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1. SCES B A
1.1 Unity &5 URP ik

TAE MEREL Unity Jf-ffiH] Personal License #FATANIR SLHG. A IR SLIG i H )
Unity B4k 2022.3.17f1cl, URP B4l 14.0.9,

LRESEUR , 1 Universal 3D FHRAN A SLIR T H -

s 2022.317f1c1

= Alltemplates

?D.(Buin-ln Render Pipeline)
gn (Built-In Render Pipeline)
I:ln?versal 2D

pniversal 3D

ngh Definition 3D

RenderingCourselLab2

Universal 3D sample Locatio
S D:\Code\UnityProject

Create project

1.2 URP JRROEABEAER
T IATFZE S URP PR, PR 2 P i 5 5 =X

}f Library /PackageCache/com.unity.render-pipelines.universal@14.0.9 £ DI % Tijii
HARH %R Package '~

1t Package/packages-lock.json H1#%”com.unity.render-pipelines.universal”:
o B “source” A “embedded”

o BER “version” A “file:com.unity.render-pipelines.universal@14.0.9”

"com.unity.render-pipelines.universal": {
"version": "file:com.unity.render-pipelines.universal@14.0.9",
"depth": O,
"source": "embedded",
"dependencies": {

"com.unity.mathematics": "1.2.1",


https://unity.com/cn/download
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"com.unity.burst": "1.8.9",
"com.unity.render-pipelines.core": "14.0.9",
"com.unity.shadergraph": "14.0.9",
"com.unity.render-pipelines.universal-config": "14.0.9"
¥
},

1.3 AR
AR FEHESCHF Lab2.unitypackage, A A0

Assets GameObject Component Services Jobs Window Help

Create >
Show in Explorer

Open # Scene  o®Game
Delete IPivotv @RGlobal v
Rename
Copy Path Alt+Ctrl+C W

Open Scene Additive s
+

View in Package Manager

Import New Asset...

Import Package >
Export Package...

Find References In Scene

Custom Package...

Select Dependencies

Refresh Ctrl+R

Import Unity Package n

Lab2

All None

v @ Materials

v ® LabMaterial.mat
v @ Models

v HH mutsmi v1.obj
v [ Scenes

v R Lab2Scene.unity

Cancel Import

FifiJ517E A Scenes/Lab2Scene, B PAFHF|:
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2. B e SRR P

2.1 Shadow j& 4y )5

JeIRM sy MOLEIMAERT =, FEMEICENEEREE (Z1H),
J0sRALE ShadowMap.,

Yy e e et LU DR : {E Y, R A R DR IR M N AR RR,
Bt Shadowmap A% A7 B TR . A 4RI R IEE > Shadowmap FRGIRE (8
), WALFRAE S, AN .

LIT BY LIGHT

IN SHADOW

2.2 HESHBE LA

T Settings Hp N, i EYLE 2L Asset, fin44 o/ “Lab2 Universal Render Pipeline
Asset”
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Create > Text >
Show in Explorer Scene
Open Scene Template
Delete Scene Template From Scene
Rename Volume Profile
Copy Path Alt+Ctrl+C Scene Template Pipeline
Open Scene Additive Prefab
View in Package Manager (D Verrent
Import New Asset... audiolocy
Import Package N Rendering > URP Asset (with 2D Renderer)
Export Package... Material URP Asset (with Universal Renderer)
Find References In Scene Material Variant URP Renderer Feature
Select Dependencies Lens Flare URP 2D Renderer
Refresh Ctrl+R Lens Flare (SRP) URP Universal Renderer
Reimport R.ender ot URP Global Settings Asset
= Lightmap Parameters
Reimport All Lighting Settings URP Post-process Data
Extract From Prefab Custom Render Texture URP XR System Data
Update UXML Schema Animator Controller Environment Library (Look Dev)

TEE B ENEL N 4miumH S L. Edit— Project Settings...—Graphics /
Quality

£ Project Settings

Graphics

Scriptable Render Pipeline Settings
URP-HighFidelity (U

Qs

Built-in Shader Settings

Select Render Pipeline Asset

Lab2 Universal R... URP-HighFidelity ~ URP-Performant

Ul Builder
ersion Control

XR Plugin Management

¥ Project Settings

Adaptive Performance Qua“ty
Audio

Burst AOT Settings Levels
Editor

Graphics

Input Manager
Memory Settings
Package Manager
Physics

Physics 2D

Player

Preset Manager Current Active Quality Level

Quality Name High Fidelity
Scene Template

Script Execution Order ‘ er Pipelin

Services
ShaderGraph
Tags and Layers

TextMesh Pro
Time Realtime Reflection Probes v

Performant

Balanced |
High Fidelity o
Default v v

Add Quality Level

Rendering
Render Pipeline Asset & Lab2 Universal Render Pipeline Asset (Universal Render Pipeline Asset)

Timeline Resolution Scaling Fixed DPI Factor 1
Ul Builder VSync Count Every V Blank

V§r5\0r1 Cf’”tf"‘ Realtime GI CPU Usage
Visual Scripting

XR Plugin Management Textures

2.3 RenderFeature il

TE Scripts H 3% Nt RenderFeature, #3444 “ShadowmapGeneration”
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Create

Show in Explorer

Scene Template

Scene Template From Scene

o]
Ll Volume Profile
Delet i
el Scene Template Pipeline
Ri
ename Prefab
Copy Path Ale+Ctrl+C el Vi
0O S Additiv
pen seene e Audio Mixer
View in Pack M
S e Rendering URP Asset (with 2D Renderer)
Import New Asset... Material URP Asset (with Universal Renderer)

Import Package

Material Variant

URP Renderer Feature

Export Package... Lens Flare URP 2D Renderer
Find References In Scene Lens Flare (SRP) URP Universal Renderer
Select Dependencies Render Texture

Lightmap Parameters

URP Global Settings Asset

Refresh Ctrl+R
R et Lighting Settings URP Post-process Data
Custom Render Texture URP XR System Data
Reimport All
Animator Controller Environment Library (Lock Dev)
Extract From Prefab . .
Animation
Update UXML Schema Animator QOverride Controller
Generate Lighting Ctrl+Shift+L Avatar Mask
Open C# Project Timeline
View in Import Activity Window Signal
Properties... Alt+P Physic Material

¥ RenderFeature 73N %| Lab2 &4 4 :
e 1F Project & 1/ & Lab2 Universal Render Pipeline Asset_ Renderer

o I Inspector % I1H Add Renderer Feature
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Renderer Features

‘.LT

Add Renderer Feature

2.4 @GPPI E M RenderTarget

ik A ShadowmapGeneration, B PAMEEZZE| /3 54k #K ScriptableRendererFea-
ture, ScriptableRenderPass [F1~25,

renderPassEvent 7] PAS EF 182 ) RenderFeature 7 URP J&H YL45 2k iy WHf—
EPAT, XBEFATPAYCH RenderPassEvent.BeforeRenderingShadows

¥E RenderFeature R A8 &, M4 E Shadowmap £ :

private RTHandle m_ShadowmapTexHandle; // Shadowmap § 4
private const string k_ShadowmapTexName = "_ShadowMap"; // Shadowmap 7 Shader W f

5 A &

ISR 2L SetupRenderPasses, FEH H4)]7 Shadowmap RenderTexture:

public override void SetupRenderPasses(ScriptableRenderer renderer, in

RenderingData renderingData){
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var desc = new RenderTextureDescriptor (1024, 1024, RenderTextureFormat.
Shadowmap, 24);

RenderingUtils.ReAllocateIfNeeded (ref m_ShadowmapTexHandle, desc, FilterMode.
Bilinear, TextureWrapMode.Clamp, name: k_ShadowmapTexName) ;

// % Shadowmap {4 A\ RenderPass

m_ShadowmapRenderPass.SetRTHandles (ref m_ShadowmapTexHandle) ;

7£ RenderPass H1[a]#£E X m_ ShadowmapTexHandle, 7 i X %X SetRTHandles

public void SetRTHandles(ref RTHandle tex)
{

m_ShadowmapTexHandle = tex;

7£ RenderPass W18 GPU $8EH #1461k iE 4  H #» (RenderTarget), Pixel Shader
TR BB AERE AR

public override void Configure(CommandBuffer cmd, RenderTextureDescriptor

cameraTextureDescripor)

ConfigureTarget (m_ShadowmapTexHandle) ;
ConfigureClear (ClearFlag.Depth, Color.clear);

2.5 ] GPU K kiEf4Rc
7E Execute FRE{PIREL CommandBuffer, {#iff] DrawRenderers #472:H$5845 %
%

public override void Execute(ScriptableRenderContext context, ref RenderingData

renderingData)

CommandBuffer cmd = CommandBufferPool.Get("Shadowmap Generation");
cmd.Clear () ;

// ShaderTagldis & f£ il # / Shader 3 17 & K %4 #|
var drawSettings = new DrawingSettings(new ShaderTagId("CustomShadowCaster"),
new SortingSettings(renderingData.cameraData.camera) { criteria =
SortingCriteria.CommonOpaque });
var filterSettings = new FilteringSettings (RenderQueueRange.opaque) ;
7S k-
context.DrawRenderers(renderingData.cullResults, ref drawSettings, ref

filterSettings);

context.ExecuteCommandBuffer (cmd) ;
cmd.Clear () ;

CommandBufferPool.Release(cmd) ;
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L8R LA FRAT TR VA 1% AT S48, 1354 € L CustomShadowCaster i) Shader
pass, [HILEJIATCVEIE R TAE.

2.6 P

TAFEEY—5K 7198 (Directional Light) MLAFTRERE .. RFHEAITRK
View Hll Projection Matrix i35, [/54F DrawRenderers 2 i, i md
f£ A\ Shader:

cmd.SetGlobalMatrix (" _LightVPMatrix", LightVPMatrix) ;

A RE 2R

// .cs
SystemInfo.graphicsUVStartsAtTop

SystemInfo.usesReversedZBuffer

TR R E A Unity WEREFRZE SR, BRSSO
K, AR IR Z B A R . FahiT SRRk A5 m o

2.7 ShadowCasterShader

SEMSEOTR G, FAOTHFLENSLEEAT AR E TR, X0 2 e
Shader H5E /G, AT S5 2 H i CIBLFA AT REL -

1F Packages/com.unity.render-pipelines.universal@14.0.9 /Shaders/Lit.shader H

o & ifil—17 ShadowCaster Pass fJfti%, Bk Name F1 Tag & CustomShadow-
Caster (7£ DrawRenderers S50, F 1% 58 E T Tag 2 CustomShadowCaster
T2z ) .

Na w374 ) > .
o HERERA AU
#include "Packages/com.unity.render-pipelines.universal/Shaders/
ShadowCasterPass.hlsl"

o X HCW Shader, FFZEATT5EMK VertexShader )i

HLSLPROGRAM
float4x4 _LightVPMatrix;

struct appdata

{
float4 vertex : POSITION;
};

struct v2f
{
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float4 positionCS : SV_POSITION;

v2f ShadowPassVertex (appdata v)
{

/I FEEATRERGERRER AW E S
}

half4 ShadowPassFragment (v2f i) : SV_Target

{
/RN AEBENEEZ A, W.Fragment Shader{f 4 #, & A #
return O;

}

ENDHLSL

2.8 ShadowBias

l:(((((((’f..t\‘ﬂ{k(('{'k‘.(l' I TS :fr\if.l'i T AL A

H1 ¥ ShadowMap )73 BERA MR, ShadowMap Pi)—MEE, XRE|75E LR
— A X

TERZ TR B, ST IR KIS AR G852 8 ShadowMap A EATER XS EL
i, SARBH 2GR T ShadowMap ICsR(E, miHH—&/N T, HILE
JIT S AR

W RE, AB & ShadowMap ML Near Plane, AB Z&E:%}). Shadowmap |
M—gE, HERERN CD JEE WA, BER ShadowMap Depth (¥ BG, M
CF B SRE/NT BG, Wmgs, B FD BWAFERFZ . # ShadowMap
RS, IOk A CD BiRiE, WA CD BRI ZAAAE RIS -

M, FATHLAME ShadowMap Hi#) Depth [a5G#05 [ GD Hy#E
IR SR br EAER ZHG IR, ALK AR TR M) Bias 41
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{H, 22X AT E R Depth Bias.,

4fy BDC TR/, GD TR, BT R, M Normal J51a)
TR, HES X AN 1)L

TEAYSER Y, FATUEADEIRTT 15 5 o

SHADOW BIAS l _ﬂ ':] \:rl _: \

FA155345 CustomShadowCaster Pass /& A CustomShadowBias 2%, ¥i)%
V5T W wF% -
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2, A TICETL 4
e near = (.01
o far =15
 orthographicSize = 6
» shadowBias = -0.77

AR SEBLIERG, ARFFREFE Unity Frame Debugger H75 £

@ Inspector # Lighting # Light Explorer Frame Debugger
Disable Editor v 2

© RT O ¥ Channels Levels 0

UniversalRenderPipeline.RenderSingleCameralntern15
ScriptableRenderer.Execute: Lab2 Universal Rend 15 Event #2 SRP Batch
Clear (Depth) Output / Mesh
RenderLoop.DrawSRPBatcher 1
Clear (color+depth+stencil)
MainLightShadow
ColorGradingLUT
Clear (color)
Clear (depth+stencil)
Render GBuffer
Clear (color+depth+stencil)
CopyDepth
Deferred Pass
Render PostProcessing Effects
UberPostProcess
Draw Procedural

Output

Details

RenderTarget
_CustomShadowMap_1024x1024_Depth

Size 1024x1024 ZClip
Format None ZTest

Color Actions Load / Store ZWrite
Depth Actions DontCare / Store Cull
Memoryless No Conservative
Foveated Rendering Disabled Offset

3. {fiH] Shadowmap #H47PIRE A

URP ) Directional Light [ A 17£ MainLightShadow p&%:

Packages/com.unity.render-pipelines.universal@14.0.9/ShaderLibrary/Shadows.hlsl

FATATPAE _CUSTOM_SHADOW_ON_ % #i4# Fl B & L2 4547 Shadow 1144,

#ifdef _CUSTOM_SHADOW_ON
half realtimeShadow = CustomShadow() ;

#else
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half realtimeShadow = MainLightRealtimeShadow (shadowCoord) ;
#endif

[A]P7E Assets/Shaders HE CustomShadow.hlsl

real CustomShadow(float3 positionWS)
{
/] HHEEEAO

return (real)O;

7t Shadows.hlsl st CustomShadow.hlsl f5 |

#include "Assets/Shaders/CustomShadow.hlsl"

FAT7 PALE RenderFeature W& ff] _CUSTOM_SHADOW ON_ e fHiof:

class ShadowmapRenderPass : ScriptableRenderPass
{
private const string shadowKeyWord = "_CUSTOM_SHADOW_ON";
public override void Execute(ScriptableRenderContext context, ref

RenderingData renderingData)

{
cmd . EnableShaderKeyword (shadowKeyWord) ;
context.ExecuteCommandBuffer (cmd) ;
}
}
[l 43 31K Defer 1 Forward 45487 N%t s i) &
Defer:
Packages/com.unity.render-pipelines.universal@14.0.9/Shaders/Utils /StencilDeferred.shader
Pass
{
Name "Deferred Directional Light (Lit)"
HLSLPROGRAM
#pragma multi_compile _ _CUSTOM_SHADOW_ON
ENDHLSL
}
Forward:
Packages/com.unity.render-pipelines.universal@14.0.9 /Shaders/Lit.shader
Pass
{

Name "ForwardLit"
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Tags
{
"LightMode" =
}
HLSLPROGRAM
#pragma multi_
ENDHLSL

ZIE, AR T

"UniversalForward"

compile _ _CUSTOM_SHADOW_ON

s

Qv = ¢ =

15

v mr O~

MR RAE A W 2 H BRI A5, 5 T7E CPU imfé A ShadowMap:

cmd . SetGlobalTexture (m_ShadowmapTexHandle.name, m_ShadowmapTexHandle) ;

PR HAT5E ), CustomShadow pRAL:

TEXTURE2D (_ShadowMap) ;
float4x4 _LightVPMatrix;

real CustomShadow(float3 positionWS)

{

/7 TR B W& &K

SAMPLE_TEXTURE2D (_ShadowMap, sampler_LinearClamp, uv);

/7 e R B Ay R

UNITY_UV_STARTS_AT_TOP

UNITY_REVERSED_Z

AR DR, ARFFE ]
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# Scene  @m Game
Game v Display1 ~ Free Aspect v Scale ® 8x Play Focused v f8 W [ Stats Gizmos ¥

4. DEMUR
4.1 ShadowMap H &M L&

ShadowMap SOk B3 A N Shadow B . 47K N5 Shad-
owMap, FgERAK.

TR BT RGE , R ESRE m A a R, R ShadowMap kDA &
MR RE K, BT DU /A e r) &, #iE Shadow MHALRISEL, AR
A B R RS BE R ShadowMap
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4.2 W% PCSS
AR P 8 3 26 0] DL 1 %] shadowMap #6417 Filter 153,

Surface at z = 49.8

50.2 | 50.0 | 49.8

0 0 0

compare
50.1 X 11 <49.8? >| o 1 0
13 | 14 | 12 ol 111
1.2 1.3 14
filter — 0.55
G N AT LANESE], Shading Point 5§54 e gybkifc, HPIRSeERE. X

EWRERANTHZAMRYE Shading Point SEHEYIREIE, ShESTRRALFEIE.

EES P 011 B B 7 BN — 5 A2 WY ShadowMap #E47 Filter, #2425 Light
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mAH, Light | ShadowMap HJFEES (Near). Shading Point %l ShadowMap FJ#R &S
H XK.

7 Light

!

- Shadow Map

Scene

[Fernando et al.]

TR B, BV R = A BT BB Filter 242,

:: dBlocker
in
n
I
n
] |
1
|
‘I— Blocker
:
:
1 dReceiver
. Receiver
i— »
-

[Fernando et al.]
wPen umbra
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4.3 PCSS Jr#ifift

PCSS IWRITHRK, BMERTERBELPOREE . (HRZ AR KRB R
JEATE PCSS 18, HAREAE 0 B 1,

R, A l— oK IR AU, e B 25 AR H 75 208 T PCSS B ITER
WRER, HABSEEAN 0 XA T PCSS 115, IS JTCHORAE
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4.4 BRPZHE N

BRSO T S ALTE e, FEASE I GARPR TR A L, AAAEA R RE L)
B

A PAHE A R 1 ORFE Ramp RS2

4.5 WAt SDF (hiiBEls

P AR T AAR PR, SR B B AL 2 = AR SO AT IS E G, &
AN Ze B — AR SR BT RCR . AERARALTE e, # ) SDF ZEAT IR o T e,
R BATE R ZEGE A
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AT 3D SDF fEWREIH AN UE, PIARSNMIE(E. 2D SDF, iRt
WAHEE, B, A5 0.5, BFS >0.5, #HFN <0.5,

FASEIR A BRI 01 MG, ol T A (o TR IR A
LRI IL T, BRI R Lt R AL AS Ay, PR T DS A6 £ Y
01 W BLAAy 3K I, Pl P J  £h 1 A0 B L B 50 . S B R B 2D 2
BEiC N5 0D S B

5. fRb A

5.1 srEuhLk
Shadowmap A 50%

f#i ] Shadowmap JHEYLFH: 40%
(f%) Shadowmap H &ML &: 10%
o () PCSS #KIH5: 20%

o (fir) PCSS FHHAL: 10%

o (M) BREA U 5%

o (#efi) R4k SDF H#RBH#: 10%

o BRTPAESIIHETARSN, BATSR R KRR HAIAE IS8, MRS BUXE AR
REGTHIMIN3:5%-20%

5.2 5N
AEHCE A pdf MR SRR, ARDL R PI%
o BRI ARSI
. SILERIE
o IEI PRI, XS H SR

6. 2% ik

A2 TUANER: 51 Shadow Mapping J5#: [1], OpenGL SZB: [2],
NVIDIA $2ARSCH: (3], [4], Unity BYEI5HH [5].
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[1] Wikipedia, Shadow Mapping, Wikipedia. Accessed: April 2025.

2] Joey de Vries, LearnOpenGL: Shadow Mapping, LearnOpenGL. Accessed: April
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