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Inverz Grafika

3D Reprezentaciok

Surface representations Volume representations

Parametric surface Voxel grids

Density and radiance fields
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Inverz Grafika

Forward rendering modszerek
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Raszterizacio Sugarkoévetés (Ray Tracing)
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Forward rendering modszerek
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Rendering Modszerek

Raszterizacio vs. sugarkovetes

Rasterization




Rendering Modszerek

Raszterizacio vs. sugarkovetes

Raszterizacio Sugarkovetes

for each primitive: for each sample:
for each sample: for each primitive:
determine coverage determine coverage

evaluate color evaluate color



Rendering Modszerek

Raszterizacio vs. sugarkovetes

Raszterizacio Sugarkovetes




Rendering Modszerek

Raszterizacio — Csovezetéek

Operations on
vertices

Operations on
primitives

(triangles, lines, etc.)

Operations on
fragments

Operations on
screen samples

"3

l— °4  |nput: vertices in 3D space
°2

yertex rrocessing

Vertex stream ........... o o . .
£y . . Verticesin positioned in 3D normalized
Primitive Processing . coordinate space
Primitive stream pretememsemeemseneees ;
Fragment Generation . Triangles projected to 2D screen
(Rasterization) : :
Fragment stream =
' g Fragments (one fragment per covered sample)
HragmentErocessing "Cg
Shaded fragment streaml ?. TR ——
Screen sample operations

(depth and color)

OpenGL/DirectX csdvezeték



Rendering Modszerek

Raszterizacio — Alpha blending

"Alpha blending”
[0



Rendering Modszerek

Rendering egyenlet

emitted radiance

L)X, @, 72) = L (X, 0,,4) + J X, 0, 0,,2) L(X,;, 1) (@, - n)dw,;+—>3°1d angle

differential
I Jot t )
outgoing radiance in @, fraction of incoming light incoming radiance angle weight of
that is reflected into @, phaton density

Rekurziv integralegyenlet — kiértékeles Monte Carlo integralassal (mintavételezessel)
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Rendering Modszerek

Diffuz vs. spekularis visszaverodes

« Spekularis visszaverddés:
adott iranyokba erésebb (sima,
fenyes felllet)

« Diffuz visszaverddes: kb.
minden iranyba hasonld
mertékben (durva, matt felllet)

Smoother surface focus specular reflection

12

oucher surfacs largsr dimmer hignlight

Diffuse:
Direction
varies




Rendering Modszerek

v

Diffuz

“Glossy” spekularis

v

BRDF
Bidirectional f (1’ V)
Reflectance ) \_ /
Distributon [~
- % Y pd
Function e —n nwe
/ A4 b Di / //

ég//

“Perfekt” spekularis

v

v

A
55 /
(b)

Retroreflektiv

“Microfacet” modell (Cook-Torrance):

Geometria/Lathatosag
D(h) F(v,h)G(1,v, h)
4(n-1)(n-v)

f(la V) —
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Rendering Modszerek

Texturak, materialok

PBR Workflows

Metallic/Roughness

* A gyakorlatban az anyagjellemzéket (materialokat) | & & o 0 0 4 0 L o

texturak formajaban taroljuk

i Albedo Roughness Metallic
Metallic 0 to 1

Specular/Glossiness

 Physically-Based Rendering (PBR) material —
szemléletes paraméterek, fizikailag “korrekt”
arnyalashoz:

P Bz S LW W B O O

Metal with mughne&c 0 to 1

 Albedo / Diffuse

Glossiness Specular

* Roughness / Glossiness

Non-metal with roughness 0 to 1

* Metallic / Specular

» Tovabbi attributumok, pl.:

NORMAL METALLIC

 Normal map

* Displacement map

e Ambient occlusion

(parameéterezés /UV mapping)

14



Rendering Modszerek

Sugarkoveteés
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Rendering Modszerek

Sugarkovetes

Surface B Indirect || Specular (This is a photograph)
microstructure J¢ light ™ reflection . y

J

16



2 bounces o 3 bounces
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Rendering Modszerek - -

Sugarkoveteés )

© www.scratchapixel.com

o, N N G PR R
.;ltefr‘iﬁ'{.’ I

] 5. !
RN
PR "

Random (“Monte Carlo”
mintavetelezes (integralas 8 minta / pixel 8192 minta / pixel

17



Rendering Modszerek

Sugarkovetes

N \\\‘
fourth edition | % "\ N A

PHYSICALLY BSED RENDERING
FROM THEORY TO IMPLEMENTATION

, * !.J MATT PHARR, WENZEL JAKOB,
e AND GREG HUMPHREYS

Direct
Lighting

Color
Bleeding

Indirect Indirect'
Lighting Shadow =

https://www.pbrt.org/

18


https://www.pbrt.org/

Rendering Modszerek
Ray Marching / Sphere Tracing

N

close enough - I Eff: —~7

Ray Marching Sphere Tracing
(feltételezi, hogy a derivalt korlatos, pl. SDF)

19



Rendering Modszerek
Ray Marching / Sphere Tracing

N

close enough - I Eff: —~7

Ray Marching Sphere Tracing
(feltételezi, hogy a derivalt korlatos, pl. SDF)
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Rendering Modszerek
Sphere Tracing

20



Rendering Modszerek

Terfogati renderelées

A'bsorpt‘:oc / “j’_‘f‘f‘-ffﬁz f”-'féc"*c""f'_'% Emission
7

Absorption Scattering A g Emission

ey (Al et a rvn
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Inverz Grafika

A Kulcs: Differencialas




Inverz Grafika

A Kulcs: Differencialas

Eredeti képek
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Inverz Grafika

A Kulcs: Differencialas

3D Modell

Eredeti képek

22



Inverz Grafika

A Kulcs: Differencialas

3D Modell Rendering
/\Renderelt képek Eredeti képek
- O G e R B e - B
20 O ' £ o WS & £ - VWS &
3\ X g B ‘;: % R g B é: &
. :2 e ﬁ - "‘ » éz N ;{f e “ P
PG o I RS PG ol O RS
o ¥ DY o ¥ DY
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Inverz Grafika

A Kulcs: Differencialas

3D Modell Rendering
/\Renderelt képek Eredeti képek
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= R 0 £ o g & £ o g
- ool W & g B &t o
- R RNy T R AN
PG o o RS G o RS
o F oA B S g e § e W

L 4 L 4

22



Inverz Grafika

A Kulcs: Differencialas

3D Modell Rendering
/\Renderelt képek Eredeti képek
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A Kulcs: Differencialas

3D Modell Rendering

/\Renderelt képek Eredeti képek
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Inverz Grafika

A Kulcs: Differencialas

3D Modell Rendering

/\Renderelt képek

-y
Sl Rl B 3
ol o N
B R U -
O R
2 R T T

Gradiens-alapu optimalizacio

Eredeti képek
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A Kulcs: Differencialas

3D Modell Rendering

/\Renderelt képek
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Inverz Grafika

A Kulcs: Differencialas

ofgx) _ df(g(x)) dg(x)
ox 0g 0x

Differencialas lancszabalya
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Inverz Grafika

A Kulcs: Differencialas

ofgx) _ df(g(x)) dg(x)
ox 0g 0x

Differencialas lancszabalya
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Inverz Grafika

Differencialhato rendering — Gradiensek

ol

object ) 5 ( vertex ) 5 ( calera )

translation position rotation

24



Inverz Grafika

Differencialhato rendering

Forward Rendering Process

Occlusion Shading Light Transport 3D-to-2D Perspective Projection

a Y4 Y4 N

-

Viewing
Parameters

¢

Output Image

Material
Parameters

N e =
@ o %, 0B
oot \_ a @ \_ \_ 8 -J

Differentiable Differentiable Differentiable View

Outputs Differentiable Occlusion Shading Transport Projection

Differentiable Rendering Process

25



def visual_computing (x={N, :0: ﬂ g Vo, [?\h ’ }:

Inverz Grafika ,

Differencialhato rendering

f . = animation (x, f ‘x)

sy )
- J a_, —

f §# = rendering (x,f @)
* Barmilyen differencialhato folyamat =~ _ - -
invertalhaté a képek rekonstrukciés

hibajanak gradiens-alapu

O ptl m al IZéC | C')J éval | Forward pass (i.e., program execution)

» Példak: rendering, fizikal ewe PR
szimulacid, képfeldolgozas, N
neuralis halok :':fﬁ// TS — v — LossL(y

« 6 feladat: optimalizalt fiiggveny (pl. aL

. . . ry 7 0o

pixelhiba loss) derivalasa az oL — /ot y
optimalizalt paraméterek alapjan e x et T el et

Backward pass (i.e., gradient computation)
26



Inverz Grafika

Kamera parameterek

* A képekhez tartoz6 kamera
parametereket (fokusztavolsag,
pozicid, orientacio) az inverz rendering
feladatban gyakran ismertnek tekintjuk!

* Lehetséges a kamera paramétereket is

optimalizalni a 3D geometriaval egyutt
— de a feladat joval nehezebbé valik

* Praktikus megoldasok szorosan
kapcsolodnak a fotogrammetria /
SLAM modszerekhez

 Még visszatérink ra...

27



Inverz Grafika

Lathatosagi gradiensek / sziluettek problemaja

(a) Boundary edges (b) Silhouette edges (c) Sharp edges

Original D wafl

28



Soft Rasterizer: A Differentiable Renderer for Image-based 3D Reasoning

Inverz Grafika

Differencialhato raszterizacio Shichen Liv' Tianye Lit2. Weikai Chen’. and Hao Lil2

'"USC Institute for Creative Technologies
*University of Southern California
*Pinscreen

» / H \
" J ZL //// ///’[// ., Soft silhouette S P
_— \

J1 f2

(a) ground truth (b) c =0.003 (¢)oc=0.01 (d)o=0.03

i . - d%(i,
Soft Rasterizer R Di = sigmoid(6' - ( ]))
)
fN sEiice - 7 s - s -
/3 A\,////// “Eles” haromszogek helyett elsimitott sziluettek!
< ' S
o > o
J1 fo giaedEiges ey
B
le D2

-
Standard Rasterizer R’ A({D;})

29



Soft Rasterizer: A Differentiable Renderer for Image-based 3D Reasoning

Inverz Grafika
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Inverz Grafika

Differencialhato raszterizacio

CUDA

PyTorch

Batch of meshes Cameras
with texture
Affine &
== Projection
Transform

< ‘e
- g
e &
R

Step change
in pixel color

% PyTorch

Solution using
soft aggregation

Renderer
. Z discontinuity
Rasterizer Shader
Rasterize Texturing & Lighting V4
(return Fragments) k k
".0.0‘"‘ " g‘,
A

Z buffer

Barycentric
coordinates

2D Euclidean distance *

(ﬂ*
Pixel\
overlap with x

.‘ -; H‘
n‘ ) w8

Ambient & Diffuse  Specular

Blending (aggregate across K)

\{

y “
—l
Shift
triangle  piyel
by +6z overlap
with red

XY discontinuity

z coord of

.. a VA Shift blue Y
N triangle
seon { — (* [
uw w & | ’\ >

Pixel overlap
with blue

Pix to face Sigmoid Silhouette Softmax RGB

https.//pytorch3d.org/

30

X No pixel overlap

X

- Pixel color

1

2y Zo+ 02

i Pixel color

f T >
Xg Xxp+odx

x coord of blue face

face !

Blend closest K faces
in the Z direction

z Consider faces which
x fall within a blur radius



https://pytorch3d.org/

Inverz Grafika

Differencialhato raszterizacio

Nvdiffrast — Modular Primitives for High-Performance Differentiable https://github.com/NVlabs/nvdiffrast
Rendering
Iteration 100 Iteralion 1000 Iteration 5000 Final mesh
Viewpont| | Veftex | | Index P
<
l A
Reflection ¥eor " Rasterize | P
pawl!:ﬁgtzlrs Interpolate anim;\g\ent A B
caLIigtTltai?icg)n Texture lookup 5
X
—_— q -
Compositing
~ | —
l l before after 8,
Image-space loss ->a<-
Lathatdsagi gradiens » ] |
Moduléris felépités képtérbeli anti-aliasing Ertelmes” gradiens

technikakkal extrém kis felbontason is!
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https://github.com/NVlabs/nvdiffrast

Inverz Grafika

Differencialhato raszteriz

O-

C

Q)

REPARAMETERIZED PATH TRACER (16 AUXILIARY RAYS)

Mathutils.slang

1 =, . d "
| : Ea s 5 LR R
™ M " Ly -~ "y e
- 3 . 4 9 . 1': st B
Y % a— 1 S O S e ¥ s TERCCNY
) A 1 ® - =i 5% A I.« - s
: ; -4 - R LA -~
| - P e g Ty LSS
% LA : . L ) L
- i ~ . : ' - ) i
> : B [ ow v _',-‘ .‘ gy “ ;‘- - 5 ‘ A RS : M 2, - "
M AT s : & : -+ T4 R £ L ¥
- 5 _ E - 4 .
. - — - ‘ " 5_’ .. . l “ - - , '-
—— - . - .

RV 17 ¢ 3 ‘- : IMaterial.slang l SLANG ; D =

Multiple 3D Representations ey - Roptimion:
V25 DerivativeAccus.slang — 'S.;(ulumm

LxghtB'-HS.\npler.slnrql b
Automatic Differentiation

Reparameterizefay.slang

b - " SHADER CODE
[ HLSL | GLSL | CUDA C
ace

COMPUTE/GRAPHICS API

Yisualization oS,
| | Direct3D | Vulkan | CUDA

Efficient Operators Modular
Differentiable /0

Loss Functions & Metrics Renderer

https://github.com/NVIDIAGameWorks/kaolin https://shader-slang.org/

Integracio deep learning alkalmazasokkal Differencialhato snadernyelv

32


https://github.com/NVIDIAGameWorks/kaolin
https://shader-slang.org/

Inverz Grafika

Differencialhato sugarkovetes

N/
K
ﬂl“h

Sugrakdvetes: komplex, rekurziv szamitasok — hogyan differencialjuk?

33



Inverz Grafika

Differencialhato sugarkovetes

Alkalmazzunk direkt automatikus differencialast?

- QE% Vgé'*

34



Inverz Grafika

Differencialhato sugarkovetes

Alkalmazzunk direkt automatikus differencialast?

Valami “okosabb” modszerre lesz szlikseg...

35



Inverz Grafika

Differencialhato sugarkovetes

Radiative Backpropagation: An Adjoint Method for Lightning-Fast
Differentiable Rendering

source 2 BT Trge

e

radiance [, differential radiance )

Radiative backprop:
A gradiensek a fényhez hasonldan terjednek!

36



Inverz Grafika

Differencialhato sugarkovetes

Radiative Backpropagation: An Adjoint Method for Lightning-Fast
Differentiable Rendering

source 2 BT Trge

e

radiance [, differential radiance )

Radiative backprop:
A gradiensek a fényhez hasonldan terjednek!
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Inverz Grafika

Differencialhato sugarkovetes

LO(xa (DO) :Le(-xa (DO) +/SZ Li(x’ mi)fS(xa wiamO)dG(wi)

o e d [ ..
ot Om | om /gledeG(ml)

Fundamentalis probléma:
nem-folytonos kifejezések (pl. lathatésag/sziluettek)
integralasa & differencialasal

37



Inverz Grafika

Differencialhato sugarkovetes*

Differentiation under the integral sign

Also known as the Leibniz integral rule o
Interior integral

b(m) d

— f(x, m)dx
(1) dm

b(r)
Move derivative

inside integral

f(x,m)dx = f

dr -

a(m)

d
fa(myim) S

Account for changes in
integration limits

db
+ flbm,m S

dc; ()

Account for discontinuities of _|_ Z (f(ci (ﬂ)_, n) — f(Ci (n)+, H))

integrand that depend on =

dmr

Altalanos minta gradiensekre:
belso “arnyalasi” integral
_|_
hatarmenti “sziluett” integral

38

Leibniz-szabaly

(aka. Reynolds-fele transzporttétel,
Cartan-féle “magikus” formula, stb.)

-

d 41T
ey f f(x, m)dx
0

Account for changes in
integration limits

Account for discontinuities of _|_ (0 _ 1)

integrand that depend on

0 ifx <2m
1 ifx >22nm
an 4-Tl'd
— —0d —1d
fo dm x+L dm X
d(4m) dO
T 1 dm _OE

d(2m)
dm




Inverz Grafika

Differencialhato sugarkovetes*

Physically based rendering

! Boundary-based """ Area-based
Edge samﬂling

Reparameterization /

Divergence theorem T
’ - e .
\ Tangential

Boundary
l Light saurce

;

.\
?/ \

Xa i X1,

Path-space sampling

! |
(a) Geometric setup (b) Discontinuous integral at x, (c) Projective sampling

https://rgl.epfl.ch/publications/Zhang2023Projective

\ \‘\ .)( s ST N\ W \ -

Szamos kiulénb6z6 modszer lathatosagi gradiensek becsléseére...
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https://rgl.epfl.ch/publications/Zhang2023Projective

Inverz Grafika

Differencialhato sugarkovetés — SDF reprezentacio*
A Simple Approach to Differentiable Rendering of SDFs

. Normal . Albedo

A B
r v‘h
{ ‘ Y

- :
R
Wirs ‘ L5
1 0. r ) A
v - o N
,-'_c <\'.j‘ ; ,: -
4 1 'l R -
oY
{ g <
~--]
] 0

Gradient Reconstruction

A\\

’/
A e
\\ \ /
\

OO e

) @
\ 4 by 4

“Relaxalt” sziluett = ASIA2024
V 4 V 4 7 [ ] [ ] [ ] [] 7 TOKYO '?\
tavolsag lokalis minimumai sugarak menten

40


https://www.youtube.com/watch?v=l1IgItWw1TQ

Inverz Grafika

Differencialhato sugarkovetés — SDF reprezentacio*
A Simple Approach to Differentiable Rendering of SDFs

. Normal . Albedo

A B
r v‘h
{ ‘ Y

- :
R
Wirs ‘ L5
1 0. r ) A
v - o N
,-'_c <\'.j‘ ; ,: -
4 1 'l R -
oY
{ g <
~--]
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Gradient Reconstruction

A\\

’/
A e
\\ \ /
\

OO e

) @
\ 4 by 4

“Relaxalt” sziluett = ASIA2024
V 4 V 4 7 [ ] [ ] [ ] [] 7 TOKYO '?\
tavolsag lokalis minimumai sugarak menten
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https://www.youtube.com/watch?v=l1IgItWw1TQ

Inverz Grafika

Differencialhato sugarkovetés — SDF reprezentacio

lteration 490

https://dvicini.github.io/differentiable-sdf-rendering/

41


https://dvicini.github.io/differentiable-sdf-rendering/

Inverz Grafika

Differencialhato sugarkovetés — SDF reprezentacio

lteration 490

https://dvicini.github.io/differentiable-sdf-rendering/
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https://dvicini.github.io/differentiable-sdf-rendering/

Inverz Grafika

Differencialhato sugarkovetes — Konyvtarak

Dr lT #o Mitsuba

https://drjit.readthedocs.io https://mitsuba.readthedocs.io/

42


https://drjit.readthedocs.io
https://mitsuba.readthedocs.io/

Transforming a Non-Differentiable Rasterizer into a
Differentiable One with Stochastic Gradient Estimation

THOMAS DELIOT, ERIC HEITZ, and LAURENT BELCOUR, Intel Corporation, France

Inverz Grafika

Nem-differencialhato renderer hasznalata

* Mit tegylnk, ha a renderer nem |
differencialhatd és nem is fogjuk azza

—
®

. g [ 5 2 2
tenni? z e > 5
% 2 |- g o
g , 3 Bl & 5,
* PIl. mert egy jol megirt renderert (pl. 2 .l = - —&
. ’ ’ . g E +€, e :‘g
Unity/Unreal) szeretnénk hasznaini... = 1= I 5
. ] . , : +e g" rasterized pixel largel pixel @
* Otlet: sztochasztikus gradiens becsles o sOe  0+sOe 00 e s
(numerikus véges differencia random furl® 230 €)
pertu rbaCIOkkal) Algorithm 2 Compute shader G (gradient)
. . ; i Require: thread ID (w, h)
* Minden pixelre meghatarozhato mely load I,(8+5© €), Lup(8 =5 © €), Ly > load 3 float3 (3x rgb)
paraméterek befolyasoljak fun(0+50€) = lup —Lun(6 +s @ &)
f:w.h(g -sQe€)= IIIw,h - Iw,h(g —-s0 6)“
o L, ; for each parameter 0; contributing to pixel (w, h) do > implementation of Equation (8)
* Minimalis beavatkozas a motorba (3 db load sié | > load 1 float
compute shader) AtomicAdd( 3f. « fur(0rs0e)fun(0ms00) » atomic add 1 float
end for
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Transforming a Non-Differentiable Rasterizer into a
Differentiable One with Stochastic Gradient Estimation

THOMAS DELIOT, ERIC HEITZ, and LAURENT BELCOUR, Intel Corporation, France

Inverz Grafika

Nem-differencialhato renderer hasznalata

EWER

Subdivision surface
Optimizing
+ control mesh
+ normals
+ albedo
+ metallic
+ roughness

+ heightmap
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Inverz Grafika

Nem-differencialhato renderer hasznalata
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Large Steps in Inverse Rendering of Geometry

Inverz Grafika

BAPTISTE NICOLET, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

ALEC JACOBSON, University of Taranto, Canada
WENZEL JAKQOB, Ccole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

Geometria optimalizacioja

« Fellleti (pl. mesh vertex) poziciok

gradiense = fellleti
“sebesseg” vektormez6

* Probléma: a gradiens a sziluettek
kérnyékén koncentralodik...

« Megoldas: gradiens mez§ elsimitasa
(atlagolas, Laplace szUlrés)

« Aka “Sobolev prekondicionalas”

e Mesh felbontas fokozatos noveléese —
lokalis minimumok elkerilése

46
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Inverz Grafika

Geometria optimalizacioja — VectorAdam

Original Gradients Adam VectorAdam
Gradient Descent VectorAdam Adam

« Az Adam a gradiens minden koordinatajat
ugyanugy normalizalja — koordinata-figgd R G NN L N
“diq g on é.l is” Skél a'z éS| PNy

» VectorAdam: koordinatarendszertdl fliggetlen!

Equivariance and Optimization

Rotating Mesh Unrotated Unrotated
Adam VectorAdam

Adam VectorAdam
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Inverz Grafika

Geometria optimalizacioja — VectorAdam

Original Gradients Adam VectorAdam
Gradient Descent VectorAdam Adam

« Az Adam a gradiens minden koordinatajat
ugyanugy normalizalja — koordinata-figgd R G NN L N
“diq g on é.l is” Skél a'z éS| PNy

» VectorAdam: koordinatarendszertdl fliggetlen!

Equivariance and Optimization

Rotating Mesh Unrotated Unrotated
Adam VectorAdam

Adam VectorAdam

47


https://www.youtube.com/watch?v=nrWBUt6218A

Inverz Grafika

Implicit fellilet differencialasa

e |d6ben valtozo implicit szintfellletre:

dF(x;0) OF dx_l_dF 00 0
dt  ox ot 00 ot

Nemlinearis egyenletrendszer!

ox
Megoldas —-re: x merre mozduljon el, hogy az F(x; &) = C implicit fellleten maradijon

ot

Megoldas a——re: F(x; 0) fuggvény paraméterei hogyan valtozzanak, hogy F(x; 8) = C atmenjen x-en
[
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Inverz Grafika

Implicit feliilet differencialhato renderelese — Sugarkovetés?

Egy sugaron keresztil

1. Sugar-feltlet metszés  csak egyetlen

metszeéspontba
terjed a hiba gradiense!

=3
dfe(P) dfe(P)
~op 'W)

* / 4 m 7 g
. Konnyen lokalis
Camera :
Implicit Model f; . , optimumban ragadunk...
Yariv, Lior, et al. "Multiview Neural Surface
Niemeyer, Michael, et al. "Differentiable volumetric rendering: Learning implicit 3d Reconstruction by Disentangling Geometry and . .

representations without 3d supervision.” Proceedings of the IEEE/CVF Conference on sppearanc: Advan;ae;gzNoeural information
Computer Vision and Pattern Recognition. 2020. IOERERPE YN )

DVR IDR

2. FellUlet optimalizacidja
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Inverz Grafika

Implicit feltilet differencialhato renderelese — Explicit konverzio

Parametric _ X; V(x;)
Level-Sets T
® miny, £
—_—>
<
dx
Update .

Sugarkdvetes helyett: implicit fellillet konverzidja explicit reprezentacioba (pl. Marching Cubes)
majd az explicit gradiensek visszaterjesztése az implicit reprezentaciora!
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A Level Set Theory for Neural Implicit Evolution

Inverz Grafika

Implicit feliilet differencialhato renderelése

° Korrekt formU|a d meSh . Eulerian 02 Lagrangian 02,
L, . Parametric ‘ X; V(x;)
reprezentacion adott V vektormezé Lovel-Ses
: : . : _ ' miny; £
visszaterjesztésére a ¢p(X) implicit —
reprezentaciora (“level set equation”): T Undate TR o0 ax
- 4 dt
0¢
T — _Veé-V
ot ¢
» A mozgasnak csak a szintfelUletre o
merdleges komponense érdekes! TS e
B a2
72O --?:1;7

* V lehet mesh-alapu (pl. rendering) S
loss gradiens, vagy akar manualisan —

editalt “sebességmez6”... S
https://ishit.github.io/nie/
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O NVIDIA.  Toconto AlLab

! Grafik
Deep Marching Tetrahedra: a Hybrid Representation for

Implicit feliilet differencialhato renderelése High-Resolution 3D Shape Synthesis

https://kaolin.readthedocs.io/en/latest/notes/volumetric meshes.html#deep-marching-tetrahedra-dmtet

AV. N

@ positive SDF - Vg s(vp) —vp - s(Vg)
@ negative SDF Vb = s(vp) — s(vy)

Differencialhato implicit — mesh konverzio
deformalt masirozo tetraéderekkel!

Miért nem inkabb masirozo kockak?
Deformalt kocka trilinearis interpolacioja “invertalodhat!”
92
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S NVIDIA. Toronto Al Lab

! Grafik
Flexible Isosurface Extraction for Gradient-Based

Implicit feliilet differencialhato renderelése Mesh Optimization

https://kaolin.readthedocs.io/en/latest/notes/volumetric meshes.htmli#flexicubes

_~— Previous Methods --—---—---——————m— -
( A
|
|
|
|
| Grad. &
|
|
|
|
| Dual Contouring Neural Dual Contouring FlexiCubes
|
| 3
|
|
|
| Flexible. &
; ®
|
|
N Marching Cubes DMTet /x' Ground Truth
FlexiCubes: H————— E-)
flexibilis, jol differencialhatd implicit-mesh konverzio s(xj)aixj — s(xj)ajxi

(Inspiracié: “Dual Marching Cubes”) te =

s(xj)a; — s(x_,')a_,-

53
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Inverz Grafika

Texturak optimalizacioja

« PBR material: albedo, stb., texturakban
tarolva

« Textura lekepezeshez fel kell vagni a
mesh-t — nehéz kombinatorikus jelleg(
problema...

kd korm normals

e Gyakori megoldas: volumetrikus textura
(voxel vagy neuralis reprezentacio)

\‘7

7
»" N\
N/

e

N
\ >
XX 7N\ AN A‘AQ:
SR AR R
e AR O
RN e

"

NV oWV

« Ha a geometria mar stabilizalodott, a
mesh-et UV mappeljuk, majd a
texturakat esetleg tovabb optimalizaljuk
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Inverz Grafika
Extracting Triangular 3D Models, Materials, and Lighting

nvdiffrec From Images

https://nvlabs.github.io/nvdiffrec/

“‘ - LY
i Rencering 7
A ' i
g Tet-grid Neural SDF  Triangle mesh Neural lexlure 2D lexlures Ditterentiable adients .
T RLH: ol Topology through deep marching tets PBR materials split sum envlight Rendering Reference image
Topology through DMTet PBR materlals Split sum envlight A i : ’ b,
B4 - Differenliable renderel -Tf Image space loss

| {
| - N T ‘

¢ogihaey ‘ Game englne
eageLoeL S
‘. ’Qaa“ 3D editor
SeAsgEEDS Our .
20CogOQR pipeline
Q‘.Qa.‘q. Path tracer
902 09¢
YXXIT LY webet

Input Output

Multi-view Explicit mesh,
Images textures and probe

Nvdiffrec w/ DMTet Nvdiffrec w/ FlexiCubes Reference

Extracting Triangular 3D Models, Materials, and Lighting From Images
Munkterg et. al. CVPR 2022
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Inverz Grafika

Fellileti vs terfogati reprezentaciok

.. ﬁ :
Fellileti reprezentacio Terfogati reprezentacio
(pl. mesh/SDF) (pl. slrldség/radiancia mezd)
“Preciz” fellletek “Impreciz” felliletek
Nehéz optimalizalni (lokalis minimumok) Koénny(d optimalizalni

Topologiat nehéz modositani Topologiat kdnnyl modositani (lyukat Gtink)
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Kovetkezo Eloadas:

Radiancia mezok

Differencialhato volume rendering, radiancia mezdk, NeRF
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