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Abstract

A device’s color gamut is an important parameter in color managed workflows. With the increasing use of expanded gamut
workflows and the need for more colorful products in large-format inkjet printing or packaging, the management and
prediction of in-gamut colors is critical information for the content creator. When device color capability information is
stored within the structure of an ICC profile, this information becomes readily available to any software utilizing the ICC
profile in conjunction with an image or image data. A product may for example offer a gamut stain or warning to indicate
to the user that the color under consideration is out of gamut of the destination print process. This research compares
the gamut predictions of Adobe Photoshop, ArgyllCMS, BabelColor PatchTool, Esko Color Engine Pilot, Little CMS
and MathWorks MATLAB. It is shown that the different tools may use different methods to determine the color gamut
of a system. In general, the methods available include a Round Trip test, use of the ICC profile Gamut Tag and a Gamut
Boundary Descriptor process. The Gamut Tag was read-in and displayed for different ICC profiles and differences in the
tag contents was demonstrated. In total, 1729 CIELAB values, representing the PANTONE+ Solid Coated Library V2
were used and the percentage of in-gamut values using each software product was computed for different output print
processes. There was a large difference in the predictions between the different products tested; the software tools vari-
ously predicted that 30—65 % of the library was in-gamut. A general philosophy of an ICC workflow is predictable result;
while the ICC architecture is not intended to change a device’s gamut capabilities, it should be able to communicate accu-
rate and consistent gamut information. As more and more software systems are starting to present gamut data, it is impor-

tant that systems do not predict disparate tesults.
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1. Introduction

A first step in color management is often generation
of print characterization data, where target patches
of known CMYK inking are printed and measured to
produce CMYK-CIELAB pairs. Print characterization
data inherently contains color gamut information and
therefore so does an ICC profile that is made from this
data. Color gamut is defined as the range of colors that
a device can reproduce. Gamut information, embod-
ied within an ICC profile, can be accessed by software
programs which display to the user whether a requested
color is in or out of gamut of a given print process.
In this research we use a set of known CIELAB val-
ues, in this case the CIELAB values that represent the
PANTONE+ Solid Coated Library V2, and compare
the gamut predictions of a range of softwate tools
for different characterization datasets and ICC profiles
(GRACoL, SWOP #3, SWOP #5, Fogra39, etc.). The
software tools used in this project range from main-
stream products such as Adobe Photoshop to program-
mable tools such as MATLAB, ArgyllCMS or C++
libraries from Little CMS.

After color characterization data has been empirically
determined for a device, this information is implicitly
and explicitly available within an ICC profile. Device
gamut information is implicitly available within ICC
profile lookup tables that can be used in a Round Trip
test, or software developers can determine and populate
an explicit Gamut Tag in an 1ICC output profile. Finally,
color characterization data can be used to determine a
Gamut Boundary Descriptor. The prediction from the dif-
ferent approaches to describe a device’s color gamut are
compared in this research.

There are many instances where an accurate descrip-
tion of a device’s color gamut is necessary. A software
system may offer, for example, a gamut stain or flag
warning to indicate to the user that the color under
consideration is out of gamut of the destination pro-
cess and cannot be accurately reproduced. The user can
choose to either change the output process or change
the color to another color that is within gamut. In a
number of packaging workflows, it is important to use
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spot colors that are bright and vivid in order to catch
the customer’s attention on supermarket shelves. It
is advantageous therefore to be able to select colors
that exploit the color gamut of the output process by
choosing the most colorful color that can be accurately
reproduced. Gamut data also provides useful infor-
mation that can be used in studies where we seck to
evaluate, for example, different paper or media types
and to maximize the color gamut based on the influ-
ence of the substrate interactions (Perales et al., 2009).
Another use for an empirically derived color gamut is
to compare it to the color gamut predicted by an ana-
lytical model and hence to see how well the analytical
model is suited for the calculation of gamut boundaries
(Zhao, 2007).

With the interest in expanded gamut and multi-color
workflows, new software tools and dialogs are becoming
available to provide gamut warnings and an important
issue for the end user is that the different tools provide
similar feedback relating to a colot’s in or out of gamut
status. A designer should be able to select a color, verify
that it is in-gamut and should not later receive a con-
flicting message when the file reaches prepress or plate
making or press. It is inconvenient and time wasting if
one system indicates a color is in-gamut and the user
continues with its use only to find that the color is out-
of-gamut and they are unable to achieve this color on
final output. Software tools are beginning to provide a
gamut prediction, so it is important that the information
provided is accurate and also consistent between differ-
ent products. In this research we see that the different
programs available to the end user predict widely differ-
ing estimates of the percentage of in-gamut colors for a
given PANTONE library.

Results are presented that test the gamut ability of a
device in terms of the percentage of PANTONE colors
that are in-gamut of a system. When PANTONE certi-
fies a manufacturer’s printer for reproducing PANTONE
colors, this assessment is an important part of that pro-
cess. The number of in-gamut PANTONE colors is a
metric that has been used in marketing information by
HP and others.

We note that the HP Designjet Z Photo Printer series
makes claims to be capable of successfully simu-
lating over 80 % of a PANTONE library (HP, n.d.).
Industry benchmarking studies by IDEAlliance have
shown that digital presses can reproduce 40—55 % of a
PANTONE library (Sharma, 2009) and in the area of
large-format inkjet printing, Sharma and Rong (2014)
have shown that commercial devices can reproduce
up to 64 % of the PANTONE library. The percent-
age of in-gamut PANTONE colors is a simple met-
ric that is understandable and relevant to the average
user. If a device is able to achieve 50, 60, or 70 % of a
given PANTONE library, this is directly related to the

underlying color gamut of the system under considera-
tion and is an easy to understand metric that is directly
applicable in a print shop. Consider an alternative met-
ric in which the color gamut volume is expressed in
terms of cubic CIELAB units, perhaps a device has
400000 or 420000 cubic volume; it is not easy to inter-
pret or utilize the information when presented in this
format.

In this experiment, a set of known CIELAB values
was used, in this case the 1729 CIELAB values of the
colors composing the PANTONE+ Solid Coated
Library V2. However, because of the irregularity of
the gamut and the irregularity of the data set, the test
process used here may not be applicable to a situation
where we seck to compare the gamut volume of two
devices. Deshpande, Green and Porter (2014) propose
a method to compare color gamuts. Their work looks at
how similar two gamuts are in order to determine how
well suited a particular gamut is for the color reproduc-
tion of another gamut, as relevant in situations where
images are being retargeted from one output medium
to another.

The structure and format of ICC profiles are speci-
fied by the ICC Specification (ICC, 2004) or the cot-
responding ISO standard — ISO 15076 (International
Organization for Standardization, 2005). These doc-
uments describe the various profile elements that are
available to software developers to use, including an ICC
output profile “Gamut Tag”. It is useful to note that
in order to be a valid output class profile, the Gamut
Tag must be present, but the content or “goodness”
of any ICC profile tag, including the Gamut Tag, is not
described by the ICC Specification nor ISO 15076.

The ICC Specification does not describe the contents of
a profile in terms of quality or accuracy (Sharma, 2000).
Because the ICC Specification does not stipulate the
contents of a profile, individual vendors may populate
the contents of a profile’s lookup tables with any data
they like. This leads to the situation where a profile can
conform to the ICC Specification, yet there is no guar-
antee to the quality of the profile tag behavior. There
is much anecdotal discussion relating to the behavior
of the Gamut Tag; in this research we demonstrate and
document the behavior of the Gamut Tag in a number
of different ICC profiles.

In this study, we use the above mentioned processes on
a set of CIELAB values to establish whether or not they
are in gamut, defined as:
* Round Trip — where Profile Connection Space (PCS)
values are converted to CMYK and back again
* Gamut Tag — where the 0 values in this look-up
table are used to indicate in-gamut values
* Gamut Boundary Descriptor (GBD) — tetrahedral
segmentation search for in-gamut values
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When provided with an ICC profile, a number of differ-
ent commercial, and open source software products have
the abbility to flag or stain an image to indicate out-of-
gamut colofs.

In this project, the following systems were used to esti-
mate the device gamut ability:
* Adobe Photoshop CS6
* ArgyllICMS 1.7
* BabelColor PatchTool 4.7
* Esko Color Engine Pilot v14
Little CMS 2.7
* MathWorks MATLAB R2015a

2. Methods for evaluating device gamut

Color characterization data empirically defines the
gamut of a device, and this information can be stored
implicitly and explicitly within an ICC profile. Given
that gamut information is stored within an ICC pro-
file, there are a2 number of methods to test and see if
a CIELAB value is in or out of gamut. Device gamut
information is implicitly available within ICC profile
A2B/B2A lookup tables that can be used in a Rownd Trip
test. Software developers can determine and populate an
explicit Gamut Tag in an ICC profile. Color characteri-
zation data can be used to determine a Gamut Boundary
Descriptor. We now describe each of these processes in
detail.

2.1 Round Trip test

The Round Trip test can be used to determine colors
that are out-of-gamut, based on their AEY,, between
start and finish. In this process, CIELAB values from the
PCS are converted to CMYK using the PCS-to-device
part of an output profile, using the absolute colotimet-
ric rendering intent. CMYK values are then processed
back to CIELAB, using the device-to-PCS part of the
same profile. The AE™, between the start and finish
CIELAB values is calculated. If a color is in-gamut,
then the AE*,, between start and finish values is usually
very small, based primarily on the mathematical accu-
racy of the forward and reverse lookup-table interpola-
tion and Color Management Module (CMM) processing
errors. If AE, <1.0 between the start and finish values,
we can consider this value as the in-gamut one and the
differences constitute the cumulative error of all parts
of the forward and reverse processing, If a color is out-
of-gamut of the device, then the CIELAB value will be
clipped and constrained, and on reverse processing we
will see AE*,,>1.0 between start and finish values. A
threshold can be used to determine if the color is in or
out of gamut of the destination device.

The Round Trip test uses the B2ZA1 and A2B1, i.e. PCS-to-
device and device-to-PCS lookup tables. The Round Trip

The following ICC profiles were used in this project:
* GRACo0L2006_Coatedlv2 (IDEAlliance’s version
from ICC profile registry — color.org)
* Coated GRACo0I.2006
(Adobe’s version of the above profile)
* SWOP2006_Coated3v2
(from ICC profile registry — color.org)
* SWOP2006_Coated5v2
(from ICC profile registry — color.org)
* Fogra39L._VIGC_300
(from ICC profile registry — color.org)
* Heidelberg PM74 (custom profile
for Ryerson University’s 4-color offset press)

process was conducted in MATLAB in this testing and
also by color software product — BabelColor PatchTool.
BabelColor provides a document that describes the
Round Trip process and how it is implemented in their
software (BabelColot, 2009).

2.2 Gamut Tag in ICC profiles

The structure and format of ICC profiles is specified in
the ICC Specification or the corresponding ISO stand-
ard — ISO 15076. These documents describe the various
profile elements that are available to software develop-
ers to use, including the Gamut Tag. The Gamut Tag
has a tag name of “gamutTag” and signature of “gamt”
— the signature is displayed in the profile header. The
Gamut Tag is a required tag in output profiles (it is not
required in input, display, abstract, color space or named
color profiles). It is useful to note that in order to be a
valid output class profile, the Gamut Tag must be pres-
ent; however as noted eatlier, the content of any ICC
profile tag, including the Gamut Tag, is not described by
the ICC Specification nor ISO 15076.

The Gamut Tag format and structure is a normal
lookup table tag type that can be modeled on any of the
existing ICC lookup table types — lut8Type, lutl6Type,
ot lutBToAType. These are multi-dimensional structures
allowing data to be encoded by some or all of the pro-
vided data types including 1-dimensional lookup tables,
matrix multipliers and n-dimensional lookup tables. For
a definition on the interpretation and processing mech-
anisms of these lookup table types, Green and Kiriss
(2010) have provided an excellent compilation of devel-
oper-level topics.

The Gamut Tag provides a lookup table in which PCS
values are the input and a single output value for each
input value is the output. If the output value is 0, the
PCS color is in-gamut (Figure 1). If the output is non-
zero, the PCS color is out-of-gamut. The Windows
Color System (WCS) has also implemented a similar
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1: The a*b* slice of the Gamut Tag in the GRACoL 2006 ICC profile is shown at 1.¥=50; this plane has in-gamut values (at the core of

the volume) shown by 0 and the exctremities of the I ¥a*b* color space have non-zgero values, which indicates the color is out-of-gamnt

structure where each byte in an array corresponds to
a color element and has an unsigned value between 0
and 255 (Microsoft, n.d.). The value 0 denotes that the
color is in gamut, while a nonzero value denotes that it
is out of gamut. For any integer # such that 0 <#<255,
a result value of #+1 indicates that the corresponding
color is at least as far out of gamut as would be indicated
by a result value of 7 The out-of-gamut information in
gamut tags created in WCS uses a perceptual color dis-
tance in CIECAMO2, which is the mean square root in
CIECAMO?2 Jab space. The rationale between the differ-
ences of ICC’s pre-determined rendering and WCS run-
time rendering is described by Green and Kriss (2010).
In this work ICC based profiles were used.

In Figure 1, the Gamut Tag of the GRACoL 2006 ICC
profile for commercial offsetlithography, of 233 X 33 X 33

GRACoL 2006 Profile (IDEAlliance)
L*=50

255 - Gamut Tag value

||HH
|||| ||| 'HHH
| |'|| || || ‘

lookup table is shown, for illustration purposes. We see
that in-gamut values are shown by 0 and out of gamut
values are indicated by non-zero values. We also note that
the table contains numbers that are between 0 and 255,
so the system is not binary or quantized and the query for
whether a I.*4*b color is in or out of gamut can return
a value that can be a qualifier.

Individual vendors may populate the contents of a pro-
file’s lookup tables with any data they like as long as it
technically conforms to the format of the specification.
This leads to the situation where a profile can relate to
the same output print process but have different Gamut
Tag contents. This situation already exists in other tags,
where an output profile can be constructed with differ-
ent values of maximum ink levels or black generation.
In the case of the Gamut Tag, when we have differ-

GRACoL 2006 Profile (Adobe)
L*=50

250 .

200 |

255 - Gamut Tag value

; "|||||” ||I.

L“f" ||||||

40

Fignre 2: The Gamunt Tag contents in IDE Alliance’s GRACoL 2006 profile is compared to Adobe’s GRACoL 2006 profile;
3D data is inverted to enable visibility
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ences in the Gamut Tag information for the same print
process, this would lead to one profile predicting a color
is in-gamut while another version of the profile could
predict a different result.

Consider the GRACoL 2006 profile. One version of the
GRACoL 2006 profile has been created by IDEAlliance
and is available from the ICC Profile Registry
(ICC,n.d.). This profile is called “GRACo0L2006_
Coated1v2.icc”. We see that in practical implementation,
Adobe has provided within the Creative Suite (CS) and
Creative Cloud (CC) a different ICC profile with a sim-
ilar name. The Adobe’s version of the profile is called
“Coated GRACoL 2006 (ISO 12647-2:2004)”. In exam-
ining the profile Gamut Tag (Figure 2), we see that the
lookup table contents are different and Adobe’s version
of the profile will predict that many more colors will be
in-gamut.

In Section 4, we use MATLAB to understand the effect
caused by the differences between the GRACoL profiles
from the ICC Profile Registry vs. Adobe.

2.3 Gamut Boundary Descriptor (GBD)

When processing data using a lookup table, in general
there are two conditions — a search for a point that is
bounded and contained within known node points
and a search for a point that is not totally bounded by
known node values. If a point is within the gamut vol-
ume and is bounded by known node points then this
is a simple interpolation issue and different interpola-
tion techniques are routinely used. If the point is not
bounded on all sides and contained within a known set
of node points we have to consider a gamut boundary.
An issue with the 3D convex hull is that the points can
be connected by a straight line, concave or convex line,
or a more complex version of all of these. If a con-
cave surface is wrongly assumed, then the color gamut
is under-estimated, if a convex boundary is wrongly
assumed then the color gamut is over-estimated. A
useful summary and accepted reference is the work of
Morovi¢ (2008).

The determination of the color gamut volume or
gamut boundary can be done using an analytical/model

3. Software tools and procedures

Different commercial software products are able to
flag or stain an image to indicate out-of-gamut colors.
A number of tools were used in this research that
ranged from the ubiquitous Adobe Photoshop to com-
mand line, C++ libraries in Little CMS. In this section
we describe each tool used and where known we indi-
cate which technique each system uses to determine
in-gamut colors.

approach or geometric/empirical approach. In the ana-
lytical approach spectral data is used to build a model
using Neugebauer, Yule-Nielson modified Neugebauer
or Kubelka-Munk theoretical models and thus map
device colorant instructions (RGB/CMY) to CIEXYZ
or CIELAB. This type of model can produce accurate
results with a relatively small number of samples, but
such characterization schemes rely on the ink-media
mixing and are very process dependent, so a model can
be used only on a specific type of printing process and
it is necessary to develop a new model for each variation
of the printing process.

In most ICC applications, an empirical process is
employed where many colorimetric measurements are
taken from printed patches of known CMYK inking lev-
els. A larger number of patches are needed, compared to
the above analytical approach, however with faster scan-
ning spectrophotometers this is no longer such an oner-
ous task. An issue of this approach is that because the
test targets are defined in device space (RGB/CMYK)
there is no apriori knowledge of the gamut bound-
ary values in CIELAB space, that are on, or inside, the
gamut surface. A pre-determined IT8.7/4 or ECI 2002
targets are evenly spaced in ink coordinates which do
not consider the natural boundary of a gamut. If the
samples cannot describe the gamut surface, or if there
are only few points on the gamut surface, an incorrect
gamut description will result. Zhao (2007) has compared
the analytical and empirical approaches and proposed a
generic color gamut descriptor.

In this research, an open source software library called
Little CMS (Maria, 2015) was used. Little CMS imple-
ments the Segment Maxima algorithm (Morovi¢ and
Luo, 2000). Using the Segment Maxima algorithm, the
gamut boundary of an output process is described by a
table containing the most extreme colors for each seg-
ment of color space. This segmentation can be carried
out cither in terms of L*, C*, and 4, ot spherical coor-
dinates, whereby spherical coordinates can be calculated
from orthogonal CIELAB coordinates. In this research,
the color characterization data was the input to Little
CMS, from which the program created gamut informa-
tion and subsequently the program was able to predict if
a CIELAB value was in gamut.

Adobe Photoshop CS6 was used to create a gamut stain
and indicate which colors were out-of-gamut. A list of
CIELAB values, representing the PANTONE+ Solid
Coated Library V2 were converted into a TIFF image,
which was opened in Photoshop. With the Color Settings
dialog set to Absolute Colorimetric, a Gamut Warning
was applied to the image and the number of patches with
a stain were considered to be out-of-gamut (Figure 3).
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Figure 3: The PANTONE+ Solid Coated Lzbmiy V72 of 1729 spot colors was converted into a 1.¥a*b* TIFF image (/ ef?)
and a gamut stain in Photoshop was used to indicate ont-of-gamut colors for each ICC profile (right)

The number of patches were counted manually as the
stain does not alter the underlying image pixel values and
cannot be saved or exported for image processing.

ArgyllCMS 1.7 is a command line program that was run
using the Terminal prompt of MacOS X. ArgyllCMS
provides the ability to access different profiles, differ-
ent lookup tables within the profile and process a list
of CIELAB values indicating clipped values. ArgyllCMS
does a “one way trip” from PCS to CMYK. If there is
no CMYK that exactly matches the PCS, the color is
out-of-gamut (Graeme, 2015).

BabelColor PatchTool 4.7 is a Windows or MacOS, GUI
based software tool. PatchTool provides a number of
sophisticated color analysis tools, one of which is gamut
“Clip check” (Figure 4).

PatchTool uses the Round Trip method for gamut
determination; BabelColor provides a document that

describes the Round Trip process and how it is imple-
mented in their software (BabelColor, 2009).

Esko Color Engine Pilot v14 is a color management tool
that is part of the Esko Automation Engine workflow
product for workflow automation, targeted primarily at
packaging applications. Color Engine Pilot is an exam-
ple of how vendors are now providing an easy to use
dialog to the user to compute in-gamut spot colors for a
given print process (Figure 5).

Little CMS 2.7 is an open source color management
library that can be used within C++ applications. It is
an OEM type library that provides transformations,
color space conversions and other color-related func-
tionality. Little CMS is a library and requires a wrapper
or program within which it can be implemented. In this
research we implemented Little CMS within a Microsoft
Visual Studio C++ compiler and development envi-
ronment. Little CMS creates a GBD from the charac-

iciamfm:ﬁpch.a‘dsI'{.I.ig;,."_'I

PatchTool file
RGE sent to Source

CMYK (fr. sSRGB)

These controls are

[1- PANTONE(R) s0id coated.cxf (L*a"b*)
RGB (sRGB)

Intent: |Absolute Colorimetric

not required!

Convert: The converted data is saved in a CGATS type file. The Gamut Tools window remains opened.,
Clip check: Returned PCS values from the Destination is compared to reference PCS in a 'Compare’ window. The Gamut Tools window closes,

(e ]

Figure 4: BabelColor PatchTool provides a built-in gamnt check_function
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Figure 5: Esko Color Engine Pilot has a dialog that allows the user to
easily see the number of colors that are in-gamut for a given print process

terization data and does not directly use an ICC profile
(Maria, 2015).

MathWorks MATIL.AB R2075a is an established scien-
tific software program used widely in academic environ-
ments and research for software simulation and image
processing. MATLAB’s Image Processing Toolbox and
matrix constructs provide a user-friendly framework
for working with ICC profile lookup table information.
MATLAB was used in this research to conduct both

4. Experimental results

In the first test we used the list of 1729 CIELAB values,
representing the PANTONE+ Solid Coated Library V2,
to determine the in-gamut colors for different ICC
profiles using the Round Trip test and the Gamut Tag.
Useful information can be derived by a comparison
of the Round Trip test (that uses the B2A1 and A2B1,
PCS-to-device and device-to-PCS lookup tables) with a
test that uses the Gamut Tag, both contained within the
same ICC profile. In order to determine if the Gamut
Tag information correlates with the information within
the B2A and A2B lookup tables, MATLAB was used to
compare both processes. MATLAB can be directed to

the Round Trip test and testing of the Gamut Tag
information.

PANTONE do not make available lists of their
libraties as CIELAB wvalues, so PANTONE Color
Manager 2.1 program was used (Figure 6). This pro-
gram can export a PANTONE library in a number of
formats from which it is easy to extract a CIELAB list
of values. It is possible to export a color library either
as a Named Color ICC profile, or CxF (XML) file or
other format, from which a list of CIELAB values can
be created. The library chosen for this project was the
PANTONE+ Solid Coated Library V2, with 1729 spot
colors. The CIELAB list was presented to the above list
of programs and each program was used to determine
which colors from this list were in-gamut. The CIELAB
list was also converted into a TIFF image and analyzed
for in-gamut information in Photoshop.

[ N PANTONE Colar Manager
FORMULA
GUIDE
Coated
PANTONE "PANTOME PANTONE PANTORE PANTORE PANTONE PANTONE
e me me Felow C e W nec
PANTONE PANTOME PANTONE PANTONE PANTONE PANTONE PANTONE
TMC TR C TaOIC T THSE HEC Tave
Lv—"
PARTONE PANTONE PANTONE PANTONE PANTORE FANTONE PANTONE
e e meIc W 005 ¢ 2006C o0
Q Na profile 3 Save
LR #- 4

Figure 6: PANTONE Color Manager was used to extract and create a
list of CIELLAB values for the PANTONE + Solid Coated
Library 12

process a list of CIELAB values using the B2A1 and
A2B1 lookup tables or can be instructed to predict
the color gamut using the Gamut Tag lookup table.
MATLAB is a useful tool as both processes are availa-
ble within a single application, this allows us to process
B2A/A2B lookup tables or Gamut Tag lookup tables,
using a single CMM. A comparison between the two
processes was conducted for six different ICC profiles
used in this project (Figure 7).

In the Round Trip test, each spot color value was pro-
cessed from CIELAB to CMYK via each profile used
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Figure 7: MATI.AB computation results of in-gamut colors using the Round Trip and Gamut Tag methods

in this study, with absolute colorimetric rendering, The
CMYK values were returned to CIELAB and compared
to the original values. If the difference between the start-
ing and returned value AFE*,<1.0, the spot colot was
considered as the in-gamut one.

Next, the spot color values were processed via the
Gamut Tag lookup table. MATLAB extracted the Gamut
Tag from an ICC profile and stored it in a lookup table
structure and each CIELAB value was processed via
this lookup table. The data in a Gamut Tag is 0 for an
in-gamut color and non-zero for an out of gamut color.
1-D look-up tables and/or mattix elements wete applied
as appropriate, and in a Gamut Tag, while they are popu-
lated for reasons of conformance, they often have values
with null response, such as a unity matrix.

We see that the Gamut Tag in the IDEAlliance’s profile
predicts 53 % of the colors are in-gamut colors while
the same tag in the Adobe’s profile predicts 63 % are
in-gamut colors. The result is as expected and agrees with
Figure 2, where it is clear that Adobe’s Gamut Tag will

predict more colors are in-gamut.

A general expectation is that both processes — Round
Trip and Gamut Tag, should produce similar results.
Use of the Gamut Tag may be more succinct and con-
venient during run time, but should not, in general,
differ from the manual approach of processing data
from CIELAB to CMYK, and back to CIELAB. From
Figure 7, we see that the GRACoL (Adobe) profile has
very different predictions for the in-gamut colors based
on the Round Trip and Gamut Tag computations, while
the Fogra39 and Heidelberg PM74 profiles have very
good agreement for these two test methods.

In order to understand this data it is necessary to con-
sider the underlying lookup tables used by these profiles.
To do the Round Trip test, a look-up table transform
based on the ICC profile absolute colorimetric look-up
tables is created. We note that an ICC profile does not
explicitly contain the absolute colotimetric look-up
tables. At run time, data for the absolute colorimetric
intent is generated using the relative colorimetric tables
(B2A1/A2B1) via a white point scaling. We consider
therefore the lookup table size, for the relative colori-
metric tables (Table 1).

Table 1: Analysis of the ICC profile colorimetric lookup tables

Number GRACoL GRACoL SWOP #3 SWOP #5 Fogra39 Heidelberg
of nodes (IDEAlliance) (Adobe) PM74
B2A1 33 33 33 33 37 37

A2B1 17 11

17 17 25 25
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Figure 8: Different tools used to predict the number of in-gamut PANTONE colors,
give very different feedback for the same 1CC profile, depending on the tool used

The Adobe generated GRACoL profile shows the larg-
est discrepancy between the two tests, where the Gamut
Tag predicts 63 % of values are in-gamut and the Round
Trip test predicts only 22 % are in-gamut. From Table 1,
we see that this profile has only 11 cube nodes in the
A2B1 table. We see that the Fogra39 and Heidelberg
PM74 profiles have a large number of cube nodes in
both lookup tables, 37 nodes in the B2A1 (PCS-to-
device) table, and 25 nodes in the A2B1 (device-to-PCS)
table. This higher number of cube nodes increases the
file size of the ICC profile, i.e. more MB as disk stor-
age, but does provide an increased accuracy for revers-
ibility of the CIELAB data. In the Round Trip test, if
the returning CIELAB value had AE*, <1.0, the color
was considered as in-gamut. In order to accommodate
for the smaller number of cube nodes and thus reduced
accuracy, a similar in-gamut prediction was obtained if
the allowable tolerance, for the GRACoL Adobe profile,
was set to AE*,, <5.5.

If the Round Trip and Gamut Tag produce similar
results, then different software tools can use either pro-
cess to determine and indicate in-gamut colors. However,
due to the decimated lookup tables in some profiles
used in this study, these procedures are not equivalent
and as a result, for the same ICC profile, one predic-
tive tool may use the Gamut Tag and suggest a color is
in-gamut, while another tool may conduct a Round Ttrip
test and suggest the same color is not in-gamut. Only
for profiles with a large number of cube nodes in the

A2B and B2A tables, both processes will predict similar
results, as we see for the Fogra39L and Heidelberg PM74
profiles.

In the next series of tests, the six selected output profiles
were used in turn with each of the six software tools.
In each case, 1729 CIELAB values representing the
PANTONE+ Solid Coated Library V2 were presented
to each program and the number of in-gamut colors
predicted by each program was computed (Figure 8).

There are some caveats to the data presented in Figure 8.
The Esko Color Engine Pilot application used its own
internal version of the PANTONE+ Solid Coated
Library V2 and the program reported that is was based
on 1799 CIELAB values, while the list used for the
other programs contained 1729 values. Another point
to make is that the data for the GRACoL 2006 profile
when using Little CMS is generated from the underly-
ing characterization data file, so the result for both the
IDEAlliance’s and Adobe’s versions of the profiles is
identical and not related to the ICC profile, per se.

From Figure 8 we see that in all cases Photoshop and
Little CMS are very similar, thus we may conclude that
both these products are using the Gamut Boundary
Descriptor method for in-gamut prediction. Generally,
BabelColor and MATLAB can produce similar results
using the Round Trip methodology, the difference seen
in Figure 8 is due to the tolerance of BabelColor that was
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not user selectable and in BabelColot AE™,, < 2.0, while
in MATLAB AE*,,<1.0 was used, thus BabelColor
always predicts (in this test) a larger number of in-gamut
colots.

5. Conclusions

In this research, we have proved that the different
programs available to the end user predict widely dif-
fering estimates of the percentage of in-gamut colors
for a given PANTONE library. These different gamut
predictions are not desirable in printing and proofing
workflows. In practice, the implications in a printing
workflow of unwittingly selecting an out-of-gamut color
is that it cannot be accurately reproduced, which leads
to customer dissatisfaction, delays and re-working of
the job.

It is an expectation that all products working in compli-
ance with a given specification produce similar results. It
is important, therefore, that a gamut metric as calculated
in this work shows some consistency, irrelevant of who
computes it and how it is computed. To have different
results in this part of the system that predicts whether a
color is in or out of gamut does not imbue confidence.
The unreliability of the gamut prediction also conflicts
with the general philosophy of the ICC system that is
predicated on a reliable and predictable workflow. The
ICC stipulates the structure of an ICC profile tag, but
not its contents. This leads to the situation illustrated
by the IDEAlliance’s and Adobe’s GRACoL profiles
whereby the two profiles have differing content in the
Gamut Tag and also different results on application.
A Gamut Boundary Descriptor is being developed in
iccMAX specification for a future ICC v5 format.

A metric is suggested whereby the percentage of
in-gamut PANTONE spot colors is used as an indicator

Acknowledgements

ArgylICMS and Esko Color Engine Pilot produce similar
results and as this is true, even for the GRACoL (Adobe)
profile, we can assume that these products do not use the
traditional Round Trip test to determine in-gamut colors.

of the gamut volume. However, the spread of the spot
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This research provides documentation of the behavior
of the Gamut Tag, as compared to the other methods
for gamut determination, thus we provide quantitative
evidence to the much discussed anecdotal behavior of
the Gamut Tag, Given the differences we see in different
mainstream commercial products and specialist color
image processing tools, it is suggested that the Gamut
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