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(57) Abstract: The present invention relates to a method and a device for
the detection of a substrate edge in a printing machine comprising a sub-
strate transport unit that defines a substrate transport path (8). In this
method, at least one light value of a first section of a sensor line (10) and a
dark value of a second section of the sensor line are determined, and a
threshold value is calculated based thereon. When the threshold value on
one pixel is exceeded and the threshold value on another pixel is not
reached, it is possible to calculate a position of the substrate edge. The de-
vice comprises a light source arrangement (5) for generating diffuse light,
and comprises a sensor line for the detection of light from the light source
arrangement. Furthermore, a gradient lens arrangement (15) is provided,
4-15 said gradient lens arrangement being arranged between the light source and
18 the sensor line in such a manner that, on the one hand, a focus is located on
a central position of the substrate transport path between the light source
and the gradient lens arrangement, and, on the other hand, on the sensor
line.
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Method and Device for the Detection of a Substrate Edge
in a Printing Machine

The present invention relates to a method and a device for the detection of a
substrate edge in a printing machine comprising a substrate transport unit that
defines a substrate transport path.

In printing technology it is known to print, on the one hand, web-shaped sub-
strates and, on the other hand, individual, sheet-shaped substrates. When
printing a web-shaped substrate, the substrate is rolled off a roll and moved
past one or more printing units of a printing machine, where a printing medium

such as, for example, ink is applied to the web-shaped substrate.

In order to be able to ensure a uniform printed image, a substrate should
always be moved through the printing machine in a known position, if possi-
ble. In particular in duplex-printing, when the substrate is turned over and
repositioned, it should be ensured that the position of the substrate is known
when printing the recto side, as well as when printing the verso side.

In order to be able to position the substrate, it is initially necessary to define
the position of said substrate within the printing machine.

This may be accomplished, for example, by optical systems that parallelize
the light of a light source in a collimator and, as a result of this, create a
shadow image of a substrate edge on a sensor. Fig. 10 shows a schematic
side view of such a known device 130. The device 130 comprises a light
source 135, a collimator 140, as well as a CCD sensor line 145. The sensor

line 145 is arranged in such a manner that plane-parallel light from the colli-
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mator 140 can impinge on the sensor line 145. A substrate 150 located
between the collimator 140 and the sensor line 145 can partially cover the
CCD sensor line 145. The degree of coverage can be used to determine the

position of an edge of the substrate 150.

The disadvantage of such an arrangement is the limited length of the sensor
units. A large detection range needs to be available in order to be able to
detect substrates of greatly varying formats. However, this represents a prob-
lem from the viewpoint of the constructional size of the sensors because, as
the length of the sensors increases, the constructional size of the collimator
also increases significantly and, consequently, the sensor unit as a whole

does not only become longer but also significantly more bulky.

Therefore, the object of the present invention is to provide a method and a
device for the detection of a substrate edge in a printing machine, whereby a

compact design can be ensured even with increasing sensor length.

In accordance with the invention, this object is achieved with a method in
accordance with Claim 1 as well as with a device in accordance with Claim 12.

Additional modifications of the invention result from the respective subclaims.

In particular described is a method for the detection of a substrate edge in a
printing machine comprising a substrate transport unit that defines a substrate
transport path. During a first step, a light value is determined by collecting
measured data of a first section of a sensor line, said section not being
covered by the substrate, with the sensor line comprising a plurality of dis-
crete pixels. Furthermore, the method comprises the step of determining a
dark value of a second section of the sensor line that is covered by the sub-
strate. During another step of the method, a threshold value is calculated
based on the light and dark values of the sensor line. Subsequently, the
measured data of the sensor line are collected, this indicating, when the
threshold value on a pixel is exceeded, that the sensor line is not covered by

the substrate. When the threshold value is not reached on a pixel, this indi-
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cates that the sensor line is covered by the substrate. Subsequently, the
method shows the calculation of the position of the substrate edge based on
the collected measured data. Such a method has the advantage of being
highly accurate for the detection of the position of a substrate over a wide
detection range of the sensors. This makes it possible to detect a large range
of different substrate formats by means of this sensor unit and to thus position
said substrates.

In one embodiment of the invention, the threshold value is calculated in such
a manner that said threshold value corresponds to the mean of the light and
dark values. This results in that a high accuracy in determining the substrate
edge position is ensured while the transmissivity of the substrate increases or
decreases which leads to an increase or decrease of the dark value.

The measured data are collected in the first section of the sensor line, pref-
erably first in an outer region transversely to a transport direction of the sub-
strate. The collecting of the measured data in the second region of the sensor
line occurs initially in an inner region of the sensor line transversely to the
transport direction of the substrate. Collecting measured data in this manner
has the advantage that, in the case of substrate formats of different widths, it
can be ensured that measured data of the sensor line are detected of sections
that are covered by the substrate, as well as of sections that are not covered
by the substrate.

Preferably, the collected measured data of the first section are used to deter-
mine a maximum light value. As a result of the fact that, for example, each
new substrate sheet is newly detected, the maximum light value is also
determined each time; this has the advantage that changing lighting condi-
tions in the course of the method do not influence the accuracy of the detec-
tion of the substrate edge.

In particular, the measured data of the first and the second sections can be

used to determine correction data for the adaptation of all the pixels of the
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sensor line. Due to this adaptation of all the pixels, it is possible to correct
manufacturing-specific deviations in the output signals of the individual pixels

in a simple manner.

Preferably, the correction of the light values of all the pixels of the sensor line
by means of the correction data may include the adjustment of all the pixels to
the maximum light value. Furthermore, the correction of the dark values of all
the pixels of the sensor line by means of the correction data may include a
compensation of an offset of a compensation signal of the sensor line. The
adjustment of the pixels to the maximum light and dark values has the
advantage that all the output signals of the pixels of one sensor line display
the same minimum and maximum values, and that thus a uniform output level

can be output.

Furthermore, in calculating the position of the substrate edge, the distances
between the pixels can be taken into consideration. One advantage of this is
that, with known distances and pixel sizes, it is possible to determine the

actual position of the substrate edge based on the output signals.

In particular, an image of the substrate edge can be projected via a gradient
lens arrangement on a scale of 1:1 onto the sensor line. The use of a gradient
lens arrangement has the advantage that said arrangement can be easily
adapted to any lengths of the sensor lines. In particular, in this instance,
imaging of the substrate edge may be upright and true to side. As a result of
this, it can be ensured that, when two oppositely located substrate edges are
detected, a light/dark transition occurs on the first sensor line and a subse-

quent dark/light transition occurs ton the second sensor line.

In particular, said steps are performed during a transport of the substrate past
the sensor line. This has the advantage that the method for determining the

substrate edge does not interrupt the printing process.
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The object to be achieved by the invention is also achieved by a device for the
detection of a substrate edge in a printing machine comprising a substrate
transport unit that defines a substrate transport path. This device comprises at
least one light source arrangement for the generation of diffuse light. Further-
more, the device comprises a sensor line for the detection of light from the
light source arrangement. Furthermore, the device comprises at least one
gradient lens arrangement that is arranged between the light source and the
sensor line in such a manner that, on the one hand, a focus is located on the
center of the substrate transport path between the light source and the gradi-
ent lens arrangement and, on the other hand, on the sensor line. Due to such
an arrangement, it is possible to produce a compact device with which a large

range of different substrate formats can be detected.

In one embodiment of the invention, at least one light source arrangement,
one sensor line and one gradient lens arrangement are located on opposite
sides of the substrate transport path, transversely to a transport direction. As
a result of this, two oppositely positioned substrate edges can be detected at

the same time, thus leading to an improvement of positional accuracy.

In particular, the light source arrangement, the sensor lines and the gradient
lens arrangement may be arranged in such a manner that they at least par-
tially overlap the transport path. As a result of this, it is possible to prevent a
substrate from completely covering the device.

In particular, the light source may comprise a diffusor that can ensure a uni-
form brightness distribution along the substrate edge.

In particular, the gradient lens arrangement may be configured in such a
manner that said arrangement generates an image of the substrate edge on a
scale of 1:1 on the sensor line.
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Furthermore, the at least one sensor line may be a C-MOS sensor line. This
represents a cost-effective solution for the detection of the different brightness

values.

In particular, the light source arrangement may be an LED array. Generally,
LED light sources display a long useful life and are thus low-maintenance.

Preferably, the substrate transport unit may comprise substrate guides. As a
result of this, it can be ensured that the substrate can be securely guided past
the sensor line, which can lead to an increase of accuracy of the substrate

edge position data.

In particular, the at least one sensor line may comprise a plurality of elements
that, in turn, comprise a plurality of pixels. Such a modular design of the sen-
sor line makes it possible to implement different sensor lengths in a simple
manner. In one embodiment of the invention, means for the determination of a
light value are provided. Said means collect measured data of a first section of
a sensor line that is not covered by the substrate, said sensor line comprising
a plurality of discrete pixels. In addition, the device comprises means for the
determination of a dark value of a second section of the sensor line. Said
means collect measured data of a second section that is not covered by the
substrate. Furthermore, means for calculating a threshold value based on the
light and dark values of the sensor line are provided. Furthermore, the device
comprises means for the collection of measured data of the sensor line, this
indicating, when the threshold value on one pixel is exceeded, that the sensor
line is not covered by the substrate. However, when the threshold value on a
pixel is not reached, this indicates that the sensor line is covered by the sub-
strate. Furthermore, the device comprises means for calculating the position
of the substrate edge based on the collected measured data. In one embodi-
ment, means for the determination of light and dark correction values from
collected measured data are provided for the adaptation of all the pixels of the
sensor line. This has the advantage that fluctuations of the output signals of
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the different pixels can be compensated and that thus a uniform output signal
for the different pixels can be ensured.

Preferably, means for taking into consideration the distances of the pixels and
the distances of the elements within the sensor line are provided for the cal-
culation of the position of the substrate edge. By taking into consideration the
distances of the pixels and distances of the elements, it is possible to directly
draw a conclusion regarding the position of the substrate edge based on the
output signals of the respective pixels.

Hereinafter, the invention will be explained in detail with reference to the

drawings. They show in

Fig. 1 a schematic side view of a device for the detection of a substrate
edge in accordance with the invention;

Fig. 2 a schematic side view of an alternative device for the detection of a
substrate edge in accordance with the invention;

Fig. 3 a schematic perspective illustration of a gradient lens arrangement,
wherein the true-to-side, upright illustration is shown schematically ;

Fig. 4 a schematic perspective illustration of an alternative gradient lens
arrangement with housing;

Fig. 5 a schematic plan view of the sensor lines of the device for the detec-
tion of a substrate edge as in Fig. 2, and a substrate which partially
overlaps the sensor lines, as well as a schematic dark/light charac-
teristic of the sensor lines;

Fig. 6 a schematic view of a detail of a sensor line;

Fig. 7 a schematic light/dark characteristic of a sensor line;

Fig. 8 a schematic dark/light characteristic of a sensor line;

Fig. 9 a diagram with dark/light characteristics of a sensor line, said charac-

teristics having been generated with various substrates exhibiting
different transmissivities; and
Fig. 10 a schematic side view of a known device for the detection of a sub-

strate edge.
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Indications regarding location or direction used in the description hereinafter
relate primarily to the illustrations in the drawings and should not be viewed as
being restrictive; however, they may also relate to a preferred final arrange-

ment.

Fig. 1 shows a schematic side view of a device 1 for the detection of a sub-

strate edge.

The device 1 for the detection of the substrate edge comprises a light source
arrangement 5, a sensor line 10, as well as an interposed gradient lens
arrangement 15. The gradient lens arrangement 15 is arranged between the
light source arrangement 5 and the sensor line 10 in a manner so as to con-
duct light from the light source arrangement 5 to the sensor line 10. A sub-
strate transport path 8 is formed between the gradient lens arrangement 15
and the light source arrangement 5, said substrate transport path being
defined by suitable upper and lower guide elements and being disposed for

guiding a substrate 11 such as, for example, a print sheet.

The light source arrangement 5 comprises a plurality of light sources 6, three
of said light sources being schematically shown in Fig. 1. A diffusor 7 is shown
above the light sources 6, said diffusor ensuring a homogeneous brightness
distribution. The diffusor 7 may be an integral component of the substrate
transport path 8. This may be achieved, for example, in that a recess is pro-
vided in one guide element of the substrate transport path 8, said recess

accommodating the diffusor 7.

In the region above the light source arrangement 5, the substrate transport
path 8 is interrupted by an opening 9 so as to allow light from the light source
arrangement 5 to impinge on the gradient lens arrangement 15. A substrate
11 in the substrate transport path 8 can at least partially block the light on its
path from the light source arrangement 5 to the gradient lens arrangement 15
and is then illuminated from the bottom by the light source arrangement 5. An

image of such a partial coverage of the light source arrangement 5 through
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the substrate 11 is projected, 1:1 and in the same orientation, through the
gradient lens arrangement 15 onto the sensor line 10, as is schematically
shown in Fig. 1.

The sensor line 10 consists of a plurality of pixels 12 located next to each
other, as can best be seen in Fig. 6. These pixels 12 are arranged in a
manner such that the light exiting from the gradient lens arrangement 15 can
impinge on the pixels 12. As is obvious from Fig. 6, the pixels 12 are com-
bined to form elements 13. Within the respective elements 13, the pixels are
arranged at a uniform and known distance A relative to each other, the
distance A being measured between their respective centers. Adjacent pixels
12 of adjacent elements 13 are each at a known distance B from each other,
said distance B being again the distance measured between the respective
centers of the pixels. The distance B is substantially greater than the distance
A, this resulting from the distance of the elements 13 from each other.

The gradient lens arrangement 15 consists of a plurality of individual rod-
shaped gradient lens segments 18, as can best be seen in Fig. 4. The gradi-
ent lens segments 18 are accommodated in parallel arrangement relative to
each other in a housing 19, said housing maintaining the alignment of the
individual gradient lens segments 18 relative to each other, even in case of
vibrations. However, the gradient lens arrangement 15 may also be configured
differently than in Fig. 4. Fig. 3 shows, schematically, the reproduction of an
image through a gradient lens arrangement 15 comprising individual gradient
lens segments 18. As is obvious, the image is reproduced 1:1 and retaining

the same orientation.

Fig. 2 shows a schematic side view of an alternative device 1 for the detection
of a substrate edge. The same reference numerals as in Fig. 1 are used in
Fig. 2, provided the same or similar elements are being described.

The device 1 for the detection of a substrate edge in accordance with Fig. 2

has essentially the same design as the device 1 for the detection of a sub-
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strate edge in accordance with Fig. 1, comprising a light source arrangement
5, a sensor line 10 as well as an interposed gradient lens arrangement 15.
Fig. 2 does not show any special guide elements for the formation of a sub-
strate transport path, however, appropriate elements that form such a path
may be provided. As a rule, the substrate is moved along the middle of a sub-
strate transport path. The substrate 11 shown in Fig. 2 is shown in such a
central position during the movement along the transport path, the movement
in Fig. 2 progressing perpendicularly to the sheet plane. In this case, the cen-
tral position is defined as the position of the substrate that is located in the
center between the guide elements of the substrate transport path, thus corre-
sponding to the typical transport plane of a substrate. The gradient lens
arrangement 15 is focused on this central position. As can be seen, the
substrate partially extends into the region between the light source arrange-
ment 5 and the gradient lens arrangement 15, with an edge 11a of the sub-
strate 11 extending the farthest into this region.

The gradient lens arrangement 15 has a first focus 55 located on the central
position of the substrate transport path 8 and a second, opposing, focus 60
located on the sensor line 10. As a result of this, a sharp image of a region of
a substrate located between the light source arrangement 5 and the gradient
lens arrangement 15 and, in particular, of a substrate edge can be generated
on the sensor line. If the substrate deviates from the center of the substrate
transport path, minimal blurriness occurs depending on the size of the devia-

tion, this, however, being negligible, as a rule.

A device 1 for the detection of a substrate edge as described above is
arranged in a region, in which the edge 11a of a substrate 11 that is being
moved along the substrate transport path 8 is to be expected. As can be seen
in Fig. 5, respectively a device 1 for the detection of a substrate edge is pro-
vided on opposite ends of the substrate transport path 8 in a direction trans-
verse to a transport direction of the substrate 11 in order to improve the
detection of a position and to enable a central alignment of a substrate 11.
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However, in some cases, a single device 1 for the detection of a substrate
edge could also be sufficient if strictly a lateral alignment is desired.

The detection of substrates 11 having different transmissivities is possible in
the device 1 for the detection of a substrate edge. In order to reliably ensure
this, a light/dark value calibration is provided, wherein, as will still be
explained hereinafter, the mean value between the dark and light values is
adjusted as the switching threshold for the individual pixels 12 of a sensor
line. For this, a light value 75 is determined based on measured values of
pixels of the sensor line, said pixels having a clear view of the light source
arrangement 5, i.e., no substrate is present between the light source
arrangement 5 and the gradient lens arrangement 15. However, a dark value
85 is determined based on measured values of pixels of the sensor line whose
view of the light source arrangement 5 is being blocked by a substrate, i.e., a
substrate 11 is present between the light source arrangement 5 and the gradi-

ent lens arrangement 15.

Depending on the substrates that are being used, considerable deviations of
the dark value may occur. Fig. 9 shows the dark/light values for measure-
ments on different series of substrates. The x-axis shows individual pixel
positions along a sensor line 10, and the y-axis shows the measured values
for relative brightness values on the individual pixel positions. In each case,
the measurements show the situation with a substrate in the region of the
substrate transport path 8, i.e., a few pixels are covered whereas others have
a clear view of the light source arrangement 5. The dark values 85 are a func-
tion of the transmissivity of the substrate and are higher for thinner or more
translucent substrates than for more opaque substrates.

In Fig. 9, series 1 through 3 each show measurements on essentially opaque
substrates with minimally different weights. Series 4 shows a measurement on
a semi-transparent substrate. The different transitions between dark and light
values may be attributable to substrate properties, in particular, the cutting

edge of the substrate 11, on the one hand, and also to the position of the sub-
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strate relative to the focus of the gradient lens arrangement 15, on the other
hand, as well as to other factors.

The differences among the light values 75 of the different substrates may be
attributable to changes in ambient lighting or to a temperature drift of the sen-

SOrs.

Considering the progression in the region of the dark values 85 in Figure 9, a
slight oscillation can be noticed. This oscillation may have its origin in the
structure of the substrate because there is no homogeneous density distribu-
tion in the substrate. If, for example, the light of the light source arrangement
5 impinges on a substrate fiber, the transmissivity at this point is reduced and,

consequently, the dark value 85 is also lower.

Hereinafter follows a more detailed explanation of a method for detecting a
substrate edge in a printing machine comprising a substrate transport unit that
defines a substrate transport path 8, with reference being made to the figures
and, in particular, to Figures 5 through 9.

Usually, a substrate 11 is moved in the center of the substrate transport path
8 past the device 1 for the detection of a substrate edge in such a manner that
the substrate 11 extends at least partially into the region between the sensor
line 10 and the gradient lens arrangement 15. An image generated by the
gradient lens arrangement 15 on the sensor line 10 thus overlaps a partial
region of the sensor line 10, darkening said partial region. A first section 70 of
the sensor line 10 thus has a clear view of the light source arrangement 5,
whereas a section 80 of the sensor line 10 is darkened by the substrate 11.

Now, a light value 75 is determined over at least a partial region of the first
sections 70, in that measured data of a plurality of discrete pixels 12 are taken
and their mean is determined. Accordingly, a dark value 85 is determined over
at least a partial region of the second section 80, in that measured data of a

plurality of discrete pixels 12 are taken and their mean is determined. Pref-
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erably, the only pixels used for the determination of the light and dark values
are those that are certainly not covered or those that are fully covered. Now, a
threshold value 90 is calculated based on the light and dark values 75, 85. In
the preferred embodiment, the threshold value is determined as the mean

value of light and dark values.

Subsequently, the position of the edges 11a of the substrate 11 inside the
substrate transport path 8 is determined. First, the measured data of the indi-
vidual pixels 12 are interpolated, and it is determined where the threshold
value is exceeded or not reached. Based on the position of the transition and
the position of the adjacent pixels, it is possible to determine the position of
the substrate edge 11a. For this, the distances A (within an element 13) or B
(transition of elements 13) between the pixels 12 must be taken into consid-

eration.

This is illustrated in Figures 7 and 8, where a light/dark transition is shown
between pixels 12a and 12b and a dark/light transition is shown between pix-
els 12c and 12d.

Alternatively, a comparison of all the measured values with the threshold
value is also possible. Subsequently, the pixels 12 between which a light/dark
transition occurs are determined. The position of the edge is then determined

based on the thusly determined pixel positions.

The invention has been described with reference to specific embodiments
without, however, being restricted to the specifically illustrated form. In par-
ticular, it is possible to combine the features of one embodiment with the
features of another embodiment, or to exchange specific features with each
other, provided there is compatibility.
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Patent Claims

Method for detecting a substrate edge in a printing machine comprising a
substrate transport unit that defines a substrate transport path, said
method comprising the following steps:

determining a light value by collectting measured data of a first section of
a sensor line, said first section not being covered by the substrate and
said sensor line having a plurality of discrete pixels;

determining a dark value of a second section of the sensor line, said
sensor line being covered by the substrate;

calculating a threshold value based on the light and dark values of the
sensor line;

collecting measured data of the sensor line, wherein, when the threshold
value on a pixel is exceeded, this indicates that said pixel is not covered
by the substrate, and when the threshold value on a pixel is not reached,
this indicates that said pixel is covered by the substrate; and

calculating the position of the substrate edge based on the collected

measured data.

Method as in Claim 1, characterized in that the threshold value is
calculated in such a manner that said value corresponds to the mean

value of the light and dark values.

Method as in Claim 1, characterized in that the step of collecting the
measured data in the first section of the sensor line comprises an outer
region, relative to a transport direction of the substrate, of the sensor
line, and that the step of collecting the measured data in the second

region of the sensor line comprises an inner region of the sensor line.
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Method as in one of the previous claims, characterized in that a
maximum light value is determined based on the measured data of the
first section.

Method as in Claim 4, characterized in that, based on the measured data
of the first and the second sections, correction data are determined for
the adaptation of all the pixels of the sensor line.

Method as in Claim 5, characterized in that the correction of the light
values of all the pixels of the sensor line by means of the correction data
includes the adjustment of all the pixels to the maximum light value.

Method as in Claim 5 or 6, characterized in that the correction of the dark
values of all the pixels of the sensor line by means of the correction data
includes a compensation of an offset of an output signal of the sensor

line.

Method as in Claim 1, characterized in that in calculating the position of
the substrate edge, the distances between the pixels are taken into con-

sideration.

Method as in Claim 1, characterized in that an image of the substrate
edge is projected via a gradient lens arrangement on a scale of 1:1 onto

the sensor line.

Method as in Claim 8, characterized in that imaging of the substrate edge
is upright and true to side.

Method as in Claim 1, characterized in that said steps are performed
during a transport of the substrate past the sensor line.

Device for the detection of a substrate edge in a printing machine

comprising a substrate transport unit that defines a substrate transport



10

15

20

25

30

WO 2010/133407 PCT/EP2010/054936

13.

14.

15.

16.

17.

18.

-16 -

path, said device comprising the following:

at least one light source arrangement for generating diffuse light;

at least one sensor line for the detection of light from the light source
arrangement;

at least one gradient lens arrangement arranged between the light source
and the sensor line in such a manner that, on the one hand, a focus is
located on a central position of the substrate transport path between the
light source and the gradient lens arrangement and, on the other hand, on

the sensor line.

Device as in Claim 12, characterized in that at least one light source
arrangement, one sensor line and one gradient lens arrangement are
located on opposite sides of the substrate transport path, transversely to

a transport direction.

Device as in Claim 13, characterized in that the light source
arrangements, the sensor lines and the gradient lens arrangement are
arranged in such a manner that they at least partially overlap the

substrate transport path.

Device as in one of the Claims 12 through 14, characterized in that the

light source arrangement comprises a diffusor.

Device as in one of the Claims 12 through 15, characterized in that the
gradient lens arrangement is configured in such a manner that said
arrangement generates an image of the substrate edge on a scale of 1:1

on the sensor line.

Device as in one of the Claims 12 through 16, characterized in that the at

least one sensor line is a C-MOS sensor line.

Device as in one of the Claims 12 through 17, characterized in that the

light source arrangement comprises an LED array.
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Device as in one of the Claims 12 through 18, characterized in that the

substrate transport unit comprises substrate guides.

Device as in one of the Claims 12 through 19, characterized in that the at
least one sensor line comprises a plurality of elements that, in turn,

comprise a plurality of pixels.

Device as in one of the Claims 12 through 20, characterized by:

means for determining a light value by collecting measured data of a first
section of a sensor line that is not covered by the substrate;

means for determining a dark value of a second section of the sensor line
that is covered by the substrate;

means for calculating a threshold value based on the light and dark
values of the sensor line;

means for collecting measured data of the sensor line, this indicating,
when the threshold value on a pixel is exceeded, that the pixel is not
covered by the substrate, and indicating, when the threshold value on a
pixel is not reached, that the pixel is covered by the substrate; and
means for calculating the position of the substrate edge based on the

collected measured data.

Device as in one of the Claims 12 through 21, characterized by means
for determining light and dark value correction data from the collected

measured data for adapting all the pixels of the sensor line.

Device as in one of the Claims 12 through 22, characterized by means
for taking into consideration distances of the pixels and distances of the
elements within the sensor line for calculating the position of the
substrate edge.
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