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Vector operations

 Length a|= :\/a12‘|‘a22

« Normal vector a=—
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Vector operations

* Dot product

a-b=|a||b|cos ¢
=a.b.+a b,
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Projection
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Reflection

a-n
m—=——n
n-n
=(a-n)n
a=m-e

r=e—m :(a—m)—mza—Zm

=a—2(a-i)h
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Matrix Dimension

e Matrix dimension: mxn

- m: Number of Rows
- n: Number of Columns

- Opposite to e.q.
“640x480 pixel”

d,, dy
A, dy
am] amZ
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Transposition

e Mirror on a 45° line

M' =2 5
3 6

e mxn-Matrix turns into an nxm-Matrix
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Determinant

M = = det(M)=ad—bc
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e “Crosshair” approach

S

Matrix Multiplication

|

DD
JV \VV

MN

NN
|

AN

MN =
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Inverse Matrix Proof

_la b 1 | d —Db
M_(c d) M _dez‘(M)(—c a)

_ ] ad—bc —ab+ba
MM '=
det(M)(cd—dc —bc——da)
MM~ = 1 ad — bc 0 (1 0
ad — bc 0 ad—bc| \0 1
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Affine Transformations
/

- Preserve parallel lines K

- Preserve ratios _
 Translation

<

» Scaling

e Rotation

s

» Shearing
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Homogeneous Coordinates

* Rotation, Scaling, Shearing: M
 Translation: b
» General Form: y=M x+b

« Complicated: Two parameters

- How can we handle Rotation/Scaling/Shearing and
Translation with just one matrix?
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Homogeneous Coordinates

ax — |wa,

« Combine M and b ’) \ W

(1 m) b /mn My, bx\
=" T p= P S o, b
\ Ty My b ’

Y | 0 0 1]
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Translation

y
A

M Translation — O 1 b

X
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M —

Rotation

18/08/2008

Rotation

/cosa —S1n X O\
smx cosx O

\O 0 1/
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Shearing

y
A

X
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Combination

* First step — Rightmost Matrix
e Last step — Leftmost Matrix

y y y
A A A
S R T
—> —> —>
- x - x - x

18/08/2008 CompSci 372 - Tutorial 4

P

19



