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Last Time: 
2D/3D Affine and Projective 
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Transforms in Graphics, Vision, Robotics
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2D Transforms in Homogeneous Coordinates

The Affine Group

Rotation, Scaling

Translation
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2D Transforms in Homogeneous Coordinates

The Projective Group



6

3D Homegeneous Coordinates

Matrices



• Orientability vs Separability

• Real vs Complex Projective Spaces
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Some Issues



3D Rotations via
Quaternions
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• Axis and angle

• Matrices

• Euler angles

• Quaternions
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Multiple 3D Rotation Representations

Rotations of 3-space around an axis through the origin
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Quaternions

William Rowan Hamilton (1805-1865)
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Quaternions



12

Scaled Quaternion Conjugation



Whiteboard
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Projective Spaces Leaf Projector
complex Projectile
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Rotations in 3D
Orthogonal
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3D Rotations
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That’s All
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