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Camera geometry
and calibration T

* Pinhole perspective projection

* Orthographic and weak-perspective models
* Non-standard models

» A detour through sensing country

* Intrinsic and extrinsic parameters




Photographic camera:
Niepce, 1816.

image
plane

pinhole -7 virtual
image

Pinhole perspective projection: Brunelleschi, XVth Century.
Camera obscura: XVIt™h Century.
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Van Eyk, XTIVt Century

Massaccio’'s Trinity, 1425




Most people don't experience the divergence of visual rays in a
veridical manner. This is fine. [Koenderink]
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perfect
military order!

circular arc,
converging gaze

impression: perfect military lineup!




perfect
military order!

circular arc,
converging gaze
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impression: perfect military lineup!







Pinhole Perspective Equation

NOTE: zis always negative..




Affine projection models: Weak perspective projection

where m = L is the magnification.
Z9

When the scene relief is small compared its distance from the
Camera, m can be taken constant: weak perspective projection.




Affine projection models: Orthographic projection

When the camera is at a
(roughly constant) distance
from the scene, take m-=1.




Strong perspective:

* Angles are not preserved

« The projections of parallel lines intersect at one point




perspective weak perspective

increasing focal length

increasing distance from camera

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
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Planar pinhole ~ Orthographic Spherical pinhole
perspective projection perspective




Diffraction effects
in pinhole
cameras.

Shrinking

pinhole
size

Use a lens!

2mm

.6mm

OPTICA

TR ad &
WA

0.15 mm




Lenses

Snell's law

N, Sin Xy = N, Sin o

Descartes’ law




Thin Lenses




Thick Lenses




Spherical
Aberration

Distortion

Chromatic
Aberration

‘%E Increasing wavelength
\ e

|

Radio Infrared

Visible

700 nancmeters

400 nancemeters

Gamma ray




Geometric Distortion
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Rectification




Radial Distortion Model
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A compound lens
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E=(I1/4) [ (d/z’)? cos*a. ] L
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Vignetting







Challenge: Illumination - What is wrong
with these pictures?
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Photography
(Niepce, "La Table Servie,"” 1822)

Milestones:

» Daguerréotypes (1839)

* Photographic Film (Eastman,

1889)

- Cinema (Lumiere brothers, 1895)

» Color Photography (Lumiére brothers,
again, 1908)

» Television (Baird, Farnsworth,
Zworykin, 1920s)

CCD Devices (1970), etc.
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Image Formation: Radiometry

The light
source(s)

The sensor
characteristics

The optics

What determines the brightness of an image pixel?




Perspective
Projection
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x,y: World coordinates
x’,y’: Image coordinates
f: pinhole-to-retina distance

Weak-Perspective
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x,y: World coordinates

Projection (Affine) | . _ =~ =7 |x’y’ Image coordinates
| | m: magnification
Orthographic X=X x,y: World coordinates
Projection (Affine) | V= ) x’,y": Image coordinates
Common distortion x":%x’ x’,y’: Ideal image
model ol coordinates
-

A=l+kr’ +krt+--

x ",y Actual 1image
coordinates







Quantitative Measurements and Calibration

Euclidean Geometry




Planes and
homogeneous
coordinates

ﬁ.n=0©ax+by+cz—d=O©H.P=O

where 1II =




The Extrinsic Parameters of a Camera

e When the camera frame (C) is different from the world frame

‘P _(WR “Ow\("P
<1>_<0T 1 )( 1 )

e Thus,

where

— z=mgy- P, or




The Intrinsic Parameters of a Camera

Pinhole

\/\ ~ Normalized
= image plane

\/““ Physical

retina

The calibration Matrix

U
D= }CZA), where pPp=|v and ]C (l:Pf
1

The Perspective p = ! MP, where MY (K 0)
Projection Equation Z




