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Stops and pupils:
what they are and why

they matter.

 Pupils are virtual
images of the aperture
stop.  Entrance: pano
center of rotation; exit:
chief ray angle incident

at sensor.

A. R. Greenleaf,
Photographic Optics,

MacMillan 1950.



Single-lens reflex
with auto-focus



Personal but
stable processing
infrastructure for
experimental and

field work



Automated
back-end

processing
pipelines:

“You Press the
Button, We do

the Rest.”



Human eye as a camera:
has lens, pupil, iris, sensor, etc.



How do Humans See Color?
• Packed mosaic of cones in the fovea centralis

(few blue cones)



Maxwell’s 1860 color-matching functions: three
sensations, not independently stimulatable



The Young–Helmholtz tri-chromatic
color theory by James Clerk Maxwell

First color photo:
additive three-

projector
reconstruction



CIE 1931 XYZ color-matching
functions and XYZ color space

xy



Erwin Schrödinger’s 1920
Farbenmetrik



Color-matching functions
and color spaces

sRGB: defined by color matching
functions or primaries, and

whitepoint and gamma curve

Primaries
define color

triangle
in xy

gamma
curve

gamma



Color one-shot
three-plate cameras

1932
Devin Tri-Color

Louis Ducos du Hauron
1873





1906:  Autochrome, a photographic transparency plate
patented by the Lumière brothers of Lyons, France.

Grains of potato starch dyed orange, green, and violet.

This screen of grains worked as a filter mosaic, exposing a
panchromatic emulsion. The exposed plate was then reversal
processed resulting in a transparency, and was viewed
through the same filter grains.

http://www.bway.net/~jscruggs/auto.html

Auguste and Louis Lumière



http://www.ilford.com/html/us_english/autochrome/auto86.jpg

Autochrome – Color Filter Mosaic



Three-shot color

http://www.loc.gov/exhibits/empire/gorskii.html

Sergei
Mikhailovich
Prokudin-
Gorskii:
Photographer
to the Tsar
1908–1915

Austro-
Hungarian
Prisoners of
World War I



The Silver Solution:  Kodachrome

Senses colors in layers
– one shot

• no motion problems
– all colors at all locations

• no sampling artifacts
– one piece of film

• no registration problem

Leopold Mannes and
Leopold Godowsky, Jr.
of Eastman Kodak Co.



Three-Shot Color Photography
with Vidicon TV Tube

Surveyor 1 – 1966
http://history.nasa.gov/SP-168/section2b.htm
http://nssdc.gsfc.nasa.gov/database/MasterCatalog?sc=1966-045A&ex=1



3-Tube Color TV Camera



Prism-based Color Camera

No guessing!

100% green

100% red

100% blue

2000 – Foveon II



One-chip color image sensors



Absorption of light in Silicon, and depth regions
that absorb mostly Blue, Green, and Red

5µ



GretagMacbeth
ColorChecker

(and me)
with first

Foveon X3
sensor

prototype
(2k x 2k x 3)


