CPSC 436D
Video Game Programming

Transformations

HP: 80 m HP: 74
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COORDINATE SYSTEMS

Coordinate system = Origin + Basis Vectors
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COORDINATE SYSTEMS -
Coordinate system = Origin + Basis Vectors
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COORDINATE SYSTEMS
P=0+xi +yj

equivalent: P=(x,y)
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P=0+xi +yj
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Using Transformations
X
X ~ 2 O 3 20 X 2 O 3 X
yz_ozlly—’Y=021y
1 1 0O 0 11/,
3D obj
'x] [2 0 0 3 x]
i o_ 0 2 0 1]y
z 0 01 0z
1 00 0 1j1],
Lo dw L L Joby
PIPELINE
Vertices Vertex Shader Vertex Post-Processing
andatt”;utes Modelview transform ‘ Viewport transform ‘ >
Per-vertex attributes
Rasterization Fragment Shader
) ‘ Scan conversion ‘ ) Texturing/.. | | >
‘Interpolation‘ ‘ Lighting/shading ‘
Per-Sample Operations
> —» Framebuffer
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Model Matrix

View Matrix

Camera Space

Projection
Matrix

Screen Space

© Alla Sheffer

© Alla Sheffer

Copyright: Alla Sheffer



Translation

Rotation

Scaling

Reflection

Shear
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Scaling
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Example:

o 41()=(zs)

Scaling

(0.5,1)
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Rotation

0,1.41)
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Example:

[cos(a)

sin(a)

—sin(a) (1) _ (cos(a) — sin(a)

cos(a) |\1/ ~ \cos(a) + sin(a)

)

Rotation

(0,1.41)
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D. Nothing

What does this 2D transformation do?
A. Rotates by 90 deg

B. Reflects the object 1
C. Rotates by -90 deg
D. Scales the object O
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Ideas?

T(v)= Mv+b
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Haven’t changed much, have we?
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Translation
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* How to convert a linear transformation
matrix into affine matrix?
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Example:
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Example:
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Example:
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TRANSFORMATION COMPOSITION

* What operation rotates XY by #around P= [‘i}
* Answer: .

* Translate P to origin

.
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TRANSFORMATION COMPOSITION

* What operation rotates XY by 8 < 0 around P= E’pj

* Answer:
* Translate P to origin
* Rotate around origin by 0
* Translate back

B
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cos 6 rsin6| py - (I—cosB)+ p, - sinb
sin@| (cos6 | p, - (1—cosB) + p, - Sinb
0 0 1

TRANSFORMING COORDINATE FRAME

Columns are new basis vectors (and new origin)!
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vx
T (PxPy) RO T (=Px,—Py) (Uy>

1

TRANSFORMING COORDINATE FRAME
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TRANSFORMING COORDINATE FRAME

World Coordinate Object Coordinate
Frame Frame
U,x Ux
v'y — T(px:py)ReT(_pr_py) vy
1

LESR
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TWO INTERPRETATIONS OF COMPOSITE

World Coordinate Object Coordinate
Frame Frame

v’x Ux
v’y — T(pxrpy)ReT(_px'_py) <Uy>
1 1
1) read from inside-out as transformation of object

2) read from outside-in as transformation of the
coordinate frame
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change of basis expressed using a matrix

SERRR

TRANSFORMATIONS - EXAMPLE
change of basis expressed using a matrix
5ol )l
7] »J7Lo) Plol ")
Oi P (X} :{0} - —0.5} +y{o}
. v, 13, Lo ], 1,
4—jI )
i| F)lO X7 —0.5 0 0\ /x
()’2) =( 0 1 3) <y1>
1 0| 0 1/\1
TRANSFORMATIONS - EXAMPLE &

g bl
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M = Mgcqie * Miransiate

N.l
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142 —1/42 2
Ma=\12 142 1
0 0 1
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Converts coordinates from 2 into 1

1V2 —-1/N2 2
Ma=\12 142 1
0 0 1

v (2)-69
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AN
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J1 2
0F|1 11
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0 0 1 S 7 COS 4
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j—l“ 2 1y 0 -
0 i, 0 0 1
Fl‘ 12 ~1/y2 2
1/v2 142 1
0 0 1
UBC
W
M3y = Tr(z,1) - Roty s =
E 142 =142 2
i 2] 142 142 1
OFF iy 0 0 1
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p My = Tr(z,) - Roty s = 1N2 142 1
. 0 0 1
.—!\/L |
ji] 2t N2 -1N2 12
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