
Transformations as a change of basis 
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Transformations as a change of basis 
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3D Transformations 
Affine transformations 
•  linear transformation + translations 
•  can be expressed as a 3x3 matrix + 3 vector 

4x4 matrices 
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Transformations 
Translation 

>< cba ,,

Translate(a,b,c) 
Trans(a,b,c) 



Transformations 
Scaling 

Scale(a,b,c) 



Transformations 
Rotation 
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Transformations 
Shear 
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Vertex Transformations 

    OCS - object coordinate system 
WCS - world coordinate system  
VCS - viewing coordinate system  
CCS - clipping coordinate system  
NDCS - normalized device coordinate system 
DCS - device coordinate system  

OCS WCS VCS 

CCS 

NDCS 
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modeling 
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viewing 
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projection 
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perspective 
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Composition of Transformations 
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reminder: 



Simple Compositions 

translate(a,b,c) translate(d,e,f) 

scale(a,b,c) scale(d,e,f) 

),( 2θzRotate ),( 2θzRotate



Composing Transformations 
(thinking in fixed coords) 
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Composing Transformations 
(thinking in local coords) 



Composing Transformations 

•  left multiply:   R-to-L 
–  interpret operations wrt fixed coords 

•  right multiply:  L-to-R       (default for code) 
–  interpret operations wrt local coords 



Summary Example 
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