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Transformations and Matrices

e Transformations are functions

e Matrices are function representations
e Matrices represent linear transforms
e {2x2 Matrices = {2D Linear Transf’s}
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(2(x0+ x0): Yo + V1)

(X1, ¥1)

((Xo + X1 Yo+ yl)

add then scale

/_> (2(X0+ X1 Yo+ yl)

(Xo0: Yo)
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(Z(XO +X1): Yo+ yl)
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((Xo + X1 Yo+ y1)

/'
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scale then add

—> (2(X0+ X1 Yo+ yl)
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Summary on Scale

e “Scale then add,” is same as
e “Add then scale”

~\

Same
results
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Matrix Representation
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Matrix Representation of Szy(V)

Scale iny by 2: Szy(V )

1
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Matrix Representation S,(v)

Overall Scale by 2: Sy(v)

2 0| x 2 X X
0 2]ly| |2y y
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|
N
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Matrix Form of Same

2 0| X +%
CO Lil Yot Y1

J/

Add x and S/r then scale
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2( Xy + %)
Yot Y,

22Xy + 2%,

I Yot V1

Scale x and y, then add

_
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Rotate by 0
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Rotate by 0: 15 Quadrant

y (cos 8, sin 9) @ (cos 9@
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cosé
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Rotate by 8: 2" Quadrant

Cos@ <

University of Victoria Graphics Lab.

-

\

©
0 7~
~
\_ ~~ _J
sin @
CSC 305 2007

(0.1)




Summary (Column Form)

1Y (cosé
\O/ \Sin 6’/

0\ (-sing
—_—>
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Using Matrix Notation

cosf -sind |1 __cosé’_
'sind cos@ ||0] |sing
cos@ -sind |0 __-siné’_
'sind cos@ ||1| | coséd

(Note that unit vectors simply copy columns)

< University of Victoria Graphics Lab. CSC 305 2007




General Rotation by 6 Matrix

cosd -sind || x| | xcos@-ysing
sin@  cos@ ||y | | XxsIin@+ycosO
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Who understands matrices?

What do the off diagonal
elements do?
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Off Diagonal Elements

1 a _x___x+ay_
0 1 _y___ y
1 0 _x___ X
b 1||y| |bx+y
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(0.1)

(0,0) (1,0)

University of Victoria Graphics Lab.

CSC 305 2007




(0.1)

(0,0)
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y T(X,y)

01) L) X+0.6y

(0,0) (1,0) X
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X+0.6y

Ob | (0.6,1) (1.6,1)

T(S)

(0,0) (L, 0) X
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Summary

1 al|x| [x+ay
Sh, = X :x+y

o0 11y Ly

ol T _
Shy:

b 1|y
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Double Shear: not commutative!

1 al[1 0O _ a
0 1(/b 1] | b 1
s _
1 0|1 a 1 a

b 1(|0 1

|
A
@ |
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Refection about y-axis

-1 0] |1
0 1|10

X< —X
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Reflection about y-axis
y

s m—-—
(=X Yy === (X, Y)
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Reflection about X-axIs

1 0|0
0 -1 |1
y -y

University of Victoria Graphics Lab. CSC 305 2007




Reflection about X-axIs

y
(O’l) P 4 (X1 y)
7’
7’
7’
X
~
~
~

S\
(O,—l) (X1_y)
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Ex: Advance clock hands
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Ex: Advance clock hands

L
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Ex: Advance clock hands

(a,b)e -
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Ex: Advance clock hands
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Ex: Advance clock hands
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Ex: Advance clock hands

(a,b) -
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Clock

e Translate to Origin

e Move hand with rotation
® Move hand back to clock
® Do other hand
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Clock Transformations

Ts=T(a,b) R(t) T(-a,-b)
Tp=T(a,b) R(12*t) T(-a,-b)

where t=_15°




Clock Transformations

1 0 allcos(t) —sin(t) 0] |1 0 -al|X
0O 1 bj|sin(t) cos(t) 0/ |0 1 —b||y
0 0 1 0 0 1110 0 1|1

Translate Back Rotate About Origin Translate to Origin
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3D Transformations

s 8y (4), Sy (4) §,(4)

T RO RO RO

conear T x(0), Ty(d), T ,(d)
shy (d), sh (d), sh,(d)

< University of Victoria Graphics Lab. CSC 305 2007




< University of Victoria Graphics Lab. CSC 305 2007

3D Scale In x

Sx(ﬁ) —

O O O
O O B+ O
O B O O
_ O O O




3D Scale In x

7p
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I

O O O

o O - O
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3D Scaleiny

1 0 0 O0Of|x X
0 A 0 O]y Ay

ﬂ/: —
Sy() 0 0 1 0||z i
0O 0 O 1|1 1
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3D Scalein z

1 0 0 01x] [x
0 1 0 0]y y
2/: p—
St =10 0 1 ollz217] 4
0 0 0 1//1] |1
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Overall 3D Scale

1 0 0 0 ][x X
1
5() - 0 0 0 ||y| |V
0 0 1 0|z Z
0 0 0 (H)||1] (%)
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Overall 3D Scale

<

Same in X,Y and Z:
x| [ Ax
P AX
y y
= = |AY
Z AZ
. AZ
()] |1
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Positive Rotation in 3D ?

e Sit at + OO end of given axis
e Look at Origin

e CC Rotation is in Positive direction
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Positive Rotations

A
4
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3D Rotation about z-axis by &

We have already done this:

cosd -sind 0 O0O]|x
sind cosd O Oy

0) =
R2O= o o 1 o]l
0 0 0 1|1
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3D Rotation about X-axis by 6
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3D Rotation about X-axis by0

<
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1 0 0
0 cosé -sing O
Rx(9) = 0 sind cosd O
0 0 1




3D Rotation about y-axis by 6
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Ry(e):
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3D Rotation about y-axis by 6

' cos® O sind 0] x
0 1 0 O}y
—sin@d 0 cos@ 0]|z
0 0 0 1|1




Elementary Transformations

e Scale:

e Rotate:

e Translate:

e Shear:

e Reflect:
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S3,V). S5, (V)

Rg, V). Rg(V)

Tg, (V). Ta (V)
Shy, (V). Shy (V)

R, (V), RF,(V)
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