EDAF80:
Seminar 4

Introduction
Article
Overview

- Water Shader

One wave
Sum of waves

i, EDAF80: Computer Graphics

GLSL functions

Shading

Water colour

- Rikard Olajos

Animated normal
mapping
Tangent space
Fresnel reflection
Fresnel refraction

Final result

Assignment 4
Demo
A Exercise 4-2

LTH

FACULTY OF
ENGINEERING
UNIVERSITY

1/35



EDAF80:
Seminar 4

ASSIGNMENT 3

Overview

Texture coordinates

Cube mapping and skybox
Phong shading

® Any questions?

2/35



EDAF80:
Seminar 4

AGENDA

Introduction
Article
Overview

Waves .
e @ Introduction
Sum of waves
A Exercise 4-1
GLSL functions

Shading g WaVeS

Water colour
Reflection

Animated normal
mapping

Tangent space S h d .
Fresnel reflection adain g
Fresnel refraction

Final result

Assignment 4

- O Assignment 4

A Exercise 4-2

3/35



Introduction




EDAF80
Seminar 4

5/35

ARTICLE

Finch, M.: Effective Water Simulation from Physical Models

Excerpt from GPU Gems

Note: uses (B, T, N) instead of (t, b, n)

2nd note: there is a mix-up of terminology (phase/frequency/wave number)



https://developer.nvidia.com/gpugems/gpugems/part-i-natural-effects/chapter-1-effective-water-simulation-physical-models
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e Sum of sines

e Form sharper crest by
raising to an exponent k
(sharpness)

sin(X) — sin(x)K

e Similar to shininess in the
Phong model
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WAVES
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ONE WAVE

A = amplitude

D = (Dx,D,) = direction of travel
e f = frequency

® o = phase constant

® k = sharpness

* t=time

® (x,z) = position on plane

Yy =G(x,z,t) = A(sin((Dx - X + D; - z) - f + t) - 0.5 4 0.5)K

10/35



EDAF80
Seminar 4

10/35

oG
19).4
oG
0z

ONE WAVE
A = amplitude
D = (Dx,D,) = direction of travel
f = frequency
¢ = phase constant
k = sharpness
t = time
(x,z) = position on plane

Yy =G(x,z,t) = A(sin((Dy - X + D - 2) - f + ot) - 0.5 4 0.5)K

— 0.5kfA(sin((Dy-X+D;-2)-f+t)-0.540.5) L .cos((Dx-X+D;-z)-f+t)-Dy

= 0.5kfA(sin((Dy-X+Dz-2)-f+¢t)-0.5+0.5)k1.cos((Dy-x+D;-2)-f+¢t)-D;
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® One wave
y =G(x,z,t) = A(sin((Dy - X + D; - 2) - f + t) - 0.5 4 0.5)K

Sum of waves
A Exercise 4-1
GLSL functions

e Sum of waves

H(x,z,t) ZG-

OH _ < 9Gi
ox Ox
OH  — 0G;
0z 0z
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Seminar Exercise 4-1: Procedural Vertex Animation

@ mplement a wave function using sin().

Have the wave depend on the p.x variable and time.
Reduce the amplitude of the wave to 0.05.

Set the spatial frequency to 25.0.

Change the phase constant (temporal frequency) to 5.0.
Introduce a dependency on the p.y variable as well.

A good direction for this wave is (0.4, 0.2).
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GLSL FUNCTIONS

e Parameter qualifiers
® in: copied into the function (default)
® out: copied out of the function
® inout: copied into and out of the function

void my_function(in float a, out float b, inout float c) {
b=a+c;
c=7.7;

float a = 2.2; float b = 3.3; float ¢ = 4.4;
my_function(a, b, c); // b =6.6, c =77

e Can not be recursive
® More info in the OpenGL wiki


https://www.khronos.org/opengl/wiki/Core_Language_(GLSL)#Functions
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GLSL WAVE FUNCTION

layout (location = 0) in vec3 vertex;
layout (location = 1) in vec3 normal;

uniform mat4 vertex_model_to_world;
uniform mat4 normal_model_to_world;
uniform mat4 vertex_world_to_clip;
/* Add time uniform */

out VS_OUT {
vec3 vertex;
vec3 normal;
} vs_out;

float wave(vec2 position, vec2 direction, float amplitude, float frequency,
float phase, float sharpness, float time)

: {
Fresnel reflection return amplitude * pow(sin((position.x * direction.x + position.y * direction.y)
Fresnel refractior * frequency + phase * time) * 0.5 + 0.5, sharpness);
Final resul s
void main()
{
vec3 displaced_vertex = vertex;
displaced_vertex.y += wave(vertex.xz, vec2(-1.0, 0.0), /* fill in... */ );
vs_out.vertex = vec3(vertex_model_to_world * vec4(displaced_vertex, 1.0));
vs_out.normal = vec3(normal_model_to_world * vec4(normal, 0.0));
gl_Position = vertex_world_to_clip * vertex_model_to_world * vec4(vertex, 1.0);
}
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ADDING TIME

e Keep track of elapsed time

float elapsed_time_s = 0.0f;

e e Update each frame in render loop

pong elapsed_time_s += std::chrono::duration<float>(deltaTimeUs).count();

e Send time to shader program

Abukes2 glUniformif (glGetUniformLocation(program, "t"), elapsed_time_s);
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WATER COLOUR
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WATER COLOUR

colorgeey = (0.0,0.0,0.1,1.0) (D
coloTsnaitow = (0.0,0.5,0.5,1.0) (D
n=(—-0H/ox,1,—0H/0z)
facing =1—max(V-n,0)

c0l0Tyater = MIX(C0loTrgeep, COLOTgha110w, facing)
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REFLECTION

Cube mapping, as in assignment 3
n=(—-0H/ox,1,—0H/0z)
R = reflect(—V, n)

® color = coloryster + reflection

Reflection is looked up in the cube map
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ANIMATED NORMAL MAPPING

“Sliding windows” — superposition from multiple, time-dependent normal
map coordinates

Vertex shader: calculate coordinate pairs
® Fragment shader: read and do superposition
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Animated normal
mapping
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vec2 texScale
float normalTime

ANIMATED NORMAL MAPPING: COORDINATES

vec2(8, 4);

mod (time, 100.0);

vec2 normalSpeed = vec2(-0.05, 0.0);

normalCoordO

normalCoordl

normalCoord2

Xy
texCoord.
Xy
texCoord.

Xy

Xy

Xy
texCoord.

Xy

* I *

*

texScale + normalTime * normalSpeed;
texScale * 2 + normalTime * normalSpeed * 4;

texScale * 4 + normalTime * normalSpeed * 8;
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ANIMATE NORMAL MAPPING: READ, REMAP,

SUPERPOSITION

® n; = texture(normalTexture,normalCoord;) *« 2 — 1

® Ny = Normalize(}° n;)

(this is in tangent space)
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B TANGENT SPACE
e Equation for 3-D point
P(x,z,t) = (x,H(x,z,t),2)
- * Tangent space
ox OH 0z OH
= t= (5o ae o) = (150)
‘é";é"“é?a(? ox OH 0z OH
o= (5 a2) = (0 %)
OH OH
n=txb= <_8x’1’_82>
e tangent space — world space
TBN * n
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Fresnel refractior
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FRESNEL REFLECTION
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FRESNEL TERMS

How much light reflects at a glancing angle

(and how much refracts)
fresnel = Ry + (1 — Rg) * (1 —V-n)®

2
; <n1 n2>
ny + Ny
Air to water: Rp = 0.02037

R ® color = coloryater + reflection * fresnel
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FRESNEL REFRACTION

Use function refract(I, N, eta)
Takes incident vector, I, normal N, and ratio of refraction indices, eta

Air — water
eta = nl/ng = 1.0/1.33

Water — air
eta = ng/nl = 133/10

color = coloryater + reflection * fresnel+refraction * (1 —fresnel)
Reflection and refraction are looked up in the cube map
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FINAL RESULT
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ASSIGNMENT 4

Expand createQuad ()

Increase tessellation

® Add texture coordinates
Water shader

Use diffuse.vert and diffuse.frag as guidance

Resources (res/):
® textures/waves.png, normal map

cubemaps/NissiBeach2/, cube map set

Files you have to modify (or add)

src/EDAF80/assignment4. cpp
src/EDAF80/parametric_shapes.cpp
shaders/EDAF80/water.vert (add)
shaders/EDAF80/water .frag (add)
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Seminar Exercise 4-2: Procedural Vertex Animation

© Replace the checkboard () function call in main() with france(). Then
implement the Flag of France as a procedural texture.

® Implement the function sweden() and have it generate the Flag of Sweden.

© Come up with your own crazy procedural texture!

A Exercise 4-2
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