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Managing ultra-high complexity in real-time:

some hints and ingredients

Fabrice NEYRET

CNRS /INRIA / Grenoble University, France



Pheno:
Forests:

A Rivers:

A Ocean:
Clouds:
Smoke:

A Astro-imagery: L e J
A Advected textures, ‘
Flow Noise:

Bark, lava:



Representations:

Textural world:

Appearance filtering:

SVO:

smaurt voxels:

Model courtesy of 3D-Coat/Rick Sarasin
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NB: gaming more challenglng than prod :
we donot know where/ whap

(and 1/ million® of time budget ) 10



So, what c an somwegeneraities? \

0 Avoid wasting : often, realize el. useless after processed: v. frustum, hidden...
Y requires to structure dat a

11
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So, what

C a N somveegenéradities?

Avolid wasting : often, realize el. useless after processed: v. frustum, hidden...

Y requires to structure

Use available knowledge :

a priori knowledge on content
assumptions and requirements on context
be consistent ( quality = worst parts, not best )

dat a

12

\



o

o

So, what ¢ an somegeneradities?

Avolid wasting : often, realize el. useless after processed: v. frustum, hidden...

Y requires to structure

Use available knowledge :

- a priori knowledge on content
- assumptions and requirements on context
- be consistent ( quality = worst parts, not best )

Use relevant scale : smallest image element = pixels

dat a
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So, what c an somwegeneraities? \

6 Avoid wasting : often, realize el. useless after processed: v. frustum, hidden...
Y requires to structure dat a

6 Use available knowledge :

- a priori knowledge on content
- assumptions and requirements on context
- be consistent ( quality = worst parts, not best )

§ Use relevant scale : smallest image element = pixels

Y Minimalism : do/store only what you need. ideally 1 sample / pix.



So, what c an somegeneraities? \

6 Avoid wasting : often, realize el. useless after processed: v. frustum, hidden...
Y requires to structure dat a

6 Use available knowledge :

- a priori knowledge on content
- assumptions and requirements on context
- be consistent ( quality = worst parts, not best )

§ Use relevant scale : smallest image element = pixels

Y Minimalism : do/store only what you need. ideally 1 sample / pix.
Y requires adaptgsiges




Minimalism: guides

4

O ACost mo nesihfd 1+t go0ld cast less, not more

e.g.: soft shadows,

16
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doo

Inimalism: guides

ANCost mo nessihfd +t gfo0ld cdst less, not more
e.g.: soft shadows,

AWhat a painter woul

17



Modelization / Choosing a representation

Why MIPmap works so well* ? (1 sample / pix)

backproj(pixel) on surface

mapping : direct access to data

texture pixel grid Y direct access to nei
texture pixel grid Y easy LOD hierarchy Y

18



Modelization / Choosing a representation

Y General scheme for 1 sampl

differential cone tracing through 3D Scene. (NB: DoF & soft shadow also cones. + tracing ray differentials ).

requires representing appearance at this scale
& filtering detailed appearance down to this scale

19



Modelization / Choosing a representation

Content proxy + appearance model: some ingredients

mesh, voxels, surfels, transp slices, text

20



Modelization / Choosing a representation

Content proxy + appearance model: some ingredients

mesh, voxels, surfels, transp slices, text

[ Kajiya85 ] hierarchy of details: geom / bump texture / brdf,phase func mnisotropic reflection modelso
ex: [KK89] ifrender. fur with 3D text.o

21


http://www.cs.virginia.edu/~mjh7v/bib/Kajiya85.pdf
https://www.cs.drexel.edu/~david/Classes/CS586/Papers/p271-kajiya.pdf

Volumetric Textures @nRendering fur with thr

Kajiya & Kay

reference
volume

- volume = impressionism illusion

- hierarchy of models [Kaj85]

geom Y texture

- mapping shapes onto shapes

( shape as a 3D material )

Y phase fu

22


http://www.cs.drexel.edu/~david/Classes/Papers/p271-kajiya.pdf

Modelization / Choosing a representation

Content proxy + appearance model: some ingredients

mesh, voxels, surfels, transp slices, text

[ Kajiya85 ] hierarchy of details: geom / bump texture / brdf,phase func mnisotropic reflection modelso
ex: [KK89] fiender. fur with 3D text.0: voxXels + phase func + textural world

23


http://www.cs.virginia.edu/~mjh7v/bib/Kajiya85.pdf
https://www.cs.drexel.edu/~david/Classes/CS586/Papers/p271-kajiya.pdf

Modelization / Choosing a representation

Content proxy + appearance model: some ingredients

- mesh, voxels, surfels, transp slices, texi

- [Kajiya85 ] hierarchy of details: geom / bump texture / brdf,phase func mnisotropic reflection modelso
- ex: [KK89] frender. fur with 3D text.0: voXels + phase func + textural world

We want dynamic LOD Y
hierarchical is important (closed repr.)
seamless: transitions btw LOD (and repr.)
filter appearance, not raw data 24


http://www.cs.virginia.edu/~mjh7v/bib/Kajiya85.pdf
https://www.cs.drexel.edu/~david/Classes/CS586/Papers/p271-kajiya.pdf

P RO LA N D with Eric Bruneton

- whole Earth, all scales
- seamless, realistic
- animated

http://proland.inria.fr

Bruneton Eric, Neyret Fabrice ,_(4'"-' B rE
Comput. Graph. Forum, 29 (2), 72??-2?2?, 2012. ONRTAAL

Bruneton Eric, Neyret Fabrice, Holzschuch Nicolas'b -
. Comput. Graph. Forum, 29 (2), 487-496, 2010.

Yu Qizhi, Neyret Fabrice, Bruneton Eric,
Holzschuch Nicolas
Comput. Graph. Forum, 28 (2), 239-248, 2009.

Bruneton Eric, Neyret Fabrice
Comput. Graph. Forum, 27 (4), 1079-1086, 2008.

A C++/OpenGL library for the real-t| Bruneton Eric, Neyret Fabrice
Comput. Graph. Forum, 27 (2), 311-320, 2008.

25


https://www.youtube.com/watch?v=uvskrieOWPw
http://proland.inrialpes.fr/

P RO LA N D with Eric Bruneton

- whole Earth, all scales ...only at useful
- seamless, realistic
- animated

http://proland.inria.fr

Bruneton Eric, Neyret Fabrice SRR Ry
Comput. Graph. Forum, 29 (2), ?2?2-22?, 2012. SO L

Bruneton Eric, Neyret Fabrice, Holzschuch Nicolas""
. Comput. Graph. Forum, 29 (2), 487-496, 2010.

Yu Qizhi, Neyret Fabrice, Bruneton Eric,
Holzschuch Nicolas
Comput. Graph. Forum, 28 (2), 239-248, 2009.

Bruneton Eric, Neyret Fabrice
Comput. Graph. Forum, 27 (4), 1079-1086, 2008.

A C++/OpenGL library for the real-t| Bruneton Eric, Neyret Fabrice
Comput. Graph. Forum, 27 (2), 311-320, 2008.

26


https://www.youtube.com/watch?v=uvskrieOWPw
http://proland.inrialpes.fr/

Real-time all-scales ocean i Eric Bruneton | e as 10c406 0 2
simulate all waves ...only at useful pos & resol

waves eqn: | trochoids

+ oceanographic spectrum A(Kk)
x—x) = A" sin(wt — kxp)

{ z—z) = Aef cos(wt — kxp)

video video

pdf 27


https://www.youtube.com/watch?v=2AVh1x-Uqjs
https://www.youtube.com/watch?v=uvskrieOWPw
https://hal.inria.fr/inria-00443630v3

Real-time all-scales ocean. uin Eric Bruneton | & a6 190c 4
simulate all waves ...only at useful pos & resol

waves eqn: | trochoids

+ oceanographic spectrum A(Kk)
x—1xy = Ae" sin(wt — kxp)

{ z— 27y = A" cos(wt — kxp)

video video

M :ji. o ‘v-*;i'—,_‘,,‘,,;- > = 28


https://www.youtube.com/watch?v=2AVh1x-Uqjs
https://www.youtube.com/watch?v=uvskrieOWPw
https://hal.inria.fr/inria-00443630v3

Endless forest. .in Eric Bruneton

[ EGO612 ]

in Proland (+ all scales, real-time, seamless LOD )
realism: sun+sky , trees silverlining & transparency,
all-scales correlations ( hot spot ) + shadowing

e 0,
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- 2N -~
e ® | A o ¢
,o - [
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gy LW .
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photos:ifaai X
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<
o
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o
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ambient occlusion

29


https://www.youtube.com/watch?v=aKvsd7I4VQA
https://www.youtube.com/watch?v=4Ghulpp6CPw

Endless forest. .in Eric Bruneton [ EG612 ]

- several tree species * 3 representations: near, mid, far
- Poisson-disk distribs -
- gaussian params

- large scale: param maps

Qrest dyn texture

shade

30


https://hal.inria.fr/hal-00650120

Endless forest, win Eric Bruneton [ EG612 ]

*

- several tree species
- Poisson-disk distribs <
- gaussian params

- large scale: param maps

3 representations: near, mid, far

Qrest dyn texture =
~ y

Near: ~Zmap IBR

individudwith parallax
| | and detailed shading

31


https://hal.inria.fr/hal-00650120

Endless forest, win Eric Bruneton [ EG612 ]
3 representations: near, mid, far

*

- several tree species

- Poisson-disk distribs -
- gaussian params

- large scale: param maps

Near: ~Zmap IBR

id & far: masks*shaders( Fa kKie Fur

Ll
T(6+.01,9,4) E(6.1)

32


https://hal.inria.fr/hal-00650120

Y Deep -kaowledge allows deep LOD

What about more generic content ?

58



VOlumetriCTeXtureS iRendering fur with thr

Kajiya & Kay

reference
volume

- only for hairs
- not hierarchical / not filterable
- stochastic ray-tracing

Y static hierar. of
Y PhD tegpic !

o ¥

34



Volumetric Textures: generic, LOD myphD[ 94, 95, 95,

Volume:
reference = mUItiscale (MIPmap)

volume

e - compress void (SVO)
- % Y octree of
Voxel data:

-fgeneri co
- viewdep opacity

pdfs

Impressionism
illusion :
—

( Y SGGX, GGiXeo) video video video

35


https://www.youtube.com/watch?v=erKzryLknsY#t=94s
https://www.youtube.com/watch?v=erKzryLknsY#t=38s
https://www.youtube.com/watch?v=j3UH6pttd6M#t=71s
https://www.youtube.com/watch?v=cDZZkEJH_9g#t=65s
https://hal.inria.fr/search/index/?q=%22volumetric+textures%22&submit=&authIdHal_s=fabrice-neyret

Volumetric Textures: generic, LOD myphD[ 94, 95, 95,

Volume:
______________ eference - multiscale (MIPmap)
yolume - compress void (SVO)
n Y octree o f
Voxel data:

-fgeneri co
- viewdep opacity

pdfs

Impressionism
illusion :

v il ( Y SGGX, GGiXeo) video video video

Differeniiiel cone tracing ( SDAMIP-mapping )
__1 rayper slikel. [s prefiltering aspe appearance !

A/

36


https://www.youtube.com/watch?v=erKzryLknsY#t=94s
https://www.youtube.com/watch?v=erKzryLknsY#t=38s
https://www.youtube.com/watch?v=j3UH6pttd6M#t=71s
https://www.youtube.com/watch?v=cDZZkEJH_9g#t=65s
https://hal.inria.fr/search/index/?q=%22volumetric+textures%22&submit=&authIdHal_s=fabrice-neyret

Volumetric Textures: real-time (z-buff): vt AMeyer[9]

Ph Decaudin [ 04,09 ]

Vol ume as textured tr aHsela
( no phase function. Only RGBA filtering )

Tiled pattern on volumetric layer:




GiQ&VOXGlS,withCyriICrassin[ | 3D609 ]

5

cone-tracing full volumetric scene

http://gigavoxels.inria.fr

Model courtesy of 3D-Coat/Rick Sarasin

WWW

Youtube
38


https://www.youtube.com/user/CyrilCrassin
http://gigavoxels.inrialpes.fr/

Glg aVoxels, win Cyril Crassin[ 130609 ] http://g'g‘afvoffﬂ.eﬂzlf"'n”a'fr

GPU cone-tracing full volumetric scene

"« - multiscale
=&y - compress void (SVO) i

LY octree o‘f‘; L L'
' + out of core L

Y oOvolumetric

WWW

Youtube
39


https://www.youtube.com/user/CyrilCrassin
http://gigavoxels.inrialpes.fr/

Glg aVoxels. win Cyril Crassin] 13D609 | http:/’G'gaYO;X,ir'é-'””a-ff

GPU cone- tracmg full volumetric scene

Vdume 7.

- multiscale b e

s - compress void (SVO) ,_

'Y octr ee S »f‘ 5@
+ out of core

Model courtesy of 3D-Coat/Rick Sarasin

-i

WWW

Youtube
40


https://www.youtube.com/user/CyrilCrassin
http://gigavoxels.inrialpes.fr/

GigaVoerS, with Cyril Crassin[ 13D609 |

http://gigavoxve.__lws‘.inria.fr

e

w

GPU cone-tracing full volumetric scene

2% Volume:
«# - multiscale ;
compress void (SVQ)..

»

+ out of core

BEERE € e

iy

 LE

s S

L] # 7,
G

O* ;f; ;ﬁ\ i %

W DOF and soft shadow = blurry

t faster!

WWW

Youtube
41


https://www.youtube.com/user/CyrilCrassin
http://gigavoxels.inrialpes.fr/

Gl-Voxels. win Cyril Crassin[ CGFo11 ]

+ reflectance + multiple scattering

Differential’egne tracing 1 ray per pixe

samples - 2

Sparse MipMap pyramid

Voxel-Based cone of pre-integrated values
(stored in the octree)



http://hal.inria.fr/hal-00650173
https://www.youtube.com/watch?v=fAsg_xNzhcQ

Differentiﬁél'c ne tracing 1 ray per pixe

Gl-Voxels, win Cyril Crassin] CcGFo611 | o

footprint |/

+ reflectance + multiple scattering

Quadrilinearly ’

interpolated _~

samples <

Sparse MipMap pyramid

Voxel-Based cone of pre-integrated values
(stored in the octree)

Step 1: Render from light sources. Step 2: Filter irradiance values and Step 3: Render from camera. Sample



http://hal.inria.fr/hal-00650173
https://www.youtube.com/watch?v=fAsg_xNzhcQ

Ray cone />v
footprint /.

Differentiﬁél'cv ne tracing 1 ray per pixd
Gl-Voxels, win Cyril Crassin[ CGFo11 ] l«ﬁ// P

+ reflectance + multiple scattering

Quadrilinearly —d
interpolated <~
samples

Sparse MipMap pyramid
Voxel-Based cone of pre-integrated values
(stored in the octree)

Voxel data: ( smart voxels) P

- viewdep opacity ( 6 dir)

- col, reflectance (lobes) & light (6 dir)

- no reflectance LOD
) -

Step 1: Render from light sources. Step 2: Filter irradiance values ani

Step 3: Render from camera. Sample



http://hal.inria.fr/hal-00650173
https://www.youtube.com/watch?v=fAsg_xNzhcQ

Smarter voxels: correlation, with G. Loubet |

EGO618

‘ - silhouette issue

Standard model
uncorrelated

Silhouette

renderer: Mitsuba

]

45



Smarter voxels: correlation, with . Loubet; eco1s

‘- silhouette issue
self-shadowing issue

'
AL

1=\
Standard model Our model QOur model
uncorrelated Isotropic shadowing Anisotropic shadowing



https://hal.archives-ouvertes.fr/hal-01702000

Mixing mesh and volumes

- Because source data is often mesh
- Animated meshes

- Because host render engine Is often mesh based

- For efficiency (walls... )
and precision ( walls... )

a7



Mixing mesh and Volumes. vin c. crassin, G. Loubet

Seﬂlrﬁsv

- Z-buffer + GI-Voxel in fragment shader
CC [ CGFoa11 ]

- dynamic voxelization

48


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

Mixing mesh and Volumes. vin c. crassin, G. Loubet

- geom LOD + appearance filtering

continuous transition ( progressive aggregation ) :
mesh + brdf cex) + col
Y voxel s-func gmsdxatscel GL [ EGo17 ]

Input LoD1 LoD2 LoD3 LoD4

---

( renderer: Mitsuba )

LoD 4

(pixelated)

i 49


https://hal.archives-ouvertes.fr/hal-01468817
https://www.youtube.com/watch?v=u0xGUml98Rw

LOD Y Filtering shape i

- That 6s 1t f or Vol ume:

- What can we do for surfaces ?

Y heightfield

50



Appearance filtering of heightfields v fchetz

- Small scale relief + visibility 3
Y allis view-dep and light-dep! ™
. e |
|

video + pdf
5zl


http://hal.inria.fr/hal-00704461

Appearance filtering of heightfields v fchetz

- Small scale relief + visibility 3

Y allis view-dep and light-dep! ™
N YA . |

- Correlations everywhere !

|l 1 ght and col or s
nor mal s

Vi sibility

occl usi on

< < < <



http://hal.inria.fr/hal-00704461

with Eric Heitz

Appearance filtering of heightfields ™ %% | 500
Csos TN

content correlation

ex: color-height,
color-orientation

t pixel integral not separable
(‘or : why MIPmapping is so wrong )

/ Li(z,w)|C () p(ne, wo,wi) Vi(x) Vi(z) wp(z) do
P

=

shadowing

“'

« "

video + pdf



http://hal.inria.fr/hal-00704461

Appearance filtering of heightfields v grefiet

BTW, even color(texture) IS an issue

e Y also all f(noise): L&,T,xfcfa)mpj‘cjaot(j

# LUT(average(teit.))i.

LUT (0.5) » »

54



Appearance filtering of heightfields v grefiet
BTW, even color(texture) IS an issue
. vV also all f(noise): LéT,f [ fa)mpj‘c)aot(j-
# LUT(average(teit.))i B
LUT(05) o »
Y | d euse stat distrib .

1: average = < LUT, histogram >

FD’” H>

55



Appearance filtering of heightfields v grefiet

BTW, even color(texture) IS an issue

e Y also all f(noise): L&yT,xfcfimpj‘Oot(j-

# LUT(average(teit-))'\

LUT (0.5) » »

Y | d euse stat distrib

1: average = < LUT, histogram >

2. histogram ~ gaussian

w < p -

3:si mply precomp

|

NB: applies to any distrib
e.g., heights ...

Crh=<< B . ! >
V height

—_ O'f distribution

56



Appearance filtering of heightfields v grefiet

heightfield content correlation  ex: color- height,
Ch oh

ne N A

J*V W V U\

pb: apparent heights distribution

IS view-dep and light-dep
o

N T
slope (normal) slope (normal)
distribution distribution

color-shape correlation + view+light correlation

() wp(x) de

Siff



Appearance filtering of heightfields ™ Erc Heitz

[ HPGO612,13D5b

heightfield content correlation  ex: color- height

. = . . ChOh
pb: apparent heights distribution N
. . . n A
IS view-dep and light-dep :
A ]V W V J\
sl ) i N
slope (normal) slope (normal) h
distribution distribution FD, T
- - - ei slope (normal)
color- shape correlation + view+light correlation aitiuton dsrbuton
oy Y N o () wp(x) de Y \\ not view-dependent )
4: effect = lobe offset | X f Y 4
voeasy | =
distribution
r view-dependent )
AN //
| B;-convoluted color maps $8




Appearance filtering of helghtflelds vin Erie Ntz el

r«\% G 3”"”5‘9

. | :}”",
hei ght BRDrE(hicthface¥) };9?{{;"‘

/ Li(x,w;)Clx)p(ng, we,w; ) Vo (x) Vi(z) wp(x) dr

59



Appearance filtering of helghtﬂelds WithE;igéH?igz’e:_aéDé
‘ SL"‘E Py, t'? e
e e

|

hei ght BRDR(hictface¥) %@Qg‘:};&%%
s /*‘:é"g

R

L

/ Li(x,w;) Clx) p(ne, wo,w;) Vo(x) Vi(z) wp(z) dx
e T T T

= lr_u;,"(’

mi crof acets BRDF: Beckmann NDF Y f ( sl ope vz

60



[

" " " " with Eric Heitz et.a
Appearance filtering of helght_“flelds S o

TECEEE Té”.’%‘}*l’i’! 3
nf ¢ S 3

hei ght BRDrE(hicthface¥)

/ Li(x,w;)C(x)p(ng, . () Vi(z) wp(x) dre

mi crof acets BRDF: Bésldpestahn NDF Y f (
Y tilted anisotropic lobe

view direction

61



Appearance filtering of heightfields ™2l

hei ght BRDrE(hicthface¥)

LEAN ma gwlsl¥pe statistics
MI Pmap = moment s

slope; opesz 2 2

W Sy e e Hs

m E LEADR
& textures

I
By - [0 S R Ry S

mi crof acets BRDF: Buéeldpenstabnh NDF

<

Y tilted anisotropic lobe

¢ direction

62



Appearance filtering of heightfields 1 F2iE %,

hei ght BRDrE(hicthface¥)

LEANmapsY eval sl ope
MI Pmanp mo ment s
slope; opes2 2 2
T 373 Taln i Y

n
Bl s foxtros Wim S e W Hs

I
By - [0 S R Ry S

microfacets BRDF: Beckmann NDF
Y tilted anisotropic lobe

¢ direction



https://www.youtube.com/watch?v=1T-jUVP1C6w
https://www.youtube.com/watch?v=LA39CnvEysI
http://hal.inria.fr/hal-00858220

Managing ultra-high complexity:

SO0 many other important stuffs...

64



Realistic clouds in real time, win Antoine Bouthors| EcNPoo6 .



https://www.youtube.com/channel/UCJxUBMxNYqouhFRJG5N2KlQ
https://hal.inria.fr/inria-00333007
https://hal.inria.fr/inria-00402100

EGNPOGOG,

Realistic clouds IN real time, win Antoine Bouthors |

simulating all
light paths:
hard pb.

Y goal: r|[8

one wavelet
one droplet

reflectance;
Mie :-s
absorption: O

Youtube

66


https://www.youtube.com/channel/UCJxUBMxNYqouhFRJG5N2KlQ
https://hal.inria.fr/inria-00333007
https://hal.inria.fr/inria-00402100

Realistic clouds IN real time, win Antoine Bouthors| EcNPo o6,

simulating all
light paths:
hard pb.

Y goal :

aroptet [N U)roplet Size Distrib
Y cancels Bessel oscillations
2 Nscatter > 1
Y - peak (50% E) ~= no hit
- high freq useless
- no colored back-scatter

reflectance;
Mie :-s
absorption: O

67


https://www.youtube.com/channel/UCJxUBMxNYqouhFRJG5N2KlQ
https://hal.inria.fr/inria-00333007
https://hal.inria.fr/inria-00402100

Realistic clouds IN real time, win Antoine Bouthors{ EcNPoo06,

simulating all
light paths:
hard pb.

Y real t =

3: macro-material (L,V,Vpos,thjck.)so
. collectoar (pos, 0)

~ OMost Probabl e Pat ho



https://www.youtube.com/channel/UCJxUBMxNYqouhFRJG5N2KlQ
https://hal.inria.fr/inria-00333007
https://hal.inria.fr/inria-00402100

Realistic clouds IN real time, win Antoine Bouthors{ EcNPoo06,

simulating alll 3: t
\ separae
light paths: R scatering
hard pb. Nl O'ders ¢ it t Most
Y real t - _ and scale of transport
3. macro-material (L.V,Vpos,thjck.)so

Ecollectoar (pos, 0)

I 5
—
[ ¥
. -
+ *
L4 .

Youtube

69



https://www.youtube.com/channel/UCJxUBMxNYqouhFRJG5N2KlQ
https://hal.inria.fr/inria-00333007
https://hal.inria.fr/inria-00402100

Realistic clouds in real time, win Antoine Bouthors[ EcnpPs o6

simulating all | 3: t
separae
paths: M scattering
hard pb. orders ¢ shift Most |
Y real t - _ , and scale of transport
3: macro-material (L,V,Vpos,thjck.)so

col | ectmr4

0y iI=gplject(o) for cloud shape

.{,--f"""‘«._.»

———————

P E

Youtube

70



https://www.youtube.com/channel/UCJxUBMxNYqouhFRJG5N2KlQ
https://hal.inria.fr/inria-00333007
https://hal.inria.fr/inria-00402100

Animated detalls



Fluids as vortex filaments. win Alexis Angelidis| scasos. 06 |

®




Fluids as vortex filaments. win Alexis Angelidis| scasos. 06 |

A

- "soul" of fluid motion
-compact, highres
- closer to std CG workflow




Fluids as vortex filaments. win Alexis Angelidis| scasos, 06 |
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- "soul" of fluid motion

-compact, highres FASlll G ’“}R\\
- closer to std CG workflow N
S phdios

Lagrangian curves

C}
C
2 c,

= JI], e

% —wvv. | T :/I‘ dl = __/_/ém-ds



Fluids as vortex fillaments, W|thAIeX|sAngeI|d|S[ SCAG05, 06 ]

- "soul" of fluid motion

-compact, highres /}/Q\\
- closer to std CG workflow A0
25
moving | \ielocity |Vorticity
representation LR v / W Q
m Eulerian PRl
o Lagrangian mZﬁLd

w=V xv

o= ]
4JT||D X|3

dw —W-VV. = / v-dl = [ w-dS
dr

+ vortex noise
+ particles
= ellipsoid



https://hal.inria.fr/inria-00402131

Rivers & vector
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Fluids amplification: flownoise & advected texture

withK. Perl in] $£.gbWetcho601, SCA603, Sigd0o07, TVCGoH11
1: given: coarse flow simu 2. advect texture & preserve aspect

detalils: use texture
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Fluids amplification: flownoise & advected texture

withK. Perl in] $£.gbWetcho601, SCA603, Sigd0o07, TVCGoH11
1: given: coarse flow simu 2. advect texture & preserve aspect

detalils: use texture

3. flownoise: swirling Perlin noise

%ﬂ

video
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https://mrl.nyu.edu/flownoise/
http://www-evasion.imag.fr/Publications/2001/PN01/

Fluids amplification: flownoise & advected texture

withK. Perl in] $£.gbWetcho601, SCA603, Sigd0o07, TVCGoH11
1: given: coarse flow simu 2. advect texture & preserve aspect

detalils: use texture

3. flownoise: swirling Perlin noise

%ﬂ

video

* Flownoise for sub-scales

= rotations = vorticity spectium

2 Kolmogorov cascade

E CFD~
I sub-grid
microLcale FoAa. 4
Y
\ i
k \ks ks 270 ST, At
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https://mrl.nyu.edu/flownoise/
https://hal.inria.fr/inria-00537472
https://hal.inria.fr/inria-00402131
http://www-evasion.imag.fr/Publications/2001/PN01/

Life In texture SPACE, with S.Lefebvre, ¢ s1 G699, 13D603, 1 3D6!

High res data on demand
low geometry cost

Simu in
mix space
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