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Foreword

ThisPIMA standard has been developed in order to meet the industry need for acomplete, fully-documented,
publicly available definition of an extended gamut color encoding that is an extension of the SRGB color encoding. e-
SRGB provides away to encode output-referred images that does not limit the color gamut to those colors capabl e of
being displayed on aCRT display. For example, colors used for company logos or other graphics may be outside the
RGB gamut and would therefore need to be clipped or compressed to aless saturated color for encoding. Similarly,
some colorsin pictorial images printed on high-quality printers cannot be represented on a CRT display. By using a
standard output-referred extended gamut color encoding, images containing such colors can be stored and
interchanged without limiting or distorting the colors. The e-sSRGB encoding alows these colors to be reproduced
faithfully on the final output medium, within the capabilities of that medium. Additionally, it is desirablefor
interoperability reasons to standardize an extended-gamut color encoding that is an extension of SRGB. The e-sSRGB
color encoding specified in thisPMA standard meets these needs.

Currently, an international standard on extended colour encodingsfor digital still image storage, manipulation, and
interchange is under development as 1SO 22028. Other work is progressing as | EC 61966-2-2. Future work inthis area
may progress as part of anew joint working group between 1SO/TC42 and |EC/TC100 that will be set up according to
JTAB Decision 3/2000. After an international standard specifying e-sSRGB is published, it is anticipated that this
PIMA standard will be withdrawn.

Annexes D through H of this PIMA standard are for information only.
Introduction

In the computing industry, the importance of compatibility and interoperability iswell understood. Standards such as
IEEE 1394 provide compatibility for thetransmission of data between computing appliances. Similarly, standards such
as sSRGB provide compatibility for the transmission of color. SRGB was originally designed by HP and Microsoft, and
has received wide adoption in the consumer imaging industry. sSRGB is based on atypical CRT color gamut, and it is
very well suited for the CRT-centric workflow. The strength of SRGB isits simplicity; it isinexpensive to implement,
computationally efficient, and transparent to the end user.

SRGB continuesto serve the consumer imaging market. However, consumer imaging israpidly changing. Asthe
quality of consumer imaging increases, the sophistication and expectations of the customer also increase.

In addition, we are seeing change in the way that consumers use imaging peripherals. The word "peripheral" has
become dated and inaccurate. Cameras, printers, palm tops, cell phones, Internet terminals, digital picture frames, set-
top boxes and video game consoles are imaging enabled and connected. The consumer imaging workflow is
changing from CRT -centric to a peer-to-peer modd . For example, directly sending digital photosto aprinter is
becoming more commonplace. In this example, limiting the gamut of the image data to that of aCRT does not make
sense.

This standardfor digital color interchange will help meet increased image quality expectations, and also help
capitalize on new consumer workflows where the CRT becomes lessimportant. Because SRGB has been widely
adopted and will remain core to mainstream consumer color management for many yearsto come, adesirable solution
from an interoperability standpoint isasimple extension to the SRGB space.
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PIMA 7667, Photography — Electronic still pictureimaging —
Extended sRGB color encoding — e-sSRGB

1 Scope

ThisPIMA standard specifiesafamily of output-referred extended gamut color encodings designated as e-SRGB.
These color encodings are extensions of the SRGB color encoding specified in IEC 61966-2-1. Digital images encoded
using esRGB can be stored, transmitted, displayed, or printed by digital still pictureimaging systems, and are easily
converted to the conventional SRGB color encoding. Three precision levels are defined: 10-bits per channel for
genera applications, and 12- and 16-hits per channel for photography and graphic technology applications.
Conversions are provided between e-sRGB and: sSRGB, esYCC, and sRGB YCC.

2 Normative References

The following standards contain provisions, which, through reference in this text, constitute provisions of this
standard. At the time of publication, the editionswere valid. All standards are subject to revision, and partiesto
agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions
of the standards indicated below. Members of |EC and SO maintain registersof currently valid standards.

CIE 15.2:1986, Colorimetery

CIE 122:1996, The relationship between digital and colorimetric data for computer-controlled CRT displays
190 3664:2000, Viewing conditions for graphic technology and photography

ISO/CIE 10527:1991, CI E standard colorimetric observers

ISO/EC 15444-1:2001, Information Technology - JPEG 2000 image coding system

IEC 61966-2-1: 1999, Multimedia systems and equipment — Col our measurement and management — Part 2-1 Colour
management — Default RGB col our space —sRGB

ITU-R BT.601-5:1999, Sudio encoding parameters of digital television for standard 4:3 and wide screen 16:9
aspect ratios

ITU-R BT.709-3:1998, Parameter values for the HDTV standards for production and international programme
exchange

ICC.1:2001 (version 4), File Format for Color Profiles

3 Definitions
For the purpose of this standard, the following definitions apply:

31
ambient illuminancelevel
illuminance level dueto lighting in the viewing environment, excluding that from the display, measured in the plane of

the display faceplate

32
ambient white point chromaticity
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CIE 1931 xy chromaticity co-ordinates defined by |SO/CIE 10527 and CIE 15.2 representing the chromaticity of
lighting in the viewing environment, excluding that from the display, measured in the plane of the display faceplate

33

color rendering

mapping of image data representing the colorimetric co-ordinates of the elements of a scene or original to image data
representing the colorimetric co-ordinates of the elements of areproduction

34

display black point

CIE 1931 Y xy luminance and chromeaticity co-ordinates, as defined by 1SO/CIE 10527 and CIE 15.2, of an additive RGB
display when itsred, green, and blue intensities are set at the minimum of their normal operating range, measured
using aflareless (or flare corrected) instrument with its optical axis perpendicular to the display faceplate

35

display modd offset

system offset parameter from the CRT display model described in CIE 122 representing the black offset level
excluding veiling glare and internal flare

36

display white point

CIE 1931 Y xy luminance and chromaticity co-ordinates, as defined by | SO/CIE 10527 and CIE 15.2, of an additive RGB
display when itsred, green, and blueintensities are set at the maximum of their normal operating range, measured
using aflareless (or flare corrected) instrument with its optical axis perpendicular to the display faceplate

37
image background
area adjacent to the border of animage which, upon viewing theimage, may affect the local state of adaptation of the

eye
NOTE —In SO 3664, the image background is referred to as the image surround.

38
image surround
field outside the background, filling the field of vision

NOTE —In 1SO 3664, the image surround is referred to as the image viewing environment.

39

instrument flare

optical radiation from a source outside the intended measuring location collected by the measuring instrument which
affects the measurement result

3.10
internal flare
optical radiation duetointerna scattering and internal reflection

NOTE —This definition isfrom CIE 122.

311

output-referred imagedata

encoding of rendered image colorimetry appropriate for a specified real or virtual output device and viewing
conditions
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NOTE —A single scene can be colour rendered to avariety of output-referred representations depending on the
anticipated output viewing conditions, medialimitations, and/or artistic intents.

312
gandard output-r eferred image data
output-referred image datawhich isreferred to a standardized real or virtual output device and viewing conditions

NOTE 1-Image dataintended for open interchange is most commonly standard output-referred. This is because with
standard output-referred image datait is generally sufficient to specify the standard output to which the image datais
referred to interpret the colour appearance described by the image data.

NOTE 2- Standard output-referred image data may become the original for a subsequent reproduction process. For
example, SRGB output-referred image datais frequently considered to be the original for the colour rendering
performed by an sSRGB printer.

313
velling glare
light, reflected from an imaging medium, that has not been modulated by the means used to produce the image

NOTE 1-Veiling glare lightens and reduces the contrast of the darker parts of an image.
NOTE 2—1n CIE 122, the veiling glare of a CRT display isreferred to as ambient flare.

314

viewingflare

veiling glare that is observed in aviewing environment but not accounted for in radiometric measurements made
using a prescribed measurement geometry

NOTE —The viewing flare is expressed as a percentage of the luminance of the adopted or adapted white.

4 Requirements

4.1 General

esRGB is an extended color-gamut RGB encoding of the colorimetry of an output-referred image on areference
display. The standard output-referred image has the desired color appearance when viewed in the reference viewing
conditions. Theimage colorimetry is encoded in terms of RGB values for avirtual additive color device having a
specified set of primaries, no cross-talk between the color channels, and aluminance dynamic range defined by an
associated black point and white point.

Three different precision levels are defined, and shall be identified as e-sSRGB10, e SRGB12 and e-sRGB16, for 10, 12-
and 16-bits/channel (30-, 36- and 48-bits/pixel) representations, respectively.

The measured image colorimetry shall be based on col orimetric measurements as described in CIE Publication No.
15.2 using the CIE 1931 two-degree standard observer defined in ISO/CIE 10527. For all measurements, instrument
flare shall be eliminated or corrected for when performing the measurements.

NOTE —Care should be taken to differentiate between measurements made with flareless (or flare corrected)
instruments, where instrument flare has been removed, and measurements where viewer observable types of flare
such asinternal flare and veiling glare have been removed.
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4.2 Reference Viewing Conditions

Specifications for the reference viewing conditions are derived from | SO 3664, are as specified in IEC 61966-2-1, and
shall beasfollows:

Thereference ambient illuminance level shall be 64 lux. The reference surround average luminance level shall be 4.1
cd/n?, and the chromaticity should average to x= 0.3457,y = 0.3585 (that of CIE illuminant D50).

The reference image background luminance shall be 16 cd/nf (one-fifth of the display white point luminance). The
reference image background chromaticity should bex =0.3127, y = 0.3290 (that of CIE illuminant D65).

NOTE —If the actual output viewing conditions differ significantly from those specified here, appropriate
transformations may be necessary to determine the corresponding colorimetry that would produce the desired color
appearance in the reference viewing conditions [1]. However, for actual viewing conditions similar to the reference

viewing conditions, it should not be necessary to make such adjustments. The reference viewing conditions were
sel ected to make such adjustments unnecessary for many practical applications.

4.3 Reference Display

Specifications for the reference display are as specified in IEC 61966-2-1, and shall be asfollows:

4.3.1 Reference Display White Point

esRGB shall be an encoding of the colors of an image on areference display having adisplay white point with the
chromaticity values of CIE Standard llluminant D65 (x = 0.3127, y = 0.3290) and aluminance of 80 cd/nf. Accordingly,
the reference display white point tristimulusvaluesare Xw =76.037, Y = 80.000 and Zyw = 87.125.

4.3.2 Reference Display Black Point Luminance

The reference display shall have adisplay black point with aluminance of 0.2 cd/nf.

NOTE —IEC 61966-2-1 specifies adisplay model offset of zero, however the display black point isnon-zero because
of veiling glare secified to be present when performing the black point measurement.

NOTE —See Annex D for information relating to the reference display black point and the viewer observed display
black point.

4.3.3 Reference Display Primaries

The chromaticity values for the e SRGB primaries are as specified in ITU-R BT.709-3, and shall be aslisted in Table 1.

X y
Red 0640 0330
Green 0300 0.600
Blue 0150 0060

Table 1: CIE chromaticities for ITU-R BT.709-3 reference primaries.
4.3.4 Reference Display Rendering I ntent

esRGB isan encoding of the colorimetry of astandard output-referred image. Color rendering shall be performed as
necessary to produce the desired image appearance on the reference display, including the extended gamut, for

4
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encoding as esRGB. Images encoded in e-sSRGB may contain colors that are outside the color gamut for an actual
output medium. Therefore, subsequent color rendering may be needed to map the encoded e SRGB colorimetry to
that appropriate for the actual output medium. Such color rendering should attempt to maintain the encoded
appearance (as determined from the encoded col orimetry and reference viewing conditions) on the actual output
medium when it is viewed using comparable viewing conditions. If the actual viewing conditions are significantly
different from the reference viewing conditions, the color rendering from esRGB to the actual medium should attempt
to maintain the general appearance of the image as represented by its appearance using the reference viewing
conditions. In some cases, the color appearance encoded in esRGB may not be ideally suited for display on a
particular real output medium using particular viewing conditions. For example, the visual appearance of a high-
quality transparency, brightly illuminated with a dark surround, will typically be different from that of ahigh-quality
CRT display image of the same scene viewed using the esRGB viewing conditions. Therefore, in some applications,
it may be desirable to alter the color appearance description provided by e-sSRGB encoding accordingly to produce
the optimal image for the intended output medium and viewing conditions.

Image colorimetry encoded as e-sSRGB shall not contain colors outside the spectral locus, or colors whose luminance
islarger than that of the display white point or less than zero after correcting to removeinterna flare and veiling
glare. Image colorimetry encoded as esSRGB should not contain colors which are outside the gamu t bounds of the
ICC PCS as defined in the ICC Profile Format Specification 3.0.

NOTE —One method of determining if an image color isvalid isto construct atable of allowed digital code value
triplets, and to then check potential colors for encoding against the table. Another method is to construct a convex
hull and test for inclusion. The correct table or convex hull can be calculated by transforming e-sRGB tripletsto XY Z
and LAB, and then determining if they meet the above requirements and recommendations. In some applications,
testing for valid colorsis unnecessary because the source material may be assumed to contain only valid colors.

NOTE —Consideration should be given to the gamut limitations of real media, particularly those of SRGB, in
performing color rendering to produce image colorimetry for encoding as e-sSRGB. It is anticipated that images will
routinely be transformed from e-sSRGB to SRGB using the default transform specified in 4.6 (clipping), so image
colorimetry encoded as e-sSRGB should produce results that are acceptable for the intended application when this
transform is applied. This situation may result in different tradeoffs. For example, a shade of cyan outside the SRGB
gamut may be gamut compressed from its true color for encoding in e-sRGB when the accurate specification of the
color islessimportant than the absence of artifacts resulting from applying the transform specified in Annex C. In
another use, the same cyan color may be accurately specified because the use requiresit, or the image structureis
such that the specified transform to SRGB does not produce objectionable artifacts.

4.4 e-sRGB Encoding

4.4.1 Encoding Principles

e-SRGB values shall be determined from CIE X, Y and Z tristimulus values which have been scaled so that the Y
values range from 0.0 to 1.0 (divide by 80). The tristimulus values encoded shall be those produced by the phosphor
excitation of atheoretica perfect display which does not include any internal flare or velling glare (R=0, G=0, B=0 is
equivalent to Xy=0, Y\=0, Z=0). A matrix transformation shall be applied to the scaled vaues (see Section 4.4.2)
followed by anonlinear encoding function for one of three different bit-depths (see Section 4.4.3). The viewer
observed image tristimulus values, which include internal flare and veiling glare (both the veiling glare present in the
display measurements and the viewing flare in the reference viewing conditions) shall be those that produce the
desired color appearance on the reference display when viewed using the reference viewing conditions.

NOTE —Recommended methods for relating theoretical perfect display tristimulus values to viewer observed image
tristimulus values with internal flare, measurement veiling glare, and viewing flare are discussed in Annexes D and E.

NOTE —Images intended to be viewed using other viewing conditions, or on amedium different from the reference
display, can be encoded in e-sRGB by first determining the corresponding tristimulus val ues that produce the desired

5
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color appearance on the reference display when viewed using the reference viewing conditions. The corresponding
tristimulus values can be determined by using an appropriate color appearance transformation to account for the
differences between the viewing conditions. Additionally, it may be necessary to account for differencesin the media
characteristics, and the possibility that the desired appearance may be affected by the viewing conditions.

4.4.2 e-sSRGB Converson Matrix

Thefollowing matrix from IEC 61966-2-1 shall be used to compute linear e-sRGB values (Re.srop, Ge.sres @Nd Be.srep)
from theimage tristimulus values (Xn, Yn and Zy):

6R.. el 632406 - 1.5372 - 049860 X i
Be sros(j =& 0.9689 18758  0.0415 1 2V i D
8B. cefl £0.0557 -0.2040 1.0570§@Zyf

The Yy values used as the input to equation 1 shall be between 0 and 1.

NOTE —This matri x will mapimage tristimulus values with the chromaticity of D65 to equal linear e-sSRGB values. A
D65 chromaticity with aYnvalue of 1.0 will map to linear e-sRGB values of 1.0. A D65 chromaticity with a Yy value of
0.0 will map to linear e-sRGB values of 0.0.

NOTE —The matrix in equation 1 can be derived from the chromaticities shown in Table 1.
4.4.3 Nonlinear Encoding of esRGB
The functional form of the esRGB nonlinearity shall be:
If Re-sro: Ge-sromr Besrar <-0.0031308
_ ( . (10/ 24) )
RS srop = - {1.055" (- Re srea) - 0.055
G¢ srep =+ (1'055, (' Ge. sRGB)(lOI 24). 0'055) (29)
. 10/ 24
BE sree = - (1-055 (- B SRGB)( ). 0-055)

I -0.0031308 £ R..srep, Ge-srep, Besras £ 0.0031308
R¢ sree =1292" R, grep

G¢ sres = 1292 G,.rop (20)
B¢ sres =1292" B, (rgp

If Re-srop Ge-srapr Besras > 0.0031308

R¢ rep = 1.055° R.. SRGB(1.0/2.4) - 0.055

G cp = 1055 G, e/ 24 - 0,055 (29)

B¢ (e = 1.055" B, SRGB(1.0/2.4) - 0055

Finaly,

R$ roe = RE sres 2990° 2"9 +offset
G& (ree = G rep” 25507 2"° +offset €)
6
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BE sros = BS rep” 25507 277 +offset
where: offset= 2" 2 +2™3 )

and n isthe number of bits used for each of the R, G, and B channels of the encoding.

For e-sRGB10, n shall be 10.
For e-sRGB12,n shall be 12.
For e-sRGB16, n shall be 16.

NOTE —The range of linear Re srer, Gesrar, and Besres Val ues that can be encoded as e-sRGB is from -0.53 to 1.68.
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NOTE —The following table shows sample neutral patch encodings for e -sRGB10, e-sRGB12 and e-sRGB16

Y e-sRGB10 e-sRGB12 e-sRGB16
0.00000 384 1536 24576
0.01010 435 1741 27856
0.03030 481 1925 30803
0.07071 534 2137 34199
0.14141 594 2376 38023
0.29293 679 2714 43426
0.59596 790 3158 50536
0.79798 846 3383 54126
1.00000 894 3576 57216

4.5 Inverse e-sRGB Encoding

45.1 General

The conversion of esRGB values back to image tristimulus valuesis accomplished by inverting the nonlinear
functions given in equations 2a, 2b, 2c, and 3, and then applying the inverse of the matrix givenin equation 1.

4.5.2 Inverse Nonlinear Encoding of esRGB

The nonlinear e SRGB values shall be converted to linear e-sSRGB values using equations:

Rg _ R& rep - Offset
“SREB T 2550”20
G¢ - offset
G 3 - SRGB 5
¢ sres 550" 279 ©)
_ B rep - Offset
“SREB T 9550”20
where nisthe number of bits used for each of the R, G, and B channels of the encoding.
and, if Resres, Ge-sras, B'esres <-0.04045
24
__él- +0.055 y
R sreg = - g( RE sres )1.0555
24
4- G +0.055 y
Ge-sreB =- g & snee )1'05516 (63)
, 24
B, - e(' B¢ sres +O-055) u
-sRGB = " g 1.0554

if —0.04045 £ Re.rep: G'e-sropr B'esras £ 0.04045

R, sree = RE srop» 1292
Ge. srop = G& srep ., 12.92 (6b)

Be- srop = BE rep . 1292
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if R'e-sreg, G'e-sraB, Blesras > 0.04045

?(  srea 0. 055) @2'4
- SRGB é O5m
24
G, +0.055 ¥
Ge. sreB g( & sre ) 05516 (60)
24
B, e( B¢ sres +0. 055) u
SRGB = g 1.0554

4.5.3 Inverse esRGB Converson Matrix

The conversion from linear e-sRGB values (R..srep, Ge.sres aNd Be.srep) 10 the corresponding image tristimulus values
(% Yy and Zy) shall be given by:

éXyu €04124 03576 0.180516R,. SRGBu
S, U=$2126 0.7152 007225 &G srony ™

gZN g g) 0193 0.1192 0.950%)gB,. srcsh

NOTE —When thismatrix is applied to linear e-sSRGB values that are equal, image tristimulus values with the
chromaticity of D65 are obtained.

4.6 File Format Requirements

e-sRGB image data shall only be exchanged in open systems using image file formats which ident ify the image data as
esRGB and require correct interpretation, or include arestricted | CC profile as specified in I SO/IEC 15444-1 (including
amendments), which allows readers and applications that do not recognize esRGB image datato interpret it correctly.
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Annex A
(normative)

Conversions Between e-sRGB and sRGB Encodings

A.l1Gengad

The relationship between sSRGB and e-sSRGB is defined so that conversion may take place with simple bit shifting,
addition, and subtraction. For the conversion from sSRGB to e-sRGB, the computationally simple relationship provides
easy integration of SRGB datainto e-sRGB workflows and imaging pipelineswith negligible latency impact. For the
case where datais moving from esRGB to sSRGB, larger gamut datamust be mapped into a smaller gamut. The best
gamut mapping approach depends on the computational capabilities of the system, the color rendering performed to
produce the esSRGB image data, the image quality goals of the designer, and the quality expectations of the custorrer.

This annex specifies transformations between sSRGB and e sSRGB. The computationally smple and exact
transformation specified is required when converting from sRGB to eSRGB. A default transformation that utilizes
RGB clipping is provided for converting from e-sRGB to sSRGB, however it is anticipated that more advanced gamut
mapping algorithms may be employed for this conversion. Such algorithms may improve the mapping of colors
outside the sSRGB gamut.

NOTE —Care should be taken when applying more advanced gamut mapping when converting from e-sRGB to sRGB,
to assure some real benefit. The color rendering used in producing the e-sRGB image data in the first place should
assume the default gamut mapping transform. Unsatisfactory results could be obtained i f an alternative transformis
used. For example, an ICC input profile that maps the full e-sRGB gamut directly to the XY Z PCS should not be used
with an sSRGB output profile, if the CMM performs gamut mapping by clipping the XY Z values. Clipping XY Z values
will produce a different, unexpected result from clipping RGB values. In this example, an input profile that clipsto
sRGB on input should be used with the SRGB output profile. On the other hand, the RGB clipping specified in the
default transform can produce substantial hue errors for colors far outside the SRGB gamut. If such colors are utilized
in an e-sRGB encoding, it may be beneficial to employ a sophisticated gamut mapping algorithm that maintains
constant hue and lightness.

The following transformations al so provide numerical accuracy for conversion of 8-bit sSRGB valuesto e-sRGB. 8-hit
SRGB vaues are exactly represented in e-sRGB with no roundoff error. For n-bit e-sRGB, an integer number of bits
represent the SRGB range. One additional bit is added to provide encoding space for the extended range. The default
conversion equations between n-bit e-sSRGB and 8-hit SRGB are provided below.

A.2 Conversion from sSRGB to esRGB

The conversion of 8-bit SRGB valueston-hit e-sRGB values shal be accomplished as follows:

R$ sres = Rbkgs” 27 +offset
G¢ s =Gl 27 ° +offset (A1)

BE srop = Blop” 27 +offset

where the offset is cal culated using equation 4 andn isthe number of bits used for each of the R, G, and B channels
of the esRGB encoding.

10
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A.3 Conversion from esRGB tosRGB

The conversion of n-bite-sRGB vauesto 8-hit SRGB values may be accomplished asfollows:

Réce = (REres- Offset), 2™ °
Gl = (G spce - Offset), 2™ ° (A2

Bé:ce :(B(gFSRGB_ offset), 2?

where the offset is cal culated using equation 4 andn is the number of bits used for each of the R, G, and B channels
of the esRGB encoding.

NOTE —Although the above transform from e-sRGB to sSRGB implies gamut clipping if applied to integer values, itis
expected that capable devices may employ more sophisticated gamut mapping to convert from e-sRGB to sRGB.
Where possible, e-sRGB data should not be arbitrarily clipped down to sRGB in imaging workflows; the conversion
to SRGB should only be used for compatibility with SRGB displays and legacy SRGB workflows.

11
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Annex B
(normative)

e-sYCC Color Encoding

B.1 Conversion from eesRGB toe-sYCC

Thetransformation from n-bite-sRGB values R ;o5 » G€ .o BErgs t0Mbite-sY CC shall be asfollows:

_ RE rep - Offset
"SRG o550 219
G¢ - offset
G ) = * sRGB B1
¢ sroB om50 279 (BY)
re = BE rep - Offset
"SRG o550 219
where: offset= 2" 2 + 2™ 3 (B2)

Then amodified version of the ITU-R BT.601-5 Y CbCr conversion, where the chrominance magnitude is reduced by a
factor of two, isapplied:

Y& svcc =0.299RE (rag + 0.587GE grap +0.114BE (rap
Cb¢ gy = (Bg srop~ Y& sYCC)/ 3544 B3
Cr&ovcc = (Rg srop” Y& sYCC)/ 2804

or equivalently:
éY&eocc U 602990 05870 01140 (éRE el
0t vecU=§ 00844 - 01656 02500 UG58 e B4
€Cr¢ocfl 802500 - 02091 - 0.0407{EB¢ resh
resultingin Y¢ . Which, except for the' Y encoding limitationsin 4.4.2 could range from approximately —0.75 to 1.25,
and Cb¢ e, Cré ovec ranging from—0.5to 0.5. The subset within this space where lumarangesfrom 0.0 to 1.0, and
chromarangesfrom-0.25 to 0.25 is equivaent to the Y CbCr space derived from applying transform B4 to SRGB, and

correspondsto the Y cbCr space derived by applying the standard Rec. 601 transform to SRGB, and then dividing the
chrominance values by two.

For digital encoding of e-sY CC, the lumachannel is clipped to the 0.0 to 1.0 range. This givesimproved bit depth
utilization with negligible impact on potential gamut encoding size. The chromachannels are left to range from —0.5 to
05.

The mbit encoding shall be:

|f Yle_sycc < OO Yle-sYCC = O (Bsa)

If 00 Yegoof 10 Y8 e =Y (2"-1) (BSh)

12
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If Yesce>10 Y& cc=2"-1
For the chromachannels,
o oc = (Zm - 1) " O e +2™
Cré¥vcc = (Zm } l), Crg goc 27
B.2 Conversion from e-sYCC to esRGB

Thetransformation from mbite-sY CC vauesto n-bit e-sRGB shall be asfollows:

Y&
qu: sycc = 2ems\-(C](-:
Ch¢ goc- 2™
Cb¢ svcc = Cofsrcc- 2 Sgr(r:](i 1
Cr¢ -2mi
Crésoc =—0—— s;%C_ 1

¢RE srepll €1.0000 00000  2.804 UEYE ovcc U
&¢ sropy;= £1.0000 - 0.6882 - 1.42824ECHE yvcc
8BS caff £1.0000 35440  0.0003 ACIE svcc

R$ croe = R srep” 2550 2"° +offset
G$ ree = CF res” 2550° 29 +offset
B¢ sree = BE sreg” 25507 2"-% 4 offset

where: offset = 2™ 2+ 2™ 3
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Annex C
(normative)

Conversions between e-sSRGB and sRGB Y CC encodings

The sRGB based Y CbCr color encoding consistent with ITU-R BT.601-5, which is specified in a proposed amendment
to ISO/IEC 15444-1 as SRGB Y CC, potentially spans alarger gamut than sSRGB. Conceptualy, this potential exists
because the SRGB gamut within the Y CbCr encoding range is geometrically shaped like a diamond within a cube.
Thereis significant unused encoding range in chromatic areas that are lighter and darker than the SRGB primaries and
secondaries. Much of the gamut mismatch between sRGB and reflectance printsis due to the lack of coverage that
SRGB providesfor dark chromatic colors. Utilizing the esSRGB nonlinearity to define the extended gamut region of
SRGB Y CC dlowsfor the transmission of image data which gives significantly better gamut coverage of consumer
imaging devices than SRGB alone, while taking advantage of the current widespread use of SRGB Y CC image data
exchange.

This annex specifies transformations between e-sRGB to SRGB Y CC. In cases where the esSRGB gamut used is fully
contained in the SRGB Y CC gamut, no gamut mapping is required and there will be an exact correspondence between
the SRGB image data and the e-sSRGB image data represented using the SRGB Y CC encoding. This will bethe case
when transforming from sRGB Y CC to esRGB. In caseswhere the esSRGB gamut used extends beyond the SRGB

Y CC gamut, some gamut mapping will be required prior to transforming the esSRGB image datato SRGB YCC. The
conversion from e-sRGB tosRGB Y CC specified here utilizes clipping, however it is anticipated that more advanced
gamut mapping agorithms may be employed.

C.1 Converson from eesRGBtosRGB YCC

Thetransformation from n-bite-sRGB vaues RE .r5 » G rogr BE g 10MHbit SRGB Y CC should be asfollows:

_ RE rp - Offset
"SRG o550 2179
G¢ - offset
G 3 - SRGB C1
¢ sroB “oB50 279 (&
rep = BE res - Offset
"SRG o550 2179
where: offset= 2" 2 + 2™ 3 (o)

Thenthe I TU-R BT.601-5 Y CbCr conversion is applied:

Y&eevee = 0-299RE o +0.587GE (pgp +0.114BE (pap
Co&epyce = (Bg sRGB ™ Y4 GBYCC)/ 1772 (o<
Cr&ceyec = (Ré? SRGB ™ Yd GBYCC)/ 1402

or equivalently:
éY$opyce U €0.2990 05870  0.1140 UERE gl
Ehcavcey = & 01687 - 03313 05000 (56 sresy] ()

ECrkeevccl €0.5000 - 04187 - 0.0813gBE srael]
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The resulting Y§eeyee valuesare clipped into arange of 0to 1, and the resulting Ch$ggyee and Crégeyec ae
clipped into arange of -0.5t0 0.5.

The m-bit SRGB Y CC encodingis:
Y&%cerce = Y&koeree (Zm - 1) (€3

For the chroma channels,
Co&cevcc = (Zm - 1)' Chérgpvec +2™ (€5)
Crécevcc = (Zm - 1)' Créeercc +2™ 1

C.2 Converson from sRGB YCC to esRGB

The conversion from m-bit SRGB Y CC ton-bit e-sSRGB shall be asfollows:

_ Y&corcc
Y svee = 1 €
Cb%cerce 05
—=—=-0.
Cbg svce = 2+ 3

Crficercc .05
g =_2"-1
efsYCC 2

Finally, equations B9 through B11 are applied from Annex B to produce then-bit e-sRGB values.
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Annex D
(informative)

Viewer Observed CRT Display Colorimetry and Black Point

In 4.3.4, the following requirement is stated for e-sRGB encoding: "Color rendering shall be performed as necessary to
produce the desired image appearance on the reference display for encoding as e-sRGB." The performance of color
rendering is anormative requirement, but the nature of the color rendering is left open. Methods for performing color
rendering are largely proprietary, and objectives are frequently application specific. The details of how to perform
color rendering are beyond the scope of this standard.

The color rendering requirement forces adistinct division of 1abor. Devices producing e sSRGB must perform al color
rendering necessary to produce the desired standard output-referred appearance. Devices consuming e-sSRGB image
data must assume that the colorimetry represented by the datais the desired colorimetry on the reference display
viewed using the reference viewing conditions.

In practice, SRGB datais sent directly (without adjustment) to areal CRT display calibrated according to the
specificationsin [EC 61966-2-1. This practiceis consistent with the intent of SRGB, which was designed to provide
simple, computationally efficient color management. e-SRGB was designed and optimized for compatibility with
existing SRGB images, processes and workflows. From this design intent, it follows that the 8-bit SRGB portion of e-
SRGB isto be sent directly (without adjustment) to areal CRT display calibrated according tothe specificationsin
IEC 61966-2-1.

Accounting for the colorimetry that aviewer observes on a CRT display is necessary both for correctly color
rendering data for the display, and further reproducing the displayed data with a non-reference device, such asa
color printer. While algorithms for rendering to and from sRGB are generally proprietary, such algorithms often
require knowledge of the viewer observed black point of the display and the corresponding viewer observed
colorimetry. In Annex D of IEC 61966-2-1, the typical display surface reflectanceislisted as 5%, excluding the
specular component. Thisvalueis consistent with experience in photography and graphic technology, and correlates
to aviewer observed black point in the reference viewing conditions of 1.0 cd/n?.

The chromaticity of the viewer observed black point results from a combination of the chromaticity of the ambient
illumination, the spectral reflectance of the CRT display, and the chromaticity of the internal flare. Many color
rendering algorithms and color transformations are not capable of efficiently addressing ablack point with a
chromaticity different from that of the white point. Furthermore, there is variation both in the spectral reflectance and
internal flare of CRT displays. Therefore, it is practical to define the chromaticity of the black point to be the same as
the whitepoint (D65).

A luminance of 1.0 cd/nf in the SRGB viewing conditions, with the chromaticity of CIE Standard Illuminant D65 (x =
0.3127, y = 0.3290) gives viewer observed black point tristimulus values of:

Xcv= 095, Yy = 1.00, Zy = 1.09.

These are the recommended viewer observed black point tristimulus valuesfor usein determining viewer observed
colorimetry. They include contributionsfrom internal flare and veiling glare, but not from instrument flare.

Note that theviewer observed black point luminance value recommended above is different from thereference
display black point luminance value specified in 4.3.2. Display black point luminance values on the order of those
specified in 4.3.2 are consistent with measurement where ambient illumination is blocked from the display faceplate.
Commonly, ambient illumination is not blocked from aCRT in typical viewing environments. Therefore, using the
viewer observed black point defined above generally resultsin more accurate and pleasing color reproduction. If the
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reference display black point luminance specified in 4.3.2 are used to determine viewer observed colorimetry, some
color rendering algorithmsmay produce sSRGB and e-sSRGB digita values which are not optimally suited for direct
display in the reference viewing conditions. In producing the image data, these color rendering algorithms will
assume the viewer observed colorimetry is somewhat darker and of higher chromathan is actually observed,
resulting in potentially washed-out blacks and slightly desaturated colors.
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Annex E
(informative)

Recommendations for Transforming Between e-sRGB and ROMM RGB,
and for Constructing e-sRGB ICC Profiles

E.1 Conversions Between e-sRGB and ROMM RGB

Thefollowing differences must be addressed to convert back and forth between e SRGB and ROMM RGB:

different esRGB and ROMM RGB nonlinear encodings

e-sSRGB D65 white point chromaticity and ROMM RGB D50 white point chromaticity

e-SRGB ITU-R BT.709 primariesand ROMM RGB primaries

e-sRGB white point luminance of 80 cd/nf and ROMM RGB mediawhite point luminance of 142 cd/ni

e-sRGB viewer observed media black point luminance of 1.0 cd/m2 and ROMM RGB media black point luminance
of 0.5 cd/n?, with additional viewing flare luminance of 1.2 cd/nt

gk wnPE

NOTE —Viewing flare is defined to be veiling glare that is observed in specified viewing conditions but not
accounted for in radiometric measurements made using a prescribed measurement geometry. In the case of e-sRGB,
the prescribed measurement geometry includes all observer viewed veiling glare and internal flare, so thereis no
viewing flare due to the reference viewing conditions (although there may be some in more typical viewing
conditions). In the case of ROMM RGB, the viewing flareis specified to be 0.75% of the observer adaptive whitein
the reference viewing conditions. The measurement conditions are anal ogous to 45/0 or 0/45 reflection densitometry
as specified in SO 54 and | SO 13655. The result of these specificationsis that the media characteristics and viewing
conditions are sufficiently similar to preclude the necessity of explicit adjustments to accommodate differences. Itis
reasonabl e to consider the viewer observed black point, viewing flare, and image luminance level differences to
essentially cancel out, in which case the encoded e-sSRGB linear values can be directly transformed to normalized
ROMM RGB linear values, and vice-versa.

The following general procedure is recommended for converting from e-sRGB to ROMM RGB:

1. Invert the nonlinear encoding as specified in equations 5, 6a, 6b, and 6¢ to produce linear e-sRGB values that
rangefrom —0.53 and 1.68.

2. Apply amatrix to transform the primaries and perform the chromatic adaptation. The following matrix employsa
linear Bradford type chromatic adaptation transform:

Reoumll €529 0330 01410 €R, (paal

Broumy = 0098 0874 0.028; Ge. srasy] (ED

EBrommf €0.017 0.118 0.865( EBe sresl

3. Cliptheresulting linear ROMM RGB values to range between 0 and 1.
4. Apply the ROMM RGB nonlinear encoding as specifiedin 4.4.4 of PIMA 7666.

NOTE —The above transform will essentially maintain the image appearance encoded in e-sRGB in ROMM RGB,
except for clipping (which should be minimal). In some cases, it may be appropriate to perform color rendering to
produce a slightly different appearance when transforming to ROMM RGB.

The following general procedure is recommended for converting from ROMM RGB to e-sRGB:

1. Invert the nonlinear encoding as specified in 4.5.2 of PIMA 7666 to produce linear ROMM RGB values that range
fromOand 1.

2. Apply amatrix to transform the primaries and perform the chromatic adaptation. The following matrix employsa
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linear Bradford type chromatic adaptation transform:

éR, SRGBu é 2034 -0727 - 0.3070 Reoyy U
gee wos= & 0229 1232 - 0003 eGROMM o ®)
€B._ sreefl g— 0.009 -0.153 1.162 { EBromm B

3. Apply the e-sRGB nonlinear encoding as specified in 4.4.3.

NOTE —The above transform will essentially maintain the image appearance encoded in ROMM RGB in e-sRGB. In
some cases, it may be appropriate to perform color rendering to produce a slightly different appearance when
transforming to ROMM RGB, particularly considering the e-sRGB reference display rendering intent specified in 4.3.4.

E.2 Congructing |CC.1:1998-09 (version 2) Profiles

Thefollowing general recommendation is provided for constructing e sSRGB 1CC Profile Format Specification version

2 input profiles:

1. Invert the nonlinear encoding as specified in equations 5, 6a, 6b, and 6¢ to produce linear e-sSRGB values that
rangefrom —0.53 and 1.68.

NOTE —The scaling of ICC profiles for different bit-depths by the CMM is different from the scaling of the
nonlinearity specified in equation 3 (and inverted in equation 5) for different bit depths of e-sRGB. The e-sSRGB
scaling is required to maintain exact correspondence between the quantized levels of the different bit depths of e-
SRGB, and between sRGB and e-sSRGB. Because of this scaling difference, exact e-sRGB ICC profiles will be slightly
different for each bit-depth. However, in some applications the e-sSRGB(16) profile may provide acceptable results
with e-sRGB(10) and e-sSRGB(12), becausethe maximum error caused by the scaling difference in transforming the e-
SRGB encoded image colorimetry to the ICC PCSwill be equivalent in magnitude to a change of one e-sRGB digital
count. Larger errors up to 0.1% are obtained if e-sRGB(10) or e-sRGB(12) profiles are used without matching the
profile bit depth to the e-sRGB bit depth. It is therefore recommended that the e-sRGB(16) profile be used whereiitis
desirable to use asingle e-sRGB profile for different e-sSRGB bit depths, and the error introduced is not considered
significant. Because of potential for the introduction of errors, it is also recommended that transformations between
e-sRGB and I CC color processing workflows be minimized.

2. Apply amatrix to transform the linear esRGB vauesto CIE XYZ tristimulus values and perform the chromatic
adaptation. The following matrix employs alinear Bradford type chromatic adaptation transform:

éX\ U €436 0385 0.14A16R, sRGBu
eYN 3 ?O 223 0.717 O. OGJU eGe sRGBu (ES)

&2\ g).014 0.097 0.714§ &B. sl

3. Cliptheresulting linear CIE XYZ tristimulus values to range between O and 1.
4. Apply the ICC PCS encoding.

Thefollowing general recommendation is provided for constructing e sRGB 1CC Profile Format Specification version

2 output profiles:

1. Convert the PCS encoding to produce linear CIE XYZtristimulus vaues that range from 0 and 1.

2. Apply amatrix to transform the CIE XYZtristimulus valuesto linear e-sSRGB values and perform the chromatic
adaptation. The following matrix employs alinear Bradford type chromatic adaptation transform:

eF% SRGBU 63134 - 1617 - 0491y eXNU
e smepl=§- 0979 1916 003448y, Y )
EB. wesfl £0072 -0229 1.405 g 87\ A
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3. Apply the e-sRGB nonlinear encoding as specified in 4.4.3.
E.3 Congtructing ICC.1:2001 (version 4) Perceptual Intent Profiles

The following additional inverse tristimulus value normalization step is recommended for constructing e<sRGB ICC
Profile Format Specification version 4 perceptual intent input profiles:

Xpcs = Xy~ (XP,VV - XP,K)'
Ypcs = Yn (YP,W } YP,K) Yok )

, LY,
Zpcs = 2y (ZPW - ZP,K) ZPW +Zok
PW

+ XP'K

where X, Yy and Zy are theimage tristimulus values as determined in E.2 input profile step 3, Xpcs, Yocs and Zpcsare
theimage tristimulus values to be transformed to ICC PCS values, Xp v, Ypwand Zpy are the tristimulus values of the
|CC PCS perceptual intent white point, and X , Yox and Zp are the tristimulus values of the ICC PCS perceptual
intent black point.

The following additional tristimulus value normalization step is recommended for constructing e-sSRGB ICC Prcfile
Format Specification version 4 perceptual intent output profiles:

Xy = (XPCS' XP,K)XP,W
Xew - Xpx NVow
(YPcs'YP K)
Yy = : (E9)
N YP,VV - YP,K

Z, = (Zecs - Zox JZow
Zew - Zpk Mow

where Xy, Yn and Zy are theimage tristimulus values to be matrixed in E.2 output profile step 2, Xecs Yecs and Zecsare
the image tristimulus values determined from the ICC PCS values, Xpw, Ypwand Zp are the tristimulus values of the

ICC PCS perceptual intent white point, and Xk , Yex and Zp are the tristimulus values of the ICC PCS perceptual
intent black point.

NOTE —Equations E5 and E6 map the e-sRGB viewer observed black point to and from the ICC perceptual intent
reference medium black point.

E.4 Congructing | CC.1:2001 (version 4) Colorimetric Intent Profiles

The following additional inverse tristimulus value normalization step is recommended for constructing e<sRGB ICC
Profile Format Specification version 4 colorimetric intent input profiles:

. .Y
XV50 = XN (XWSO' xK,\/SO) XW50 + XK,\/50
W50

Yyso =Yy~ sto - YK,\/50)+YK V50 E)

, . X
Zys50=2y (Zwso - ZKVSO) W0+ Zy vso
50
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where Xy, Yn and Zy are theimage tristimulus values as determined in E.2 input profile step 3, Xvso, Yuso and Zyso are the
esRGB viewer observed image tristimul us values converted to a D5, adapted white point using matrix E3 (to be
converted to PCS values), Xwso, Ywso and Zwso are the tristimulus val ue of the e-sSRGB reference display white point
givenin Section 4.3.1 converted to Ds, using matrix E3, and Xgyso , Y so @Nd Z\so are the tristimulus values of the e-
SRGB viewer observed black point provided in Annex D converted to D sp ushg matrix E3.

The following additional tristimulus value normalization step is recommended for constructing e-SRGB ICC Prdfile
Format Specification version 4 colorimetric intent output profiles:

(XVSO B XK,V50)XW50

(XW50 - XK,VSO)YWSO

YN - (YV50_ YK,VSO) (E8)
YW50 - YK V50

7 = (szo B ZK,\/SO)ZW5O
N (Zwso' ZK,vso)szo

XN:

where X, Yy and Zy aretheimage tristimulus values to be matrixed in E.2 output profile step 2, Xyso, Yvso and Zygo are
the e-sRGB viewer observed image tristimulus values converted to a Ds, adapted white point using matrix E3, Xyso,
Yuso and Zys, are the tristimulus value of the e.sRGB reference display white point given in Section 4.3.1 converted to
Dso using matrix E3, and Xcvso » Yevso @Nd Zi 50 are the tristimulus values of the e SRGB viewer observed black point
provided in Annex D converted to Ds, using matrix E3.

NOTE —Since the e-sSRGB media white point has a luminance factor of 1.0 and the chromaticity of CIE Illuminant Ds
inthe ICC PCS, thereis no difference between absolute and relative colorimetric intent profiles.
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Annex F
(informative)

e-sSRGB Color Encoding Design Considerations

F.1Big RGB Color Spacesand Encodings

RGB color encodings provide an intuitive and convenient way to communicate color. SRGB is an example of an RGB
color encoding that is based on the characteristics of atypical computer CRT display. One limitation of SRGB isthat
the gamut of a CRT does not encompassthe large color gamuts that today’ sinkjet printers are able to produce on
specia media. Figure F1 gives acomparison of the SRGB gamut space with the gamut of aCMY K inkjet printer on
glossy photo media.

Figure F1: CIE L*a*b* Space Comparison of SRGB gamut (multicolor surface) and photo inkjet.

Figure F1 shows that SRGB cannot accurately represent many of the dark chromatic colors that the printer can print
on photo media. Virtually all printer colorsthat are printed at the ink-capacity limit of the mediaare out of the SRGB
gamut. From the perspective of printers, this gamut mismatch isthe primary reason for investing in anew color
standard for consumer imaging.

A number of large RGB color spaces, such as Adobe RGB, Bruce RGB, SMPT E-240 RGB, and Colormatch RGB, have
been proposed for interchange and editing in the imaging industry. The majority of proposed RGB spaces do not
have the necessary gamut size to cover photo inkjet printers. A space that does not meet the basic objective of
covering the gamut of most color reproduction devices should not be considered for afuture imaging standard.

The scRGB proposal does have the gamut size required to cover color reproduction devices. However, it appears
from the draft versions of the specification that SSRGB is scene-referred. It accommodates over-range val ues of
approximately 8 times the adopted white. Large amounts of headroom are necessary for scene-referred encodings to
accommodate highlights which have not undergone color rendering, but are wasteful for output-referred encodings.
Furthermore, scenereferred encodings should not be used for general image datainterchange. Special image
processing workflows that include color rendering are required to correctly interpret scene-referredimage data.

Another proposed standard is Kodak’s ROMM RGB encoding. ROMM-RGB is output-referred, and for many non-
2
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SRGB centric workflows, ROMM RGB is an attractive option. However, given the pervasiveness of SRGB in the
consumer marketplace, there are compelling reasons to aso define an encoding that is much more compatible with
SRGB. Asdefined, ROMM RGB is print centric, with extended RGB primaries, a D50 whitepoint and an effective
gammaof 1.8. sSRGB is CRT display centric, with a D65 whitepoint and an effective gammaof 2.2. Asaresullt,
trandating pixel values between SRGB and ROMM involves applying two 1D LUTs and a 3x3 matrix. This
transformation is more complex than asingle 1D LUT, and can lead to inconsistent output if different chromatic
adaptation methods are used. A similar conversion can be accomplished using a1D LUT for acolor encoding formed
by simply extending the encoding range of the origina sSRGB space. Finally, when moving from sRGB to ROMM
RGB, knowledge of the SRGB gamut surfaceislost. Careful control of the SRGB gamut surface is desirable when
mapping into particular device spaces such as CMY K. For example, this control allowsacolor printer to trandate
CRT deviceyelow to aprinter device yellow that is entirely unpolluted with cyan or magentaink. For many
applications, the extended sSRGB approach provides an elegant solution to the issue of SRGB compatibility and
computational efficiency.

F.2 Extended Range SRGB Color Space

Figure F2: sRGB compared to a photo inkjet in SRGB space.

Figure F2 compares atypical large photo printer gamut with the SRGB gamut in alinearluminance sRGB space. This
RGBspaceisa3x3 transform from CIE XYZ where the color gamut of SRGB display spaceis represented as a unit
cube. The color gamut for atypical photo inkjet printer is also shown for comparison, and can be seen to extend
beyond the SRGB gamut in many regions. Imagine that we simply scale the SRGB solid asmall amount, and then re-
center it so that it covers both the printer and monitor gamuts. Thisis equivalent to allowing SRGB vauesto range
into negative values and overflow values. The concept of negative color valuesisfairly simpleto understand with
some knowledge of complementary additive colors. For example, positivered givesincreasing red chromaand
increasing lightness. Negative red givesincreasing cyan chroma, and decreasing lightness. Cyan isthe complement
of red. Similarly, negative green and blue contributes to higher chroma and darker colorsin magentaand yellow,
respectively. Extending into this negative range gives the design freedom to define a new large-gamut SRGB space
forimaging.

F.3 Extended Range SRGB Encoding Definition

An extended range sSRGB encoding must combine color science considerations such as gamut size and gamma
functions with computational considerations. For compatibility with SRGB, the same Reference Display Conditions,
Reference Viewing Conditions, and Reference Observer Conditions that are defined in the IEC SRGB standard are
used. The encoding of e-sRGB is defined to be closely related to SRGB. The definition exactly encodes eight bit
SRGB. In addition, the size of the encoding range isincreased by 75% in the negative region and 25% in the positive
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overflow region. A minimum of ninebitsis required to represent the original SRGB aong with the extended gamut
region, and additional bits can be used to encode more tonelevels. To simplify implementation, but a so provide
flexibility, encoding size has been standardized to only afew different bit depths: 10, 12, and 16 bits per channel. The
relationship between sRGB and e sSRGB is defined so that conversion can take place with simple bit shifting, addition,
and subtraction. In addition, 8-bit SRGB values are exactly represented in e-sSRGB with no roundoff error. To meet
these objectives, an integer number of bits represent the SRGB range. One additional bit is added to provide
encoding space for the extended range.

F.4 Gamut Size

To design the extended range SRGB encoding, it was necessary to determine the range that will give coverage of
both the CRT gamut and printer gamuts. Table F1 providestherangein linear luminance SRGB required to cover the
gamuts of anumber of different printers. These printers utilize different inks, and are tested on their recommended
media. Alsoincluded in Table F1 are values for the Pantone coated color set, and the SRGB optimal color space
gamut given by Hill et a. [2]. The optimal color space gamut isthe reflectance color space of block dyes with moving
vertical flanks, illuminated with D65.

Gamut R Range G Range B Range
sRGB (0.000, 1.000) (0.000, 1.000) (0.000, 1.000)
Inkjet 1, 4-ink, photo media (-0.188, 1.066) (-0.036, 0.852) (-0.071, 0.901)
Inkjet 1, 4-ink, coated media (-0.173, 0.982) (-0.013, 0.857) (-0.044, 0.978)
Inkjet 2, 4-ink, photo media (-0.184, 1.035) (-0.029, 0.896) (-0.051, 0.939)
Inkjet 3, 6-ink, photo media (-0.206, 1.030) (-0.021, 0.896) (-0.045, 0.959)
Inkjet 3, 6-ink, coated media (-0.152, 1.028) (0.003, 0.842) (-0.022, 0.989)
Inkjet 4, 6-ink, photo media (-0.190, 1.040) (-0.033, 0.887) (-0.053, 0.932)
Color EP 1, plain paper (-0.096, 0.959) (0.007, 0.919) (-0.023, 0.959)
Color EP 2, plain paper (-0.088, 0.982) (0.028, 0.850) (-0.020, 0.901)
Pantone Coated Full Set (-0.178, 1.528) (-0.036, 0.849) (-0.080, 0.848)
Pantone w/out fluorescents (-0.178, 1.103) (-0.036, 0.849) (-0.080, 0.848)
Optimal Color Space (-.460, 1.483) (-.124, 1.124) (-.114,1.114)

TableF1: Linear luminance SRGB gamut boundaries for color gamuts

The definition of e-sSRGB gives arange of about (-0.53, 1.68). This range gives a gamut that encompasses the color
reproduction devices and other gamuts listed in Table F1. The range of (-0.53, 1.68) arises because of the choice to
span the nondinear encoding range of —75% to 125%, along with the choice to use a negative range gamma curve
that matches the positive range curve. It is notable that the e-sSRGB definition gives computational advantages for
algorithmsand 3D CLUT interpolation, and &l so produces a close fit to the range of visible object colors. Figure F3is
plotted in linear-luminance SRGB space. The color point markersin Figure F3 represent auniform sampling of thee-
sRGB (nonlinear) encoding space. The solid color gamut isthe optimal color space for D65.
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Figure F3: e-sSRGB compared to the D65 optimal color space.
F.5 Encoding Nonlinearity (Gamma)
Another consideration to the design of e-sRGB is the gamma function. To maintain competibility with SRGB, we

defined the gammato be equal to the SRGB gammafor the original valid SRGB range. Figure F4 shows the original
sRGB gammafunction asablack curve.

e-sRGB Gamma Function
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Encoding Range
Figure F4: e-sSRGB Gamma Function

The extensions to the gamma function should be simple and efficient to compute and encode. The obvious choice for
thelight end of therangeisto apply the existing gamma function. This continuation is shown as ared curve on the
right side of Figure F4. The curve for the negative range must be continuous with the positive range curve, and
minimize unexpected changes in encoding density of chroma and hue. When extending the range into negative
values, the only way to prevent achange in encoding density of chromatic colors would be to continue with the
1/12.92 dope that ends the real SRGB range. Unfortunately, this slope is so shallow that an excessive amount of the
encoding range would need to be devoted to the negative range to reach the gamut coverage goals. Re-using the
positive range gamma curve for the negative range is an attractive option because it simplifies the definition and
implementation of the space. The negative gamma curve is shown asared curve on theleft side.

F.6 Analysis

The perceptual linearity of a color space and encoding efficiency are dosely related. To represent continuous images
with no gradations or contouring artifacts, we must encode several tone levelsfor each increment in L* lightness.
Because SRGB iscloseto linear in L*, it accurately encodes continuous images with only 256 gray levels. More gray
levelsarerequired if the tone reproduction of theimage is modified during editing. For example, transformsthat fix
over or under exposed images require more than 256 gray levels so that detail can be pulled out of shadow or
highlight regions. Figure F5 shows the number of encoding levels available to encode oneincrementin L*, asa
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function of L*, for 16-bit SRGB spaces. Because figure F5 is plotted with respect to log base 2 for the encoding levels,
itiseasy to see how any choice of bit depth relates to encodable levels. For example, to match the encoding accuracy
of sSRGB in the dark range, The previously proposed sRGB-64 linear color encoding must use 6 or 7 additional bits. By
definition, e-sSRGB requires one additional bit to match SRGB’ s accuracy, and thisis confirmed in the graph.

L* Encoding Efficiency
for 16-bit per Channel Encoding Spaces

2048 -

1024 | — sReB

\// —— e-sRGB
512 1 _\’_’_’_’_,__,_f—l SRGB-64
256

0
)
o

-1 1281
()]
=

2 64
(&S]
c

Ll 32

16 A

8

4 T T T T T T
0 20 40 60 80 100
CIE L*

Figure F5: L* Encoding Efficiency for sSRGB, e-sRGB, and sRGB-64

Plotting the available encoding levels for chroma produces interesting results. Figure F6 shows the chroma encoding
granularity of the three SRGB spaces. The datain figure F6 was produced by computing the number of unique RGB
valuesthat exist between JND (1 CIE94 delta E) chromastepsin CIELab. The left three plots show constant L*
chromatransitions from the neutral axisto SRGB primary colors. Theright three plots show similar transitions from
the neutral axisto aphotoinkjet C, M, and Y primary colors. In each of the right three plots, the inkjet primary is out
of the SRGB gamut. As e-sRGB transitions out of the SRGB gamut in these cases, accelerating negative values are
produced which gives areversal in the chromaencoding density. The result is that the efficiency of encoding and
transmitting high chroma datais improved. However, thiseffect may need to be accounted for if image-editing
agorithms are applied in eSRGB.
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Figure F6: Chroma Encoding Efficiency for sRGB, e-sSRGB, and SRGB-64

Figures F7 and F8 show the hue constancy of e-sRGB for transtions from the middle of the neutral axisto primary,
secondary, and tertiary colors. This datawas plotted in CIECAM97s space, which has reasonable hue constancy.
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e-sRGB Primary and Secondary Chroma Transitions
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Figure F7: Hue Constancy of esRGB Transitionsto Primaries and Secondaries

e-sRGB Intermediate Color Chroma Transitions
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Figure F8: Hue Constancy of e.sSRGB Transitionsto Tertiary Colors

Figures F7 and F8 show reasonabl e hue constancy. Figure F8 demonstrates an interesting effect where the shift in

acceleration of the gamma curve creates achange in direction of hue shift for some transitionsin esRGB. This effect
isnot relevant to the applicability of esRGB as an encoding space, but may have some effect if editing algorithms are
applied in e-sRGB. Similar to what was seen in figure F6 with chromaencoding density, it is possible that these hue
changes work to correct the shifting hue trend in SRGB, giving benefit to image editing applications. However, this
effect along with the change in chroma density should be studied further with respect to image editing
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transformations.
F.7 Conclusons

Color management for the consumer marketplace gives aunique set of challenges. The typical consumer has high
expectations of the results, but &l so expects color management to work transparently. SRGB has worked well to meet
these needs because of its simplicity and direct applicability to a CRT-based workflow. Today, consumer imaging is
rapidly changing. High quality digital imaging equipment is now available at consumer price-points, and customer
expectations are increasing. In addition, emerging peer-to-peer workflows make the central CRT lessimportant in the
color reproduction pipeline. For these reasons, a new color standard for the consumer marketplace is needed to
enable the encoding and transmission of large gamut and high bit-precision color data. e-sRGB isaroughly
perceptually uniform color encoding space that gives alarge gamut and higher precision to enable higher quality
consumer imaging. Utilizing asfew as nine bits per channel, esRGB exactly duplicates sSRGB and adds extended
gamut ranging from about—53% to 168% of SRGB. Thisrangeislarge enough to cover high-end consumer color
reproduction devices. These benefits are gained by making minimal modificaionsto sRGB, thusretaining the original
benefits and cross-compatibility with SRGB.
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Annex G
(informative)

Considerationsin the Editing of eesRGB Image Data

It should be noted that specifications for the editing of esSRGB image data are beyond the scope of this standard.
However, it is recognized that in some applications there may be a need to edit images that are encoded as e-SRGB.
Thisannex providesinformation in thisregard.

Asdescribed previously, the e-sRGB color encodings use offsets and ov er-ranging to obtain extended color gamut
coverage. These encoding mechanisms have advantages over "wide-primary” extended gamut approachesin terms
of SRGB compatibility and gamut coverage. However, they also result in encodings that are fundamentally different
from encodings where {0, 0, O} code values mean black, and {2, 2", 2} code values mean white. For example, with the
e-sRGB(10) encoding, black isrepresented by {384, 384, 384} and whiteisrepresented by {894, 894, 894} . Thedigita
codevaluetriplets{0, 0, 0} and {1023, 1023, 1023} areillegal, because the former does not represent physically
realizable image colorimetry, and the latter is prohibited by the rendering intent and encoding requirements.

A consequence of this type of encoding isthat anumber of image processing operations must be performed using
agorithms which are different, or have been designed to accommodate offsets and overranging. In many cases,
image processing packages are not equipped with these algorithms. Thisiswhy the scope statement of this standard
doesnot list "manipulation” as a potential use for e SRGB image data. When manipulation of e-sSRGB image datais
desired, and users are unsure of whether their algorithms will appropriately deal with offsets and over ranging, itis
recommended that the e-sRGB image datafirst be converted to acolor encoding without offsets or over ranging.
SRGB (IEC 61966-2-1) and ROMM RGB (PIMA 7666) are examples of such encodings. SRGB would be the most
appropriate choice when the extended gamut of esRGB is of little importance and |ossless transformation within the
SRGB gamut isdesired. ROMM RGB is abetter choiceif it isimportant to maintain as much of the extended gamut as
possible. After manipulation, ROMM RGB image data can then be converted back to e sSRGB. Because the
transformation to and from ROMM RGB isdlightly lossy, the highest precision ROMM 16 RGB encoding should be
used, and the number of conversionsin the workflow should be minimized. It is aso possible that some colors
encoded as e-sSRGB will be outside the ROMM RGB gamut, and will have to be gamut mapped when performing the
conversion.

Conversion from e-sRGB to a color encoding without offsets or over-ranging is recommended when users either
know their manipulation algorithms are not designed to accommodate offsets and over-ranging, or are unsure. In
applications and workflows where algorithms designed to accommodate offsets and over-ranging are available, these
a gorithms can and should be used to directly manipulate e-sRGB image data.
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Annex H
(informative)
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