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TheMany Facesof RGB

Until recently, RGB was the color
Space that everyone used but no one de-
fined very well, certainly not formaly.
True, the televison community had de-
finedthechromaticitiesof theRGB phos:
phorsusedintelevison, firs by SMPTE
fortheanadogueNTSC and PAL systems
and then later by 1TU for digitd image
systems. They dso defined transfer func-
tions, but more about thet later. These
definitionsweredl tied to the character-
igticsof physicd devices-tdevisoncam-
eras and displays - and the needs of the
televison indudtry.

However, in addition to display
gpaces, digitd imaging needsthree com-
ponent color spaces with more robust
specifications than the televison stan-
dards provide, and which are able to
handle larger data gamuts and which
minimizequantization and other artifacts
For conveniencewedlill cal them RGB,
but in many casesthey only bear adis-
tant relationship to the SMIPTE defini-
tionsused for NTSC televison.

In this issue, with the help of Jack
Holm of Hewlett Packard Company and
Kevin Spaulding of Eastman Kodak
Company, | would like to identify some
of work being done in the area of RGB
sandardization, and some of the think-
ing that hasled to thiswork. But, as Jack
and Kevinwould urgeyou, for more de-
talled information please study the stan-
dards and specifications themsdves and
thereferencedocumentslisted at theend.

Image State

Whenwesgy "RGB" whet wearere-
aly referring to isaway to encode colo-
rimetric deta that is more efficient than
using the traditional CIELAB or
CIEXYZ andthatisalsoesser to corvert
into the device drive sgnas needed in
practical applications.

Before we even begin talking about
RGB, we need to introduce a concept
that isnew tomost of us, and that impacts
the whole area of color space definition.
That concept is referred to by some as
"imagedate’. It hasmany ramifications,
andKevininparticular haswrittenanum-
ber of papers on the topic, but the key
one for RGB color spacesis the idea of
scene-referred data vs. rendered or out-

put-referred data. 1SO TCA2 has gtarted
to addressthistopicaspart of |SO 22028
1 Photography and graphic technology
- Extended colour encodings for digita
image storage, manipulation and inter-
change - Part 1: Architecture and re-
guirements

Whet thet boilsdowntointermsof an
RGB color spaceiswhether the encoded
color datarepresentsthecolor of thescene
or whether it representsareproduction of
the scene. This is very sgnificant be-
causeit turns out that the colorimetry of
a scene generally does not equal the
colorimetry of a pleasing reproduc-
tion of that scene.

Oneof thecomplexitiesthisforcesus
toded withisthet theconverson of scene-
referred datainto output-referred datare-
quires the use of proprietary and fre-
quently preference-based color render-
ingtransforms. Theetrandformsare, in
part, needed to account for differencesin
the viewing conditions of the scene-re-
ferred image and the output-referred
image.

However, thelarger and morecomplex
issueisreated to thefact that scenesare
amogt unlimited, and perhapsevenmore
important quite variable, in their range
of both lightnessand colorfulness. Any
rendered image (television, monitor,
print, etc.) isbound by thelimitations of
the red or virtua media characteridics.
Addingtodl of thisistheissueof viewer
preferences (humans usudly prefer en
hanced contrast and colorfulness, but
these preferences may be user, market,
and image dependent). Because of this
complexity, most work being done
clearly focuses on the encoding of either
scene-referred data or output-referred
data, but avoids defining transforms be-
tween thetwo.

These gamut and data encoding is-
sues, coupled with the workflows of the
expected goplications, play amgor role
in the strugglesto sandardize new RGB

data spaces.

Televison RGB

Lets go back and look a our televi-
sondefinitionsof RGB andfocusonthe
vauesdefinedinthe HDTV video cam-
eragtandard known asRecommendation
ITU-RBT.709. Itturnsout that thisisto
some extent a hybrid between a scene-
referred space (un-rendered) and an out-
put-referred space (rendered), becauseit
defines a specific relationship between

the color of the origind scene and the
encoded color values, but these encoded
color vaues are supposed to be appro-
prigte for output on a typica televison
(the characteristics of which are not
specified).

This is accomplished by defining
phosphor chromaticities, a white point
and an "opto-dectronic transfer charac-
teristic* for a standard video camera
These characteridtics, together with the
characterigics of atypicd televisondis-
play, effectively define not only the color
encoding, but dso the color rendering
function aswell. So while areading of
the standard gives the appearance that
thisstandardisbadcally ascene-referred
encoding, in practice it has features in
common with an output-referred encod-
ing since the resulting signals are as-
sumed to be adapted for an output dis-
play with a certain color gamut and dy-
namic range (but an unspecified output
transfer characteridtic).

ITU-RBT.709d 0 definesissuessuch
as picture sze, agnd format, and lumi-
nance/color-difference signals, but no
digitd encoding is specified. That is
covered in ITU-R BT 1361

MoreisNeeded

Clearly, aswemoveintodigital imag-
ing more robust RGB definitions are
needed. Right now that "more" isbeing
addressed by severd groups including
IEC TC100 (Audio, Video And Multi-
media Systems And Equipment), 1SO
TC42 (Photography), and the newly
formed International Imaging Industry
Association (I3A). I3A was recently
formed through the merger of the Photo-
graphic and Imaging ManufacturersAs-
sociation (PIMA), and the Digital 1mag-
ing Group (DIG). (It should benoted that
specifications developed under PIMA
before the merger 4l carry the PIMA
designation.)

RGB Definition Work
These groups are devel oping a num-

ber of standards and industry specifica

tions, which are in various sates of ap-

prova. These documents, whichwill be

discussed in the following paragraphs

and summarized inthetable, are:

¢ |EC61966-2-1:1999, Multimediasys-
temsand equipment - Colour measure-
ment and management - Part 2-1:
Colour management - Default RGB
colour -SRGB.

¢ |EC61966-2-2:CDV, Multimediasys
temsand equipment - Colour measure-
ment and management - Part 2-2:
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Comparison of RGB Definitions

B: x=0.1500 y=0.0600
(from ITU-R BT.709-3)

sRGB e-sRGB [ ROMM RGB (E)RIMM RGB
Reference IEC 61966-2-1:1999 PIMA 7667:2001 | PIMA 7666:2001 PIMA 7466 (WD)
Type of encoding ) ; .
(image state) output-referred (CRT) output-referred (print) scene-referred
gf ;‘(fg'g‘&’ yfggggg R: x=0.7347, y=0.2653
RGB primaries Y Y= G: x=0.1596, y=0.8404

B: x=0.0366 y=0.0001

luminance range’

RIMM RGB
C'=(4.53C) /1.402
for C«0.018
) 30\ V24
o e o oz08 C'=163C C'=(1.009°C"*-0.009)/1.402
i - X =
Cf _1%950831308 C'=12.923C for C <0.001953 for C>0.018
transfer function C,":rl 053¢ 0,055 for |C| » 0.0031308 c=c"* (from ITU-R BT.709-3)
for C >0 0031368 C'=1.0553C"**-0.055 for C 20.001953 ERIMM RGB
’ for C >0.0031308 C'=29.04873C
(extended from sRGB)' for C «0. 00271828
C'=(logC+3)/5.5
for C >0. 00271828
adapfﬁm’:;ggo' nt unspecified 160 cd/m’ 15,000 cd/im?
adaﬁ;?i;”;‘t'ﬁgt”;" nt unspecified x=0.3457, y = 0.3585 (D)
encoding white point 80 cd/m’ 142 cd/m?’ 15,000 e/’
encoé:::‘gn‘g;i”ciso' nt x= 03127, y = 0.3290 (D) x=0.3457, y = 0.3585 (D,))
merlia white point 80 cd/n? 142 cdiny’ N/A
megr:?o\?nh;:iﬁsl nt x=0.3127, y = 0.3290 (D) x=0.3457, y = 0.3585 (D) N/A
“background”
viewing surround 20% of display white point luminance level (16 cd/m?) “average’
9 “surround” (20% of the adapted white point luminance level)
20% reflectance of ambient illuminance level (4.1 cd/m’)
L > included in 0/45
viewing flare 1% (0.8 cd/m’) measurements NIA
. 5 included in 0/45
veiling glare 0.2 cd/'m measurements N/A
viewer observed 2
: 1.0 cd/m 2
black point . 0.5 cd/m N/A
(ideal viewing conditions) D, chromaticity
vi e(‘;";gigc;';’“ e 5% 0.75% N/A
i . 8 provided as an example, RIMM RGB: 8,12, 16
encoding bit depth others allowed 10,12,16 812,16 ERIMM RGB: 12, 16
color gamut CRT-based (ITU-R BT.709-3) extended
valid relative 001010 RIMM RGB: 0.0t0 2.0

ERIMM RGB: 0.0t0 316.2

encoding range

linear RGB: 0.0to 1.0

linear RGB: -0.53 to 1.68.

linear RGB:
RIMM: 0.0t0 2.0
ERIMM: 0.0 to 316.2

linear RGB: 0.0t0 1.0

1. The e-sRGB color encoding transfer function also includes an offset to allow the encoded values to be unsigned; see PIMA 7667 for
details.
2. Excluding viewing flare and veiling glare.
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Colour management - Extended RGB
colour gpace- cRGB.

* |3A 7466:WD, Photography - Elec-
tronic il pictureimaging - Reference
Input Medium Metric RGB Color en-
coding: RIMM-RGB

* PIMA 7666:2001, Photography - Elec-
tronic il pictureimaging - Reference
Output Medium Metric RGB Color
encoding: ROMM-RGB

* PIMA 7667:2001, Photography - Elec-
tronic fill pictureimaging - Extended
SRGB color encoding - e-sSRGB

RGB

IEC 61966-2-1, generdly referred to
as SRGB, is gpplicable to the encoding
and communication of RGB coloursused
in computer systems and similar gppli-
caions by defining encoding transfor-
metionsfor usein defined reference con-
ditions. It colorimetrically defines an
RGB color spacetheat isbased onthe av-
erage performance of persona computer
displays in a defined viewing environ-
ment. It builds on the assumption that
mogt computer displaysaresmilar inthelr
key color characteristics-the phosphor
chromaticities (primaries) and transfer
function. It notes that because RGB
Spaces are native to digplays, scanners
and digitd cameras, which are the de-
vices with the highest performance con-
draints, an RGB space matched to the
typica performance of such devices of-
fers performance advantages compared
togpacessuchasCIELAB or CIEXY Z. It
isoptimized for multimediagpplications
where it can both describe color in an
unambiguous way and be the native
pacefor actud hardware devices.

esRGB

PIMA 7667, or esSRGB, isgenerdly
smilar to SRGB except thet it dlows ex-
tended encoding of RGB vaues that
rangefrom-0.53t0 1.68. Thisdlowsfor
theencoding of alarger or extended color
gamut comparedto SRGB. However this
aso requires 10 hits per component asa
minimum encoding bit depth. While
both SRGB and e-sRGB are output-re-
ferred, SRGB isdesigned to be appropri-
ate for CRT-centric imaging systems,
while e.SRGB provides additiond flex-
ibility for high quality print- based paths.
PIMA 7667 dso includes the specifica:
tion of a standard luminance-chromi-
nance encoding for SRGB called SRGB
YCC.SRGBY CCofferssomesgnificant
advantages, because it uses the same
Y ChCr transform used for decorrdation
purposesin JPEG compression.

e-SRGB or SRGBYCC may dsopro-
ceed aspart of an International Standard
in IEC 61966-2 or 1SO 22028. Discus-
sonsare ongoing about how this should
proceed. Because of the desire for some
leve of quick standardizetion, thereisa
draft amendment to the SRGB standard
that specifies the encoding equations for
an "sYCC". These equations are identi-
cd to those for SRGB Y CC, dthough
other specifications in PIMA 7667 are
notincluded. At present, thedraft amend-
ment dso includes equations Smilar to
thosefor 10-bit e-sRGB, but somemgjor
technical issues have yet to be resolved.

<RGB

Another extended-range color encod-
ing based ontheSRGB primaries referred
to as Extended RGB colour space or
scRGB, is under condderation by IEC
TC100 in IEC 61966-2-2,. Nomindly,
thisgppearsto beascene-referred encod-
ing, however, there is il consderable
discussion concerning the particulars,
and therefore it is not included in the
table. This color encoding uses a linear
encoding, and is primarily intended for
computer graphics gpplications.

ROMM RGB

PIMA 7666, knownasROMM RGB,
achieves an extended gamut by using
primaries thet are theoreticd rather than
physcal. Becausethese primariesarenot
required to be related to any physica
device they can be chosen to represent
an optimum balance between a number
of parameters. Key issues in choosing
theROMM RGB primarieswerethesze
of the color gamut enclosed, the quanti-
zation efficiency of the encoding, and
the hue congstency of the color encod-
ing during the gpplication of non-linear
transformations such as tonescale ma-
nipulations.

RIMM RGB

I3A 7466, knownasRIMM RGB, isa
scene-referred color encoding thet is a
companionto ROMM RGB. It usesthe
same imaginary primaries as ROMM
RGB, but incorporates a different non-
linear transfer function due to the larger
dynamic range reguirements associated
with ascene-referred pace. TheRIMM
RGB nonlinearity is based on that de-
fined in ITU-R BT.709. 13A 7466 dso
defines an extended dynamic range ver-
sion of this color encoding known as
ERIMM RGB. Thiscolor encoding has
a logarithmic nonlinearity function and
alarge enough dynamic range to handle
thefull range of information captured on

color negative film, but requires amini-
mum bit-depth of 12 bits.

Usful References
Some useful references on image
state are:

SO 22028-1:WD, Photography and
graphic technology - Extended colour
encodingsfor digital image Sorage, me-
nipulaion and interchange - Part 1: Ar-
chitecture and requirements, available
from isotc42@i3aorg

Spaulding, K. E; Woolfe, G.J.; and
Giorgianni, E.J; "Optimized Extended
Gamut Color Encoding for Scene-Re-
ferredand Output-Referred Image Siates';
Journal of Imaging Science and Tech-
nology, Vol. 45, No. 5, September/Octo-
ber 2001, pp 418-426

Spaulding, K. E.; Wodlfe, G. J.; and
Giorgianni, E. J; "Image Statesand Stan-
dard Color Encodings (RIMM/ROMM
RGB)",1S& T Eighth Color Imaging Con-
ference: Color Scienceand Engineering:
Systems, Technologies, Applications
(2000), pp 288-294

Sisstrunk, S.; Buckley, R.; and Swen,
S,;"Standard RGB Color Spaces', 1IS& T
Seventh Color Imaging Conference:
Color Science, Sysems, andApplications
(1999), pp 127-134

Holm, J; "IssuesRdaingtothe Trans:
formation of Sensor Data into Standard
Color Spaces', Proceedings, 1S& T/SID
Fifth Color Imaging Conference: Color
Science, Systems, and Applications
(1997), pp. 290-295

Woolfe, G. J,; and Spaulding, K. E.,
"Color Image Processing Using an Im-
age Sate Architecture”, 9th Congress of
the International Colour Association,
Rochester, NY June 24-29,2001

MoreStandar dsl nfor mation

More information on the standards
mentioned may be obtained at
www.iec.chandwww.I3A.org. Informa:
tion about sRGB is available at
www.srgh.com.

For suggestionsfor future updates, or
standards questions in general, please
contact the author at mcdowell
@npes.org or medowe | @kodak.com
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