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Computer Graphics

Lab 4: lllumination and Shading



Dev Environment: Lab Package el

Hosted on GitHub: https://github.com/jku-icg/cg lab 2021
The repository will be updated during the lab with the new projects.

To get started (now):
1. Download the Z”:) A JKU-ICG/ cg_lab_2021 Q Notffcations | Yy Str | 2 YFork 8

EXt ra Ct t h e fo I d e r <> Code @© Issues ) Pull requesws [ Projects ) Security

2.
3. Open Visual Studio Code  # - Gotoie About
4

Repository for the

: Clone ® .
wguenter Add files \ Computer Graphics Lab
Open cg lab 2021 folder s s
. 00_empty https://github.com/JKU-ICG/cg_lab_2021.git ) o . .
F I O & jku-icg.github.io/cg_l...
I e E p en 01_intro Use Git or checkout with SVN using the web URL.
0 Readme

01_intro_handout

5. CIiCk On Go Live button in G Open with GitHub Desktop &8 MIT License

02_transformati...

lower right corner i) 8 SRS — 2


https://github.com/jku-icg/cg_lab_2021
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https://open.gl/drawing (adapted)


https://open.gl/drawing
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https://webglfundamentals.org/webgl/lessons/resources/webgl-state-diagram.html
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Depth Handling
Blending

Scene Graphs
Abstraction into nodes
Scene graph traversal
Implemented robot using a scene graph

Quad
Transformation

Quad
Render

Recap: Lab 3

Root
Robot
Transformation
Body Head Left Leg Right Leg
Render Cube Transformation Transformation Transformation
Head Left Leg Right Leg
Render Cube Render Cube Render Cube
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Agenda for Today g
lllumination
0. Interaction
1. Static Phong Shader \‘\L/
2. New SG Node: Material \
3. New SG Node: Light AV
4. Animated Light [
5. Multiple Lights




Why do we need illumination? o s

TTTTTTTTTTT
CCCCCCCCCCCCCCCC

Not really 3D, right?
Looks flat and boring

Maybe, if we rotate and
interact with the scene...



ccccccccccccccc

Reveals shape
Shows details

Humans are used to
shaded objects.




L . J¥U
lllumination Model: Phong Shading &=
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ambient / emissive + diffuse + specular =  Phong

https://learnopengl.com/Lighting/Basic-Lighting
https://en.wikipedia.org/wiki/Phong_reflection_model
https://youtu.be/RjA_sC4bCAM 10



https://learnopengl.com/Lighting/Basic-Lighting
https://en.wikipedia.org/wiki/Phong_reflection_model

Interactive Demo

HICS

https://jku-icg.github.io/cg demo/00 shading/

11


https://jku-icg.github.io/cg_demo/00_shading/
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Surface Normal (N)

Z
RsGsBs - Perfect Reflector (R) -

Light Source (L) o*’ ;{\/iewer (V)

Fragment

Material Reflectance (RmeBm)’/’"‘

c = color

amb = ambient, diff = diffuse, spec = specular, em = emission
m = material, m_sh = material shininess
N = normal vector, R = reflection vector, V = view vector

INSTITUTE OF
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— *
Camb - mamb
— . * *
Cor = max(/ - N, 0) M e
¢ =max(R-V, Q)" * *m
spec spec
C_=m
em em

Cfinal = Camb + Cdiff t Cspec + Cem

http://www.ntu.edu.sg/home/ehchua/programming/opengl/CG_BasicsTheory.html

12


http://www.ntu.edu.sg/home/ehchua/programming/opengl/CG_BasicsTheory.html
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Task 1: Implement Phong Shader ===
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Surface Normal (N)

= :
RsG:Bs - Perfect Reflector (R) . cC = *m
: 8 amb amb
Light Source (L) =%
.*" Viewer (V) — . * *
C it max(/ - N, 0) M e
¢ =max(R-V, Q)" * *m
spec spec
Fragment Cem = mem
Material Reflectance (RmGmBm)
N ' = + + +
' — ‘_ﬂ__,y.--—’/ Cfinal Camb Cdiff Cspec Cem
c = color
amb = ambient, diff = diffuse, spec = specular, em = emission
m = material, m_sh = material shininess
N = normal vector, R = reflection vector, V = view vector http:/www.ntu.edu.sa/home/ehchua/programming/opengl/CG_BasicsTheory.html

13


http://www.ntu.edu.sg/home/ehchua/programming/opengl/CG_BasicsTheory.html

Task 1: Implement Phong Shader &=

TTTTTTTTTTT
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Some useful math functions
min (x,y) Returns y if y < x, otherwise it returns x.
max (x,y) Returns y if x <y, otherwise it returns x.
clamp (x,min, max) Returns X, if min < x < max, otherwise min/max.

pow (X, V) Returns x raised to the y power, i.e., xV.
dot (x,V) Returns the dot product of x and y.
reflect (I,N) For the incident vector | and surface orientation N,

returns the reflection direction. N must already be
normalized in order to achieve the desired result.

Functions provided by the shading language:
e https://www.khronos.org/registry/OpenGL/specs/gl/GLSLangSpec.1.10.pdf (Chapter 8)

14


https://www.khronos.org/registry/OpenGL/specs/gl/GLSLangSpec.1.10.pdf
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Phong Shader M

Vertex Shader (phong.vs.glsl):

12

/1 position
position

vec3 lightPos = vec3(0.0, -2.9, 2.0);
output of this shader

varying vec3 v_normalVec;

varying vec3 v_eyeVec;

varying vec3 v_lightVec;

void main() {
vecd eyePosition = u_modelView * vecd(a_position,l);

v_normalVec = u_normalMatrix * a_normal;
v_eyeVec = -eyePosition.xyz;
v_lightVec = lightPos - eyePosition.xyz;

gl Position = u_projection * eyePosition;

COMPUTER GRAPHICS

Fragment Shader (phong.fs.glsl):

vecd calculateSimplePointlLight(Light light, Material material, vec3 lightVec,
vec3 normalVec, vec3 eyeVec) {
lightVec = normalize(lightVec);
normalVec = normalize(normalVec);
eyeVec = normalize(eyeVec);

K 1-1
//compute diffuse te

float diffuse = 0.9;

//compute s ilar term
vec3 reflectVec = vec3(0.0, 0.0, 0.9);
float spec = 0.9;

to corn

//use term an Light te the compon s

vecd c_amb = clamp(material.ambient, 0.0, 1.09);
vecd c_diff = clamp(material.diffuse, 0.9, 1.0);
vecd c_spec = clamp(material.specular, 0.0, 1.0);

vecd c_em = material.emission;

return c_amb + c_diff + c_spec + c_em;

void main() {

//Task 2-3 use mat

/Task 4-3

gl_FragColor

v_normalVec, v_eyeVec);

15



Vertex Shader (phong.vs.glsl):

12
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Computation Requires:
//Light position
vec3 lightPos = vec3(0.0, -2.0, 2.0); nght pOSitiOﬂ ‘6
//output of this shader Surface normals ) . -
varying vec3 v_normalVec; . .. _
varying vec3 v_eyeVec; View pOSIthn p R v
varying vec3 v_lightVec; (()riggir])

=

void main() {
vecd eyePosition = u_modelView * vecd(a_pgsition,l);

v_normalVec = u_normalMatrix * a_normal;

Normal Matrix

v_eyeVec = -eyePosition.xyz;

3x3 without scaling

v_lightVec = lightPos - eyePosition.xyz;

gl Position = u_projection * eyePosition;

Scale by
(0.6, 1.4)

https://learnopengl.com/Lighting/Basic-Lighting
http://www.lighthouse3d.com/tutorials/glsl-12-tutorial/the-normal-matrix/ 16


https://learnopengl.com/Lighting/Basic-Lighting

Specified by:

ambient (color)
diffuse (color)
specular (color)
position (coordinate)
others (e.g., angle)

Fragment Shader (phong.fs.glsl):

struct Light {
vecd ambient;
vecd diffuse;

vecd specular;

};

Light light = Light(vec4(®., 0., 8., 1.)
veca(l., 1.; 1., 1.)
vec4(1., 1., 1., 1.)

Light

Types:

JXU
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directional i
2~
>G\‘>\
point | I

ol

2

fragme

spotlight

https://learnopengl.com/Lighting/Light-casters 17
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Materials o ms
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Specified by:

ambient (color)
diffuse (color)
specular (color)
emission (color)
shininess (scalar)

Fragment Shader (phong.fs.glsl):

struct Material {
vecd ambient;
vecd diffuse;
vecd specular;

el Cyan Plastic Red Plastic Green Rubber Yellow Rubber

float shininess;

7

Material material = Material(vec4(0.24725, ©
vecd (0. 64, ¢
ecd (0
rec4(0., 0., 0., )
0.4); https://learnopengl.com/Lighting/Materials 18



Material: Impact of Shininess

High shininess (exponent) causes small highlight

Test it yourself: https://jku-icg.github.io/cg_demo/00 shading/

EEEEEEEEEEEEEE
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https://jku-icg.github.io/cg_demo/00_shading/

J¥U
Task 1: Implement Phong Shader ===
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Surface Normal (N)

= :
RsG:Bs - Perfect Reflector (R) . cC = *m
: 8 amb amb
Light Source (L) =%
.*" Viewer (V) — . * *
C it max(/ - N, 0) M e
¢ =max(R-V, Q)" * *m
spec spec
Fragment Cem = mem
Material Reflectance (RmGmBm)
N ' = + + +
' — ‘_ﬂ__,y.--—’/ Cfinal Camb Cdiff Cspec Cem
c = color
amb = ambient, diff = diffuse, spec = specular, em = emission
m = material, m_sh = material shininess
N = normal vector, R = reflection vector, V = view vector http:/www.ntu.edu.sa/home/ehchua/programming/opengl/CG_BasicsTheory.html

20


http://www.ntu.edu.sg/home/ehchua/programming/opengl/CG_BasicsTheory.html

Task 1: Solution

amb
vecd calculateSimplePointlLight(Light light, Material material, vec3 lightVec, Cd,ff
vec3 normalVec, vec3 eyeVec) {
lightVec = normalize(lightVec);
normalVec = normalize(normalVec); spec

eyeVec = normalize(eyeVec);

C

m

float diffuse = max(dot(normalVec,lightVec),0.0);

Cfinal

vec3 reflectVec = reflect(-lightVec,normalVec);

float spec = pow( max( dot(reflectVec, eyeVec), 0.0) , material.shininess);

vecd c_amb clamp(light.ambient * material.ambient, 0.0, 1.8);
vecd c_diff = clamp(diffuse * light.diffuse * material.diffuse, 0.0, 1.0);

vecd c_spec = clamp(spec * light.specular * material.specular, 0.0, 1.0);

vecd c_em = material.emission;

return c_amb + c_diff + c_spec + c_em;

phong.fs.glsl

£ 3
mamb

max(’ - N, 0)

*

max(R -V, 0)™-*

m
em

*

Camb + Cdiff + Cspec +

*m

diff
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Current Scene Graph:

Scene Graph

Root (Shader)

Quad Robot
Transformation Transformation
Quad Robot
Render Render

Extract Hardcoded Light & Material:

Root (Shader)

Light Node
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Quad

Transformation

Robot

Transformation

Quad
Render

Robot
Render

22
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Task 2: Extract to MaterialNode &=

struct Material {
vecd ambient;
vecd diffuse;
vecd specular;
vecd emission;

float shininess;

struct Light {
vecd ambient;
vecd diffuse;

vecd specular;

Material material = Material(vec4(0.24725, ©.1995, 0.0745, 1.),

vecd(0.75164, 0.60648, 0.22648, 1.),

vecd(©.628281, ©.555802, 0.366065, 1.),

vec4(0., 0., 0., 0.),
0.4);
Light light = Light(vec4(@., 0., 0., 1.),
veca(l., 1., 1., 1.)3
vecad(l., 1., 1., 1.));

phong.fs.glsl

INSTITUTE OF
COMPUTER GRAPHICS

Hard coded material and light

properties are not optimal.

2-1, 2-2 fragment shader:
define uniform u material and use it

(instead of material defined in shader)

2-3 main.js: finish Materialnode class by
setting the uniforms

2-4 main.js: wrap c3p0 with new node
and set material to the shader node

2-5 main.js: wrap floor with material

floor.ambient = [0, ©, 0, 1];
floor.diffuse = [0.1, 0.1, 0.1, 1];
Floor.specular = [0.5, 0.5, 0.5, 1];
f emission = [0, ©, 0, 1]

23



Task 2: Fragment Shader Solution s

uniform Material u_material;

void main() {

1lateSimplePointlight(light, u_material, v_lightVec,
v_normalVec, v_eyeVec);

phong.fs.glsl 24



JXU

Task 2: main.js Solution Oy

L1 Tv),v thi
iff .)) X
PE +a ‘)) -
emissio ¥ 2

-

let c3po = new MaterialNode([ At Soon = e Werstiationed]
new RendersSG de(resources.model) new RenderSGhode(makeRect())
s 1z

25



Task 3: Extract Light Node M
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Do the same for the light source — extract to LightNode

3-1, 3-2 fragment shader: define uniform v 1ignt and use it
3-3, 3-4 vertex shader: define uniform u 1ightrpos and use it
3-5 main.js: finish Lightnode class

3-6 main.js: create a white light node at [0, 2, 2]
+ append the return value of createLightsphere () as a child

26



. JXU
Task 3: Shader Solution Ml

INSTITUTE OF
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Fragment shader: Vertex shader:

uniform vec3 u_lightPos;

uniform Material u_material; ~16

uniform Light u_light; v_lightVec = u_lightPos - eyePosition.xyz;

31
»

phong.vs.glsl

void main() {

1 FragColor =

calculateSimplePointLight(u_light, u_material, v_lightVec, v_normalVec, v_eyeVec);

77 }

phong.fs.glsl 7



//TASK 3-6 create white light node at [0, 2, 2]
let light = new LightNode();

light.ambient = [0, 0, 0, 1];

light.diffuse = [1, 1, 1, 11;

light.specular = [1, 1, 1, 1];

JXU

° ° °
[ask 3: main.s Solution
UNIVERSITY LINZ
e e J 0 INSTITUTE OF
COMPUTER GRAPHICS
setlightUniforms(context) {
const gl = context.gl,

shader = context.shader,

position = this.computelightPosition(context);

gl.uniformdfv(gl.getUniformLocation(shader, this.uniform+'.ambient’), this.ambient);
gl.uniform4fv(gl.getUniformLocation(shader, this.uniform+'.diffuse'), this.diffuse);

gl.uniformdfv(gl.getUniformLocation(shader, this.uniform+'.specular’), this.specular);

gl.uniform3f(gl.getUniformLocation(shader, this.uniform+'Pos’), position[@], position[1], position[2]);

light.position = [0, 2, 2];
light.append(createLightSphere());
root.append(light);

main.js o8



Task 4: Animate Light Source M

TTTTTTTTTTT
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Static lights are boring. Let’s animate the light source.

4-1 main.js: wrap the light node with a transformation
node and store the transformation node in rotaterignt
(which is already defined)

4-2 main.js: apply an animation of rotaterignt in the render method by
setting the rotation matrix

29



JXU

Task 4: Solution

let light = new LightNode();

light.ambient = [0, 0, 0, 1];
light.diffuse = [1, 1, 1, 1];
light.specular = [1, 1, 1, 11;
light.position = [0, 2, 2];
light.append(createLightSphere());
rotateLight = new TransformationSGNode(mat4.create(), [
light
1);
root.append(rotateLight);
rotatelight.matrix = glm.rotateY(timeInMilliseconds*0.05);

main.js

0 INSTITUTE OF
COMPUTER GRAPHICS

30
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Extra Task 5: Multiple Light Sources &=
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Finally, what about multiple light sources?
Let’s create a second one:
5-1 main.js: create 2nd red light node at [2, 0.2, 0]

5-2 main.js: rotate also this light node
— Try the framework’s Animation class

5-3, 5-4 vertex shader: consider 2nd light source
5-5, 5-6 fragment shader: consider 2nd light source

31
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Extra Task 5: main.js Solution o,
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let light2 = new LightNode();

orm = 'u

u_light2';
= [1, @, 8, 1];
ar = [1, @, @, 1];
tion = [2, 0.2, B‘];

light2.append(cre

rotateLight2 = new
light2

root.render{context);

main.js 32



Vertex shader:

31

uniform vec3 u_lightPos;

uniform vec3 u_light2Pos;

JXU
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Extra Task 5: Shader Solution o,

COMPUTER GRAPHICS

Fragment shader:

uniform Light u_light;

uniform Light u_light2;

v_eyeVec = -eyePosition.xyz; void main() {
v_lightVec = u_lightPos - eyePosition.xyz;

v_light2Vec = u_light2Pos - eyePosition.xyz; el

SimplePointlight(u_light, u_material, v_lightVec, v_normalVec, v_eyeVec)

s
1 Position = u_projection * eyePosition; + calculateSimplePointLight(u_light2, u_material, v_light2Vec, v_normalVec, v_eyeVec);

phong.vs.glsl phong.fs.glsl 33
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lllumination
Interaction
Static Phong Shader 38
New SG Node: Material \
New SG Node: Light AV
Animated Light [
Multiple Lights

Lk whEe o

34
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Texturing
How to map an image on geometry?

35



SUPER MARIOD 64 - 1996
NINTENDO 64

TRIS - 752
FACES - 752
VERTS - 406

SUPER
MARIO

https.:.//www.youtube.com/watch?v=A2gXvEyy 2U



https://www.youtube.com/watch?v=A2gXyEyy_2U
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How to draw Crogmmeor s
an Owl. Thanks!
Have fun with your

CG-Projects.

Questions /
Feedback:

cg-lab@jku.at

37



