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Affine Transformations   (review) 

•  coordinate frames    
•  translate, scale, rotate, shear 
•  transformation hierarchies 
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Coordinate Frame 

coordinate frame:   
    basis vectors + Origin 
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Working with Frames 
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Transformations as a change of frame 
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Affine transformations 
•  linear transformation + translations 
•  can be expressed as a 3x3 matrix + 3 vector 

4x4 matrices 
x '
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z '
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Translation 
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>< cba ,,
glTranslatef(a,b,c); 
glTranslated(a,b,c); 

translate(a,b,c) 
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Scaling 

x '
y '
z '
1

!

"

#
#
#
#

$

%

&
&
&
&

=

!

"

#
#
#
#

$

%

&
&
&
&

x
y
z
1

!

"

#
#
#
#

$

%

&
&
&
&

glScalef(a,b,c); 
glScaled(a,b,c); 

scale(a,b,c) 
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Rotation 
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glRotatef(angle,x,y,z); 
glRotated(angle,x,y,z); 

θ

P

y

x

Rotate(z,θ )
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Shear 
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Transformation Hierarchies 
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Transformation Hierarchies 

torso 

head RUarm 
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world 
scene graph 

Representing Rotations
Which of the following are rotation matrices?



Choices for Representing Rotations
x

(1) Rotation matrix
(2) Euler angles
(3) Angle - axis
(4) Quaternion

# numbers         # constraints

       Euler Angles
3 successive rotations about changing axes



       Angle - Axis

Euler's Theorem

    Unit Quaternions



        Multiplication of complex numbers

   Quaternions

unit quaternion

addition:



Quaternion Multiplication

   Quaternion for an axis-angle rotation

Composition using multiplication



Quaternion rotation of a point

Converting between representations



Composition of Successive Rotations

Quaternion Features

Reality Check



Linear Interpolation of Quaternions

Idea:  just interpolate the components

       Non-linear interpolation speed

solution: Spherical Linear Interpolation (SLERP)



Linear Interpolation of Rotation Matrices


