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bstract. This research relates to ink optimization technology as
sed in prepress workflows. A primary objective of ink optimization
rocessing is that cyan, magenta, and yellow (CMY) inks can be
eplaced by a given amount of black (K) ink, appropriately chosen to
reate the same visual color as the original but with less total ink
overage. Ink optimization technology incorporates aspects of under
olor removal (UCR) and gray color replacement (GCR) technolo-
ies in black channel generation, but extends these concepts to

nclude ink savings, press stability, and workflow integration. Ink op-
imization systems are used to process images to create color sepa-
ations of RGB to CMYK or color re-separations, from CMYK to
MYK. This technology is currently used in all areas of color print-

ng, but in particular in relation to web and sheet-fed offset litho-
raphic printing, where high-quality images and long press runs of-

er the opportunity for maximum ink savings. This research
stablishes evaluation criterion and benchmarking statistics for ink
ptimization technologies. The tests show that ink optimization
orks—the systems are able to process files in real time, new opti-
ized files have lower CMY values, reduce ink consumption on
ress, are more stable on press, yet files still retain colorimetric
ccuracy to the original and do not introduce imaging artifacts.
2010 Society for Imaging Science and Technology.

DOI: 10.2352/J.ImagingSci.Technol.2010.54.6.060504�

NTRODUCTION
nk optimization is a new term now used in all areas of color
rinting, in particular in relation to web and sheet-fed offset

ithographic presses, although their use in digital (xero-
raphic) presses is possible. Offset and other print processes
se three chromatic colorants which are commonly chosen

o be the subtractive primaries cyan, magenta, and yellow
abbreviated to C, M, and Y). In addition we often use an
chromatic, or black colorant (abbreviated as K). Images
ay be acquired from input technologies such as a scanner

nd digital camera or computer generated imagery, these
mages are usually encoded in the additive primaries of red,
reen, and blue (abbreviated to R, G, and B). Ink optimiza-
ion refers to software technology that is used to process
mages to create color separations of RGB to CMYK or color
eseparations, from CMYK to CMYK.

A primary objective of ink optimization processing is

eceived Jun. 11, 2010; accepted for publication Aug. 4, 2010; published
nline Nov. 5, 2010.
062-3701/2010/54�6�/060504/13/$20.00.

. Imaging Sci. Technol. 060504-
hat CMY inks can be replaced by a given amount of black
nk, appropriately chosen to create the same visual color as
he original but with less total ink coverage. Ink optimiza-
ion not only provides net volume ink savings, but also re-
uces the amount of expensive CMY inks with increase of
ften cheaper, K ink. The reduction of CMY inks has a
umber of advantages such as lower ink/printing costs, bet-

er color stability on press, and shorter drying times, etc. Ink
ptimization image processing can also potentially cause im-
ging artifacts and issues with smooth tonal gradients and
oiré, and even color change when printed. This article de-

cribes research in which the results of different ink optimi-
ation procedures were evaluated in a qualitative and quan-
itative manner.

verview of Experiment
n this research, 11 proprietary ink optimization solutions
ere evaluated:

Agfa: Apogee InkSave,
Alwan CMYK Optimizer ECO,
Beijing Founder EcoInk,
CGS ORIS INK SAVER,
FineEye ICEserver Litho,
GMG InkOptimizer,
KODAK COLORFLOW software with Ink Optimization
option,
MPX360 Colorserver,
OneVision PlugINKSAVEin,
ppi Media InkReduction,
TGLC PerfX Pro/PerfX DeviceLink Pro.
In addition, manual CMYK separations were created in

dobe Photoshop CS4. A series of test forms were designed
ith elements containing standard components such as test

arget patches, images with memory colors, flesh tones, over-
rint elements, black on white text and the reverse, and test

tems that included moiré. Standard control bars such as the
DEAlliance 12647–7 Digital Control Strip do not contain

any CMY overprint patch values, and these color patches
ould be largely ignored by the optimization solutions, so a

pecial test target was designed. The test images were pro-
ided remotely to each supplier, the processing was moni-
ored via remote desktop sharing as the files were processed
Nov.-Dec. 20101
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y each operator. On completion of processing, test forms
ere retrieved using a drop box or web site.

Matlab was used to compute the CMYK ink coverage in
he image test file, before and after processing by each sup-
lier, to predict the ink savings created by each re-separation
olution. The images were proofed on an Epson 9900 ink jet
rinter and printed on a 40� Roland 700 offset sheetfed
ress. The printing/proofing condition met GRACoL #1 ref-
rence printing conditions. Colorimetric measurements were
ased on three different scenarios—from the digital file, the

nk jet proof, and the press sheet. Visual analysis of the
rinted output was assessed by color professionals. Increase
r decrease in metamerism due to changes of the CMYK
omposition of the images was evaluated using spectral data
alculations and illuminants D50 and F2. During the press
un, variations of �0.2 magenta density were induced to
imulate press drift, this press result was used to evaluate the
bility of ink optimized images to withstand small color de-
iations on press.

nk Saving
nk optimization solutions reduce the amount of ink re-
uired to print color images and often incorporate aspects of
arlier UCR and GCR technologies (Under Color Removal
nd Gray Component Replacement). Ink optimization soft-
are works by reducing the amount of CMY inks required

o produce a color, replacing them with black ink. In sub-
ractive color synthesis, using CMYK printing inks, we theo-
etically need only cyan, magenta, and yellow to create any
esired spectral color. In theory, images can be printed using

he CMY color space, where a mixture of the three colors is
sed to produce black. In practice, printing with only the

hree subtractive ink colors does not produce a convincing
lack, the black color from the addition of CMY is often a
uddy brown. The physics of the situation predicts a black

olor, but in practice due to nonideal response curves and
econdary absorptions in the spectral behavior of the inks, it
s necessary to use in addition to the basic three process
olor inks, an additional black (K) ink.

The introduction and use of black ink immediately in-
roduces redundancy—we have many different CMYK com-
inations that can all create the same visual color response.
tated formally we may say that “the number of device chan-
els is greater than the number of colorimetric dimensions.
ence different combinations of device signals can result in

he same colorimetric output.1” In this situation it is pos-
ible, therefore, to choose different combinations of CMYK
hat while creating the same color on output, do this by
sing less amount of CMY ink, and more K ink.

A fundamental test parameter to evaluate is by how
uch does each supplier reduce the CMY ink amount, how
uch does the K inking level increase, and what is the re-

ultant reduction in ink volume when the reseparation is
ompared to the original separation. Results to show the
ecrease in ink volume for each system are presented in
raphical format.
. Imaging Sci. Technol. 060504-
nk Amount on Press
he CMYK process can theoretically allow for 400% ink
overage—100% for each of the four channels. While this
evel of inking is theoretically possible, in practice in many
ifferent printing processes, applying this much ink would

ead to ink pooling, long drying times, setoff, back trapping,
tc. The amount of ink that a print process can comfortably
ccept differs with each print process. For this reason, indus-
ry segments and printer groups have set limits on the ac-
eptable total ink coverage (TIC)/total area coverage (TAC)
or different print processes. The magazine industry, for ex-
mple, through SWOP, has recommended a total dot area
overage limit of 280–310 %, while for commercial offset
rinting through GRACoL there are limits of 300–320 %
AC. For newsprint with lighter paper types, based on
NAP, we can only hold a sum total TAC of 240%. A func-
ion of ink optimization software is to reduce the amount of
nking levels in the incoming file in order that the processed
le meets any of the above specifications. Ink optimization
oftware may optionally be able to analyze images from dif-
erent sources within a single document and harmonize the
AC among disparate image types.

olorimetric Matching
n all instances, the aim of an ink optimization process is to
etain an identical or near-identical rendition of the image
hen the new separation is printed, proofed or viewed, as

ompared to the original separation. There are numerous
ethods for computation of the new black channel infor-
ation. Methods for creating a new CMYK separation in-

lude those described as UCR and GCR, and commonly
nvolve examining each individual pixel of an image using
he lowest or “lightest” of the three cyan-magenta-yellow
olors to determine the amount of black to be added. We
an determine black replacement for two cases—one with
qual levels of CMY and the other with unequal levels of
MY. When there is an unequal distribution in the CMY

hannels, we seek to determine the level of black replace-
ent for a given pixel, and then to adjust the other colors

ccordingly to take account of the black addition.
It is important to realize that the replacement of CMY

y K is not merely a mathematical operation; thus it is usu-
lly not adequate to simply replace C=50%, M=50%,
=50%, with K=50%. It is necessary to consider the be-
avior of each colorant and the color reproduction behavior
f the relevant print process. We see therefore that commer-
ial solutions are often based on the colorimetric intent of
he output as specified by a reference printing condition or
CC output profile.

Up until recently, single channel, i.e., one-dimensional
one reproduction curves were used. A traditional approach
s to transform the source CMYK to the destination CMYK
y (1D) tone curves and color lookup tables. This method
pplies a blanket transformation and is generally unable to
ccurately transform colors with adequate colorimetric
ccuracy.
In order to create a reseparation it is possible to con-
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ider a CMYK to CMYK transform, using as the basis, an
xisting ICC profile or profiles. In an ICC color managed
orkflow, the color management module (CMM) uses the
2B, device to PCS (Profile Connection Space) table from a

ource ICC profile to convert a color from the source color
pace to CIELAB and then takes a B2A table (PCS to device)
rom a destination profile to convert the color from PCS to
he destination color space.2 This process ensures equiva-
ency of the original separation to the reseparation in terms
f colorimetric accuracy. We may describe this method as a

our-dimensional CMYK to CMYK lookup table that exists
s a well defined construct called an ICC device link profile.3

t should be noted that this approach utilizes source and
estination profiles to generate the device link profile, and

hus locks or “hard-wires” the source and destination color
paces, thus also locking the source and destination devices.

It is a general requirement in printing that we should
aintain K-only components such as black text, and should

ot separate text or other elements into “4-color black” for
easons of possible misregistration and poor color reproduc-
ion. Creating a device link ICC profile by simple concatena-
ion of separate source and destination ICC profiles does not
nherently preserve the K channel information. The A2B and
2A look-up tables in an ICC profile provide a valid con-
ersion of colors from device space to PCS, and from PCS to
evice color space, but have no constraints in terms of K. In

his instance a K-only pixel value is easily converted from a
inking value to CIELAB, and then possibly to a 4-channel

MYK inking value, so called “4-color black.” A solution to
his problem therefore, is to use a specialized or “smart”
MM that can preserve K for a limited number of colors by
apping those CMYK colors to some carefully chosen PCS

olors.
In summary we may say that different implementations

ave been developed to control K in CMYK to CMYK print-
ng including—generation of an ICC device link profile,
eneration of a proprietary device link profile, using a smart
MM, artificial intelligence, and others.4,5 There are many
ays to compute the new CMY:K ratio and once calculated

here are more ways to store that information and imple-
ent the solution in run-time applications. In this research
e did not implicitly examine the process used to create the

onversion, rather we evaluated the efficiency of each tech-
ology by analysis of the processed imagery.

A common practical reseparation implementation is to
pecify a base or starting ICC profile that determines the
olorimetric intent of the output, but does not have the
esired ratio of CMY to K in all pixels. The user is usually
equired to adjust the relationship between CMY and K to a
ew desired level using a GUI-based slider or other mecha-
ism and the software produces a new processing configu-
ation implemented via a hot folder, which processes image
les and ensures that the files produce the same color on
ress as the original but which have new CMY to K pixel
alue ratios.

In this research an appropriate ICC profile and refer-

nce printing condition were identified. Printing and colo- o

. Imaging Sci. Technol. 060504-
imetry were done in accordance with the GRACoL 2006
CC profile that represents the ISO 12647–2:2004 reference
rinting condition for Grade #1 paper. This ICC output pro-
le is provided by IDEAlliance and is freely available from

he ICC profile registry.6

CMYK pixel values can be converted to CIELAB using
he reference ICC profile. This operation can be done for
oth the original image and the reseparated image. The
elta E color difference between these two data sets can be

alculated as was done here. The Delta values are very low
hen we directly analyze a digital file, but progressively
igher as we evaluate accuracy in ink jet proofing and even
igher when considering the offset press run. When we ana-

yze only the nonprinted digital file, we see that the Delta E
ifference is very low, Delta E�1.0. For the digital analysis
e expect the color error to be low because the system being

ested will have used this same profile in order to determine
he new CMYK pixel values. The errors increase for images
hat are printed and measured. The figures presented here
re in accordance with the magnitude of errors normally
xpected due to ICC profile accuracy, interpolation, and
easurement variations.7

nk Optimization and Press Drift
n the early days of RGB to CMYK separation using scanner-
ased systems, there was less awareness of the impact and
elevance of the separation in the press room. While the
rinciples of black generation have been discussed and
ocumented a long time ago,8 these early publications were
nable to consider the modern press room. The separation
rocess was implemented at the scanning stage and opera-

ors would often choose a look-up table based, scanning
tyle file that directly produced CMYK pixel values. The pro-
ess was far removed from the press room. Today we are
uch more cognizant of the relationship between the

repress file and the implications on press. Ink optimization
educes the proportion of C, M, and Y in the midtones and
uarter-tones, and as C, M, Y inks may naturally vary in a
ress run, the reduced amount of these inks reduces the

mpact of any variations in the press operations. In order to
nvestigate and quantify this claim an offset press run was
onducted and the press was intentionally forced to drift.

isual Assessment
n this research reseparated, ink optimized images were
roofed on an ink jet proofer and also printed on an offset
heet-fed press. These prints were observed and rated by 11
xpert judges. There is a balance to be struck between ink
avings and color reproduction, including colorimetric accu-
acy. It is possible for a system to sacrifice absolute lowest
elta E in order to achieve some other image-wise effects. In

his research, data were obtained from each supplier system
ased on the GRACoL color space and typical “normal” ink
aving. Each system tested used a realistic ink reduction set-
ing that is typical to an end-user implementation and while
ot necessarily providing the maximum ink savings could be
sed for most types of images without introducing artifacts

r colorimetric inaccuracy. In a practical situation it is not

Nov.-Dec. 20103
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deal for an operator to change the ink optimization setting
or each image type, there should be a well-balanced con-
guration that provides reasonable savings and economies

or the majority of images without introducing any visual
rtifacts. There are different ways to approach the “ideal”
etting, it is possible to make a profile with either ink mini-

ization mode that limits as to how much a reproduced
olor can deviate from a requested color or a high accuracy
ode that ensures the color error will be minimized be-

ween the requested and reproduced color, regardless of the
mount of ink consumed.9

One of the parameters in most systems is the point at
hich black generation starts. A K start of 10%, means for

xample, that black will appear when CMY values are 10%
r more. The algorithms must consider this transition point,
nd must have an elegant implementation as the human eye
ill discern as a discontinuity any changes to a smooth tonal
radient in the image. An interesting feature of one of the
ystems evaluated in this research includes an area or “spa-
ial” control,10 whereby the system can be programmed to
gnore a single high pixel value but optimize that same pixel
alue when the spatial area of this pixel value crosses a
hreshold. Another way to use this particular interface is to
olerate a rectangle of print size 1�9 cm2 but detect and
rocess a 3�3 cm2 square even though the total areas of

hese two objects is the same. Thus a single or small number
f pixels that technically trigger the need for TAC reduction
nd reseparation may be ignored and thus avoid the risk of
reating a sudden discontinuity in an image that originally
ppeared blemish free.

enchmarking Supplier Systems
ne of the motivations for this research was to establish

echnical evaluation criterion and benchmarking statistics
or ink optimization technologies. Recent articles in the
rade press, conference presentations, and discussion forums
rovide an indication of the high level of interest in ink
ptimization solutions.11,12 There are financial reasons that
rive interest in this technology, printers are struggling in a

ough market place accentuated by the growing challenges
rom social media and internet based alternatives to conven-
ional print marketing and advertising. So we see that there
s considerable interest and urgency surrounding adoption
f this technology in the print media industry today.

There is little information in the peer-review literature
n ink optimization and with the absence of technical litera-
ure on the subject most suppliers have developed material
hat describes the benefits of ink optimization, see for ex-
mple a downloadable pdf report.13 The consumer is faced
ith an array of solutions and marketing material that they
ust view with a discerning eye. End users currently must

ely on marketing literature and decide how much to believe
rom marketing claims and counterclaims. It is helpful for
he consumer to have an independent, third-party, “con-
umer report.”

Every industry has a number of standards and specifi-
ations that provide a common benchmark; these can help

oth the consumer and the supplier. The motor car industry a

. Imaging Sci. Technol. 060504-
as crash ratings, highway, and city mpg, etc. In any testing
rocess it is important to measure parameters that are rel-
vant to users and consumers of the technology. It is appro-
riate, therefore, to begin to develop a series of test protocols
nd quality metrics for benchmarking of ink optimization as
pplied to offset and other forms of color printing. This
esearch identifies a number of test parameters and then
efines relevant test procedures, and finally applies those
rotocols to commercially available ink optimization sup-
lier systems.

There are a number of available solutions for ink opti-
ization from different manufacturers, research presented

ere helps users determine if ink optimization software is
ight for them and which of the many offerings best fits their
eeds. If a solution for example, provides maximum ink
avings, and cost is the only factor, then that may be the best
olution for a particular user, on the other hand if fine-
uning of the feature set, or colorimetric accuracy—the cli-
nt’s file must not change color—are more important, then
he user may chose a different solution. This research iden-
ifies the relevant questions to ask and provides an indica-
ion of the magnitude of answers to expect. Benchmarking is
lso useful for the supplier. The supplier gains competitive
nowledge and establishes target values to aim for and can
se these to continually improve the accuracy of their prod-
ct and extend the functionality of their solutions.

A good ink optimization system should be easy to inte-
rate into a prepress workflow and should be able to process
ither native files or more commonly today, PDF files. A
olution should maintain K-only components such as black
ext, and should not separate this into 4-color black. The
eseparation should not introduce anomalies in trapping,
egistration, overprints or gradients.

In 2008, an ink optimization study was undertaken by
ric Neumann at Printing Industries of America and pre-
ented at the TAGA Annual Technical Conference the fol-
owing year.14 That study analyzed RGB→CMYK separa-
ions and CMYK→CMYK reseparations but considered
nalysis of digital files only and not a press run. The re-
earchers but did not identify individual results, and in
nonymous ranking found ink savings of 17–27 %, for a
MYK-CMYK reseparation, which is in general agreement
ith that particular test in this research.

It should be noted that ink optimization and prepress
orkflow software is continuously changing and improving

nd the commercial data presented here is merely presented
o show some indicative numbers and a benchmark or snap-
hot of the industry at the present time. (Testing was con-
ucted at Ryerson University, Toronto, from January–May,
010.) It is inevitable in a survey of this type that some
endors appear to fare better than others, however this
hould not be taken as an endorsement of any particular
roduct or manufacturer; these numbers are only provided

o demonstrate a process and procedure for evaluation of
nk optimization technology. It is not possible to include
very system on the market, in this situation, the inclusion of
named supplier system does not in any way provide an

Nov.-Dec. 20104
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ndorsement, similarly if a supplier system is not included—
hat does not have a negative connotation.

In considering the following experimental results it is
seful to consider all the tests in a holistic manner. A solu-

ion could have good colorimetric accuracy, yet introduce
maging artifacts, or, greatly reduce inking amounts, for ex-
mple, but have poor colorimetry. Thus it is not adequate to
erely reduce the amount of CMY ink—when output on

roofer or press the image must still create the visual color
f the original. It is thus important to consider all tests to-
ether as they contribute to a full “report card,” akin to a
tudent in a class that has english, math, science, art—and

ust show competency in all areas in order to become a
uccessful candidate.

XPERIMENTAL DETAILS
hen interpreting and evaluating the provided data, the

eader should note that these numbers are based on a test
orm with specific content, and “actual results may vary.” In
eneral the amount of ink savings will depend on the con-
ent of the form and the settings chosen to create the sepa-
ation. It is important to note that the absolute values of the
ata shown in this research will depend on the images being
rocessed, the accuracy that is achievable on a real offset
ress and the instruments used in measurement and analy-
is. The same conditions, however, were used for all supplier
ystems so it is a level playing field when comparing the
ystems relative to each other.

The reader is also urged to consider not merely the
eight of the columns in each graph, but to also consider the
cale on the y axis. Often there may be a difference of �1.0
elta E, and it is well known that such small differences are
ot visually significant and are often dwarfed by variations

n ink jet and offset printing.

ptimization Control Strip
n the research we seek to determine a methodology to de-
ermine the colorimetric accuracy of an ink optimization
ystem. For calibration and colorimetric testing in color
rinting and proofing, it is customary to use the ANSI
T8.7/4 1617 patch target.15 The colorimetric values for this
arget are defined in different reference printing conditions.
ue to size limitations on the press sheet, it was not feasible

o print offset, an IT8.7/4 target for each system tested.
Instead of using a full IT8.7/4 target, another established

est target is the ISO IDEAlliance 12647–7 Digital Control
trip. This target is smaller in size, approximately 10�1�,
nd while this smaller control strip may be used to calculate
olorimetric accuracy of optimized and nonoptimized im-
ges, the patch values are not ideal. The IDEAlliance Digital
ontrol Strip contains 54 patches (which are largely con-

ained within the IT8.7/4 target). The patch values of the
igital Control Strip are intended for press and proofer cali-
ration and verification, and contain patches of single or
-color overprints, e.g., 100,0,0,0 or 100,0,0,60—not many
f the patches in the Digital Control Strip are expected to be
ffected by ink optimization.
Patches with values of CMYK (100, 0, 0, 0) or (100, 0, 0, s

. Imaging Sci. Technol. 060504-
0) for example, are not expected to be altered by ink opti-
ization solutions that are either not able to find a replace-
ent CMYK value and/or have an algorithm that directs the

oftware to ignore certain pixel values where it is not useful
o apply ink optimization. Most solutions, for example
hould ignore processing of black text and not convert black
nly text to 4-color black as this could introduce registration
roblems and/or other printing artifacts, as described earlier.
f the 54 patches in the Digital Control Strip, 46 patches do
ot contain CMY triplets and therefore are not expected to
e affected by any ink optimization solution. Worse, the
elta E of these patches on an ink jet or offset press will
rimarily represent the Delta E of the press and proofer
uctuations and instrument and measurement errors—and
ot the error introduced by the ink optimization software.
nly eight patches contain CMY triplets that would be sub-

ect to ink optimization. If only 8 patches are affected by the
rocess, it is not useful to attribute the Delta E to the opti-
ization process, as most of the error is attributable to

rinting and measuring errors.
In order to address this issue, a new 54 patch target

alled the Optimization Control Strip was constructed, Fig-
re 1. In the Optimization Control Strip, all 54 patches were
pecially chosen so that each patch contains CMY triplets
hat will be potentially affected by ink optimization software.
he new patches were chosen from within the GRACoL data

et and a full list of the CMYK values and corresponding
IELAB values for this specially designed control strip are

vailable on request.

nk jet and Press Test Forms
he study was based on processing Form A, Form B and
orm C, Figure 2. Form A was processed by each supplier
nd then proofed on an Epson ink jet printer. Form A was
lso used for digital analysis of ink coverage. Form B and
orm C were processed by each supplier before being
omposited onto a press sheet and printed offset. All files
ere CMYK PDF/X-1a and all color was intended for
RACoL #1.

The physical size of Form A was 22�34� and the file
ize was 283 MB. The file size is noted for a particular rea-

igure 1. For this research a 54 patch target called the Optimization
ontrol Strip was constructed.
on. In the original research plan, there existed the intention

Nov.-Dec. 20105
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o note the time it took to process the supplied files in the
ifferent systems. In a prepress workflow the ink optimiza-
ion stage should not introduce a lengthy delay in the pro-
uction process. During initial testing it became apparent

hat the time to process images was extremely small and
ffectively “real-time” processing was observed. In this con-
ext we chose not to further investigate this parameter only
o mention here that in conducting this experiment, real-
ime processing was observed.

Form B was printed offset and has a physical size of
0�8� and a file size of 95 MB. This form contains the
ptimization Control Strip, an image from the Altona Suite

or moiré, overprint gradients, pure vignettes, four-color im-
gery, and flesh tones.

Each vertical “slice” of Form C had a physical size of
�7.5�. The file size of each slide was 19 MB. C1 (left slice)
as a nonoptimized CMYK image—the “original.” C2

Figure 2. This research used three specially constru
A was proofed on an Epson 9900 ink jet proofer,
press.
middle) was an image optimized by the supplier with a

. Imaging Sci. Technol. 060504-
typical” setting. C3 was a slice also optimized by the sup-
lier, but with a different level of ink saving usually with
ore aggressive ink savings.

mount of Ink Saving
s each supplier creates a new separation of the supplied file,

here is the opportunity to reduce the amount of expensive
MY inks and create a new CMYK combination that creates

he same visual color on press but with a lower amount of
xpensive CMY ink. A fundamental test parameter to evalu-
te is—by how much does each supplier reduce the CMY
nk amount?

To test the reduction in CMY inks, the CMYK file Form
, was provided to each supplier. The “before” and “after”

ersion of Form A from each supplier was evaluated by im-
orting the image into MATLAB (version R2009b). The inking

evel in each pixel for C-M-Y-K is summed and the total is
ivided by the number of pixels in the image,

MYK forms containing standard test elements. Form
orms B and C were printed on an offset sheet-fed
cted C
while F
Nov.-Dec. 20106
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Cyan area coverage, C =

�
i=1

n

C%

n
, �1�

Magenta area coverage, M =

�
i=1

n

M%

n
, �2�

Yellow area coverage, Y =

�
i=1

n

Y%

n
, �3�

Black area coverage, K =

�
i=1

n

K%

n
, �4�

here n is the total number of pixels in an image and C%,
%, Y%, K% are the pixel values in each of the four

hannels.
The CMYK ink volume is thus given by

CMYK ink volume = C + M + Y + K . �5�

n this test no printing or proofing was done; this test was
ased only on digital analysis of the processed file. This test
as conducted by measuring the CMYK values of the “origi-
al” Form A and comparing those values to the form after it

Figure 3. Form A had a C+M+Y coverage of nea
of C+M+Y inks to 45–60 % ink coverage.
as been processed by each ink optimization solution. The

. Imaging Sci. Technol. 060504-
overage for each channel and total percentages for all chan-
els was computed and graphed.

Each supplier’s data are then plotted as shown in Figure
. In this graph a lower number for the C+M+Y column is
etter as it represents less use of expensive CMY inks which
ave been replaced by black ink. In Fig. 3 we see that the
tarting version of Form A had an average C+M+Y cover-
ge of nearly 90%, and that after CMYK→CMYK process-
ng most suppliers reduce this amount to 45–60 % ink cov-
rage. It is relevant to note that this is not the amount of ink
avings rather this is only the change in C+M+Y ink cov-
rage of the form before and after the ink optimization
rocess.

An important factor that is evident in Fig. 3 is the rela-
ive amount of CMY inks compared to K ink. For a true
eturn on investment (ROI) and “bottom line” calculation it
s necessary to consider the differential in price between
MY and K inks and the run length of the job. The typical

etail cost of an economy ink set for sheet fed is around
15–18/pound for each of the process inks and web fed inks
re around $7–8/pound.16 An ROI calculation may be an
asier way to communicate the impact of ink savings to a
rint shop owner.

The data shown in Fig. 3 can be expressed in a different
ay. If we take into account the fact that a system reduces
MY inks but to do so increases the black ink then it is
ossible to create a graph of “change in total volume,” Fig-
re 4. Fig. 4 shows how much change has occurred when we
ompare the C+M+Y+K of the original separation with
he reseparated file. We see that the overall total volume
hange in ink consumption is reduced by 17–30 %. Real-
orld ink savings have been measured to give another 5%

; after processing most systems reduce the amount
rly 90%
Nov.-Dec. 20107
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avings in ink weight as measured on a controlled web press
hen tests were performed at RIT for a print job containing

ypical content.17

There are other cost advantages that can be considered.
he use of less volume of ink has practical advantages. It is
ossible to use a lighter weight paper for the job; the drying
ime of the press sheet is reduced so the job can be turned
round quicker, this reduces storage costs; the job can be
nvoiced quicker; we may consume less energy when using
n inline dryer, etc. So the ROI calculation can include many
actors that are not immediately obvious and when we begin
o consider all the cost savings of ink optimization we begin
o draw a very compelling argument for this technology.

elta E Colorimetric Change
basic assumption in ink optimization is that the colors in

he image are unchanged from the original file. In other
ords, during reseparation we have found a new CMYK

ombination this has used less ink but ideally does not result
n any change to the color when this file is printed. In this
est, we estimate the colorimetric change that occurs from
he application of ink optimization using (i) the IT8.7/4
arget contained in Form A via analysis of the digital file (ii)
roofing and measuring of the IT8.7/4 target on an Epson
900 ink jet proofer and (iii) via printing and measuring the
ptimization Control Strip on a ROLAND 700 offset press.

In order to analyze the Delta E in the digital file, the
MYK pixel values in the original target were converted

rom CMYK to CIELAB using the GRACoL ICC profile and
he absolute colorimetric rendering intent. Next we repeated
he process with a target that had been optimized by each
upplier’s system. We computed Delta E(2000) between the

Figure 4. This graph shows that the new separati
CMY ink volume compared to the original file. The
IELAB values predicted by the original target and com-

. Imaging Sci. Technol. 060504-
ared those to the values extracted from the supplier opti-
ized version of the IT8.7/4, Figure 5 (left). Note that we

id not use the characterization reference file, but instead a
ore realistic result that incorporates interpolation errors.

Fig. 5 (left) shows the average Delta E(2000) based on
617 patches. As no printing and measuring was involved,
e see Delta E values that can be very low and in the order
f �0.5. It is also of interest to provide an indication of the
aximum errors that may occur in the IT8.7/4 sample set,

o in order to present an indication of the outliers that have
high Delta E we plot Delta E at the 90th percentile.

The Delta E in the IT8.7/4 target is expected to be low
ecause the primary method to determine a new CMYK
alue is to use an ICC output profile to determine the new
alue, so this test is just a repeat of that process, and serves
s a “sanity” check before images are proofed or run on
ress. Another reason for the low Delta E in Fig. 5 (left) is

hat there are no errors due to printing or interinstrument
greement.

Figure 5 (right) shows the Delta E for the IT8.7/4 target
n Form A when printed and measured on an Epson 9900

nk jet proofer, using a certified proofing RIP and processes
hat fall within certification tolerances. Delta E was com-
uted between the target on each optimized proof and the
RACoL reference data set. In this test we determine the

olorimetric change that occurs from the application of ink
ptimization—during proofing. In general, we expect the
esults from the middle graph in Fig. 5 to be similar in
ature to the top graph. The reason to show the target on an

nk jet proofer is that we seek to better demonstrate to the
nd-user that the effect of ink optimization is to reduce the
mount of CMY inks without changing the printed

ted by each system used between 17–30 % less
is is based on Form A.
on crea
Nov.-Dec. 20108
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olor—so it is necessary to print the images. Fig. 5 (right) is
n terms of average and 90th percentile, Delta E (2000) based
n 1617 patches. In this figure it is important to note that
he nonoptimized ORIGINAL form also has some Delta E
rror. The ORIGINAL IT8.7/4 is merely the standard target
ith CMYK values as specified by the CGATS standard.14

he error in the ORIGINAL represents systematic errors due
o the inevitable variations introduced by the ink jet proof-
ng and measuring process and thus provides a baseline for
he other results in this graph.

Just as we assume that ink optimization should intro-
uce no color change in the digital file or on the ink jet
roof, similarly we expect the color should be unchanged on
ress. The ultimate destination of most images in printing is
n offset press therefore it was important to verify the results
hen printed on an offset press. To obtain colorimetric data

rom the offset press, Form B was used. Colorimetry was
etermined from the Optimization Control Strip patches
the IT8.7/4 could not be included on the press form due to
ize limitations). The optimized versions of Form B were
ssembled onto an offset press form and run on press. One
f the images in Form B was an nonoptimized, original im-
ge, measurement of this image provides the first column in
ig. 5 (bottom). In each case, the press sheet was measured

Figure 5. Test targets were optimized by each syst
the values created by each system was computed
shown for three situations—analysis of digital file �l
�bottom�. It is clear to see that printing and measur
nd Delta E between these values and the GRACoL data set t

. Imaging Sci. Technol. 060504-
as computed. Note that on press, each set of images is
ligned below different ink keys and that each image (in-
luding the nonoptimized image) was compared to
RACoL.

The nonoptimized part of the form provides an indica-
ion of the Delta E deviation from the GRACoL data set
hich will give us information on how close the printing is

o GRACoL, while the Optimization Control Strips provide
n indication of the performance of each solution. If ink
ptimization creates more accurate printing on press, it is
onceivable that the ink optimized images could show lower
elta E than the original.

It is important to note that even the nonoptimized
riginal image, has some Delta E error, the error in the
RIGINAL column represents systematic errors due to the

nevitable variations introduced by the offset printing pro-
ess. The values in the Optimization Control Strip were di-
ectly extracted from the GRACoL reference data file, so if
he printing was exactly to GRACoL, the ORIGINAL col-
mn would show Delta E=0. The fact that the Delta E�0 is
xpected and acceptable as no press can print exactly to any
pecified print condition such as GRACoL, in our case. The
ata in the ORIGINAL column is very useful as it represents

he tolerance or “error bar” that should be used to interpret

lorimetric error between the GRACoL numbers and
and 90th percentile Delta E �2000� analysis is

jet proofing �right� and from the offset press sheet
duces significant errors.
em. Co
. Mean
eft�, ink
he other data in this graph. Using this argument we can say

Nov.-Dec. 20109
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hat the columns for each supplier system are not expected
o be �3.0 Delta E due to the practical impossibility of
reating exact GRACoL printing on an offset press. In the
ider sense, this result also provide information to answer

he question—how close (colorimetrically) can a press run
e to a given data set?

As we are trying to measure the effect of ink optimiza-
ion, Fig. 5, left, right, and bottom, are based on the similar
nderlying data, and only differ in the manner we have
roofed or printed the images. We conclude, therefore, that

he increased errors—as we go from digital image analysis
nly, to ink jet proofing to offset printing—are due to the
ariations in the printing and measurement process. As
entioned above, the data are variable in terms of absolute
easurements, but relative to each other the data provides

n accurate depiction. Whichever measurement is chosen,
he data shows that for the systems evaluated, ink optimiza-
ion can create ink savings without changing the printed
olor.

valuation of Press Stability
here is anecdotal evidence that ink optimization reduces

he proportion of C, M, Y in the midtones and quarter-
ones, and as C, M, Y inks may naturally vary in a press run,
he reduced amount of these inks reduces the impact of any
ariations of the press.

To verify this statement we used Form C, and changed
he target density on the press sheet from the optimum set-
ing. The press was initially run at the normal GRACoL
arget density and CIELAB values. After the press had stabi-

Figure 6. A press was run was conducted with
Measurement of the Optimization Control Strip was
optimization, second column in each case, is show
the non-optimized target �first column in each case�
ized the print density was changed via the press console’s

. Imaging Sci. Technol. 060504-1
nk keys to simulate variations or drift in ink density. While
number of press variations were conducted, in this section
e describe the analysis of one of those variations in which

he press was changed by +0.2 magenta density units. A
ovel procedure was developed to measure the colorimetric
tability afforded by ink optimization during press drift.

To contend with the considerable fluctuations present in
he offset printing process, a novel procedure was developed
sing Form C, Fig. 2. The left-most strip on Form C was a
efault separation or starting image, the middle strip was
eparated with typical ink optimization setting, and the
ight-hand strip was a supplier separation with different
usually more aggressive) ink optimization setting. The right
and slice can be ignored for the present discussion. The
trips were combined and assembled onto a press form and
ut on press. The press was changed to simulate a drift of
0.2 magenta density. The press sheets visually showed a

eddish color cast in the left most image, but in most results
neutral reproduction in the middle image of Form C.

We seek to measure and document the relative stability
f the middle image due to ink optimization. In order to
emonstrate the change due to ink optimization we mea-
ured the left image (nonoptimized or “original”) target in
erms of CIELAB—for each system tested. We computed a
elta E between these values and the GRACoL reference
ata set. This is the first column in each case of Figure 6, and
epresents the inherent accuracy in that part of the press
heet. Next we measured the CIELAB values of the 54
atches contained in the middle (optimized) part of the

orm. We computed Delta E between the middle patch val-

ally 0.2 higher density in the magenta channel.
red to the GRACoL reference values. The benefit of
lower Delta E when compared to measurement of
intention
compa
n by a
Nov.-Dec. 20100
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es and the GRACoL reference data set. This is shown as the
econd column in each case of Fig. 6.

In order to interpret the data in Fig. 6, we can say that
ccuracy of the printing in that local area of the press sheet
s depicted by the first Delta E column in each case, and this
rror is due solely to the print process. This is different for
ach system as it is based on their position on the press
heet. What is important in Fig. 6 is whether the supplier
ptimized image (the second column) shows an improve-
ent in Delta E, i.e., a lower Delta E, which suggests that the

ptimization process created images with a combination of
MYK that showed less color variation when the press was
ade to “drift.” If the Delta E is lower in the second column
e can infer that the optimized image showed less warm,

eddish color cast compared to the original, and that in a
eal press situation the optimized image would be more
table and less susceptible to press density variations.

A result introduced on this press sheet is a separation
sing Adobe Photoshop CS4 (first pair of columns in Fig. 6).
s each test image already included the nonoptimized target,
e could use a spare slot on the press sheet to make a

eparation in Adobe Photoshop using the Convert to
rofile�Custom CMYK. A custom separation was made
sing as the solid ink values the CMYK GRACoL end points.
his separation shows an increase in Delta E which shows

hat Photoshop was not a very efficient ink optimized
olution.

isual Analysis of Press Sheets
n order to be successful, ink optimized images need to pre-
erve the look of an unoptimized image. If the quality of the
ptimized images is reduced, the results will be unacceptable

Figure 7. Eleven experienced professionals judged
cal ranking of Form B as compared the nonoptimiz
o many print buyers. A number of the above sections have

. Imaging Sci. Technol. 060504-1
valuated the colorimetric accuracy of ink optimization, but
ften the real test is—do the images look good? Measure-
ent values are useful, Delta E is indicative of expected er-

ors, but at the end of the day, the real litmus test is for
rinters and users to see real images on real press sheets.

A group of experts were invited to visually evaluate off-
et press sheets containing printed Form B. Form B was cut
o approximately letter/A4 size. The supplier information
as removed from the sheets to make them anonymous. We

onducted anonymous reviews with prepress professionals
n Chicago, New York and Michigan.

To review the images, each judge was provided with
nstructions and a grading grid. An interesting variation in
his test was the blind inclusion of a duplicate original, to see
ow the judges unwittingly compared an original to an
riginal! Each judge scored each form on a 1–10 scale and
he results for all of the experts were complied and averaged,
igure 7. The graph is based on 11 observations. The judges
pinion in general was very consistent, the tabulated data
howed very little variation.

The optimized images were compared to unoptimized
mages in terms of highlight detail, shadow detail, flesh
ones, color cast, gray balance, gradients, overprints, moiré,
rtifacts and overall similarity to the original image. While
ll judges were instructed to use standard D50 lighting
ooths the judging was not conducted as a controlled ex-
eriment. During an initial analysis the good visual quality
f all systems on the press sheet was noted. It was also noted
hat the systems were very similar to each other. In this
ituation the time and cost expense of undertaking a formal
anking and judging experiment was considered
nnecessary.

rinted Form B. Judges provided anonymous numeri-
inal. The maximum score possible is 80.
offset p
Nov.-Dec. 20101
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It is a verification of the process that the ORIGINAL
hen compared anonymously to another copy of the origi-
al was ranked highly. It is even more interesting to note

hat one solution was judged to be marginally better than
he original—FineEye ICEserver.

etamerism Testing
etamerism is caused by interaction between the pigments

f printing inks and the viewing light source.18 If we change
he amount of colored (CMY) inks in the make up of a color
his could affect the metameric properties of the print. We
eek to determine if the image will change color under dif-
erent illuminants. Is the optimized image more or less

etameric compared to the unoptimized print? In creating
nk optimization algorithms, we seek to determine if a sys-
em considers the spectral properties of the inks or simply
olorimetric accuracy.

In this test we used spectral measurements from the
ptimization Control Strip printed on the offset press sheet.
he Optimization Control Strip was measured using an
-Rite i1i0 in spectral mode, and the spectral data were

onverted to L�a�b� (D50) and L�a�b� (F2). Finally Delta E
verage between these two data sets was calculated. The
elta E between L�a�b��D50� and L�a�b��F2� for the
noptimized image was also computed.

The average Delta E (2000) between the two data sets
as in the order of 2.5. We noted that most suppliers have

ery similar results however the solution from ppi media had
slightly lower Delta E than other systems and this could

ndicate some algorithmic consideration for metamerism of
rinted samples.

ISCUSSION
he tests show that ink optimization works—the systems are
ble to process files in real time, the new optimized files have
ower CMY values, reduce ink consumption on press, are

ore stable on press, yet files still retain colorimetric accu-
acy to the original.

In particular the research considered digital analysis of
he separation of a CMYK file, before and after ink optimi-
ation processing. The overall reduction in ink volume and
raphs were presented to show that ink optimization proce-
ures can provide between 17–30 % savings in ink volume,

or the test form used in this research.
There are other cost advantages that can be considered.

he use of a lower volume of ink has practical advantages.
he ROI calculation can include many factors that are not

mmediately obvious and when we begin to consider all the
ost savings of ink optimization, we begin to draw a very
ompelling argument for this technology.

One of the methodologies developed in this research
as the Optimization Control Strip. While a number of es-

ablished test targets already exist (IT8.7/4, IDEAlliance
igital Control Strip), many of the patches in these targets

re not expected to be affected by ink optimization. A new
arget called the Optimization Control Strip was con-
tructed, in which all 54 patches were specially chosen so

hat each patch contains CMY triplets that will be potentially p

. Imaging Sci. Technol. 060504-1
ffected by ink optimization software. The new patch values
ere chosen from within the GRACoL data set.

The Delta E accuracy with which a system can reduce
he inking level yet still provide color accuracy on output
as measured. For a digital file the Delta E(2000) can be
uite low, �0.5. Due to variations in printing and measur-

ng, when the same data is computed from an ink jet proof
r offset press sheet, the error is higher.

There is anecdotal evidence that ink optimization re-
uces the proportion of C, M, Y in the press image and as C,
, Y inks may naturally vary in a press run, the reduced

mount of these inks reduces the impact of any variations of
he press. In this research it was reassuring to clearly dem-
nstrate this principle and show that in most systems a

arger color cast was evident in the unoptimized press image
hile optimization reduced the color cast by 1–1.5 Delta E
hen compared against the GRACoL reference values.

Other useful tests developed in this research included a
ystem to evaluate the metameric influence of ink optimiza-
ion. An “informal” visual analysis of the results was con-
ucted using 11 prepress professionals from within the USA.

While ink optimization includes many of the aspects
and benefits) of UCR and GCR there are new parameters
hat are incorporated into this technology concept. Some
mportant new aspects of ink optimization include equaliz-
ng TAC when dealing with imagery from disparate sources,
dentification and computation of cost savings, relationship
o ink savings on press, aspects of ROI—both in ink savings
nd also in “collateral” aspects such as drying time and dry-
ng energy, quicker turn around time, etc. methods for black
reservation and image processing techniques that consider
patial area sensibilities.

One of the motivations for this research project was to
stablish some criteria and benchmarking statistics. There is
ittle information in the peer-review literature and end users

ust rely on marketing literature. These data and the asso-
iated consumer/user level report—IPA Ink Optimization
oundUP—provide reputable, independent data. Studies of

his nature improve prepress technologies and allow the
echnology to grow and be applied beyond only offset litho-
raphic printing, to fit, for example, the vastly variable print-
ng requirements of the newspaper industry.

This research identified a number of test parameters
nd then defined relevant test procedures and finally applied
hose protocols to commercially available ink optimization
ystems. The intention was not to rank or identify “best”
ystems but to explore the state-of-the-art as it relates to ink
avings and press performance. The commercial data pre-
ented here are merely presented to show some indicative
umbers and a benchmark or snapshot of the industry at

he present time.
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