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What is the Rendering
Pipeline

The ordered set of steps Unity uses to turn scene data into a final image.

Culled objects

1. Culling

2. Rendering

- A pixel

3. Post-processing

Vertex/index buffer

l

Input assembler

l

Vertex shader

l

Tessellation

l

Geometry shader

l

Rasterization

l

Fragment shader

l

Color blending

l

Framebuffer
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What are Shaders

Any programmable operation to manipulate
data in the rendering pipeline, specialize on
render function on the GPU




Vertex Shaders: Edit vertices

Transform vertex of a 3D model -> 3D position in virtual space to a 2D coordinate on the screen.
e manipulate properties such as vertex animation and position deformation

Ripple texture waves

Procedural Grass




Fragment Shaders: Edit Pixels

Changing color, textures, and lighting




Why do shader when you have materials?




What are Materials

Materials define how the
surface of a looks by
combining shaders and
properties
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Unity Defaults not enough?

Just a square with a color



https://docs.google.com/file/d/1-MHMvZR0Ol1wL2wqXCLUjEsdSHp6F9oi/preview
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hader G

for desaturation Product used for channe!

Detaut

Tangant

Normalize

Using a Dot Produ Create




Advantages of Shader Graph

Little to no programming
required

Visually intuitive

Real-time preview

High reusability

Combines + abstracts
linking between vertex and
fragment shader

* aside: some evidence

Object Space

Object Space

Object Space

suggest shader graph does
not work with webg|

Vertex

*~=—0 Pposition(3)

*-—0O Normal(3)

*~—0 Tangent(3)

Fragment

*~—0O Base Color(3)




Input Nodes: Gets input data for your shader

Position Screen Position

out(4) O

Channel Default =

Time(1)

Sine Time(1) \
Cosine Time(1) \
Delta Time(1)

Smooth Delta(1)

Time uv

Gets time Gets mesh UV .
coordinates Gets vertex Position

Position




Texture Nodes

Sample Texture 2D

® Texture2D(T2) © ———-® Texture(T2)

Wov =0 yy

Sample Texture 2D

* Default-Part © ¢ —O Texture(T2)

R -—O0 uv(2)

O Ssampler(SS)

Default

Tangent

Tiling and
Offsets

Sample Texture 2D

® Texture2D(T2) @

Sample Texture 2D
Tiling And Offset

e ® Textur

Defaut v Type

Space

Create a tilting and offset to the UV
coordinates (greater for creating scrolling
animations via textures)

Defautt v

Tangent v




Texture Nodes

® Texture2D(T2) ®
Sample Texture 2D

® Texture(T2)
uv(2)
Sampler(s:
trength(1)
—0 off:
Default

Tangent

X 0.5

Y 05

Rotate

*==0 Center(2)

*~—O Rotation(1)

Unit

Texture2D(T2) ©

Sample Texture 2D

Sampler(Ss)

Radians

Type

Space

RGBA(4) C
R(1) ¢

G(1) ©

Default

Tangent




Math Nodes

Lerp

Linear interpolation
between two object

Subtract

°=0 A1)

® B(1)

Divide Multiply

+-=0 AM) o ()
*=0 B(1) * =0 B(1)

Arithmetic
operations

out(1) ©

out(1) ©




Math Nodes

Step

Simple Noise
X 0.44 «-—O Edge(1)

B e-TO Uv(2)

*=70O Scale(1)

Clamp
Step (thresholding)

Clamp a value in
range




Simple Noise

UVO Y «-—O0 yy(2)
X 500 =0 scale(1)

Hash Type Legacy Sin¢

Simple Noise

Checkerboard

—0 uv(2) out(3) ©
—O Color A(3)
—O Color B(3)

—O Frequency(2)

Checkerboard

Gradient Noise

UVo¥y < =0 yy(2)
X 10 *~=0 Scale(1)

Hash Type

Fresnel Effect

(o]
Out(1) World Space ¢-=O Normal(3)

World Space ¢~=O view Dir(3)

Deterministi ¥ X1 *~=0O Power(1)

Gradient

Fresnel Effect

out(1) O




Artistic Nodes (photoshop editing

e Contrast, hue, saturation, blend modes, etc.

Gradient

out(G) @y
Position Split

— B ]
out(3) ®——=® In(3) R(1) P

1) @ 2 g
Object St Sample Gradient Preview Hue
1) O X 1 [ ———————— |
) Multiply (
A1) — @ Gradient(G) Out(4) © =@ |n(4) @ In(3) out(3) ©

® A1) Out(l) ©®—-® Time(1) X 05 *==O offset(1)

*==0 B(1) ,
Range Normalized v




Now that we are done with shader, we have
particles




Visual Effects

basically just particle system + shaders




More Particles




More shaders but still using a particle system

lasers/ trail effects, special things

Explosion on Enemies




What is a particle system?

Emitters

Constant Spawn Rate - Issues Spawn events at a constant
rate

Burst - Generates a large number of particles at once
Capacity - Maximum number of particles that can exist
simultaneously

Particles - mesh that you instantiate

e Set LifeTime - Particle lifetime
e Set Position Shape - Initial particle position
e Set Velocity - Initial particle velocity




Particle System

Open Editor...

Properties + Modules J

# Scene o Game H ) Start Rotation

| [ElCenter ¥ @ Local v y Start Rotation
Flip Re )

3D Physics
Local

Particles ]

Pause Restart Stop Delta Time Scaled
Playback Speed 1.00 ing Mode Local
Playback Time 40.00 : W
Particles 50 Rigidbody
Speed Range 5.0 -5.0 1000
Simulate Layers Nothing eed v

Resimulate

Show Bounds Culing M Automatic

Show Only Selected Ring Buffer Mode Disabled
v [Emission

None

v Shape
Velocity over Lifetime
Limit Velocity over Lifetime
Inherit Velocity
Lifetime by Emitter




Flip books for 2D

https://cgheven.com/assets/flipbooks

Free VEX image sequences and flipbooks



https://cgheven.com/assets/flipbooks
https://unity.com/blog/engine-platform/free-vfx-image-sequences-flipbooks

Layering Textures

512x512 RGBA Compressed DXTS UNorm 341.4 KB




xamples

# Scene  @®Game

@ @«  Hww - W
¥

*
B

Nothing




Scripting for particle system

using UnityEngine;
UnityEngine.InputSystem;

Unity Script | 0 references
public class hello : MonoBehaviour

{

// Start is called once before the first execution of

private ParticleSystem ps;

Unity Message | 0 references
void Start()
{
ps = GetComponent<ParticleSystem>();
}

Unity Message | 0 references
void Update()
{

if (Input.GetKeyDown(KeyCode.Space))
{

ToggleEmission();
}

1 reference
void ToggleEmission()
{
// Get the module
var emission = ps.emission;
// Modify it
emission.enabled = !emission.enabled;

oBehaviour is created




Helpful Resources

Inigo Quilez :: computer graphics, maths, shaders, fractals,
demoscene

https://www.shadertoy.com/

https://thebookofshaders.com/

DD/MM/YYYY Feature Name/Product


https://iquilezles.org/articles/
https://iquilezles.org/articles/
https://www.shadertoy.com/
https://thebookofshaders.com/

