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Cameras

• First photograph due to Niepce

• First on record shown in the book - 1822

• Basic abstraction is the pinhole camera

• lenses required to ensure image is not too dark

• various other abstractions can be applied



Pinhole cameras

• Abstract camera model - box with a small hole in it 

• Pinhole cameras work in practice





Perspective effects



Lines->lines; distant objects smaller



Parallel lines meet



Vanishing points

• Each set of parallel lines (=direction) meets at a different 
point

• The vanishing point for this direction


• Good ways to spot faked images

• scale and perspective don’t work

• vanishing points behave badly

• supermarket tabloids are a great source.





Planes have horizons



The equation of projection - I



The equation of projection - II
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The equation of projection - III

• Cartesian coordinates:

• We have, by similar triangles, that    (X, Y, Z) -> (f X/Z, f Y/Z, f)


• Ignore the third coordinate, and get


• notice we could have sign changes, etc. depending on

• whether there is a right handed/left handed coordinate system

• whether image plane is in front of/behind focal point

(X,Y, Z) ! (fX/Z, fY/Z)
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Scaled orthographic projection

• Assume

• The range of depths over points is small compared to distance to points


• So you could scale all points with one scale

• Scaled orthography
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Scaled orthographic projection - II





Lenses

• Pinholes admit very little light

• and only work because they are small



Pinhole too big -

  many directions are


  averaged, blurring the

  image


Pinhole too small-

  diffraction effects blur


  the image


Generally, pinhole 

cameras are dark, because


a very small set of rays

from a particular point


hits the screen.



Lenses

• Pinholes admit very little light

• and only work because they are small


• Lens system

• Collect much more light

• Ensure camera behaves like a pinhole camera

• roughly!



Possibly annoying lens phenomena

• Spherical aberration

• Lens is not a perfect thin lens, and point is defocused


• Chromatic aberration

• Light at different wavelengths follows different paths; hence, some 

wavelengths are defocussed

• Machines: coat the lens

• Humans: live with it 


• Scattering at the lens surface

• Light in lens system reflects off surfaces

• Machines: coat the lens, interior

• Humans: live with it (scattering phenomena are visible in the human eye)


• Geometric phenomena (Barrel distortion, etc.)



Geometric distortions in lenses


