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(54) ALIGNMENT OF PRINTHEADS IN PRINTING SYSTEMS

(57) Systems and methods are provided for aligning
printheads of a printing system. One embodiment is a
system for aligning printheads of a printing system. The
system includes a first sensor configured to detect lateral
positions of an upstream printhead relative to sections
of a web of print media traveling through the printing sys-
tem, and a second sensor configured to detect lateral
positions of a downstream printhead relative to the sec-
tions of the web. The downstream printhead is placed
after the upstream printhead in the direction of travel of
the web. The system also includes a controller configured
to align the downstream printhead with the sections of
the web based on the lateral positions of the upstream
printhead and the lateral positions of the downstream
printhead.
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Description

[0001] This application is related to U.S. Pat. App.
13/933,582, titled "ALIGNMENT OF PRINTHEADS IN
PRINTING SYSTEMS," filed on July 7, 2013 and herein
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The invention relates to the field of printing sys-
tems, and in particular, to alignment of printheads in con-
tinuous-forms printing systems.

2. Description of the Related Art

[0003] Entities with substantial printing demands typi-
cally use a production printer. A production printer is a
high-speed printer used for volume printing (e.g., one
hundred pages per minute or more). Production printers
include continuous-forms printers that print on a web of
print media stored on a large roll.
[0004] A production printer typically includes a local-
ized print controller that controls the overall operation of
the printing system, and a print engine (sometimes re-
ferred to as an "imaging engine" or a "marking engine").
The print engine includes one or more printhead assem-
blies, with each assembly including a printhead controller
and a printhead (or array of printheads). An individual
printhead includes multiple (e.g., hundreds of) tiny noz-
zles that are operable to discharge ink as controlled by
the printhead controller. A printhead array is formed from
multiple printheads that are spaced in series across the
width of the web of print media.
[0005] While printing, the web is quickly passed under-
neath the nozzles, which discharge ink at intervals to
form pixels on the web. In order to ensure that the web
is consistently positioned underneath the nozzles, steer-
ing systems may align the web laterally with respect to
its direction of travel. Steering systems may be calibrated
when the printer is first installed. However, even when
the web is ostensibly aligned, fluctuations in the physical
properties of the web itself (e.g., small micron-level var-
iations along the edge of the web, lateral tension variation
along the web, orientation of the fibers in the web, etc.)
may cause the web to experience lateral shifts during
printing. Even though the individual shifts may be small
(e.g., on the order of microns), the shifts reduce print
quality. For example, when multiple printheads are used
by a printer to form a mixed color pixel, a small fluctuation
in web position may cause an upstream printhead to mark
the correct physical location on the web, while a down-
stream printhead marks the wrong physical location on
the web. This distorts the final color of the pixel in the
printed job.

SUMMARY OF THE INVENTION

[0006] Embodiments described herein determine the
lateral position of an upstream printhead with respect to
a web of print media, and align one or more downstream
printheads with the lateral position of the upstream print-
head. These systems and methods may further dynam-
ically align the one or more downstream printheads to
account for fluctuations in lateral position of the upstream
printhead that occur while a job is printing.
[0007] One embodiment is a system for aligning print-
heads of a continuous-forms printing system. The system
includes a first sensor configured to detect lateral posi-
tions of an upstream printhead relative to sections of a
web of print media traveling through the printing system,
and a second sensor configured to detect lateral posi-
tions of a downstream printhead relative to the sections
of the web. The downstream printhead is placed after the
upstream printhead in the direction of travel of the web.
The system also includes a controller configured to align
the downstream printhead with the sections of the web
based on the lateral positions of the upstream printhead
and the lateral positions of the downstream printhead.
[0008] Other exemplary embodiments (e.g., methods
and computer-readable media relating to the foregoing
embodiments) may be described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Some embodiments of the present invention
are now described, by way of example only, and with
reference to the accompanying drawings. The same ref-
erence number represents the same element or the same
type of element on all drawings.

FIG. 1 illustrates an exemplary continuous-forms
printing system.
FIG. 2 illustrates how a web of print media may os-
cillate laterally within the printing system of FIG. 1
during printing.
FIG. 3 is a diagram illustrating exemplary problems
resulting from lateral web oscillations in a printing
system that uses multiple color planes.
FIG. 4 is a diagram illustrating a printing system that
aligns printheads in an exemplary embodiment.
FIG. 5 is a diagram illustrating the printing system of
FIG. 4 aligning a printhead in an exemplary embod-
iment.
FIG. 6 is a flowchart illustrating a method of account-
ing for lateral shifts at a web of print media in an
exemplary embodiment.
FIG. 7 is a diagram further illustrating a printer of a
multi-printer printing system that dynamically aligns
printheads in an exemplary embodiment.
FIG. 8 illustrates a processing system operable to
execute a computer readable medium embodying
programmed instructions to perform desired func-
tions in an exemplary embodiment.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] The figures and the following description illus-
trate specific exemplary embodiments of the invention.
It will thus be appreciated that those skilled in the art will
be able to devise various arrangements that, although
not explicitly described or shown herein, embody the prin-
ciples of the invention and are included within the scope
of the invention. Furthermore, any examples described
herein are intended to aid in understanding the principles
of the invention, and are to be construed as being without
limitation to such specifically recited examples and con-
ditions. As a result, the invention is not limited to the spe-
cific embodiments or examples described below, but by
the claims and their equivalents.
[0011] FIG. 1 illustrates an exemplary continuous-
forms printing system 100. Printing system 100 includes
production printer 110, which is able to apply ink onto a
web of continuous-forms print media 120 (e.g., paper).
As used herein, the word "ink" is used to refer to any
suitable marking fluid (e.g., aqueous inks, oil-based
paints, etc.). Printer 110 may comprise an inkjet printer
that applies colored inks, such as Cyan (C), Magenta
(M), Yellow (Y), and Key (K) black inks. One or more
rollers 130 position and tension web 120 as it travels
through printing system 100.
[0012] FIG. 2 illustrates how a web of print media may
shift laterally within the exemplary printing system 100
of FIG. 1 during printing. For example, FIG. 2 at element
210 illustrates that rollers may impart lateral shifts to a
web of print media. As used herein, a lateral shift is a
positional change that is within the plane of the web and
orthogonal to the direction of travel of the web (i.e., or-
thogonal to the length of the web, and parallel to the width
of the web).
[0013] As shown in element 210, before traveling
through a roller the lateral position of the centerline of
the web (with respect to the web’s direction of travel as
shown on FIG. 2) is below the dashed reference line.
After traveling through the roller, the centerline is above
the reference line. Furthermore, the degree of lateral
shifting imparted by printing system 100 itself may oscil-
late in amplitude and direction while printing system 100
is operating. In short, the very act of driving the web may
cause the web to laterally oscillate back and forth. Static
adjustments do not compensate for these oscillating lat-
eral shifts that occur during printing.
[0014] FIG. 2 at element 220 shows that the web itself
may also contribute to lateral fluctuations. Element 220
shows that a web may have an uneven edge. For exam-
ple, some webs of print media are initially cut with a blade.
When a long cut is being made, the blade itself may os-
cillate laterally back and forth at a certain frequency by
very small amounts (e.g., a few microns). This in turn
imparts an uneven edge to the web. Since many print-
heads maintain the same absolute position while printing,
the distance of printed marks relative to the edge of the

paper will vary as the edge of the paper itself varies.
[0015] FIG. 3 is a diagram illustrating exemplary prob-
lems resulting from lateral web oscillations in a printing
system that uses multiple color planes that are physically
separated from each other. In this case, each printhead
array 310 acts as a color plane for one of cyan, magenta,
yellow, and key black. In FIG. 3, each printhead array
310 is aligned to the same absolute lateral position rel-
ative to its peers, as indicated by reference lines 320 and
330. When the printheads are aligned in this manner,
they will all mark the same absolute lateral positions with
respect to each other. However, because the position of
web 120 fluctuates in between the printheads, ink marked
by each printhead array 310 appears on a different lateral
position on web 120, as shown by element 340. Thus,
color plane separation occurs even though each of print-
heads 310 is marking the same absolute lateral position.
This problem is particularly undesirable because the
color of a single pixel on a page is often defined by mul-
tiple colors of marking fluid applied by printhead arrays
at different locations. Thus, if a color plane is misaligned
on the web with respect to another color plane, the colors
of individual pixels may be inaccurate, resulting in a highly
noticeable degradation of print quality.
[0016] To address these problems with printhead
alignment, FIG. 4 illustrates a printing system 400 that
aligns printheads in an exemplary embodiment. Printing
system 400 comprises any system, component, or device
operable to mark a web of print media. Printing system
400 has been enhanced to adjust the lateral position of
printhead 430. These adjustments are made in order to
align printhead 430 with the lateral position of printhead
420 at web 480. For example, if printhead 420 marks a
section of web 480 at a lateral position with respect to
web 480, controller 450 may align printhead 430 to mark
the same section of web 480 at the same lateral position
when that section reaches printhead 430. As used herein,
because a section of traveling web will reach printhead
420 before it reaches printhead 430, printhead 420 is
considered "upstream" of printhead 430, and printhead
430 is considered "downstream" of printhead 420. Fur-
thermore, as used herein a "section" of a web is a part
of the web that extends across the width of the web, but
has a limited length in the direction of travel of the web.
For example, a section of the web may comprise a single
page, a single line of pixels on a page, multiple printed
pages, etc.
[0017] In this embodiment, printing system 400 in-
cludes printer 410, which uses printheads 420 and 430
to mark ink onto web 480. Printing system 400 also in-
cludes a printhead alignment system 460 (indicated by
the dashed line), which is made up of controller 450, sen-
sors 422 and 432, and a positioning system 434 for print-
head 430. Sensor 422 detects the lateral position of print-
head 420 with respect to web 480, and sensor 432 de-
tects the lateral position of printhead 430 with respect to
web 480. Controller 450 then adjusts the lateral position
of printhead 430 (e.g., during printing) to compensate for
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the changing position of printhead 420 on web 480. Due
to natural and dynamic variations in web 480 and the
rollers that position web 480, the lateral position of print-
head 420 may change with respect to web 480 even in
embodiments where printhead 420 is kept at a fixed lo-
cation within printer 410.
[0018] Sensors 422 and 432 comprise any systems,
components, or devices operable to detect positional
shifts of a printhead with respect to web 480. For exam-
ple, a sensor may comprise a laser, pneumatic, photoe-
lectric, ultrasonic, infrared, optical, or any other suitable
type of sensing device. Furthermore, each sensor may
be placed upstream (e.g., less than one foot upstream)
of its corresponding printhead. In this embodiment, each
sensor detects the position of physical edge of the web.
In another embodiment, sensors are placed downstream
of their corresponding printheads in order to detect the
positions of marks made by the printheads onto the web.
These measurements may then be used to determine
the lateral position of each printhead relative to sections
of web 480 as the sections travel between the printheads.
[0019] Controller 450 comprises any system, compo-
nent, or device operable to control the position of print-
head 430, based on changes in the lateral position of
printhead 420 with respect to web 480 as detected by
sensor 422. For example, controller 450 may direct a
positioning device 434 (e.g., a linear actuator) to physi-
cally move printhead 430 to account for changes in the
lateral position of printhead 420. Controller 450 may be
implemented, for example, as custom circuitry, as a proc-
essor executing programmed instructions, etc. Controller
450 may be integrated into printer 410 or separate from
printer 410 as desired. Positioning device 434 may com-
prise a linear actuator, a movable printhead assembly
that repositions itself by driving itself along a fixed rail, or
any other suitable system capable of moving printhead
430.
[0020] As shown in FIG. 4, marks 440 made by print-
head 420 may deviate by some amount Δ1 from their
intended locations on web 480. Meanwhile, printhead
430 may deviate by a different amount Δ2, and these
amounts may be constantly varying as printing continues
owing to oscillations in web 480. Thus, the difference in
lateral position between printhead 420 and printhead 430
may continually vary.
[0021] FIG. 5 is a further diagram 500 illustrating print-
ing system 400 of FIG. 4 aligning a printhead in an ex-
emplary embodiment. Specifically, FIG. 5 illustrates a
scenario where printhead 430 has been moved to align
with/match the lateral position of printhead 420 with re-
spect to a section of web 480. As shown in FIG. 5, print-
head 430 has been moved so that its centerline (indicated
by a dotted line) is aligned on the page at the same lo-
cation occupied by the centerline of printhead 420 when
printhead 420 marked that section of web 480.
[0022] Illustrative details of the operation of printing
system 400 will be discussed with regard to FIG. 6. As-
sume, for this embodiment, that printer 410 has started

printing, and that during printing web 480 is being driven
underneath printheads 420 and 430. Further, assume
that the lateral position of printhead 420 with respect to
web 480 is shifting back and forth due to the web being
driven.
[0023] FIG. 6 is a flowchart illustrating a method 600
of accounting for lateral shifts at a web of print media in
an exemplary embodiment. The steps of method 600 are
described with reference to printing system 400 of FIG.
4, but those skilled in the art will appreciate that method
600 may be performed in other systems. The steps of
the flowcharts described herein are not all inclusive and
may include other steps not shown. The steps described
herein may also be performed in an alternative order.
[0024] In this embodiment, sensors 422 and 432 con-
tinuously measure the lateral position of printheads 420
and 430 with respect to web 480. Specifically, sensor
422 measures a distance to an edge of web 480 proxi-
mate to printhead 420, and sensor 432 measures a dis-
tance to an edge of web 480 proximate to printhead 430.
In step 602, controller 450 operates sensor 422 to detect
lateral positions of printhead 420 relative to sections of
web 480 that pass across printhead 420. Similarly, in
step 604 controller 450 operates sensor 432 to detect
lateral positions of printhead 430 relative to sections of
web 480 that pass across printhead 430. Controller 450
may further process sensor data (e.g., indicating edge
position) to determine the lateral position of printhead
420 relative to web 480 at a section of web 480. Deter-
mining the lateral position of printhead 420 with respect
to web 480 may include analyzing input from sensor 422
to determine an amount of offset of printhead 420 (Δ1)
from a default lateral position with respect to web 480,
such as an ideal (e.g., centered) marking position on web
480.
[0025] In step 606, controller 450 aligns printhead 430
with the sections of the web, based on the lateral posi-
tions of printhead 420 and the lateral positions of print-
head 430. Thus, for a given section of web, controller
450 may align printhead 430 to the lateral position of
printhead 420 for that section, by the time the section of
the web reaches printhead 430. In one embodiment, this
process includes acquiring a distance measurement
from sensor 432 in order to determine an offset of print-
head 430 (Δ2) before the section of web reaches print-
head 430. Controller 450 determines an amount of ad-
justment to move printhead 430 from its current lateral
position to align printhead 430 with the section of the
web, and instructs positioning device 434 to adjust the
lateral position of printhead 430 by the time that the sec-
tion of the web has reached printhead 430. In this man-
ner, controller 450 accounts for differences in relative
lateral position between printhead 420 and printhead 430
for individual sections of web 480. Thus, if controller 450
determines that printhead 420 is shifted in one direction
in relation to a section of web by fifty microns, then it may
direct positioning device 434 to move printhead 430 so
that it will be shifted upward by fifty microns with respect
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to web 480 when the section of web 480 reaches print-
head 430.
[0026] Controller 450 may also time its adjustments
based on speed and/or distance metrics, such as the
distance between sensor 422 and printhead 430, the dis-
tance between sensor 432 and printhead 430, the dis-
tance between printhead 420 and printhead 430, etc.
When the speed of web 480 is known, a lag time between
the components of printer 410 may be determined to en-
sure that adjustments to printhead 430 are properly
timed. For example, if sensor 422 is positioned one and
a half seconds upstream of printhead 430, controller 450
may implement a lag time to ensure that printhead 430
has moved to its new position after one and a half sec-
onds (e.g., by implementing an input delay for an actuator
driving printhead 430).
[0027] Method 600 provides a substantial benefit over
prior techniques, because it accounts for web 480 shifting
between printhead 420 and printhead 430. Specifically,
instead of considering the absolute lateral position of
printheads 420 and 430 within printer 410, method 600
determines the lateral position of printheads 420 and 430
with respect to web 480 (which may be unpredictably
oscillating). This allows printhead 430 to be repositioned
accurately on web 480 to the same relative lateral posi-
tion as printhead 420, ensuring that both printheads are
aligned in the same way with respect to the web when
they print. These techniques substantially eliminate is-
sues arising from misaligned color planes, because these
techniques may be used to ensure that marking materials
for colors are aligned when dispensed onto the web to
create combined colors at pixel locations.
[0028] Method 600 may repeat iteratively/continuously
during printing so that lateral shifts of printhead 420 with
respect to web 480 are consistently identified and ad-
dressed. This allows printing system 400 to dynamically
account for lateral movement at the web during printing,
even when the lateral movement of the web is unpredict-
able. Better positioning of printheads with respect to the
web ensures greater print quality, and in systems that
use multiple colors of ink, it also helps to ensure that
printed colors are accurately marked onto the print me-
dia.
[0029] In a further embodiment, controller 450 may re-
ceive input from each sensor indicating a stream of lateral
positions, and may apply a lowpass filter to one or more
input streams before attempting to correct shifts in the
position of the web. A lowpass filter (in, for example, the
5 Hertz (Hz) range) may help prevent controller 450 from
responding to high-frequency noise when reposition-
ing/aligning printhead 430.
[0030] In another embodiment, controller 420 may
identify an acceleration limit for printhead 430 when print-
head 430 is being repositioned. Controller 420 then
keeps printhead 430 from exceeding the defined limit. If
printhead 430 is accelerated too quickly when it is being
moved, the original momentum of printhead 430 may
cause it to overshoot its intended final location. This in

turn may cause positioning errors at printhead 430 when
printhead 430 overshoots its target location.
[0031] In another embodiment, controller 450 identifies
a limit for a speed of printhead 430 when printhead 430
is being repositioned. Controller 450 then keeps print-
head 430 from exceeding the defined velocity limit. This
may be beneficial, for example, in embodiments where
printhead 430 is made up of multiple rows of nozzles that
are each located upstream/downstream from each other
with respect to the direction of travel of the web. After
printing, the ink from the rows of nozzles should be evenly
distributed. However, if the entire printhead is moved too
quickly laterally across the web, each row of the printhead
may print at a different location than intended. In short,
when the speed of the printhead is substantial and the
printhead is printing while it is being repositioned, each
row could mark a different lateral position on the web
than intended. A speed limit for a printhead addresses
this problem.
[0032] In yet another embodiment, an amount of me-
chanical slop may exist in the printing system known as
"backlash." Backlash introduces an absolute position er-
ror when an actuator/motor is instructed to drive a print-
head a specific distance. This effect may be amplified
when the actuator/motor is instructed to change the di-
rection of motion of the printhead. For example, if a linear
actuator is instructed to drive a moving printhead thirty
five microns in the opposite direction, mechanical deflec-
tion/deformation issues, slip issues, and clearance dis-
crepancies may cause the printhead to be moved only
twenty microns in the intended direction.
[0033] Controller 450 may compensate for backlash
based on known correlations between driving instruc-
tions (e.g., "move the printhead thirty five microns") and
the actual motion of a printhead. For example, backlash
may occur predictably using a formula that is found for
the printer based on regression techniques used on
measured data. In a further example, amounts of back-
lash may be individually measured, stored in memory,
and compensated for. Amounts of backlash may be
stored in multiple tables, where one table describes back-
lash occurring when there is no change in direction, and
another table describes backlash occurring when there
is a change in direction. A backlash table may include,
for example, a series of entries each indicating a rela-
tionship between a driving instruction and an actual dis-
tance traveled by the printhead. Using these tables, con-
troller 450 is capable of determining discrepancies be-
tween input directing a linear actuator/motor to move a
printhead a certain distance, and actual motion of the
downstream printhead. Controller 450 is then able to ad-
just the input to the linear actuator based on the discrep-
ancies.
[0034] In a further embodiment, controller 450 identi-
fies a resonant frequency of printing system 400. A res-
onant frequency of printing system 400 is a frequency of
motion that amplifies the vibration that naturally occurs
within printing system 400 during printing. Resonant vi-
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brations at printing system 400 may cause damage to its
components. This resonant frequency may be deter-
mined based on actual measurements of printing system
400 during printing operations, or may be a predeter-
mined value.
[0035] After controller 450 determines the resonant
frequencies of printing system 400 (e.g., by consulting
values stored in memory), controller 450 may take meas-
ures to keep from increasing resonant vibrations at print-
ing system 400 when it moves one or more printheads
back and forth. To this end, controller 450 may apply a
stopband filter to input from sensor 430, in order to stop
from measuring (and therefore attempting to correct) vi-
brations of printing system 400 that occur at the resonant
frequency. This may be desirable, as correcting for mo-
tions of the web at resonant frequencies may in some
cases increase vibrations at printing system 400 and
damage it. However, in some embodiments a stopband
filter is not applied, meaning that corrections for vibra-
tions at the natural frequency of the printing system may
be applied.
[0036] In a further embodiment, multiple printheads
(each accompanied by a sensor) are aligned based on
the determined lateral positions of upstream printheads.
This may even include printheads in entirely different
printers that print onto the same web. Each downstream
printhead may, for example, adjust its lateral position
based on the nearest upstream printhead in the printing
system, the most upstream printhead in the printing sys-
tem, etc. In a further embodiment, each printhead of the
printing system is a part of an entire color plane, and
each color plane is upstream/downstream from the other.
[0037] In further embodiments, each printhead may
make one or more gutter marks for reference by the other
printheads, placed at a known lateral position with re-
spect to that printhead. The locations of these marks may
be detected by sensors in order to determine the lateral
positions of upstream printers. Alternatively, an inde-
pendent system may apply a gutter mark, such as an
ultraviolet or thermal gutter mark invisible to the naked
eye.

Examples

[0038] In the following examples, additional process-
es, systems, and methods are described in the context
of a printing system that adjusts printhead position with
respect to a web of print media during printing.
[0039] FIG. 7 is a block diagram 700 illustrating a fur-
ther exemplary printing system that accounts for lateral
shifts at a web of print media 780. In this embodiment,
the printing system includes two inkjet printers used to
print incoming jobs. Each printer includes two printhead
arrays, and each printhead array is used as a color plane
to mark a different color of ink onto web 780 of print media.
The upstream printer 710 marks black (K) and magenta
(M) ink onto web 780, while the downstream printer (not
shown) marks cyan (C) and yellow (Y) ink onto web 780.

[0040] While a job is being printed, web 780 travels
through the printing system at a rate of eight linear feet
per second, and the lateral position of web 780 fluctuates
back and forth, even between individual color planes.
The printing system aligns the C, M, and Y color planes
to match lateral positions detected for the K color plane
at web 780. Specifically, controller 750 moves the C, M,
and Y color planes to compensate for errors in lateral
position that are between about five microns and several
hundred microns, occurring at a rate of about 0.1 to 2
Hertz (Hz). In order to calibrate the corrections made by
the various printhead arrays, the lateral position of fur-
thest upstream printhead array 720 (here, the printhead
array responsible for the black (K) color plane) is detected
by a laser thru-beam sensor 722. Printhead array 720 is
fixed within printer 710, but because web 780 moves lat-
erally during printing, the lateral position of printhead ar-
ray 720 with regard to an edge of web 780 varies over
time.
[0041] Sensors 722 and 732 continuously measure the
lateral position of printheads 720 and 730 with respect
to web 780. In this embodiment, sensor 722 measures
a distance to an edge of web 780. This measured dis-
tance is equal to d1 + d2. As used herein, d1 corresponds
with the expected distance to an edge of web 780 when
printhead array 720 is perfectly laterally positioned with
respect to web 780. Meanwhile, d2 corresponds with an
offset value indicating an amount of lateral deviation of
printhead array 720 from its expected position with re-
spect to web 780. When printhead array 720 is fixed or
when the absolute position of printhead array 720 with
respect to sensor 722 is otherwise known, d1 becomes
a known value, which means that d2 may be determined.
[0042] Sensor 732 also measures a distance to an
edge of web 780. This measured distance is equal to d3
+ d4. As used herein, d3 corresponds to the expected
distance to an edge of a perfectly aligned web 780 based
on the current absolute position of printhead array 730
within printer 410. Meanwhile, d4 corresponds with an
offset value indicating an amount of lateral deviation of
printhead array 730 from d3. When the absolute position
of printhead array 730 with respect to sensor 732 is
known, d3 becomes a known value, which means that
d4 may be determined.
[0043] Controller 750 also receives input indicating a
speed at which web 780 is traveling. The input may, for
example, come from printer 710, or from an encoder de-
vice that is physically distinct from printer 710. Based on
the speed and known distances between the various sen-
sors and printhead arrays of the printing system, control-
ler 750 determines a time T1 for a section of the web to
travel from sensor 722 to printhead array 720, a time T2
for the section of the web to travel from printhead array
720 to sensor 732, and a time T3 for the section of the
web to travel from sensor 732 to printhead array 730.
Based on this information, as well as the calculated off-
sets described above, controller 750 implements "lag
time" adjustments to printhead array 730 to ensure that
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its offset matches the offset of printhead array 720 for a
given section of web.
[0044] Specifically, controller 750, upon calculating the
value d2 at sensor 722, determines a time that it will take
for the measured section of the web to reach printhead
730 (T1+T2+T3). This is the time at which printhead 730
should be aligned to match the detected offset. When
time T1+T2 is reached, the section has reached sensor
732, and the current offset d4 of printhead array 730 is
determined by controller 750 as described above. Then,
over the period T3, controller 750 directs a linear actuator
(which includes shaft 734 and motor 736) to drive print-
head array 730 a distance (d4 - d2) in order to align print-
head array 730 to the offset found in printhead array 720.
That is, printhead array 730 is shifted in lateral position
by an amount Δ1 + Δ2 to match the offset of printhead
array 720. Each of the color planes in the downstream
printer (not shown) use similar systems to laterally align
themselves to printhead array 720.
[0045] Embodiments disclosed herein may take the
form of software, hardware, firmware, or various combi-
nations thereof. In one particular embodiment, software
is used to direct a processing system of controller 420 to
perform the various operations disclosed herein. FIG. 8
illustrates a processing system 800 operable to execute
a computer readable medium embodying programmed
instructions to perform desired functions in an exemplary
embodiment. Processing system 800 is operable to per-
form the above operations by executing programmed in-
structions tangibly embodied on computer readable stor-
age medium 812. In this regard, embodiments of the in-
vention may take the form of a computer program acces-
sible via computer-readable medium 812 providing pro-
gram code for use by a computer or any other instruction
execution system. For the purposes of this description,
computer readable storage medium 812 may be anything
that may contain or store the program for use by the com-
puter.
[0046] Computer readable storage medium 812 may
be an electronic, magnetic, optical, electromagnetic, in-
frared, or semiconductor device. Examples of computer
readable storage medium 812 include a solid state mem-
ory, a magnetic tape, a removable computer diskette, a
random access memory (RAM), a read-only memory
(ROM), a rigid magnetic disk, and an optical disk. Current
examples of optical disks include compact disk - read
only memory (CD-ROM), compact disk - read/write (CD-
R/W), and DVD.
[0047] Processing system 800, being suitable for stor-
ing and/or executing the program code, includes at least
one processor 802 coupled to program and data memory
804 through a system bus 850. Program and data mem-
ory 804 may include local memory employed during ac-
tual execution of the program code, bulk storage, and
cache memories that provide temporary storage of at
least some program code and/or data in order to reduce
the number of times the code and/or data are retrieved
from bulk storage during execution.

[0048] Input/output or I/O devices 806 (including but
not limited to keyboards, displays, pointing devices, etc.)
may be coupled either directly or through intervening I/O
controllers. Network adapter interfaces 808 may also be
integrated with the system to enable processing system
800 to become coupled to other data processing systems
or storage devices through intervening private or public
networks. Modems, cable modems, IBM Channel attach-
ments, SCSI, Fibre Channel, and Ethernet cards are just
a few of the currently available types of network or host
interface adapters. Display device interface 810 may be
integrated with the system to interface to one or more
display devices, such as printing systems and screens
for presentation of data generated by processor 802.
[0049] Although specific embodiments were described
herein, the scope of the invention is not limited to those
specific embodiments. The scope of the invention is de-
fined by the following claims and any equivalents thereof.

Claims

1. An apparatus comprising:

a printhead alignment system for a continuous-
forms printing system, the printhead alignment
system comprising:

a first sensor configured to detect lateral po-
sitions of an upstream printhead relative to
sections of a web of print media traveling
through the printing system;
a second sensor configured to detect lateral
positions of a downstream printhead rela-
tive to the sections of the web, wherein the
downstream printhead is placed after the
upstream printhead in the direction of travel
of the web; and
a controller configured to align the down-
stream printhead with the sections of the
web based on the lateral positions of the
upstream printhead and the lateral positions
of the downstream printhead.

2. The apparatus of claim 1, wherein:

the controller is configured to determine a lateral
position of the upstream printhead relative to a
section of the web, to determine when the sec-
tion of the web will travel from the upstream print-
head to the downstream printhead, and to align
the downstream printhead with the lateral posi-
tion by the time the section of web reaches the
downstream printhead.

3. The apparatus of claim 1, wherein:

the controller is configured to apply a low pass
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filter to input from the first sensor indicating a
stream of lateral positions detected by the first
sensor, and to align the downstream printhead
based on the filtered stream of lateral positions.

4. The apparatus of claim 1, wherein:

the controller is configured to identify a point in
time to align the downstream printhead with a
section of the web based on a distance between
the upstream printhead and the downstream
printhead.

5. The apparatus of claim 1, wherein:

the controller is configured to identify a point in
time to align the downstream printhead with a
section of the web based on a speed of the web.

6. The apparatus of claim 1, wherein:

the controller is configured to align the down-
stream printhead with a section of the web by
moving the downstream printhead to a lateral
position of the upstream printhead relative to the
section of the web.

7. The apparatus of claim 1, wherein:

the controller is configured to limit a velocity for
the downstream printhead while aligning the
downstream printhead.

8. The apparatus of claim 1, wherein:

the controller is configured to limit an accelera-
tion for the downstream printhead while aligning
the downstream printhead.

9. The apparatus of claim 1, wherein:

the first sensor is configured to detect lateral po-
sitions of the upstream printhead based on
marks applied by the upstream printhead onto
the web.

10. The apparatus of claim 1, wherein:

a linear actuator repositions the downstream
printhead based on input from the controller, and
the controller is configured to determine discrep-
ancies between input directing the linear actua-
tor to move the downstream printhead a dis-
tance and actual motion of the downstream
printhead, and to adjust the input from the con-
troller based on the discrepancies.

11. A method comprising:

detecting lateral positions of an upstream print-
head relative to sections of a web of print media
traveling through a continuous-forms printing
system, wherein a downstream printhead is
placed after the upstream printhead in the direc-
tion of travel of the web;
detecting lateral positions of the downstream
printhead relative to the sections of the web; and
aligning the downstream printhead with the sec-
tions of the web based on the lateral positions
of the upstream printhead and the lateral posi-
tions of the downstream printhead.

12. The method of claim 11, further comprising:

determining a lateral position of the upstream
printhead relative to a section of the web;
determining when the section of the web will
travel from the upstream printhead to the down-
stream printhead; and
aligning the downstream printhead with the lat-
eral position by the time the section of web
reaches the downstream printhead.

13. The method of claim 11, further comprising:

applying a low pass filter to input indicating a
stream of detected lateral positions of the up-
stream printhead; and
aligning the downstream printhead based on the
filtered stream of lateral positions.

14. The method of claim 11, further comprising:

identifying a point in time to align the down-
stream printhead with a section of the web based
on a distance between the upstream printhead
and the downstream printhead.

15. The method of claim 11, further comprising:

identifying a point in time to align the down-
stream printhead with a section of the web based
on a speed of the web.
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