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Tutorial schedule

ÅPart 1 (General)
ÅMotivation

ÅReview of color & color spaces

ÅOverview of in-camera imaging pipeline 

ÅPart 2 (Imaging and Computer Vision)
ÅMisconceptions in the computer vision

community regarding color

ÅRecent work on color and cameras

ÅConcluding remarks
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Beginner audience

Covers color and camera.

General knowledge topic.

Not specific to any papers.

Intermediate audience

Covers recent research on 

camera pipelines -- assumes you 

have a background in computer 

vision.

(Note: Includes papers from my 

research lab)



Part 1: Motivation for 
this tutorial?
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Shifting landscape of cameras

Film Point-and-shoot DSLR/Mirrorless Smartphone



Units of each device sold  1933 - 2016



Units of each device sold  1933 - 2016

Film

Point-and-shoot

DSLR/Mirrorless



Units of each device sold  1933 - 2016

Smartphone



Smartphone



Photography = smartphone camera



Imaging is at our finger tips



Not always a good thing . . . 
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In many applications, a human will 

never see the captured image.

And useful for purposes beyond photography



Scientistõs view of photography

Photo by Uwe Hermann



Scientistõs view of photography

Photo by Uwe Hermann



Camera = light-measuring device

Simple models of a camera assumes an image is a òquantitative measurementó of scene radiance.

Illumination source

(radiance)

Internal Image Plane

Scene Element

Imaging System

Output (digital) image

Figure from Digital Image Processing, Gonzales/Woods



Image = radiant energy measurement

Simple models of a camera assumes an image is a òquantitative measurementó of scene radiance.

Illumination source

(radiance)

Internal Image Plane

Scene Element

Output (digital) image

Figure from Digital Image Processing, Gonzales/Woods

Imaging System



This assumption is made often in computer vision

ÅShape from shading

ÅHDR imaging

ÅImage matching

ÅColor constancy

ÅApplications relying on color

ÅImage delubrring

ÅEtc. . . 

Shape-from-shading

Image matching

From Lu et al, CVPRõ10

From Jon Mooser, CGIT Lab, USC From OõReillyõs digital media forum

HDR imaging
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Camera = light-measuring device?
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Camera pipeline photo-finishing routines
òSecret recipeó of a camera

Photographs taken from three different cameras with the same aperture, shutter speed, 

white-balance , ISO, and picture style.
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Modern photography pipeline

In-Camera

CMOS response (raw-RGB)

raw-RGB processing

+

òPhoto-finishing 

Processingó

Scene Radiance

Pre-Camera

Lens Filter

Lens

Shutter

Aperture

Post-Processing

Touch-up

Hist equalization

Spatial warping

Etc  . . . 

Starting point: 

reality (in radiance)

Final output

Ending point: 

better than reality (in sRGB)

Camera Output: sRGB

Even if we stopped here,

the  original CMOS response

potentially has had many

levels of processing.
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Digital cameras

ÅDigital cameras are not designed to be light-measuring devices

ÅThey are designed to produce visually pleasing 
photographs

ÅThere is a great deal of processing (photo-finishing) applied in the 
camera hardware

The goal of this tutorial is to discuss 

common processing steps that take place 

onboard consumer cameras
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Part 1: òCrash Courseó on 
Color & Color Spaces
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Color

Def Color(noun): The property possessed by an object of producing 
different sensations on the eye as a result of the way it reflects or emits 
light.

Oxford Dictionary

Def Colour (noun): The word color spelt with the letter ôuõ and 
pronounced with a non-American accent.   
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Color is perceptual

ÅColor is not a primary physicalproperty on an object 

ÅRed, Green, Blue, Pink, Orange, Atomic Tangerine, Baby Pink, 
etc. . . 

ÅThese are words we assign to human color sensations

http://en.wikipedia.org/wiki/List_of_colors

Which is the "true blue"?
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Subjective terms to describe color

Hue 

Name of the color

(yellow, red,blue, green, . . . )

Value/Lightness/Brightness

How light or dark a color is.

Saturation/Chroma/Color Purity 

How òstrongó or òpureó a color is.

Image from Benjamin Salley

A page from a Munsell Student Color Set

Hue

Chroma

V
a
lu

e
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Where do òcolor sensationsó come from?

A verysmall range of electromagnetic radiation 

Generally wavelengths

from 380 to 720nmare

visible to most individuals
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White light through a prism

Light is separated into òmonochromaticó light at different wave lengths.

450nm 600nm 650nm

òwhite lightó

(broad spectrum)

Refracted light

R
e

la
ti
v
e

 P
o
w

e
r

Prism

Spectral òcolorsó
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Biology of color sensations

ÅOur eye has three receptors (cone cells) that respond to visible light and 
give the sensation of color

Eye

Short, Medium,

Long Cones Retina

Optical nerve
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Cones and rods

ÅWe have additional light sensitive cells called rodsthat are not 
responsible for color.  Rods are used in low-light vision.

ÅCone cells are most concentrated around the fovea of the eye
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Spectral power distribution (SPD)

We rarely see monochromatic light in real world scenes.  Instead, objects reflect a wide 

range of wavelengths. This can be described by a spectral power distribution (SPD) 

shown above.  The SPD plot shows the relative amount of each wavelength reflected 

over the visible spectrum. 
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SPD relation to color is not unique

ÅDue to the accumulation effect of the cones, two different SPDs can be 
perceived as the same color (such SPDsare called "metamers").

Lettuce SPD 

stimulating

S=0.2, M=0.8, 

L=0.8

Green ink SPD 

stimulating 

S=0.2, M=0.8, 

L=0.8

Lettuce SPD

Green Ink SPD

SPD of òreal lettuceó

SPD of ink in a òpicture of lettuceó

Result in the same

color òsensationó.
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Tristimulus color theory

ÅBefore the biology of cone cells was understood, it was empirically 
known that only three distinct colors (primaries) could be mixed to 
produce other colors

ÅThomas Young (1803), Johann Wolfgang von Goethe (1810), Hermann 
Grassman (1853), James Maxwell (1856) all explored the theory of 
trichromacy for human vision

34
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Tristimulus color theory
Grassmanõs Law states that a source color can be matched by a linear

combination of three independent òprimariesó.  

= R1*              +       G1*                  +    B1*

Source light #1

Three lights (shown as lightbulbs) 

serve as primaries.  Each light has 

intensity, or weights,  R1, G1, B1 to 

match the source light #1 perceived 

color.
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= R2*              +       G2*                  +    B2*

Source light #2

Same three primaries and the 

weights (R2, G2, B2) of each 

primary needed to match the 

source light #2 perceived color

= (R1+ R2)*        +   (G1+ G2 )*         +  (B1+B2)*

Source light #3

If we combined  source

lights 1 & 2 to get 

a new source light 3

The amount of  each primary needed to match the new source light 

#3 is the sum of the weights that matched lights sources #1 & #2. 
This may seem obvious

now, but discovering

that light obeys the laws

of linear algebra was  a

huge and useful discovery.



Radiometry vs. photometry
ÅRadiometry
ÅQuantitative measurements of radiant energy

ÅOften shown as spectral power distributions (SPD)

ÅMeasures either light coming from a source (radiance) or light falling on a surface 
(irradiance)

ÅPhotometry/ colorimetry
ÅQuantitative measurement of perceived radiant energy based on humanõs sensitivity to 

light

ÅPerceived in terms of òbrightnessó (photometry) and color (colorimetry)

Wavelength (ʇ)

Radiometry
Photometry/

colorimetry
Tomatoõs SPD

Perception of the

tomatoõs SPD

Object 
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Quantifying color

ÅWe still need a way to quantify color & brightness

ÅSPDs go through a òblack boxó (human visual system) and are perceived as 
color

ÅThe only way to quantify the òblack boxó is to perform a human study

Wavelength (ʇ)

òBlack boxóTomatoõs SPD Ripe Red
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Experiments for photometry

Reference bright light 

with fixed radiant power.

Chromatic source light at

a particular wavelength and

adjustable radiant power. 

Alternate between the source light and reference light 

17 times per second (17 hz). A flicker will be noticeable 

unless the two lights have the same perceived 

òbrightnessó.

The viewer adjusts the radiant power of the  chromatic 

light until the flicker disappears(i.e. the lights fuse into a 

constant color). The amount of radiant power needed 

for this fusion to happen is recorded.

Repeat this flicker fusion test for each wave-length in the 

source light. This allows method can be used to 

determine  the perceived  òbrightnessó of each 

wavelength.  
The òflicker photometryó experiment 

for photopicsensitivity.

+

(Alternating between source and reference @ 17Hz)

450nm 600nm 650nmR
e

la
ti
v
e

 P
o

w
e

r

Viewer gradually

increases source

radiant power
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Result of the flicker experiments

400 500 600 700

wavelength
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450nm 600nm 650nmR
e

la
ti
v
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Reference light

Amount of radiant

power need for each

wavelength

to make the reference

light.

You need a lot more

400nmlight to match

the reference than 

you do the 550nm.

This means you 

perceive 550nm

brighter than 400nm.



CIE (1924) Photopic luminosity function

International Commission on Illumination (CIE comes from the French nameCommission internationalee 

l'éclairage) was a body established in 1913 as an authority on light, illumination and color . . CIE is still 

active today -- http://www.cie.co.at

The Luminosity Function (written as y(ʇ) or V(ʇ)) shows the eyeõs sensitivity to radiant energy into 

luminous energy (or perceived radiant energy) based on human experiments (flicker fusion test). 

_
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If we invert the

curve on the 

pervious slide, 

we get the 

luminosity function.

http://www.cie.co.at/


Radiometric vs. photometric units

Radiant Flux

(watt)

Radiant intensity

(watt per steradian)

Irradiance

(watt per m2ðfalling on surface)

Radiance

(watt per m2 steradian)

Radiometric values

Luminous Intensity

(candela)

Illuminance

(lux)

Luminous Flux

(lumens)

Luminance

(candela per m2)

Photometric values

(Radiometric values weighted

by the Luminosity Function)



Colorimetry

ÅBased on tristimulus color theory, colorimetry attempts to quantify all 
visible colors in terms of a standard set of primaries

= R1*              +       G1*                  +    B1*

Three fixed primary lights
Target color

42



CIE RGB color matching

Test color Matched Color

Red   (700nm)

Green (546nm) 

Blue  (435nm)

+/-

+/-

+/-

òStandard Observeró
(Willing participant with no eye disease)

Human subjects

matched test colors 

by add or subtracting 

three primaries.

Field of view was 2-degrees

(where color cones are most

concentrated)

Same?

2ǓFoV

Experiments carried out by

W. David Wright (Imperial College) and John Guild (National Physical Laboratory, London) ðLate 1920s
43



CIE RGB color matching

For some test colors, no mix of the 

primaries could give a match !  For 

these cases, the subjects were  ask to add 

primaries to the test color to make the 

match.

This was treated as a negative value of the 

primary added to the test color.

Test color Matched Color

Red   (700nm)

Green (546nm) 

Blue  (435nm)

òStandard Observeró
(Willing participant with no eye disease)

Same?

2ǓFoV

+/-

+/-

+/-

+

44

Primary is added to the test color!



CIE RGB results

CIE RGB 2-degree Standard Observer 

(based on Wright/Guildõs data)

Plots are of the mixing

coefficients of each

primary needed to 

produce the corresponding 

monochromatic light at 

that wavelength.

Note that these functions

have been scaled such

that area of each curve

is equal.
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Negative values -- the three primaries used did not span 

the full range of perceptual colors. 46

CIE RGB results



CIE 1931 XYZ
ÅIn 1931, the CIE met and approved defining a new canonical basis, termed XYZ that 

would be derived from Wright-Guildõs CIE RGB data

ÅProperties desired in this conversion:
ÅWhite point defined at X=1/3, Y=1/3, Z=1/3

ÅY would be the luminosity function (V(ʇ))

ÅQuite a bit of freedom in selecting these XYZ basis

ÅIn the end, the adopted transform was:

ὢ
ὣ
ὤ

0.48871800.31068030.2006017

0.17620440.81298470.0108109

0.00000000.01020480.9897952

Ὑ
Ὃ
ὄ

Nice article see: Fairman et al òHow the CIE 1931 Color-Matching Functions Were Derived from WrightðGuild Dataó, Color Research 

& Application, 1997 

CIE 1931 RGB
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CIE 1931 XYZ

This shows the mixing coefficients x(ʇ), y(ʇ), z(ʇ) for the CIE 1931 2-degree standard observer XYZ basis 

computed from the CIE RGB data.  Coefficients are all now positive.  Note that the basis XYZ are not physical 

SPD like in CIE RGB, but linear combinations defined by the matrix on the previous slide.

_ _ _
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CIE XYZ 3D plot

3D plot of the CIE XYZ matching functions

against the XYZ axis.  Note that scaling of

this plot is not uniform. 49



Using CIE 1931 XYZ functions

ÅWe now have a canonical color space to describe SPDs

ÅGiven an SPD, I(ʇ), we can compute its mapping to the CIE XYZ space

ÅGiven two SPDs, if their CIE XYZ values are equal, then they are considered the 
same perceived color, i.e.
ÅI1 (ʇ), I2 (ʇ)Ÿ (X1, Y1, Z1) = (X2, Y2, Z2) [ perceived as the same color ]

ÅSo . . we can quantitatively describe color!

ὢ Ὅʇ Ӷὼʇ)Ὠʇ ὣ Ὅʇώʇ)Ὠʇ ὤ Ὅʇ Ӷᾀʇ)Ὠʇ
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SPD to CIE XYZ example

Two SPDs

SPD1

SPD2

SPD1

X=0.2841

Y=0.2989

Z=0.3254

SPD2

X=0.2841

Y=0.2989

Z=0.3254

From their CIE XYZ

mappings,  we can 

determine

that these two

SPDs will be 

perceivedas the

same color (even

without needing

to see the color!)

Thanks CIE XYZ!

CIE XYZ Values

Radiometric Colorimetric

CIE XYZ gives a way to go from radiometric to colorimetric.

Imbedded is also the photometric measurement in the Y value. 51



Usefulness of CIE 1931 XYZ

ÅCIE XYZ space is also considered òdevice independentó ðthe XYZ 
values are not specific to any device

ÅElectronic devices (e.g. cameras, flatbed, scanners, printers, displays) 
can compute mappings of their device specific values to the 
corresponding CIE XYZ values.  

ÅThis provides a canonical space to match between devices (at least in 
theory).
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Luminance-chromaticityspace (CIE xyY)

ÅCIE XYZ describes a color in terms of linear combination of three 
primaries (XYZ)

ÅSometimes it is useful to discuss color in terms of luminance (perceived 
brightness) and chromaticity (we can think of as the hue-saturation 
combined)

ÅCIE xyY space is used for this purpose
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Deriving CIE xyY

Project the CIE XYZ values onto the X=1, Y=1, Z=1 plane.

Figure from Ponce and Forsyth 54



Projection plot 

A bit hard to visualize after seeing the

CIE XYZ 3D plot,  but we do obtain 

the shape on the previous slide from 

the projection onto X=1, Y=1, Z=1
55



Projection plot 

x

y

56

A bit hard to visualize after seeing the

CIE XYZ 3D plot,  but we do obtain 

the shape on the previous slide from 

the projection onto X=1, Y=1, Z=1



This gives us the familiar

horseshoe shape of

visible colors as a 2D plot.

Note the axis are x & y.

E

Point òEó represents

where X=Y=Z have equal

energy (X=0.33, Y=0.33, Z=0.33)

CIE XYZ òwhite pointó

In the 1930s, CIE had a bad habit of over using the variables X, Y.  Note that x, y are chromaticity coordinates,

x, y (with the bar above) are the matching functions, and X, Y are the imaginary SPDs of CIE XYZ.    
_   _ 57

CIE xy chromaticity diagram



Fast forward 80+ years

ÅCIE 1931 XYZ, CIE 1931 xyY (2-degree standard observer) color 
spaces have stood the test of time

ÅMany other studies have followed (most notably - CIE 1965 XYZ 10-
degree standard observer), . . . 

ÅBut in the literature (and in this tutorial) youõll find CIE 1931 XYZ 
color space remains the preferred standard
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What is perhaps most amazing?

Å80+ years of CIE XYZ and it is all based on the experiments by the 
òstandard observersó

ÅHow many standard observers were used?  100, 500, 1000?

A Standard Observer

60



CIE XYZ is based on 17 standard observers

10 by Wright, 7 by Guild

òThe Standard Observersó
61



A caution on CIE xy chromaticity

From Mark D. Fairchild book:òColor Appearance Modelsó

òThe use of chromaticity diagrams should be avoided in most circumstances, 
particularly when the phenomena being investigated are highly dependent on 
the three-dimensional nature of color. For example, the display and comparison 
of the color gamuts of imaging devices in chromaticity diagrams is misleading 
to the point of being almost completely erroneous.ó
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Are we done with color?
Almost
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An objectõs SPD

ÅIn a real scene, an objectõs SPD is a combination of the its reflectance 
properties and scene illumination

Wavelength (ʇ)

Tomato SPD

Our earlier example

ignored illumination

(we could assume it was pure

white light).

Instead, think of this

of how the object

reflects different

wavelengths

Illuminant 1 SPD 

.*

ʇ

Illuminant 2 SPD 

.*

ʇ

Illuminant 3 SPD 

.*

ʇ
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Color constancy

ÅOur visual system is able to compensate for the illumination 

Illuminant 1 SPD 

X

Illuminant 2 SPD 

X

Illuminant 3 SPD 

X

ʇ ʇ ʇ

Looks the same!
65



Chromatic adaptation example



Chromatic adaptation example



Color constancy/chromatic adaptation

ÅColor constancy (also called chromatic adaptation) is the ability of the 
human visual system to adapt to scene illumination

ÅThis ability is not perfect, but it works fairly well

ÅImage sensors do not have this ability (it must be performed as a 
processing step, i.e. òwhite balanceó)

Note: Our eyes do not adjust to the illumination in the photograph --
we adjust to the viewing conditions of the scene we are viewing the 
photograph!
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Color constancy and illuminants

ÅTo understand color constancy, we have to consider SPDs of different 
illuminants

Figure from Ponce and Forsyth 
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Color temperature
ÅIlluminants are often described by their "color temperature"

ÅThis mapping is based on theoretical òblackbody radiatorsó that produce SPDsfor a 
given temperature -- expressed in Kelvin (K)

ÅWe map light sources (both real and synthetic) to their closest color temperature 
(esp in Photography/Video production)

70

Plank's law

Spectral density of electromagnetic

radiation emitted by a blackbody

radiator at a given temperature T.



Visible range of a black body radiator

Consider only the visible 

wavelengths from Plank's 

equation at a certain 

temperature.

Animation credit: Dariusz Kowalczyk

Black body radiator SPDfor different color temperatures

Wave length 

R
a
d

io
m

e
tr

ic
 p

o
w

e
r

Visible range

gamma rays long waves



Plot visible SPDsin CIE xy chromaticity

Plot of color CIE xy locations of SPDs based

on color temperature.

This curve in the CIE xy plot of the 

"PlanckianLocus" of color temperatures. 



Color temperature of an SPDexample

CIE 1931 mapping functions

(1) Find the light sources SPDmapping to CIE XYZ using the CIE 1931 mapping functions.   

(2) Project the CIE xyY value to the Planckianlocus line. 

Where it falls is the Correlated Color Temperature (CCT) of this light source.  So,  this example 

the OLED light source is roughly 4500K.

While we often say "color temperature", we should say "correlated color temperature".  The 

concept is not related to the physical temperature of the light source, but its correlationwith the 

black body radiator's color temperature. 

SPDof a light source



Color temperature

From B&H Photo

Typical description of

color temperature used

in photography & lighting

sources.
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Man made illuminants SPDs

Figure from Ponce and Forsyth 
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Lighting industry uses color temperature

Usage of color temperature in these ads relate to the perceived color of the bulb's light. The heat output of a typical LED bulb is between 

60C-100C(~333-373K).



CIE standard illuminants
ÅCIE established several òsyntheticó SPDs that serve as proxies for common real 

illuminants

ÅIlluminant A 
Åtungsten-filament lighting (i.e. a standard light-bulb)

ÅIlluminant B
Ånoon sunlight

ÅIlluminant C 
Åaverage daylight

ÅIlluminant D series
Årepresent natural daylight at various color temps (5000K, 5500K, 6500K), generally denoted as 

D50, D55, D65

ÅIlluminant E
Åidea equal-energy illuminant with constant SPD
Ådoes not represent any real light source, but similar to D55

ÅIlluminant F series
Åemulates a variety of fluorescents lamps (12 in total)
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CIE standard illuminants

D, E, and F series images from http://www.image-engineering.de

SPDs for CIE standard illuminant A, B, C SPDs for CIE standard illuminant D50, D55, D65

SPDs for CIE standard illuminant E SPDs for CIE standard illuminants F2, F8, F11

78



White point

ÅA white point is a CIE XYZ or CIE xyY value of an ideal òwhite targetó 
or òwhite referenceó 

ÅThis is essentially an illuminants SPD in terms of CIE XYZ/CIE xyY
ÅWe can assume the white reference is reflecting the illuminant

ÅThe idea of chromatic adaptation is to make white points the same 
between scenes

79



White points in CIE xy chromaticity

C

D65

B

A

E

CIE Illuminants
A, B, C, D65, E in terms of CIE xy

CIE x        ,       y

A 0.44757  ,  0.40745

B 0.34842  ,  0.35161

C 0.31006  ,  0.31616

D65 0.31271  ,  0.32902

E 0.33333  ,   0.33333
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Color constancy (at its simplest)

Å(Johannes)Von Kries transform

ÅCompensate for each channel corresponding to the L, M, S cone 
response 

ὒ
ὓ
Ὓ

ρȾὒ π π
π ρȾὓ π
π π ρȾὛ

ὒ
ὓ
Ὓ

L1, M1, S1 are the input

LMS space under an

illuminant.

L1w, M1w, S1w is the LMS

response to òwhiteó under

this illuminant

L2, M2, S2 is the new LMS

response with the illuminant

divided òoutó.    In this case

white is equal to [1,1,1]

81

Johannes von Kries



Illuminant to illuminant mapping
ÅMore appropriate would be to map to another illuminantõs LMS response 

(e.g. in the desired viewing condition)

Å(LMS)1 under an illuminant with white-response (L1w, M1w, S1w) 

Å(LMS)2 under an illuminant with white-response (L2w, M2w, S2w )

ὒ
ὓ
Ὓ

ὒ Ⱦὒ π π
π ὓ Ⱦὓ π
π π Ὓ ȾὛ

ὒ
ὓ
Ὓ

L1, M1, S1 are the input

LMS space under an

illuminant.

L1w, M1w, S1w is the LMS

response to òwhiteó the

input illuminant, L2w, M2w,

S2wresponse to òwhiteó

of output illuminant

L2, M2, S2 is the new LMS

response with the illuminant

divided òoutó and scaled to

LMS2 illuminant 
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Example

Simulation of  different òwhite pointsó by photographing a òwhiteó object under different illumination.

Images courtesy of Sharon Albert (Weizmann Institute)
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Example

Input

Adapted to

òtargetó 

illuminant

Before After Before After Target Illumination

Here, we have mapped the 

two input images to one below

to mimic chromatic adaptation.

The òwhiteó part of the cup is

shown before and after to help

show that the illumination falling

on white appears similar after

the òchromatic adaptationó.
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Now we are finally done with color?
Almost (really) . . . 
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CIE XYZ and RGB

ÅWhile CIE XYZ is a canonical color space, images/devices rarely work 
directly with XYZ

ÅXYZ are not real primaries

ÅRGB primaries dominate the industry

ÅWe are all familiar with the RGB color cube

But by now, you should realize

that Red, Green, Blue have no 

quantitative meaning.  We need to 

know their corresponding SPDs or

CIE XYZ values

86



Device specific RGB values

R

G

B

Color Gamut

The RGB values span a subspace

of CIE-XYZ to define the devices

gamut.   

If you have RGB values, they are

specific to a particular device .

87



Trouble with RGB 

R

G

B

Device 1

Device 2

Device 3

RGB values have no meaning

if the primaries between devices

are not the same!  This is a 

huge problem for color reproduction

from one device to the next.
88



Standard RGB (sRGB) ðRec.709

R

G

In 1996, Microsoft and HP  

defined a set of òstandardó 

RGB primaries.

R=CIE xyY (0.64, 0.33, 0.2126)

G=CIE xyY (0.30, 0.60, 0.7153)

B=CIE xyY (0.15, 0.06, 0.0721)

This was considered an RGB

space achievable by most 

devices at the time.

White point was set to the D65

illuminant.  This is an important

thing to note.  It means sRGB

has built in the assumed

viewing condition (6500K daylight). 89



sRGB'swhite point
ÅWhen we map from CIE XYZ to a color space, we need to specify the white 

point, --i.e., what is the CIE XYZ of "white" where we will view our image.

ÅThis is to match the assumed viewing condition of my device
ÅWhile in my sRGB color space, the white-point is r=g=b, it was transform from CIE 

XYZ at a particular white-point

90

CIE XYZ

R

G

+
+

D65

D50

sRGB (D50 whitepoint)

sRGB (D65 whitepoint)
The positions of the white-point locations are exaggerated here.

D50 viewing

D65 viewing

eye is adapting to D50

environment light. 

eye is adapting to D65

environment light. 


