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Background

About Arena Breakout Mobile

Next-Gen Immersive Tactical FPS on Mobile [Sun23]
Android (OpenGL ES 3.1) and iOS (Metal)
Based on Unreal Engine 4
Large Open World
« The Mine Map: 4km * 4km
104366 Mesh Instances
« 3000+ streaming levels
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Background Gamest GOC

Games

About Arena Breakout Mobile

 Forward Rendering

* Physical Based Rendering

*  Dynamic Weather System [Chan22]

* Gl based on Precomputed Radiance Transfer for indoor scene
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*  Dynamic Weather System [Chan22]

* Gl based on Precomputed Radiance Transfer for indoor scene
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Games

About Arena Breakout Mobile

 Forward Rendering

* Physical Based Rendering

*  Dynamic Weather System [Chan22]

* Gl based on Precomputed Radiance Transfer for indoor scene
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Background Ao GOC

Mobile Ray Tracing

 The latest smartphone are now ready for Hardware-accelerated Ray Query (Inline Ray Tracing)
 Ray Query can be used in any shader stage
* Most Frame Capture Tools or Profilers don’t support Mobile Vulkan Ray Query

Preparation

 Enable Vulkan RHI for Android
 Update Shader Cross Compiler (Shader Conductor)
 Extension UE4 Vulkan and Metal RHI
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Ray Tracing in Arena Breakout Mobile

 Ray Tracing has been released in the game
 Android Ray Tracing has been released
* iOS Ray Tracing is under development

* Reflection

e Soft Shadow

- AO

OFF Tracing
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Ray Query Reflection Off

03.0.4790 | branches/2023081 i =930VersionlIBuildTime: 09.1110:54 |svn:830384 |gid:0IREMabile R E 4R T110.85 GB Devld: cd3 ).12 13:38:31 |Server: 09.12 13:38:31 |quality: #B&i&|room:0 |[RHI: Vulkan

5 105 120~ 125 : : O 2
, LT ‘ Z O

20 =R

- 2=
x=24982.21,y=22755.17,z=176.86 MapName:TVStation_Main GMInfo:1-1-0-0 RoomID:0 EV100:1.668/1.686-F0DFme+47:0:0 BlendWeights:0,4,0 InLoss: 0 OutLoss: 0 InRate: 0 OutRate: 0 Saturated: 0 Team:0 Faction:0 BP_UamCharacter_C_2147479597Role:3




Ray Tracing in Arena Breakout Mobile ALt GOC

Ray Query Reflection On
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Ray Query AO Off
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Ray Query AO On
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Ray Query Soft Shadow + AO
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Ray Tracing Scene Management Aot GOC

Challenges

« Bottom-level acceleration structure (BLAS) Memory Usage
* Build BLAS is expensive

Tracing top-level acceleration structure (TLAS) with too many instances is expensive

TLAS (Captured by NVIDIA Nsight Graphics on PC)
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World Overview

* Levels are managed by level streaming system
 Low LOD of Mesh is loaded when package is loaded

* Higher LOD is loaded by mesh streaming system
* Meshes with Mask, World Position Offset or Transparent Material will not create BLAS

e Create BLAS when Mesh LOD is Loaded?

« 4700+ BLAS when load map
* The Video Memory is up to 4.4G then crashed because of out of memory
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Build and Destroy BLAS

 Pisthe location of camera

* rlis the BLAS creation radius

* r2is the BLAS destruction radius

* dis the distance from camera to Object’'s Bounds Sphere

1 for(Camera : Cameras)

{

for(SceneProxy : PrimitiveSceneProxies

nce from Camera to SceneProxy Bounds
if(d < r1

SceneProxy->MarkRequestFrameNum = CurrentFrameNumber;
if(d < r2

SceneProxy->MarkKeepFrameNum = CurrentFrameNumber;

for(SceneProxy : PrimitiveSceneProxies)

if((CurrentFrameNumber - SceneProxy->MarkRequestFrameNum < CreateThreshold) && (SceneProxy->BLAS ==

else if CurrentFrameNumber - SceneProxy->MarkKeepFrameNum > ReleaseThreshold) && (SceneProxy->BLAS !=
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Build and Destroy BLAS

 Lazy create BLAS only when objectisinrl
* Delay destroy BLAS by n frames to avoid frequent creation and destruction

* All parameters are scalable

Result

e QOld:
4700+ BLAS
over 4.4G then OOM

* New:
700+ BLAS
1.1G (Game total video memory usage)




Ray Tracing Scene Management Ao GOC

TLAS

 Update Every Frame
* Enable VK_BUILD_ACCELERATION_STRUCTURE_PREFER_FAST_TRACE_BIT_KHR
* Instance Culling

« Distance Culling [Netzel22]

* Projected Angle Culling [Deligiannis19]
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Performance

e Build BLAS < 0.5ms
 Build TLAS: Tms
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Ray Tracing Reflection Ao GOC

Challenges
* Shading Reflection Pixels
* No RTPSO

* No Bindless Texture

« Thousands of different Materials
* Hybird Rendering Pipeline

* Current Rendering Pipeline is Forward Rendering
 Performance

 Energy Cost

« FPS



Ray Tracing Reflection Ao GOC

Rendering Pipeline

Opaque SceneColor

z&%

TrianglelD

» + Barycentric Coord » ‘

- 2

Reflection Texture Reflection Texture Reflection Texture Blend Result Final Result

Normal
+ Roughness
+ Flags

Mesh Instance ID

Depth

Base Quety UBLelliey Joint Bilateral Joint Bilateral Post
Scene Resolve A oy A Blend :
Pass Filtering Filtering Processing

Pass Pass
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Preparation

* Create Special Mesh Shader for Ray Query Reflection Shading

* Collect Ray Query Mesh Draw Commands

* Reallocate Mesh Instance ID for Mesh Draw Commands Every Frame
When Build TLAS, assign Mesh Instance ID and HitGroupld

Transform[12];
uint32 InstanceID : 24;

uint32 Mask : 8;

uint32 HitGroupId : 24;

uint32 Flags : 8;

uinté4 AccelerationStructureHandle;




Ray Tracing Reflection Ao GOC

Base Pass

« MRT

 RTO: SceneColor (R11G11B10)

« RTI1: ThineGBuffer (Normal + Roughness + Flags) (A2B10G10R10)
* Depth Stencil

« D24S8
*  Optional

* Reflection Color: For Metal Material




Ray Tracing Reflection Aot GOC

Screen Space Query Scene Pass

 RTO: Packed Triangle ID and Barycentric Coordinate the ray hit
 RT Optinal: Hit Ray input direction
* Depth Buffer: Mesh Draw ID the ray hit
* Algorithm:
1. Reconstruct Camera Relative World Position and reflection ray direction

2. Emitray, if hit any TLAS Instance, get Mesh Instance ID, Triangle ID and Triangle Barycentric Coordinate of
the hit point
3. Write the result to RTO and Depth Buffer




Ray Tracing Reflection Ao GOC

Visibility Resolve Pass: CPU

« Dispatch Ray Query Visibility Resolve Draw Calls
* The Draw ID is committed by uniform buffer
 Each Draw Call is a full screen quad

Visibility Resolve Pass: GPU

e If Draw ID is mismatch, discard the pixel

* Interpolate PBR parameters in Pixel Shader
 Emit Shadow Ray

e Calculate direct light and indirect light

*  Write the reflection RT
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Pros

 (Good hardware compatibility

Cons

* Draw Call
* Draw Call count is the same as TLAS instance count (600+)
* Overdraw

« Too many full screen quad draw call
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Visibility Resolve Pass

e Draw Call
* Use GPU Occlusion Query to remove invisible Mesh Draw Commands
 QOverdraw
* Assign the Mesh Draw ID to the quad depth in vertex shader
 Enable depth test to avoid overdraw
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Visibility Resolve Result

No invisible draw call
Before: 600+ draw call
e After: 110+ draw call

No overdraw
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Blur Pass 1

* |nput Textures
* Reflection Texture
* ThinGBuffer Texture(Normal + Roughness + Flags)
* Depth Texture
* Algorithm
« Joint Bilateral Filter

* Kernel offset size is adjust by roughness
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Blur Pass 2

* Joint Bilateral Filter
« Kernel Offset is larger
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Blend Pass

1. Edge-preserving

2. Sharp reflection for smooth floor

3. Blurry reflection for rough wall

4. No emitted ray for fully rough material
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Pros

* Good hardware compatibility
* High performance (>60 FPS on MTK Dimensity 9200)

Cons
« Difficult to process transparent or mask material

HREE 331600

kst
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Vivo XQ0 (SOC: MTK Dimensity 2200)
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Ray Tracing Soft Shadow and Ambient Occlusion Gmes!

Challenges

« Both need many rays

e Performance

Shadow: 1 ray
AO: 1 ray
No Denoise
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Rendering Pipeline

-

Geometry Normal

—

Depth

Shadow + AO Shadow + AO Shadow + AO Base Color Result

PreDepth

—

PreShadow + PreAO

Query .
Pre Pass ‘ Scene ‘ Tempc?ral ‘ A-Trous Filter ‘ Base Pass POSt.
Denoise (2 pass) Processing

Pass
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Query Scene Pass

 Regard sun as sphere

* Use depth to reconstruct ray origin, use Halton sequence to generate sample direction
* 1 ray for shadow, 1 ray for AO

 Channel R is shadow, G is AO

* Back face culling for shadow ray

* Lower resolution
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Temporal Denoise Pass

* Reproject screen position to previous shadow & AO texture
* Reject by depth

Before After
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A-Trous Filter

* 2 Pass A-Trous Filter
* Kernel Offset is larger for the 2th Pass

Before After
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Result

* Here | modify size of sun by doubling it, to get softer shadow

Shadow AO
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Result

Scene with soft shadow and AO




Ray Tracing Soft Shadow and Ambient Occlusion ALt GOC

Pros
* High Performance(>70 FPS on MTK Dimensity 9200)
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Ray Tracing Soft Shadow and Ambient Occlusion ALt GOC

Cons

« Mesh with mask material (Foliage) should use other shadow algorithm
 Mesh with transparent material can’t sample correct shadow & AO (Have to emit new rays for it)

« Too many rendering pass and texture sampling lead to high power cosumption

Fadie) 33:25 FReEdE 33:12

Ray Query Shadow

CSM Shadow
Glass sampling Ray Query Shadow
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Frame Predication

* Use frame predication to create half of the ray query intermediate frames [Yue24]
My colleague Yue Qi has introduced the frame predication in this conference
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Performance
« FPS on Vivo X0 (MTK Dimensity 9200)
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Performance
* Power consumption on Vivo X20 (MTK Dimensity 9200)

| Battery

Avg(Power) [mW] & FPower(IiigEFE) [mW] Sum(Battery)[mWh] Avg(Voltage) [mV] Avg(Current) [mA]
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