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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]

[1ZHV] Introduction to Game Development © 2023, Tomas Polasek, Martin Cadik



THE SCENE

m Coordinates & Axes
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IMAGE SYNTHESIS

T rrrr
| I - | “

m Scene — 2D Image N
m Image Raster =
m Rendering Process ? 4
m Approaches

> Rasterization + Depth

> Ray Casting + Ray Tracing
m Shading & Lighting =
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RENDERING GAMES




ENGINE OVERVIEW

m GPU — Graphics API - =

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
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penGL.

m GPU Communication
m Data & Memory
m Range of Options
m Varied Properties <
» Supported Platforms v I n
» Additional Functions u .(a
» Abstraction Level

Microsoft®

DirectX
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GRAPHICAL ASSETS

m Object Properties
m Models:

» Curves

» Polygonal Meshes
Graphs

» Distance Functions

m Materials & Textures

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

LOW-LEVEL RENDERER

W73z T3z
T2 w2

m Rendering Primitives

T3z wTaz

m GPU Architecture & Parallelism —H

T3z mTaz

m Fixed vs Programmable
— Shaders

m General Purpose GPU

m Rendering Pipeline [2] ==
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VERTEX PROCESSING

m Vertex Properties & Assembly
m Vertex Shader
m Model Space — World Space L '
m Per-Vertex Shading '

Vertex
Data

Vertex
Puller

Vertex
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PATCH TESSELLATION

main()

m Subdivide Patches
m Control Magnitude
m Evaluate Positions
m Finer Meshes

Tessellator
Vertex T llation T llation T llation
Control Primitive Evaluation
Puller }
Generation Shader

Primitives

d ] > F
Shader | : : e
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PRIMITIVE GEOMETRY

m Geometry Modification
m Primitive Generation
m Feedback Buffer

m Assembly of Primitives

Vertex Feedback
Data Buffer

Tessellator

Tessellation | (Tessellat

Vertex g A q Transform
Puller : Prlmmv_e Evaluation : EI—
: Generation : T
0 h 2| Geometry Primitive
Shader | 1 H "1 Shader Assembly
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CLIPPING AND RASTERIZATION

m Culling & Clipping
m Rasterization

m Early Z-Test

m Fragment Selection

Tessellator '
Te llation Te llation) :
i Control Primitive Evaluation | ! eI
Puller ; Feedback
Generation T
2| Geometry Primitive Clipping &
Shader Assembly Rasterization
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FRAGMENT OPERATIONS

m Per-Fragment Processing

m Fragment Shader
m Vertex Interpolation

m Rasterized Pixels — Framebuffer

Tessellator

=
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Buffer

e Primitive
Puller .
Generation

Transform
Feedback
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Raster
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GENERAL PURPOSE GPU

m Uses: Visual Effects
m Data on GPU
m Compute Shader '
m Compute Dispatch
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RAY TRACING PIPELINE

Ray

[ ] Dispatching Rays Generation
m Acceleration Structure s“a:e’ —
. racerayl...
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OPTIMIZING RENDERING

AnQ 1D
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Billboards & DOStOo
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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

Y why 4 %\

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 g BeginFrameRendering
m Scriptable Render Pipeline

» C# Rendering API layer
» Extensible with Sources

BeginFrameRendering

Setup Culling Params

a
o a .
9] Culling

» Shader Graph 318 .
2® ; = Rendering Data

» VFX Graph HE Build Rendering Data

. = 5]
» Post Processing Volumes E 8 [ SetupRenderer Additional Features
H Execute Renderer Render Passes
| Pre‘BU”.t: URP & HDRP Render Passes

EndCameraRendering Eoite

m Choosing the Solution

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

|
= E =

STANDART
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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

. ¥

AJ.
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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/
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