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RENDERING CONCEPTS




RENDERING AS VISUALIZATION

m Goal: Visualize the World Game World
m Image Synthesis

m Real-Time Graphics

m “Fake Everything”

m — Rendering Engine [1]
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THE SCENE

m Coordinates & Axes

Observer
Objects:
» Representation
» Visual Properties
m Light Sources
> Types
» Interactions
m Camera
» Model
» Projection

Virtual Screen s
m Rendered Image y Light g -
2 Coordinate BT

System T TTeel .

Rendered Image

Far Plane _.

Camera .

Virtual Frustum __.---~

Screen e
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IMAGE SYNTHESIS

m Scene — 2D Image
m Image Raster
m Rendering Process
m Approaches
» Rasterization + Depth
» Ray Casting + Ray Tracing
m Shading & Lighting

I
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RENDERING GAMES




ENGINE OVERVIEW

m GPU — Graphics API o =

m Graphical Assets ([renstom ] ([anstom | | (g%

m Low-Level Rendering : : g " chest
m Virtual World — Scene Graph o e

m Lighting & Shading
m Visual Effects & Post-Processing Qplayer

Orc Chest H .
. User | nte rface P T L e e PR :’.'.' i '.'.':‘:
E Scene Render Engine Visual :
; Graph Interface |
p—— a—
¢ Graphics '; Low-Level Lighting Visual :
GPU APl ! Renderer g Shagéing g Effects .
Y S

Graphical

Assets
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GRAPHICS APIS

/_\
DpenGL

m GPU Communication )

m Data & Memory T
m Range of Options
m Varied Properties h‘
» Supported Platforms
» Additional Functions vu I .(an

» Abstraction Level . ,
Microsoft"

DirectX
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GRAPHICAL ASSETS

m Object Properties
m Models:

» Curves

» Polygonal Meshes
» Graphs

» Distance Functions

m Materials & Textures

\]l;.. 4

SR B [T
Sourcey Ihige Qilez: Ladybug . % |

o
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https://www.shadertoy.com/view/4tByz3
https://www.shadertoy.com/view/4tByz3

LOW-LEVEL RENDERER

Dispaich Unit (32 threadlcik) Dispatch Unit (32 thread/clk}

"Rogister File (16,384 x 32-bit) Register File (16,384 x 32:bit)

s
m Rendering Primitives H
m GPU Architecture & Parallelism
m Fixed vs Programmable

— Shaders
m General Purpose GPU
m Rendering Pipeline [2]
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VERTEX PROCESSING

layout (location=08) in vec3 iPosition;

[ Vertex Properties & Assembly laiout z(‘lo(c:atior.lzl) uniform mat4 uMVP;

m Vertex Shader s

m Model Space — World Space £ /7 vereex Shader: N
gl_Position = uMVP % vec4(iPosition, 1.0);

m Per-VerT_eX Shading . vColor = vec4(1.0, 0.8, 1.0, 1.0);

Vertex
Data

Vertex
Puller

Vertex
Shader

B
o
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PATCH TESSELLATION

void main()
{ // Tessellation Control Shader:

m Subdivide Patches ﬁ g1 TessLevelouter — flostlal (s, 1o 6, 1)3
) gl_TessLevellnner = float[2](5, 1);
m Control Magnitude '

o, . void main()
m Evaluate Positions { /7 Tessellation Evaluction Shader:
. gl_Position = uMVP * veca(
. Flner Meshes iPosition * gl_TessCoord, 1.0);
}
Vertex
Data
"""""""""" Tessellator

T llation

Primitive
Generation

T llation
Evaluation

Control

Puller Tt

Vertex E

Vertex

Shader |
— J
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PRIMITIVE GEOMETRY

layout (points) in;
layout (triangle_strip, max_vertices=4) out;

m Geometry Modification

void main()

gl_Position = basePos + vec3( 1.6f, -1.0f, 0.0f); EmitVertex();
gl_Position = basePos + vec3( 1.6, 1.0f, 0.0f); EmitVertex();

m Assembly of Primitives e initiva0;

. b . { // Geometry Shader:
m Primitive Generation 220 DD = AL LR
gl_Position = basePos + vec3(-1.0f, -1.0f, 0.0f); EmitVertex();
u Feed baCk Buﬁer gl_Position = basePos + vec3(-1.6f, 1.0f, 0.0f); EmitVertex();

3
Vertex Feedback
Data Buffer
T Tessellator | '
H T Tatior g
Vertex : cetanon i | Transform
g Control Primitive g
[Pt : Shader Generation i ficadhack
Paiches )
Vertex 2| Geometry Primitive
Shader “| Shader Assembly
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CLIPPING AND RASTERIZATION

m Culling & Clipping
m Rasterization

m Early Z-Test

m Fragment Selection

Vertex Feedback
Data Buffer

Tessellator
lation Te llation Te llation
\é’irltlz): Control Primitive Evaluation I:];;ézrcr:
Shader Generation T
Geometry Primitive Clipping &
Shader Assembly Rasterization
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FRAGMENT OPERATIONS

smooth in vec4 vColor;

m Per-Fragment Processing
m Fragment Shader
m Vertex Interpolation

out vec4 fColor;

void main()
{ // Fragment Shader:
fColor = vertexColor;

m Rasterized Pixels — Framebuffer 1
[=]
Data Buffer

Tessellator

=

Nation - TPy

Vertex ' P S Transform Raster
i Control Primitive Evaluation
il E Shader Generation Shader Pzl 2 rce
Vertex Primitive N Clipping & Fragment Raster
Shader Assembly Rasterization Shader Operations
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GENERAL PURPOSE GPU

layout (local_size_x=32,local_size_y=32,local_size_z=8) 1in;

. N layout (binding = 1) readonly buffer InBuffer{ mat4 data[]; } inData;
. Uses° Vlsual EffeCts layout (binding = 2) buffer OutBuffer{ mat4 data[]; } outData;
m Data on GPU void main()
{ // Compute Shader:
[ ] Compute Shader uvec3 1Id = gl_LocallnvocationID; uvec3 gSize = gl WorkGroupSize;
uint flatld = 1Id.z * gSize.x * gSize.y + lId.y % gSize.x + 1Id.x;
. Compute Dlspatch outData.data[flatId] = usefulComputation(inData.data[flatId]);
¥
“oter M
e Buffer SFader

Tessellator

1 Compute

= Tatior : / Sé(:]rfzfaegre / ‘ Shader J
cetanon i | Transform Raster

Control Primitive il T

Shader Generation H

------- f i

Patches
Geometry Primitive N Clipping & Fragment Raster
Assembly Rasterization Shader Operations

Puller

Vertex E

Shader
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RAY TRACING PIPELINE

. . Ray
m Dispatching Rays Generation
m Acceleration Structure Sha:e’ —
. raceray...
m Tracing Procedure ! ———

m Surface Shaders A : -
cceleration

Structure
Traversal

A 4

Intersection
m Scene Traversal J |—’ Shader

Any Hit

Top-Level AS Bottom-Level AS
- —
—
\
Yes P
Hit Triangle? c'g;‘:z:'r"'t
Shader Table

Record Record )
Miss
| I— <
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OPTIMIZING RENDERING

m Scene Graph

m Occlusion Culling

m Potentially Visible Set

m Billboards & Impostors
m Level of Detail & Proxies

/{Q\;\ f{{}‘sﬁ
e )




DEFERRED RENDERING

m G-Buffer

m Render Pass — Composition
m Deferred Shading & Lighting
m Tiles & Clustered Rendering
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LIGHTING AND SHADING

m Shading Model: Flat, Gouraud, Phong
m Lighting & Shadowing

m Material Models — Blinn-Phong & GGX -
m Surface Properties — BRDF

oS NN N o

090 3 =

Source: Moving Frostbite to Physically Based Rendering Source: Maarten Everts: Shading
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https://en.wikipedia.org/wiki/Shading
https://media.contentapi.ea.com/content/dam/eacom/frostbite/files/course-notes-moving-frostbite-to-pbr-v2.pdf

GRAPHICAL EFFECTS

m Shadows & Soft Shadows
m Emulating Fidelity

» Ambient Occlusion

> Fog & Weather Effects

> Normal, Bump, Parallax
m Visual Effects

» Animation

» Particles

> Procedural
m Post Processing

> Depth of Field

» Motion Blur

» Screen-Space Effects
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RENDERING IN UNITY




UNITY RENDER PIPELINE

\

m Standard — Black Box ( {:BeginFran'17eRendering:}
m Scriptable Render Pipeline

> C# Rendering API layer
Extensible with Sources
Shader Graph

VFX Graph

Post Processing Volumes

m Pre-Built: URP & HDRP
m Choosing the Solution

>
>
>
>

Rendering Loop
Camera Loop

'EndCameraRendering )

EndFrameRendering ;
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https://github.com/Unity-Technologies/Graphics
https://docs.unity3d.com/2019.4/Documentation/Manual/BestPracticeLightingPipelines.html

URP AND HDRP

m UniversalRender Pipeline
» “Wide” Support
» Performance & Customizability
» 2D Renderer Included
m High Definition Render Pipeline

> Focused on High-End
> Realistic Graphics

flff %
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https://www.reddit.com/r/Unity3D/comments/mdecu0/i_am_in_love_with_urp_and_hdrp_it_took_me_a_while/

ADDITIONAL RESOURCES

m [Blog] Graphics Studies Compilation : DOOM 2016, DOOM Eternal

m [YouTube] Unity HDRP Demos The Heretic, Book of the Dead, Fontainebleau
m [UnityDoc] Choosing Render Pipeline

m [Blog] Inigo Quilez: Fractals, Computer Graphics, Shaders

m [Tutorial] Patricio G. Vivo: The Book of Shaders

£ Source: Inigo QuilezgProcedural Rainforest
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https://www.shadertoy.com/view/4ttSWf
https://www.adriancourreges.com/blog/2020/12/29/graphics-studies-compilation/
https://www.adriancourreges.com/blog/2016/09/09/doom-2016-graphics-study/
https://simoncoenen.com/blog/programming/graphics/DoomEternalStudy
https://www.youtube.com/watch?v=iQZobAhgayA
https://www.youtube.com/watch?v=StiyV0LK6BM
https://www.youtube.com/watch?v=hCeP_XUIB5U
https://docs.unity3d.com/2019.4/Documentation/Manual/BestPracticeLightingPipelines.html
https://www.iquilezles.org/www/index.htm
https://thebookofshaders.com/

Thanks For
{ Your Attention!
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