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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of
control systems for web-fed printing press lines. In par-
ticular, the invention relates to a system for lateral and
longitudinal position control of the web with respect to
various processing units operating on the web.

BACKGROUND OF THE INVENTION

[0002] In a typical multi-color web-fed printing press
line, a web of material (e.g., paper) is sequentially
driven through a plurality of printing units. Each printing
unit applies a different color ink to the web to produce a
multi-color printed image. The web is typically routed
through a thermal dryer which dries the ink and then to
a series of chill rolls which operate to cool the web and
set the ink. A slitter slits the web longitudinally (i.e., in a
direction parallel to the direction of web movement) into
two or more ribbons. Thereafter, the ribbons are
directed to a folder where they are aligned one on top of
the other and then folded longitudinally. A cutting mech-
anism, including a pair of cutting cylinders, and a com-
pensator controlled by a cutoff control system, operate
to cut the ribbons in a direction transverse to the direc-
tion of web movement. As described, the printing press
line outputs a number of "signatures", each consisting
of eight or more pages. The signatures are subse-
quently processed off-line into magazines, catalogs, or
the like. Of course, the above merely describes a typical
printing press line and it is to be understood that many
variations of a printing line are possible.

[0003] A cutoff control system typically operates to
control the length of the longitudinal path of the web
such that the cutting cylinders cut the web at the appro-
priate time in order to properly separate the repeating
images printed on the web. Early cutoff control systems
operate with control marks separate from the desired
printed image or "work". These control marks, in con-
junction with a scanner and a signal from an encoder,
are utilized to determine the longitudinal position of the
image on the web relative to the cutting cylinders. More
recent cutoff control systems, such as those described
in U.S. Pat. Nos. 4,736,446, 4,882,764, and 4,885,785,
which are assigned to the assignee of the present
invention, are also operable in a pattern recognition
mode which does not require the use of control marks
separate from the desired printed image.

[0004] The cutoff control systems described in the
above-mentioned patents operate to periodically adjust
the longitudinal positional relationship of the web and
the cutting cylinders by controlling the movement of a
compensation roller with the use of appropriate control
signals. As the web travels in a longitudinal direction, an
optical point scanner is used to produce an output sig-
nal corresponding to the light reflected from the image
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on the web passing underneath. The scanned data from
the scanned portion of the image is digitally correlated
in one dimension with reference data previously stored
in memory in order to generate a control signal indica-
tive of the longitudinal offset between the scanned por-
tion and the reference image. The relevant portion of the
image used in the correlation is a one dimensional strip
of the image extending in the longitudinal direction
(essentially the portion of the image passing within the
field of view of the point scanner).

[0005] The resultant control signal is fed to a com-
pensation motor which controls the position of a com-
pensation roller. The compensation roller and a pair of
cooperating idler rollers are interposed in the web path
upstream of the cutting mechanism. The compensation
motor is responsive to the control signal and selectively
adjusts the position of the compensation roller such that
the effective length of the web path between the printing
units and the cutting cylinders is increased or
decreased as necessary. In this manner, cutoff at the
appropriate location between repeating printed images
on the web is achieved. Thus, once the proper cutoff is
achieved, the cutoff control system is intended to oper-
ate so as to maintain that cutoff position.

[0006] A disadvantage of the cutoff control system
just described is that, depending on the printed image,
the system may be somewhat intolerant of lateral web
weave. In other words, the point scanner may be placed
in a selected lateral position with respect to the printed
image on the web such that lateral web weave may
cause inaccurate results in terms of cutoff because as
the web moves laterally, the portion of the printed image
that the scanner sees will change.

[0007] In the typical printing system, an in-feed web
guide operates to laterally position the web fed to the
printing units such that the image is nominally printed
on the web at a desired location. For example, it may be
desired to center the image on the web. A chill web
guide located before the slitter operates to position the
web with respect to the slitter using the edge of the web
as a reference. The slitter operates to longitudinally slit
the web at one or more predetermined lateral positions.
For example, a single slit may be made at the center of
the web. The slitting process thus occurs relative to the
edge of the web, or indirectly relative to the expected
position of ink on the web.

[0008] Similarly, the folder operates to fold the rib-
bons at a predetermined lateral position relative to the
expected position of ink on the ribbons using a ribbon
edge as a lateral position reference. Generally, the
desired fold location is not at the center of the ribbon
because it is often desired that one ribbon edge overlap
the other in order to facilitate signature handling during
subsequent off-line finishing processes.

[0009] Such printing lines operate with web speeds
of approximately 1600 feet per minute or greater. At
these high speeds, the web may undergo lateral shifts
at various points along the printing line. Lateral shifts of
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the web occurring between the in-feed web guide and
the printing units cause the actual lateral position of the
ink on the web (as measured with respect to a web
edge) to vary from its expected position. Similarly, lat-
eral shifts of the web can occur between the printing
units and the folder. Because the folder operates rela-
tive to the expected position of ink on the web by using
the web edge as a lateral position reference, when the
actual lateral position of ink differs significantly from its
expected position, the fold location is not in the right
place with respect to the printed image.

SUMMARY OF THE INVENTION

[0010] The present invention improves the output
quality of the printed product and solves the problems
described above with a control system that operates to
position the web to be cut and folded relative to the
actual position of ink on the web.

[0011] It is an object of the present invention to
position a web laterally with respect to a folder or a slit-
ter using the image printed on the web as a reference
rather than using the ribbon edge as a reference. Itis an
additional object of the present invention to accurately
position the web longitudinally with respect to a device
operating on the web such as the cutting cylinders while
improving tolerance to web weave.

[0012] Other features and advantages of the inven-
tion will become apparent to those of ordinary skill in the
art upon review of the following detailed description,
claims, and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a schematic view of a web-fed printing
press line in accordance with a preferred embodi-
ment of the present invention;

Fig. 2 is a schematic perspective view of a portion
of the printing press line of Fig. 1; and

Fig. 3 is an illustration of the relevant portions of an
image used in the present invention.

[0014] Before one embodiment of the invention is
explained in detail, it is to be understood that the inven-
tion is not limited in its application to the details of the
construction and the arrangements of components set
forth in the following description or illustrated in the
drawings. The invention is capable of other embodi-
ments and of being practiced or being carried out in var-
ious ways. Also, it is to be understood that the
phraseology and terminology used herein is for the pur-
pose of description and should not be regarded as limit-
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DESCRIPTION OF THE PREFERRED EMBODIMENT

[0015] lllustrated in Fig. 1 is a web-fed printing
press line 10 including an in-feed web guide 12 and a
printing press 14. A web 16, typically paper, is fed from
a reel stand 18 through web guide 12 to the printing
press 14. The direction of web motion through the press
line 10 is called the longitudinal or circumferential direc-
tion. The lateral web direction is defined as substantially
perpendicular to the longitudinal direction.

[0016] Printing press 14 comprises a plurality of
serially disposed conventional printing units 20, 22, 24,
26. In the preferred embodiment, each of the printing
units 20, 22, 24, 26 includes an upper blanket cylinder
30, an upper plate cylinder 32, a lower blanket cylinder
34, and a lower plate cylinder 36, as is well known in the
art. Printing units 20, 22, 24, 26 cooperate to print multi-
color images on both the upper and lower surfaces of
web 16. Each printing unit 20, 22, 24, 26 prints an asso-
ciated color of ink; typically, printing unit 20 prints the
color black, and subsequent units 22, 24, 26 print the
respective colors cyan, magenta, and yellow.

[0017] In order to register the respective printed
images generated by each of the individual printing
units 20, 22, 24, 26, a color registration unit 38 is
employed. For example, color registration unit 38 could
be an RGS V unit available from Quad/Tech, Inc. of Sus-
sex, Wisconsin.

[0018] Multi-color images are printed on web 16 by
the printing units 20, 22, 24, 26. The desired or nominal
placement of these images will vary for different press
runs depending on the desired images to be printed and
the type of job; i.e., the layout of the pages of the signa-
ture on the plate cylinder. During printing, the actual lat-
eral position of the image on the web 16 may be shifted
from its nominal position due to reasons such as the lat-
eral movement of the web 16 between the in-feed web
guide 12 and the press 14.

[0019] Web 16 is subsequently routed through a
thermal dryer 40, a series of chill rolls 42, a chill web
guide 44, a coating unit 46, and a slitter 48. Dryer 40
heats the web 16 to evaporate various solvents in the
ink. The chill rolls 42 operate to quickly cool the web 16
after the drying step to set the ink. Web guide 44 oper-
ates to laterally position the web 16 fed to slitter 48. The
coating unit 46 applies a silicone coating to web 16. Slit-
ter 48 operates to slit web 16 longitudinally (substan-
tially parallel to the direction of web motion) into two or
more ribbons 50 and 52.

[0020] Referring to Figs. 1 and 2, after exiting slitter
48, ribbons 50 and 52 are fed to a folder 54 which
includes angle bars 56 and compensation rollers 58.
The ribbons 50 and 52 are aligned one on top of the
other and fed to a former board 60 which operates to
fold the ribbons 50 and 52 longitudinally. The folder 54
includes a cutting mechanism 62 which operates to cut
the folded ribbons 50 and 52 in a direction transverse to
the direction of web movement at the appropriate time
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in order to properly separate the repeating images on
the web.

[0021] Compensation rollers 58, pairs of cooperat-
ing idler rollers 65, and angle bars 56 are interposed in
the ribbon path upstream of the former board 60 and
cutting mechanism 62. The angle bars 56 each have an
associated motor and motor drive 64 for effecting move-
ment of the angle bar 56 and thus lateral movement of
the web 16. Similarly, the compensation rollers 58 have
an associated motor and motor drive 66 for effecting
movement of the compensation rollers 58 to increase or
decrease the web path thereby effectively changing the
longitudinal positional relationship between the printed
images on the web and the cutting mechanism 62. The
motor drives 64 and 66 both receive control signals from
a control system 70 to move the respective motors.
[0022] Referring now to Fig. 1, the control system
70 includes one or more imaging devices 72, a video
interface 74, an encoder interface 76, a central process-
ing unit (CPU) 78, an operator interface 80, and a com-
munications interface 82. The control system 70
operates to periodically adjust the longitudinal web path
of the ribbons 50 and/or 52 by controlling the movement
of a respective compensation roller 58. The control sys-
tem 70 computes appropriate control signals that are
communicated to the associated compensation roller
motor drives 66.

[0023] The control system 70 also operates to peri-
odically adjust the lateral positions of ribbon 50 and/or
ribbon 52 with respect to the former board 60 by control-
ling the movement of the respective angle bar 56. The
control system 70 computes appropriate control signals
that are communicated to the associated angle bar
motor drive 64.

[0024] An imaging device 72 is positioned at each
controlled ribbon 50 and/or 52. The imaging device 72 is
preferably mounted on a motorized bar 84 such that
imaging device 72 is movable in a lateral direction
across the ribbon 50 and/or 52. Once the imaging
device 72 is laterally positioned, it is operable to "freeze"
the printed image on the respective ribbon 50 and 52 at
a point to provide scanned image data to the CPU 78
via the interface 74. The scanned image data corre-
sponds to that portion of the printed image within the
field of view of the imaging device. As the web moves
past the imaging device 72, the imaging device sequen-
tially acquires scanned image data at a series of loca-
tions on the web wherein each location corresponds to
the same position within the printed image but is at a dif-
ferent longitudinal position on the web. For example, the
imaging device 72 in the preferred embodiment is a two
dimensional CCD camera with one or more strobes 86.
Of course, the imaging device is not limited to CCD
technology. The strobe 86 is fired at sequential times to
acquire scanned image data at the series of locations.
The image on the ribbon 50 or 52 at each point in the
series of locations is acquired by a frame grabber 88
and stored. The image acquisition is timed to a pre-
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selected angle of rotation (e.g., measured in encoder
pulses) after an encoder top dead center (TDC) signal,
as further described below.

[0025] A gray scale value is stored for each pixel of
that portion of the printed image within the field of view
of the imaging device 72. In this manner, an acquired
image array is produced. An appropriate camera sys-
tem which produces image data having gray scale val-
ues is described in U.S. Pat. No. 5,724,259, titled
"SYSTEM AND METHOD FOR MONITORING COLOR
IN A PRINTING PRESS", which patent is hereby incor-
porated by reference. One difference in the present
invention is that the imaging device 72 need not be a
color camera, but can be monochrome because
processing gray scale values rather than color density
values in the control system provides sufficient accu-
racy for a web position control system. The use of gray
scale values increases the accuracy of the correlation
algorithms that are described below. However, it is also
contemplated that a binary value for each pixel be
stored.

[0026] An encoder 90 is mounted to the press line
shaft and provides mechanical longitudinal positional
information to the control system 70 via the encoder
interface 76. Typically, the encoder 90 is geared so that
one revolution of a printing cylinder equals one shaft
revolution of the encoder 90. The output signal from the
encoder 90 includes a series of pulses and includes the
TDC reference signal that acts as a marker signal indic-
ative of a repeatable, fixed position in the image printing
cycle. Encoder 90 may be any suitable commercially
available shaft driven optical encoder.

[0027] The CPU 78 is suitably programmed to carry
out the steps described below. The CPU 78 operates to
compare reference image data with acquired (or
scanned) image data by performing a two dimensional
cross-correlation between the two sets of data. The
location of the peak in the cross-correlation result pro-
vides an indication of the positional amount that the
acquired image is offset from the desired image. In this
manner, both the longitudinal and lateral alignment
errors can be computed. A method for performing
cross-correlation is described in US. Pat. No.
5,412,577, titled "Color Registration System for a Print-
ing Press", which patent is hereby incorporated by refer-
ence.

[0028] The required amounts of lateral and longitu-
dinal web movement are then converted, for example,
into thousandths of an inch, and processed in a control
loop to determine the required amount of movement of
the angle bars 56 and/or compensation rollers 58.
These amounts are then communicated to the respec-
tive motor drives 64 and 66.

[0029] More specifically, as shown in Fig. 2, the lon-
gitudinal positional relationship of each respective rib-
bon 50 and 52 with respect to the cutting mechanism 62
is adjusted by controlling the movement of the ribbon's
respective compensation roller 58. The respective com-
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pensation motor controls the position of the compensa-
tion roller 58. The motor drive 66 for the compensation
motor is responsive to the control signal from the control
system 70. The control system 70 operates to selec-
tively adjust the position of the compensation roller 58
such that the effective length of the ribbon path between
the printing units 20, 22, 24, and 26 and the cutting
mechanism 62 is increased or decreased as necessary
to cut the web 16 in a direction transverse to the direc-
tion of web movement at the appropriate time to sepa-
rate the repeating images on the ribbons 50 and 52 at
the appropriate location.

[0030] With respect to the lateral positioning of the
web, each angle bar motor controls the position of a
respective angle bar 56. The motor drive 64 for the
angle bar motor is responsive to the control signal from
the control system 70. The control system 70 operates
to enable the selective adjustments of the position of the
angle bar 56 such that the lateral position of each ribbon
50 and 52 is moved as necessary to correctly laterally
position the printed image on the web with respect to
the former board 60. The control system 70 utilizes a
representation of the printed image on the web as a ref-
erence, rather than using the edge of the ribbon 50 or
52, to analyze whether lateral adjustments to the web
16, and the ribbons 50 and 52 in particular, need to be
made.

[0031] The control system 70 is preferably operable
in three different modes. The three modes differ with
respect to what representation of the printed image is
used as to provide the reference image data against
which the actual scanned image data of the real time
printed images are compared to determine if lateral
and/or longitudinal adjustments of the web are neces-
sary. In the present invention, the representation of the
printed image can either be derived from a portion of the
printed image itself printed during make-ready (first
mode), from a mark separate from the work itself or a
portion of the work itself that functions essentially as a
mark (second mode) or from pre-press data (third
mode).

[0032] In the first mode, termed the pattern mode,
the control system 70 analyzes and uses a portion of
the just printed image within the work itself to determine
whether any lateral and/or longitudinal adjustments in
the web position need to be made. The control system
70 selects a portion of the printed image itself to be
used to provide the reference image data. Reference
image data is determined for each ribbon 50 and 52.
The control system is operable to determine whether
the reference image data is suitable. Suitable reference
image data is data that, when auto-correlated with itself,
yields a single well-defined correlation peak at the ori-
gin.

[0033] Referring now to Fig. 3, in order to determine
if an image portion is suitable to provide the reference
image data, the following steps are performed. First, a
portion of the printed image, designated as portion A; in
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Fig. 3, is selected. The width of portion A; has dimen-
sion F,,, which corresponds to the width of the field of
view of the imaging device 72. The length of portion A,
has dimension F4, which corresponds to the length of
the field of view of the imaging device 72. Portion A; is
converted to a digital data array similar in form to that
which would be produced by the imaging device and
video interface.

[0034] This digital data array is then auto-correlated
with itself. A two dimensional auto-correlation result is
obtained. A single, well-defined peak is desirable. In
other words, the peak in the resulting auto-correlation
result must be sharp in both lateral and longitudinal
directions. Ideally, the correlation peak would be a max-
imum at the origin and quickly fall off in both directions.
No other points would be near the peak. For example, if
a correlation peak is not a single point but instead looks
like a mountain ridge, (i.e., the highest points are in a
line), portion A; is unsuitable to provide the reference
image data. A ridge in the correlation result means that
the reference image data can be shifted along the cor-
responding ridge line direction while maintaining a peak
value. This means that shifts between the acquired
image and the reference image along the ridge line are
undetectable or difficult to detect. The offset is thus
ambiguous. In this case, a second portion Ay is
selected and the above steps are repeated until an
image portion is found that provides suitable reference
image data. A representation of a portion of the printed
image within the field of view of the camera and smaller
than the field of view of the camera can also function as
suitable reference image data.

[0035] After the reference image data correspond-
ing to a printed image portion is determined to be suita-
ble, the imaging device is laterally positioned over the
corresponding portion of the image on the web at the
beginning of a press run. Next, an operator, via the
operator interface 74, manually adjusts the compensa-
tion rollers 58 to adjust cutoff with respect to the cutting
cylinders 62. The operator manually adjusts the angle
bars 56 to adjust the lateral position of the ribbons 50
and 52 with respect to the folder 54 to achieve the
appropriate lateral positioning of the image on the web.
[0036] After the desired longitudinal and lateral
positions are determined, the control system 70 oper-
ates to maintain that cutoff and sidelay register by using
the selected image portion to provide reference image
data. In particular, the reference image data is com-
pared to the acquired image data by performing cross-
correlation. As described, acquired image data is
obtained by the imaging device 72 at a series f locations
as the ribbons 50 and 52 pass by. In the preferred
embodiment, the acquired image data and the refer-
ence image data are in array format. The location of the
peak with respect to the origin in the cross-correlation
result is an indication of the lateral offset and/or longitu-
dinal offset. The lateral offset is converted to a desired
movement amount by the CPU 78 and the desired lat-
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eral movement amounts are communicated to the
respective motor drives 64 so that the motors appropri-
ately move the angle bars 56. The longitudinal offset is
converted to a desired movement amount by the CPU
78 and the desired longitudinal movement amounts are
communicated to the respective motor drives 66 so that
the motors appropriately move the compensation rollers
58.

[0037] In the first mode of operation, the control
system 70 enables the lateral and longitudinal adjust-
ment of the ribbons 50 and 52 without requiring that
marks be added to the work and without requiring the
use of pre-press image data. A limitation of the first
mode is that automatic make-ready is not possible. The
second and the third modes of operation are capable of
automatic make-ready.

[0038] Automatic make-ready involves positioning
the compensation rollers 58 with respect to the cutting
mechanism 62 such that cutoff is initially obtained upon
start-up within a rough range. Automatic make-ready
can also similarly be performed with respect to the lat-
eral dimension such that the angle bars are also initially
positioned. Automatic make-ready decreases the time,
labor and paper required for start-up of a printing job.
Specifically, during make-ready, the imaging device 72
is moved to the expected lateral location of the mark
and the compensation rollers and/or angle bars are
positioned as well. Once the mark is then located by the
control system, subsequent operation of the control sys-
tem 70 run fine-tunes the cutoff position and/or the side-
lay position and the compensation rollers 58 and/or
angle bars are moved to their desired positions.

[0039] In the second mode of operation, referred to
as the mark mode, marks either separate from the work
itself or marks that form a portion of the work itself can
be used to provide the reference image data. In this
mode, the control system 70 is operable to accept as
input the location, the size, and the shape of a mark.
The imaging device 72 is laterally positioned at the mark
location. Automatic make-ready in this second mode is
possible by providing initial longitudinal and lateral posi-
tion information. For example, longitudinal position infor-
mation in the second mode is provided by knowing the
relationship between the TDC signal from the encoder
90 and the cutting cylinder 62. This is an arbitrary, fixed
phase angle, which can be determined by known meth-
ods.

[0040] Similarly, for sidelay, lateral position informa-
tion is provided by knowing the relationship between the
centerline of the former board 60 and a lateral reference
position for the imaging device. This can also be deter-
mined.

[0041] The control system 70 accepts as input the
desired position of the mark with respect to the position
of the desired fold and the desired position of the mark
with respect to the position of the desired cutoff. In this
manner, automatic make-ready can also be performed
by first locating the mark and then positioning the angle
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bars 56 with respect to the former board 60 of the folder
54 to obtain initial sidelay positioning within a rough
range and positioning the compensation rollers 58 to
obtain initial cutoff within a rough range. Subsequent
operation of the control system 70 as the press is run
fine-tunes the sidelay and cutoff positions.

[0042] The operation of the control system 70 dur-
ing press run-time for the second mode includes using
as reference image data a representation of the portion
of the image that includes the mark. Image data is
acquired by the imaging device 72 at a series of corre-
sponding locations as the ribbons 50 and 52 pass by the
imaging device. The acquired image data is then com-
pared to the reference image data by cross-correlation.
The acquired image data and the reference image data
are preferably in array format. The location of the peak
in the cross-correlation result with respect to the origin
of the reference image data provides an indication of
the lateral and longitudinal offsets. The offsets are con-
verted by the CPU 78 to desired movement amounts
and these are communicated to the respective angle
bars 56 and/or compensation rollers 58.

[0043] The third mode of operation also achieves
automatic make-ready, but without the use of marks
separate from the work. In the third mode, use is made
of pre-press image data. The pre-press image data is
analyzed to determine suitable reference image data.
The control system 70 operates to provide automatic
make-ready, i.e., rough positioning, for cutoff and side-
lay register without the use of marks.

[0044] In particular, the control system 70 commu-
nicates with a pre-press computer 92 via the communi-
cation interface 82. The pre-press computer 92 includes
memory for storing digital pre-press data. The digital
pre-press data is preferably in a format representative of
the colors and the location of the colors making up the
desired image to be printed. This data is typically avail-
able in array format. For example, direct-to-plate sys-
tems are currently available which utilize the digital pre-
press data to directly produce the printing plates used to
print the desired image. For a four color ink printing
process, four separate arrays representative of the four
ink colors (black, cyan, magenta, and yellow) are avail-
able from the direct-to-plate system and contain infor-
mation regarding ink location for the desired image. The
digital pre-press data could also be obtained by scan-
ning either a printing plate or a proof of the desired
image.

[0045] In the third mode of operation, the reference
image data is converted from the pre-press data format
into a format that is the same as that produced by the
imaging device 72 scanning the printed image. If a mon-
ochrome camera is used, the response of this camera
to the various ink colors making up the printed image
would need to be known so that the pre-press data can
be correctly converted to the format of the imaging
device.

[0046] Similar to the first mode, in the third mode of
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operation, a suitable portion of the image to be used to
provide reference image data is first selected. The steps
described above in connection with the first mode are
also used in the third mode to determine suitable refer-
ence image data. In other words, a portion of the printed
image is selected, converted to a digital data array, the
digital data array is auto-correlated with itself to produce
an auto-correlation result, and it is determined whether
or not a single correlation peak exists at the origin of the
auto-correlation result. Reference image data deter-
mined to be suitable is then stored.

[0047] The operation of the control system 70 dur-
ing press run-time for the third mode is essentially the
same as for the first and second modes. Additional
information required by the CPU 78 includes the dis-
tance from the point in the printed image corresponding
to the origin of the reference image data to the desired
cut position (or encoder TDC position) and the distance
from point in the printed image corresponding to the ori-
gin of the reference image data to the desired fold posi-
tion (or other camera reference point).

[0048] The invention provides the following advan-
tages. In most cases, no separate cutoff or sidelay
marks need to be added to the web. Detecting and ana-
lyzing the ink of the printed image itself rather than the
ribbon edge overcomes the numerous disadvantages of
edge-based sidelay systems including process depend-
ence on the in-feed web guide and ribbon-weave-asso-
ciated problems between the in-feed web guide and the
printing units that affect sidelay. A single imaging device
in the present invention obtains data that is analyzed to
selectively adjust both the longitudinal arid lateral posi-
tion of the respective ribbons. A second imaging device
is therefore not necessary to obtain the ribbon edge
measurement. The present invention is very tolerant of
lateral web shifts and is able to adjust the angle bars to
compensate for lateral web shifts.

[0049] Itis also contemplated that the invention per-
tain to various printing system setups. For example, the
invention is applicable to a control system for relating
the lateral position of a slitter to the repetitive images
printed on the web. The invention is also applicable to a
control system for relating the actual image printed on
the web to any web processing unit wherein lateral posi-
tioning is important.

[0050] Various other features and advantages of
the invention are set forth in the following claims.

Claims

1. A method for relating repetitively printed images on
a longitudinally moving web to a cutoff operation
and a lateral machine operation, the cutoff opera-
tion having associated therewith a first adjustment
device responsive to a first control signal applied
thereto for varying the longitudinal relationship of
the cutoff operation to the web, the lateral machine
operation having associated therewith a second
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adjustment device responsive to a second control
signal applied thereto for varying the lateral rela-
tionship of the lateral machine operation to the web,
the method comprising:

selecting and storing reference image data rep-
resenting a selected two dimensional portion of
the printed image;

scanning the selected portion of the printed
image on the web to produce scanned image
data;

correlating the scanned image data with the
reference image data to produce a correlation
array;

determining the position of the peak in the cor-
relation array and generating the first control
signal for the first adjustment device and the
second control signal for the second adjust-
ment device; and

communicating the first and second control sig-
nals to the respective first and second adjust-
ment devices.

The method as recited in claim 1 wherein the
selecting step includes analyzing an auto-correla-
tion result.

The method of claim 1 wherein the selecting step
includes:

(a) selecting a first portion of the printed image
to provide potential reference image data;

(b) auto-correlating the potential reference
image data to obtain a two dimensional auto-
correlation result;

(c) determining whether a single peak exists in
the auto-correlation result;

(d) if a single peak exists in the auto-correlation
result, designating the potential reference
image data as the reference image data; and
(e) if more than a single peak exists in the auto-
correlation result, selecting another portion of
the image to provide the potential reference
image data and repeating steps (b)-(e).

The method of claim 3 wherein the scanning step
includes the use of an imaging device and the size
of the first portion is equal to the size of the field of
view of the imaging device during scanning.

The method of claim 1 wherein in the selecting
step, the reference image data is derived from the
image printed during make-ready.

The method of claim 1 wherein in the selecting
step, the reference image data is derived from pre-
press data.
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The method as recited in claim 1 wherein the scan-
ning step includes the use of a longitudinal refer-
ence signal from an encoder.

The method of claim 1 wherein the scanning step
includes the use of a two dimensional imaging
device.

The method of claim 1 wherein the correlating step
includes the use of cross-correlation.

A system for adjusting the lateral position of a longi-
tudinally moving web with respect to a folder of a
web-fed printing press line, and for adjusting the
effective length of the web between the printing
units of the press line and a cutoff operation, the
system comprising:

an angle bar for moving the web in a lateral
direction;

a first motor in communication with the angle
bar for laterally moving the angle bar and the
web;

a compensation roller for changing the effective
length of the web in the longitudinal direction
between the printing units and the cutoff opera-
tion;

a second motor in communication with the
compensation roller for longitudinally moving
the compensation roller;

an imaging device spaced from the web for
obtaining two-dimensional scanned image data
from the web; and

a programmed controller in communication
with the motors and the imaging device, the
controller operating to analyze the scanned
image data to determine if the scanned image
data is laterally and longitudinally offset from a
desired image location, to communicate with
the first motor to move the angle bar to reduce
the amount the scanned image data is laterally
offset from the desired image location, and to
communicate with the second motor to move
the compensation roller to reduce the amount
the scanned image data is longitudinally offset
from the desired image location.

The system as recited in claim 10, wherein the
imaging device is a two-dimensional camera.

The system as recited in claim 10, further including
a memory disposed to store a reference array of
digital data representative of a portion of the printed
image, and wherein the controller operates to cor-
relate the reference array with the scanned image
data.

The system as recited in claim 12 wherein the con-
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troller cross-correlates the reference array with the
scanned image data to produce a product array and
determines the location of the peak of the product
array to determine the lateral and longitudinal off-
set.

A method for relating repetitively printed images on
a longitudinally moving web to a cutoff operation,
the cutoff operation having associated therewith an
adjustment device responsive to a control signal
applied thereto for varying the longitudinal relation-
ship of the cutoff operation to the web, the method
comprising:

(a) selecting a first portion of the printed image
to provide potential reference image data;

(b) auto-correlating the potential reference
image data to obtain a two-dimensional auto-
correlation result;

(c) determining whether a single peak exists in
the auto-correlation result;

(d) if a single peak exists in the auto-correlation
result, designating the potential reference
image data as the reference image data;

(e) if more than a single peak exists in the auto-
correlation result, selecting another portion of
the image to provide the potential reference
image data and repeating steps (b)-(e);

(f) storing the reference image data corre-
sponding to the selected portion of the printed
image;

(g) scanning the selected portion of the printed
image on the web to produce scanned image
data;

(h) correlating the scanned image data with the
reference image data to produce a correlation
array;

(i) determining the position of the peak in the
correlation array and generating the control sig-
nal for the adjustment device; and

(j). communicating the control signal to the
adjustment device.
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