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| Getting started with this guide |

M URP ZZ2HE A%}

Unity HubE S8l URPE AF83dt= M Z2HEZE FLITH, NewE S2[6t1 MEISE Unity {70] 6000.01
Of&QlX| & Jetoll M helgtL|ct Z2MES| 0|F2t 9/X|E X|"¥5t11 3D (URP) RESIS MES LIS

Create projectE S2IgLICt,

New project
Editor Version: 6000.0.18f1 silicon

All templates

Core
Universal 2D

Sample Core

Learning
Universal 3D
Core

Universal 3D

This template includes the settings and
High Definition 3D assets you need to start creating with the
Core Universal Render Pipeline (URP).

Read more

Universal 3D sample
Sample

Project name
High Definition 3D sample My project
Sample

Create project

@ Inspector @ Lighting

URP Empty
Template

Welcome to the Universal Render
Pipeline

T

URP Documentation

Forums

Report bugs

Remove Readme Assets
jer & Project

Assets

L Asset Labels
M Packages

Of HZ3!2 H|0f AX|T, URPLE 3l ofl s0] AR 2 51 BA[=0f ASLICH
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Getting started with this guide | Stencils

Edit > Project Settings £ 0|=310{ Graphics Ii'dS &LIC}. 12{H Default Render Pipeline AssetO|
HAIELICL O URP U2 Z2MES| Z2H MY ¥ S ™S Hojst AT mo|Zatel QIAHAES
MMBILICH $HH, AR THo| I akQl QIAR A= AA| 2|AAL} HME Mo Z2tel 12910| ZBHE|0f UELICE

7|2 URP OIS =2 PC_RPAssetO| MEHE|X[Tt 2|2 AT} MBHA QI 7|7[of] O HEst of A2l Mobile_
RPAssetO £ HAG T ElL|Ct,

I Project ¢ Project Settings B Console Rendering Debugger Render Graph Viewer

Adaptive Performance a Graphics
Audio

Burst AOT Settings
Editor

Graphics

Input Manager

Set Default Render Pipeline Asset

Set the Default Render Pipeline Asset that Unity uses when you don't have assigned Render Pipeline Asset in the active Quality
Level.

Input System Package Default Render Pipeline B PC_RPAsset (Universal Render Pipeline Asset) [0)

Settings .
Memory Settings Shader Stripping
Package Manager Lightmap Modes Automatic

Physics Fog Modes Automatic
Settings

Physics 2D
Player BatchRendererGroup Variants Strip if no Entities Graphics package
Preset Manager

Instancing Variants Strip Unused

Project Settings2| Graphics If'd

HAPH AHI M| ol E

G710 MEAE SHSHALL ZIP LY 2 CHRZES 2f5S SLICh

> 0 tags Go to file m About

Examples from the Unity URP Cookbook

Local Codespaces
e-hook
(3 Clone @]
Raymarching T O stars
ot HTTPS  GitHub CLI @ 1watching
% 0forks
Raymarching https://github.com/NikLever/Unity-URP-Coo Q
Initial commit Use Git or checkout with SVN using the web URL.
Releases
Added Instancin: . N
9 [,‘:-] Open with GitHub Desktop No releases published
Initial commit
[ Download ZIP
Packages

No packages published

Languages

® ShaderLab 68.4% @ C# 28.0%
HLSL 3.6%

GitHub M&E24 - 254 Code HES 22|¢l| Z2ME [IRZE
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ODZMEES CHRZEstD LES SiH2H Unity HubollA Open > Add project from diskE 22!4f
E

Unity HubOl A 28|

New project

Add project from disk

Add UVCS repository

MODIFIED EDITOR VERSION

HE Z2HEf A At Z2 HHO| ofCIE{0| M ZrsloF BfLICE o C|E| HTO0| M= Ct=H Unity
Huboll OIICIE{ B F=2fat 2taAst Z 0 HIA|X| 7} A LICE of2f O[Ol X|of| EAIE 2 REX StEte
o2t HES =2 w2fel HTS EXg = A&

Unity6E-book: Warning

A Missing Editor Version
To open your project, install Editor version 6000.0.4f1 or select a different version below.

Please note: using a different Editor version than the one your project was created with
may introduce risks.

®) 6000.0.4f1 & silicon

Cancel Install Version 6000.0.4f1
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@ ntroduction

er Default

Select Gpen
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Add Companent
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URPO|= %|Z 22 Most= & 71X ollAIQ1 Universal Renderer 0|4llmb URP of| 40| QU&LICEH FX}FQ|
AR, 3H2 7|52 FItdll Ch3at 22 22 oto|Zatelo] B E chA|of AE 4 AUSLICE

ZIECPII

HEE 7SS AHSSHH ZHu Rt S CHASHA Aol & = ASLICE O] MPM= AHME HEXHL2
HHEH £Aoto| T

A g et sk2{™ o|C|E{0f| M Scenes > Renderer Features Stencils > SmallRoom - Stencil2
Ol s ME M2 gL}
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>
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2| O|O|X|0|M & %= QU=O0[, 0] oAl 2EE =H7|9| Al=Jt A £5 Al Az|o] O|0|X|ME FAISHA|
== ZQIL|Ct, 2l|ojof OpA 3L} MlOo|T, HIE 7|58 X&dl 0|8 THMSLICH HA A=A ARst=
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Q | Stencils |

Shader "Custom/StencilMask"
{

Properties{}
SubShader{

Tags {
"RenderType" = "Opaque"

Pass {
ZWrite Off

HLSLPROGRAM

#pragma vertex vert
#pragma fragment frag

#include
"Packages/com.unity.render-pipelines.universal/ShaderLibrary/Core.hlsl"

struct Attributes

{
float4 position0S : POSITION;

b

struct Varyings

{
float4 positionHCS : SV_POSITION;

b

Varyings vert(Attributes IN)

{
Varyings OUT;
OUT .positionHCS = TransformObjectToHClip(IN.position0S.xyz);
return OUT;

}

half4 frag() :SV_Target
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@ | Stencils |

return (half4)e;

ENDHLSL

Custom/StencilMaske ZWrite Off HUMEE FFIMQ. EES 22 2LENEN ZWrite OffE
MAYSIH QEHET} HA HI{o| A ZHS MX| ob7| Ii20i| Al2EX|A| £|0f, o 0|4 FZ0l| e QENES
7t2|X| SELICH LENE = ofHs] 22 &M 2 ML X|CH J2q7 ZMd X = FZ QEHEo s
@tzto|EgL|ct Me|stH, ZWrite OffE MESHT ALY eMEe HAL X gSL|CHHX g AIE R
7|8 QA S MAstH HAE), @EMES| MY thy|Y QIHAS X|QHE2|ECt &2 o= HASHH

QEHET} CHA| LIEFELICE Of o AJ0f M= X| 2T E2| 221 2,00022 HAH FASLIC

o
|

= AHIY HIof ZtS A= 2R 1A FLICH MofE2] Z2{ HIoj et Z2§0] 0
2slioF k7| mi20i| Z2| =M ColorMask 08 HIZM3tHE ELICH O] BFAI2 okzt A

ClHE HHE Z22 o AF83t2 = 2% Yo M= OfAIHCH MY dHZECHE HolM oS
SLIC
=] .

(S

ol ot

0| ol Alofl M= Mask2t SeeThroughzt= & 72| HAE 20|01 S AFSEILICE #X= Mask 21[0]0{0]] /411,
MAH KA QEHE H|2|)2 SeeThrough 20|01 Q&LILCE

0| M2 See Through Settings_Rendererzt= HE2| H|0|E QEMEES ALE5HH, 0] LENE =

W o HE[2|Y, MIO|C{7t = Scenes > Renderer Feature Stencils ZC0] 271 A ELICE Main
Camera0| HZE= A3 EQI AutoLoadPipelineAsset A3Z E &= Project Settings > Graphics0i| A
O] A3 H|0o|E LEMEES AARES I Ijo|Zatel oMo 2 AHetL|C O|H| o] oMo ¥HS
grols 24 &Lt

E) - AutoLoad Pipeline Asset (Script)

Pipeline Asset & SeeThroughSettings (Universal Render Pipeline @

Main Camera > Auto Load Pipeline Asset ASZ E Q| Pipeline Asset 88
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Scenes > Renderer Feature Stencils0i|A] SeeThrough Settings_RendererE ME{BfL|C}
71230l M HAETS A HI 4H 2 Opaque Layer Mask@IL|CH 12 0] &
X2l ELct.

O]

2 Maske} SeeThroughe

Filtering

Mixed...

= Mask2t SeeThroughzt= = 7HX| #IE QEHE 7|50|
IEf SeeThrough %ﬁ 2 HI%MJE}OPE KHAO| ARtEILICE M A2 Opaque Layer MaskE AH2dH
LE 2 E 2fo]oje] YHOo|H 7|2 Lo YT OILEE, @ #L QENE 7|58 S 7|
T2 L|Ct.

I'l-ll_

v Mask (Render Obj

eforeRenderingOpaques

Opaque
Mask

Material

o WEVES

Mask (Render Objects) &
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2| o|0|x|2 2™ Mask7t BeforeRenderingOpaques O[HIEE AE238t11 Mask 2{|0]0{0f| A 22 =l
oo &St 2 ZE 2R 0] YSLICH Overrides HE 0| = Stencil SM0| Z2MTHE|0 O, HIHO|
K& Values 12 M™E|0] JAELICE 0|23 MI|7t HEEA| ZIFE| =& 5l2{™H Compare Function2
Always=Z HXst1, PassE ReplaceZE HAs &4 7|& 2t2 MG S ojof &fLICh. Faildt Z Fail2
Keepo 2 HAELICL

O|H| URPZI Mask 2ll0]0] FIHZ S A =SfLICE d™E 2H2t0|E ME|2|ZH0| 22 = 0] Mask 201012
QYN E (MaskMat HE|2| 23t StencilMask MOIE 7t Q= HI=)ol| FolEl HE|2[YE AHESHA| ELCt.
Compare Function2 Always=E X311 PassE ReplaceZ HESHH Aot U= =0 SHAF ARIA
Hmot MEE|H, 2F Tdo| Zt2 12 dF™EL|Ct.

v See Through (Render Objects)

Through

AfterRenderingOpaques

Opaque

SeeThrough

VEIGHE]

e Functic Not Equa
Keep
Keep

Keep

See Through (Render Objects) &

S UM A QENE Y 7|s(9 282 AHEZ &L o] IjAE= AfterRenderingOpaques
O|HIEE A8 E AHE|0| AOH, mat AHM HI7t M E 0|20 HEELICH Layer Mask=
SeeThroughZ MEE[0 U1 Value= 12 HEE O AELICH ValueZt 191 20| LA™ T M0
A E[X| gfotof L C.

Compare Function 8382 Not EqualE & E|11 Pass, Fail, Z Fail2 25 Keep2 £ HEEIL|CE O] &I
QHENE A= AHAM HIOAM 27|06t 10 AHM HINO| MX|= 4SLICH MEtM O] IHA = AHIA
EHIHO|| A 2tO] 10] OF:l See Through 2|0]0{e] R E TS AIERstH, X7t U= RUAMT 7|2 HHE
RXIZLICE Compare Function2 EqualZE HZASH H=0j|2F MAto| LIEILIEE Z1HE BHHsH 2M| L.
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i < \
HoYoverseZt Unity=2 |=Hst ‘.’.'7
S0l SoIY = UAFLICH

CPUSIGPU Zto| HIO|H w2tz I mo|Z2telofA 5 = T8 AAYLCL £
XM EZ|et HE[Z|ZS AHE3H 2] M A ZBHOF 5t= =2 nityoll M ®MSsh= o 5
=S g8 EMR. ol ME{0IM 223t ES AHEUSLICE
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P

| Instancing |

GPU &=+ E=0 BIGPU LEFT A
QIAEIA B A|T|Z AIZH}7| HOf, Unity 60 M2 TQE Yot 22 M0|0{ URP 0fA12] Rendering 482
S5 AR 4 QU= GPU A S20{0f chef 2op AALICH

GPU &% E20{& CPU A7t 2| X3tst=E HAIE GPU 7|8t
Ar28tH A @ EXE 7t BatchRenderGroup APIS €262 2 Al 0| watx| 1

=<

El|
(=]

U AARLICH GPU 4 EZ0E

CPU 50| ZHatEILICE

GPU 4% 202 AI8olH AY QERER AYS Mxf(authoring)stT, K2l AHOME QA YS

O BIEOR XISt E46tn N4% Z2E A QUNMES 47 Y AHYY & AT 0 52
Zueroe S22 20| Y2 CPUHIRE Aol S22 0| Yo| F0f B HAto| stE|s S ol 4
&Lk

Statistics

Level: -74.8 dB
Clipping: 0.0%

DSP load: 0.1%
Stream load: 0.
Craphics: - FPS (Playmode Off
ender thread 27.7ms

by batching: 0

Screen: 2128x1399 - 34.1 MB

SetPass calls: 185 Shadow casters: 736
Visible skinned meshes: 0

Animation components playing: 0

Animator components playing: O

Statistics

Audio:
Level: -74.8 dB
Clipping: 0.0%

DSP load: 0.1%
Stream load: 0.0%

- FPS (Playmode Off

d by batching: 0
PeTs: 219.2k
Screen 2128><W399 34.1 MB
SetPass calls: 183 Shadow casters: 33
Visible skinned meshes: 0
Animation components playing: 0
Animator components playing: 0

9

Unity 62| URP Of|M10f| A At o~

Rendering
Renderer List
0 B PC_High_Renderer (Universal Renderer Data)
1

(O] Defau

B PC_High_ScreenRenderer (Universal Renderer Data) ®© Set Default

+ -
Depth Texture
v

2x Bilinear

Dynamic Batching
Debug Level Disabled

Store Actions Auto

Rendering

Renderer List

0 RBPC_High_Render
1

(Universal Renderer Data)

B PC_High_ScreenRenderer (Universal Renderer Data) ® Set Default
Depth Texture
Opaque Texture v
Opaque Do 2x Bilinear
%

GPU Resident Drawer Instanced Drawing
0

v

Small-Mesh Screen-Percentage
GPU Occlusion Culling

SRP Batcher

Dynamic Batching

Disabled

Debug Level

A3 |A1 URP 3D #E9| M@l etAE oflClg ZEoM dEsts E1I Lot | Zl4-= 3,569%| IL|C.
GPU é 20{E Instanced Drawing2 2 AXstH H3t HiX| 27150622 E0{SLIC.

WMEE Brs Mo 722 AFE|= QIAE Y o] what St EL|CH QIAH YT £~ Q= QENMEE o
AHELE O B2 0[S ¥ 5 ASBLICL
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Q Stencils

Instancing | Toon and outline shac

GPU &% EZ0{= MeshRendererE X2|gL|Ch, AZIE HA| HIEH2], VFX Graph, THE|Z AAH L=
FAFSE 23t M2 = Ma2|otR| S&LICh 7|& —E—EEE +HGIX| §IOLE GPU &3 EZ0{E MEE £
UASLICL HAE MO E AHEE 22 DOTS QIAH NI Sot| =& sfof FLICE 0| ZhAstEl HEE
OlAI2 EO5HM R,

—

A0 GPU AF EZ20{E AI26t2{H X =+ i E1§ AM23l|0} StH, Project Settings > Graphics >
BatchRendererGroup VariantsE Keep All2 M &dl{0f &tL|LCt,

Graphics

Set Default Render Pipeline Asset
Set the Default Render Pipeline Asset that Unity uses when you don't have assigned Render Pipeline Asset in the active Quality Level.
Default Render Pipeline B PC_RPAsset - Dither (Universal Render Pipeline Asset)

Shader Stripping

Lightmap Modes Automatic

Fog Modes Automatic

Strip Unused

Keep All
Strip if no Entities Graphics package
Strip All

v Keep All

Shader Loading
Log Shader Compilation

=AY &+ AELICL GPU 28T HEY2
|9 E2 YA ULICEH 2HX0)| w2t CPU XS &9

—

o
EP:“'OH E)\IEIII A= R4 HHYSHA| 8= GPU

B 4 LY,

Audio

Rendering Debugger

GPU Re: nt Drawe

dcial CM7iE 3t 0228 HAE
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Q | stencils | Instancing | Toon and outline shading |

e Sl Mofl GPU 2EFH Z2o| 2atAQIX| 2el15t2{™ Window > Analysis > Rendering
DebuggerZ 0| 55t0{ GPU Resident Drawer > Occlusion Test OverlayS MEistd| . J2{H
AL = AAHAS S|EYO| HA|ELICL SIEY2 HYL|= AAHAT MELE MHatM HEl x| =

S| E
QUABAT} QISSE WIHHOZ FA|ELICE O] BE S ZyototH HE 20| =HE = JAEL(CH

e o SEH QIAEHA JHEE HHSISLICH SAH QI AlH & b= Ha| 7t
Most= o= ZE2ELICE of|Al= Scenes > Instancing EC{0f| A&LICE

L
0% O
ot

A0S B8 FA Unityoll A GPU 2IABIH O 2 ZIC| BHEV[(FR) 2l 22 ZEXH ZHAE
Hgtct

fps

reserved
allocated
Mono

S oot 2 = N ZHERSEA| AR =22

& B2 v 2to] 00| 1 BRES
10] H|E2 UVE MHELICL 0|8 ALSS) BRE HEHAS QEMSHH] 2

\Y
t2t2 AlEgo| 8 4 AELICH

THH
HO
o
ne
=]
c
<
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@ | Instancing |

SRP Batcher

Scenes > Instancing > Common > Grass Wave ZC{0l| Al Shader Graph 6t9| J2{TE ATHE &L}
SHE WindSpeed, WindShiftStrength, WindStrengtholl 2t @ EHE HE[A | X Zto] =24
HIEE St AQULICH 2E EY40| M2 ZZM CH2A| 22 0|A| 5t2{H Perturb Grass 5t2| 12 Z0f|l M
Noise EE AFSSILICH HEIA YOI 7 9| X| = £={0| 2 MY KT X 2ol chet QEIME [erp LEE
A3l M| gLt

272 Hojsts T 4242 UVl V 2ol M JHHSLICH Bl RBolA 0] 32 0|0, MY B7tel A7t
BYYE 9IxI9l MY w7ke| AQY20| ElCts QU|QILICE BY BREC|V R 12, MY B2te At
Hzle QmAiol B 20| &= 2 Bt

World

Grass Wave st2| Je2iz

Ol 2t ES HYS= LHUS LA 2ot HO|E = Hetsl 2F 2| HE2[Z MIO|E 2 ALY
E?d!ﬁ'—llif.

Scenes > Instancing > 1 - SRP Batcher > SRP Batcher Shader Z2CE &QIgfL|Ct, SRP Batcher=

ZHEHSE MO 2, Vertex > Position2 A|0{st= Grass Wave St¢| J2fTef T H HE M[o|Ee 7|2 &Y
Q2] A3k 8t= Sample Texture 2D2 A E|0 Q&LCE.
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@ | Instancing |

CtE ZEE ARS8 T2 E M9 2SI

_startPosition= -_fieldSize / 2.0f;

_cellSize =new Vector2(_fieldSize.x / GrassDensity, _fieldSize.y /GrassDensity);

var grassEntities =new Vector2[GrassDensity, GrassDensity];
var halfCellSize= _cellSize/ 2.0f;

for (var i= 0; i<grassEntities.GetLength(0); i++) {
for (var j= 0; j<grassEntities.GetLength(1); j++) {
grassEntities[i, j] =
new Vector2(_cellSize.x*i+ _startPosition.x,
_cellSize.y* j+ _startPosition.y) +
new Vector2( Random.Range(-halfCellSize.x, halfCellSize.x),
Random.Range(-halfCellSize.y, halfCellSize.y));

}

_abstractGrassDrawer.Init(grassEntities, _fieldSize);

O| Gi[Al ZEE XIMIS| HTHEH Ot LHES gl + AFLICh

— _fieldSize&= (40, 40)L|CH.

— _startPosition2 (-20,-20)LICt.

—  GitHub MZ0{X GrassDensity= 25022 MHE|0 JUELICH

— cellSize= (0.16,0.16)QL|Ct.

— RIS 7t et=EH _grassEntities 2DH{EO| 2t @A S MHEtLICE

— 4 EYo UH 2X|= _startPositiondl x| &S Cfstn =2 29| Q14+E Cfst grLCt
— _abstractGrassDrawer= XL M7 2EE AE3h= F 7HX| HTE 28t 7|12

SaAL|c.

— %2 HH0| M= Scenes > Instancing > 1 - SRP Batcher > 1 - SRPO|A| 42 &1 Ms
GPU QIAEIAM S 2 A|StT SRP Batcher?t XIS 0t & XM2|sH=X| &olst &L Ct

=]

— UXNEY ZE ZEMES grassEntities 2D HIEQ| 2} 2IX|of| HHX[SHA] NS *HL|OF

gtLICL 0] 2E= Scenes > Instancing > Scripts > GameObjectGrassDrawer.cs
mpUof| AELICE
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@ | Instancing |

public override void Init(Vector2[, ] grassEntities, Vector2 fieldSize) {
_grassEntities =new GameObject[grassEntities.GetLength(0),
grassEntities.GetLength(1)];
for (var i= 0; i<grassEntities.GetLength(0); i++) {
for (var j= 0; j<grassEntities.GetLength(1); j++) {
_grassEntities[i, j] =
Instantiate(_grassPrefab,
new Vector3(
grassEntities[i, j].x,
0.0f,
grassEntities[i, j].y),
Quaternion.identity);

O7|M= QIARASIS AL23l grassEntities HIES BH=Est0], S Z2|HOM M Y RERMES
2t u

I
MAMBtL|CE o] WHAl2 HICHE RS otX|TH Mol Taf|Ql £-of AMZfst HEkE FLICH 29T|0| X[ Q] TtC|g
0|0|X|S EH Ct21} Z+2 AF%C| MacBook Air 2022 H0l A AMsH A| 62,500712] ZS Al 2e of
o2 £E7129fps2 2{Xl= A8 wolg 4 USL|Ct
—  HEQIRetina C|AZE[0]
—  m2M|M: Apple M2 2022
— HI22]: 8GB

WS X Xotste{H o E | dlor &nta?

. gArzdol ot E2flele] R, S50 2t 29 fIXIE MYt EE2R 22 s & ASLIL
ohHoll2 AIY A B2 ZAO0| 2y 0| S0 A E2 WS SEY WDttt Woj QERES

GPU QIAE A2 R8% XH3l 7|'HALICL GitHub ¥Z2| Scenes > Instancing > 2 - GPU Instancing
>2 - GPU Instancing0il A 0| 7|'Ho| Oj|A|E =helet = UELICH

Enable GPU InstancingO|2t= HE|2|Y EF2 HH2{7t SLS HE|Z|EE AE0%t= ZE Z2S
HiESI== X|AIStH, ZRX o= E22 2 £8 SYLIC 0] 282 Advanced Options H'20f| ASLICE

SRP Batcher2t GPU QIAE A2 M5 H{EFMQIL|CH URPE AHEE [ HE[2|Z 0| SRP Batcher2t

Z8tE|= Z <2, Enable GPU Instancing & 0| MEi&|0] L0{ = SRP BatcherE AFE & LICH Shader
GraphZ MAM3t Mlo|HE 7|2MO =2 SRP Batcher?t S2HE/LICH SRP Batcher S8 S H|ZH St H
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Q Stencils | Instancing | Toon and outline shading

HLSL M[o|E{E MMEt Shader GraphZ MEstn QIAHE 0| A View Generated ShaderS 228t

Shader Graphs/SRP Batcher Shader (Shader) Import Settings (Shader

Open

Open Shader Editor
View Generated Shader

Copy Shader

Shader GraphOllA HLSL M|O|Cf A

Mo 7t Temp EC{of| M= Mefst HIAE e F= of|C|E{of| M BRILICH Mlo|E 2| 0|E2 Shader
“Custom/GPU Instancing Shader”2 HZgL|Ct,

CBUFFERE Z M3t CBUFFER NI Z2E FA X2[gfL|Ct.

// 1B T Z2THE|
//CBUFFER_START (UnityPerMaterial)
float4 _MainTexture_TexelSize;
half _WindShiftStrength;
half _WindSpeed;
half _WindStrength;

//CBUFFER_END

MO E of &l EC{ofl MFeLIct.

E) v Grass Field (Script)

Abstract Grass Drawer Ground (Game Object Grass Drawer)
Field Size X 40 Y 40

#] Game Object Grass Drawer (Script)

Grass Prefab % GPU Instancing Grass Prefab

GPU Instancing X0flM Ground Y QEXMEN HHE AIZE
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Q | Instancing |

GPU Instancing M0| SRP Batcher %13t Z+2 BT 2| Abstract Grass DrawerE A8%t= A ol
UAELICt Rt XH0|M 22 GPU Instancing 12| GameObjectGrassDrawer B 0f= GPU Instancing
MOIHE AH8dt= ME[2|YO| Q= CHE Za|Ho| YEEL|C

SRP Batcher not compatible

Q Material property is found in another cbuffer than "UnityPerMaterial" (_WindShiftStrength)

SRP Batcher?t S2t=|X| 2= GPU Instancing M[0|C

QIAHIE{O| M GPU Instancing MIO|C{E =tQI5tH SRP Batcher?t S8HE|X| A4S E & 4 UASLICH

kU

EE Wdst= ol A8t DI E HEFSHH THg HAE{OIO|E BHAIE HHSsof LIt

—

1. AMME M0|C] 27| i ChAl AN
2. AHo|Holg +H

3. CBUFFERIHAZ FM X2|

4. oo ME

Je2{Lt 2 E XS 0k D B AES] 2™ SRP Batchero|| B|sl| O|0|$t =23 JiMEl 2ot
CPUHIRE 7} 1 Iol2l & olA| |} w2t Of 22 g2 %tojof StL|C}.

i
ke
>
rIF
o

RenderMeshPrimitives

Unity Z12HZIA AP Ofl= AIY @EMEES ALF 10 HAIE XY Alf st CHet MM =Tt UELIC
07|0l A+ El 7|52 Unity LTS 202101 &7}+El RenderMeshPrimitives HIAEQL|CH HMoll=
DrawMeshlnstancedProcedural& AHE26H0F X2 O] HlA == O|X| AL = X| Q&LICEH

RenderMeshPrimitives0il A= ComputeBufferg AHEdH 7HE HIA| IXIE &= HE|2[HS AEdHof
2ILICL Scenes > Instancing > 3 - RenderMeshPrimitives > 3 - RenderMeshPrimitives ¥12 2™

OfiH Ao FEEHEX| EHOIT 4 ALICH

Ll Instancing

Z2HE (Project) &2l QIAHY W
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@ | stencils | Instancing | Toon and outline shading

ofzf{el ZtC| o|O[X[oflA & 4= U=O|, Z|Y £=7t 377fpsEte =2t +FOE T EILICE
SRP Batcher2t GPU QIAEHAOZ MMt Mol £ = ZtZF oF 20fpset 50fpsH &LICt.

O7|M XO| ™2 TS

=3

rot
e
10
[n
Hu
4o
MR
Hu
e
fin)
o
of
rir
P
1}
r
o

TC|Rrol T2 ClH A S|

Instance coumnt:

©2500

RenderMeshPrimitivesS At&al Al 2%t

&

=y

Gm:

aval e 1 4 ps
.

reserved®
allocated
mono

O THE|E2 2t 29| /IXIE Material ZRZHE|Z 2SO FHUSLICL EXS HEHZD7| 9le HIOJE =

En=

GPUOI| M =M, GPUE HEYS A8 TA HLIYS 2K == A SLICE

F

QAXIE MYt T=E AES 2ASLICE 2= Scenes > Instancing > Scripts >
InstancedGrassDrawer.cs I+ 0f| Q= UpdatePositions HAE0|A &olEt 4 Q&

=2 T M-d
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@ | Instancing |

_positionsCount = _positions.Count;
_positionBuffer?.Release();

if (_positionsCount == @) return;

_positionBuffer =new ComputeBuffer(_positionsCount, 8);
_positionBuffer.SetData(_positions);
_instanceMaterial.SetBuffer(Shader.PropertyToID("PositionsBuffer"), _positionBuffer);

_positionse ZHC| f1X|2| Vector2 S8 MERLICH _positionsBuffer7t AL SHH|SHH S,
Ha Flofl 2= 7 7|2 = null ZAO|H CHEE S M EHSH AYLICH

—

if (positionsBuffer !=null) _positionsBuffer.Release()

72 E nmt2to|E{Qt 2t 3HEo| HIO|E 37|& ME3H= ComputeBufferS MM etLICE Vector20l= & 742
EEEJt TEELICL E2E SiLIJL 32H|E, & 4HI0|EO|E R, T 712 22 E = 8HIO|EQILIC}. _positions
=222 HMYSt= SetDatasS AtEsl ZHtsHA| ComputeBufferE 2 4= UELICE O|X| SetBuffer
HAMEE AtEdl O] HIHE HE[2| Y0 SALE 4= USLICE positionsBufferzt= 0|ES ALEoHH
HE|Z| K0l A O H{IHO|| MM A 4 QUELICE,

Scenes > Instancing > 3 - RenderMeshPrimitives > Instanced Grass Shaderdf| /= J2{ZE
AT E ST

. . Combine
ShaderGraphFunction (Custom Function) Split

1°© In(2)

out(3) ©

h

Position InjectPragmas (Custom Function)
Oout(3) © 1@ |n(3) out(d) @ +

World v

h

ComputeBufferof A HEIA Qx| 7k 27|
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@ | Instancing |

Ol ZEE 2™ Grass Mesh HEIA 2| X|of| CH$E Space It2t0|E{ 7t World=2 MA |0f Q&LICE tX|2H
0| 7|42 A28l ShAl HIEA| Z2718lj0F 8= SR8 F= 220| QUALICE #pragma= RenderMeshPrimitiveS
At2el HIC2lE R E HAlof] ZRstH, HAH st+E AFEo FItE 4= USLICH THAoA B8 = Cil
OIS EXE S F71stH gLo

#pragma instancing_options procedural:ConfigureProcedural
OQut =1In;

OlH| 1X| 2tS H-d3t7| 2l8h O] MOIE{o| M AH8dt= 2= HMEE ConfigureProceduralol2ts
g0l M ZEZLICh J2i3t 27t OtL|H 0] Custom Function === Y& (In)S £3(0Out)22
M|k gL ct

TICI2 2 XA M mpedat 22 ZE0f 1= InstancedPosition IH 9| ShaderGraphFunctionO|2t=
HAH e0llM A EL

#if defined (UNITY_PROCEDURAL_INSTANCING_ENABLED)
StructuredBuffer<float2> PositionsBuffer;
#endif

float2 position;

void ConfigureProcedural () {
#if defined (UNITY_PROCEDURAL_INSTANCING_ENABLED)
position =PositionsBuffer[unity_InstancelD];
#endif

void ShaderGraphFunction_float (out float2 PositionOut) {
PositionOut = position;

2|x|= ConfigureProcedural HMEZ A8 MXE| D AIZE floatet half HEO| Qe
ShaderGraphFunctiong At8sH &2jof| MEEL|CE

of AlEe] Tahmoll M 748 Zole] 9%l Float20|m, X Wi B2ES X 20|, &
ZYLICE Split =« E= 0|E /H E2ER HSID Combine = E= & HM| EEEE

=ULICL Split = =2 Combine ==& 78 EEEE XYZW7| Oofl RGBAZH )
MY VE 22 871 2T ZALICH O|F BT HEIA 9IX|7H MHEIUOL] 0|2 ZEsh iAol MK

4 21X T 4+ YsLich,

kJ
I
1]
pal
e
[0}
i
vs)
Hu
Blo
N
re

0| M[o|{7t #=H|%|™, O|X| SRP Batcher2t GPU QI AE A HHO|A ALSHE Zd 1t 22 WindSpeed,
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@ | Instancing |

public override void Init(Vector2[, ] grassEntities, Vector2 fieldSize) {
_grassEntities =grassEntities;
_grassBounds = new Bounds(transform.position,

new Vector3(fieldSize.x, 0.0f, fieldSize.y));

_positions=new List<Vector2>();
_renderParams = new RenderParams(_instanceMaterial);
_renderParams.worldBounds = _grassBounds;
_renderParams.shadowCastingMode = ShadowCastingMode.Off;

Graphics.RenderMeshPrimitivesE At&3t3{H RenderParams QIAHAT} HRsHH,
O] QIARAE= SHHEl _instanceMaterial HE|Z|H0|M MM EL|CE = JH| CHE T2ME|T} FIIE2

AH AEHA2 CH23 20| Update SHES AHE3SH 0| FO{FLICE

private void Update() {
if (_positionsCount == @) return;

Graphics.RenderMeshPrimitives(_renderParams, _instanceMesh, @,
_positionsCount);

}

RenderMeshPrimitives= Wl 7§2| m2t0|EE #[6tH 22t RenderParams QIAEA R ZS H|A|
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Q | Instancing | Toon and outline shading | Ambient occlusion |
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@ | Toon and outline shading |

Main Light Direction l=.E= Ehot & HOIT A0 M AHEEASLICH 3 ZE{et O-KE F7H5H0]

Of Bttt S MY 4= ASFLICEL HY HAE &+E ALE3H Main Lightol] AMA5HASLICH HAH

g4~ Shaders > HLSL > Custom Lighting.hlsl Tt 0{| A

SoIs 4 QUBLIC,

void MainLight_float(float3 WorldPos, out float3 Direction, out float3 Color, out float

DistanceAtten, out float ShadowAtten)

{

#ifdef SHADERGRAPH_PREVIEW
Direction=float3(0.5, 0.5, 0);
Color= 1;

DistanceAtten= 1;
ShadowAtten= 1;
#else

float4 shadowCoord=TransformWorldToShadowCoord(WorldPos) ;

Light mainLight = GetMainLight(shadowCoord) ;

Direction =mainLight.direction;
Color =mainLight.color;

DistanceAtten =mainLight.distanceAttenuation;

#if !defined (_MAIN_LIGHT_SHADOWS) || defined(_RECEIVE_SHADOWS_OFF)

ShadowAtten= 1.06h;

#else

ShadowSamplingData shadowSamplingData = GetMainLightShadowSamplingData();
float shadowStrength =GetMainLightShadowStrength();

ShadowAtten = SampleShadowmap (shadowCoord,
TEXTURE2D_ARGS(_MainLightShadowmapTexture,

sampler_MainLightShadowmapTexture),

shadowSamplingData, shadowStrength, false);

#endif
#endif
}
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void AddDecalProjector(Vector3 pos, Vector3 normal)

{
GameObject decalProjectorObject =Instantiate(decalProjectorPrefab);

//HE[2|Z0f| CHel HZ S JHEX O =2 H|o{stz2{H
//DecalProjectorOf M HE|2|Y QIARAS MAESHL|CH,

//DecalProjector decalProjectorComponent =decalProjectorObject.
GetComponent<DecalProjector>();

//decalProjectorComponent.material =new Material(decalProjectorComponent.material);

[[EHOIN HoH

pos +=normal * @.5f;

Quaternion up =Quaternion.AngleAxis(Random.Range(0, 368), Vector3.left);
Quaternion rot=Quaternion.LookRotation(-normal, up.eulerAngles);
decalProjectorObject.transform.SetPositionAndRotation(pos, rot);

}
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@ | Adaptive Probe Volumes | Screen space refraction | Volumetrics
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@ | Adaptive Probe Volumes | Screen space refraction | Volumetrics
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@ Screen space refraction | Volumetrics | Procedural noise
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@ | Volumetrics |

void raymarchvi_float( float3 rayOrigin, float3 rayDirection, float numSteps,
float stepSize, float densityScale, float4 Sphere,
out float result)

{
float density= 0;
for(int 1=0; i<numSteps; i++){
rayOrigin+= (rayDirection*stepSize);
//density Al
float sphereDist =distance(rayOrigin, Sphere.xyz);
if (sphereDist < Sphere.w){
density+= 0.1;
}
}
result =density * densityScale;
}
A2 QEHME Z7H0l| A 28 SHA| ElLICE Position ==& A3 rayOriging T15t1 rayDirection2
T8t M Camera =E0|A Position 2 & Transform = =0] @Z38t1 Transform ==2| Y22 WorldZ,
E22 Object2 MHdHOf L Ct.

QEHE ZZHoj|AM T 2| X|et Ftm|2t X[E R OL, Subtract = EE A M wEg g
A&LICE ol PositionS 213 A0l HZst] Camera®| Position2 &1 Bof| HAFLICY.
2 Normalize =EE Ar28H MA3}EILICE Custom Function = =0] LS CHE @lEie 1zt ZE2E
IZZMHE|Q numSteps, 2 ME MEtA Mo| 20l stepSize, IZtM M At0]2] H2|Ql densityScale, 22|11
M MHTt VectordE H 2|3t Sphere@LICt e £32 HEE Base Color2t AlphaZE HZASHH EL|C.
O] Mo|H= EHst Unlite2 MEEH ZHS AAtsof gL|Ct.

© 2025 Unity Technologies 106 of 151 | unity.com


https://unity.com/kr/releases/lts
https://docs.unity3d.com/Packages/com.unity.shadergraph@17.0/manual/Camera-Node.html?q=camera
https://docs.unity3d.com/Packages/com.unity.shadergraph@17.0/manual/Transform-Node.html?q=transform
https://docs.unity3d.com/Packages/com.unity.shadergraph@17.0/manual/Subtract-Node.html?q=Subtract

@ | Volumetrics |

3) ®

Object =

v

Cbject Space *
b

Object Space »

- Object * numSteps(1) ® Fragment

Position
® B

* Sphere(d) ©

2of opd Mioj{of A tHm HH

3D H{AKXE F7t6l Mo|ZE ZAXSHH 20| OpAlo| et ELICH = HK HAO| A= 3D AKX E F 7}l
HZ&LICt HX Shader Graphs > Raymarch2SGE AM2dl RaymarchMatS & EL|Ct, 67| A
Ar8ot= HAHE = raymarchv2 Lt

void raymarchv2_float( float3 rayOrigin, float3 rayDirection, float numSteps,
float stepSize, float densityScale, UnityTexture3D volumeTex,
UnitySamplerState volumeSampler, float3 offset,
out float result)

{
float density= 0;
float transmission= 0;
for(int i=0; i<numSteps; i++){
rayOrigin+= (rayDirection*stepSize);
//density A4t
float sampledDensity = SAMPLE_TEXTURE3D(volumeTex, volumeSampler, rayOrigin +
offset).r;
density += sampledDensity;
}
result =density * densityScale;
}
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Ml 7EX| 40| M2 F7HE AE & o ASLICH

— A Hm= Material Z2HE|0| M Z1F 7EH2 UnityTexture3D volumeTex & LILC},

= 3D EIAKME A2E of Qs 0f3 29l SAMPLE_TEXTURE3DZ, SamplerState
ABATL QL CE

ro 4n

—  SamplerState& =7} 0] 2E SHS MY 2 USLICL 0~1 HeIE Bt UV 2t
SO 0LLCH A2 2 092 1ECH 2 22 12 DFSIEE 0| M HEELICL

= HAL
— MW= Offsete 2, RE LHRO[ 3D HANE FZ W AL EE £ U= ULIC

=

sampledDensity /& 7& = JAELICL 67| M= EZHHQI RAHE R A2 H EL|Ct,

O[H| 74| LSOl A=X| =HQISHK] 20 rayOriging| float3 & E X0l LEMES C{ot S A

Otz O|0|X|= & | K2l HO|EHE ALl dEEst RE2 2, M FEXT 20[7| A|=RFL|C
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Mlo|c{e| %= HFE|l= =HO0| ZItElL|Ct RaymarchMat HE|2|20i| = Shader Graphs/Raymarchv3SGat=
MIO|EHE AHERILICE O|#Hol= raymarch &5 ALZRLICE O &£ o4 7Hel M2 mt2to|H
(numLightSteps, lightStepSize, lightDir, lightAbsorb, transmittance)E AF23tH float3 HEIS
gretetL|Ct,

A& 2 o™ A 7tX| A H 4= (transmission, lightAccumulation, finalLight)S X 7|}sl{0F BfL|Ct,
ABote ZEE AR BT FAUNX| F HY o] IEQt SYURILICE A0lA 2 20| DA’ I3 CHA
AHEH O HoZ LiEtLH= | dek &M S et A0 3= 2 S grots 2M(CHojo] 2ol A
C2MOZ HA|)S HELICH WM M2 3D HAKO| CHAH MEZS LIEPHLICE 50| YS4+E 5 9
ZMol sliet HEo Ee 22l0| E0SLICE O] T2 M|AT} 2} Tido| 8ty | & ATt Ct,

void raymarch_float( float3 rayOrigin, float3 rayDirection, float numSteps,
float stepSize, float densityScale, UnityTexture3D volumeTex,
UnitySamplerState volumeSampler, float3 offset,
float numLightSteps, float lightStepSize, float3 lightDir,
float lightAbsorb, float darknessThreshold, float transmittance,
out float3 result)

float density= 0;

float transmission= 9;
float lightAccumulation= 0;
float finallLight= 0;

for(int 1=0; i<numSteps; i++){

rayOrigin+= (rayDirection*stepSize);

float3 samplePos = rayOrigin+offset;
float sampledDensity =
SAMPLE_TEXTURE3D(volumeTex, volumeSampler, samplePos).r;
density += sampledDensity*densityScale;
[/EABRT

float3 lightRayOrigin = samplePos;

for(int j= 0; j <numLightSteps; j++){
lightRayOrigin+= -lightDir*1lightStepSize;
float lightDensity =

SAMPLE_TEXTURE3D(volumeTex, volumeSampler, lightRayOrigin).r;
lightAccumulation += lightDensity;

© 2025 Unity Technologies 109 of 151 | unity.com


https://unity.com/kr/releases/lts

@ | Volumetrics |

float lightTransmission =exp(-lightAccumulation);
float shadow=darknessThreshold +
lightTransmission* (1.0 - darknessThreshold);
finallLight +=density*transmittance*shadow;
transmittance *=exp(-density*lightAbsorb);

transmission =exp(-density);

result = float3(finallLight, transmission, transmittance);

= T — =
Y ROO0|2Z numLightSteps 7H2EE 7ttt ot XA RX[sHOF &LICH OHO|LA lightDirg AHESH
samplePosOilA = &3 ZOE o|sgL|Ct. I3 O3 lightDensity E lightAccumulationof| Z=7FefL|Ct.
2 RO 2[R0 M= ofztel Albto] HetL|Ct

M Ok

# FIE numLightSteps H=0]l X[FE A+ EI=5tE22 2/A oo 4= JAFLICE 0| RE=
=1

—_

float lightTransmission = exp(-lightAccumulation);

HX lightTransmissiong etliehthcumulation 0 22 MM BHL|CH Q@R Q1 Ax e= 2F 2,718 L|CH Of2 JEiX=
0| gt4=0| ZutE FAIBILICE, 7I2 =2 lightAccumulation 40|11 M2 =2 exp(-lightAccumulation)
wrLct =™ E 2 U lightAccumulationO] 00]H, exp(-lightAccumulation)2 10| E/L|Ct.
lightAccumulationO| Z7}teto]| 2} exp(-lightAccumulation) Zt2 WHEH| ZH45HH, lightAccumulation©]
S5HECH3H 0of =&t ELlct.

-0!5

0~4 i 2[0l| Ciet ex T2fz
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@ | Volumetrics |

float shadow = darknessThreshold +
lightTransmission * (1.0 - darknessThreshold);

O|H| shadow 242 AHAFELICE 07| M= darknessThreshold2h= TZ2HE|S AEEILICE Of2 J2{ oAM=
darknessThreshold7} 0.15¢! 22| shadow #t0| MZ=0i| EA|ELICL. lightAccumulationO] 00| ™

shadowE 10| &|&= EHH | lightAccumulationO| 50| 7t7t9I X|™, shadow= darknessThreshold 4%
240l 7tk ELICE

\

0:5

0 1 2 3 4 5
. [ . lightAccumulation

shadow 2}
finalLight += density*transmittance*shadow;

Density * transmittance * shadow?} finalLight =& Ztoll Z=7tElL|Ct M El 2el Lzl
lightAccumulation0| £2H, shadow?} 00| &= A0| JLEE  finallLighte| =& & 7+2 ZfOtEL|Ct.

transmittance *= exp(-density*lightAbsorb);

transmittance®| £7| 3t2 MY T2T{E|0|X|BH, 2t & W3F ErOLCH S 3Loj e dersiylghiosong
FHLICE lightAbsorb T2IHE|= TE0A Ar2tof o) AME|S HRIo| 42 HlojstLICE

N HiY HE 9| AL finalLight, transmission, transmittanceE Z&st= float3E 212 f&LICH
M il Mo Jai T = ofefet ZH&LICt. O[] Custom Function '==2| £2{0| float30|2 2 Split ==&

FItslof BfLICt £ R Lerp =2 T o= HZAELICE M| I B0l = color2t shadowColorg
HIZ2et M| Z2ME|7} 2] 7§ /&LICH colore B 22, shadowColor= A Y202 HZAELICE
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finalLight 2ll0] Otx| == Out.x7t 00|™ shadowColor7} Lerp .= E £3 02 MeEIL|CY. finalLight7t
10|™ color7t 202 MY EILICE 0~1 HI0 A shadowColoret colore] M& H7t0| £HE|1, Lerp
- E £ 2 HtZ Fragment > Base Color2 HZEL|Ct.

Alpha= transmission 2t Out.yZt = 2l|0] OFX| L EE AL RLICE 0] gt2 Alpha”t 10[0{of & mf 00| 1,
AlphaZt 00|0{oF & mf 1IL|Ct, One Minus =EE A8 A Split =E=2| B Zt2 +d3t1 0|E Fragment
>Alpha2 ¢HZgL|Ct,

Fragment

bt
[
3
A
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Ol HO|HE ArE3tH ot2fet Z2 Zat=S S + USLICH

gl opy2 ALgH Bt 78

HoudiniE= 3D HIAKE otE i 2% EQLICH 3D BlA K Al HE| 2|00 Perlin l=0| =& AFE8tALL,
UnityZ Ar28H Ef2L2{E 0| =(tileable noise) EIAXZ O|2| 0|2} ELICE O] HA|Z|E A|ZIC 2

Ciefst 2fo] Ot HEHZ stas EAML.
O 2 2laa

—  =FHE= o[ 0t 75 MO[H(ZE) -dmeville

— I OEHN: FE(IE) - MHIAT 210
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O£ S0 Perlin 'L.O| =E AI2310] E{2]|Ql2| 50| ETHS MAMEI2{H, Perlin 'cO|= ZtQ 2 PAE J8|EE
MM CHS O 2t2 =0| 2o ojZstH ELch 2 o] = J°Hﬂmqﬁg§WuPHDEﬁH,
ANPL_ﬁﬂﬂ@ﬂa%*ﬂﬂﬂIm=*°MMqUmWwaﬂMMEMRdeﬂ”
SIO|EME X E6t0{ 3D E{2lIQS MME O3, HIAKE ME6tALt 7|Ef FAIE MM J|'HE AHESI0]
SIMEE =2l & QIAL|CE,

=2 o=

ZAHY SIo|EY of|Al

C22 C# AR EQ| Perlin 0| ZE AFE38I0] Unity0fl A SIO|EMS %"gﬁfé dHE 2o = 71280l
Of|A|RIL|CE, O] AT Z EE Terrain Al RLEHEY| Perline 0| ZE A
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1. Unityoll M Terrain 1Y LEMEES H4otL|Ct
2. 0f2 AR EE Terraindf| 71&tL|Ct,

3. LtEtO|E{E Zot0] B2|Q12| &S MOo{gfLICt

EAHH SHO|EY 0flA|

using Unity.VisualScripting;
using UnityEngine;

[ExecuteInEditMode]
public class ProceduralHeight : MonoBehaviour

{
public int depth= 20; //Ezi2lo] Z|cH &0|
public float scale= 20f; //'wO|=7} LOtLt =0{Lt E0|=X|E H|O]
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| Procedural noise |

private int width= 256; //E22l9] LHH]|
private int height = 256; //E&[2l9| &=0|

private float offsetX= 100f; //XZEHS LEM(NS0= 2=2I3t)
private float offsetY= 100f; //YZIES LEM(HS0|= 2=}

private int _depth;
private float _scale;

private Terrain terrain;

void Start()

{

// O DRt EQlo] WHEEE 2T 2X9|}

offsetX = Random.Range (6f, 9999f);

offsetY = Random.Range(0f, 9999f);

_depth =depth;

_scale =scale;

terrain = GetComponent<Terrain>();

terrain.terrainData =GenerateTerrain(terrain.terrainData);
}

TerrainData GenerateTerrain(TerrainData terrainData)

{
terrainData.heightmapResolution=width+ 1;
terrainData.size =new Vector3(width, depth, height);
terrainData.SetHeights(0, 0, GenerateHeights());

return terrainData;

float[, ] GenerateHeights()
{
float[, ] heights =new float[width, height];
for (int x= 0; x <width; x++)
{
for (int y= 0;y<height; y++)
{
float xCoord= (float)x /width* scale+offsetX;
float yCoord= (float)y /height * scale +offsetY;
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heights[x, y] =Mathf.PerlinNoise(xCoord, yCoord);

}

return heights;

void Update(){
if (depth != _depth || scale!= _scale ){

terrain.terrainData = GenerateTerrain(terrain.terrainData);
_depth =depth;
_scale =scale;

0| ASREQ| =@ ZY/TZHE|S MYEASLICE

—  depth: B9 M2 W AAHLZ, 0] 20| 245 O 2 AH0| HYELIC

cod
—  width ¥ height: E{2(|21e| 27|L|C},
—  scale: 'cO| =7t T El =2 MOJLICH 20| 245 0ingn {2 AH0| MY LT

—  offsetX U offsety: ATZEI} A
22t @ MQlL|Ct,

OOI'

E moich M2 CHE E{2|Ql 2|0|0tR0| HHE =5 FItE

r

GenerateHeights() &£ Hallole| 2 Mol £0| 242 LiEtH= 2D bHE S MM ELICH 2 g2

ocood

Mathf.PerlinNoiseE Atgsto] MMM, xCoordSZf yCoordE 7|89 2 width, height, scale 222
ALY E D FE D XHAZR Hi2|0|0] S PR BT

2| AA MMO| Scenes > Procedural Noise > TerrainOi| A 0] 0|A|S &Q1E 4 QISLICE SIO|EHES

E—|I_E_|_MI:I

AH5h= 0] Bttt J7|H2 O SET FHIZ +FY = AELICL oS S0 021 20]0{Q| Perlin 0| =&
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Shader Graph > URP > Lit Shader GraphE £3lf Shader GraphE MM gtL|Ct.

Che Z2HE|S It Ct

a. ColorA(Color 7|22t: 7TD490B)

b. ColorB(Color 7|22} BB905D)

¢. Frequency(Float 7|22} 2)

d. NoiseScale(Float 7|22}: 6)

e. PatternIntensity(Float 7|2%}: 0.6)

f. Contrast(Float 7|£%}: 4)

Geometry > UV ==, Channel UV0S 2HEL|CE.

Procedural > Noise > GradientNoise == DHEL|Ct, 3EHA|9] £ 2 UV Yo HZStL
Scale /212 52 MH3ILICE Hash Type2 Deterministic@ 2 SLICt,

Multiply =EE 2HS11 43 A 4THA|2| £HOo = MHStD 23 BE NoiseScale ZEHE|Z
MAPLIC

Add =EE Pt51 509 £ 5 ¢ BOj| AZELIC

3EHA|9l UV L EZ E0tZiLICt Gradient Noise == 2/0i| Split ==E TtS 1 1 @240 UV =2
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8.  Multiply ==5 2tE11 Split E2| G £HE U= AR HFSt1 Frequency ZEHE|E 3 BE
Aot

10. Fraction =5 2511 1 A=W Add = =2
0f

11. OneMinus tfEE 0t 1 ¢

12. Multiply =EE PHS10 11EHA2| £Hg 2 A0 &SI Contrast ZEMHE|E 2 Bo||
gt

13. £ CHE Multiply =52 2HS 1 92 Aof 105712] 322 AZstn 92 Bofl 12672] 532
0:|7:|oH__||:|-_

[y =]

14. Power —EE TIE1 4= A0 13TtA[o| £HE HASI 22 BO| Patternintensity ZEHE|E
AZRILICE

15. Add =EZ 7t=1 13 A0 7TSHA| Split = =9 R 232 HZASI T 12 BOl| 14EHA|o] S
o1ZBHL|C},

[y ==

16. Lerp =SS PHS1 @121 AZ ColorA T2HE|2 M6t 2 BE ColorB TR2HE|2 4&stD
U3 TS 150719 £ o= MH™LICL

17. 16%HA|9] 42 Fragment Base Color0f| HZBILICE.

AEFUO| 740|El SX{ Shader Graph

UVu e 23 Add =52 2FE MYEE O2Q /XS dH6t= o AHSELICh v e STst Y79
ZEH2 HHEL|CL Gradient NoiseE &3t = 0{2{ 42| Multiply =EE S5t 2|2l 2FQ1(THE) 1t
AF|Uo| ZHELICE 0] Mlo|{o| a2 ALLE Zfo| A BE2S Fraction EE S AF8St= AYULICH
DE2MHE|E AHEst0] 29l = THEe| 2ERAER U E ZHY £k YSLICHL
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Out(1) Multiply

Hash Type Deterministiv ® In( out(1) ©

Mlo|Ti 2] £HA|: Gradient Noise( 21%), Fraction S22 AHESH0] 0f2] 7H2| T2fel Mg Xt TaH(IZ0l|A F HiY), ZEAE SIHLEZM F #Hu),
2 FIHW EER)

Custom Function .eEE A0 73oH AMM A QI HES MT{EFELICE 0| Mo|HE ShaderToy9|

0| OilA|E 8%t HHQULICL ShaderToy= MO ZEE #OIE7|0| £22 AAO|X|TH 2E FEJHHLSLO|
Otl GLSL 22 AE38t2 2 Shader Graph Custom Function®iA = £+HE 2 A AFROHOF grLiCt,
HLSL 22l0] 2l&3ICHH vec -> float, fract -> frac, mix -> lerp2t 20| 0= H T Z|2tx{ol ttHo 2 HEtet 4~
AELICH

Search...

+ @

» Shader Inputs

// 'Procedural Wood texture' dean_the_coder (Twitter: @deanthecoder)
// https://www.shadertoy.com/view/mdy3R1
Lr
// Processed by 'GLSL Shader Shrinker'
// (https://github.com/deanthecoder/GLSLShaderShrinker)
//
// I spent some time working on some noise functions and then
// used them to make a wood texture. I'd never used musgrave
// noise before - Looks very useful!
//
// Thanks to Evvwvil, Flopine, Nusan, BigWings, Iq, Shane.
2 // totetmatt, B'Lackle, Dave Hoskins, byt3_m3chanic, tate
3 // and a bunch of others for sharing their time and knowledge'

// License: Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License

[ ¢ e 7 #define R iResolution
K Il 402 coifes ssoxars REC "t "l 3 #define sat(x) clamp(x, 0.,

1.)
b, ¢) smoothstep(a, b, ¢c)

9 #define S(a,
Procedural Wood texture <> 963 E3g) fdotine 61(a) 3(8:; 1y 8)
float sum2(vec2 v) { return dot(v, vec2(1))

Views: 1716, Tags: Created by dean_the_coder in 2023- 23
2 = & e il LEIITIIITIII I LTI LTI TIITIT LTI TTI T T I T IE I ET LI T I I AT P AP A P EA i1 1111711777

1 spent some time working on some noise functions and then used them to make a wood texture. Td 7 hon e (el 1031

never used musgrave noise before - Looks very cool. 3 = ( X . )
T've tried to keep the code size down - Let me know if you find this useful! 9 Ezt:md‘f’ﬁm;sﬁz’:’s‘ ;y:‘ﬂi :355 ;

float h2l(vec2 p) { return h31l(p.xyx);

float n31l(vec3 p) {
Sign in to post a comment. 35 const vec3 s = vec3(7, 157, 113);

Comments (11)

// Thanks Shane - https //www .shadertoy. com/view/lstGRB

TimelordQ, 2023-08-07 : ;E:Bf::r.: : ;}onr (p)
: Amazing work. Thank you! ) P=p*px (3. -2 %p)
vecd h = vecd (0, s.yz sum2(s.yz)) + dot( ip, s);
h = mix(fract(sin(h) * 43758.545), fract(sin(h + s.x) % 43758.545) p.-x)
h.xy = mix(h.xz, h.yw, p.y);

dean_the_coder, 2023-03-09 return mix(h.x,_h.y p.z)
e
Thanks everyone!
! @Shane My local version of this returns a vecd where the w component is a 'depth" ’ Compiled in 0.1 secs 1879 chars ﬁs <) ?

value. I left it out here for simplicity (‘an exercise for the user’), but can easily be
added by combining n1, n2, and grain.

Shane, 2023-03-09

Nicely done. I have a few simple go-to timber texture routines that I use (using

noise and smooth fract), but they're not as detailed as this. One thing that I've

noticed is that a lot of textures already come prelit (probably using directional

derivative lighting) which can make them pop a bit more. I've been too lazy to

generate my own textures lately, but when I do, I usually find that I have to provide iChannelo iChannel1 iChannel2 iChannel3
a less detailed version for bump mapping and distance functions.

ShaderToy 2/AIO|E2| M|O|E]
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otz 20 Lt} Qli= Custom Function?| 22, 72 Z2{0f| 2tE3SCHH Geometry > Position = =5
ObjectZ MFst7|at ™ ElL|Ct, = £ JH9| Color ZZHE| (3|91 M Z2{E Ho|dt= ColorAet

0| A 2 E F2l5h= ColorB)E F7I510 ZHE Folg 4= UAHLICH

WoodBSG Graph Inspector
Object Space Pas (3 Node Settings  Graph Setti

« ColorA wood (Custom Function) Node

Object Space *~==0O Normal(3)
« ColorB Precision Inherit

Object Space *-=—0 Tang Inherit

Vector 3

Position wood (Custom Function) F ragment Vector 4

Vector 4
® esult(4) ————————— @ Base Color(3)

®
Object ColorA(4) ® '/—

e~=—0 Normal (Tangent Space)(3)
Vector 4

= - X 0 o =0 Metallic(1)
= ColorB{4)

A& ; File
e~==0 Smoothness(1)

wood

Source Woo
o-=0 Emission(3) ce B wood

AFEXL ol {8 AH83H= Custom Function SXH Shader Graph

#define sat(x) clamp(x, 0.0, 1.0)
#define S(a, b, c) smoothstep(a, b, c)
#define SO@1(a) S(8.0, 1.0, a)

float sum2(float2 v) {return dot(v, float2(1.0, 1.8)); }

LITLTLLTLLTLT L LD LD L L0001 177171771
float h31(float3 p3)

p3 =frac(p3 * 0.1031);

p3 +=dot(p3, p3.yzx+ 333.3456);

return frac(sum2(p3.xy) *p3.z);

float h21(float2 p) {return h31(p.xyx); }

float n31(float3 p) {
const float3 s=float3(7, 157, 113);
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// &X: Shane - https://www.shadertoy.com/view/1stGRB

float3 ip =floor(p);

p=frac(p);

p=p*p* (3. - 2. *p);

float4 h=float4(0, s.yz, sum2(s.yz)) +dot(ip, s);

h=1lerp(frac(sin(h) * 43758.545), frac(sin(h+s.x) * 43758.545), p.x);
h.xy=1lerp(h.xz, h.yw, p.y);

return lerp(h.x, h.y, p.z);

// HA&7]: (0.0, 1.0], 7|=23t: 0.5
// 2= 9= £0|= 0.0, 1.0] Bzt
float fbm(float3 p, int octaves, float roughness) {
float sum= 0.,
amp= 1.,
tot= 0.;
roughness = sat(roughness) ;
for (int i= @; i<octaves; i++) {
sum+=amp *n31(p) ;
tot +=amp;
amp *= roughness;
p¥= 2.
}

return sum/ tot;

float3 randomPos(float seed) {
float4 s=float4(seed, 0, 1, 2);
return float3(h21(s.xy), h21(s.xz), h21(s.xw)) * 1e2 + 1e2;

// 2= 9= £0|= 0.0, 1.0] Bzt
float fbmDistorted(float3 p) {

p+= (float3(n31(p+ randomPos(8.)), n31(p+ randomPos(1.)), n31(p + randomPos(2.))) * 2. -
1.) * 1.12;

return fbm(p, 8, .5);

// float3: CIE|¥(/octaves), 37|(/inverse contrast), lacunarity
/] = U= O|= Hizt
float musgraveFbm(float3 p, float octaves, float dimension, float lacunarity)

{
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float sum= 0.,
amp= 1.,
m = pow(lacunarity, -dimension);
for (float i= @.; i<octaves; i++) {
float n=n31(p) * 2. - 1.;
sum+=n*amp;
amp *=m;

p *= lacunarity;

return sum;

// X = o LLo|=
float3 waveFbmX(float3 p)
float n=p.x* 20.;
n+= .4 *fbm(p* 3., 3, 3.);
return float3(sin(n) * .5 + .5, p.yz);

JITIIIIIIIIIIT0001111110000011711770007117111110011111111100111711111011111111
/1 &4

float remap®@1(float f, float in1, float in2) {return sat((f-in1) / (in2 -in1)); }

LITILTTILTTLT LTI L L7 7700007070717 771777171717
// =T HE[2|Y
float3 matWood(float3 p, float3 colA, float3 colB) {
float n1 =fbmDistorted(p * float3(7.8, 1.17, 1.17));
n1 =lerp(ni, 1.0, 0.2);
float n2 =lerp(musgraveFbm(float3(n1, n1, n1) * 4.6, 8.8, 0.8, 2.5), n1, 0.85);
float dirt= 1. -musgraveFbm(waveFbmX(p * float3(.061, .15, .15)), 15., .26, 2.4) * .4;
float grain= 1. -S(.2, 1., musgraveFbm(p * float3(500, 6, 1), 2., 2., 2.5)) * .2;
n2 *=dirt * grain;

/73712 float3 2t2 RGB =i Ze] - dt= thz 0[H =F

return lerp(lerp(colA, colB, remap@1(n2, .19, .56)), float3(.52, .32, .19), remap01(n2,
.56, 1.));

}
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//3tE R E A
void wood_float( float3 pos, out float4 result){
float3 colA=float3(.03, .012, .003);
float3 colB=float3(.25, .11, .04);
result = float4(pow(matWood(pos, colA, colB), float3(1,1,1) * ©.4545), 0);

/I AHEXE MEH 7t S0t HE, colA= 122l M
void wood_float( float3 pos, float3 colA, float3 colB, out float4 result){
result = float4(pow(matWood(pos, colA, colB), float3(1,1,1) * 0.4545), 0);

0| ZE=wood_float 845 AZOZ matWood &4+E S ETILICE 0| 4= fbmDistorted,
musgraveFbm, waveFbm &+ AMSEILICE DEO|= JWLXF 2| Ao AutE Xt MEE 7|20
MENSE X| 7} MEE|0] YELICE fBm(Fractional Brownian motion fE= HE|IZE L 0| X)2 HAHH
LO|=Q| stLtZ, 7l A T2{|0| =27t FHH S0 Musgrave 0| =2t S2ILICH AHAH Ol Bl A X 9}
EailelS Motz ol A2 ELICH Musgrave 0| =& Perlin 0| X2 Z2 7|Z 0| = &2t Ha
FOt2t ZIZO| ME CHE o 7HS| 2|0|0{(SEHE)E BRste 8, M, S2E= Sut 22 ST 11
S AlEeo|MEtLCt.

oi2to]E & AlZS 2 musgraveFbm &4=0f| CHol| XtM|s| AT = &L|C,

— P (float3): ?IX| gt 2, T2 QEIVE Z7t0f

UASLIC.

—  octaves (float): Musgrave 0| == 02| SEIEQ| LO|= &8 SHt= AO2 FHETLICEL
O ZAu 53 o7t HMEH, 20[0 7} HjsiEof w2t CIE| U0l F:ItE(0f BIAXIL 25
ST ELICE

— dimension (float): 2t2| BHH|H| 2 2 EEIAEE FIO{&HLICE

— lacunarity: SEtE 7| Fot~ H|ES HO{RLICE lacunarity 2t0| 28 2 SEE= &1
MIZSHX|H, w2k o H$t I{E o] ZHSo{-L|CE

O] gh~= Ch3at Z2 3712l E2E s X7|=tet
1. BFeRE sum 2t
2. ZEZtamp

3. HEIEZZ0[0{m
HE[Z2}0|0{= lacunarityE S2 dimensionC 2 HEHZet 2L
=]

C
FLE YATILIC n31 g4= float3 Y2 S 2OHA Perlin l0| = S gietpfL

Atofofl ALB 2 #He| -1~12 ChA| 0jE S CHg X 2t ampE &t = 55 sum gl Gt a2 O
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© 2025 Unity Technologies

amp 20| A0l HE|ZE210|0] gt mE SELICE OfX|efo = ME

)
SELIC

d0
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=2
=
[}
o
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=
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s3]
<
=]
=
u
_—_
=]
o
Il

Musgrave 'tO| 2= |40t0| & UHUO = AMLHO|I XHX QI HIAKE WHY £ UJ| WE0| AFE
g

JHE AN iR SR6HAH AFSELICH CHt 0| = o8 STt HotA =M HH| &F, 75,
J2|3 ol SX ofjAlet 22 R71Mel HE|2|Z2| SHYS BN YustHME TS Z2 IHHS

WY 4 YLt

Musgrave =0l X5 AFR2t0f &lo] Ohel wAlo = 78

ret

;1

o

A 0| x| B

MIOIHOlA HAIA O] == OfL|T|O| M Bl AKX EE= X HE|Z|YS OHE M A8 Y 4= UELICHL MIE
=01 & MIO|H0f| lLO|=E C{5IH AtM Al 22 RHE oHE £ JSLICH AZte] SE0f Wzt 0| =0
OfLIm[O|ME XM E5IH 2 HHO| B2/0|= AXMH BAE0 RSHO|11 ArMFQl =200] FIHEL|CH X
TO|ZE Z2| J2C[AE Y FHE 2t 2Pt 118, E52|= T S ChYste XM HE|Z|EE
ohE 4 AL|C}

AN 0|ZE F2 SFYT CIFHS IR ofzf FH| ASLICL 727 A1 CIY HES
+AO eHB2AH 21 AiZtol F2l1 e el BRELICE B HOISE Ngate Asal
27t 0| ABOIX| QOLE TRSHD YRE|D BEP HHS BH5 4 YBLICE E3 AN =0|x
YTE|ES AYEHOIOR YL AIS S B L2 ‘RES] HFS T B5 4 AsLITH

Ol JHOE Bt HAE TS 4 U0, 2F HE HYo|Lt ME HAXY A4E|s Efzolo] Bt
Aol REBILICE Unityls OIXE $14S IAH O Mastof Efaelo] 2 MMS To| wat 2oLt
=t Hma| AEHE Foln, 458 AT 4 YALIC
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M 0| =0l= B2 Yo AR Hg = ALH, 3D oS 2|AH|0|Mo|Lt 2 &2HFel FR0E= HS

K=

= - O

JFSLICEL 85 ANE 2f8l 4o 0| =9| SHYEE HBHStHLt O Hol| A [LtE 0= g2 MPdh=
e HEFS MEE + UBLICE Ot=2] M2 THE AAHYS H= 0= S & AH8otH SHEE =Y
= A1, of2] LB 20|01 E It M E = = ASLICH

A% xR0 SMOR Mt CheRstn, B Jhsstm, Z0|HAS

o
of SLIC

—

Unitye] ZAHS 0|z Zafo|of
YcE pieLs o 2280 5 Y
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g Mathew Dennis Aug 2031
Alright, my first day at Yaxu!

Mathew Dennis

Adult
e g Mathew Dennis y 2031
@ Happy

I can't believe | finally got married to Diane Fields

\dling

®] Educated
& Employee Mathew Dennis Mar 2031

& Yaxu /be you're the right person, Karen Mason, but
A 144 Hemlock Street i 't the right time for us. I'm 5o #sad but

& Wealthy 1 just have to go.

Mathew Dennis Mar 2031

Moving in with Karen Mason! What a #happy
#day!

10:39 Sept 2031 #£27°C Fall New Dollarton 26 /h (30,914,485

Aol M Colossal Order®t Paradox Interactive2| Cities: Skylines |IM& Z&et A|22|0|M FE MO|HE Sslf Zteie| AL E GPUO

g2 4 YL,
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Ol AL M = HFE MOIEE AL RILICH HRE MolH= St AlLtol 2] 7H2| AME[E|0| X=X

A thofl B2 2lAAE ARG HYM AHEE = ASLICH THE|Z 2ot 2 /S A2 dHESLICE
ZHFE MOIHE NS HotCHH &2 ZAm(e ERE0 A= 2|AAE HISIM .

Unityoll M ®MSst= £ 712 TEIZ A|AH HEE AAR(LEQ THEIZ A2 8 VFX Graph)E A8
E[X[2H O] AT M= REA| A AR S HIZFE ALICH DA 5HH AAH Y E HAIQF 22| = HOIHE
DtE= O 2Rt 7|HS O &2 olsist =2t JHO| HAIZF MEBE|= A|IZH 21HE S & ASLICHL AME
52l GPUO| 2t ek 7o 2 E2|2 HIA| = JHSELIL 0] 7|2 TC|, ME|7tE, 2, 2R, 25 §2
dHoh= Ol Ar 8 5= AFLICH

ParticleFun

ParticleFun 2i[A|T] AFE Ab2|

Scenes > Compute Shaders > ParticleFun > ParticleFun2 9 C}& Visual Studio CodeZ 0| 55}0

Z2 Z00|M ParticleFun.cs, ParticleFun.compute, ParticleFun.shaderE @L|Ct.

m2I%e MW THES0| AlZto] S 20| w2t 0tA 9IXIE S SX0| D Lt Hats HS & 4
UaLICH M TERE AHEASUCH TEE O} ASBUERE AlSELIC

public class ParticleFun : MonoBehaviour
{

private Vector2 cursorPos;

/] TEH|

struct Particle

{
public Vector3 position;
public Vector3 velocity;
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public float life;

const int SIZE_PARTICLE = 7 *sizeof(float);

public int particleCount = 1000000;
public Material material;
public ComputeShader shader;

int kernellD;
ComputeBuffer particleBuffer;

int groupSizeX;

RenderParams rp;

ItE| 22 position, velocity, life 2tS Z&LICH 7HE TE|S2| CIO|E{= TS E2EE A
OHE|22| 37| = E2E StLte| 78 27| LI 2 THZ AFEXI7L QI AHE{Of| M = 5

NIO|E& ParticleFun.computeL|Ct.

Start HIAMENA Init2 SEELICL Init HMEE 2 THEIEE Z7|3}EfLICE position2
Homogeneous Clip SpaceZ HEE/L|Ct 0|= 2} 0| A -wet w ALO|0f| U= 240|H, O{7| M we=
ZtEO| | HW| AL w=10[|2t1 7pHSHH -1, -1, -12 B FAH| 2K 0] A= 15 strto|

HEAOM Ha| Bo{T RER HEHILICE

Vector v=new Vector3();

v.x =Random.value * 2 - 1.0f;
v.y =Random.value* 2 - 1.0f;
v.z =Random.value * 2 - 1.0f;
v.Normalize();

v *= Random.value * 5;

particleArray[i].position.x
particleArray[i].position.y=v.y;
particleArray[i].position.z
particleArray[i].velocity.x= @
particleArray[i].velocity.y= 0;
z=0

particleArray[i].velocity.

particleArray[i].life =Random.value* 5.0f+ 1.0f;
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H0| JE MATL|CH HE|2|Y2 ParticleFun.shaderE AF23t= Particle HE[Z[R0]|
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M x,y, z7t-12t 1 ALO| gt 2 P29 @HEl Vector3E BHELICH O3 CHZ HIE|Q| Z0|7H 10| £ =%
FrteteLict, Z0|E 58 eFEELICE o] HIE{ S AM83He] IHE|S BiEofl &t JHE ME|Z2| /KIS
MAHBLICE velocity= 022 MHE| 1, life= 12t 6 AtO[2] HE Zfo 2 M ELICE

// BFE HI ¥A

particleBuffer =new ComputeBuffer(particleCount, SIZE_PARTICLE);
particleBuffer.SetData(particleArray);

/1 HE2| ID 7|
kernellD = shader .FindKernel("CSParticle");

uint threadsX;
shader .GetKernelThreadGroupSizes(kernelID, out threadsX, out _, out _);

groupSizeX =Mathf.CeilToInt((float)particleCount / (float)threadsX);

// BFRE HI{E M|o| 3! AFE M|o|C{of HielE
shader.SetBuffer(kernelID, "particleBuffer", particleBuffer);
material.SetBuffer('"particleBuffer", particleBuffer);

rp =new RenderParams(material);

rp.worldBounds = new Bounds(Vector3.zero, 10000*Vector3.one);

CHS EHAlE ComputeBuffers tEE ALt ComputeBuffere 249 & LIEHHE count & 2t
249| 3|5 LtEHHE stride2h= F 71| M2t0|EE #HE&LICHO 7| M= 282 particleCount R SIZE_
PARTICLE). 231 CtZ SetData MM EE AHE5I HIHE MFLICH J12{H H[0|E{ 7} RAMO| A GPU
=22 o|SELICH ComputeShaderol M HMAS 4 Joe{M DE H|0|E{ 7t GPU HIZ2|0f| Lo{oF
gtLICt. ComputeShadere| 2=+= ComputeShader ZE0| Qe HHO|2tE E4 &4E ALES}0]
SEYLICEL 2 HE2 1IR3 IDE Z&LICH 0] IDE TH2t0|HE B4 0|§2 A8t FindKernel

HMEE =510 ¥ 5+ ASLICL

ZHE2 x,y, 23709 A= Oi2t0|EHE ELICH ZFE MO|C 2| HIH2 HEE M E3irte
UAELICL THE|Z ol Aol AZE 352 37|=256,1, 12 AAE 0 USLICH GPUS| M2 A CiEt
Zo{Liz{™ M| 7|7|2| ot7| = X0l CHall 211 QUofof BrL|Ct.
C# AR ENM HEE Mo|E HME GetKernelThreadGroupSizesE A0 AE 18

2710 YN A & ASLICHL DE TIEIZS TBHE AUSE ALGOI TS AC0) Ligt e 914013
74 CIATYX|eHOF BHLICE.

Mathf.CeilToInt((float)particleCount / (float)threadsX)
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o] Aol M RE EAH2 x A S0l M ZIMELICH particleBufferit HE|Z|Yat ZEE HO|E 2
MEE= AE = & JASUILCHL

shader .SetBuffer(kernelID, "particleBuffer", particleBuffer);
material.SetBuffer("particleBuffer", particleBuffer);

0| oflAle| B A2 HIZ GPUO]| AFste 3] ComputeBuffers ZEE M|O|C{et HEIA T2fOIHE
MOIHOIA AHBE 4= QUCHe HULICEH w2t AFE MOIHOA HI{S| LIS REE 4 JUCH, HEA
D2 IHE MO|HE A3t QEMEES Y iyt = AN ST HIHIE AFSEL
RenderParams QIAEIAE x7|&}6lj0F sH=C, Ol 2 Bounds QIAHAES MESIM| R, O] QABHAE
Graphics.RenderPrimitivesE A2st0] IE|ES HHAE mf ZRFLIC

O|dl Update HIMEE HAHEFELICH. 7| HFE Mo[H2 deltaTimezt mousePositiong
MFEELICH, 33 CHS oM 32 kernellDE Dispatch®LICt. Dispatch& mi= x, y, z AFlol| CHaH
e O29| M4 MELICE. H{ES particleCount3| AMdlislof st x A E D89 37|& 256
0|22 groupSizeXE particleCount / 2569 M4 220 ElL|Ct. 2&(ceiling)2 thad| 44X
US I IR 2 HEE 22l A Ao|E . olE §0 7/29 85 44H 310]3.52 F2, H%
22US MM O 22 ChS ™40l 471 ELICh, x XHlof he groupSizeXE AFEsHH HA2 x Z10]
BFE particleCount-17tX|2| 2t QIEHIA g2 2t = MAMEH, particleCount?t 2562 Hi7t
Ofl 2R O =2 QlElA 22 = =E MHMEL|Ct, Dispatch7t 225 HparticleBuffers 2t
OIE|Zo| M 21X g2 27| ELICt.

0| A|IE0IA Graphics QIE{H|O|AS| HAEE AESH=H|, O2{2{H HAN MHo| UREL|C}, O
RenderPrimitives HA =& ChSat 22 1| 7H9| ot2tO|E & BH&LICE

—  XA% Bounds?| HAHE Holst= RenderParams QIAEA

void Update()
{

float[] mousePosition2D = { cursorPos.x, cursorPos.y };
// BFE MO|EZ H|o|E &

shader.SetFloat("deltaTime", Time.deltaTime) ;
shader .SetFloats("mousePosition”, mousePosition2D);
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// THE[Z2 HH0|E

shader .Dispatch(kernellID, groupSizeX, 1, 1);

Graphics.RenderPrimitives(rp, MeshTopology.Points, 1, particleCount);

AH HH2 HEIZ|Eo| HZE MolHof Qs M2|ELCh 2 #2S 4HEHELICH

ParticleFun.shader Ttof siE HIHO|| Ciet #EE FItslof BrLICH J2{2{™ IiE|Z XA
Ho|7t WegiLC},

struct Particle{

float3 position;
float3 velocity;
float life;

I

StructuredBuffer<Particle> particleBuffer;

HIE RWStructuredBuffer?t ot StructuredBufferz M&Est= 0|G= MO|EH7t Of
HIHO| HIO|E|E MX| gf2 Z10|7| tfEQLICH ClO|E M7|= HFE MIO|E 7t BHEteiLCt.

_PointSize TZME|7} QELICE Attributes F=H|(vert E42 MYHEE QIAEA)E instancelD
T2HE|S ZELICH M 0|69l 2L instance id7t 08 E particleCount-17tX|2| ZfO =2 MHEIL|C,
O] g2 HIHE &=X6H= QAR ASTLICHL AFEE MO|E 7} 0] position 2/2 RIHI0|EE Zi0|2 2, ||
X Holls ZFE MOIHE, dHEols HEA TefIHE HO|HE A8Y 4 JUELICH MeshTopology
HME AT mi= MO|TH7E A|HE! PSIZES = Y3 T2I0EE FHo| old & 37|2 MAsfjof eiLiCt.
07| AFEE os MHE= Ha PointSizeE HHELICH

Shader "Custom/ParticleFun"

{

Properties

{

_PointSize("Point size", Float) = 5.0

SubShader
{

Tags { "RenderType" = "Opaque" "RenderPipeline" = "UniversalPipeline" }
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@ | Compute shaders |

Pass

{
HLSLPROGRAM

#pragma vertex vert
#pragma fragment frag

struct Particle{
float3 position;
float3 velocity;

float life;
+s

StructuredBuffer<Particle> particleBuffer;

#include "Packages/com.unity.render-pipelines.universal/ShaderLibrary/Core.hlsl"
CBUFFER_START (UnityPerMaterial)

float _PointSize;

CBUFFER_END

struct Attributes

{
float4 position0S : POSITION;
uint instancelID : SV_InstancelD;
UNITY_VERTEX_INPUT_INSTANCE_ID
¥

struct Varyings

{
float4 positionHCS : SV_POSITION;
float4 color : COLOR;
float size: PSIZE;

Hs

Varyings vert(Attributes IN)

{
Varyings OUT;
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Particle particle =particleBuffer[IN.instanceID];

/] ZE
float lerpVal=particle.life* 0.25f;
OUT.color =half4(1.0f - lerpvVal+0.1, lerpVal+0.1, 1.0f, lerpVal);

/7 91K
OUT.positionHCS = TransformObjectToHClip(particle.position);

OUT.size= _PointSize;

return OUT;

half4 frag(Varyings IN) :SV_Target

{

return IN.color;
}
ENDHLSL

OlHollz ZRE MO|HE MENELICL ZEME BE QEZ 22/510] Create > Shaders > Compute
ShaderE Sl ZFE MO|HE THSLICH

Shader
Shader Graph
Testing

Standard Surface Shader
Unlit Shader

Image Effect Shader
Terrain Compute Shader
Text Core
TextMeshPro

Timeline

Ray Tracing Shader

Custom Render Texture

>
>
>
>
>
>
>
>

Tutorials Shader Variant Collection

AFRE MOIHE gHEL
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oE|20f At2E HIE Ho|siof &Lt HIE AR ES| HIet YX|sH= AZME 7140k 8t 0]
M|o|E{ = HIHo|| CH|0|E{E £ Z{0|2Z 2 RWStructuredBufferZ Aoislof shL|Ct.

// TFE| 22| H|o|E]
struct Particle

{
float3 position;
float3 velocity;
float life;

i

/7 HO|E %t S7E|= THE| 22| H|O|E

RWStructuredBuffer<Particle> particleBuffer;

CSParticle €2 Ct31t Z&LICEH.
Particle particle =particleBuffer[id.x];
particle.life -=deltaTime;

float3 delta=float3(mousePosition.xy, @) - particle.position;
float3 dir =normalize(delta);

particle.velocity +=dir;
particle.position +=particle.velocity * deltaTime;

particleBuffer[id.x] =particle;

if (particle.life < @) respawn(id.x);

HIHO| A Q1= AT} id.xQ! THEIEE 714 SLICt o] 7'20| Dispatchf®= 24l mjZof| o] TE|Z2 Aol
A E CHE 0RE particleCount-17tX| 2| 2t Z&LICE O L2 lifeS FRLICL ATBEE S5
ZAEE Mo|He| Zt A32l HO|o|Eet 8hH MHE[= deltaTime Z2HE|S AL EILICE O] 242 OtX|9t
AUCO|ERFE| Hutet A|ZHZE)ILICH Unitys ME IHZE A2 1X0] 2F 602] EA|SIE] SHEE 0]
e i =2 AYULICE w2t deltaTime 2F 1622 %(0.016%)7t ELICt,

Z S O(LEIZQ| z 7|28 2 MNto] ME|SEE Ot A X|7HX| S HIEE THEL|Ct OFRA (K| 22
OpRAo| §E QX2 MA™EILICE ParticleFun. cs IFL0IA OnGUI O|HIEES AIRSINIR.
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void OnGUI()
{
Vector3 p=new Vector3();
Camera c =Camera.main;
Event e=Event.current;
Vector2 mousePos =new Vector2();

// EventO|A ORA Q{X] 7k 27|
// EventOM 7tX& y @I X|7} HHH &l
mousePos.x = e.mousePosition.x;

mousePos.y =c.pixelHeight - e.mousePosition.y;

p=c.ScreenToWorldPoint(new Vector3(mousePos.x, mousePos.y,
c.nearClipPlane));

cursorPos.x=p.Xx;

cursorPos.y=p.y;

O[FH| st oreA =&0| HXl &=
EE= Ofi%

H, ofzte] AES ABoLo] 0|2

y 1 =

209 AM83t, Event .mousePosition

IR PNE=RES

ScreenToWorldPoint (0] HIME0=

AMEdHH 43Xl Z2aE e + ASLILL

Z 30| nl_g_ol)

A3 MetetL|Ct AT 2
ZE 022 M8YLICLyUS

gtMst2{H Camera pixelHeightOA mousePosition.yE #L|Ct 33 O Camera HAHE
Atg%L|ct ol nearClipPlanes

[

OrRA KIS HE ZHEZ Hetsts SES MS| 20t e Game Dev Beginner2| 0| A[A|Z22

TSN K.

O|X| Ot A X EH DIE|ZS 7145Hs Ol AF8E® £+ e
deltaTime2tE HXSH AL TtLICE

HE 7t ZHI = A

mtE| 29| life7t 0 CH 2o ™ ME|2S M4 (respawn)dt 1 fast-random
2Ire| Zt2 WMELICEH £X| 0= 4 2|0F7F H|QHsE XorShift 4 MM 7=

ocood 7/t
7|5
I}E| 22 40| 0tRA 2{X]0| 1 z=00|0] ¥tX|50] 0.821 7 otoi| fIX|efL|ct Af IHE|Z
XA velocityS 022 MM ELICH
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void respawn(uint id)
{
rng_state=1id;
float tmp= (1.0 / 4294967296.0);
float f@ =float(rand_xorshift()) *tmp- 0.5;
float f1 =float(rand_xorshift()) *tmp- 0.5;
float3 normalF3 =normalize(float3(f@, f1, ©6.0)) * 0.8f;
normalF3 *=float(rand_xorshift()) * tmp;

particleBuffer[id].position=float3(normalF3.x +mousePosition.x, normalF3.

mousePosition.y, 0.0);
// O] THE|22| 1ife MHH
particleBuffer[id].life= 4;
particleBuffer[id].velocity =float3(0,0,0);

life Z2HE|S AFESI0] ME|22Q| Z2HE HMojoh EASLICH HEIA T IME HO|H S| vert &40l

Ze| 2ol thg =8 FIHEuC.

float life=particleBuffer[instance_id].life;
float lerpVal=1ife* 0.25f;
o.color = fixed4(1.0f - lerpvVal+0.1, lerpVal+0.1, 1.0f, lerpVal);

=2 135

O|X| mE|Z 29| H2{7t HEfLICt. life7}t respawn E4=01| 23l 42 M =|11 0] Zt0i| 0.258 &S
lerp 242 12+ 0 ALO|2| 20| EILICH WZHM xHE2 0.1001M AlZSHL lifedt E01F0l M2t 1.12 SO0{LiH,
EEM xHE2 1.101M A|ZISID AlZHo] SEOf W2t 0.12 EO0{SLICH THEHM2 oh4 10| 1 Lob= A|ZHO|

L=

SEO| met £20{S7| W20 HA0| S2{FLICH

O] flAl= St oM E 2= o] 7He QIAHAS S f HFE HO|H 2t HEIA

- o2 A ==

MIOIEE el At83t= Zi0| LOtLt RE0HX| H Ch 7| M= 74 Zhehet of Aol
2 3
=

=
]
X

L
20| ALSE[ASLICE CHS A0 M= O] JHEE &HEote| 0f2] 72| HiA| QEHMEES HIC

20 FLCh
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Q | Procedural noise | Compute shaders | Conclusion

HAl QEHE =7t

O| HA| QERE = ZF S AHYLICH ZTO|2t= JHE2 SH=2 Lis M F2IE 2ET O HIREJ2H,
F2|o| 20| thast FASUHOZ HOE 5 UChs AE0M AZEAUELICE X HW 7£12 o 0t2| 9
Mz FHOIM Ao S0{QE A MSS| WS QXS 4= QUCH= WYLICE Siggraph 870lA 20|21
Zol==7t YHS =202 M3 HQHE O|2YULICE =20M = 2EO 74 QAE ‘Ho|E’2tn HROH,
0| 80l= ZHRFEZ AS20|HE 2T 7HE S 7t217]= LEHQl 8012 FAMELICL Ho|=
(boid)& ‘bird-oid’ x| ZUZALICE.

Ed MEX Hol BIX[E LHOIM AlOF otof| Rl= 2Tl FEHSES AMet = Ch31t 22 37HX| RAl2
AtEdHe 2t Ho|=9| 9%, ¥, £ 8 LI

1. 22 2X0j U= CHE 20|t ] JIHIXIX| = 0
HO|=0|l M 2X0f| A= CHE 2O0|EZ #E= HE ST LHE Yets 2= HHE L

In
o
gl

jo

|
0t
gt

s

o

O[Ojx|: 22fo|a 2flolE=, Ho|=: HiZ 8! LH0|E(FR)
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@ | Compute shaders |

2. HWIN0| Yt H0|S BRHOI WS B WS THHLICL HH WS 2No| Ut

S
',

O[0]x|: Z&jfjo| o] ==, (=)

3. SH: Mo A= Ho|=9| W K2 St T Yeks ZHLLICHL 2H0]| A= Ho|=9| Bt
n sk X

o[Ojx|: 20| #lo| ==, (32)

2|et STO| MZ 2lHiE= AXE 2eIttH, 22|E fIEiME X 20|E2RE = HWEHE AHg5ta
HE M= 20|= OF2| Y ?IXIE Ao A= HE 7[H5HMIR.

THEQI GAE M EASLICE
Scenes > ComputeShaders > Instanced0l|A] InstancedFlocking 12 @11, VS CodeZ 0| S35t

Z2 Zr{o|M InstancedFlocking.cs % InstancedFlocking.computeZ &L|Ct =
CHE ComputeBufferE At Z40|H, 0] oflAlof M= BFE MO|Hof| TSELCt.
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| Compute shaders |

HO|E=E £ position, direction, noise offset 22 Z&LIC} 0| XAl MAXt HIM =7t 27t X2t
FZEH|9| Hlo|E{= Vector3 1712t float 17HRILICE,

public struct Boid

{

public Vector3 position;

public Vector3 direction;

public float noise_offset;

public Boid(Vector3 pos, Vector3 dir, float offset)

{

position.x =pos.X;
position.y =pos.y;
position.z=pos.z;
direction.x=dir.x;
direction.y=dir.y;
direction.z=dir.z;
noise_offset=offset;

AL 22 S S ZHSH= Ol AH83t= 02| public Z2HE|E 2 4= JA=C, MOIHE 2Est=
M S AT E ST

InitBoids= HO|E H{ES THS 1 X ZLICH position2 T 2t0fl A= FEHe| ZHALICH

InitShadere 20|= B{E2HE ComputeBuffers &1 Mt CHE ZEE H|0|E 9| of2]
DZME|IE AFELICH

Update MM EE time2t delta times HEst H'AS CIATNX|RLICH HRFE M|O|E7t 2 HO|E2| M
position & direction A2 2t25tH RenderMeshIndirects AE5t0] HO|EE HIGRIEHLICE,
RenderMeshIndirect0ll= RenderParams QIAEA HA], GraphicsBuffer QIAEATL
ZQPHL|Ct. RenderParams QIAEAE Start HIZ0|A x7|stHEIL|CE,

renderParams = new RenderParams(boidMaterial);

renderParams.worldBounds = new Bounds(Vector3.zero, Vector3.one * 1000) ;
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@ | Compute shaders |

MHXIo| HE|Z2| 0| MEE Aol F=5HM|R. O] HE|Z|Y2 QIAE Y S X|8Hof SIL|C A8 E HIME=
URP Lit MIO|HE $Hst= 8 QILICt o] A S I8l Library/PackageCache/com.unity.render-
pipelines.universal/Shaders ZC{0f| A CtS 1t 22 TIYUS SAFELICE

—  Lit.shader

—  LitForwardPass.hlsl

—  ShadowCasterPass.hls|(2&Xt7t X|HE|= ELR)

oty

mjo

StLtol ool EC{oll MFetLct.

VS Code0llA| Scenes > ComputeShaders > Instanced > ShaderE 2T E N 2. PackageCache
ZC0|lM SAHE 3749 U S = 5 JASLICE Lit.shaderoll= 2] HAE Abgto] ei&LICH Mo 2
0| 0| HEE|AELIC.

Shader "Custom/Flocking/Instanced"

{

LitForwardPass.hls|2| Z27} M SILIE HEE|J}CH, 0| &= Lit.shader Tt Tt 22 EG0| Qe THY
A2 Zielg o|O| gL C}. LitForwardPass.hlsl TFL O A boid T EAH|2t boidsBuffers &o|gtL|Ct.

fjo

struct Boid

{
float3 position;
float3 direction;
float noise_offset;
Hs

StructuredBuffer<Boid> boidsBuffer;

create_matrix &+E FItetL|Ct, O] &&= position, direction, up HIE|Z5E 2| % (|
HEZ|AE BhEL|Ct,

float4x4 create_matrix(float3 pos, float3 dir, float3 up) {
float3 zaxis=normalize(dir);
float3 xaxis=normalize(cross(up, zaxis));
float3 yaxis =cross(zaxis, xaxis);
return float4x4(
Xaxis.x, yaxis.x, zaxis.x, pos.Xx,
xaxis.y, yaxis.y, zaxis.y, pos.y,
Xaxis.z, yaxis.z, zaxis.z, pos.z,
0, 0, 0, 1
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Attributes A0l SV_instanceID A E F7I6t= A0| ZRQELICE. 0|2 Solf HEIA HO|E Q|
instanceIDOf| HMAS &~ USLICE

struct Attributes

{
float4 position0S : POSITION;
float3 normalOS : NORMAL ;
float4 tangentOS : TANGENT ;
float2 texcoord : TEXCOORD® ;
float2 staticlLightmapUV : TEXCOORD1 ;
float2 dynamiclLightmapUV : TEXCOORD2;
uint instancelID : SV_InstancelD;
UNITY_VERTEX_INPUT_INSTANCE_ID

i

Lit.shadere g4 LitPassVertexE HEA HO|EZ HolgtL|Ct. 0] 4= Forward
oto|Z2tle QI$t LitForwardPass.hlslo Q&L|CH.

2 Attributes It2t0|E{0fl instanceID7t Y222 boidsBufferd| M 7HE HO|=EE JtNE 4= USLICH
create_matrix &2 boid position ¥ direction2 AHE3t0{ IlEZIAE THELICE input.
position0Set ¥z ohE IHERIAS F3510] O] Mol 7|2 HHO0M GetVertexPosition2z

Ml oi2t0|E S MEELICE GetVertexPositiondlE float37t R3I2Z mul &4 g0l . xyzE
27150 float4 EHE float3 EHOE HATILICH NormalInputz S25HA M2 gL(ct.

Boid boid =boidsBuffer[input.instanceID];
float4x4 mat =create_matrix(boid.position, boid.direction, float3(8.06, 1.8, 0.0));
VertexPositionInputs vertexInput =GetVertexPositionInputs(mul(mat, input.position0S).xyz);

VertexNormalInputs normalInput =GetVertexNormalInputs(mul(mat, input.normalOS), mul(mat, input.
tangent0S)) ;

o
et
=
m
u
e
k=)
M
=
mn
$Q
ol
T
n
=]
=
m
il
ne
]
>
ol
Ot
[=]
k=]
o
=
10
=2
>
to
T
Im
i
fH
=
ot
rir

J2HmA Ml & COHE HIH argsBufferZt AR EO] F7HE[JUELICH HEIA TiTIHE HO|H =
HEE Aol O] HIHE AFERILICE O] HIHE X7|otdt= =8 F7HH0F Lt

HHE 0t tj= RS IndirectArgumentsz, HiES R4S 12, Q49| 37|12
IndirectDrawIndexedArgs®el sizeE AXgL|Ct. 6lLte] IndirectDrawIndexedArgs®
THE HE S MHELICEH. GetIndexCount HAMEE A86L0] indexCountPerInstanceE
boidMesh?| HEIA FI2EZ MAESI1, instanceCountE numOfBoids EZ2ME|Z MATtL|C},
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SetData HAMEE AE6t0] H|O|E|E argsBuffero SALELICE O ClIO|E{ 7} GPUOH AFFL|CE.

argsBuffer =new GraphicsBuffer(GraphicsBuffer.Target.IndirectArguments, 1, GraphicsBuffer.
IndirectDrawIndexedArgs.size);

GraphicsBuffer.IndirectDrawIndexedArgs[] data=new GraphicsBuffer.IndirectDrawIndexedArgs[1];
data[@] .indexCountPerInstance = boidMesh.GetIndexCount(9) ;
data[@].instanceCount = (uint)numOfBoids;

argsBuffer.SetData(data);
O|d|Update HIMEE HHEJNELICE. HARFE M0|H2 Timedt deltaTime2 HAFefLICt HO[EQ|

position X direction #|4t0| &2 =|H Dispatchdtll, RenderMeshIndirectg& AtEdto]
HO|EE #Cj gL,

void Update()

{
shader .SetFloat("time", Time.time);
shader.SetFloat("deltaTime", Time.deltaTime);
shader .Dispatch(this.kernelHandle, groupSizeX, 1, 1);
Graphics.RenderMeshIndirect( renderParams, boidMesh, argsBuffer ) ;
}
XISMK| AT E| 25l 2otop g ZE M-S HTBELICEH O|Hol|l= HFE MojHe 2& ZEE

HHESLI.

HollA ATHE 371X pAQl 22, ME, STo| HEELICL HA idXxE 7|ECE HHERE HO|EE
b ZLCt. 33 CHS separation, alignment, cohesion2| £7| g2 MAEIL|CE 0|28t 22 AlAtE
uf= 20 Qe 2o|=at nafEtL|Ch ¥l 20|=£ 0] BtX|E ¢t Y22 Z nearbyCounts 00|
Ob:l 10| A A|ZFRLICE J&d CHS Rt #xf HO0|=& 7t2|7|1 QUCHH CHE H0|E& RAISHE EL|Ch

i7hid.xet E2toF YH|0|EZF MEELICE O3 THZ i Ha7t 712|7| = 2EO|EE M SLICh S M 20|=0M

Al 2O|ETIX|2| 72| 7} neighbor distance ZEME|ECH R2X| &0lst= AATL oL O JL&LICt

Boid boid=boidsBuffer[id.x];
float3 separation= 0;

float3 alignment= 0;
float3 cohesion=flockPosition;
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uint nearbyCount= 1; //RI0|A 2A|E Xt 27t

for (int 1= 0; i <boidsCount; i++)

{

if (i !=1int(id.x))

Boid tempBoid=boidsBuffer[i];
if (distance(boid.position, tempBoid.position) < neighbourDistance){
/121K ALt

7+ sEet At2 2e|YLICh 22= o] M SEIR|M A5 = Ho|H, XZ2 Y2 SEE

MHEZSLIC alignment®| 2L 2t 20|=9| direction?| B2 F6t1, cohesion?| 2 2t E0|E9|
position2| &g F&LICtL cohesion Ha= 2 position?| gt Z&LICE

alignment += tempBoid.direction;

cohesion += tempBoid.position;

nearbyCount++;

3 o2 R BlolM nearbyCount 2t ALt g4t 2t2 nearbyCount #2E LiF0

HA
alignment2t cohesion®| Wi Zf2 FELICE cohesion®| AL | E0|=29| positionS i1 Z1tE

XM stsliof ShL|C |2 A| stH EF directionO| 37§ TRIHE| Q| §0| ElL|C} SFX|2t M2 A AtSt direction2
NMEg mf= 7= boid directionzte| I W2 SHE 2T OZ AL26H0f BLIC lerpE AtESHH A AHE

direction®| 6%2t AFE[ 1 LIHX| 94%= | X|ELICE.

H0|=2| direction(rotation 2/0| Okl forward HE{)2 T OL| 0| gtoll speedt deltaTimeE Zst0]

positionZ YOH|O|EY 4= AFLICL OFX|2f HHAl= HIHO| FH0|ES X Edts AYLICE

float avg= 1.0 /nearbyCount;

alignment *=avg;

cohesion *=avg;

cohesion =normalize(cohesion - boid.position);

float3 direction =alignment + separation + cohesion;

boid.direction=1lerp(direction, normalize(boid.direction), 0.94);
boid.position+=boid.direction * boidSpeed * deltaTime;

boidsBuffer[id.x] =boid;
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O|F| Z2 S HAMSHH OHX] separation ZtS X E3HX| U7 HE ZE EO|=7} StLt= HEtE L)
0|E #H3ll 2SI

240l Lt2 for RO A YAl 2O[=0iM x| &St U= 2OIEMK| Q| HE 2t ZO[E FHSLIC Al
HO|ET} 0|2 H2|= BFE g0t HE| A2 2AIRILICE 0] AH2|EL} O™ separation 20l A+E3H0F
LICH offset HIE{E A HFotD U= EO|=0f| 7MH/E 8 AR = U= A LYLLIC 12 dist2
Lhe 242 A8t U282 022 L= 2FE XISt dist7t 22 00| =|H ¢F EL|Ct.

J-CHH 1/dist 7] 1/neighbourDistances RS 20[E7R27? dist7t 22 2{0|H 1/dist= 01 2
20| E|2 2 X2 1/neighbor distance 242 FAIY 4= UASLICE HHHO|| 0] 2O0|=7} 0|2 Hz[2e| A
Zbtolofl RCHH 1/neighbor distance 7| 1/neighbor distanceZt =0 001 7t7t2 ZtS A ELICL 5,
HO|=7t EfZl 20| =0 7t7t0] /O™ separation HIE{7t D1 HX| 11, 0|2 72| 20l 7FECHH 2 A|SHA|
ElLich

float3 offset =boid.position - tempBoid.position;
float dist=1length(offset);
if (dist<neighbourDistance){
dist =max(dist, ©.000001);
separation+=offset* (1.0/dist- 1.8/neighbourDistance);

O[F| Z& A7} 2t EIASLICE R X7t X[LHH 2 E HO|E7F 22|15 0|F0 2 fIXIE SHR=2
S| HglLct.

SkinnedFlocking %I
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0| 2[Z oA = A7ZI= HA| HIE2{E AFEBILICE Scenes > ComputeShaders > Skinned ZL{ 0| A
SkinnedFlocking Mg €11 AHTYL|CE U2 ME0| L= 2&2 £ & USLICE VS CodeZ 0|F5104
Scripts ZH0IM SkinnedFlocking . cs& ELICt Shader ZH0IM SkinnedFlocking.compute %
LightForwardPass.hlsl& FLIC}.

IYELE AZSHUSLICE A0lA 2 oAt H|stXITH S JEX| CHE Mo Y&LICH A, boid
ZNofl frame Z2ME[Jt QAELICEH O] ZZHE|E AFESI0] EAIZ OfjL|H[0|M Zajlg MEdgL|Ct,
o, HEE Mo|C{et HAH 8l Mo|HZ MYEl= numOfFrames TZHE| 7} Q&LICtH. Aln,
3IYEE Mo|Ee| EnableKeyword HA =2t DisableKeyword MM EE AFESH0] M|O|H 0 A
HO|E FItot Lt M|AELIC. O] O Aol M= M| I HIH QI vertexAnimationBufferT AM2ELICE A
HME®Q! GenerateVertexAnimationBuffert & £ Q&L|Ct Ol HMEE AT E A ELICE

2
d

> A

= RH0| AIZHE|7] TOf| Animator HEHES M50 HAIS Y Zxz AFPLICH 23 O3
EXO| HEIA 9IX|E HI{0f MESLICE O HIHOM SHIE QIHAS MEHSIH HiA|of £ LS| M2
CHE ZXE BAE & AELICHL 7MY HH 2t A2 Animator HEHEILICH Unity2| OfL|H|0] 82
of2] 7He| 2|0[01E AT 4= UK, 7| M= ZHEHSHA| 2|0]0f 12F AFESHUE LT

animator =boidObject.GetComponentInChildren<Animator>();

int ilLayer = 0;

Animator7t OfL|H|0]- M 27 FlapWingsE A5 2 MAMSI=E MHE 22 & 4+ YSLCL ZXE
MYt H state ME, TXE M&Y M Mesh, F 72| H4IF ZQptL|Ct.

AnimatorStateInfo aniStateInfo=animator.GetCurrentAnimatorStateInfo(ilLayer);

Mesh bakedMesh =new Mesh();
float sampleTime = 0;
float perFrameTime = 0;

0] A3 EO|E FlapWings OfL|H[0] MO 2 M El animationClipOlats public T2 HE|7}

SLICH AnimationClipe| T3 £ & 20| ZEME[E ALESH0] Ho|3E Iaj| ol J+E
HetL|Ct o] 22 HEIAO| AF2E vertexAnimationBuffere QIHAS MASH= O XtE AR E
10|22 29| H|Z$0|H O EEXQULICE Mathf QEXE0|= 0| 22 MASH= o S8%t HMET}
USLICE OfH| 7HE maj|lo| X|& AlZHE 7I™E 4 USLICE

numOfFrames = Mathf.ClosestPowerOfTwo((int) (animationClip.frameRate * animationClip.length));

perFrameTime = animationClip.length / numOfFrames;
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@ | Compute shaders |

=13

HiAl2] HEIA FH2 ETF H QBT O|X| HEIA CIO|EE XMESL7| 23l VectordZ P& HIES HFY +
UELICH HiE el 20| = vertexCountOll numOfFramesE ¢t ZfLICL O|X| HEIA OB & 1S
FH|7t = AELICE O] Y2 for FEZ $YEILICHL aniStateInfo LEMEES AHEStD 20[0{2t
AIZEAZES EEOIHE M OfLIHO|ME JHNE = AELICH. O CtS deltaTimel = 02 YK

=

UpdateE 2 ZfLIC}. O|F 7| St HIA|Zt O OHL|mH|0] Mo of3f| Ol ¢IX|2 YUC|Oo|EELICE. O HAIE
bakedMesh 2 EXE0] #|0| 2ot Lt HEIA0] et BH5 2US M HEIA B 28 MEE 4+ ASLICH

var vertexCount =boidSMR.sharedMesh.vertexCount;

Vector4[] vertexAnimationData = new Vector4[vertexCount * numOfFrames];
for (int i= 0; i <numOfFrames; i++)

{

animator.Play(aniStateInfo.shortNameHash, iLayer, sampleTime) ;

animator.Update(0f);

boidSMR.BakeMesh(bakedMesh) ;
//017|01|A EHEIA HHEOf| BHEA X E
for(int j= 0; j <vertexCount; j++)
{
Vector4 vertex =bakedMesh.vertices[j];
vertex.w= 1;
vertexAnimationData[ (j * numOfFrames) + i] =vertex;

sampleTime += perFrameTime;

0| AIF0l A ComputeBuffersS 283st= ol AH2e 4= U= HEIA HIE S ZHA| ELIC Ol HIHE
ME|2|Z 2 HEELICH HFE MOIEollE o HI{7t REX| 81, HO|T{oj 2k 2 REHLICt O] HI{o| M=

ot g AYLct

vertexAnimationBuffer = new ComputeBuffer(vertexCount * numOfFrames, 16);
vertexAnimationBuffer.SetData(vertexAnimationData);

boidMaterial.SetBuffer("vertexAnimation", vertexAnimationBuffer);

O[X| HFE MO|E7t o't JebS A=K T EHSLICH

1l £, deltaTime, boidFrameSpeed ZZHE|Z At2310] boid frame ZZIHE|Z ZXBIL|CE,

2X210| tHE MUSE MR T WEL|CEH frame TEHE|7F numOfFrames T2IHE|E MESHK|
ott=x| =olstL|Ct, MESICtH boid. frameO| 01t numOfFrames H| Ato[of| J=E 0] 22
B |C}
= .
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boid.frame

| Compute shaders |

=boid.frame + velocity * deltaTime * boidFrameSpeed;

if (boid.frame >= numOfFrames) boid.frame -= numOfFrames;

OfH| MIO|H E &2 SL|Ct HE

struct Att

{
float4
float3
float4
float2
float2
float2
uint i
uint v
UNITY_

A Mol g2 MEEl Attributes QIAEIA T vertexIDet
instanceIDE Es&tst QLo{oF BhL|Ct.

ributes

positionOS : POSITION;

normalOS : NORMAL ;
tangentO0S : TANGENT ;
texcoord : TEXCOORD® ;
staticLightmapUV : TEXCOORD1 ;

dynamiclLightmapUV : TEXCOORD2;
nstancelD : SV_InstancelD;
ertexID : SV_VertexID;
VERTEX_INPUT_INSTANCE_ID

LitVertexPass &40l instanceIDE AtE30] boidsBuffer22E| boidE 7t SLICH
FRAME_INTERPOLATIONO| M2o|=[0f QK| CHH QIEHA vertexID * numFrames + boid.frame0i| A
position0S.xyz&E vertexAnimation HHIHZ M&piL|Ct.

FRAME_INTERPOLATIONO| M2|E|0f QUCHH lerpE A6t position0S. xyzE x| boid.frame
243 o2 Ohg mejlel SHERE MEEL|Ch SHE 22 boid.frameQ| & 220 w2t 2™ EL|CH
A4 2E0|00|H EHEE mayQ ZHo| ElL|Ch A4 220]0.50|H Sixf maj|le| 5009t HtE CHS

o2 o] 50%¢2| ME Hzko| gLt

Boid boid =boidsBuffer[input.instanceID];

#ifdef
ui
if
fl

FRAME_INTERPOLATION
nt next=boid.frame+ 1;
(next >=numOfFrames) next = 0@;
oat frameInterpolation=frac(boidsBuffer[input.instanceID].frame);

input.position0S.xyz = lerp(vertexAnimation[input.vertexID * numOfFrames + boid.frame],

vertexAnim
#else

ation[input.vertexID * numOfFrames + next], frameInterpolation);

input.position0S.xyz = vertexAnimation[input.vertexID * numOfFrames + boid.frame];

#endif

© 2025 Unity Technologies

149 of 151 | unity.com


https://unity.com/kr/releases/lts

@ | Compute shaders |

my 12

=

o A W

(=1
=
A
=

Zzi[olsh MS2| HUR K7} velocityd] €A F&S BheX| AT SL(CH O WH2 o3
LICt.
=AM ofLITo| S f¥MStE Ao EXE XA HEA HIHE ™ SL|Ct
AEE No|Ho|M Boid Z2HE| frameS 02t numOfFrames AL0|2| gt 2 MABrL|C},
0| frame ZEMHE|7} H|0|EE|= 2= M2l velocityol Hat & E LICH
HH M|O|E0M= Boid ZEHE|S AFE5H0] SR Tajelnt Lt |} S2 7P JL Lt
HEIA HO|HO| M= vertexID, B4R 2| Ztut CHE T ghol Rghs AH8SH0] HEIA HIHZRE

HES US IINFLICH

o ZAlml= HFE MOIHE AE3HY A== B "= |IXIAZI= HolM of2{ 742 ofL|o|o]

HAIE

AC{Yots HOR SFSHE WS Hol FLITL HEE Holois ZEE 2|24} Bo| £

od= — OTro

DZNAE M| Of FEl 8528 20 FEZ KO 2 A8%HE HE A% F= A0l RELLILE

o &

59
rlo

2 aA

Unity ZEE Ho|C ZHA dhH(FHR)

© 2025 Unity Technologies

150 of 151 | unity.com


https://unity.com/kr/releases/lts
https://www.udemy.com/course/compute-shaders

2 710|229 E0{7h= ZollM AZRROI, Unity 1= AFEXLE flet |LIHAE #IE Do Zefol

HXPH2 S E Unity ZHE Xt B| 3L Z OFE|AETHURPS 2| J|5S
7to| =L Lt

QLIE|S BE 1F J|& MAME Unity H|AE THE|A S{EHO|A EHolst
IEHE|A J|& X2 H|O| X0 MX=Ho| M| SE/L|Ct.
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