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Physics of Color
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Physiology of Color




Physiology of Color

Fraction of light absorbed
by each type of cone
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Artist’'s Color

- Hue

Saturation
Value




Value

« Luminance

« Dark to Light

« Value range
— High key
— Middle key
— Low key




Hue - Paint Mixing

* Physical mix of
opaque paints

* Primary: RYB

e Secondary: OGV

* Neutra R+Y +B




Hue - Ink Mixing

« Subtractive mix of
transparent inks

* Primary: CMY
« Secondary: RGB
« ~Black:C+M+Y

* Actually use CMYK
to get true black




Hue - Ink Mixing
Assumption: ink printed on pure white paper

CMY = White — RGB:
C=1-R, M=1-G,Y=1-B

CMYK from CMY (K is black ink):
K=min(C, M, Y)
C=C-K,M=M-K,Y=Y-K



Hue - Light Mixing

« Additive mix of
colored lights

* Primary: RGB
e Secondary: CMY
« White=R+G +B

« Show demonstration
of optical mixing




Saturation



Perception of Color

In the end, color is a perceptual phenomenon



Color Constancy

Perceived color is
highly context
dependent

Allowing color
recognition with
variable lighting
conditions




Color Constancy

Perceived color is
highly context
dependent

Allowing color
recognition with
variable lighting
conditions




Simultaneous Contrast




Simultaneous Contrast




RGB Color Wheel

 Warm/Cool
 Complements
Split Complement
« Analogous
 Show RGB Cube




HSV Color Model
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RGB cube HSV top view HSV cone

HSV is a projection of the RGB space



HSV Color Model

Grean 120° Yellow 60°
h
Cyan
L]
180 Gray
Blua 240° Maganta 300°

Hue, an angular measure (0 ... 360)



HSV Color Model

Graanh Tallow

Gray

Blua Maganta

Saturation, a fractional measure (0.0 ... 1.0)

Cy .—E.F__

Fad



HSV Color Model

Fresn Yeldw

Zyan

Value, a fractional measure (0.0 ... 1.0)



CIE 1931 Study

o [
+ lq‘“i
# R "
¥ ' et
# LR *
£ L LY -
. -
Yy e * b -
. P " n -
. 4 + - -
# - " -
.. . & I
) & *, - - + *
hd (| ) ' *
- b N
. 'l 4 . 4
* ] LI T + ]
& A r S h
¥ + * h W ¥
* 4 [} - e - »
+ + 1 - *, 3
# LI . F
. o . ¥
test lic E 3 R

444 nm hF2enm €45 nm

obserwe:

Color Matching Experiment



0.40

CIE Color Matching Functions
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CIE XYZ Matching Functions



RGB =

RGB from Spectrum
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XYZ =

XYZ from Spectrum

N

— X(A)
y(A)

1da




CIE xyY from CIE XYZ

CIE xyY color model is used to catalog colors:

X=X/(X+Y +2Z)
y=Y/(X+Y+2)
Y = luminance



CIE xyY Color Cone
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x - chromaticity coordinate



CIE xyY Typical Display
Gamut

CIE 1931 Chromaticity Diagram
SMPTE Gamut

1931 2-degree Ohserver




CIE Lu*v+* and Lab
Perceptually Uniform Spaces

620
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Q white

1976 CIE L'u'v'
chromaticity
diagram

Lu*v* rescales xyY Lab color opponents



Color Picker

Color Picker

Select foreground color:

"1 Only Web Colors

g ( Cancel )
( Custom )
OH:[60 |° OL: |98
Os: (100 |% Oa: |-16
®s8: (100 (% Ob: |93
OR: [255 C:8 |%
O G: |255 M:0  |%
OB: |0 Y:(87 |%
# [FFFFOO K40 |®
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