
Topic	6:

3D	Transformations

• Homogeneous	coordinates	in	3D
• Homogeneous	3D	Transformations

Some	 slides	 courtesy	 of	Wolfgang	Hürst,	 Kyros Kutulakos
Some	 figures	 courtesy	 of	 Peter	Shirley,
“Fundamentals	 of	Computer	 Graphics”,	 3rd Ed.	



Representing	Points	by	Euclidean	3D	Coords



Euclidean	Coords⇒ Homogeneous	Coords



Points	at	∞	in	Homogeneous	Coordinates



Plane	Equation	in	Homogeneous	Coordinates
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Affine	Transformations	 in	3D



Affine	Transformations:	Basic	Properties



From	Affine	to	Rigid	Transformations



Rigid	Transformations:	Rotations	in	3D



Elementary	Rotations	in	3D



Rotation	About	Arbitrary	Vector?



Rotation	About	Arbitrary	Vector:	Construction
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3D	Viewing

• Intro
• Overview
• Windowing	transformation
• Camera	transformation
• Perspective	transformation



Perspective



The	Pinhole	Camera



The	Pinhole	Camera:	Basic	Geometry	in	2D



Parallel	Projection



Perspective	projection



Parallel	vs	Perspective	projection
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Perspective	projection



World	space



Camera	position



View	frustum



Camera	transformation



Camera	transformation



Orthographic	projection



The	canonical	view	volume



Viewport	or	windowing	 transform



Viewport	or	windowing	 transform



Graphics	pipeline	(part	1)



Topic	7

3D	Viewing

• Intro
• Overview
• Windowing	transformation
• Camera	transformation
• Perspective	transformation



Overview



The	canonical	view	volume



Mapping	the	canonical	view	volume



Mapping	the	canonical	view	volume



Mapping	the	canonical	view	volume
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Overview



The	orthographic	 view	volume



The	orthographic	 view	volume



The	orthographic	 view	volume



The	orthographic	 view	volume



Topic	7

3D	Viewing

• Intro
• Overview
• Windowing	transformation
• Camera	transformation
• Perspective	transformation



Overview



Aligning	coordinate	systems



Aligning	coordinate	systems



Aligning	coordinate	systems



Aligning	coordinate	systems



Aligning	coordinate	systems



Aligning	coordinate	systems



Aligning	coordinate	systems



Aligning	coordinate	systems



Aligning	coordinate	systems
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Parallel	vs	perspective	projection



Transforming	the	view	frustum



Transforming	the	view	frustum



Transforming	the	view	frustum



Transforming	the	view	frustum



Transforming	the	view	frustum



Extending	homogeneous	 coordinates



Extending	homogeneous	 coordinates



Extending	homogeneous	 coordinates



Extending	homogeneous	 coordinates



Extending	homogeneous	 coordinates



Perspective	transformation	matrix



Perspective	transformation	matrix



Perspective	transformation	matrix



Homogeneous	 coordinates	and	perspective	
transformation



Homogeneous	 coordinates	and	perspective	
transformation



Homogeneous	 coordinates	and	perspective	
transformation



Homogeneous	 coordinates	and	perspective	
transformation



Perspective	transformation	matrix



Another	look	at	projective	transformations



Geometric	interpretation	(in	2D)



Extending	homogeneous	 coordinates



Geometric	interpretation	(in	1D)



Another	important	characteristic



Extending	homogeneous	 coordinates



Extending	homogeneous	 coordinates



Overview



Wrap	up


