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Outline

e Image Formation

* Perspective Projection

* Intrinsic parameters

* Extrinsic parameters



Pinhole Camera -- Perspective Projection

f = focal length
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Image

we will often use the virtual image



Properties of Images Acquired by Pinhole Cameras

distant objects are smaller

source: S. Seitz



Properties of Images Acquired by Pinhole Cameras

parallel lines in 3D world meet at a point in the image



Vanishing Points

* Vanishing point = Intersection of parallel lines

* Distinct sets of parallel lines have distinct
vanishing points



Identifying the Horizon in Images




Identifying the Horizon in Images




Identifying the Horizon in Images




Horizon in Images
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Properties of Perspective Projection

* Points project to points

* Lines project to lines

* Planes project to regions

* Angles are not preserved



Objective:
Find a transformation that projects
3D points in the world coordinate system to
2D points in the camera coordinate system

source: S. Savarese



Spatial Image Transformations

Affine transforms:
* Translation

* Scaling

* Rotation

e Shear
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2D Translation
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source: S. Savarese



2D Translation
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source: S. Savarese



2D Translation

source: S. Savarese
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2D Translation
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source: S. Savarese



2D Translation
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source: S. Savarese



2D Translation
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source: S. Savarese



2D Scaling

urce: S. Savarese



2D Scaling
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source: S. Savarese



2D Scaling
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scaling matrix

source: S. Savarese



2D Scaling

scaling matrix

source: S. Savarese



2D Scaling + Translation

Is the ordering important?

., P'=5.P

p’'=71.p = P'=(T-S5)-P

source: S. Savarese



2D Scaling + Translation

Is the ordering important?
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source: S. Savarese



2D Scaling + Translation

Is the ordering important?
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counter-clockwise 1

by angle ¢

2D Rotation
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source: S. Savarese



counter-clockwise 1

by angle ¢

2D Rotation
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source: S. Savarese



counter-clockwise 1

by angle ¢

2D Rotation
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Scaling + Translation + Rotation
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Scaling + Translation + Rotation

Is the ordering important?



3D: Scaling + Translation + Rotation

Analogous to the 2D case
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* Rotation matrix properties:

costl cos )
cos f sin
—sinf

3D Rotation Matrix

e Square

* Orthogonal: RRT =i

* Has determinant equal to 1: d@t(R) — 1
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