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Image Filtering Image Transform



Today

Camera Projection

Camera Calibration



Pinhole camera

illum 1n rabula per radios Solis, quam in ceelo contin-
git:hoc eft,fi in ceelo fuperior pars deliquidi patiatur,in
radiis apparebitinferior deficere, vt ratio exigitoptica.
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Sic nos exaéte Anno 1944 . Louanii eclipfim Solis
obferuauimus , inuenimusq; deficere pauld plus § dex-



Pinhole camera model
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A The coordinate system
I We will use the pin-hole model as an approximation
I Put the optical center (Center Of Projection) at the origin
I Put the image plane (Projection Plane) in front of the COP (Why?)



Pinhole camera model

Lo
- = principal Z
£ point
(x\ X\ [ 0O Ol X)
y|l~| fY |=|0 f OfY
1) \Z) |0 0 1)\Z)




Pinhole camera model
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Pinhole camera model
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Intrinsic matrix

Is this form of K good enough?
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A non-square pixels (digital video)
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Intrinsic matrix
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Intrinsic matrix

Is this form of K good enough?

f
K=|0
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A non-square pixels (digital video)
A skew -
A radial distortion K=o
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Distortion

A Radial distortion of the image
I Caused by imperfect lenses

I Deviations are most noticeable for rays that pass
through the edge of the lens



Barrel Distortion

No distortion

Wide Angle Lens

Barrel



Pin Cushion Distortion

No distortion
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Pin cushion

Telephoto lens




Modeling distortion

Distortion-Free: With Distortion:
X
fX 1. Project (X, Y, 2) Xn = b
X=— to Anormalizedo
/ image coordinates y = Y
n
y fY z
T 2 2 2
Z ==X +Y
2. Apply radial distortion Xy =X, (+ Kl ? 4 K2r4 _
Vo = Vo e+ mr+acrt
3. Apply focal length X= 1 +X%
translate image center y=fy, +y.

A To model lens distortion

I Use above projection operation instead of
standard projection matrix multiplication



Camera rotation and translation
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Two kinds of parameters

A internal or intrinsic parameters: focal length,
optical center, skew

A external or extrinsic (pose): rotation and
translation:
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ther projection models
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perspective weak perspective

increasing focal length —

increasing distance from camera :




