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Mesh Compression

FBX Import - Model
 Read / Write Enabled : upload data to GPU , ( No ) keep data in CPU

 Mesh Compression

» file size on disk : ipa. apk. assetbundle
e uses additional CPU resources

* higher the compression ratio , the higher the loss

Meshes

Mesh Compression
Read/Write Enabled v Off
Optimize Mesh Low
Generate Colliders

Geometry

Medium
High

Keep Quads



Mesh Compression

Project Settings - Player
» Vertex Compression : from FP32 to FP16
» Mesh Compression value set to “off”
 file size in memory

* not support skinned mesh

* lossy

Vertex Compression® Mixed...

Optimize Mesh Data* None

Stack Trace* Everything

Log Type Position ptOnly  Full
Error Normal

Assert

Tangent

Warnina
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Mesh Compression

Float32[4]
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Mesh Compression
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Float32[4]
\

Position

P+T.w

\ }
|

Float16[4]




_Compression
2116 verts, 1540 tris uv,uv2

_Uncompression
2116 verts, 1540 tris uv,uv2
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Mesh Compression

_Uncompression 3771 KB 1
_Compression 178.8 KB 1

ratio : 52.5%

avg ratio : ®=50%

_Uncompression
2116 verts, 1540 tris uv,uv2
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Animation Compression

S JE48 , $2EX

v
v

Model ng Animation Materials

Import Constraints

Import Animation v

Bake Animations

Wrap Mode Default v
Anim. Compression Keyframe Reduction v
Rotation Error 1

Position Error 1

Scale Error 1
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Animation Compression
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Animation Compression

\
BESR
A Bone07 : Position
A Bone07 : Rotation
A Bone09: Position
A Bone09: Rotation
A Bonel0 : Position
A Bonel0 : Rotation
PAETESE . eoneor roon
A Bone02 : Position
A Bone02 : Rotation
A Bone04 : Position
A Bone04 : Rotation
2 Bone05 : Position
A Bone05 : Rotation

A Bone07 : Position
A Bone07 : Rotation
A Bone07 : Scale
A Bone09: Position
A Bone09 : Rotation
A Bone09: Scale
Error 05 A Bonel0 : Position
A Bonel0 : Rotation
A Bonel0 : Scale
A Bone01 : Position
A Bone01 : Rotation
~Bone01: Scale
A Bone02 : Position

€ ¢ ¢ ¢ 0 0 0 0 0 0 0 0 0

® ¢ ¢ 0 0 0 0 0 0 0 0 0
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Animation Compression

¥

» A Bip01 L UpperArm : Position

® ¢ 0 0 0 0 0 0 0 0 00

p A Bip01L UpperArm : Rotation - & & & &
» A Bip01L Forearm : Position -
» A Bip01L Forearm: Rotation - * *
» A Bip01L Hand : Position -
» A Bip01L Hand : Rotation - & <&
gﬂé}iéﬁ » ABip01L Finger0 : Position «
. » A Bip01L Finger0 : Rotation
p A BoneO3(mirrored) : Position e
p A BoneO3(mirrored) : Rotation e & <&
p A BoneO6(mirrored) : Positione
» A BoneO6(mirrored) : Rotatiore <& * <& &
p A Bip01L UpperArm : Position - 0006060000000 0000600606000 0060 4060 40 0606060000000
» A Bip01 L UpperArm : Rotation - & e
» A Bip01L UpperArm : Scale - <&
» A Bip01L Forearm : Position - &
» A Bip01L Forearm : Rotation - <& &
» A Bip01L Forearm: Scale - *
Error 05 » A Bip01L Hand : Position - *o 00 * *oe & & ®o00
» A Bip01L Hand : Rotation - & &
» A Bip01L Hand: Scale - &
» A Bip01L FingerO : Position *
» A Bip01L FingerO : Rotation - *
» ABIip01L Finger0:Scale <
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Animation Compression ?W

U S EETREE R

|| FEEE.anim > 511 KB o
N e . o Ly
| ¥=0.5.anim 04 KB

| ¥=1.0.anim
| BE&E%E.anim
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Texture Compression

Base coloril2 bitss

Lummance ndex -
14 bits

Incices Table
116 hite)

Base color Per-pixel Final Image
Luminance

Y ¢

Image B 4 ‘
| Linear Blend
v _'- e

Upscale 4x4

Image A




Texture Compression

Adaptive Scalable Texture Compression Ei&RMNa]J{B4EAIE EYE

BFE

%RT_]'BE%U Original 4Ax4
(24.0 bpt) (8.0 bpt)

BZRYELERT

B HIEEE

6x6
(3.56 bpt)

8x8
(2.0 bpt)

12x12
(0.89 bpt)

Block

Block

footprint Bits/texel footprint Bits/texel

Ax4 8.00 5x4 0.40

5X5 5.12 6X5 4.27

6X6 3.56 8x5 3.20

8x8 2.00 X 2.67

10x10 1.28 10x5 2.56

12x12 0.89 10x6 2.13
10x8 1.60
12x10 1.07




IS EINIE
Runtime ASTC

ASTC 4x4 : 1024x1024 RGBA

Name

astc_no
astc_4x4_offline
astc_4x4_runtime
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Audio Compression

OGG : #%ge. afE. Ul. NPC, IFEEXR

MP3 TV, ZEEEEESR

LoadType

 Decompress on load . length < 3

« Compressed in Memory : length <10

« Streaming - length >=10

Preload Audio Data : length <3

BEE
Force To Mono - true
Sample Rate : 22050Hz
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Assets Importer

Asset Postprocessor API

Preset Manager

L Project Settings

Asset Graph

Audio

Burst AOT Settings
Editor

Fbx Export

Graphics

Input Manager
Package Manager
Physics

Physics 2D

Player

Preset Manager
Quality

Script Execution Order
Tags and Layers

Time

Timeline

VFX

WiseSVN

XR Plug-in Management

Preset Manager
Q
&Y FBXImporter
Filter

q
q

EE'; MeshRenderer
Filter

qQ

B4 Texturelmporter
Filter

qQ

Q
(7 L o
(UnityEditor.FBXImporter)
Preset
B FBXImporter-Scene ®
B FBXImporter-Character (O]
+ -
(UnityEngine.MeshRenderer)
Preset
B MeshRenderer ®
+ -
(UnityEditor.Texturelmporter)
Preset
@ Texturelmporter ®

+ -
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Runtime Optimization

Scene Streaming

Universal RP



Runtime Optimization

Object LOD

Global LOD Scene LOD HLOD : >=400x400 155

Particle LOD



: VAVI(C)), . [EpAtETY

Runtime Optimization 0 - JRAAHRES

- LODGroup — 1 :Eim 50% , Sk

| 2 RHE , REEAHEE
Object LOD _ _
Camera.LayerCullSpherical

~ Impostors, CullingGroup + Instanced .etc

Global LOD Scene LOD  HLOD : >=400x400 %=

Particle LOD
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Runtime Optimization

Amplify Impostors
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CullingGroup + Instanced

K




0 : [RIst=EEY

- LODGroup — 1 :Eim 50% , Sk

Runtime Optimization

2 RHE , REEAHEE

Object LOD _ _
CullingGroup + Instanced : 1{8# , 8% 34
. Camera.LayerCullSpherical
Global LOD Scene LOD HLOD : >=400x400 78

0 : TEER
Particle LOD — 1 : Lifetime 50% , Rate over Time 50% %5 , 5%

2 : BERlisER 8¢ Billboard
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Runtime Optimization
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Runtime Optimization

Global LOD
Scene Streaming

Universal RP
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Runtime Optimization

FFi3 TextureStreaming

Texture Streaming v
Add All Cameras
Memory Budget 100
Renderers Per Frame 100
Max Level Reduction 1
Max IO Requests 512

¥ Advanced
Non-Power of 2 None v
Read/Write Enabled
Streaming Mipmaps

Mip Map Priority
Generate Mip Maps

2 2 Y AS

Lightmap Streaming Enabled
Streaming Priority 0
Enable Frame Timing Stats

Decreasing level of detail ——— >
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) & v 0 By v
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Runtime Optimization

Mesh Streaming

Scene _
100x100

LODO LOD1 LOD2 HLOD
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Runtime Optimization
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Runtime Optimization

ComputeShader + DrawMeshinstancedindirect
DOTS + DrawMeshinstanced + SRPBatch F&& 4
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LoadS it
5 Sbicet Instantial
AsyncLoad + Graphics.DrawMesh , 1000/>GameObiject

39)v @ I4 Pl MM Frame:2570 /2736 Clear Clearon Play Deep Profile Call Stacks

11.02ms
2.01ms
0.00ms 0.00ms

1.38ms | 0.12ms

1.9k
1.8k|2.0M
CPU:55.04ms GPU:--ms
Sms_ 0.30ms, 0.35ms, 0.40ms  ,0.45ms, 0.50ms  0.55ms ,0.60ms 0.65ms  |0.70ms 0.75ms 0.80ms  |0.85ms 0.80ms 0.95ms, 1.00ms  1.05ms  1.10ms  |1.15ms  1.20m




Runtime Optimization

FFi2 AsyncUpload

Async Upload Time Slice 2

Async Upload Buffer Size 16
Async Upload Persistent Buffer v

Recommendations

» Choose the largest QualitySettings.asyncUploadTimeSlice that doesn’t result in dropping frames.

» During loading screens, temporarily increase QualitySettings.asyncUploadTimeSilice.

» Use the profiler to examine the time slice utilization. The time slice will show up as
AsyncUploadManager.AsyncResourceUpload in the profiler. Increase QualitySettings.asyncUploadBufferSize if
your time slice is not being fully utilized.

« Things will generally load faster with a larger QualitySettings.asyncUploadBufferSize, so if you can afford the
memory, increase it to 16 MB or 32MB.

» Leave QualitySettings.asyncUploadPersistentBuffer set to true unless you have a compelling reason to reduce
your runtime memory usage while not loading.
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/= Incremental GC

& Profiler
Profiler Modules

& CPU Usage

= Rendering
= Scripts
= Physics
= Animation
= GarbageCollector
= VSync
Global lllumination
= Ul
Others

- @ Profiler
Profiler Modules

& CPU Usage

= Rendering
= Scripts
= Physics
= Animation
= GarbageCollector
= VSync
Global lllumination
= Ul
Others

v 0SXPlayer(stephenm-44WM) v @ 14 bl ElFrame:1476[1476 Clear ClearonPlay Deep Profile Call Stacks

16ms (60FPS) ...

10ms (100FPS)
5ms (200FPS)

OSXPlayer(stephenm-44WM) v @ 14 Pl DM Frame: 2342/2342 Clear ClearonPlay DeepProfile Call Stacks
sbms (15FPS)

4

33ms (30FPS)

_

https.//docs.unity3d.com/Manual/performance-incremental-garbage-collection.htm/



Runtime Optimization

Global LOD

Scene Streaming



Runtime Optimization

« Static Batch : up to 64000 vertices
« StaticBatchingUtility.Combine

« Dynamic Batch : 900 vertex attributes

« GPU Instancing
« DrawMeshInstanced : maximum of 1023 instances at once
« DrawMeshlnstancedIndirect : Compatibility On Android !!!
« Limitation : GL_ ARB _draw instanced

« OpenGLES Extension Viewer

« DOTS Instancing : com.unity.rendering.hybrid(Unity 2019 preview) , Entities Graphics(Unity 2022)
« Android : Vulkan
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CBuffer Byte Alignment

CBUFFER_START(UnityPerMaterial)
float4 _MainTex_ST;
float4 _MainTex_TexelSize;

T4

half4 _Color;
half4 _IllumColor;
f

half _NormalMapScale;
half _EmissionScale;

K oo
CBUFFER_END

0 00%

bytes unaligned caused error , unity 2019.4.33f1
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Shader Keywords
SRP Batch
- A |
SRP Batch RT O Channels Al R G B Levels 4 [
SRP Batch 728x509 B10G11R11_UFloatPack32
SRP Batch Event #32: SRP Batch
SRP Batch Draw Calls 64
SRP Batch Shader ZX/PBR/PBRIit, SubShader #0
SRP Batch p e dLit (Uni IE d
SRP Batch ass orwardLit (UniversalForward)
SRP Batch Keywords FOG_LINEAR LIGHTMAP_ON _MAIN_LIGHT_SHADOWS _NORMALMAP
SRP Batch Blend One Zero
SRP Batch ZClip True
SRP Batch 7T LessE I
SRP Batch S Sz
SRP Batch Z\Write On
SRP Batch Cull Back
SRP Batch
SRP Batch Why this draw call can't be batched with the previous one
m_InstancelD 08196
m_LocalldentfierinFile 2100000
m_Shader B ZX/PBR/PBRIit O]
m_ShaderKeywords NORMALMAR _ZWRITE_ON

m_LightmapFlags 4



Runtime Optimization

m_Name: - yw_Xinqingyunshan_wa@l_D

m_Shader:-{fileID: 4800000, guid: - bdb8780c08a4308488d4ae653e026792, - type: -3}

m_ShaderKeywords: - _NORMALMAP ZWRETELON
m_LightmapFlags:-4
m_EnableInstancingVariants:-@

m_SavedProperties:
serializedVersion:-3
m TexEnvs:

-+ _BaseMap:

m_Texture: {fileID: 2800080, guid: a653628b3d5bb4@4c873861e795@@9%aac, type: 3}

m_Scale:-{x:-1,-y:-1}

m_Offset: {x:-@, y: -0}
_BumpMap:

m_Texture: {fileID: @}

m Scale:-{x:-1,-y:-1}

m Offset: {x: @, v: 0}

m_Name: - yw_Xinqingyunshan_wa@l_D
m_Shader: - {fileID: 4800000, -guid: - bdb4
m_ShaderKeywords: - _NORMALMAP
m_LightmapFlags:-4
m_EnableInstancingVariants:-@

m_SavedProperties:
serializedVersion:-3
m TexEnvs:

_CubeMap:
m_Texture:-{fileID:-@}
m_Scale:-{x:-1,-y:-1}
m_Offset:-{x:-@,-y:-0}

_EmissionMap:
m_Texture: - {fileID: 0}
m_Scale:-{x:-1,-y:-1}
m_Offset:  {x:-0, y: -0}

-+ _I1lum:
m Texture:-{fileID:-0}

-+ _CubeMap:
m_Texture:-{fileID:-@}
m_Scale:-{x:-1,-y:-1}
m_Offset:-{x:-0,-y:-0}

-+ _I1lum:
m Texture:
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MultiFrame CSM
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Runtime Optimization

shadow fade

Cascade O

I

Cascade 1 | ;

Cascade 2

Cascade 3



/M [T IrVVD).
Runtime Optimization

void RenderMainLightCascadeShadowmap(ref ScriptableRenderContext context, ref CullingResults cullResults, ref LightData lightData,

{
int shadowLightIndex = lightData.mainLightIndex;
if (shadowLightIndex == -1)
return;

VisibleLight shadowLight = lightData.visiblelLights[shadowLightIndex];

CommandBuffer cmd = CommandBufferPool.Get( name:m_ProfilerTag);
using (new ProfilingScope(cmd, m_ProfilingSampler))
{
var settings = new ShadowDrawingSettings(cullResults, shadowlLightIndex);

for (int cascadeIndex = 0; cascadeIndex < m_ShadowCasterCascadesCount; ++cascadeIndex)

{

if (m_MultiFrameUpdateCascades && m_MultiFrameCascadesIndexes[cascadeIndex])
continue;

var splitData = settings.splitData;

splitData.cullingSphere = m_CascadeSplitDistances[cascadeIndex];

settings.splitData = splitData;

Vector4 shadowBias = ShadowUtils.GetShadowBias(ref shadowLight, shadowLightIndex, ref shadowData, m_CascadeSlices[cascs
ShadowUtils.SetupShadowCasterConstantBuffer(cmd, ref shadowLight, shadowBias);

ShadowUtils.RenderShadowSlice[cmd, ref context, ref m_CascadeSlices[cascadeIndex], ref settings, proj:m_CascadeSlices[ca




Runtime Optimization

UPR Pipeline
SceneCamera
LinearToGamma (Post Process)

Ul Camera

GammaToLinear (Final Pass)

Builtin Pipeline
SceneCamera
LinearToGamma (Post Process)

Ul Camera

Render To Screen



Runtime Optimization

Gaussian Blur

NORMAL GAUSSIAN BLUR BLUR HORIZONTALLY THEN BLUR VERTICALLY TWO-PASS GAUSSIAN BLUR




Runtime Optimization

Dual Kawase Blur

Downsample filter Upsample filter

httos./www.intel.comycontent/wwwyus/en/developeryarticles/technical/an-investigation-or-iast-real-
time-gpu-based-image-blur-algorithms.htrm/
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Render PostProcessing Effects 15

UberPostProcess 15

Bloom 13
Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic

Draw Dynamic Gaussian

Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic

Render PostProcessing Effects 11

UberPostProcess 11

Bloom 9
Draw Dynamic
Draw Dynamic

Draw Dynamic Dual Kawase

Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic
Draw Dynamic




Unity Performance Reporting



Performance

Unity5 |25+ :
2018.4 Builtin -> 2019.4 URP

2021.7 ~ 2021.12 , #£51H

33NMERE | 138252001, B +FRLT 1w

Unity Perfomance Report + Btz
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Performance




Unity Tools

Performance Xcode RenderDoc .etc

AUTO UPR

QA _, UPRAsset Check
Custom Asset Check

Modify

Code Analyzer / ProjectAuditor
Tscode / PlistTable
CodeReview

Regression Testing



Performance

ik [l FARETTH

Main Thread
10.00ms 15.00ms 25.00ms 30.00ms
Main Thread(Frame Index:313) Main Thread(Frame Index:312)
P - PostLateUpdate.FinishFrameRendering . (B P.t PostLateUpdate.FinishFrameRendering
Camera.Render Camera.Render e L.t Camera.Render Camera.Render
Render Thread
5.00ms 10.00ms 15.00ms 20.00ms 25.00ms 30.00ms 35.00ms
Render Thread(Frame Index:312) Render Thread(Frame Index:313)
Came..ende Camera.Render Gfx..ame Camera.Render Camera.Render Gfx.P..rame
Dr..in Camer..Rende Up..r Drawing Camera...eEffect P.. Drawing Camera...mRende Upd..ur Drawing Camera.ImageEffects P.F
Job.Worker 0
25.00ms 30.00ms
Job.Worker O(Frame Index:312)

Idle Idle I. Idle

Job.Worker 1
10.00ms 15.00ms

Job.Worker 1(Frame Index:313)

I.e Idle Idle I.e Idle P.o Idle

Job.Worker 2
10.00ms 15.00ms

Job.Worker 2(Frame Index:313)

ioe =0 Fidle Idle

Job.Worker 3
5.00ms 10.00ms 15.00ms 20.00ms 25.00ms 30.00ms 35.00ms 40.00ms




Performance

B REERSTHE

REEESTE ) Asset ) Mesh

Npc_zhoux...

Npc_zhouy...
zc_Xinheyangcheng jiul...

yw_Xinyizh...

Npc_zhoux...

fb xincao...

zc_Xinheyangcheng jiul...

zc Xinh...

Fx_qging...

Qc luot...

yw lingz...

Fb_qing...

fb xinca...

yw Xin.. Npc z. yw X.. fbxi. 2zc.. HL.
Npc... zc ..
X... > .
zc Xinh.. Zc€.Xin.. zc Xi... | ZC€_
: Npc.. zcC ..

Asset
> Mesh

> yw_Xinyizhuang_paifang01_01
MemorySize: 980.77KB

foxinc.. ,cxi.
yw _Xin... - zc X zc.. zZC..
BT zc Xi.. fb xi fb zc
ZC_Xinh"' zc_Xin... ﬂ)_Xi... Npc.. zc .. zc..

zc_
zc
Np

zc_



Performance

I %l AT VLW VAT W e dend W W LW W LI VAT LT \j!

"My->CalcBegin");

e dend W W LW W LI VAT LT
-

Profiler.BeginSample(
calPathPoint( ObjTransform.position, m_vecTargetPos, MapAgent.formMode

(T

o A v N

nt.Resume(out eRtV, refixPathPoint.Count > 0 ? refixPathPoint : L1);

- | A
- Yl N oA
. N = HC'.U."‘.’-':K

Profiler.EndSample();

Main Thread Render Thread

BMANREETHIE @

My->CalcBegin

B HEEe




Performance

FERTERMTE(mMS) 0.201
FEATIE(E(mS) 345.755
GCERUIAHE(KB) 2.99
GCI&{E(KB) 43.884

Calls/2&I(0R) 17373

Group: JATDAT #Had(ms) ©

~~ GroupTota

neCoroutine() ...

xdate() [Inv
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Q! Unity 25 FhL

0 EFRE

-
¢, Open APl

182MNg&E

iQO0O Neo5

OPPO %ico Xiaomi motorola

HarmonyOS HarmonyQOS 2

Galaxy S10

Redmi Note 11 Pro = ok

¥ nova7

OPPO A97




THANK YOU



