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Why do we need Linear Algebra?

• We will associate coordinates to
– 3D points in the scene

– 2D points in the CCD array

– 2D points in the image

• Coordinates will be used to
– Perform geometrical transformations

– Associate  3D with 2D points

Linear  Algebra
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To enter the matrix 
1 2 
3   4 

and store it in a variable a, do this: 
>> a = [ 1 2; 3 4 ] 

To redisplay the matrix, just type its name: 
>> a
>> a + a 
To store the result of this addition so that we can use it later: 
>> s = a + b 
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Once you know how to enter and display matrices, it is 
easy to compute with them. First we will square the 
matrix a : 
>> a *  a 
Now
>> b = [ 1 2; 0 1 ] 
Then we compute the product ab: 
>> a*b 
we compute the product in the other order: 
>> b*a 
Notice that the two products are different: matrix 
multiplication is noncommmutative. 
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>> s = a + b 
s =

2     4
3     5

To get the transpose of s:

>> s’  
ans =

2     3
4     5
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>> inv(s) 
To check that this is correct, we compute the product of s and its inverse:

>> s *  inv(s) 
The result is the unit, or identity matrix. We can also write the computation as

>> s/s
>> s\s                which is the same as

>> inv(s) *  s 
Not all matrices can be inverted, or used as the denominator in matrix division: 

>> c = [ 1 1; 1 1 ] 
>> inv(c); 
A matrix can be inverted if and only if its determinant is nonzero:

>> det(a) 
>> det(c) 
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2D Geometrical Transformations
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2D Translation Equation
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2D Translation using Matrices
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Homogeneous Coordinates

• Multiply the coordinates by a non-zero scalar and 
add an extra coordinate equal to that scalar.  For 
example,
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Back to Cartesian Coordinates:
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2D Translation using 

Homogeneous Coordinates
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Scaling Equation
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Scaling & Translating
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Scaling & Translating
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�
�
�

�

�

�
�
�

�

�

+
+

=
�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

=

=
�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

⋅
�
�
�

�

�

�
�
�

�

�

=⋅⋅=

11100

0

0

1100

00

00

100

10

01

''

yy

xx

yy

xx

y

x

y

x

tys

txs

y

x

ts

ts

y

x

s

s

t

t

PSTP

©  S. ChaFall/2002

CSIS
Translating & Scaling 

≠ Scaling & Translating
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Rotation
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Rotation Equations
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Degrees of Freedom
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Scaling, Translating & Rotating
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3D Rotation
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3D Rotation (axis & angle)
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