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Camera geometry 
and calibration I 

•  Pinhole perspective projection 
•  Orthographic and weak-perspective models 
•  Non-standard models 
•  A detour through sensing country 
•  Intrinsic and extrinsic parameters 
 



Animal eye: a looonnng time ago. 

Pinhole perspective projection: Brunelleschi, XVth Century. 
Camera obscura: XVIth Century. 

Photographic camera: 
Niepce, 1816. 



Massaccio’s Trinity, 1425 

Pompei painting, 2000 years ago 

Van Eyk, XIVth Century 

Brunelleschi, 1415 



Most people don’t experience the divergence of visual rays in a 
veridical manner. This is fine. [Koenderink] 



Ferdinand Hodler 









Pinhole Perspective Equation 
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NOTE: z is always negative.. 



Affine projection models: Weak perspective projection 
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is the magnification. 

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 
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' 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 
 



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 
 



Planar pinhole  
perspective 

Orthographic 
projection 

Spherical pinhole 
perspective 



Diffraction effects 
in pinhole  
cameras. 

Shrinking 
pinhole 
size 

Use a lens! 



Lenses 

Snell’s law 
 
  n1 sin α1 = n2 sin α2 

Descartes’ law 



Thin Lenses 

x ' = z ' x
z

y ' = z ' y
z

!

"
##

$
#
#

      where     1
z '
−

1
z
=

1
f

and   f = R
2(n−1)



Thick Lenses 



Spherical 
Aberration 

Distortion 

Chromatic 
Aberration 



Geometric Distortion 



Rectification 



Radial Distortion Model 



A compound lens 



E=(Π/4) [ (d/z’)2 cos4α ] L 



Vignetting 





Challenge: Illumination – What is wrong 
with these pictures? 



Photography  
(Niepce, “La Table Servie,” 1822) 

Milestones:  
•  Daguerréotypes (1839) 
•  Photographic Film (Eastman, 
1889) 
•  Cinema (Lumière brothers, 1895) 
•  Color Photography (Lumière brothers, 
again, 1908) 
•  Television (Baird, Farnsworth, 
Zworykin, 1920s) 

CCD Devices (1970), etc. 



Image Formation: Radiometry 

What determines the brightness of an image pixel? 

The light 
source(s) 

The surface 
normal 

The surface 
properties The optics 

The sensor 
characteristics 



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 



Quantitative Measurements and Calibration 

Euclidean Geometry 



Quantitative Measurements and Calibration 

Euclidean Geometry 



Planes and 
homogeneous 
coordinates 
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The Extrinsic Parameters of a Camera 



The Intrinsic Parameters of a Camera 

The calibration Matrix 

The Perspective 
Projection Equation 


