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Sir Isaac Newton
(1730)
Rays are not colored
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Thomas Young
(1802)
Trichromatic theory
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Color Vision and History of Colorimetry

Physiology Color Vision Model Colorimetry

Retina

rods and cones
Horizontal cells
Bipolar cells
Amacrine cells CIEXYZ ( I 93 I )

Ganglion cells

LGN

Magno-celluar

Parvo-cellular CIELAB ( I 976)

Konio-cellular
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higher levels
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green
yellow
blue

brown
pink
orange

gray
white
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= 2 B9 % (color matching functions, CMFs)
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Grassman’s law of additive
color mixture
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Grassman’s law of additive

color mixture
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Grassman’s law of additive color mixture

na
) iii

20114 98 26H BIEH




Stiles (NPL) Trichromator
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The 10° CMFs of Stiles and Burch
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Failure of Grassman’s law of additity

Maximum saturatiod method (MSM) vs. Maxwell method (MVVWM)
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Fig. 2: Color matching functions obtained by the maximum saturation method
(open symbols) and by the MAXwWELL method (solid symbols)
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CIEI931 CMFs vs Judd’'modified CMFs
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CIEI931 2° CMFs vs CIEI964 10° CMFs
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CIEI931XYZ

JCIRE
X =K, [ L,;%(A)dA
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Y =K, [ L., 5(1)dA
= Kme(/f(A)dA
K, =683 (Im/W)

B E R
x=X/(X+Y+2Z), y=Y/(X+Y+2Z)
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CIE1976L*a*b*(CIELAB)
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CIE1976L*a*b*(CIELAB)
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Transformation from the 10° CMFs to
the L o-, Mio-, Si0-cone fundamentals
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Derivation of the 2° cone fundamentals
from the 10° cone fundamentals

Lens Macular

pigment pigment o.d.
o.d. 10 deg

Stiles & Burch | 140 ¢one fundamentals _J' Cone photo
CMFs

_ _ — I t o.d.
10 deg L), my ), s,,M) plgrieond:g
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spectral
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A‘i,o(L-pig ment)O\')
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Cone photo
2° cone fundamentals

pigment o.d.
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o.d. D2 deg
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The 10° cone fundamentals
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CIE cone fundamentals

in terms of quanta in terms of energy
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A. Stockman, L.T. Sharpe, The spectral sensitivities of the middle- and long-wavelength-sensitive cones
derived from measurements in observers of known genotype,Vision Res., 40, |71 1-1737 (2000)

CIE 170-1:2006, Fundamental chromaticity diagram with physiological axes - Part |
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Various cone fundamentals

>
=
2
e
@
D
)
»
(@)
o

- —r T 1 T T T
350 450 550 650 750 850
wavelength

log L_vos === |0g L_cie

log M_vos log M_cie

log S_vos == log S_cie

20114 98 26H AEH



Comparison between cone fundamentals of CIE
and Smith&Pokorny
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Various cone fundamentals

log sensitivity
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MaclLeod-Boynton chromaticity diagram

D.I.A. MacLeod and R.M. Boynton, J. opt.Soc.Am., 69, 1183-1186 (1979)

R G B
r= b
R+G

* 87R+G” "TR+G

R, =0.15514x ;, +0.54312y ;, -0.032867 ,
G, =-0.15514Xx , +0.45684y , +0.03286Z ,

Smith-Pokorny cone fundamentals
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DKL color space

Derrington AM, Krauskopf J, Lennie P (1984) "Chromatic mechanisms in lateral
geniculate nucleus of macaque." J Physiol (Lond) 357:241-265
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sRGB color space
| Red | Green | Blue | White(Dé5)

0.6400 0.3000 0.1500 0.3127

n 0.3300 0.6000 0.0600 0.3290

R'sRGB = R8bit/255
G'sRGB = GSbit/255
\B sRGB = Bxbn/255

-

if R'srGB, G’srGB, B’srGe, > 0.04045

-

e o , , Rrce =
if R'srGB, G'srGB, B'srGe, < 0.04045 \ 1.055

f | (G e 40.055 )77
Rrce = R'rgp /1292 OB )

' | 1055
GSRGB =G SRGB/ 2.92 /B'SRGB +0.055 24

' : Bg =
| Brgp = B'srgp /1292 RGB =" 1055 )

(R en +0.055)2'4

GsRGB =

'X] [04124 03576 0.1805|Rpep
Y|=]02126 0.7152 0.0722||Ggep
Z| 100193 0.1192 0.9505 Brgs
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sRGB to CIELAB

1

O 0.1 0.20.30.40.50.60.70.80.9
luminance

100 150 200 250 300
digital 8 bit

|
300

ssaulyblj

T
250

|
150 200
digital 8 bit

T
100

20114 98 26H AEH



Color matching functions and
cone fundamentals

color matching

: color matching functions cone fundamentlas
experiment

Wright (1928-1929) Hunt-Pointer-Esteves (CIECAMO02)

CIE 1931 2° CMFs —”

Judd’ modified CMFs ~— Vos and Walraven (1971)
Smith and Pokorny (1975)

Guild (1931)
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