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Curl-Noise for Procedural Fluid Flow

Robert Bridson*
University of British Columbia

Abstract

Procedural methods for animating turbulent fluid are often pre-
ferred over simulation, both for speed and for the degree of ani-
mator control. We offer an extremely simple approach to efficiently
generating turbulent velocity fields based on Perlin noise, with a
formula that is exactly incompressible (necessary for the character-
istic look of everyday fluids), exactly respects solid boundaries (not
allowing fluid to flow through arbitrarily-specified surfaces), and
whose amplitude can be modulated in space as desired. In addition,
we demonstrate how to combine this with procedural primitives for
flow around moving rigid objects, vortices, etc.

CR Categories: 1.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism—Animation

Keywords: noise, turbulence, fluids, procedural animation

1 Introduction

Many shots in films and effects in games call for fluid-like turbulent
motion, particularly for smoke and vapor. Though simulation of the
equations of fluid motion can generate spectacular animation, it can
be frustratingly slow and unwieldy to direct. Many practitioners
instead turn to procedural methods where the state of the system,
such as the velocity field of the fluid, can be cheaply and repeatably
evaluated anywhere in space and time—without discretizing PDE’s,
without large grids, without simulation parameters to tweak, with-
out solving systems of equations, and with immediate and direct
animator control. After reviewing some previous procedural meth-
ods and their drawbacks, we offer a new, fast and simple procedural
approach for constructing fluid-like velocity fields.

Both Sims [1990] and Wejchert and Haumann [1991] used a linear
superposition of “flow primitives” such as vortices, sources, sinks,
and particular solutions of potential flow to generate plausible wind
velocity fields. However, without manually adding many vortices,
this approach is restricted to fairly laminar flow, and matching the
flow to arbitrary solid geometry is not handled.

Shinya and Fournier [1992] and Stam and Fiume [1993] used
Fourier synthesis to produce physically plausible turbulent velocity
fields. However, arbitrary solid boundaries cannot be handled with
this method, the entire 3D domain must be computed and stored
(particularly difficult in the constrained memory environment of
game consoles), and artist control such as spatially modulating the
magnitude of the turbulence is lost. Later, Stam [1997] showed

miail: rbridson@cs.ubc.ca
mail: jimh@tweakfilms.com
fe-mail: mkn@dneg.com

Jim Hourihan"
Tweak Films

Marcus Nordenstam*
Double Negative

Figure 1: Incompressible 2D noise with selid boundaries. To com-
pute the potential W we multiply scaled noise N(X.t) by a modu-
lation function (a smoothed step function A of distance from the
mouse cursor) and a ramp to zere based on distance d(X) to the

closest solid boundary: W(X,t) = ramp (d?\?) A(X)N (ZE') The
velocity field is the curl of this potential: V=V x y.

that if just a few point samples of wind velocity are required (as
in his modal tree dynamics) there is no need for storing and cal-
culating the full 3D domain; however, the approach is inefficient
for large numbers of samples (e.g. when advecting large numbers
of particles), and doesn’t solve the problem of modulating Fourier
synthesized fields.

Perlin’s eponymous noise function [1985; 2002] is frequently used
in practice to generate random velocity fields: however, these fields
generally contain many sinks (“gutters” where particles accumu-
late) since they are not divergence-free. The divergence-free con-
dition, V - ¥ = 0, is equivalent to stating the fluid is incompressible,
and is one extremely important visual characteristic of everyday
fluids (e.g. water, air, and smoke).

Perlin and Neyret [2001] also created time-varying textures which
appear to flow, but cannot be used for moving particle systems and
cannot naturally handle arbitrary solid geometry.

Lamorlette and Foster [2002] use procedural methods including a
Fourier-synthesized turbulence model to animate flames, and also
provide good argument as to why procedural methods can be prefer-
able to fluid simulation.

Kniss and Hart [2004] demonstrated the idea of using the curl of
Perlin noise (as we do) for incompressible flow fields; our paper
extends this to handle boundary conditions and other effects.

Patel and Taylor [2005] introduce *fast simulation noise”, a
divergence-free velocity field that can be evaluated similar to Perlin
noise. While similar in spirit to our method, it suffers from either a
lack of smoothness or periodic dead spots (points of zero velocity)
and it cannot yet handle arbitrary solid boundaries as we do below.

Finally von Funck et al. [2006] build divergence-free velocity fields
for shape deformation with a slightly different construction. While
it is not clear how to adapt this approach to handle boundaries, it
could in principle also be used for our application.
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Pivot

c ATITINDTIRATYIC
7329Al//9 7’77\5%72;&7@ s

LT LlfegameJM’FDT [InitializeMono [Ess.
BehaviourScriptlZ#FIH

« 01T I\O)TOZ?-VI;EH Color Custom [
Render TexturelZE

v Initialize Mono Behaviour Script (Script)

\zI'I1

Assets > 1Lifegame

[ 1 Color Custom Render Texture

m Eo .[ ault Ul Material (Material)

Assets/2 Curl Noise/ColorMonoBehaviourScript.cs
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Color Shader Graph

Color Shader Graph Sample Texture 2D Vertex
+ ® Velocity Texture(T2) © L UV
® Texture(T2) RGBA(4) © = Custom Render Texture Self
o % Self Texture 2D(T2) ©
Sampler(SS) G(1) Sample Texture 2D Fragment
e Velocity Texture 5 Channel uvo \é Self Texture Cube(C) © ' 9
B(1)
A1) © Self Texture 3D(T3) © ® Texture(T2) RGBA(4) @ @ Base Color(3)
® uv(2) R(1) ©
Subtract 1o
ps Dl i O Ssampler(SS) G(1) © 2 1 *"—0 Alpha(1)
Graph Inspector S =
P P sbacs dangent @ A(4) out(4) © B(1) ©
Node Settings Graph Settings @ B(4) A() ©
- 5 Type Default v
Property: intensity ype
Space Tangent ~
Name intensity
Reference i i
-intensity * intensity(1) ©
Precision Inherit v Muitiply
: v Multiply
Scope Per Material ® AM4) Out(d) @
Show In Inspector v
P —-@ A(4) Out(4) ® —=@ B(4)
Read Only
X 1080 Y 192 Z 0 W B(4) N
Mode Slider

4

Slider Type Default

v
Default Value X 0.002
Min X 0
Max X 0.01
Name Value
Custom Attributes List is Empty
+
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EEDTIRFvDHF T
(BT HEVWEDTLIICTIRAFVIL
TOINT A $RHTERE)

Color Shader Graph

Color Shader Graph Sample Texture 2D

+ ® Velocity Texture(T2) © L

© Texture(T2) RGBA(4)
O sampler(SS) G(1)
e Velocity Texture
B(1)
A1)
Type Default
Graph Inspector Space Tangent

Node Settings Graph Settings

Property: intensity

Name intensity
Reference _intensity
Precision Inherit i
Scope Per Material v
Show In Inspector v
Read Only X 108 Y 1920Z 0 W
Mode Slider
Slider Type Default v
Default Value X 0.002
Min X 0
Max X 0.01
Name Value

Custom Attributes List is Empty

+

uv

Out(4) ®

Channel uvo v

* intensity(1) ©

Multiply
Multiply
© A(4) Out(4) @
—=® A(4) Out(4) ®—=@ B(4)

!

Custom Render Texture Self

Subtract

@ A(4)
© B(4)

Self Texture 2D(T2)

Self Texture Cube(C) ©

Self Texture

3D(T3) ©

Out(4)

Vertex
Sample Texture 2D Fragment
@ Texture(T2) RGBA(4) @ ® Base Color(3)
® uv(2) R(1) ©
X 1 o ©) ha
O sampler(SS) G(1) © * Alphal)
B(1) ©
A(1) ©
Type Default v
Space Tangent ~

JOSL0—03v TN
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Color Shader Graph

Color Shader Graph Sample Texture 2D Vertex
+ ® Velocity Texture(T2) © L uv
® Texture(T2) RGBA(4) @ =\ Custom Render Texture Self
5 o Self Texture 2D(T2) ©
Sampler(SS) G(1) Sample Texture 2D Fragment
e Velocity Texture 5 Channel uvo Y Self Texture Cube(C) O : 9
B(1)
o Self Texture 3D(T3) © @ Texture(T2) RGBA(4) @ @ Base Color(3)
A(1)
® uv(2) R(1) ©
Type Default Subtract O Sampler(S) ciy o B *=—0 Alpha(1)
Graph Inspector 5 v ‘
P P »pace Ll © A(4) out(4) ® B(1) ©
Node Settings Graph Settings @ B(4) A(1) ©
- 5 Type Default v
Property: intensity yP
Space Tangent ~
Name intensity
Reference i i
_intensity * intensity(1) © N
Precision Inherit v MEUE DY
: Multiply
Scope Per Material v e A(4) oOuti4) @
r v
Show In Inspecto —-® A(4) Out(4) © = =@ B(4)
Read Onl
y X 108 Y 192t Z O W o0 =0 B(4) v
Mode Slider
Slider Type Default v
Default Value X 0.002
Min X 0
Max X 0.01
Name Value
Custom Attributes List is Empty
+
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Color Shader Graph

Color Shader Graph Sample Texture 2D Vertex
+ ® Velocity Texture(T2) © L uv
® Texture(T2) RGBA(4) @ =\ Custom Render Texture Self
5 o Self Texture 2D(T2) ©
Sampler(SS) G(1) Sample Texture 2D Fragment
e Velocity Texture 5 Channel uvo Y Self Texture Cube(C) O : 9
B(1)
A(1) © Self Texture 3D(T3) © ® Texture(T2) RGBA(4) @ ® Base Color(3)
AL
® uv(2) R(1) ©
Subtract 1o
Ype Dietnult = : O Ssampler(SS) G(1) © 2 1 *" O Alpha(1)
Graph Inspector . v
p p Space Tangent ® Al4) out(4) ® B(1) ©
Node Settings Graph Settings @ B(4) A(1) ©
: : Type Default v
Property: intensity yP
Space Tangent ~
Name intensity
Reference i i
-intensity * intensity(1) @
Precision Inherit v Multiply
i v Multiply
Scope Per Material ® A4) Out(d) ®—
Show In Inspector v
P —-@ A(4) Out(4) @ —=~@ B(4)
Read Only

X 1080 Y 192 Z 0 W
Mode Slider

4

Slider Type Default

= B(4)
Default Value X 0.002
Min X 0
Max X 0.01
Name Value
Custom Attributes List is Empty
+
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Color Shader Graph

Color Shader Graph Sample Texture 2D Vertex
+ ® Velocity Texture(T2) © L UV
® Texture(T2) RGBA(4) @ =\ Custom Render Texture Self
5 o Self Texture 2D(T2) ©
Sampler(SS) G(1) Sample Texture 2D Fragment
e Velocity Texture 5 Channel uvo Y Self Texture Cube(C) O : 9
B(1)
A(1) © Self Texture 3D(T3) © ® Texture(T2) RGBA(4) @ ® Base Color(3)
Al
® uv(2) R(1) ©
Subtract 1o
ps HIOfeN: - i f_ O Ssampler(SS) G(1) © 2 1 *" O Alpha(1)
Graph Inspector S =
p ) Space Tangent ® A(4) out(4) ® — B(1) ©
Node Settings Graph Settincs @ B(4) A(1) ©
- 5 Type Default v
Property: intensity yP
Space Tangent ~
Name in tensity
Reference i i
_ihtensity * intensity(1) @
Precision In 1erit v Muitiply
; i v Multiply
Scope P r Material ® AM4) Out(d) @
Show In Inspector v
P =@ A(4) Out(4) ® —-@ B(4)
Read Only

X 1080 Y 192 Z 0 W
Mode S| der

4

Slider Type D :fault

= B(4)
Default Value X 0.002
Min X 0
Max X 0.01
Name Value
Custom Attributes L stis Empty
+
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Color Shader Graph

Color Shader Graph Sample Texture 2D Vertex
+ ® Velocity Texture(T2) © L uv
® Texture(T2) RGBA(4) @ =\ Custom Render Texture Self
5 o Self Texture 2D(T2) ©
Sampler(SS) G(1) Sample Texture 2D Fragment
e Velocity Texture 5 Channel uvo Y Self Texture Cube(C) O : 9
B(1)
AN Self Texture 3D(T3) © @ Texture(T2) RGBA(4) ® = ® Base Color(3)
A(1)
® uv(2) R(1) ©
Ype Dietnult = haad O Ssampler(SS) G(1) © 41 *770 Alpha(1)
Graph Inspector 5 v ‘
P P apdce dgpgent © A(4) out(4) @ = B(1) ©
Node Settings Graph Settings @ B(4) A(1) ©
- 5 Type Default v
Property: intensity yP
Space Tangent ~
Name intensity
Reference i i
-Intensity ® intensity(1) ©
Precision Inherit v MEUE DY
< Multiply
Scope Per Material v ® AM4) Out(d) @
r v
Show In Inspecto —-® A(4) Out(4) ©® —=@ B(4)
Read Onl
y X 1080 Y 1920Z 0 W 0 =0 g(4) Y
Mode Slider
Slider Type Default v
Default Value X 0.002
Min X 0
Max X 0.01
Name Value
Custom Attributes List is Empty
+
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O Inspector
- Material (Material)

Shader Graphs/Color Shader Graph =

intensity @

Velocity Texture
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« NASLL I —TOAFvDEE

>)—2: 2 Curl Noise Scene

» S5 L
e H—IV)ARZ
. AR BT ERT PGWS
495 FT 4 TICEINT 4
PGWS
4
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2T7Y 4 RS5v T CTHIERML

« RSYWITTH—YVILWE OB ZER<TSD

« [2 RawImage FieldI TrRIf#R{ET S
. %féliﬂéﬁbfﬂﬁﬁliﬁ'ﬁﬁ%a\
- TUI/Raw Imagel#A 7T Tok

+v

i 2 Curl Noise Scene
&) Main Camera
&) Directional Light

awlmage Field

I 1 Rawlmage Velocity
0 1 Rawimag Jor PGWS
r‘;L'I 2 Rawimage Field
I 2 Rawlmage Velocity 4
I 2 Rawlmage Color
&) EventSystem
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ARIMIKY LR
1. AOUTRZEINUT AR MFONIEZ1ER

2. RSVWIREDATITIOMNIAR BN
« OnDrag()

3. IRVMIIRUTOIT—HIZINOA—9EZED
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1. ROV TRZEMU T ARY MEFOUEE

X 33%

1. MonoBehaviourX21!) 7°|\0)55j:”] ColorMonoBehaviourScript.cs

« Z¥M5:ColorMono
BehaviourScript

Assets » 2 Curl Noise

&1 color ... ®1Color... [31FieldC.. [31Velocit... ®1Velocit.. ®1 Visuali... Color Shad...

Assets/2 Curl Noise/ColorMonoBehaviourScript.cs

2. X)W RZ%EM

public void OnDrag (BaseEventData e)

K . E TOKYO POLYTECHNIC
UNIVERSITY

v using UnityEngine;
using UnityEngine. EventSystems;
UnityEngine. InputSystem;
UnityEngine. UIE|lements:;

@ Unity X2 YTk
v public class ColorMonoBehaviourScript : MonoBehaviour

E { é{ Start is called once before the first executior
> void StartO[__
i{ Update is called once per frame
5 > void Update O[]

I) @|public void OnDrag (BaseEventData e)[. ] |

OS5 L7—03v IV



© Inspector

@ v 2 Rawlmage Color

2.8 TVIRNMEDATI T
IRICTANR RZEEND '

1. RSYIREDATITIRC
A 7 | J W, I\ % JEjJ[I F'i-..-.:;:.r.- 0.5
2. RSYTHEDATI TR Event [
rl g g e rJ —_— JI_I_\_;?\ J I\ %JEjJ[I @  Canvas Renderer
3 n Eve nt Tri g g e r: ) I—I_\o_;i( ) I\O) CD v 22\;:-':13;:1 Behaviour Script (Script)

[Add New Event Typeln'S o RS
rDragJ,r/\J I\ngZ‘”] I Drag (BaseEventData)

@ i Runtime Only + ColorMonoBehaviourScript.OnDrag

¢ D ra 94//\\ ) I\ EE&E o | B 2 Rawimage (@

4. B7BEH(2 Raw Inage e
COlOr jjylgl\) Z:‘ Add New Event Type

5 . C O I..C) rM O n O B e h aVi O u\\r -::Z::e:eem . Default Ul Material (Material)
Script.OnDrag X'/

TOKYO POLYTECHNIC
UNIVERSITY SHo Add Component




3. AR

RS

K® GE

NMIRU T T—YIZINTX—H

&

—_— O W01 Ol WM —

—_

J—
~ Mo

18

vV == v

2

v using UnityEngine;

using UnityEngine. EventSystems; ColorMonoBehaviourScript.cs

UnityEngine. InputSystem;
UnityEngine. UIE|lements;

@Unity X2 Y7 HI10 EOSE
v public class ColorMonoBehaviourScript : MonoBehaviour

{ ~ N [—
[SerializeField] Material matField = default!; YIT—5—D~¥T U7

float intensity = 0.0f; h%\yﬁﬂﬁu%[o%%iétmwxy/\—

// Start is called once before the first execution of Update after the MonoBehaviour is created

@Unity A v+—210 EDOSER
> void Start (O[]

// Update is called once per frame
@Unity *v&—<10 EAOSE

v void Update ()
{

matField. SetFloat (" Intensity”, intensity); Updadefﬁﬁ@ﬁé‘)é%%

| intensity = 0.0F. 3£ 5= S50(CUTRDIL—LTIZ0EED

0 DS

v public void OnDrag (BaseEventData e)
{
RectTransform rt = transform as RectTransform;
Vector? Ip;
v if (RectTransformUtility.ScreenPointToLocalPointInRectangle(rt, (e as PointerEventData).position, null, out Ip))
{

Vector? cood = |p / rt.rect.size + rt.pivot; D_jj)l/F_:léﬂj%@EY?%

matField. SetVector (" Position”, new Vector4(cood.x, cood.y, 0, 0));

intensity = 0.0001f;// ROEH THRICT—EILZIHEZHRET S
L BRIBOEETIIVIF N (LB )
]

A—=)bDOO—-NIVEREZEIED

TOKYO POLYTECHNIC
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AV THCE T D MMOIE

c 2DDARILL IS —
T 2F v DHIHAML
« J/MAETTERDE
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ColorMonoBehaviourScript.cs

—h
SO0 JdD Ol —

—_— ) —
oM —

— ok — — —
CO~NOo O

using UnityEngine;

using UnityEngine. EventSystems;
UnityEngine. InputSystem;
UnityEngine. UIElements;

@Unity XY 710 ADSEE
public class ColorMonoBehaviourScript : MonoBehaviour

{

default!;

[SerializeField] CustomRenderTexture texField
default!;

[SerializeField] CustomRenderTexture texColor
[SerializeField] Material matField = default!;
float intensity = 0.0f;

// Start is called once before the first execution of Updat
@Unity Avt—210 EOSHE
void Start()

{

texField. Initialize();
texColor. Initialize();

OS5 L7—03v IV



4. T—9 TIFINTAXA—=YIC U THZLE
DR
« 7w MDIENN
1. HAILLV I —TFT DX F v
- Z¥M5: 2 Field Custom Render Texture
2. XNTUPI
« Z¥M5: 2 Field Material

3. Y1—4%7>7J(Custom Render Texture)
« Z¥M5l: Field Shader Graph
4. 12 Field MateriallIZERE

[+] ©

ColorMono... Field Shade...
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Custom Render

Texture DRE

1. H42:7JUHD(1920%1080) |
o PARIRENEIU THNIX IFATEL)
o INTWIZEAIEAERH, FB<1RD
e BENONIZEEULTHLD
2. JA—vk:R32 SFLOAT

* *%rg% _I%_&) 5 7:-: &) l:;?iﬂl] \iy'd—:_l\iﬁ ® 2 Field Material
3. TUTS—IEITPoint]UNMVEZ L (HWHIID) <Unnamed Pass 0>

OnDemand

4 . %_lglg/ \“\y j 7 IJ:Z;E S e Texture and Color

5. EFAHEDOYTUTPIVESRTE =

6. InspectorTO/SIA—YEEE Ik Jpdate Mod Reatime
—C“%%o%%llﬂ'éﬁ%bl:r ealtime |84

7. #FEBEIZ R D) TR TEIT(OnDemend)
- B(2)

8. Y JIVIN\vD7F

2 Field Material (Material)

K . E TOKYO POLYTECHNIC Shader Shader Graphs/Field Shader Graph
UNIVERSITY e




Channel

Field Shader Graph

 Position
o Intensity
* weight

* Radius

GE

Vector 2
® — @ x(1) out2) @
) @ — @ y)

Multiply
Depth(1) O

Subtract

-

® A(2)

® Position(2) @ — @ B(2)

TOKYO POLYTECHNIC
UNIVERSITY

Dot Product

out(n) @

out(1) ® =@ |n(1)

Custom Render Texture Self

Field Shader Graph

* Intensity(1) ®
Multiply
Exponential
® out(1) ©

A1)

Dut(1) @ =-@ |n(1 Out(l) ® —— @ B(1)

Base BaseE v

Vertex

Fragment

*==0 Alpha(l

Damping

Multiply

* weight(l) © =~
® A(4) out(4) ®

Sample Texture 2D I ® B(4)

© Texture(T2)

Wov - —o uy(2

®
o
O sampler(SS! 3(1) ©
o
(<]

Default v

Tangent ~

OS5 L7—03v IV




~ W AN
“JI_Q 7 - J Field Shader Graph

|lx — position||?

c IRTEOMNREEUTHDRAREE  Intensity = exp
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Field Shader Graph

~ A\ ! A —
‘JI—Q 7 77 Damping

* weight(1)
-L @ al4)

° E&%? 5\& L Custom Render Texture Self Sample Texture 2D ® B(4)
9\ L/ a_ j;ﬂﬁ (_Lt i 5 ) Salf Texture 2D(T2) @ ® Texture(T2) G —/_

axture Cube(C) © UVOD >  « =0 (2

x e 0.99x Self Texture 3D(T3) O O Sampler(SS)
AlT)

Default -

Tangent -
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Channel

Field Shader Graph

 Position
o Intensity
* weight

* Radius

GE

Vector 2

@ —-® X(1) out(2
) @ —-® v(1)

® Position(2) @ — @ B(2)

* Intensity(1) ©
Multiply
Negate Exponential
®

Dot Product g
out(1) © out(1) @ =@ In(1) Jut(1) @ =-® n(1

Base BaseE v

_

@ A(1) oOut(1) ®
* Radius(1) @ <
® B(1)

TOKYO POLYTECHNIC
UNIVERSITY

Damping

* weight(1)

Custom Render Texture Self Sample Texture 2D

)) @ ———— @ Toxture(T2)
5) © UVO¥ =0 yy(2

O sampler(SS!

Default

Tangent

A1)

out(1) @ ——-@ (1)

Multiply

—e A

®
o
3(1) ©
o
(<]

out(1) ©

out(4)

®

Field Shader Graph

Vertex

Fragment

*==0 Alpha(l
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0 Inspector

@ v 2 Rawlmage Color
v

Tag Untagged

2O TEDOAN—2%E

LY —5—Fy Ottt T—5
DIEDFREELTYTUT IV ERE

+ TUAFvIFHICT2 Field Custom

kal v RawImage

Re n d e r Text u re J v Color Mono Behaviour Script (Script)
° H_Zj_ (Tex CO I-O r) lj:ﬁi b\‘\ EQEE L_J@L \ t Tex Field Fg 2 Field Custom Render Texture
Ij_‘g:fa:éd)-t;\ 1&0)60)(\:_ L/TEQEEL/\ Tex Color [& 2 Field Custom Render Texture
{[é't:\% bgi 5 Mat Field ® 2 Field Material

’* v Event Trigger

® 6 6

Drag (BaseEventData)

Runtime Only v ColorMonoBehaviourScript.OnDrag

B 2 Rawimage Colc ®

Add New Event Type

. Default Ul Material (Material)
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Eﬂ?ﬁi1t; ‘I [ﬂﬂﬂﬁ Eo @o

"A ets/2 Curl Noise/2 Visualize Field Mat

[EDVNNE<RDDT, HH T DAREDII—F 28
1. ¥7TU77ILDENN S e
« Z#M5l: T2 Visualize Field Materiall
2. VI—Y DE% ‘
y E:%r\/\iggaslﬁeileldrg/lp tezgggl% CIVisualize

3. 7{7 OI\ODVT'lJ?)IFICEQE r l
. Rawl Fi DIR Mat ,
ICZFZ ?/ViVSLrP |gzee FlleeldJ Matgyya{rjnggi% ateriall ©
4. INSAXA—=5DFEE(2 Visualize Field Material)
- Texture 2D: 2 Field Custom Render Texturel
- Scale: 500 &
- Bias: 0.5
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ATY I 5 RNGDERK

« JAXIZKB5ZECurldd

- [2 RawImage Velocity] CRIf#R{ET S
- TUI/Raw Imagel7ATJI 1Tk

"= Hierarchy

+~
i 2 Curl Noise Scene
I 1 Main Camera
(p) Directional Light
j] ~AnNvas
&0 1 Rawimage Field

r‘l'l 2 Rawlmage \.i’elcnmty
) 2 Rawlmage Color
I 1 EventSystem
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v DENN

1. HAILL T —FTDORXAF+
- ZFMF: 2 Velocity Custom Render Texture
2. XTIV e v EeEE
- Z#15l: 2 Velocity Material .
3. V1—499357=YTUPIVERE

. rVeloc|ty Shader Graphj’& ® 2 Valocit.. ®2Visuali..
[2 Velocity Materialllc

1 I

Velocity Sh... Visualize C...

@®) Assets/2 Curl Noise/2 Velocity Material.mat
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Custom Render

- D
=JLr=
Texture®DsXE 2
1. H4Z:7JLHD(1920x1080) ?
« Initialize Shader Graph&EahtEs
o ENTELRLTEEIKH., [BEROEELH DR ©)
2. J4—<vh:R32G32 SFLOAT

» BOELEDDTHSAE 5
- BEZEHDI=HITFEN N SER
3. YT —EIPoint]UAEZ LV (HWEYIZ)
4. ZEI/INY I 7IEFE
5. EFHRADODYTITIVERE
6. Inspector T/ S A —5EE% bk
TEBDEOICTBEMICTRealtime | EBE

7. ZolIIHEHMEITES TR
K . G E TOKYO POLYTECHNIC 2 Velocity Material (Material)
UNIVERSITY Sha Shader Graphs/Velocity Shader Graph
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Q

1 VTIJTJbngJD Assets > 2 Curl Noise
- Z¥M5l: 2 Visualize Velocity Material
2. UI—4 IS5 TEITUTIVICEE . . EI
- Visualize Canvas Shader Graph %
2 Visualize Velocity MateriallZE&E suall.. | [@32Visuaily  Color Shad.

06 [B©

Velocity Sh... Visualize C...

®) Assets/2 Curl Noise/2 Visualize Velocity Material.mat
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Ea v 2 Rawlmage Velocity

Tag Untagged

A\ \ W |
j— I 7 0) ot Rect Transform

1. BWEICYTFUTIEDE
2. 3TUPIVTTD 29'-17 ZERE
3. DS A—F(F BRABPTVLSC

@ ® 2 Visualize Velocity Materia

l\l

Shader Shader Graphs/Visualize Canvas Shader Grav  Edit...

Texture2D

10000

e
@ 0.5
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