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Positions and Displacements



Linear transformation on vectors
• Linear transformations are applied to vectors.

• In 3D, we don’t need the 4th homogeneous coordinate.  
Just apply a 3x3 matrix to a 3D vector.
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Linear transformation on vectors
• Linear transformations are applied to vectors.

• In 3D, we don’t need the 4th homogeneous coordinate.  
Just apply a 3x3 matrix to a 3D vector.
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Affine transformation on positions
• Affine transformations are applied to points.

• We need the 4th homogeneous coordinate to handle translations. 
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Affine transformation on positions
• Affine transformations are applied to points.

• We need the 4th homogeneous coordinate to handle translations. 

2
64

1 bx
1 by

1 bz
0 0 0 1

3
75

2
64

px
py
pz
1

3
75 =

2
64

px + bx
py + by
pz + bz

1

3
75

<latexit sha1_base64="rqiFJpCyc95b2ChP1O2E/Y3aKQ0="></latexit>

(pure translation)

~ex
<latexit sha1_base64="AjHAxDVGDRYYQ3PZR4AFEXuj/gk="></latexit>

~ey
<latexit sha1_base64="26t4s2IyVjs1g3jm418VhTd5Xxo="></latexit>

~ez
<latexit sha1_base64="W4MdCotRk9Q3tiS9pLq8ORABhWE="></latexit>

o
<latexit sha1_base64="i7FS/8grdt9OQyY8ht0p8WzbOlo="></latexit>

(px , py , pz)
<latexit sha1_base64="VuwNrPWJFYaWRuFpBCl+HuljAmE="></latexit>

(px + bx , py + by , pz + bz)
<latexit sha1_base64="bGOom2jKZS9279DQfE2DUTithvs="></latexit>

~ax
<latexit sha1_base64="NOl1Y7OwHo7107CYllncPXHbwYI="></latexit>

~ay
<latexit sha1_base64="tuQ8UHBnawkn2TawGs06xvHXaeY="></latexit>

~az
<latexit sha1_base64="nFMW3vKgx7P+MRk85VCLV2s/7bM="></latexit>

o0
<latexit sha1_base64="2rhPYAjCF1DmSf+ZHoewOvF7Ecc="></latexit>

(px , py , pz)
<latexit sha1_base64="VuwNrPWJFYaWRuFpBCl+HuljAmE="></latexit>



Affine transformation on positions
• Exercise: Find the transformation that transforms the following  

2D box to a square centered at the origin  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Induced transformation

Induced transformation



Induced transformation
• If all positions of a geometric object is transformed by an affine 
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• Then all displacement vectors are transformed by the upper-left 
3x3 block matrix2
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Induced transformation
• If all positions of a geometric object is transformed by an affine 

transformation2
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• How about normal vectors?



Induced Transformation on Vectors
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• Suppose we have an affine transformation on positions
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Induced Transformation on Normals
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• Suppose we have an affine transformation on positions
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• and normal vectors transform according to2
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(followed by a normalization)

What is this  
3x3 matrix?

A
<latexit sha1_base64="osGwquCS+xz6LXBJ+6QLnBOwxes="></latexit>



Induced Transformation on Normals
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• Suppose we have an affine transformation on positions
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