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1
PRINTING PRESS

FIELD OF THE INVENTION

The invention relates generally to printing, and more
particularly, the invention relates to the creation of a profile
from a press and the management of ink on a printing press.

BACKGROUND OF THE INVENTION

A recent development in printing technology is the pro-
cess of profiling hardcopy printing devices. In the profiling
of hardcopy printing devices, a broad selection of color
patches is printed that samples the entire printing gamut. The
colors of these patches are measured. The measured color is
then used to either modify the colors of a proof such that the
proof matches more closely with the printed product, or to
modify the colors produced on press of the printed product
such that the product matches more closely with the target
colors.

Currently in order to profile a gravure printing press, a
special and costly test run is required to produce the test
target.

A factor that can effect a printing press profile is the
coating on the paper stock which can have a large influence
on ink color printed. Other factors such as paper color and
ink formulation also have an effect on the color printed on
the paper. Further, the profile of a given press gradually
changes over time, and may require constant and frequent
updating. Updating a profile is a costly and time consuming
process.

In a typical gravure printing press, concentrated ink and
solvent are mixed in a sump. The concentrated ink includes
pigments, varnish, wax, surfactant and the like. The solvent
is used to thin the concentrated ink to a proper consistency.
Factors that effect color on a gravure press include the
variety of sizes of the gravure cells, the pigment concentra-
tion of the ink, and the viscosity of the ink/solvent mixture.
Among the effect associated with the viscosity of the ink/
mixture is that less viscous mixture leaves the gravure cells
and transfers to the paper much more readily than mixture
that is more viscous. Specifically, variations in viscocity will
have an effect on the highlight cells. An increase in viscocity
will reduce the amount of ink released from a highlight cell
far more than the same increase in visocity will effect the ink
released from a shadow.

Further, solvent is generally volatile, and therefore, has to
be replenished frequently. As a result, gravure presses are
equipped with a control mechanism to maintain a constant
viscosity of the ink and solvent mixture through the addition
of solvent.

When a float valve coupled to the sump senses that the
volume of ink has dropped below a predetermined level, the
printing press will perform a dump process. In the dump
process, a controlled amount of ink is added to the sump
through the float valve.

Viscosity control mechanisms generally employ some
variation of a Zahn cup or the like as a viscometer. The
viscosity of the ink is determined by measuring the time
required for a measured amount of the ink to pass through
a small precision orifice. For example, the pressure of the ink
activates mechanical switches used for timing the egress of
the ink. Alternatively, an emitter-detector pair and associated
electronics perform the same function. Other applications
use a hydrometer to measure a specific gravity of the ink that
is directly related to the viscosity of the ink.
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In addition to viscosity, ink temperature can also have an
effect on gravure press color. As ink temperature rises, ink
generally becomes less viscous. As the ink and solvent
mixture becomes less viscous, the highlights and shadows of
the print work will be affected. Since high pressure at the nip
and the high speed of a gravure print cylinder create heat, a
temperature control mechanism is typically used to control
the temperature of the ink in the range of about 70° F. to
about 80° F. The control mechanism generally consists of a
controlled flow of chilled water through pipes that weave
back and forth through the sump.

More specifically, several different print parameters are
controlled in a gravure press. One of these parameters is the
optical density of the shadows of the print work. Another
such print parameter is the optical density of the highlights.
The ink concentration and the viscosity of the mixture will
generally affect these parameters. Particularly, the concen-
tration affects the shadow of the print work. On the other
hand, the viscocity affects mainly the color of the highlights.
However, prior ink control systems incorporate ink density
control but do not deal adequately with viscosity control.
This does not allow for adjusting ink to the proper formu-
lation in order to achieve proper highlights and shadows.

In some gravure printing presses, there exists the ability
to combine three fluids in the ink fountain: a concentrated
ink, a solvent, and an extender. The extender is essentially a
concentrated ink without the pigment. By mixing the con-
centrated ink and the extender on press, it is possible to meet
the particular needs of a variety of customers without
specially pre-mixed formulations.

The addition of the three fluids on such a gravure press is
typically controlled at two levels. In the sump, a viscometer
controls the addition of solvent to make up for the rapid
evaporation of the solvent. A level indicator controls the
addition of ink. If the ink level drops below a certain point,
fixed volumes of concentrated ink, extender and solvent are
added, respectively. In general, a press operator sets the
relative volumes of these fluids at the beginning of a printing
run. However, while the blending of the mixture is auto-
matic, a pressman is required to monitor the print work, to
modify and to set the mixture when necessary.

SUMMARY OF THE INVENTION

The present invention includes a method for the collection
of a profile of a printing press during a production press run.
The method includes printing a colorbar onto a web during
a production press run and measuring the color of a plurality
of the color patches within the colorbar to provide a profile
of the press. In designing the colorbar, several factors are
considered. Exemplary design factors include the need to
sample the entire ink color gamut, the need for landmark
patches for each ribbon of the web for quality control and
diagnostic purposes, the desire for contiguous patches to be
dissimilar in reflectance, and the handling of webs with
narrow widths. The press profile also includes press data
such as time, date, paper type, ink formulation, ink tem-
peratures, ink viscosity, customer, press identifier, and the
like. By acquiring press profiles during production runs of
the press, profiles can be obtained inexpensively and under
numerous printing conditions.

The present invention provides a method for profiling a
printing press. The method includes adjusting ink color on a
first production press run, measuring the ink color printed on
the web, storing the measured ink colors in a first profile, and
repeating the process to create profiles for preferably all
subsequent production press runs. Each profile preferably
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includes information on the printing conditions during each
press run and preferably the ink color is measured from a
colorbar printed on the web using a video-based measuring
system.

The present invention provides a method for the collec-
tion of a profile of a printing press. The method includes
printing a colorbar onto a web during a production press run,
and measuring the color of a plurality of color patches within
the colorbar to provide a profile of the printing press.
Furthermore, the method also includes storing the profile in
conjunction with data pertaining to the printing conditions
during the press run.

The present invention provides a press printing method.
The method includes acquiring the profiles of a single press
under varying printing conditions, and storing the profiles
for subsequent retrieval. The method also includes selecting
one of the stored profiles, and using the information in the
selected stored profile in a current press run to produce a
printed product having an actual ink color that closely
matches a desired ink color.

The present invention provides a second press printing
method. The method includes acquiring the profiles of a
single press under varying printing conditions, storing the
profiles for subsequent retrieval, selecting one of the stored
profiles, and using the information in the selected stored
profile to produce a proof of a printed product.

The present invention provides a method of printing. The
method includes printing a colorbar onto a web during a
production press run, and measuring the color of a plurality
of the color patches within the colorbar to provide a profile
of the printing press. The method also includes using the
information in the profile for quality control purposes and/or
diagnostic purposes such as to identify engraving miscali-
bration and to identify problems with the functioning of the
doctor blade.

The present invention provides a method of controlling
ink color in a gravure printing press. The method includes
printing a colorbar onto a web using a gravure press, and
measuring the ink color of a plurality of the color patches in
the colorbar. The method also includes using the measured
ink color to make adjustments to the proportions of concen-
trated ink and solvent in an ink fountain of the gravure press.
In one embodiment, the proportions of any extender are also
adjusted and all adjustments are made without operator
intervention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of a gravure press;

FIG. 2 is a perspective view of a gravure printing cylinder
illustrating a typical layout of pages;

FIG. 3 is a perspective view of a signature;

FIG. 4 is a perspective view of a color measurement
system,

FIG. 5 is an exemplary layout of a portion of a full gamut
colorbar;

FIG. 6A is an exemplary screen showing a plurality of
tone values of a specific ink across eight ribbons;

FIG. 6B is an exemplary screen showing a parabolic trend
of tone values across eight ribbons;

FIG. 7 is a flowchart of a proof generation process;

FIG. 7A is a schematic of a web offset printing press;

FIG. 8 is a flowchart of a printing process;

FIG. 9 is a table of color control responses;

FIG. 10 is a graph illustrating a relationship between
viscosity, and highlight and shadow; and
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FIG. 11 is a graph illustrating a relationship between
pigment concentration and highlight and shadow.

Before any embodiments of the invention are explained in
detail, it is to be understood that the invention is not limited
in its application to the details of construction and the
arrangement of components set forth in the following
description or illustrated in the following drawings. The
invention is capable of other embodiments and of being
practiced or of being carried out in various ways. Also, it is
to be understood that the phraseology and terminology used
herein is for the purpose of description and should not be
regarded as limiting. The use of “including,” “comprising,”
or “having” and variations thereof herein is meant to encom-
pass the items listed thereafter and equivalents thereof as
well as additional items. Unless limited otherwise, the terms
“connected,” “coupled,” and “mounted” and variations
thereof herein are used broadly and encompass direct and
indirect connections, couplings, and mountings. In addition,
the terms “connected” and “coupled” and variations thereof
are not restricted to physical or mechanical connections or
couplings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 illustrates a four-color, single-sided gravure press
100. The gravure press 100 includes a paper roll 102 feeding
a web 104 into a first print unit 108A. The first print unit
108A includes a gravure cylinder 112 rotating in an ink
fountain 116 where ink 118 fills engraved cells in the
cylinder 112. A doctor blade 120 scrapes the cylinder surface
such that only ink residing in the engraved cells is available
to the web 104 in the printing process. The web 104
proceeds from the gravure cylinder 112 to a dryer unit 124,
where the ink 118 on the web 104 is dried. More specifically,
each of the cells on the cylinder 112 comes directly into
contact with the ink 118 in the first gravure print unit 108A.
Thereafter, the cells will be filled with the ink/solvent
mixture 118 to be transferred to the web 104. Before the
ink/solvent mixture 118 is transferred to the web 104, a
doctor blade 120 removes any excess mixture so that the
cells store precisely the required amount of mixture 118
when the cylinder 112 is in contact with the web 112. This
process is repeated for each of the three other illustrated
print units 108B, 108C and 108D. In a typical operation
cyan, magenta, yellow, and black inks are sequentially
applied.

Gravure printing presses have a variety of applications,
such as advertising materials (flyers, catalogs), packaging
and magazines. An exemplary layout of printing templates
for the production of a magazine on a gravure cylinder 112
is shown in FIG. 2. The web 104, passing around the gravure
cylinder 112, is generally cut into a plurality of contiguous
page ribbons 250. As detailed hereinafter, each ribbon 250
can be folded into at least one signature. For example, a
signature may include eight pages from two ribbons. Pages
are generally laid out such that a foot of the page parallels
an edge of the web 104. Typical cylinder width ranges from,
but is not limited to, about 55 inches to about 108 inches. For
example, a 96-inch cylinder allows for eight ribbons across
the web 104.

A conventional folder is used to cut and fold the web 104
after it is printed. When the web 104 enters a folder, the web
104 is cut circumferentially with a slitter between pages
thereby forming a plurality of cut page ribbons 250. For
example, pages 201, 202 and others around the cylinder 112
will be on a first ribbon, and pages 203, 204 and then around
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the cylinder 112 will be on a second ribbon. Each ribbon 250
is then cut generally between every other page laterally into
a plurality of signatures 254. The cutoff in the previous
example will be performed before page 201 and after page
202. This allows pages 201 and 202 to remain connected,
and have a fold there between.

FIG. 3 illustrates a signature 254 with a fold 304. Each
folded signature 254 often includes a narrow region of paper
which is trimmed once a print product made up of the
signatures 254 has been bound. An exemplary region is Y&
inch wide around the edge of the signature 254 as indicated
in dotted lines in FIG. 3. There are generally three types of
regions including a head region 308, a foot region 312, and
an edge region 316.

According to the present invention, a colorbar and pref-
erably a full gamut colorbar can be printed in the edge region
316 and later trimmed. In the event that the print product is
to be perfect bound, the colorbar may also be printed at the
fold 304. For a 55-inch web, a ¥4 inch wide by 55-inch long
region is available for a placement of a colorbar. If the
colorbar is made up of patches which are % inch circum-
ferentially and %io inch laterally, there will be space for 550
patches on the 55-inch web.

In one embodiment, the plurality of color patches making
up the full gamut colorbar will be measured directly on press
during a production run of the gravure press using a video-
based monitoring system 400 as shown in FIG. 4. The
monitoring system 400 generally includes a plurality of
strobe lights 404 and a camera 408 mounted away from the
print units 108A, 108B, 108C, and 108D (of FIG. 1). The
monitoring system 400 includes a conventional processor
412 and a conventional user-interface 416. While a gravure
press is used to describe the embodiment, the present
invention is also applicable in other printing presses such as
web offset printing presses.

Once the camera 408 has acquired an image of the
colorbar, the RGB values of the image are converted to their
colorimetric equivalents using a transformation equation as
follows:

0.868 0.046 0.115 0.042 0.074 0.084 -0.136
0.425 0.527 -0.012 -0.059 -0.031 0.031
-0.017 0.064 0.976 0.031 -0.003 0.000 -0.039 -0.054

X
Y
z

However, it should be noted that other methods for trans-
forming the RGB values to their colorimetric equivalents
can also be used. The coefficients of the transformation
matrix depend upon the specifics of the spectral response of
the camera 408 and the strobe light 404 used, as well as the
reflectance spectra of the ink 118 on the print work.

To incorporate the full gamut colorbar of different
patches, several design considerations are taken into
account. For example, the need for sampling the entire
printing gamut, and for landmark patches for each ribbon or
ink key zone have to be considered. Another design factor is
the arrangement of the different patches such that contiguous
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patches are viewed as dissimilar by a camera. Furthermore,
the width of a web should be considered carefully. Although
only four design factors are described, other factors such as
the type of print work and the like, can also be considered.

With respect to the first consideration, it is desirable for
the color patches of the colorbar to include all the available
printed colors thus defining a full gamut colorbar. For
example, the colorbar may include patches at each of five
tone values (0%, 25%, 50%, 75%, and 100%) for each of the
four inks (cyan, magenta, yellow and black) for a total of
5x5x5x5=625 patches. However, the color change between
shades of any non-black added to a 100% black is very
small, while the color change when mixing nearly equal
amounts of cyan, magenta and yellow is fairly large. In one
embodiment, CYM space is sampled at seven tone values for
each of the three inks for a total of 7x7x7=343 patches. In
addition, CMYK space is sampled at three tone values for
each of the four inks while not sampling black (or, K=0),
which requires a total of (3—-1)x3x3x3=54 patches. If more
accuracy is required for a fixed number of patches, other
CMYK space sampling schemes may be used.

Turning now to the second design consideration for the
colorbar, when a gravure cylinder 112 is engraved, each
ribbon 250 is typically engraved with a different engraving
head. While separate engraving shortens the time to engrave
the entire cylinder 112, it may introduce engraving head
calibration differences. The calibration differences can inter-
fere with the uniformity of ink resting in and releasing from
the cells of the cylinder 112. Using a colorbar that covers the
width of the web 104 is dependent upon the gravure press
producing the color. Since the entire gravure cylinder 114
rests in a single ink fountain 116, uniformity of ink across
the web 104 is generally provided. For example, a 5% tone
value in one ribbon 250 should produce a similar 5% tone
value in another ribbon along the same cylinder 250. How-
ever, calibration of the individual engraving heads can
disrupt the ink uniformity. For example, unevenly engraved
cells will draw more or less ink than others, thereby creating
a nonuniform spread of ink between ribbons. It is therefore

ED

R2
G2
0.039 ]| g
RG
RB
GB

desirable to verify the accuracy of the engraving head
calibration of each cylinder 112.

The landmark patches serve as a quality control for the
imaging of the gravure cylinder 112. Miscalibration of the
engraving heads is detected by organizing the colorbar such
that each ribbon 250 has a set of landmark patches that can
be compared across the web 104. For example, each ribbon
250 may have a 100%, a 75%, a 50% and a 25% patch of
each of the four inks. With eight page ribbons 250 on a
typical 96-inch web 104, a total of 128 landmark patches
will be required. If the measured ink color values for any of
the landmark patches fall outside certain predetermined
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limits, a profile will not be generated for that production
print job. The landmark patches provide an early indication
of a calibration problem in an engraving head. Furthermore,
the landmark patches serve as a diagnostic tool for the press
100. For example, if the doctor blade 120 is worn or cocked,
the measured ink colors of the landmark patches will show
an ink trend across the web 104. The miscalibration of the
engraving heads or other engraving head issues can then be
stored as a part of the profile over time. The tracking
therefore provides how the engraving head performs in a run
over time.

In the case of a web offset printing press, it is necessary
to engineer a very thin layer of ink to present to a printing
plate, and there is no mechanism at the plate to limit and
control the thickness of the ink that the plate will take up. A
series of rollers or ink train is thus installed to spread the ink
to a uniform and controlled thickness. However, the ink train
generally separates the ink source from the printing plate. As
a result, the precise quantity of ink required at the printing
plate is regulated at the intake of the ink train with a set of
ink keys. The ink keys are individually calibrated and are
usually deployed laterally across the width of the first roller
in the ink train. Therefore, the overall ink uniformity across
the width of the web is not generally assured.

Consequently, color control devices are used to provide
some uniformity with the ink keys. The color control devices
are generally configured such that a press operator will have
to establish a plurality of ink key zones where different
degrees of color saturation can be adjusted, which further
contributes to the inconsistent ink levels across the web.
Therefore, it is difficult to compare the measurements from
different parts of the web because of all the different error
contributing factors. For example, the differences between
two halftone dots of the same color may be due to the
printing plate on the first dot, and the lateral position of the
second dot.

As a result, the use of one set of landmark patches per ink
key in a web offset press may be necessary. Specifically,
depending on the application requirements, the landmark
patches may consist of, for example, a solid patch and a 50%
tone value patch for each of the inks. Alternatively, the
landmark patches may consist of a plurality of 60% tone
value patches of all available inks. Details of such are
described hereinafter.

Turning now to the third design consideration for the
colorbar, another factor is the rate at which the patches are
recognized. It is desirable to have dissimilar adjacent
patches in terms of respective reflectance values detected by
the camera 408, and more particularly as seen through a
single channel of the camera 408. As a result, a patch
arrangement algorithm is used to ensure that reflectance of
adjacent patches are dissimilar. First, a test target containing
all the patches is printed. The reflectance of these patches in
one channel, for example the green channel, of camera 408
is measured and recorded. However, measuring and record-
ing the reflectance of patches can be time consuming and
costly. Alternatively, the patch reflectances can also be
estimated based on prior profiles. Once the reflectance
values are obtained, the list of reflectance values and the
corresponding patch numbers is sorted from the highest
reflectance value to the lowest.

Once an order of patches is established, the ordered patch
list is subdivided into three lists including a high list of
patches with the highest reflectance, a low list of patches
with the lowest reflectance, and an in-between list of patches
with the rest of the reflectance values. A first patch is
selected from the top of the high list. A second patch is then
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selected from the top of the in-between list. A third patch is
then selected from the top of the low list. A fourth patch is
then selected from the second highest reflectance in the high
list. The arrangement process continues by selecting the next
high reflectance from the lists in a round-robin fashion.

An example of the algorithm is demonstrated as follows.
In a simplified printing scenario, it is assumed that a total of
six patches are required. The reflectance values are 1) 0.314,
2) 0.728, 3) 0.462, 4) 0.197, 5) 0.026, and 6) 0.392,
respectively. Once the list is sorted by reflectance, the new
ordered listis 2) 0.728,3) 0.462, 6) 0.392, 1) 0.314,4) 0.197,
and 5) 0.026. The high list thus contains patches 2) and 3),
the in-between list includes 6) and 1), and the low list
contains 4) and 5). The re-shufiling then yields the following
order: 2) 0.728, 6) 0.392, 4) 0.197, 3) 0.462, 1) 0.314, and
5) 0.026. In this way, adjacent patches differ in percentile of
reflectance by either 33% or 67% and therefore differ
sharply in reflectance.

These ordered patches are thereafter inserted into areas
where no patch is printed, and preferably clumped together
such that the system 400 can concentrate on these patches
during the makeready process.

Other algorithms may be used to order the color patches
to ensure dissimilarities between adjacent patches. In par-
ticular, when more color channels are used, other sorting
algorithms or additional steps to the exemplary algorithm
can be employed. Furthermore, a monitoring system 400
capable of distinguishing fine intensity levels may not
require any patch ordering.

Turning now to the fourth design consideration for the
colorbar, it may be desirable to utilize a full gamut colorbar
accommodating a different number of patches for smaller
web widths. If so, a colorbar can be developed for the
narrowest web and utilized for all other web widths. While
a smaller colorbar means less data points are available, the
data points will be consistent from one printing job to
another. The entire set of landmark patches is still preferably
printed on each of the ribbons 250.

Under some conditions, the regions of signature 254 as
shown in FIG. 3 may be too small to accommodate a
colorbar or a reasonable subset of the patches, or the printed
material may have no trim region. On the other hand, print
material such as magazine, catalog, or bound print work, has
a fair amount of trim that can be used for color patches.

Commercial printing conditions that require special atten-
tion include insert work such as coupon printing, and print
work that requires a narrow web. In the case of insert work,
which is not typically bound, the print work is generally not
trimmed. In the case of the narrow web print work, while
there is room for a colorbar, the amount of room is typically
limited. As a result, only a small number of patches can be
accommodated in the trim region. Non-commercial printing
that may have little or no room for a full gamut color include
textile printing, and wallpaper printing.

In the case of an offset printing press where typical web
offset printing web ranges from 38" to 57", a plurality of ink
keys will control the amount of ink releasing onto the web.
Offset printing presses often require the press operator to
adjust each ink key individually, which may further lead to
uneven ink distribution across the web. In general, the ink
keys are 40 mm wide, and there are 40 ink keys positioned
laterally across the web. Each ink key can accommodate
about 15 patches. Therefore, a total of 600 patches are
available. However, each ink key contains a set of landmark
patches to ensure uniformity across the web. For example, if
only a 100% tone value or solid patch and a 50% tone value
or halftone patch are used for each color, each ink key will
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have a total of eight patches used for the landmark patches.
As a result, there is only space for seven patches left. That
is, a total of 280 patches are left for the full gamut colorbar
across the web. Depending on applications, less landmark
patches may also be used to accommodate more color
patches. In one embodiment, a 70% tone value patch is used
for each color employed. In this way, 440 color patches can
be printed across the web. If there is insufficient room for all
the patches required, a representative set of patches will be
used, and the intermediate CMYK values can be estimated
by interpolating between actual values of the selected
patches.

In the absence of a colorbar, the equivalent of the colorbar
can be determined from the print work using prepress
information. In other words, a press profile is established
from the actual print work rather than from a specially
designed colorbar. Specifically, the collection of a press
profile from the print work includes at least two processes.
The first process is generally done during, but not limited to,
a pre-press process. The second is generally done at, but not
limited to, a press process. These processes are detailed
hereinafter.

Among other things, the prepress process selects sample
areas from the print work where accurate measurements can
be made. The prepress process also determines whether the
print image in a given run is sufficiently colorful for a profile
to be taken from the print work. For example, a sufficiently
colorful print image will consist of a wide enough sampling
from a CMYK space or a wide enough combination of inks
printed on the print work. Furthermore, the prepress process
also generates a digital likeness of the print image that can
be used as a roadmap to locate the same sample areas in an
acquired image of the print work. However, when the print
work does not have a wide enough combination of inks, the
profile generation will be terminated for the run.

To obtain an accurate measurement from a print work, the
sample area has to be sufficiently large. Specifically, the
measurement area has to be large enough to encompass a
plurality of halftone dots. Densitometric standards generally
recommend a measurement area of at least ten times the
halftone spacing. For example, in a typical commercial print
work, the halftone dots are 0.19 mm apart, so a sample area
of 2 mm by 2 mm is recommended.

Furthermore, to obtain an accurate measurement from the
print work, the sample area has to have color consistency.
However, there may not be a lot of large areas with consis-
tent color. As a result, small areas with consistent color are
practically acceptable. In some cases, patches smaller than 2
mm by 2 mm can be used if measurements of the corre-
sponding areas are averaged over multiple impressions.

Another consideration for providing accurate measure-
ments is that the color of the region immediately surround-
ing a sample area has to be reasonably close to that of the
actual sample area. Specifically, the color of a surrounding
image is known to affect the color of an area, particularly
when the area is small. More specifically, the reflected light
from a particular sample area scatters laterally in all direc-
tions to within a specific distance of the sample area, for
example, 0.5 mm. As a result, the color of the area within a
specific distance of the sample area has to be within a
specified tolerance of the color of the sample area.

Once the suitable sample areas have been identified,
determination is made as to whether the collection of sample
areas is adequate for the creation of a press profile. Since the
CMYK space is practically made of a plurality of requisite
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profile points, the next step is to determine if the requisite
profile points can be obtained from the existing sample
areas.

In one embodiment, for each of the requisite profile points
in the CMYK space, a list of the sample areas is searched for
a closest sample area to the requisite profile point. An
example of a closeness measurement is the Euclidean dis-
tance between the points in CMYK space. As a result, there
is a computed distance for each of the sample areas to a
closest requisite profile point.

Once all the distances have been determined, the maxi-
mum of these computed distances will be compared against
a predetermined limiting distance. If the maximum com-
puted distance is greater than the predetermined limiting
distance, the collection of sample areas will be considered
inadequate for generating a press profile. In this case, no
profile will be generated from the print work. Otherwise, if
the maximum computed distance is less than or equal to the
predetermined limiting distance, the collection of sample
areas will be considered adequate for generating a press
profile.

In another embodiment, an existing press profile can be
used to estimate partial derivatives of the relationship
between the C, M, Y and K tone values and the correspond-
ing L*, a* and b* values. The appropriate derivatives can be
used to determine the interpolation error for any interpola-
tion scheme. For example, the error in linear interpolation is
largely proportional to the second derivative, and can be
obtained with a Taylor’s series. More specifically, given a
plurality of sample areas, and a particular interpolation
scheme, an interpolation error can be estimated for every
requisite point in the CMYK space. The error estimate can
thereafter be compared with a maximum colorimetric error
to determine whether the set of sample areas is accurate.

Furthermore, the prepress process also estimates [ *a*b*
values from the CMYK values for all pixels at a resolution
comparable to the online image. The L*a*b* estimates are
then used to generate a template image. During the press
process, the template image is used to locate the sample
areas in the image acquired online.

Besides the prepress process, the collection of the profile
from the print work also requires a press process. In the press
process, a color measurement device is used to measure
color on the web 104. Specifically, the color measurement
device measures the color from a print work. Examples of a
measurement device include spectrophotometer and video
camera that is specifically configured so as to measure color.

In one embodiment, the video camera takes pictures of the
moving web 104 to acquire images of all the sample areas.
Subsequently, color processes that provide colorimetrically
accurate measurements are performed on the acquired
images. Examples of color processes include scattered light
correction and nonlinearity correction. The processed
images are aligned against the template images. From the
alignment information, the position of each of the sample
areas in the acquired image can be determined. For each of
the sample area positions, a corresponding [*a*b* value is
determined. An estimate of the L*a*b* value at each of the
requisite CMYK profile points is thereafter determined
using interpolation to generate the profile. For example, a
tetrahedral interpolation can be used to determine the
L*a*b* estimates.

FIG. 5 is an exemplary layout of a portion of a colorbar
500 according to the present invention. In this example, each
patch 504 has a width 508 of 0.06", and a length 512 of 0.1".

The colorbar monitoring system 400 has a plurality of
three programmed modes of operations including a
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makeready mode, a run mode and a profile storage mode. In
each of the three operating modes, diagnostic information of
the printing process is provided.

The makeready mode is primarily used as an aid during
the makeready process. In the makeready mode, the moni-
toring system 400 scans only the landmark patches. The
monitoring system 400 reports or displays three indicators
graphically for each of the inks on the user-interface 416, a
monitor or other display devices.

The first indicator relates to the presence of an anomalous
ribbon that may indicate an engraving head calibration
problem. In general, a single landmark patch being outside
of'a certain predetermined tolerance window is an indication
of an anomalous ribbon. An exemplary screen 520 is shown
in FIG. 6A. The screen 520 shows a plurality of cyan
pigment values across eight ribbons R, -Rg, (522-536). For
each set of cyan values, a tolerance window is shown. For
example, a cyan tolerance window 540 shows the patches
that are to reflect a cyan value of 25% is within a predeter-
mined tolerance for all ribbons. However, window 542
shows the 8th ribbon, 536. R; 536 has a cyan value that is
outside of the predetermined tolerance for 75% tone value.
This often indicates a miscalibration of the engraving head
used to engrave the 8th ribbon, Ry 536. Although the cyan
values are shown with uniform increments, one of ordinary
skill in the art would appreciate that the increments can also
be non-uniform as well.

To determine the tolerance window 540, 542, a mean or
an average of all the landmark patches of the same type is
determined. The tolerance window is then set based on the
average and a preset tolerance. An alternative is to set the
tolerance window based on a distance between the mean and
a standard deviation. For example, if the pixel value is
within two standard deviations of the mean, the pixel value
is considered acceptable. When an anomalous ribbon is
indicated, a press operator will determine if the print cylin-
der or the blade is to be changed or replaced. In yet another
embodiment, the anomalous ribbon indicator is computed
from the density measurements of the landmark patches.
Furthermore, colorimetric measurements may also be used.
In the case of a web offset printing press, there is a plurality
of indicators representing a same number of ink key zones
across the web. Each indicator then displays either graphi-
cally or numerically whether an ink key is properly con-
trolled.

Moreover, a plurality of engraving heads uses diamond
styli to carve the cylinder 112. The engraving process is both
time-consuming and costly. In particular, the edges of the
diamond stylus wear or chip over time. When the diamond
stylus has worn or chipped edges, the engraving accuracy
will be degraded. For example, the engraving head will not
reach its desired cell depth. A shallow cell will affect intake
ink volume thereby affecting the eventual print color. A
change of color in a particular ribbon may therefore indicate
a miscalibrated or a problematic engraving head. Although
the change of color may be subtle, a profile that keeps track
of the color change over time may provide an adequate
indication on the wear of the engraving heads.

The second indicator relates to the presence of a linear or
parabolic trend in the color across the cylinder, which
indicates a potential doctor blade problem. An exemplary
screen 550 of the trend is shown in FIG. 6B. Screen 550
shows that high numbered ribbons developed a parabolic
trend for all tone values. The trend is usually indicative of a
blade problem. Generally, a linear or parabolic curve fit is
performed on each predetermined tone value of correspond-
ing landmark patches. A trend may be detected when the fit
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is outside a predetermined threshold, or when the fit shows
a given probability of having a trend when compared with
standard statistics. In one embodiment, the trend indicator is
determined from the landmark patch density measurements.
However, colorimetric measurements may also be used.

In the case of a web offset printing press, a trend shown
in the display normally indicates an adjustment may be
necessary either with the dampening system or with the ink
keys. When there is a consistent trend for all tone values, the
ink key may require adjustment. When a trend is a relative
trend, the dampening system may require adjustment. A
trend is relative when some of the tone values in a first set
are outside a first tolerance window while a second set of
tone values is within a second tolerance window. For
example, when all the solid tone values are within a solid
tolerance window, and some of the halftone values are
outside a halftone tolerance window, a relative trend is
developed thereby requiring possible adjustment of the
dampening system. A relative trend below the tolerance
window indicates a need to limit the water supply at the
dampening system, specifically at the zones involved. On
the other hand, a relative trend above the tolerance window
indicates a need to supply more water at the dampening
system, specifically at the zones involved. In general, the
50% tone value or halftone window provides an adequate
indicator of such trend.

The third indicator shows whether the landmark patches
are within a predetermined tolerance window for color.
However, the predetermined tolerance window varies from
one printing job to another depending on the print conditions
and customer preference. In one embodiment, the third
indicator uses the same tolerance window that is used by the
first indicator, that is, the tolerance window is print color
statistically derived. Yet in other embodiments, the tolerance
window is print work dependent but color statistically
independent. For example, a high quality print work pre-
scribed a tight tolerance window that is independent of the
color actually printed.

Turning now to the run mode of the monitoring system
400, this mode serves primarily as a quality assurance aid
during the normal run of a print job. In this mode, the
monitoring system 400 continuously scans for the entire set
of color patches, comparing the ink color measurements of
these patches with some standard set of color measurements
for each patch. An average difference between an acquired
patch color and the target patch color over all the patches is
generally reported throughout the run mode as a function of
time to determine how well the entire run has held color
quality. The difference may also be an accumulated mean
over the time of the entire run.

Another useful quality assurance statistic for the press
operator is an overall under-saturation or over-saturation
condition statistic for each of the inks, which can be is
determined as follows.

First, the measured patch color is defined as {L,,a,,b;} and
the target patch color as {[,4,,6,} for the i-th color patch
where 1=i1=n. The difference between the target patch color
and the measured patch color is therefore a color error
vector, {[,-L,4,-a,b,~b,}. The color vector represents
changes in both direction and magnitude in the color space
that the measured patch color needs to have to match the
target patch. Thereafter, an estimate of the amount of change
in a particular pigment is determined. The change estimate
also determines the change that may occur in a particular
patch.

A solid ink vector describes the change in color space
from a blank paper to the application of a nominal pigmen-
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tation of a solid or full tone patch. For each of the inks used
in the printing press, one vector is used to represent one solid
color. In a four-ink printing press, the solid ink vectors for
cyan, magenta, yellow and black are {L_-L,.a.-a,.b.~b,},
{L,-L,..a,-a,,b,-b,}, {L,-L,.a-a,b-b,}, and {L,-
L,,a,~a,,b,~b, }, respectively, where w, ¢, m, y, and k
denote white, cyan, magenta, yellow, and black, respec-
tively.

Some assumptions are made in evaluating the error vec-
tor. For example, it is assumed that the change in pigmen-
tation is in the direction of the solid ink vector and that the
magnitude is a proportion of the relative change in pigmen-
tation level. If the pigmentation level at time t is p,, and at
time t+1 the level has changed to p,,,, the change in color
for a solid patch with a single ink can be estimated as
follows:

Pr+1

E2
{Ls = Ly, a5 — @, bs = byl = B 2

{Ls = Ly, as = a, bs — by},

t

where S denotes a solid color. Alternatively, Equation (E2)
can also be expressed as follows:

{Ls = Ly, as = @y, bs = byl = ALs = Ly, as — a, bs = by}, = (E3)

(pr+1 — P )

Pr

{Ls — Ly, as — ah, bs — byl

The estimation made by Equations (E2) and (E3) are rea-
sonably close to the actual change under normal conditions.
However, when the magenta ink is highly pigmented,
increasing the pigmentation will not result in an increase in
chroma, but rather a shift in hue to red. In the case of a web
offset press, the amount of change will be referring to a
change of an ink film thickness controlled by the ink keys.
Hereinafter, whenever pigmentation level or concentration
is used in a gravure press, it will be understood that the
parameter can be referred to as ink film thickness in a web
offset printing press.

To determine a halftone change, the following prediction
formula is used:

Ly = Ly, @y = G, by — by} 1y — ALy = Ly ap — oy, by = b, = (EA)

(pr+1 — P

g Wew = L an = @y, b1 = b,
t

where H denotes a halftone color. If it is assumed that a
halftone color vector is a scaled version of the corresponding
solid vector, with the scaling factor being the tone value of
the i-th patch, an estimation of a halftone change is as
follows:

{LarL, aa,,by=b,} A ONLs-L,, a5-a,,b5=b,,}, (E5)
where f(v,) is a tone value function of the patch, and v, the
tone value of the patch. In one embodiment, f(v,)=v,. In
another embodiment, f(v,)=vv,.

Substituting Equation (ES) into Equation (E3), the color
change in a single ink halftone patch, based on the change
in pigmentation, the tone value and the color of the solid
patch is obtained as follows:
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{Ly = Ly, @ = Gy b1 = by} = ALty = Ly G = @4y, by = by}, = (EO)

(%)ﬂw){k - Ly, as — a,, bs — by},

Note that Equation (E6), which is an estimate of the change
in halftone color, requires only knowledge of the solid
colors.

To estimate a color change in a patch with more than one
ink, and when the pigmentation of one ink is changed,
Equation (E6) can still be assumed to applicable. That is, the
presence of additional ink in a patch does not appreciably
interfere with the estimation of color change.

{Lg = L, GG = Gy, be = by —1La = Ly, aG = ay, b= by}, = €D

(PP kL = L a5 = bs b,

where G denotes patch with a general mixture of inks.

When the color change occurs in a patch that consists of
a plurality of inks, and the pigmentation of all the inks are
changed, the estimation can be obtained from adding all the
individual changes as follows (assuming that the changes are
additive):

{Lg = Lw» ac = @y, bg = byl 1o =L = Ly, ag — aw, b = bk, = (E8)

(M]f(vi,c){Lc =Ly, ac = ay, bc = by}, +
Pc:
Pu i+l — Pu,
(¥]f(vi,M){LM =Ly, ap — ay, by = by}, +
Pu,
(M]f(vi,Y){LY =Ly, ay = ay, by = by}, +
Py
PK+1 — PK,
(%]f("i,l(){lzk =Ly, ag — ay, bg — by},
*

where f(v,,x) is the i-th tone value function of color x, and
where xe{C,Y,M,K}. That is, the estimate of color change is
a sum of all the individual solid color changes. With the
blank paper component {L ,a b } cancelled out, and sub-

stltutlng ISC:pC,HlsISY:pY,H-.IsﬁA/I.:pA/.I,Hls and ISK:pK,Hls the
following color change estimation is obtained:

(E9)

Pc-pc,
Cpc r]f(\’i,c){Lc =Ly, ac — ay, be = by}, +
3

Py — Pu,
M—W]f(vi,M){LM = Ly, am = Guy, by = by}, +

]f(Vi,y){Ly =Ly, ay = ay, by = by}, +
Py:

ﬁl( — Pk,
Pkt

]f(Vi,K){LK =Ly, ag — ay, bx — by},

where 1=i=n. Equation (E9) is a set of n equations in four
unknowns, which can be solved, for example, by least
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squares. The solution to Equation (E9) can then be used to
decide upon the appropriate new levels. The parameters (P,
PasPy and pg) can also serve as indications of the quality of
a printing run. In particular, a run chart of these parameters
is an indication of the degree that the print job was over
inked or under inked. The standard deviation of these
parameters can be used as an overall weighting. While the
estimation is developed based on the assumptions as men-
tioned, other color change estimation techniques can also be
used. For example, a plurality of successive profiles is
generated. Between successive profile generation, a color
adjustment is made. Based on the adjustment made and the
measurements of color in the successive profiles, a deriva-
tive of color change with respect to the pigment concentra-
tion for each ink at each profile point can be estimated.

Subsequently, an overall saturation value for all pixels of
a particular color is determined as follows. For example, the
overall saturation for the cyan ink is

bc - PC,r]

Soveratt,c = (
Pc:

The overall saturation values for the rest of the colors are
similarly determined. A positive value for S, ,; indicates
that the overall color for a particular ink is over-saturated, a
negative value indicates that the overall color is under-
saturated, and a zero value indicates a properly saturated
color. Note also that S,,.,,, may be either positive or
negative. The target pigment concentration for each of the
patches may be predetermined for a particular job, or may be
established by measurement of the patches taken at the time
of printing.

Furthermore, a median tone value of the prepress image
is retrieved. The prepress image median is subsequently set
as a tone value threshold. Tone values of the acquired image
that are lower than the median are grouped and considered
as highlight values. Tone values of the acquired image that
are higher than the median are also grouped and considered
as shadow values. The saturation of the highlight of a
particular color is therefore determined based on the group
of below-median valued pixels. For the cyan ink, the high-
light saturation is

Pc- PC,r]

Shightight,C = (
Pce

For the yellow ink, the highlight saturation is

Py — PY,r]

Shightigh =(
ghlight,Y
Pys

For the magenta ink, the highlight saturation is

ﬁM _PM,r]

Shightight M = (
PM
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For the black ink, the highlight saturation is

ﬁl( - PK,:]

Shightight,k = (
Pk

Even though the median is used dividing the pixels into two
groups, other sorting methods can also be used too. For
example, pixels with tone values higher than 60% can be
considered as shadows, and pixels with tone values lower
than 40% can be considered as highlights.

The saturation of the shadow of a particular color can
similarly be determined based on the above-median tone
valued pixels. For the cyan ink, the shadow saturation is

ﬁc - PC,r]

Sshadow,c = (
Pcy

For the yellow ink, the shadow saturation is

ﬁy - PY,r]

Sshadowy = (
Pys

For the magenta ink, the shadow saturation is

Pu _PM,r]

Sshadow,t = (
Pum

For the black ink, the shadow saturation is

Pk — PK,r]

Sshadow,k = (
Pk

In general, a low S, is an indication that either the
ink is too viscous, or the electrostatic assist is not ejecting
the ink from the cells properly. In such case, the highlights
are washed out. A low highlight value can also be indicative
of'a low pigmentation level. Similarly, a high highlight value
may indicate that the viscosity of the mixture is low, or the
pigmentation level is too high. On the other hand, the
pigmentation level affects the shadow values more than it
affects the highlight values. If the pigmentation level or the
saturation of the pigment goes up, the shadow value will go
up sharply with a small increase in the highlight value. It
should be noted the values Of S, ;,,, and S, ..., generally
represent the richness of a color in a lighter tone, and of a
color in a darker tone, respectively. While the values of

i A0A S 550, can be determined with the estimation and
assumption described above, it will be understood that other
estimation techniques can also be used to derive the tone
values. For example, weighted least squares can be used to
estimate the values of Sy, ,,., and S0,

The monitoring system 400 may also optimally correlate
the time of the addition of fluids to the ink with the time of
scans. In particular, it may be desirable to know if the
addition of fluids occurs midway during a scan across the
web. If this occurs, the entire scan is preferably invalidated,
since the initial patches of the scan were printed at the


















