

https://meshsplatting.qithub.io/
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Tovabbi 3DGS Variansok

COLMAP-Free 3DGS

3D Gaussian Splatting without COLMAP Preprocessing

Input Novel View Synthesis

L PoseT, " Pose T,
“_ 8 Local 3DGS | Local 3DGS

Photognetrlc Loss
&+ Gradient Flow
Monocular depth | /—\
Learnable . #r- -
Camera Pose T ‘
Gaussian Gaussian
Local 3DGS Initialization Transformation

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Kovetkezo Eloadas:

Inverz Grafika a Gyakorlatban

3DGS/NeRF rekonstrukcidos szoftverek. Dinamikus/4D Gaussian Splatting
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