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Unfortunately, no one can be told what the Matrix is.
You have to see it for yourself.

\NCC3; ES Overview

» 2D Graphics in Entertainment Systems




\NCC3; Matrices

A matrix is a rectangular array (table) of scalars:
* jts horizontal lines are called rows
* |ts vertical lines are called columns

m:X1 X, or M= m, my,
Yi Y, m,, My

If the numbers of rows and columns are identical
the matrix is a square matrix.

OCC3; Matrix Operations

* Addition/Subtraction

* Multiplication
— with a matrix

— with a vector

* Transformations
— Scale
— Rotation

— Translation




‘NCCa Matrix Addition

Matrices are added by adding their individual components.

0:m+n{mu mu}{nu nu}{mlﬁnn miz+mlz}
rﬂZl rﬂ22 n21 n22 rnZl + n21 n22 + n22

Matrices are subtracted by adding the inverse of the components.

‘NCC3] Matrix Multiplication

Multiplying a matrix by a scalar value means to multiply
all of the matrices components with that scalar:

m, mlz}{sﬂnn s%}
rnZl rnZZ Sl]nZl SngZ

m':sm:s[




‘NCC3] Matrix Multiplication

Matrix multiplication (scalar product) is not commutative:
c=a-b#c=b-a

The number of columns of the left matrix must be equal to the number of rows of
the right matrix (in that case the matrices are called conformant).
The resulting element c; is the dot product of the i row af a and the j™ column of b.

a, aquu b, |_[ayb,+ayb, ajb,+a,b,]

c=ab=
a21 a22 b21 b22_ _a21b11 + a22b21 a21b12 + a22b22_

c=bla= by, blz} [Eaﬂ a, | _[buay +bya,  ba, +b,a, |
by by |lay @, |byay,tbya, bya,+bya, |

‘NCC3] Matrix Multiplication

For multiplying a matrix by a vector we treat the vector as a
matrix with one column:

V. V. +V
V.:mw{mn %H 1} :{ Ay 1”112}
my My |V, VoM, +V,IMy,
It is important that the vector is on the right side of the

multiplication operator if the resulting matrix is supposed to
be a vector (otherwise it will be a matrix)




(NCC3; |dentity Matrix

The identity matrix is a square matrix in which the values

of its main diagonal are all 1 (with all other values being 0).

110 1 00
'"Zlo 1 i=|o 1 0
2D square ID matrix 0O 01

3D square ID matrix

Multiplying a matrix with the identity matrix has no effect.

(NCC3; Examples

e Multiplying two matrices a and b.

coam=|t 2|{5 6]o[1B+20 16+2(8] [5+14 6+16]_[19 22
"7 |3 4|7 8| |3B+47 3B+4M| |15+28 18+32| |43 50

* Multiplying matrix a with the identity matrix.

b=al= 1 2/11 0] |10+2[0 10+20d| |1 2
7773 4|0 1| |3n+4m 3m+40| |3 4

e Multiplying a matrix m with a vector v.

1 2|]5 15+26 5+12 17
v=mly= = = =
B i el




NCCa; Homogeneous Matrices

Some matrix operations require the use of a so called

homogeneous matrix.
These require us to add an additional dimension to vectors and
matrices (which is left to resemble the identity matrix):

1 2 120
m=

3 4 m=3 4 0
normal 2D matrix. 0 01

the same as a homogeneous matrix

‘NCC3; Transformations

Transformations allow us to change vectors in space by
multiplying them with so called transformation matrices.

These transformations include (but are not limited to):
» scaling

e rotating

« translating (moving/shifting)

of the vectors.

Transforms usually use homogeneous vectors & matrices.




(NCC3; Scaling

The matrix for 2D scaling (with scaling factors s, and s,) is:

non-homogeneous: BY% s 0] [x]
V= }= . EE
B 0 s, |ly]
homogeneous: BY% s 0 O]
v=y|=|0 s, O
1 0O 0 1)|1

OCC3; Rotating

The matrix for 2D rotation (about the origin) by angle 6 is:

non-homogeneous: _ [x] [cos(@) -sin(@)][x
Cly _Ljn(e) cos(6) }[Ey}
homogeneous: Bd cos(d) -sin(@) 0] | x
v=|y'|=lsin(@) cos(f) 0|y
1) 0 0 1{]1
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ARl={==} Translating

The matrix for 2D translation (in directions t, and t,) is
always a homogeneous matrix:

X 1 0 t ||Xx
v=ly|=]0 1t
1 00 1(]1

LCC3; Matrices in Games

» used for moving objects

around on screen

 rarely used in 2D only

environments

even sheep use matrices » essential for 3D computer
graphics

— in 3D practically everything

depends on matrices




