History & Mysteries
of
Colour



What am | trying to do here?¢

« There is more to colour than meets the eye
(pun 1T ntended)
* ... | N NENCE. | t’s seriously
 The idea here Is to Iintroduce a few basic things and a
few surprising things about colour with the absolute

minimum of science and no maths (apart from the odd

graph)



A few terms - |

e The * Tone'’ o f an object O
of its brightness, without regard to its coIoQ ‘ ‘
« The “HIUSCEEEEEENENE col our

regard to its Tone ‘ Q Q

* S0, two things can have the same Hue but different




A few terms - 2

- The ‘ Saturation’” of an ob
extent to which any grey has been removed from it

* S0, red, pink and white are all reds with different
amounts of saturation Q ‘ ‘

« All spectral colours (I.e. from a prism) are fully
saturated, but actwually s

pur pl es



A few terms - 3

* Areally important point:
Not all colours are spectral colours

* In fact, most of the colours you see are mixtures of
spectral colours

* As an example, pink is a mixture of all colours (making

white), with a bit of extra red added



What bits make up the eyee
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Cornea ./
Choroid
Lens \ ./

\ Retina

Aqueous
humour

L

Iris / .
Optic
nerve

Ciliary muscle Vitreous humour




A point about apertures

The iris determines how much light gets into the-eye
Just | 1 ke a camera’s 1T ris
But Is only provides a few stops of control

Sunlight is about a million times brighter than moonlight
—-so that’'s about 20 stops
So, there must be something going on in the retina
and/or the brain to allow us to cope with that huge range

of illuminations



How does colour vision worke

* There are four types of ligl#ensitive cells in the retina:
* Rod cells, which work mainly at low light levels and
don’t have a role 1 n col
- Cones cell s, which don’t
In three varieties:

« Mainly sensitive to red

« Mainly sensitive to green

« Mainly sensitive to blue




How does colour vision worke

* The nerve signals from the three types of cone are
carried off to the Dbrailn
* ... wher e s amlerstgpdpooceksing results in

the perception of colours



Reproducing colours - Idea

« Ift he red cones only notic

e ... and the green cones onl

e .. and the blue cones only

* Then reproducing colours would be easy:

* To reproduce a particular colour in a particular pixel, one
would just have to make the right amount of red, green

and blue light come from that pixel

Unfortunately, the cones



Reproducing colours - Idea
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Reproducing colours - Options

* S0, there are two options:

Either we try to replicate the actual light
corresponding to each po
we accept the need to
spend a century or so developing better compromise:
Usual ly, three ‘primary’

attempt to reproduce the colours in the scene



The Maxwell method

* Suggested by Maxwell, 1855
* First tried by Sutton, 1861



First permanent colour photo




First permanent colour photo




First permanent colour photo

* But there Is a mystery:
e Sutton was using wet collodion, which has no
sensitivity to red, and little to green
« Ralph Evans suggested in 1961 (and Hunt agrees)
that:
c The red dye I n the ri bl
e .. the red filter transi

e But t here have been ot he



Types of emulsion

The original emulsions were sensitive only to blue (and
ultraviolet) light

In 1873, Vogel discovered that small quantities of dye
adsorbed into the silver halide crystals could make them
sensitive to green and yellow light

Result: Orthochromatic emulsions, sensitive to all but

red | 1 ght

whi ch 1 s why safelights



Types of emulsion




Types of emulsion

« At about the turn of the 20century, sensitizing dyes
capable of giving red sensitivity were developed
* Result: Panchromatic emulsions, which respond equally

to the whole spectrum



What do the rod cells doe

e Il n dim |1 ght, only the ro

... which 1 s why by moonl i g
effectively no colour

* This Is why most stars and planets look white to most
people— even though most of them actually have colour

« | can see that Mars Is a bit red and Venus is a bit yellow

—but t hhat ' s about | t .



What do the rod cells doe
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What do the rod cells do@¢




Dyes, pigments and Inks

* Dyes are soluble
* Pigments are not

 Ink for inkjet printers may contain dyes or pigments




Colour without dyes/pigments




Colour without dyes/pigments




Colour without dyes/pigments




Colour without dyes/pigments
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The Lippmann process (1891)

The Lippmann process uses a mubaicked emulsion to
record the actual spectral components present in each
colour in an Image

After development, the colours reflected by the plate are
(literally) those In the original scene

Very fine grains are used, implying a very slow (and
panchromatic) emulsion

Lippmann was awarded a Nobel prize for this in 1908



The Lippmann process (1891)
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The Lippmann process (1891)




Autochrome process (1903)

* The Autochrome process was invented by the Lumiere
brothers (patented 1903)

It used Maxwell s 1 dea of
|l mages to be projected to

e ... but accompli shed that w

* The clever bit was the use of tricoledyed grains of

potato starch!



Autochrome process (1903)
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Autochrome process (1903)




Autochrome process (1903)
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Autochrome process (1903)




Additive colour reproduction




How does colour TV worke

A modern colour TV screen will be divided into
coloured ‘elements’ (red,
normally too small to see.

By controlling the brightness of each element (and there
are typically millions), the electronics within the TV
controls the colour perceived at each point of the screen
Neighbouring R, G and B elements add together becaus

you can’t (normally) see



How does colour TV worke







How does colour TV worke

- = ==
- == - =
' - = | -
= - = e
" - - = =
= ===
-
- .
= -
= -
- =
=
-
- - -
n -2
| -
- =
. =

B TR U CER R W R R TEN TR R TSR TR SR U YRR TV TV YN TUER TYND SUN NN SR SO ST NN SN NN SWNE SWER SWNR TN NN SN SUNY TNEY SN SN SN SRS SENY SEAY S SN NS SN SRS SRS S S S S — — _— ] — — _— T _—

e e e e S S e e

1 e e e e e ﬁiiﬁiﬁii
iiiiiiiiiiiiiiiﬁi.‘il'."...l..'Illl..I..ll..'."l'...i'.iiiﬁiﬁiﬁﬁiﬁi
- ig iiiiiiiiiiiiiiiﬁiﬁiiii'iiﬁiiﬁﬁ-ﬁiiiﬁiﬁFiiiﬁii-iﬁiﬁii

---------uueeizp




How does colour TV worke
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Subtractive reproduction

* For printing purposes, we start (normally) with white
paper

* And deposit three different types of ink to absorb red,
green and blue from the white light reflected by the
paper

* The colours of those inks are (respectively) cyan,

magenta, and yellow



Subtractive reproduction
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Colour negatives

Emulsion sensitive to blue _|

Sensitive to blue & green —_

Sensitive to blue & red s |




Colour negatives

Emulsion sensitive to blue _|

Sensitive to green —__

Sensitive tored |




Colour negatives
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Colour negatives
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Colour negatives
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Why the orange caste

« Colour negatives have a :

« This Is because of a trick using coloured coupler
molecules- illustrated on the next slide

* This trick compensates for deficiencies in the magenta

and cyan dyes formed by the couplers



Why the orange caste
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Why the orange caste
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Why the orange caste
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Why the orange caste
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Why the orange caste

« SO0, how do we get a correctly balanced print out of a

negative with a strong colour cast?
- By using a ‘“printing |1gl

corrects for the orange cast



Tone and context




Tone and context




Tone and contex




Colour and context
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Colour and context
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The Dress




The Dress

 |In 2015, a lady called Cecilia took a cell phone image
of a black and blue dress in Roman Originals

« She sent the image to her daughter, who saw it as whit
and gold

* |t emerged (via Facebook posts) that some of their

friends saw It as black and blue while other saw It as

white and gold



The Dress

 The mystery of the colour of the dress went viral, and

the image was viewed literally millions of times online

« The effect has not been fully explained

c | t's been suggested that
made by the eye/brain system regarding the lighting in
which the image was taken

- It may help that 1 t’s act



The Dress




The Dress




The Dress




What colour Is the night sky®e

« By day, a clear sky looks blue because of light
scattering by oxygen and nitrogen molecules

* On a moonlit, cloudless night the sky looks black

« But, the moonlight is being scattered by the air

mol ecul es, so the sky mu:



What colour is the night sky<¢




What are colour spacese

* A colour space is just the range of colours which can
be produced with a particular set of primaries

- That range I s called a ‘¢

 The idea of colour spaces applies to both additive and
subtractive reproduction

 The most relevant colour spaces are sRGB and
Adobe RGB



What are colour spacese




What are colour spacese

+ SRGB I s the ‘standard’ coc

 Adobe RGB iIs a wider colour space and is preferred
for some professional and printing applications

 An Adobe RGB image can be converted to sRGB, and

In some cases Will be converted automatically
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