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(57) Abstract: A web press system including a first printbar, a first sensor, a second printbar, a second sensor, and a controller. The
first printbar prints first user content on a first side of a web of media. The first sensor senses a pattern on the web of media and
provides first sensor data as the first printbar prints the first user content. A second printbar prints second user content on the first
side of the web of media. The second sensor senses the pattern on the web of media and provides second sensor data as the second
printbar prints the second user content. The controller determines an amount of expansion of the web of media in a direction perpen -
dicular to a web advanced direction based on the first sensor data and the second sensor data and modities printing performed by the
second printbar based on the amount of expansion.
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MODIFYING PRINTING BASED ON CROSS-WEB
DISTORTIONS

Background

[0001] Printing presses reproduce text and images on a print medium.
Typically, a printing press deposits ink on paper to reproduce text and images.
Often, printing is carried out in a large-scale industrial process for publishing
and transaction printing. One type of printing press is a web press.

[0002] Usually, a web press prints on a continuous substrate or web of media,
such as a roll of paper. A web press can print on one side or both sides of the
web of media. Some web presses include a separate print engine for printing
on each side of the web of media.

[0003] In a web press system, the web of media, such as paper from a roll of
paper, moves through the web press on a series of rollers. One or more print
engines deposit printing fluid on the web of media and drying units dry the
printing fluid on the web of media. After printing, in post-processing, the web of
media is processed into books, papers, maps, pamphlets, magazines, or other

suitable formats.
Brief Description of the Drawings
[0004] Figure 1 is a diagram illustrating one example of a web press system that

compensates for cross-web expansion and reduces cross-web color to color

misalignment.



WO 2015/016900 PCT/US2013/052982

[0005] Figure 2 is a diagram illustrating one example of a web press system that
compensates for cross-web expansion and cross-web shrinkage of a web of
media, reducing cross-web color to color misalignment and distortion in absolute
dimensions of the printed text and images.

[0006] Figure 3 is a diagram illustrating one example of a duplex web press
system that compensates for cross-web expansion and cross-web shrinkage of
a web of media, reducing cross-web color to color misalignment, distortion in
absolute dimensions of the printed text and images, and front to back
misregistration of the printed text and images on the web of media.

[0007] Figure 4 is a diagram illustrating one example of a web press system that
includes two marking systems.

[0008] Figure 5 is a diagram illustrating one example of a web press system that
includes one marking system.

[0009] Figure 6 is a diagram illustrating one example of a web press system that
provides duplex printing.

[0010] Figure 7 is a flow chart diagram illustrating one example of a method of
web press printing that compensates for cross-web expansion in a web of media
[0011] Figure 8 is a flow chart diagram illustrating one example of a method of
web press printing that compensates for cross-web expansion and cross-web

shrinkage of a web of media.

Detailed Description

[0012] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
of illustration specific examples in which the disclosure may be practiced. It is to
be understood that other examples may be utilized and structural or logical
changes may be made without departing from the scope of the present
disclosure. The following detailed description, therefore, is not to be taken in a
limiting sense, and the scope of the present disclosure is defined by the

appended claims. It is to be understood that features of the various examples



WO 2015/016900 PCT/US2013/052982

described herein may be combined, in part or whole, with each other, unless
specifically noted otherwise.

[0013] Some printing presses, including some web presses, employ inkjet
technology for depositing printing fluid on a print medium. These inkjet
technologies include thermal inkjet printing and piezoelectric inkjet printing. In
inkjet printing, the printing fluid is deposited on the media and fluid in the
printing fluid is evaporated from the media resulting in dried text and images on
the media. Often, the printing fluid is an aqueous based ink that includes water
holding ink pigments and the media is paper.

[0014] During inkjet printing, the media may expand as the printing fluid is
deposited on the media and shrink as the printing fluid and media are dried.
Media distortions, such as expansion and contraction of the media, in the cross-
web direction, usually, result in a net shrinkage of up to 1%. Thus, a 42 inch
(107 centimeter (cm)) wide roll of media, such as a 42 inch wide roll of paper,
may shrink about a half inch (1.3 cm) in width.

[0015] Media expansion is dependent on the type of media and the type of
printing fluid. In situations where the media is paper and the printing fluid is an
aqueous based ink, expansion is dependent on the direction of paper fibers and
the amount of ink (or water) deposited on the paper as well as the paper type
and thickness.

[0016] Media expansion creates cross-web color to color misalignment. In
industrial printers, such as web presses, different ink colors are applied
sequentially, one after another, on the media with a delay between applications
of different colors. The media expands between applications of different colors,
such that the different colors are not aligned with one another, referred to as
cross-web color to color misalignment, which reduces image quality.

[0017] After depositing the printing fluid on the media, fluid is evaporated from
the printing fluid using techniques such as drying. The media shrinks as it is
dried, where the settings of the dryers, the amount of fluid deposited on the
media, and the media type are factors that influence the amount of shﬁnkage.
[0018] Media shrinkage creates front to back cross-web misregistration and

distortions in the absolute width of the printed text and images on the web of
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media, also referred to as overall absolute dimension problems. In duplex
printing systems, side A of the media is printed and dried and then side B of the
media is printed and dried. The width of the media shrinks a first time in
response to the drying of side A and the width of the media shrinks a second
time in response to the drying of side B. Thus, user content on side A of the
media shrinks a first time in response to the drying of side A and a second time
in response to the drying of side B, and user content on side B shrinks only in
response to the drying of side B. This results in different user content widths on
side A and side B of the media, referred to as front to back cross-web
misregistration.

[0019] In another aspect, the resulting absolute width of user content may be
narrower than the originally intended width. In some applications, such as map
making, accurate dimensions are required and a net shrinkage results in the
map scale being distorted, such that distances measured on the map do not
reflect real distances.

[0020] The present disclosure provides techniques for measuring expansion and
shrinkage of the media and compensating for distortions dynamically, i.e., while
printing user content on the media. By measuring expansion and shrinkage of
the media, systems described in the present disclosure compensate for cross-
web color to color misalignment, front to back cross-web misregistration, and
absolute dimension distortions, which increases the quality of the printed text
and images.

[0021] Figure 1 is a diagram illustrating one example of a web press printing
system or a web press system 20 that compensates for cross-web expansion
and reduces cross-web color to color misalignment. Web press system 20
measures cross-web expansion of a web of media 22 and modifies printing on
the web of media 22 based on the measured cross-web expansion. Web press
system 20 measures the cross-web expansion and modifies printing as it
continues to print user content text and images on the web of media 22, without
slowing down or stopping the printing process.

[0022] Web press system 20 includes a first printbar 24, a first sensor 26, a

second printbar 28, a second sensor 30, and a print engine controller 32.First
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sensor 26 includes two narrow field of view sensors, top sensor 26a and middle
sensor 26b, communicatively coupled together via communications path 34.
Also, second sensor 30 includes two narrow field of view sensors, top sensor
30a and middle sensor 30b, communicatively coupled together via
communications path 36. First printbar 24, first sensor 26, second printbar 28,
and second sensor 30 are each communicatively coupled to controller 32 via
communications path 38. In other examples, first sensor 26 includes one wide
field of view sensor and/or second sensor 30 includes one wide field of view
sensor.

[0023] The web of media 22 moves in a web advance direction 40, which is from
right to left in Figure 1 and referred to as moving downstream, through web
press system 20. Also, moving from left to right in Figure 1 is referred to as
moving upstream through web press system 20. The web of media 22 moves
downstream through web press system 20 and past first printbar 24, first sensor
26, second printbar 28, and then second sensor 30. In one example, the web of
media 22 is paper from a roll of paper.

[0024] The web of media 22 includes a pattern 42 printed at intervals in the web
advance direction 40 on the web of media 22. Pattern 42 includes a top pattern
42a and a middle pattern 42b. Top pattern 42a is situated toward the top of the
web of media 22 and middle pattern 42b is situated at about the centerline 44 of
the web of media 22. In the initial or original position of pattern 42 on the web of
media 22, which is the position of pattern 42 on the web of media 22 before
passing by first printbar 24, top pattern 42a is located a known distance from
centerline 44 and middle pattern 42b in a direction perpendicular to the web
advance direction 40, referred to as the cross-web direction 46. Pattern 42 can
be any suitable pattern, such as straight lines that are parallel with the web
advance direction 40 or curved lines in the shape of targets. In other examples,
pattern 42 can be a single pattern strip that extends from centerline 44 toward
the top or bottom of the web of media 22.

[0025] Pattern 42 is situated on the same side of the web of media 22 as the
user content text and images, and the first and second sensors 26 and 30 are

situated on the same side of the web of media 22 as the user content text and
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images to detect pattern 42. In other examples, pattern 42 is situated on the
other side of the web of media 22, opposite the user content text and images,
and the first and second sensors 26 and 30 are situated on the other side of the
web of media 22, opposite the user content text and images, to detect pattern
42.

[0026] Pattern 42 can be either visible to the eye or invisible to the eye. In one
example, pattern 42 is provided on the web of media 22 via a marking system
(not shown for clarity) that is upstream of first printbar 24. In one example,
pattern 42 is printed with infrared ink. In one example, pattern 42 is printed with
ultraviolet ink. In other examples, a pattern is printed on the web of media 22
via a printbar, such as printbar 24. In other examples, different types of patterns
can be used, such as micro-holes or embossed media.

[0027] First printbar 24 includes one or more printheads and each printhead
includes one or more printhead chips or die (not shown for clarity). Printing fluid
and electrical signals are provided to each of the printhead chips to deposit
printing fluid on the web of media 22. In one example, first printbar 24 includes
thermal inkjet printhead chips. In one example, first printbar 24 includes
piezoelectric inkjet printhead chips.

[0028] First printbar 24 deposits printing fluid on the web of media 22 as the web
of media 22 moves through web press system 20. First printbar 24 deposits any
suitable color of printing fluid on the web of media 22. The web of media 22
expands due to the printing fluid deposited on the web of media 22 by first
printbar 24. In one example, first printbar 24 deposits ink on the web of media
22. In one example, first printbar 24 deposits an aqueous based ink on the web
of media 22.

[0029] First sensor 26 senses pattern 42 on the web of media 22 after
expansion of the web of media 22 due to printing fluid deposited on the web of
media 22 by first printbar 24. Top sensor 26a senses top pattern 42a and
middle sensor 26b senses middle pattern 42b. First sensor 26 provides sensor
data that indicates the positions of top pattern 42a and middle pattern 42b in the
cross-web direction 46 on the web of media 22. In one example, first sensor 26

is an optical sensor.
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[0030] Next, as the web of media 22 moves through web press system 20,
second printbar 28 deposits printing fluid on the web of media 22. Second
printbar 28 includes one or more printheads and each printhead includes one or
more printhead chips or die (not shown for clarity). Printing fluid and electrical
signals are provided to each of the printhead chips for depositing printing fluid
on the web of media 22. In one example, second printbar 28 includes thermal
inkjet printhead chips. In one example, second printbar 28 includes
piezoelectric inkjet printhead chips.

[0031] Second printbar 28 deposits any suitable color of printing fluid on the web
of media 22. The web of media 22 expands due to the printing fluid deposited
on the web of media 22 by second printbar 28. In one example, second printbar
28 deposits ink on the web of media 22. In one example, second printbar 28
deposits an agueous based ink on the web of media 22.

[0032] Second sensor 30 senses pattern 42 on the web of media 22 after
expansion of the web of media 22 due to printing fluid deposited on the web of
media 22 by second printbar 28. Top sensor 30a senses top pattern 42a and
middle sensor 30b senses middle pattern 42b. Second sensor 30 provides
sensor data that indicates the position of top pattern 42a and middle pattern 42b
in the cross-web direction 46 on the web of media 22. In one example, second
sensor 26 is an optical sensor.

[0033] Controller 32 receives sensor data from first sensor 26 and second
sensor 30 and determines the amount of expansion of the web of media 22 in
the direction perpendicular to the web advance direction, i.e., in the cross-web
direction 46, at each of the sensor positions. Controller 32 modifies the printing
performed by first printbar 24 and/or second printbar 28 based on the amount of
expansion of the web of media 22, which compensates for the measured
expansion of the web of media 22 and reduces cross-web color to color
misalignment.

[0034] In one example, controller 32 determines the amount of expansion of the
web of media 22 in the cross-web direction 46 from the distance between
pattern 42a and pattern 42b at first sensor 26 and from the distance between

pattern 42a and pattern 42b at second sensor 30. In one example, controller 32
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determines the amount of expansion of the web of media 22 in the cross-web
direction 46 from the position of pattern 42 at first sensor 26 compared to the
original position of pattern 42. In one example, controller 32 determines the
amount of expansion of the web of media 22 in the cross-web direction 46 from
the position of pattern 42 at second sensor 30 compared to the original position
of pattern 42.

[0035] Controller 32 includes hardware and software for determining the amount
of expansion of the web of media 22 in the direction perpendicular to the web
advance direction and for modifying the printing performed by first printbar 24
and/or second printbar 28 to reduce cross-web color to color misalignment.
[0036] In one example, controller 32 includes a processor 48, memory 50, also
referred to as machine-readable (or computer-readable) storage media 50, and
a network interface 52. The processor 48 is connected to network interface 52
to communicate over a network and the processor 48 is connected to memory
50. The processor 48 can include a microprocessor, a microcontroller, a
processor module or subsystem, a programmable integrated circuit, a
programmable gate array, and/or another control/computing device. The
memory 50 can include different forms of memory including semiconductor
memory devices, such as dynamic or static random access memories (DRAMs
or SRAMs), erasable and programmable read-only memories (EPROMSs),
electrically erasable and programmable read-only memories (EEPROMs), and
flash memories; magnetic disks such as fixed, floppy, and removable disks;
other magnetic media including magnetic tape; optical media such as compact
disks (CDs) and digital video disks (DVDs); and other types of storage devices.
The techniques of the present disclosure can be implemented on a web press
system, such as web press system 20 of Figure 1, having machine-readable
instructions stored in memory 50 and executed on processor 48. The machine-
readable instructions can be provided on one computer-readable or machine-
readable storage medium 50, or alternatively, can be provided on multiple
computer-readable or machine-readable storage media 50 distributed in the
web press system at multipie nodes. Such computer-readable or machine-

readable storage media 50 is considered to be part of an article or article of
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manufacture, which can refer to any manufactured single component or multiple
components. In one example, memory is located at a remote site from which
machine-readable instructions can be downloaded over a network via network
interface 52 for execution by processor 48.

[0037] By measuring the cross-web expansion of the web of media 22 and
modifying the printing of one or more printbars, web press system 20
compensates for the measured cross-web expansion to reduce cross-web color
to color misalignment and increase the quality of the printed text and images.
[0038] In other examples, web press system 20 includes any suitable number of
printbars and sensors. In one example, web press system 20 includes one
printbar and one sensor that follows the printbar in the downstream direction. In
one example, web press system 20 includes more than two printbars and more
than two sensors, such that each of the printbars has a corresponding sensor
that follows the printbar in the downstream direction.

[0039] Figure 2 is a diagram illustrating one example of a web press system 100
that compensates for cross-web expansion and cross-web contraction or
shrinkage of a web of media 102. Web press system 100 reduces cross-web
color to color misalignment and provides cross-web width accuracy of the user
content text and images on the web of media 102. Web press system 100
measures cross-web expansion and cross-web shrinkage of the web of media
102 and modifies printing on the web of media 102 based on the measured
cross-web expansion and cross-web shrinkage. Web press system 100
measures the cross-web expansion and cross-web shrinkage and modifies
printing as it continues to print user content text and images on the web of
media 102, without slowing down or stopping the printing process.

[0040] Web press system 100 includes a first printbar 104, a first sensor 106, a
second printbar 108, a second sensor 110, a dryer 112, a third sensor 114, and
a print engine controller 116. First sensor 106 includes two narrow field of view
sensors, top sensor 106a and middle sensor 106b, communicatively coupled
together via communications path 118. Second sensor 110 includes two narrow
field of view sensors, top sensor 110a and middle sensor 110b,

communicatively coupled together via communications path 120. Also, third
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sensor 114 includes two narrow field of view sensors, top sensor 114a and
middle sensor 114b, communicatively coupled together via communications
path 122. First printbar 104, first sensor 106, second printbar 108, second
sensor 110, and third sensor 114 are each communicatively coupled to
controller 116 via communications path 124. In other examples, first sensor 106
includes one wide field of view sensor and/or second sensor 110 includes one
wide field of view sensor and/or third sensor 114 includes one wide field of view
Sensor.

[0041] Dryer 112 is communicatively coupled to a web press system controller
(not shown) that controls the operation of dryer 112. [n other examples, dryer
112 is communicatively coupled to and controlled by controller 116.

[0042] The web of media 102 moves in a web advance direction 126, which is
from right to left in Figure 2 and referred to as moving downstream, through web
press system 100. Moving from left to right in Figure 2 is referred to as moving
upstream through web press system 100. The web of media 102 travels
downstream through web press system 100 past first printbar 104, first sensor
106, second printbar 108, and second sensor 110, then through dryer 112 and
past third sensor 114. In one example, the web of media 102 is paper from a
roll of paper.

[0043] The web of media 102 includes a pattern 128 printed at intervals in the
web advance direction 126 on one side of the web of media 102. Pattern 128
includes a top pattern 128a and a middle pattern 128b. Top pattern 128a is
situated toward the top of the web of media 102 and middle pattern 128b is
situated at about the centerline 130 of the web of media 102. In an initial or
original position of pattern 128, which is the position of pattern 128 on the web
of media 102 before passing by first printbar 104, top pattern 128a is located a
known distance from centerline 130 and middle pattern 128b in a direction
perpendicular to the web advance direction 126, referred to as the cross-web
direction 132. Pattern 128 can be any suitable pattern, such as straight lines
that are parallel with the web advance direction 126 or curved lines in the shape
of targets. In other examples, pattern 128 can be a single pattern strip that

extends from centerline 130 toward the top or bottom of the web of media 102.
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[0044] Pattern 128 is situated on the same side of the web of media 102 as the
user content text and images. Also, the first, second, and third sensors 106,
110, and 114 are situated on the same side of the web of media 102 as the user
content text and images to detect pattern 128. In other examples, pattern 128 is
situated on the other side of the web of media 102, opposite the user content
text and images, and the first, second, and third sensors 106, 110, and 114 are
situated on the other side of the web of media 102, opposite the user content
text and images, to detect pattern 128.

[0045] Pattern 128 can be either visible to the eye or invisible to the eye. In one
example, pattern 128 is provided on the web of media 102 via a marking system
(not shown for clarity) that is upstream of first printbar 104. In one example,
pattern 128 is printed with infrared ink. In one example, pattern 128 is printed
with ultraviolet ink. In other examples, a pattern is printed on the web of media
102 via a printbar, such as printbar 104. In other examples, different types of
patterns can be used, such as micro-holes or embossed media.

[0046] First printbar 104 includes one or more printheads and each printhead
includes one or more printhead chips or die (not shown for clarity). Printing fluid
and electrical signals are provided to each of the printhead chips to deposit
printing fluid on the web of media 102. In one example, first printbar 104
includes thermal inkjet printhead chips. In one example, first printbar 104
includes piezoelectric inkjet printhead chips.

[0047] First printbar 104 deposits printing fluid on the one side ofthe web of
media 102. First printbar 104 deposits any suitable color of printing fluid on the
web of media 102. The web of media 102 expands due to the printing fluid
deposited by first printbar 104. In one example, first printbar 104 deposits ink
on the web of media 102. In one example, first printbar 104 deposits an
aqueous based ink on the web of media 102.

[0048] First sensor 106 senses pattern 128 after expansion of the web of media
102 due to printing fluid deposited by first printbar 104. Top sensor 106a
senses top pattern 128a and middle sensor 106b senses middle pattern 128b.

First sensor 106 provides sensor data that indicates the positions of fop pattern
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128a and middle pattern 128b in the cross-web direction 132 on the web of
media 102. In one example, first sensor 106 is an optical sensor.

[0049] Next, second printbar 108 deposits printing fiuid on the one side of the
web of media 102. Second printbar 108 includes one or more printheads and
each printhead includes one or more printhead chips or die (not shown for
clarity). Printing fluid and electrical signals are provided to each of the printhead
chips for depositing printing fluid on the web of media 102. In one example,
second printbar 108 includes thermal inkjet printhead chips. In one example,
second printbar 108 includes piezoelectric inkjet printhead chips.

[0050] Second printbar 108 deposits any suitable color of printing fluid on the
web of media 102. The web of media 102 expands due to the printing fluid
deposited by second printbar 108. In one example, second printbar 108
deposits ink on the web of media 102. In one example, second printbar 108
deposits an aqueous based ink on the web of media 102.

[0051] Second sensor 110 senses pattern 128 after expansion of the web of
media 102 due to printing fluid deposited by second printbar 108. Top sensor
110a senses top pattern 128a and middle sensor 110b senses middle pattern
128b. Second sensor 110 provides sensor data that indicates the position of
top pattern 128a and middle pattern 128b in the cross-web direction 132 on the
web of media 102. In one example, second sensor 110 is an optical sensor.
[0052] Next, the web of media 102 moves through dryer 112, which evaporates
fluid from the printing fluid and the web of media 102. As dryer 112 dries the
printing fluid and the web of media 102, the web of media 102 contracts or
shrinks in the cross-web direction 132, where media expansion and shrinkage in
the cross-web direction, usually, results in a net shrinkage of the web of media
102.

[0053] Third sensor 114 senses pattern 128 after contraction of the web of
media 102 due to drying of the printing fluid and the web of media 102. Top
sensor 114a senses top pattern 128a and middle sensor 114b senses middle
pattern 128b. Third sensor 114 provides sensor data that indicates the position
of top pattern 128a and middle pattern 128b in the cross-web direction 132 on

the web of media 102. In one example, third sensor 114 is an optical sensor.
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[0054] Controller 116 receives sensor data from first sensor 106, second sensor
110, and third sensor 114. Controller 116 determines the amount of expansion
of the web of media 102 in the cross-web direction 132 and controller 116
determines the amount of shrinkage of the web of media 102 in the cross-web
direction 132. The amount of expansion is due to first printbar 104 and second
printbar 108 depositing printing fluid on the web of media 102, and the amount
of shrinkage is due to dryer 122 drying the printing fluid and the web of media
102.

[0055] Controller 116 modifies printing performed by first printbar 104 and/or
second printbar 108 on the one side of the web of media 102 based on the
amount of expansion of the web of media 102 and the amount of shrinkage of
the web of media 102. Controller 116 compensates for the expansion of the
web of media 102 to reduce cross-web color to color misalignment, and
controller 116 compensates for the net expansion and shrinkage of the web of
media to provide cross-web width accuracy of the user content text and images
on the web of media 102. In one example, controller 116 determines the
amount of expansion of the web of media 102 in the cross-web direction 132
from the distance between pattern 128a and pattern 128b at first sensor 1086,
the distance between pattern 128a and pattern 128b at second sensor 110, and
the distance between pattern 128a and pattern 128b at third sensor 114. In one
example, controller 116 determines the amount of expansion of the web of
media 102 in the cross-web direction 132 from the position of pattern 128 at first
sensor 106 compared to the original position of pattern 128. In one example,
controller 116 determines the amount of expansion of the web of media 102 in
the cross-web direction 132 from the position of pattern 128 at second sensor
110 compared to the original position of pattern 128. In one example, controller
116 determines the net amount of expansion and shrinkage of the web of media
102 in the éross—web direction 132 from the position of pattern 128 at third

sensor 114 compared to the original position of pattern 128.
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[0056] Controller 116 includes hardware and software for performing the tasks
described above. In one example, controller 116 is similar to controller 32
(shown in Figure 1) and includes a processor, memory, also referred to as
machine-readable (or computer-readable) storage media, and a network
interface, similar to one example of controller 32.

[0057] By measuring the cross-web expansion and shrinkage of the web of
media 102 and modifying the printing of one or more printbars, web press
system 100 compensates for the measured cross-web expansion and the
measured cross-web shrinkage to reduce cross-web color to color misalignment
and provide absolute width accuracy of the printed user content, which
increases the quality of the printed text and images and the finished product.
[0058] In other examples, web press system 100 includes any suitable number
of printbars and sensors. In one example, web press system 100 includes more
than two printbars and more than three sensors, such that each of the printbars
has a corresponding sensor that follows the printbar in the downstream
direction.

[0059] Figure 3 is a diagram illustrating one example of a duplex web press
system 200 that compensates for cross-web expansion and cross-web
shrinkage of a web of media 202 to reduce distortions in the absolute width of
the printed text and images as compared to the originally intended width of the
text and images, reduce cross-web color to color misalignment of the printed
text and images, and reduce front to back misregistration of the printed text and
images. Web press system 200 uses four printbars and a dryer for printing on
each side of the web of media 202. In other examples, web press system 200
includes any suitable number of printbars and sensors. In one example, web
press system 200 includes less than eight printbars and less than ten sensors.
In one example, web press system 200 includes more than eight printbars and
more than ten sensors.

[0060] Web press system 200 measures cross-web expansion and cross-web
shrinkage of the web of media 202 and modifies printing on the web of media
202 based on the measured cross-web expansion and cross-web shrinkage.

Web press system 200 measures the cross-web expansion and cross-web
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shrinkage and modifies printing as it continues to print user content text and
images on sides A and B of the web of media 202, without slowing down or
stopping the printing process.

[0061] Web press system 200 includes a print engine controller 204 that
includes a side A print engine controller 204a communicatively coupled to a side
B print engine controller 204b via communications path 206. Side A print
engine controller 204a controls printing on side A of the web of media 202 and
side B print engine controller 204b controls printing on side B of the web of
media 202.

[0062] Web press system 200 includes a first side A printbar 208, a first side A
sensor 210, a second side A printbar 212, a second side A sensor 214, a third
side A printbar 216, a third side A sensor 218, a fourth side A printbar 220, a
fourth side A sensor 222, and a fifth side A sensor 224 each communicatively
coupled to side A print engine controller 204a via communications path 226.
Web press system 200 includes a first side B printbar 228, a first side B sensor
230, a second side B printbar 232, a second side B sensor 234, a third side B
printbar 236, a third side B sensor 238, a fourth side B printbar 240, a fourth
side B sensor 242, and a fifth side B sensor 244 each communicatively coupled
to side B print engine controller 204b via communications path 246. In addition,
web press system 200 includes a side A dryer 248, a side B dryer 250, and a
media turn-over mechanism 252 communicatively coupled to a web press
system controller (not shown) that controls the operation of side A dryer 248,
side B dryer 250, and media turn-over mechanism 252. In other examples, side
A dryer 248 is communicatively coupled to and controlled by controller 204a. In
other examples, side B dryer 250 is communicatively coupled to and controlled
by controller 204b. In other examples, media turn-over mechanism 252 is
communicatively coupled to and controlled by controller 204a or 204b.

[0063] Each of the sensors includes two narrow field of view sensors. First side
A sensor 210 includes top sensor 210a and middle sensor 210b
communicatively coupled together via communications path 254. Second side
A sensor 214 includes top sensor 214a and middle sensor 214b

communicatively coupled together via communications path 256. Third side A
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sensor 218 includes top sensor 218a and middle sensor 218b communicatively
coupled together via communications path 258. Fourth side A sensor 222
includes top sensor 222a and middle sensor 222b communicatively coupled
together via communications path 260. Fifth side A sensor 224 includes top
sensor 224a and middle sensor 224b communicatively coupled together via
communications path 262. First side B sensor 230 includes top sensor 230a
and middle sensor 230b communicatively coupled together via communications
path 264. Second side B sensor 234 includes top sensor 234a and middle
sensor 234b communicatively coupled together via communications path 266.
Third side B sensor 238 includes top sensor 238a and middle sensor 238b
communi'catively coupled together via communications path 268. Fourth side B
sensor 242 includes top sensor 242a and middle sensor 242b communicatively
coupled together via communications path 270. Fifth side B sensor 244
includes top sensor 244a and middle sensor 244b communicatively coupled
together via communications path 272. In other examples, each of the sensors
can include one wide field of view sensor.

[0064] The web of media 202 moves in a web advance direction 274, which is
from right to left in Figure 3 and referred to as moving downstream, through web
press system 200. Moving from left to right in Figure 3 is referred to as moving
upstream in web press system 200. The web of media 202 travels downstream
through web press system 200 past first side A printbar 208, first side A sensor
210, second side A printbar 212, second side A sensor 214, third side A printbar
216, third side A sensor 218, fourth side A printbar 220, and fourth side A
sensor 222, then through side A dryer 248 and past fifth side A sensor 224, and
then through media turn-over mechanism 252. Next, the web of media 202
travels past first side B printbar 228, first side B sensor 230, second side B
printbar 232, second side B sensor 234, third side B printbar 236, third side B
sensor 238, fourth side B printbar 240, and fourth side B sensor 242, and then
through side B dryer 250 and past fifth side B sensor 244. In one example, the
web of media 202 is paper from a roll of paper.

[0065] The web of media 202 includes a side A pattern 276 printed at intervals
in the web advance direction 274 on side A of the web of media 202. Side A
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pattern 276 includes a top pattern 276a and a middle pattern 276b. Top pattern
276a is situated toward the top of side A of the web of media 202 and middle
pattern 276b is situated at about the centerline 278 of the web of media 202. In
an original position of side A pattern 276, which is the position of side A pattern
276 on the web of media 202 before passing by first side A printbar 208, top
pattern 276a is located a known distance from centerline 278 and middle
pattern 276b in a direction perpendicular to the web advance direction 274,
referred to as the cross-web direction 280. Side A pattern 276 can be any
suitable pattern, such as straight lines that are parallel with the web advance
direction 274 or curved lines in the shape of targets. In other examples, side A
pattern 276 can be a single pattern strip that extends from centerline 278 toward
the top or bottom of the web of media 202.

[0066] Side A pattern 276 and side A user content and images are situated on
side A of the web of media 202. Also, the first, second, third, fourth and fifth
side A sensors 210, 214, 218, 222, and 224 are situated on side A of the web of
media 202 to detect side A pattern 276. In other examples, side A pattern 276
is situated on side B of the web of media 202, opposite the side A user content
text and images, and the first, second, third, fourth and fifth side A sensors 210,
214,218, 222, and 224 are situated on side B of the web of media 202,
opposite the side A user content text and images, to detect side A pattern 276.
|0067] Side A pattern 276 can be either visible to the eye or invisible to the eye.
In one example, side A pattern 276 is provided on the web of media 202 via a
marking system (not shown for clarity) that is upstream of first side A printbar
208. In one example, side A pattern 276 is printed with infrared ink. In one
example, side A pattern 276 is printed with ultraviolet ink. In other examples, a
side A pattern is printed on the web of media 202 via a printbar, such as printbar
208. In other examples, different types of patterns can be used, such as micro-
holes or embossed media.

[0068] The web of media 202 also includes a side B pattern 282 printed at
intervals in the web advance direction 274 on side B of the web of media 202.
Side B pattern 282 includes a top pattern 282a and a middle pattern 282b. Top
pattern 282a is situated toward the top of side B of the web of media 202 and
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middle pattern 282b is situated at about the centerline 278 of the web of media
202. In an original position of side B pattern 282, which is the position of side B
pattern 282 on the web of media 202 before passing by first side B printbar 228,
top pattern 282a is located a known distance from centerline 278 and middle
pattern 282b in the direction perpendicular to the web advance direction 274,
referred to as the cross-web direction 280. Side B pattern 282 can be any
suitable pattern, such as straight lines that are parallel with the web advance
direction 274 or curved lines in the shape of targets. In other examples, side B
pattern 282 can be a single pattern strip that extends from centerline 278 toward
the top or bottom of the web of media 202.

[0069] Side B pattern 282 and side B user content and images are situated on
side B of the web of media 202. Also, the first, second, third, fourth and fifth
side B sensors 230, 234, 238, 242, and 244 are situated on side B of the web of
media 202 to detect side B pattern 282. In other examples, side B pattern 282
is situated on side A of the web of media 202, opposite the side B user content
text and images, and the first, second, third, fourth and fifth side B sensors 230,
234, 238, 242, and 244 are situated on side A of the web of media 202,
opposite the side B user content text and images, to detect side B pattern 282.
[0070] Side B pattern 282 can be either visible to the eye or invisible to the eye.
In one example, side B pattern 282 is provided on the web of media 202 via a
marking system (not shown for clarity) that is upstream of first side B printbar
228. In one example, side B pattern 282 is printed with infrared ink. In one
example, side B pattern 282 is printed with ultraviolet ink. In other examples, a
side B pattern is printed on the web of media 202 via a printbar, such as printbar
228. In other examples, different types of patterns can be used, such as micro-
holes or embossed media.

[0071] Each of the side A printbars and each of the side B printbars includes
one or more printheads and each printhead includes one or more printhead
chips or die (not shown for clarity). Printing fluid and electrical signals are
provided to each of the printhead chips to deposit printing fluid on the web of

media 202. In one example, one or more of the printbars includes thermal inkjet
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printhead chips. [n one example, one or more of the printbars includes
piezoelectric inkjet printhead chips.

[0072] First side A printbar 208 deposits printing fluid on side A of the web of
media 202. First side A printbar 208 deposits printing fluid, such as bonding
agent or colored ink. The web of media 202 expands due to the printing fluid
deposited on side A by first side A printbar 208. In one example, first side A
printbar 208 deposits ink on side A of the web of media 202. In one example,
first side A printbar 208 deposits an aqueous based ink on side A of the web of
media 202. In one example, first side A printbar 208 deposits a black, cyan,
magenta, or yellow ink on side A of the web of media 202.

[0073] First side A sensor 210 senses side A pattern 276 after expansion of the
web of media 202 due to printing fluid deposited by first side A printbar 208.
Top sensor 210a senses top pattern 276a and middle sensor 210b senses
middle pattern 276b. First side A sensor 210 provides sensor data that
indicates the positions of top pattern 276a and middle pattern 276b in the cross-
web direction 280 on the web of media 202. In one example, first side A sensor
210 is an optical sensor.

[0074] Next, second side A printbar 212 deposits printing fluid on side A of the
web of media 202. Second side A printbar 212 deposits printing fluid, such as
bonding agent or colored ink. The web of media 202 expands due to the
printing fluid deposited on side A by second side A printbar 212. In one
example, second side A printbar 212 deposits ink on side A of the web of media
202. In one example, second side A printbar 212 deposits an aqueous based
ink on side A of the web of media 202. In one example, second side A printbar
212 deposits a black, cyan, magenta, or yellow ink on side A of the web of
media 202.

[0075] Second side A sensor 214 senses side A pattern 276 after expansion of
the web of media 202 due to printing fluid deposited by second side A printbar
212. Top sensor 214a senses top pattern 276a and middle sensor 214b senses
middle pattern 276b. Second side A sensor 214 provides sensor data that

indicates the positions of top pattern 276a and middle pattern 276b in the cross-
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web direction 280 on the web of media 202. In one example, second side A
sensor 214 is an optical sensor.

[0076] Next, third side A printbar 216 deposits printing fluid on side A of the web
of media 202. Third side A printbar 216 deposits printing fluid, such as bonding
agent or colored ink. The web of media 202 expands due to the printing fluid
deposited on side A by third side A printbar 216. In one example, third side A
printbar 216 deposits ink on side A of the web of media 202. In one example,
third side A printbar 216 deposits an aqueous based ink on side A of the web of
media 202. In one example, third side A printbar 216 deposits a black, cyan,
magenta, or yellow ink on side A of the web of media 202.

[0077] Third side A sensor 218 senses side A pattern 276 after expansion of the
web of media 202 due to printing fluid deposited by third side A printbar 216.
Top sensor 218a senses top pattern 276a and middie sensor 218b senses
middle pattern 276b. Third side A sensor 218 provides sensor data that
indicates the positions of top pattern 276a and middle pattern 276b in the cross-
web direction 280 on the web of media 202. In one example, third side A
sensor 218 is an optical sensor.

[0078] Next, fourth side A printbar 220 deposits printing fluid on side A of the
web of media 202. Fourth side A printbar 220 deposits printing fluid, such as
bonding agent or colored ink. The web of media 202 expands due to the
printing fluid deposited on side A by fourth side A printbar 220. In one example,
fourth side A printbar 220 deposits ink on side A of the web of media 202. In
one example, fourth side A printbar 220 deposits an aqueous based ink on side
A of the web of media 202. In one example, fourth side A printbar 220 deposits
a black, cyan, magenta, or yellow ink on side A of the web of media 202.

[0079] Fourth side A sensor 222 senses side A pattern 276 after expansion of
the web of media 202 due to printing fluid deposited by fourth side A printbar
220. Top sensor 222a senses top pattern 276a and middle sensor 222b senses
middle pattern 276b. Fourth side A sensor 222 provides sensor data that
indicates the positions of top pattern 276a and middle pattern 276b in the cross-
web direction 280 on the web of media 202. In one example, fourth side A

sensor 222 is an optical sensor.
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[0080] Next, the web of media 202 moves through side A dryer 248, which
evaporates fluid from the printing fluid and the web of media 202. As side A
dryer 248 dries the printing fluid and the web of media 202, the web of media
202 shrinks in the cross-web direction 280, where media expansion and
shrinkage in the cross-web direction, usually, results in a net shrinkage of the
web of media 202.

[0081] Fifth side A sensor 224 senses side A pattern 276 after shrinkage of the
web of media 202 due to drying of the printing fluid and the web of media 202.
Top sensor 224a senses top pattern 276a and middle sensor 224b senses
middle pattern 276b. Fifth side A sensor 224 provides sensor data that
indicates the position of top pattern 276a and middle pattern 276b in the cross-
web direction 280 on the web of media 202. In one example, fifth side A sensor
224 is an optical sensor.

[0082] Next, the web of media 202 travels through media turn-over mechanism
252 that turns the web of media 202 over for printing on side B of the web of
media 202.

[0083] Next, first side B printbar 228 deposits printing fluid on side B of the web
of media 202. First side B printbar 228 deposits printing fluid, such as bonding
agent or colored ink. The web of media 202 expands due to the printing fluid
deposited on side B by first side B printbar 228. In one example, first side B
printbar 228 deposits ink on side B of the web of media 202. In one example,
first side B printbar 228 deposits an aqueous based ink on side B of the web of
media 202. In one example, first side B printbar 228 deposits a black, cyan,
magenta, or yellow ink on side B of the web of media 202.

[0084] First side B sensor 230 senses side B pattern 282 after expansion of the
web of media 202 due to printing fluid deposited by first side B printbar 228.
Top sensor 230a senses top pattern 282a and middle sensor 230b senses
middle pattern 282b. First side B sensor 230 provides sensor data that
indicates the positions of top pattern 282a and middle pattern 282b in the cross-
web direction 280 on the web of media 202. In one example, first side B sensor

230 is an optical sensor.
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[0085] Next, second side B printbar 232 deposits printing fluid on side B of the
web of media 202. Second side B printbar 232 deposits printing fluid, such as
bonding agent or colored ink. The web of media 202 expands due to the
printing fluid deposited on side B by second side B printbar 232. In one
example, second side B printbar 232 deposits ink on side B of the web of media
202. In one example, second side B printbar 232 deposits an aqueous based
ink on side B of the web of media 202. In one example, second side B printbar
232 deposits a black, cyan, magenta, or yellow ink on side B of the web of
media 202.

[0086] Second side B sensor 234 senses side B pattern 282 after expansion of
the web of media 202 due to printing fluid deposited by second side B printbar
232. Top sensor 234a senses top pattern 282a and middle sensor 234b senses
middle pattern 282b. Second side B sensor 234 provides sensor data that
indicates the positions of top pattern 282a and middle pattern 282b in the cross-
web direction 280 on the web of media 202. In one example, second side B
sensor 234 is an optical sensor.

[0087] Next, third side B printbar 236 deposits printing fluid on side B of the web
of media 202. Third side B printbar 236 deposits printing fluid, such as bonding
agent or colored ink. The web of media 202 expands due to the printing fluid
deposited on side B by third side B printbar 236. In one example, third side B
printbar 236 deposits ink on side B of the web of media 202. In one example,
third side B printbar 236 deposits an aqueous based ink on side B of the web of
media 202. In one example, third side B printbar 236 deposits a black, cyan,
magenta, or yellow ink on side B of the web of media 202.

[0088] Third side B sensor 238 senses side B pattern 282 after expansion of the
web of media 202 due to printing fluid deposited by third side B printbar 236.
Top sensor 238a senses top pattern 282a and middle sensor 238b senses
middle pattern 282b. Third side B sensor 238 provides sensor data that
indicates the positions of top pattern 282a and middle pattern 282b in the cross-
web direction 280 on the web of media 202. In one example, third side B

sensor 238 is an optical sensor.
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[0089] Next, fourth side B printbar 240 deposits printing fluid on side B of the
web of media 202. Fourth side B printbar 240 deposits printing fluid, such as
bonding agent or colored ink. The web of media 202 expands due to the
printing fluid deposited on side B by fourth side B printbar 240. In one example,
fourth side B printbar 240 deposits ink on side B of the web of media 202. In
one example, fourth side B printbar 240 deposits an aqueous based ink on side
B of the web of media 202. In one example, fourth side B printbar 240 deposits
a black, cyan, magenta, or yellow ink on side B of the web of media 202.

[0090] Fourth side B sensor 242 senses side B pattern 282 after expansion of
the web of media 202 due to printing fluid deposited by fourth side B printbar
240. Top sensor 242a senses top pattern 282a and middle sensor 242b senses
middie pattern 282b. Fourth side B sensor 242 provides sensor data that
indicates the positions of top pattern 282a and middle pattern 282b in the cross-
web direction 280 on the web of media 202. In one example, fourth side B
sensor 242 is an optical sensor.

[0091] Next, the web of media 202 moves through side B dryer 250, which
evaporates fluid from the printing fluid and the web of media 202. As side B
dryer 250 dries the printing fluid and the web of media 202, the web of media
202 shrinks in the cross-web direction 280, where media expansion and
shrinkage in the cross-web direction, usually, results in a net shrinkage of the
web of media 202.

[0092] Fifth side B sensor 244 senses side B pattern 282 after shrinkage of the
web of media 202 due to drying of the printing fluid and the web of media 202.
Top sensor 244a senses top pattern 282a and middle sensor 244b senses
middle pattern 282b. Fifth side B sensor 244 provides sensor data that
indicates the position of top pattern 282a and middle pattern 282b in the cross-
web direction 280 on the web of media 202. In one example, fifth side B sensor
244 is an optical sensor.

[0093] Side A print engine controller 204a receives sensor data from first side A
sensor 210, second side A sensor 214, third side A sensor 218, fourth side A
sensor 222, and fifth side A sensor 224. Side A print engine controller 204a

determines the amount of expansion of the web of media 202 in the cross-web
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direction 280. The amount of expansion is due to first side A printbar 208,
second side A printbar 212, third side A printbar 216, and fourth side A print bar
220 depositing printing fluid on side A of the web of media 202.

[0094] In one example, side A print engine controller 204a determines the
amount of expansion of the web of media 202 in the cross-web direction 280
due to each of the side A printbars 208, 212, 216, and 220. Side A print engine
controller 204a determines the amount of expansion between the original
position of side A pattern 276 and its position at first side A sensor 210 due to
first side A printbar 208, the amount of expansion between the position of side A
pattern 276 at first side A sensor 210 and at second side A sensor 214 due to
second side A printbar 212, the amount of expansion between the position of
side A pattern 276 at second side A sensor 214 and at third side A sensor 218
due to third side A printbar 216, and the amount of expansion between the
position of side A pattern 276 at third side A sensor 218 and at fourth side A
sensor 222 due to fourth side A print bar 220. By measuring the expansion due
to each of the side A printbars 208, 212, 216, and 220, an independent
correction factor can be applied to each of the side A printbars 208, 212, 216,
and 220 to improve cross-web color to color misalignment. In other examples,
side A print engine controller 204a determines the amount of expansion of the
web of media 202 in the cross-web direction 280 from the position of side A
pattern 276 at each of the side A sensors 210, 214, 218, and 222 compared to
the original position of side A pattern 276. In other examples, side A print
engine controller 204a determines the amount of expansion of the web of media
202 in the cross-web direction 280 using fewer sensors and extrapolates
correction factors, such as by using an average expansion rate between side A
printbars 208, 212, 216, and 220.

[0095] Side A print engine controller 204a also determines the amount of
shrinkage of the web of media 202 in the cross-web direction 280 due to side A
dryer 248. In one example, side A print engine controller 204a determines the
net amount of expansion and shrinkage due to side A printbars 208, 212, 216,
and 220 and side A dryer 248 from the position of side A pattern 276 at fifth side

A sensor 224 compared to the original position of side A pattern 276.
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[0096] Side B print engine controller 204b receives sensor data from first side B
sensor 230, second side B sensor 234, third side B sensor 238, fourth side B
sensor 242, and fifth side B sensor 244. Side B print engine controller 204b
determines the amount of expansion of the web of media 202 in the cross-web
direction 280. The amount of expansion is due to first side B printbar 228,
second side B printbar 232, third side B printbar 236, and fourth side B print bar
240 depositing printing fluid on side B of the web of media 202.

[0097] In one example, side B print engine controller 204b determines the
amount of expansion of the web of media 202 in the cross-web direction 280
due to each of the side B printbars 228, 232, 236, and 240. Side B print engine
controller 204b determines the amount of expansion between the original
position of side B pattern 282 and its position at first side B sensor 230 due to
first side B printbar 228, the amount of expansion between the position of side B
pattern 282 at first side B sensor 230 and at second side B sensor 234 due to
second side B printbar 232, the amount of expansion between the position of
side B pattern 282 at second side B sensor 234 and at third side B sensor 238
due to third side B printbar 236, and the amount of expansion between the
position of side B pattern 282 at third side B sensor 238 and at fourth side B
sensor 242 due to fourth side B print bar 240. By measuring the expansion due
to each of the side B printbars 228, 232, 236, and 240, an independent
correction factor can be applied to each of the side B printbars 228, 232, 236,
and 240 to improve cross-web color to color misalignment on side B of the web
of media 202. In other examples, side B print engine controller 204b determines
the amount of expansion of the web of media 202 in the cross-web direction 280
from the position of side B pattern 282 at each of the side B sensors 230, 234,
238, and 242 compared to the original position of side B pattern 282. In other
examples, side B print engine controller 204b determines the amount of
expansion of the web of media 202 in the cross-web direction 280 using fewer
sensors and extrapolates correction factors, such as by using an average
expansion rate between side B printbars 228, 232, 236, and 240.

[0098] Side B print engine controller 204b also determines the amount of

shrinkage of the web of media 202 in the cross-web direction 280 due to side B
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dryer 250. Side B print engine controller 204b provides the side B sensor data
and/or the amount of expansion and shrinkage due to side B printbars 228, 232,
236, and 240 and side B dryer 250 to side A print engine controller 204a. In
one example, side B print engine controller 204b determines the net amount of
expansion and shrinkage due to side B printbars 228, 232, 236, and 240 and
side B dryer 250 from the position of side B pattern 282 at fifth side B sensor
244 compared to the original position of side B pattern 282.

[0099] Side A print engine controller 204a modifies printing performed by first
side A printbar 208, second side A printbar 212, third side A printbar 216, and
fourth side A printbar 220 on side A of the web of media 202 based on the
amount of expansion and shrinkage of the web of media 202 due to side A
printbars 208, 212, 216, and 220 and side A dryer 248 and based on the
received data from side B print engine controller 204b, which indicates the
amount of expansion and shrinkage due to side B printbars 228, 232, 236, and
240 and side B dryer 250. Side A print engine controller 204a compensates for
the expansion of the web of media 202 due to side A printbars 208, 212, 216,
and 220 to reduce cross-web color to color misalignment on side A of the web of
media 202 and side A print engine controller 204a compensates for expansion
and shrinkage due to both side A and side B components to provide absolute
width accuracy of the user content text and images printed on side A of the web
of media 202.

[00100] Side B print engine controller 204b modifies printing performed by first
side B printbar 228, second side B printbar 232, third side B printbar 236, and
fourth side B print bar 240 on side B of the web of media 202 based on the
amount of expansion and shrinkage of the web of media 202 due to side B
printbars 228, 232, 236, and 240 and side B dryer 250. Side B print engine
controller 204b compensates for the expansion of the web of media 202 due to
side B printbars 228, 232, 236, and 240 to reduce cross-web color to color
misalignment on side B of the web of media 202, and side B print engine
controller 204b compensates for expansion and shrinkage due to side B
printbars 228, 232, 236, and 240 and side B dryer 250 to provide absolute width

accuracy of the user content text and images printed on side B of the web of
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media 202. Since side A print engine controller 204a provides absolute width
accuracy and side B print engine controller 204b provides absolute width
accuracy, front to back (side A to side B) cross-web misregistration is reduced
or eliminated. In other examples, side B print engine controller 204b receives
and uses side A sensor data and/or the amount of expansion and shrinkage due
to side A printbars 208, 212, 216, and 220 and side A dryer 248 from side A
print engine controller 204a.

[00101] Each of the controllers 204a and 204b includes hardware and software
for performing the tasks described above. In one example, each of the
controllers 204a and 204b is similar to controller 32 (shown in Figure 1) and
includes a processor, memory, also referred to as machine-readable (or
computer-readable) storage media, and a network interface, similar to one
example of controller 32.

[00102] The present disclosure provides techniques for measuring expansion
and shrinkage of the media and compensating for distortions dynamically, i.e.,
while printing user content on the media. The techniques include closed loop
schemes to adapt to dynamic changes within a print job and maintain consistent
print quality throughout a run. By measuring expansion and shrinkage of the
media, the techniques of the present disclosure improve cross-web color to
color misalignment due to media cross-web expansion, front to back cross-web
misregistration to match the width of user content on side A with the width of
user content on side B, and absolute dimension distortion, where final user
content width is made equal to width of the original text and images, all of which
increase the quality of the printed text and images. In addition, the techniques
of the present disclosure reduce down-time and paper waste by avoiding trial
and error testing and by avoiding re-ripping the print job due to incorrectly
guessed correction factors, ink coverage, and/or dryer settings.

[00103] Figure 4 is a diagram illustrating one example of a web press system
300 that includes two marking systems 302a and 302b. First marking system
302a provides a first pattern, such as pattern 276 (shown in Figure 3), for
determining the expansion and shrinkage due to printing on side A of the web of

media 304. Second marking system 302b provides a second pattern, such as
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pattern 282 (shown in Figure 3), for determining the expansion and shrinkage
due to printing on side B of the web of media 304.

[00104] Web press system 300 includes a first side A printbar 306, a first side A
sensor 308, a second side A printbar 310, a second side A sensor 312, and a
third side A sensor 314 communicatively coupled to a side A print engine
controller (not shown). Web press system 300 also includes a first side B
printbar 316, a first side B sensor 318, a second side B printbar 320, a second
side B sensor 322, and a third side B sensor 324 communicatively coupled to a
side B print engine controller (not shown). In addition, web press system 300
includes a side A dryer 326, a side B dryer 328, and a turn-over mechanism 330
communicatively coupled to a web press system controller (not shown) that
controls the operation of side A dryer 326, side B dryer 328, and media turn-
over mechanism 330. In other examples, side A dryer 326 is communicatively
coupled to and controlled by the side A print engine controller. In other
examples, side B dryer 328 is communicatively coupled to and controlled by the
side B print engine controller. In other examples, media turn-over mechanism
330 is communicatively coupled to and controlled by the side A or the side B
print engine controller.

[00105] Web press system 300 is similar to web press system 200 of Figure 3.
Each of the side A printbars 306 and 310 and each of the side B printbars 316
and 320 is similar to one of the printbars shown in Figure 3, such as printbar
208. Also, each of the side A sensors 308, 312, and 314 and each of the side B
sensors 318, 322, and 324 is similar to one of the sensors shown in Figure 3,
such as sensor 210. In addition, side A dryer 326 is similar to side A dryer 248,
side B dryer 328 is similar to side B dryer 250, and turn-over mechanism 330 is
similar to turn-over mechanism 252 shown in Figure 3. The web of media 304
moves through web press system 300 in media direction 332.

[00106] Web press system 300 operates similar to web press system 200 to
measure cross-web expansion and cross-web shrinkage of the web of media
304 and modify printing on the web of media 304 based on the measured cross-

web expansion and cross-web shrinkage of the web of media 304.
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[00107] The differences between web press system 300 and web press system
200 are the positioning of the first pattern and side A sensors 308, 312, and 314
on side B of the web of media for determining the expansion and shrinkage due
to printing on side A of the web of media 304, and the positioning of the second
pattern and side B sensors 318, 322, and 324 on side A of the web of media for
determining the expansion and shrinkage due to printing on side B of the web of
media 304.

[00108] Figure 5 is a diagram illustrating one example of a web press system
350 that includes one marking system 352 that provides a pattern, such as
pattern 276 (shown in Figure 3), for determining the expansion and shrinkage
due to printing on side A of the web of media 354 and for determining the
expansion and shrinkage due to printing on side B of the web of media 354.
[00109] Web press system 350 includes a first side A printbar 356, a first side A
sensor 358, a second side A printbar 360, a second side A sensor 362, and a
third side A sensor 364 communicatively coupled to a side A print engine
controller (not shown). Web press system 350 also includes a first side B
printbar 366, a first side B sensor 368, a second side B printbar 370, a second
side B sensor 372, and a third side B sensor 374 communicatively coupled to a
side B print engine controller (not shown). In addition, web press system 350
includes a side A dryer 376, a side B dryer 378, and a turn-over mechanism 380
communicatively coupled to a web press system controller (not shown) that
controls the operation of side A dryer 376, side B dryer 378, and media turn-
over mechanism 380. In other examples, side A dryer 376 is communicatively
coupled to and controlled by the side A print engine controller. In other
examples, side B dryer 378 is communicatively coupled to and controlled by the
side B print engine controller. In other examples, media turn-over mechanism
330 is communicatively coupled to and controlled by the side A or the side B
print engine controller.

[00110] Web press system 350 is similar to web press system 200 of Figure 3.
Each of the side A printbars 356 and 360 and each of the side B printbars 366
and 370 is similar to one of the printbars shown in Figure 3, such as printbar
208. Also, each of the side A sensors 358, 362, and 364 and each of the side B
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sensors 368, 372, and 374 is similar to one of the sensors shown in Figure 3,
such as sensor 210. In addition, side A dryer 376 is similar to side A dryer 248,
side B dryer 378 is similar to side B dryer 250, and turn-over mechanism 380 is
similar to turn-over mechanism 252 shown in Figure 3. The web of media 354
moves through web press system 350 in media direction 382.
[00111] Web press system 350 operates similar to web press system 200 to
measure cross-web expansion and cross-web shrinkage of the web of media
354 and modify printing on the web of media 354 based on the measured cross-
web expansion and cross-web shrinkage of the web of media 354.
[00112] One difference between web press system 350 and web press system
200 is that web press system 350 includes one marking system 352 for
providing only one pattern on the web of media 354. This one pattern is
detected by the side A sensors 358, 362, and 364 and the side B sensors 368,
372, and 374 to determine the expansion and shrinkage due to printing on side
A of the web of media 354 and to determine the expansion and shrinkage due
to printing on side B of the web of media 354. Another difference is the
placement of side A sensors 358, 362, and 364 on side B of the web of media
354 for determining the expansion and shrinkage due to printing on side A of
the web of media 354.
[00113] Figure 6 is a diagram illustrating one example of a web press system
400 that provides duplex printing, i.e., printing on sides A and B of a web of
media. In one example, web press system 400 is similar to web press system
20 of Figure 1. In one example, web press system 400 is similar to web press
system 100 of Figure 2. In one example, web press system 400 is similar to

"~ web press system 200 of Figure 3. In one example, web press system 400 is
similar to web press system 300 of Figure 4. In one example, web press system
400 is similar to web press system 350 of Figure 5.
[00114] Web press system 400 includes a web of media unwinder 402, a side A
print engine 404, a side A dryer 406, a media turn-over mechanism 408, a side
B print engine 410, a side B dryer 412, a quality monitoring module 414, and a
rewinder 416. Side A print engine 404 and side B print engine 410 include

printbars. In one example, side A print engine 404 includes printbars 24 and
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104 (shown in Figure 1). In one example, side A print engine 404 includes
printbars 104 and 108 (shown in Figure 2). In one example, side A print engine
404 includes printbars 208, 212, 216, and 220 (shown in Figure 3). In one
example, side B print engine 410 includes printbars 228, 232, 236, and 240
(shown in Figure 3). In one example, side A and side B print engines 404 and
410 include printbars shown in Figure 4. In one example, side A and side B
print engines 404 and 410 include printbars shown in Figure 5.

[00115] The web of media 418 unwinds from unwinder 402 and travels
downstream, from right to left in Figure 6, in web press system 400.

[00116] Side A print engine 404 deposits printing fluid on side A of the web of
media 418 to print user content text and images on side A of the web of media
418. In one example, side A print engine 404 is an inkjet print engine that
includes inkjet drop generators. In one example, side A print engine 404 is a
thermal inkjet print engine. In one example, side A print engine 404 is a
piezoelectric inkjet print engine.

[00117] Next, the web of media 418 moves through side A dryer 406, which
evaporates fluid from the printing fluid and the web of media 418. In one
example, side A dryer 406 includes heating elements and fans to blow heated
air onto the web of media 418 and exhaust air from side A dryer 406. In one
example, side A dryer'406 is similar to dryer 112 (shown in Figure 2). In one
| example, side A dryer 406 is similar to dryer 248 (shown in Figure 4).

[00118] Next, the web of media 418 travels through media turn-over mechanism
408 that turns the web of media 418 over for printing on side B of the web of
media 418.

[00119] Side B print engine 410 deposits printing fluid on side B of the web of
media 418 to print user content text and images on side B of the web of media
418. In one example, side B print engine 410 is an inkjet print engine that
includes inkjet drop generators. In one example, side B print engine 410 is a
thermal inkjet print engine. In one example, side B print engine 410 is a
piezoelectric inkjet print engine.

[00120] Next, the web of media 418 moves through side B dryer 412, which

evaporates fluid from the printing fluid and the web of media 418. In one
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example, side B dryer 412 includes heating elements and fans to blow heated
air onto the web of media 418 and exhaust air from side B dryer 412. In one
example, side B dryer 412 is similar to dryer 250 (shown in Figure 3).

[00121] Next, the web of media 418 travels through quality monitoring module
414, which scans the printed text and images for defects. The web of media
418 is taken up on rewinder 416. In other examples, the web of media 418
travels through post-processing equipment, such as machines for cutting,
punching, folding, and stacking the printed media, where the web of media 418
is processed into books, papers, pamphlets, magazines, or other suitable
formats.

[00122] Web press system 400 includes a web press system controller 420 that
is communicatively coupled to unwinder 402, side A print engine 404, side A
dryer 406, media turn-over mechanism 408, side B print engine 410, side B
dryer 412, quality monitoring module 414, and rewinder 416 via communications
path 422. Web press system controller 420 controls and coordinates the
operation of web press system 400. Web press system controller 420 manages
press subsystems including media supply and rewind systems, print engines,
ink delivery systems, media dryers, and in-line process monitoring.

[00123] Web press system 400 also includes a digital front end 424, a press
interface adapter (PIA) and frame broker 426, and a print engine controller 428.
The digital front end 424 is communicatively coupled to PIA and frame broker
426 via communications path 430, and to a user work station 432 via
communications path 434. PIA and frame broker 426 is communicatively
coupled to print engine controller 428 via communications path 436. Web press
system controller 420 is communicatively coupled to digital front end 424, PIA
and frame broker 426, print engine controller 428, and, optionally, user work
station 432 via communications path 422.

[00124] Print engine controller 428 includes a side A print engine controller 428a
and a side B print engine controller 428b. In one example, print engine
controller 428 is similar to print engine controller 32 (shown in Figure 1). In one

example, print engine controller 428 is similar to print engine controller 120
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(shown in Figure 2). In one example, print engine controller 428 is similar to
print engine controller 204 (shown in Figure 3).

[00125] Side A print engine controller 428a is communicatively coupled to side B
print engine controller 428b via communications path 438 and to side A print
engine 404 via communications path 440. Side B print engine controller 428b is
communicatively coupled to side B print engine 410 via communications path
442. In one example, side A print engine controller 428a is similar to side A
print engine controller 204a (shown in Figure 3). In one example, side B print
engine controller 428b is similar to side B print engine controller 204b (shown in
Figure 3).

[00126] Digital front end 424 provides a user interface to web press system 400.
A user accesses digital front end 424 via user work station 432. The digital front
end 424 processes print job ticketing and controls raster image processors
(RIPs), where the raster image processing can be done offline.

[00127] PIA and frame broker 426 interfaces digital front end 424, including the
RIPs, to print engine controller 428. PIA and frame broker 426 includes a side A
frame broker 426a that communicates with side A print engine controller 428a,
and a side B frame broker 426b that communicates with side B print engine
controller 428b. PIA and frame broker 426 and print engine controller 428
buffer frames from the RIPs, control the sequence of printing frames, and
deliver frames to print engines 402 and 410.

[00128] Print engine controller 428 controls print engines 402 and 410 to print
user content text and images on sides A and B of the web of media 418. Side A
print engine controller 428a controls side A print engine 402. Side B print
engine controller 428b controls side B print engine 410. Each of the print
engine controllers 428a and 428b includes hardware and software for
performing the tasks described in this disclosure. In one example, each of the
print engine controllers 428a and 428b is similar to controller 32 (shown in
Figure 1) and includes a processor, memory, also referred to as machine-
readable (or computer-readable) storage media, and a network interface, similar

to one example of controller 32.
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[00129] Figure 7 is a flowchart diagram illustrating one example of a method of
web press printing that compensates for cross-web expansion in a web of
media. The web of media, such as the web of media 22 (shown in Figure 1),
moves in the web advance direction through a web press system, such as web
press system 20 of Figure 1.

[00130] At 500, a first printbar, such as first printbar 24, deposits printing fluid on
the web of media as the web of media moves through the web press system.
The web of media expands due to the printing fluid deposited on the web of
media by the first printbar.

[00131] Next, at 502 a first sensor, such as first sensor 26, senses a pattern on
the web of media after expansion of the web of media due to printing fluid
deposited on the web of media by the first printbar. The first sensor provides
sensor data that indicates the positions of the pattern in the cross-web direction
on the web of media.

[00132] Next, at 504, a second printbar, such as second printbar 28, deposits
printing fluid on the web of media. The web of media expands again due to the
printing fluid deposited on the web of media by the second printbar.

[00133] At 506, a second sensor, such as second sensor 30, senses the same
pattern on the web of media after expansion of the web of media due to printing
fluid deposited on the web of media by the second printbar. The second sensor
provides sensor data that indicates the position of the pattern in the cross-web
direction on the web of media.

[00134] At 508, a controller, such print engine controller 32, receives the sensor
data from the first sensor and the second sensor and determines the amount of
expansion of the web of media in the direction perpendicular to the web
advance direction, i.e., in the cross-web direction.

[00135] At 510, the controller modifies the printing performed by the second
printbar based on the amount of expansion of the web of media. This
compensates for the measured expansion of the web of media and reduces
cross-web color to color misalignment.

[00136] Figure 8 is a flowchart diagram illustrating one example of a method of

web press printing that compensates for cross-web shrinkage of a web of
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media. The web of media, such as the web of media 202 (shown in Figure 3),
moves in the web advance direction through a web press system, such as web
press system 200 of Figure 3.

[00137] At 600, a side A printbar, such as first side A printbar 208, deposits
printing fluid on side A of the web of media to print first user content on side A of
the web of media. The web of media expands due to the printing fluid deposited
on side A by the side A printbar.

[00138] Next, at 602, the web of media moves through a side A dryer, such as
side A dryer 248, which evaporates fluid from the printing fluid and the web of
media. As the side A dryer dries the printing fluid and the web of media, the
web of media shrinks in the cross-web direction, where media expansion and
shrinkage in the cross-web direction, usually, results in a net cross-web
shrinkage of the web of media.

[00139] At 604, a side A sensor, such as fifth side A sensor, senses a side A
pattern after shrinkage of the web of media due to drying of the printing fluid and
the web of media. The side A sensor provides sensor data that indicates the
position of the side A pattern in the cross-web direction on the web of media
202.

[00140] Next, at 606, a side B printbar, such as first side B printbar 228, deposits
printing fluid on side B of the web of media to print second user content on side
B of the web of media. The web of media expands due to the printing fluid
deposited on side B by the side B printbar.

[00141] Next, at 608, the web of media travels through a side B dryer, such as
side B dryer 250, which evaporates fluid from the printing fluid and the web of
media. As the side B dryer dries the printing fluid and the web of media, the
web of media shrinks in the cross-web direction, where media expansion and
shrinkage in the cross-web direction, usually, results in a net shrinkage of the
web of media.

[00142] At 610, a side B sensor, such as fifth side B sensor 244, senses a side B
pattern after shrinkage of the web of media due to drying of the printing fluid and
the web of media. The side B sensor provides sensor data that indicates the

position of the side B pattern in the cross-web direction on the web of media.
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[00143] At 612, a side A print engine controller, such as side A print engine
controller 204a, determines a first amount of shrinkage of the web of media in
the cross-web direction due to drying by the side A dryer. Also, at 612, the side
B print engine controller determines a second amount of shrinkage of the web of
media in the cross-web direction due to drying by the side B dryer. The side B
print engine controller provides the second amount of shrinkage to the side A
print engine controller.

[00144] At 614, the side B print engine controller modifies printing performed by
side B printbars based on the expansion due to the side B printbars and the
second amount of shrinkage of the web of media. This compensates for the
measured expansion of the web of media due to the side B printbars and for the
measured shrinkage of the web of media due to the side B dryer.

[00145] At 616, the side A print engine controller determines the overall media
distortion, which is the amount of expansion due to the side A printbars and the
amount of shrinkage due to the side A dryer, i.e., the first amount of shrinkage,
plus the amount of expansion due to the side B printbars and the amount of
shrinkage due to the side B dryer, i.e., the second amount of shrinkage. The
side A print engine controller modifies printing performed by side A printbars to
compensate for the side A expansion and the overall media shrinkage.

[00146] Although specific examples have been illustrated and described herein,
a variety of alternate and/or equivalent implementations may be substituted for
the specific examples shown and described without departing from the scope of
the present disclosure. This application is intended to cover any adaptations or
variations of the specific examples discussed herein. Therefore, it is intended

that this disclosure be limited only by the claims and the equivalents thereof.
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CLAIMS

1. A web press printing system comprising:

a first printbar to print first user content on a first side of a web of media;

a first sensor to sense a pattern on the web of media and provide first
sensor data as the first printbar prints the first user content;

a second printbar to print second user content on the first side of the web
of media;

a second sensor to sense the pattern on the web of media and provide
second sensor data as the second printbar prints the second user content; and

a controller to determine an amount of expansion of the web of media in
a direction perpendicular to a web advance direction based on the first sensor
data and the second sensor data and to modify printing performed by the

second printbar based on the amount of expansion.

2. The web press printing system of claim 1, comprising:

a web dryer situated downstream of the first sensor and the second
sensor and to dry the web of media; and

a third sensor situated downstream of the web dryer and to sense the
pattern and provide third sensor data, wherein the controller determines an
amount of shrinkage of the web of media in the direction perpendicular to the

web advance direction based on the third sensor data.

3. The web press printing system of claim 2, comprising:
a third printbar situated downstream of the third sensor to print third user

content on a second side of the web of media.

4. The web press printing system of claim 1, wherein the controller
determines a first amount of expansion of the web of media in the direction
perpendicular to the web advance direction due to the first printbar printing the

first user content and a second amount of expansion of the web of media in the
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direction perpendicular to the web advance direction due to the second printbar

printing the second user content.

5. The web press printing system of claim 1, comprising:
a marking system situated upstream of the first printbar to print the

pattern on the web of media.

6. A web press printing system comprising:

a first printbar to print first user content on a first side of a web of media;

a first web dryer situated downstream of the first printbar to dry the web
of media;

a first sensor situated downstream of the first web dryer to sense a first
pattern and provide first sensor data as the first printbar prints the first user
content; and

a controller to determine a first amount of shrinkage of the web of media
in a direction perpendicular to a web advance direction based on the first sensor
data and to modify printing performed by the first printbar based on the first

amount of shrinkage.

7. The web press printing system of claim 6, comprising:

a second printbar situated downstream of the first sensor to print second
user content on a second side of the web of media;

a second web dryer situated downstream of the second printbar to dry
the web of media; and

a second sensor situated downstream of the second web dryer to provide
second sensor data, wherein the controller determines a second amount of
shrinkage of the web of media in the direction perpendicular to the web advance
direction based on the second sensor data and modifies the printing performed

by the first printbar based on the second amount of shrinkage.

8. The web press printing system of claim 7, wherein the second sensor

senses the first pattern to provide the second sensor data.
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9. The web press printing system of claim 7, wherein the second sensor

senses a second pattern to provide the second sensor data.

10.  The web press printing system of claim 6, wherein the first sensor
comprises two or more sensors spaced apart in a direction perpendicular to a

web advance direction of the web of media to sense the first pattern.

11. A method of web press printing comprising:

printing first user content on a first side of a web of media;

sensing, via a first sensor, a first pattern on the web of media as the first
user content is printed;

printing second user content on the first side of the web of media;

sensing, via a second sensor, the first pattern on the web of media as the
second user content is printed;

determining an amount of expansion of the web of media in a direction
perpendicular to a web advance direction based on data from the first sensor
and the second sensor as the first user content and the second user content is
printed; and

modifying the printing of the second user content based on the amount of

expansion as the first user content and the second user content is printed.

12.  The method of claim 11, comprising:

a first drying of the web of media;

sensing, via a third sensor, the first pattern;

determining a first amount of shrinkage of the web of media in the
direction perpendicular to the web advance direction based on data from the
third sensor; and

modifying the printing of the second user content based on the first

amount of shrinkage.

13.  The method of claim 12, comprising:

printing third user content on a second side of the web of media;
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a second drying of the web of media;

sensing, via a fourth sensor, a second pattern on the web of media;

determining a second amount of shrinkage of the web of media in the
direction perpendicular to the web advance direction based on data from the
fourth sensor; and

modifying the printing of the first user content based on the second

amount of shrinkage.

14.  The method of claim 11, comprising:

determining a first amount of expansion of the web of media in the
direction perpendicular to the web advance direction due to the printing of the
first user content; and

determining a second amount of expansion of the web of media in the
direction perpendicular to the web advance direction due to the printing of the

second user content.

15.  The method of claim 11, comprising:
providing, via a marking system, the first pattern on the first side of the

web of media.
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