Cameras & Camera Geometry

Cameras & Camera Geometry

[deal pinhole model
perspective projection
weak perspective and orthography
[deal thin lens model
thin lens equation
finite field of view
finite aperture and depth of field
General lens model
spherical aberration
geometric distortion
vignetting
Geometric models of cameras
intrinsic and extrinsic parameters
perspective projection equations
calibration




Pinhole Cameras
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Basic Geometric Properties

Distant objects are smaller

Lines project to lines

The projection of parallel lines meet at a
single vanishing point

Vanishing points of coplanar sets of lines

are collinear, form the vanishing line of the
plane (horizon)

Parallel Lines




Perspective Projection

Special Case: Weak Perspective (Affine Projection)

[f scene points are in a plane,
projections are simply
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Special Case: Weak Perspective (Affine Projectic
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Justified 1f scene depth 1s small relative to
average distance from camera

Orthographic Projection
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Justified if scene depth 1s small compared
to distance from camera and
camera remains at approximately constant distance
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Strong perspective:
Angles are not preserved
The projections of parallel lines intersect at poet

From Zisserman & Hartley




Strong perspective:
Angles are not preserved
The projections of parallel
lines intersect at one point

Weak perspective:

Angles are better preserved
The projections of parallel
lines are (almost) parallel

Limitations of the Pinhole Model




Thin Lens Model




Finite Field of View

Finite Aperture




Finite Aperture

Real Lenses

» Previous approximation is incorrect
Aberrations and distortions
Blurring and incorrect shape in the image
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Spherical Aberrations
Rays further from the optical axis are focused closer to the lens
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Geometric Distortion

From Mark Fiala, Univ. Alberta
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Radial Distortion Model

Vignetting

* Only part of the light reaches the sensor
» Periphery of the image is dimmer
* Problem in practice

13



Perspective
Projection

x,y: World coordinates
x",y': Image coordinates
f: pinhole-to-retina distance

Weak-Perspective
Projection (Affine)

x,y: World coordinates
x',y': Image coordinates
m: magnification

Orthographic
Projection (Affine)

x,y: World coordinates
x',y': Image coordinates

Common distortion
model

x',y': Ideal image
coordinates

x",y": Actual image
coordinates
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