
WEB LONGITUDINAL POSITION SENSOR TECHNICAL FIELD The
present disclosure is related to methods and systems
for determining longitudinal position of an elongated
web. BACKGROUND Fabrication of many articles,
including flexible electronic or optical components,
involves registration between layers of material
deposited or formed on an elongated substrate or web.
The formation of the material layers on the web may
occur in a continuous process or a step and repeat
process involving multiple steps. For example,
patterns of material may be deposited in layers on an
elongated web through multiple deposition steps to
form layered electronic or optical devices. Other
articles require precise registration of features that
are applied on one or both sides of the web. To
achieve accurate registration between the layers,
lateral crossweb positioning and longitudinal downweb
positioning must be maintained as the web moves
through multiple manufacturing steps. Maintaining
registration between layers formed on the web becomes
more complex when the web is flexible or stretchable.
Some articles will have multiple passes (or stages)
that apply material or processes applied to the web
that require precise position registration between the
process steps. SUMMARY Embodiments of the present
disclosure involve methods and systems for determining
the longitudinal position of an elongated web. One
embodiment is directed to a method for determining web
position. One or more substantially continuous
fiducial marks disposed longitudinally on the web are
sensed. The longitudinal position of the web is
determined based on the fiducial marks. The method may
further include compensating for lateral movement of
the web to enhance accuracy of the longitudinal
position determination.In some implementations, the
fiducial marks comprise one or more substantially
continuous periodic marks disposed longitudinally on
the web. For example a single 



sinusoidal mark may be used or a sine mark and a
cosine mark may be used together. In some
implementations, the fiducial marks may comprise one
or more piecewise continuous marks. For example, the
fiducial marks generally include regions having
finite, nonzero slope relative to the longitudinal
axis of the web. In one approach involving the use of
one or more periodic fiducial marks, the longitudinal
position of the web may be based on periodically
recurring features of the periodic fiducial marks. For
example, a coarse longitudinal position of the web may
be determined by sensing and counting the periodically
recurring features. A fine longitudinal position may
be determined based on the substantially continuous
portions of the fiducial marks between the
periodically recurring features. If sine and/or cosine
marks are used, the periodically recurring features
may be zero crossings or peaks of the sine or cosine
marks. In some configurations, a lateral position of
the web may be determined based on the longitudinal
fiducial marks or based on a lateral position
reference. The lateral position reference may be a
mark on the web, the web edge, or other reference for
lateral positioning. Sensing the fiducial marks
involves detecting the fiducial marks on the web and
generating sensor signals corresponding to the
fiducial marks. The sensor signals may be processed by
techniques including level shifting, filtering, angle
adjustment, and/or other processing techniques to
improve the signal to noise ratio prior to use in
position determination. In one approach involving the
use of sine and cosine fiducial marks, sensor signals
are generated corresponding to the sine and cosine
marks. The arctan2 function of the sine and cosine
values is calculated yielding an angle that is related
to the longitudinal position of the web and preserves
the quadrant information. The longitudinal position is
determined based on the angle and quadrant information
obtained from the arctan2 calculation. According to
one implementation, longitudinal movement of the web
is controlled 



based on the longitudinal position determined through
the use of the substantially continuous fiducial
marks.Another embodiment of the disclosure is directed
to an apparatus for determining a position of an
elongated web. The apparatus includes one or more
sensors configured to sense one or more substantially
continuous fiducial marks disposed in a longitudinal
direction on the web. The sensors are configured to
generate signals associated with the fiducial marks. A
position detector receives the signals and determines
a longitudinal position of the web using the sensor
signals. The position detector may compensate for
lateral web movement to enhance the longitudinal
position determination. In some implementations, the
web is flexible or stretchable. The web may comprise a
paper, fiber, woven or nonwoven material. In some
embodiments, the web comprises a polymeric web of
polyester, PET, or polycarbonate. The fiducial marks
may be made by printing, scribing, laser ablation,
cutting the web, forming voids in the web, embossing,
casting, coating or by any other method that produces
a detectable mark on the web. The sensors may comprise
optical, electromagnetic, contact, and/or other types
of sensors. In one approach, a camera is used to sense
the fiducial marks. The signals generated by the
sensors may undergo processing prior to use in
position determination. For example, the sensor
signals may be processed using a recursive filter such
as a Kalman filter. The apparatus may further include
a control unit configured to control longitudinal
movement of the web based on the longitudinal position
determined by the position detector. In certain
configurations, the position detector is further
configured to determine lateral web position. The
lateral web position may be determined based on the
longitudinal fiducial marks or a lateral position
reference such as a lateral fiducial mark on the web,
or a web edge. Sensing the lateral fiducial mark or
web edge may be accomplished using a lateral position
sensor, for example, If lateral position is
determined, the control unit may control the lateral
web movement based on lateral 



position. The above summary of the present disclosure
is not intended to describe each embodiment or every
implementation of the present disclosure. Advantages
and attainments, together with a more complete
understanding of the disclosure, will become apparent
and appreciated by referring to the following detailed
description and claims taken in conjunction with the
accompanying drawings.DESCRIPTION OF THE DRAWING
Figures IA-IF show various configurations of
substantially continuous fiducial marks disposed
longitudinally on an elongated web in accordance with
embodiments of the disclosure; Figure 2A is a block
diagram of a web position detector configured to
determine the longitudinal and lateral position of a
web in accordance with embodiments of the disclosure;
Figure 2B illustrates an example of an image view of
an area sensor that may be used to sense fiducial
marks in accordance with embodiments of the
disclosure; Figure 2C illustrates an example of an
image view of a line scan sensor that may be used to
sense fiducial marks in accordance with embodiments of
the disclosure; Figure 2D shows the image view of a
progressive scan sensor that may be used to sense
fiducial marks in accordance with embodiments of the
disclosure; Figure 3 is a diagram illustrating a
method for determining longitudinal web position in
accordance with embodiments of the disclosure; Figure
4 is a diagram illustrating a method of determining
coarse and fine position of a web using sine and
cosine fiducial markings in accordance with
embodiments of the disclosure; Figure 5 is a
photograph of fiducial marks that have been printed
via ink jet on a polyester web in accordance with
embodiments of the disclosure; and Figure 6
illustrates the estimated longitudinal position of a
web based on noisy data before and after Kalman
filtering in accordance with embodiments of the
disclosure. 



While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of example in the drawings and
will be described in detail. It is to be understood,
however, that the intention is not to limit the
disclosure to the particular embodiments described. On
the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling
within the scope of the invention as defined by the
appended claims.DETAILED DESCRIPTION In the following
description of the illustrated embodiments, reference
is made to the accompanying drawings which form a part
hereof, and in which is shown by way of illustration,
various embodiments in which the disclosure may be
practiced. It is to be understood that the embodiments
may be utilized and structural changes may be made
without departing from the scope of the present
disclosure. There is a need for enhanced methods and
systems that determine the position of an elongated
web used as a substrate in a manufacturing process.
The present disclosure fulfills these and other needs,
and offers other advantages over the prior art.
Embodiments of the present disclosure illustrate
methods and systems for determining the longitudinal
position of a web based on continuous fiducial
markings disposed longitudinally on the web.
Determination of the position of an elongated web
allows alignment of the web during successive
processing steps. For example, embodiments of the
disclosure may be used to facilitate alignment between
multiple layers of material deposited on a web during
a roll to roll manufacturing process. The processes
described herein are particularly useful for aligning
the layers of multi-layer electronic devices formed on
a web. Approaches using discrete fiducial marks
disposed on the web to determine the longitudinal web
position only provide periodic position detection and
do not provide position information during intervals
between the discrete marks. The fiducial marks
illustrated by the various embodiments discussed
herein may be used to provide continuous longitudinal
position updates and more accurate web positioning.
The approaches of the present disclosure automatically
compensate for changes in 



web strain that commonly occur in web processing
applications. As web strain is increased (i.e. the web
is stretched more) the longitudinal web fiducials are
stretched along with corresponding elements or
features formed on the web. This allows the web
fiducials to be used to accurately track the position
of elements deposited on the web. For example, the
fiducials may be deposited on the web substantially
simultaneously with a layer of web elements. As the
fiducials and the web elements are deposited, the
elements deposited on the web and the fiducials
experience the same amount of web strain. The
fiducials may be used to accurately track the position
of the web elements, regardless of the amount of
webstrain in subsequent processes. Using the
approaches described herein, accurate registration to
web elements can be achieved even when the web is
stretched. Figures IA- IF illustrate fiducial marks of
various configurations in accordance with embodiments
of the disclosure. The fiducial marks are
substantially continuous or piecewise continuous and
are disposed along the longitudinal axis of the web
such as along a web edge. The fiducial marks generally
have regions where the slope of the marks is finite
and non-zero relative to the longitudinal axis of the
web. The fiducial marks may be non-periodic or
periodic functions with respect to the web
longitudinal axis, for example. As described in more
detail below, periodic fiducial marks may be used to
determine both coarse and fine position of the web.
The combination of coarse and fine position
information provides high resolution position
measurement over a large distance. In some
embodiments, a single substantially continuous
fiducial mark may be used to determine longitudinal
position. A single substantially continuous fiducial
mark is illustrated as a sinusoidal mark 101 disposed
along the longitudinal axis 102 of the web 100 in
Figure IA. In other embodiments, two sinusoidal marks
are used, as illustrated by the sine 101 and cosine
103 marks of Figure IB. Use of two substantially
continuous fiducial marks such as the sine 101 and
cosine 103 marks provides redundant information
yielding substantially higher noise immunity,
accuracy, and resolution than a single mark. In some
embodiments, the fiducial marks may comprises
piecewise continuous 



marks as illustrated in Figure 1C. Piecewise
continuous marks are particularly useful for fiducial
marking methods that produce voids in the web where
continuous marks would cut off a portion of the web.
The fiducial marks illustrated in Figure 1C comprise a
series of diagonal lines 104 having finite, non-zero
slope with respect to the web longitudinal axis 102.
Non-linear, piecewise continuous patterns are also
possible as illustrated by the non-linear piecewise
continuous fiducial marks 105 of Figure ID.
Substantially continuous fiducial marks such as those
illustrated in Figures IA- ID may be used to track the
longitudinal position of the web in systems where
lateral shifts in web position are negligible and/or
lateral position of the web is maintained over the
longitudinal distance tracked. In systems where the
lateral position of the web is nonnegligible, lateral
web motion may be controlled to more accurately
determinelongitudinal distance. In some embodiments,
lateral web motion may be detected and taken into
account during determination of longitudinal distance.
In some implementations, lateral web motion is
determined using the web edge or fiducial marks
disposed on the web. For example, a web edge or
horizontal line disposed on the web may provide
lateral position information. The lateral position
reference may be used in addition to the one or more
continuous fiducial marks that provide longitudinal
position information. Figure IE illustrates a
horizontal line 106 disposed on the web 100 that may
be used for lateral position sensing in addition to
sine 101 and cosine 103 marks used for longitudinal
position sensing in accordance with one embodiment.
Figure IF illustrates a series horizontal lines 107
for sensing lateral position and a series of diagonal
lines 104 for sensing longitudinal position in
accordance with one embodiment. The configuration
illustrated in Figure IF is particularly useful for
fiducial marking methods that produce voids in the web
such as cutting the web or laser ablation of the web.
The fiducial marks comprise patterns made on the web
or applied to the web. In optical configurations, the
fiducial marks modulate either transmitted or
reflected light. The marks may be made or applied to
the web by contact direct printing, ink jet printing,
laser printing, laser marking, ablation,
microreplication, scribing, embossing, casting, 



coating and/or other methods. Figure 2A is a block
diagram of a web position detector configured to
determine the longitudinal and lateral position of a
web in accordance with embodiments of the disclosure.
In this embodiment, a single sensor 212 is used to
sense both longitudinal and lateral fiducial marks
204-206. In other configurations, a first sensor is
used to sense a lateral fiducial and a second sensor
is used to sense a longitudinal fiducial mark. As
illustrated in Figure 2A, the web 202 includes
longitudinal fiducial marks comprising sine and cosine
marks 204, 205. The web 202 also has a lateral
fiducial mark comprising a horizontal mark 206. As the
web 202 passes between a rollers 208, 210, the sensor
212 senses both the longitudinal fiducial marks 204,
205 and the lateral fiducial mark 206. The sensor 212
may be camera or other type of optical sensor, an
electromagnetic sensor, a density sensor, a contact
sensor, or any other type of sensor capable of sensing
a fiducial mark. In the embodiment illustrated in
Figure 2A, the sensor comprises a CCD camera.The
output of the camera 212 is directed to image data
acquisition circuitry 214 that acquires and digitizes
the image of the fiducial marks 204-206 from the
camera 212. The digital image of the fiducial marks
from the image data acquisition circuitry 214 is
directed to a digital image processing system 216. The
digital image processing system 216 analyzes the image
to generate signals corresponding to the sensed
fiducial marks. The signals generated by the digital
image processing system 216 may be output to a
longitudinal position detector 218 and optionally to a
lateral position detector 220. Information from the
lateral web position detector 220 may be used by the
longitudinal web position detector 218 to enhance
interpolation of the longitudinal web position. The
longitudinal and lateral position determined by the
longitudinal web position detector 218 and the lateral
web position detector 220, respectively, may be output
to a movement control system configured to control the
longitudinal and lateral position of the web. Using
substantially continuous fiducial marks for
longitudinal web positioning, the position of the web
may be determined to an accuracy of better than 1
micron. The 



accuracy and resolution are determined by several
factors. One factor is the level of contrast in the
fiducial marks produced by the marking process and
available to the sensor. The higher the contrast, the
greater resolution that will be possible. Another
factor affecting accuracy and resolution is how small
the repetitive cycle (period) can be made. Yet another
factor affecting accuracy and resolution is the
resolution of the sensor. For example, with a sinusoid
fiducial having a 1mm period and 12 bit sensor
resolution, a resolution of about 0.25 microns or even
about 0.1 micron is attainable. Figures 2B - 2D
illustrate an examples of the image field of various
types of sensors. Figure 2B shows fiducial marks 204,
205, 206 within the image field 270 of an area sensor.
The area sensor outputs an X1by Y1 array of values
that represent the light intensity of each pixel
location. An area sensor provides a large amount of
data for signal processing. The large data set allows
comparison of the current view with the last view and
more sophisticated filtering of the data leading to
possible advantages in position accuracy, for example.
Area sensors provide a slower position update rate
when compared to some other types of sensors due to
the time it takes to acquire and process the
relatively larger data set. Figure 2C shows fiducial
marks 204, 205, 206 within the image field 280 of a
line scan sensor. The line scan sensor outputs a 1 by
Yn vector of pixel intensity. The linescan sensor
provides rapid position updates when compared to the
area sensor, but data storage of the position history
is required. In Figure 2D, fiducial marks 204, 205,
206 are shown within the image field 290 of a
progressive scan sensor. Generally area scan sensors
allow the user to select the number of lines to scan,
e.g., Xn =4 or other number. The progressive scan
sensor provides more data for signal processing than
the line scan, but is slower. The sine and cosine
marks 204, 205 may be scaled to achieve maximum
resolution. For example, the amplitudes of the marks
may be made as large as possible to maximize the marks
204, 205 within the image view 270, 280, 290 of the
sensor, with some margin to allow for lateral position
errors. The longitudinal scaling may be selected based
on 



expected speed of operation. Using a sharper pitch of
the sine and cosine marks 204, 205 (higher frequency
and smaller peak to peak distance) provides steeper
slopes, and more resolution in the longitudinal
direction. An excessively high pitch can reduce signal
to noise ratio and also increases the required
sampling rate. The minimum sampling rate requires that
no more than 1A cycle passes between samples. However,
operation is enhanced when a sampling rate at least 3
to 4 times the minimum sampling rate is used. The
achievable sampling rate varies with the type of
sensor used, but rates in excess of 1 kHz are possible
with camera sensors. The diagram of Figure 3
illustrates a method for determining longitudinal web
position in accordance with embodiments of the
disclosure. The method involves sensing 310 one or
more substantially continuous fiducial marks disposed
longitudinally on a web. Sensor signals corresponding
to the sensed fiducial marks are generated 320. The
longitudinal position of the web is determined 330
using the sensor signals. Periodic fiducial marks,
such as sine and/or cosine marks contain information
that may be used to determine coarse and fine position
of the web. The coarse position may be determined from
periodically recurring features of the periodic
fiducial marks. In the case of sine or cosine fiducial
marks, the periodically recurring features used to
determine coarse longitudinal position of the web may
include peaks or zero crossings, for example. In one
embodiment using sine and cosine fiducial marks, zero
crossings of each cycle are counted to determine
coarse position. By taking the arctan2 function, with
proper sign handling of the sine and cosine signals,
the fine position within any cycle may be determined.
The diagram of Figure 4 illustrates a method for
determining longitudinalweb position using coarse and
fine positioning available from sine and cosine
fiducial marks. Sine and cosine marks disposed on the
web are sensed and sensor signals are generated 410,
420 corresponding to the sine and cosine marks. The
method includes some process to compensate 430 for
lateral web movement. For example, lateral web motion
may be tracked using a lateral fiducial reference,
such as a fiducial mark or web edge. Through the use
of a lateral reference, the web may be accurately
positioned within 



the sensor window. Alternatively, a running min-max
detector with a duration of about 3 cycles may be
used. Because the peak to peak amplitude of the sine
and cosine signals is fixed, lateral motion of the web
can be determined by noting the changes in the maximum
and minimum peak value of each sine and cosine value.
A change in both the maximum peak and the minimum peak
in fixed relation to each other indicates a shift in
the lateral position of the web. Direct sensing of a
lateral fiducial is preferred as it reduces both
signal processing complexity as well as reduces the
lag time of the measurement. A web edge may also be
used for determining lateral movement. The sine and
cosine signals are digitized and may be filtered or
otherwise processed. The system searches 440 for a
zero crossing of the sine mark. When the zero crossing
is located, the zero crossing is counted and the
coarse web position is determined 450. The arctan2
function of the sine and cosine signal values is
calculated 460. The angle and quadrant determined from
the arctan2 calculation provides 460 the fine position
of the web referenced from the closest zero crossing.
The photograph of Figure 5 shows fiducial marks that
have been printed via ink jet on a polyester web. As
can be seen in Figure 5, the ink jet printing process
produces some distortion in the marks. Individual dots
from the printing process can be seen and short term
cyclic error from the plot engine is also visible.
Imperfections in the fiducial marks may be compensated
through various signal processing techniques. For
example, the sensor signals generated in response to
the marks may be level shifted, filtered, and/or angle
adjusted to improve the signal to noise ratio. In some
embodiments, improvements in the sensor signals may be
achieved by linear or non-linear filtering. For
example, if a current web speed is known or estimated,
bounds can be placed on the next estimated position
update. Any value outside these bounds may be assumed
to be noise. In particular, recursive filtering, such
as through the use of a Kalman filter, may be used to
improve the estimated web position. A Kalmanfilter
uses two or more sources of information and combines
them to form the best estimated value based on
knowledge of the signals' statistics. The statistics
may be 



generated in real time, or for stationary processes
may be generated offline to reduce the computational
burden. Figure 6 shows graphs illustrating the
estimated position based on noisy inkjet data before
610 and after 620 Kalman filtering. As can be seen in
Figure 6, there is a large cyclic error in the
unfiltered signal 610 which is substantially reduced
after Kalman filtering is applied 620. The embodiments
described herein involving continuous fiducial marks
provide for continuous tracking of the longitudinal
position of a moving web. Simple approaches may be
used to apply the web fiducials to general purpose
webs such as webs made of paper, fiber, woven or
nonwoven material. The webs may comprise polyester,
polycarbonate, PET, or other polymeric webs. The
redundancy available through the use of sine and
cosine marks provides high noise immunity and allows
accurate web positioning. The approaches are
particularly useful when used in conjunction with
flexible webs. The foregoing description of the
various embodiments of the disclosure has been
presented for the purposes of illustration and
description. It is not intended to be exhaustive or to
limit the disclosure to the precise form disclosed.
Many modifications and variations are possible in
light of the above teaching. It is intended that the
scope of the invention be limited not by this detailed
description, but rather by the claims appended
hereto.What is claimed is: 1. A method to determine
the position of an elongated web, comprising: sensing
one or more substantially continuous fiducial marks
disposed longitudinally on the web; and determining a
longitudinal position of the web based on the fiducial
marks. 2 The method of claim 1, further comprising
compensating for lateral movement of the web. 3. The
method of claim 1, wherein sensing the one or more
fiducial marks comprises sensing one or more
substantially continuous periodic fiducial marks
disposed longitudinally on the web. 



4. The method of claim 1, wherein sensing the one or
more fiducial marks comprises sensing one or more
sinusoidal fiducial marks disposed longitudinally on
the web. 5. The method of claim 1, wherein sensing the
one or more fiducial marks comprises sensing a
fiducial mark having a region with a finite, non-zero
slope. 6. The method of claim 1, wherein sensing the
one or more fiducial marks comprises sensing a sine
fiducial mark and a cosine fiducial mark disposed
longitudinally on the web. 7. The method of claim 1,
wherein sensing the one or more fiducial marks
comprises sensing one or more piecewise continuous
fiducial marks disposed longitudinally on the web. 8.
The method of claim 1, wherein:sensing the one or more
fiducial marks comprises sensing one or more periodic
fiducial marks; and determining the longitudinal
position of the web comprises determining the
longitudinal position based on periodically recurring
features of the one or more periodic fiducial marks.
9. The method of claim 1, wherein: sensing the one or
more fiducial marks comprises sensing one or more
periodic fiducial marks; and determining the
longitudinal position of the web comprises:
determining a coarse longitudinal position based on
periodically recurring features of the one or more
periodic fiducial marks; and determining a fine
longitudinal position based on portions of the one or
more fiducial marks between the periodically recurring
features. 10. The method of claim 9, wherein: the one
or more periodic fiducial marks comprise sine and
cosine fiducial marks; and 



the periodically recurring features comprise zero
crossings of the sine or cosine fiducial marks. 11.
The method of claim 9, wherein: the one or more
periodic fiducial marks comprise sine and cosine
fiducial marks; and the periodically recurring
features comprise peaks of the sine or cosine fiducial
marks. 12. The method of claim 1, further comprising
determining a lateral position of the web based on the
longitudinal fiducial marks or a lateral position
reference. 13. The method of claim 12, wherein the
lateral position reference comprises a lateral
fiducial mark disposed on the web.14. The method of
claim 12, wherein the lateral position reference
comprises a web edge. 15. The method of claim 1,
wherein: sensing the one or more fiducial marks
comprises: generating signals corresponding to the
fiducial marks; and filtering the signals; and
determining the longitudinal position of the web based
on the fiducial marks comprises determining the
longitudinal position of the web using the filtered
signals. 16. The method of claim 1, wherein: sensing
the one or more fiducial marks comprises: sensing a
sine fiducial mark and a cosine fiducial mark; and
generating signals corresponding to the sine fiducial
mark and the cosine fiducial mark; and determining the
longitudinal position of the web comprises calculating
an arctan2 function of the sine and cosine signals.
17. The method of claim 1, further comprising
controlling longitudinal movement of the web based on
the longitudinal position. 



18. An apparatus for determining a position of an
elongated web, comprising: one or more sensors
configured to sense one or more substantially
continuous fiducial marks disposed in a longitudinal
direction on the web, the one or more sensors
configured to generate signals corresponding to the
fiducial marks; and a position detector configured to
receive the sensor signals and to determine a
longitudinal position of the web using the sensor
signals. 19. The apparatus of claim 18, wherein the
web comprises a flexible web. 20. The apparatus of
claim 18, wherein the web comprises a polymeric
web.21. The apparatus of claim 18, wherein the web
comprises a paper, fiber, woven or nonwoven material.
22. The apparatus of claim 18, wherein the one or more
fiducial marks comprise one or more sinusoidal
fiducial marks. 23. The apparatus of claim 18, wherein
the one or more fiducial marks comprise one or more
fiducial marks deposited along with a layer of
elements on the web. 24. The apparatus of claim 18,
wherein the one or more sensors comprise one or more
optical sensors. 25. The apparatus of claim 18,
wherein the one or more sensors comprise one or more
cameras. 26. The apparatus of claim 18, wherein: the
fiducial marks comprise periodic fiducial marks; and
the position detector is configured to determine a
coarse longitudinal position of the web based on
periodically recurring features of the periodic
fiducial marks and to determine a fine longitudinal
position of the web based on portions of the fiducial
marks between the periodically recurring features. 27.
The apparatus of claim 18, further comprising a filter
configured to filter the sensor signals. 28. The
apparatus of claim 27, wherein the filter comprises a
recursive filter. 29. The apparatus of claim 27,
wherein the filter comprises a Kalman filter. 



30. The apparatus of claim 18, further comprising a
control unit configured to control longitudinal
movement of the web based on the longitudinal
position.31. The apparatus of claim 18, further
comprising a control unit configured to control
longitudinal movement of the web based on the
longitudinal position. 32. The apparatus of claim 18,
wherein the position detector is further configured to
compensate for lateral web position shifts in
determining the longitudinal position. 33. The
apparatus of claim 18, further comprising: a lateral
position sensor configured to sense a lateral position
reference; and a lateral position detector configured
to determine a lateral web position based on the
lateral position reference 34. The apparatus of claim
33, further comprising a control unit configured to
control lateral and longitudinal movement of the web
based on the lateral position and the longitudinal
position of the web, respectively. 35. The apparatus
of claim 18, wherein the fiducial marks comprise
printed marks on the web. 36. The apparatus of claim
18, wherein the fiducial marks comprise laser ablated
marks on the web. 37. The apparatus of claim 18,
wherein the fiducial marks comprise cuts or voids in
the web. 38. The apparatus of claim 18, wherein the
fiducial marks are embossed, cast or coated on the
web. 


