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Vectors

» \/ectors

= Addition & Subtraction
= Scalar Multiplication
= Magnitude & Normalization

x Dot & Cross Product




Vector Addition & Subtraction




Vector-Scalar Multiplication




Vector Dot & Cross Product

/

|A| cos@

a-b = |a||b|cos# a x b = |lal| ||b| sin(f)n




Point and Free Vectors
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Point Free



Rasterization




Rasterization




An Interesting ldea

2OA




An Interesting ldea
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An Interesting ldea
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An Interesting ldea
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An Interesting ldea




An Interesting ldea




Linear Combination




Linear Combination




Linear Combination

IHA+.258




Linear Combination or Blend
15+ .25=1

IHA+.258




Linear Combination




Linear Combination or Blend
S5+ 5=1

HA+.58
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Barycentric Coordinates

At hg + Az =1
and
0 < }\x<1
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Barycentric Coordinates

M+ Ao + A3 =1
and
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Barycentric Coordinates
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Barycentric Coordinates

® M+MA + A3 =1
= and
® N> o< 0

Outside




Not Barycentric Coordinates
® AN +MAo+ A3 # 1

Anywhere




Linear Combination
e M +A2+ A3 21

Anywhere




Linear Combination but Not
a Blend

o AN+ Ao + A3 # 1

Anywhere




Rasterization




Rasterization
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Barycentric Coordinates




Barycentric Coordinates




Barycentric Coordinates




Barycentric Coordinates
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Barycentric Coordinates .

, fsaezes 7\1X1 + 7\2X2 5 7\3X3
V = A1Y1 + Aoy2 + A3y

s R SRty



Barycentric Coordinates .

, fsaezes 7\1X1 + 7\2X2 5 7\3X3
V = A1Y1 + Aoy2 + A3y

A3=1-A-MNo



Barycentric Coordinates .

X = AX1 4+ AoXo + (1 = A+ A2)X3
V = Ay1+ Aoyo + (1 = M+ Ao)ys

A3=1-A-MNo



Barycentric Coordinates .

Lots of rearranging...

A3=1-A-MNo



Barycentric Coordinates .
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Barycentric Coordinates




2D Transformations
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Transformations Lo

* Xf = Xo ® Sx

V= Yo ® Sy
éﬁ
Xf = Xo + 1x :
Vi =Yo + 1y |
e2e%e20 vlJ—l—F—l > X
i Xf = Xi ® COSO - V; ® SING

Yt = Xi ® SING + y; ® cOsB



Transformations noon

Xf = Xo ® Sx

by 2 °
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Xf = Xi ® COSO - Vi ® SING
Vi= X ® SINO + y; ® cOosO



Transformations noont
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2x Scale eaeae

0.8Z




Notice the ordering!

And This

000 Times

10

Either This
10,000 Times




3D Transtormations




Transformations Lo

* Xf = Xo ® Sx

V= Yo ® Sy
éﬁ
Xf = Xo + 1x :
Vi =Yo + 1y |
e2e%e20 vlJ—l—F—l > X
i Xf = Xi ® COSO - V; ® SING

Yt = Xi ® SING + y; ® cOsB



All Points

Xf = Xo ® Sx
Yf= Yo ® Sy
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More Complex




Transformations noont
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Transformations noont

M = vector rotate matrix [, e
m m m O}|X 0
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Rotation in 3D

Rotation About X-Axis Rotation About Z-Axis
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Rotation in 3D

Rotation About X-Axis Rotation About Z-Axis
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Rotation About Y-Axis

'cosB -sin® 0][x
= sin@ cosB O
_~\\“ o 1|1

'. ﬁ£%><




Rotation in 3D

Rotation About X-Axis

Rotation About Y-Axis
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Rotation About Z-Axis

cosB -sinB 0 0
sin@ cosB 0 O
0 O 0

pn 01




Rotation in 3D

Rotation About X-Axis

IS

Rotation About Y-Axis
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0 cosB -sinB 0
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Rotation About Z-Axis

cosB -sinB 0 0
sin@ cosB 0 O
0 O 0
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Rotation in 3D

Rotation About X-Axis
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Rotation About Y-Axis
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Arpbitrary Axis Rotation in 3D




Arbitrary Axis Rotation In 8[_)
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Arbitrary Axis Rotation In 3[_)




Arbitrary Axis Rotation In 3[_)

Rotate by -a



Arbitrary Axis Rotation In 3[_)

Rotate by -3



Arbitrary Axis Rotation In 8[_)
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Arbitrary Axis Rotation In 3[_)

Rotate by +[3



Arbitrary Axis Rotation In 3[_)

Rotate by +a



Arbitrary Axis Rotation In SD
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Arpbitrary Axis Rotation In 8D
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Arbitrary Axis Rotation In SD
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Model View Matrix Program

glUseProgram(_program) // positions array has 9 floats between -1.0 —> 1.0
glVertexAttribPointer(10, 3, GLenum(GL_FLOAT), GLboolean(FALSE), @, positions)
glVertexAttribPointer(11, 3, GLenum(GL_FLOAT), GLboolean(FALSE), 0, texCoords)
let modelViewlLocation: GLint = (glGetUniformLocation(_program, "modelView'")
glUniformMatrix4fv(modelViewLocation, 1, GLboolean(FALSE), modelView)
glBindTexture(GLenum(GL_TEXTURE_2D), _woodTextureInfo.name)
glDrawArrays(GL_TRIANGLES, @, 3) // texCoords array has 6 floats 0.0 —> 1.0

uniform mat4 modelView;

attribute vec3 position;

attribute vec2 textureCoordinate;

varying vec2 textureCoordinateInterpolated;

void main()

{
gl_Position = modelView * vec4(position, 1.0)
textureCoordinateInterpolated = textureCoordinate; // interpolated

varying highp vec2 textureCoordinateInterpolated;
uniform sampler2D textureUnit;
void main()

{

gl_FragColor = texture2D(textureUnit, textureCoordinatelInterpolated);




Projection Iransformations




Projection - Orthographic




Projection - Perspective
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Typical Matrices

Homogeneous
Divide

A

f |

Model View - Projection Viewport -

- Matrix - Matrix Transform -
P> .y

Model Eye
Coordinates Coordinates Coordinates Coordinates



Typical Matrices

World

Coordinates

"Model to;
World
Matrix

Model

Mati
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Coordinates

Coordinates

World to Homolg.eneous
Eye Matrix Divide
(Look-At)

333 Matrlx

Eye

Coordinates

Viewport
Transform

Coordinates
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Model to
World

Model Transformations

Translation

X-Rotation

Y-Rotation

/-Rotation
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and M= uuT + (cos @) (I-uuT) + (sina) S

where m represents elements from M, which is a 3x3 matrix.



World to
Eye Matrix

Camera Matrix ¢ o

x User positioned at (eyex,cvey,evez)

x User looks at (spotx, spoty, spotz)

= Any direction can be *

® S0, user looks down vector gt /e :
with an implicit direction right y
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Sosancasaoscsansrsss !
- Projection

Orthographic Projection ¢

Combination Scale & Translation

ortho(l,r,b,t,n,f)




~ Projection

Perspective Projection

frustum(l,r,b,t,n,1)

func perspective(fovY: Float, aspectRatio: Float, zNear: Float, zFar: Float)

zNear * tan(fovY % Float(M _PI / 360.0))
—-yMax

yMin * aspectRatio

yMax * aspectRatio

let yMax: Float
let yMin: Float
let xMin: Float
let xMax: Float

frustum(xMin, xMax, yMin, yMax, zNear, zFar)




Viewport

Viewport [ransform

Viewport Transform as a Matrix

Discards
/. Coordinate!




Typical Matrices

World
Coordinates
| Homogeneous
Divide
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glUseProgram(_program) // positions array has 9 floats between -1.0 —> 1.0
glVertexAttribPointer(10, 3, GLenum(GL_FLOAT), GLboolean(FALSE), @, positions)
glVertexAttribPointer(11, 3, GLenum(GL_FLOAT), GLboolean(FALSE), 0, texCoords)
let modelViewLocation: GLint = (glGetUniformLocation(_program, "modelView")
glUniformMatrix4fv(modelViewLocation, 1, GLboolean(FALSE), modelView)

let projectionLocation: GLint = (glGetUniformLocation(_program, "projection")
glUniformMatrix4fv(projectionLocation, 1, GLboolean(FALSE), projectionMatrix);
glBindTexture(GLenum(GL_TEXTURE_2D), _woodTextureInfo.name)
glDrawArrays(GL_TRIANGLES, @, 3) // texCoords array has 6 floats 0.0 —> 1.0

attribute vec3 position;

attribute vec2 textureCoordinate;

uniform mat4 modelView;

uniform mat4 projection;

varying vec2 textureCoordinateInterpolated;
void main()

{

gl_Position = projection * modelView * vec4(position, 1.0)
textureCoordinateInterpolated = textureCoordinate; // interpolated

varying highp vec2 textureCoordinatelnterpolated;
uniform sampler2D textureUnit;
void main()

{

gl_FragColor = texture2D(textureUnit, textureCoordinatelInterpolated);
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Cube.obj
VERER =

# v - vertices in x,vy,z coordinates

# vt - texture in u,v coordinates

# vn - normals in nx,hy,nz coordinates
#f - faces: map vertices, UYs, normals
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Meshes

Vertices

0.2,0.4,0.1]0.1,70.53,70.7 0.6, 0:9,0.5 10.2,0.0,70:20.5,0.1,0.3

1

Faces (Run-Length Encoded)




Diffuse Lighting

N\

: N
lo = La kd Gl (La , Lao, Lav)
lag = Lagkay | * 1 = light color
I = Las k
o (kKo Kao)
R priti ' > = material color

L4 = light channel intensity

k4= material diffuse coefficient for channel




/* Supply position, normal, and textureCoordinate arrays. Set model view and projection matrices. */

/* Give the location of the light in eye coordinates (apply the model view matrix to it). x/
/* Also define the color (and implicitly the brightness) of the light. This can exceed 1 for effect! *x/

attribute vec3 position;
attribute vec3 normal;
attribute vec2 textureCoordinate;

uniform mat4 modelView;
uniform mat4 projection;

varying highp vec4 positionEyeCoordinates;
varying highp vec3 normalEyeCoordinates;
varying highp vec2 textureCoordinatelInterpolated;

void main()

{
positionEyeCoordinates = modelView *x vec4(position, 0.0);
gl_Position = projection x positionEyeCoordinates;

normalEyeCoordinates = vec3(normalize(modelView * vec4(normal, 0.0)));
textureCoordinateVarying = textureCoordinate;

uniform sampler2D textureUnit;
uniform vec4 lightPositionEyeCoordinates;
uniform vec4 lightColor;

varying highp vec4 positionEyeCoordinates;
varying highp vec3 normalEyeCoordinates;
varying highp vec2 textureCoordinateInterpolated;

void main()

{

vec3 incident = vec3(normalize(lightPositionEyeCoordinates - positionEyeCoordinates));
float incidence = max(0.0, dot(incidentVector, normalEyeCoordinates));
gl_FragColor = texture2D(textureUnit, textureCoordinateInterpolated) * lightColor * incidence;




0OS Implementation

» Custom Shaders x (Gl-KBaseEffect
= Performant = Fasy to use
= | ow-level control x Has own shaders
= Custom effects = Defined capabilities
= Porting-friendly x OOP Structured
iInput data

= Easier integration with
existing OpenGL code = \/ector / Matrix
structures




