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(57) Abrégée/Abstract:
Method to reduce a deviation from a predetermined desired pitch that occurs between at least two points of at least one print image

(103.1, 103.2) In a print direction, in which: in a printing step (107.6), the at least one print image (103.1, 103.2) is,generated on a
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(57) Abrege(suite)/Abstract(continued):

substrate (104) with at least one print head (102.1, 102.2) of a printing device (102) under a relative movement between the at least
print head (102.1, 102.2) and the substrate (104); wherein In a determination step (107.2, 107.3, 107.4, 107.5) preceding the
printing step (107.6), an Initial deviation from a desired pitch between the two points Is determined first and correction information to
reduce the deviation Is determined from the determined initial deviation; and in the printing step (107.6), control signals (106) for the
at least one print head (102.1, 102.2) are generated depending on the correction information to generate the at least one print

Image; wherein an (In particular variable) delay of at least one of the control signals (106) Is predetermined by the correction
Information.
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Abstract

Method to reduce a deviation from a predetermined desired pitch that OCCUI;S between

at least two points of at least one print image (103.1, 103.2) in a print direction, in which: in a
printing step (107.6), the at least one print image (103.1, 103.2) is generated on a substrate
(1 04) with at least one print head (102.1, 102.2) of a printing device (102) under a relative
movement between the at least print head (102.1, 102.2) and the substrate (104); wherein in a

determination step (107.2, 107.3, 107.4, 107.5) preceding the printing step (107.6), an initial
' deviation from a desired pitch between the two points is determined first and correction
information to reduce the deviation is determined from the determined initial deviation; and
in the printing step (107.6), control signals (106) for the at least one print head (102.1, 102.2)
are generated depending on the correction information to generate the at least one print
image; wherein an (in particular variable) delay of at least one of the control signals (106) 1s

predetermined by the correction information.
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REDUCTION OF PITCH ERRORS BETWEEN POINTS OF A PRINT IMAGE

The invention concerns a method to reduce a deviation frbm a predetermined desired
pitch [spacing] that occurs in a print direction between two points, in which method the at
least one print image is generated in a printing step with at least one print head of a printing
device on a substrate given a relative movement between the print heads and the substrate;
wherein an initial deviation from a desired pitch between the two points is determined in a
determination step preceding the print step;-and correction information to reduce the
deviation is determined from the determined initial deviation; and control signals for the at
least one print head are generated dependent on the correction information in the printing step
to generate the at least one print image. Moreover, the application concerns a corresponding

printing device.

In franking machines, but also in other printing devices in which a substrate should be
printed in a single movement, the problem frequently exists that the print image to be
generated possesses a dimension transversal to the printing direction that is larger than the
print width provided by the employed print head type. Therefore, it is necessary to use
multiple print heads in order to achieve the required print width. Since the housing of the
employed print heads is normally wider than the actual area used for printing, it is typically
not possible to arrange the printing regions of the print heads (in the printing direction) at the
same level since in this case flush connection of the partial images (transversal to the printing
direction) is not possible; consequently, no gapless print image can be generated. Therefore,
It is necessary to arrange the employed print heads offset from one another in the printing
direction and transversal to the printing direction in order to achieve a flush connection

(possibly even a slight overlap) of the partial images.

This design has the result that pixels that lie next to one another on the print image but
are generated by different print heads must in part be printed with a distinct time interval.
For example, if a first pixel is printed at the edge of the first partial image by the first

thermotransfer print head at a first point in time, the second pixel lying directly adjacent to
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the first pixel at the edge of the second partial image is'only printed by the second print head
when the substrate (for example a letter that is transported by a corresponding transport
device) has overcome the distance in the printing direction between the two regions of the

two print heads that are used for printing.

The relative position between the print heads and the substrate, and therefore reaching
the position or, respectively, the point in time at which the second pixel is to be printed, is
typically registered via a corresponding measurement device. This is typically an encoder
connected with the drive of the transport device that provides at its output a definite number
of measurement signals in the form of encoder pulses per unit distance of the relative
movement (between the substrate and the print heads) that is traveled. Given such transport
devices, rotating elements (in particular rollers and similar elements) are typically used In

order to transport the substrate to be printed.

Due to the illustrated time offset of the printing of adjacent points by different print
heads, the imprints of such printing devices in the print direction can exhibit an offset
between the two adjoining print images (partial images) as a deviation form a predetermined
desired pitch between points of the (tc;tal) print image. It is hereby understood that in this
case the desired pitch (in the printing direction) between the immediately adjacent points of
the two (partial) print images is equal to zero; thus no offset of the two (partial) print images
is desired at all. This offset typically has a static offset portion and a periodic otfset portion.
Such an offset between the two adjoining (partial) print images in the field ot generation of

franking images is not least due to the increasing requirements for machine readability of

such print images.

The static offset portion is typically due to the diameter error of the drive elements, or
is based on position errors due to tolerances in the installation of the print heads. For
example a deviation of the diameter of the transport roller for the substrate from its desired
value is due to the faét that reaching the print position or, respectively, the printing point in
time too early (smaller diameter) or too late (larger diameter) is registered in the evaluation of
the measurement signals (for example counting the encoder pulses) of the shaft encoder

(encoder) connected with the transport roller.
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This problem is typically solved in such known printing devices via readjustment of
the print heads. Typically, a test pattern (for example a nonius [vernier] pattern) is printed
out by the two print heads and the separation of the two regions used for printing (thus the
separation of the two nozzle rows given the use if inkjet print heads) in the printing direction
is determined using the position of the minimal offset and is passed as correction information
to the controller of the print heads. However, only static offset proportions that are an integer
multiple of the print resolution can be entirely corrected with this. For example, if a print
resolution of 300 dpi is provided, the maximum remaining residual error is still £ 1/600 1n or,
respectively, approximately + 42 um. A normal remaining residual error that can

significantly impair the quality of the imprint cannot be corrected by this.

Furthermore, the occurring periodic offset portion is due to variable interferences in
the printing with different print heads. Since adjacent points are printed by different print
heads at different points in time, under the circumstances an interference present upon
printing the first point with the first print head has already subsided again when the

immediately adjacent second pixel is printed with the second print head.

- There are multiple causes for this periodic offset proportion, such as an eccentric
connection of the encoder, an eccentricity of the driving rollers (same period duration but
deviating phase position), ovality errors of the driving rollers (deviating period duration and
deviating phase position) as well as shocks that can occur due to changes of the engagement

ratios of the drive elements.

The causes just described for the static and period offset portions do not, however,
occur only given the use of multiple print heads arranged with offset. Rather, they also have
an effect in printing devices with a single print head. Here they affect the separation of
following points in the print direction and draw attention as constant (static portion) or
periodically variable (periodic portion) expansion and/or compression of the print image in

the print direction.

A method and a device for calibration of driver signals of ; print head is known from
the disclosure document DE 10 2004 053 146 Al. The calibration is implemented after
exchanging a cartridge. Four parameters of the driver signal are calibrated: the duration of

the main drive pulse; the duration of the preheating pulse; the time interval between pre- and
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main drive pulse; and the driver voltage. For each of these parameters, multiple test prints
are printed depending on different respective values of a parameter. The respective
parameter value that leads to the best print result is subsequently selected. A dynamic
observation of the printing device occurs here just as little as a detection of a periodic offset

proportion {sic].

The invention is therefore based on the object to provide a method and a printi‘ng
device of the aforementioned type which do not possess or, respectively, does not possess the
disadvantages cited above, or possesses them at least to a lesser degree; in particular, at least
a reduction of a deviation from a predetermined desired pitch occurring between at least two

points of at least one print image is enabled.

The object is achieved starting from a method according to the preamble of Claim 1
via the teatures specified in the characterizing portion of Claim 1. Starting from a printing
device according to the preamble of Claim 13, it is furthermore achieved via the features

specified in the characterizing part of Claim 13.

The present invention is thereby based on the technical teaching that a reduction of a
deviation from a predetermined desired pitch (in particular a reduction of an offset between
two adjacent print images) that occurs between at least two points of at least one print image
1S possible in a simple manner when the deviation between the points 1s initially detected and
then at least reduced via a correspondingly adapted— in particular temporally variable — delay
of at least one of the control signals. Via a temporally variable delay of the at least one
control signal (in particular all control signals), it is possible not only to even further reduce
but even to entirely compensate (if necessary) a static deviation proportion relative to the
previously known solutions. It is likewise possible to vary the temporal delay of the control
signals via a periodic delay portion so that temporally variable (in particular periodic)
components in the deviation from the predetermined desired pitch can also be counteracted.
It is hereby advantageously possible to even arrive at a complete compensation of the

deviation from the predetermined desired pitch if necessary.

Given the compensation of offset errors between adjacent print images generated by
different print heads, the offset between the adjacent print images can accordingly be initially

detected and then be at least reduced via a correspondingly adapted (in particular temporally
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variable) delay of at least one of the second control signals for the second print head. Via a
temporally variable delay of the at least one second control signal (in particular of all second
control signals) it i1s possible to not only even further reduce but even to completely
compensate (1f necessary) a static offset proportion relative to the previously known
solutions. It is likewise possible to vary the teniporal delay of the second control signals over
a periodic delay portion so that even temporally variable (in particular periodic) components
can be counteracted in the offset between the print images of the two print heads. It is hereby
advantageously possible to even arrive (if necessary) at a complete compensation of the

offset between the two print images.

It 1s hereby understood that it can possibly be sufficient to correspondingly temporally
delay only that control signal which triggers the generation of the appertaining pixel by the
appeftaining print head. However, multiple appertaining control signals (in particular all
appertaining control signals) are preferably correspondingly delayed in order to imp!ement a

delay algorithm to be realized with correspondingly simple design.

According to one aspect, the present invention accordingly concerns a method to
reduce a deviation from a predetermined desired pitch that occurs between at least two points
of at least one print image in a print direction, in which method, in a first printing step, the at
least one print image is generated on a substrate with at least one print head of a printing
device under a relative movement between the at least print head and the substrate. In a
determination step preceding the printing step, an initial deviation from a desired pitch
between the two points is determined first and correction information to reduce the deviation
is determined from the determined initial deviation. In the printing step, control signals for
the at least one print head are generated depending on the correction information to generate
the at least one print image, wherein an (in particular variable) delay of at least one of the

control signals is predetermined by the correction information.

In variants of the method according to the invention with two print heads, to reduce an
offset occurring between two print images in a printing direction the two print images are
generated on a substrate in a printing step with two print heads arranged offset from one
another in the printing direction under a relative movement between the print heads and the
substrate. In a determination step preceding the printing step, an initial offset between the

two print images 1s thereby determined and correction information to reduce the offset is
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determined from the determined initial offset. In the printing step to generate the two print
images, first control signals for the first print head and second control signals for the second
print head are generated depending on the correction information, wherein an (in particular
variable) delay of at least one of the second control signals 1s predetermined by the correction

information.

The appertaining control signals (in particular the first and second control signals) can
in principle be generated in any suitable manner. The control signals (in particular the first
control signals and second control signals) are advantageously generated from measurement
signals that are representative of the relative movement between the two print heads and the
substrate. The measurement signals are preferably pulses of an encoder that is connected
with a drive [actuator] generating the relative movement between the two print heads and the

“substrate, since a particularly simple configuration can be achieved with this.

In preferred variants of the method according to the invention in which the initial
deviation has at least one periodic deviation portion, it is provided that a variable time delay
of the at least one control signal is provided by the correction information, which delay has a
periodic delay portion corresponding to the at least one periodic deviation portion, wherein
the periodic delay portion is selected such that the delay of the control signals counteracts the
deviation of both points from their desired pitch. If the initial deviation additionally or
alternatively has at least one static deviation portion, it is additionally or alternatively
provided that a variable time delay of the at least one control signal is provided by the
correction information, which delay has a static delay portion corresponding to the at least
one static deviation portion, wherein the étatic delay portion is selected such that the time

delay of the control signals counteracts the deviation of both points from their desired pitch.

Given printing devices with two (or more) print heads in which the initial offset
possesses at least one periodic first offset portion, it is provided that a variable time delay of
the at least one second control signal is provided by the correction information, which delay
has a periodic first delay portion corresponding to the at least one periodic first deviation
portion, wherein the periodic first delay portion is selected such that the delay of the second
control signals counteracts the offset of both print images. In other words, with the present
invention it is possible to compensate a known or, respectively, foreseeable disruption (for

example a periodic disruption inherent to the operation of the printing device, as described
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above) that would lead in conventional printing devices to a periodic offset between the two
print images, in that the second control signals are correspondingly delayed so that the
corresponding pixel printed via the second print head again lies at the exact desired position

next to the first pixel printed previously by the first print head.

It is hereby understood that, for the case that a negative delay results in calculation
from the periodic first offset portion, it can be provided that all second control signals can
additionally be delayed by a corresponding (constant) delay amount (corresponding to at least
the maximum absolute value of the determined negative delay) in order to always be able to
work with positive delay values. This is in particular advantageous given the use of encoders
which deliver as a measurement signal an encoder pulse that can .naturally be subjected only
to a positive delay. If this is the case, the adjustment must then be made that the printing of

the second print image must already begin one or more encoder pulses earlier.

The témporally variable delay can in principle be generated in any suitable manner.
[n advantageous variants of the method according to the invention it is provided that the first
control signals and the second control signals are generated from measurement signals that
are representative of the relative movement between the two print heads and the substrate. In
the determination step, the periods and the phase position of the periodic first offset portion
relative to the measurement signals are then determined, and the amplitude of the first delay
portion is subsequently selected as a function of the phase position of the first offset portion.

[t is hereby possible in a simple manner to compensate for such a periodic offset portion.

In additional advantageous variants of the method according to the invention in
which the initial offset has at least one static, second offset portion due to the offset of the
two print heads, it is provided that a variable time delay of the second control signals is
provided by the correction information, which delay has a second delay portion counteracting

the static second offset portion. The second delay portion can hereby possess an arbitrary

time curve. In variants that are particularly simple to realize, it runs linearly.

The first control signals and the second control signals are advantageously generated
from measurement signals that are representative of the relative movement between the two
print heads and the substrate, and in the determination step a print time offset corresponding

to the static, second offset portion is determined as a difference of a desired point in time to
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avoid the static second offset portion and a predeterminable number N of periods of the
measurement signals. For the case that the print time offset 1s not an integer multiple of the
period duration of the measurement signals, the print time offset is sub-divided into M (in
particular equal) delay values. At least one part of the measurement signals is subsequently,
respectively delayed by one of the delay values with regard to the preceding measurement
signal. A iemporally variable delay of the second control signals (for example a delay

constantly increasing relative to a start point in time) can hereby be achieved in a simple

mannecr.

In principle, an arbitrary distribution of the total print time offset to be achieved to the
individual second control signals is hereby possible. In other words, if necessary it can also
be provided that only one or individuals of the second control signals are correspondingly
delayed. However, a uniform distribution of the print time offset to the individual control

signals advantageously occurs since such a configuration is particularly simple to realize.

The number N of periods of the measurement signals is advantageously to be selected
so that an optimally small print time offset results, wherein both a positive and a negative
print time offset is possible. If a negative print time offset results, this can likewise be
distributed to the delay of the individual second control signals, wherein then a (constant)
positive delay (by one full period) is naturally, advantageously, additionally impressed on all
delayed second control signals in order to always operate with positive delay values.
However, it is advantageously provided that the prédeterminable number N of periods of the

measurement signals is selected so that a positive print time offset results, such that in a

simple manner it is ensured that a positive delay is always worked with.

‘As already mentioned, an arbitrary division of the print time offset to the delay of the
individual second control signals can be provided. The print time offset is advantageously

sub-divided into N identical delay values, and each subsequent measurement signal 1s

respectively delayed by one of the delay values relative to the preceding measurement signal.

In principle, the initial offset can be determined in any suitable manner in the
determination step. In preferred variants of the invention, it is provided that the initial offset
is determined in the determination step from at least one test pattern generated by the two

print heads. Additionally or alternatively, it can also be provided that the initial offset is
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determined from at least one print device behavior determined in advance for the print
device. The print device behavior can be a behavior or, respectively, properties determined
using measurements of the print device and/or using corresponding simulation calculations,
which behavior or, respectively, properties have an influence on the initial offset. This
behavior does not necessarily have to have been determined at the print device itself. Rather,
if necessary it is also possible to determine this behavior using the measurements and/or

simulations of a sample print device.

The correction information which represents the time delay of the second control
signals cén essentially be defined in any manner. Corresponding tables or data sets with
corresponding discrete values for the time delay are advantageously provided since a
particularly simple realization with low processing effort is hereby possible. Intermediate
values can then be determined as necessary via interpolation or the like. It is likewise

possible that the correction information is provided by a continuous function.

The present invention furthermore concerns a print device (in particular for a fran.king
machine) with a control device, at least one print head and a drive device to generate a
“relative movement between the at least one print head and a substrate to be printed in a print
direction. The control device is designed to control the at least one print head and the drive
device such that at least one print image is generated on the substrate. To print the at least
one print image, the control device generates control signals for the at least one print head.
To reduce a deviation from a desired pitch that occurs between at least two points of the at
least one print image in the print direction, the control device thereby uses stored correction
information determined in advance, wherein an (in particular variable) delay of at least one of
the control signals is provided by the correction information. The variants and advantages
described above can be realized to the same extent with this printing device, such that
reference is made in this regard to the statements above. In particular, the method according
to the invention that is described above can be implemented with this printing device

according to the invention.

In specific variants of the invention, the printing device has two print heads arranged
offset from one another in a print direction and a drive device to generate a relative
movement between the print heads and the substrate to be printed in the print direction. For

this the control device is designed to control the two print heads and the drive device such
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that two print images are generated on the substrate. To print the two print images, the
control device generates first control signals for the first print head and second control signals
for the second print head. Furthermore, to reduce an initial offset occurring between the two
print images in a print direction upon generation of the second control signals, the control
device uses stored correction information determined in advance, wherein an (in particular
variable) delay of at least one of the second control signals 1s predetermined by the correction
information. The variants-and advantages described above can be realized to the same extent
with this printing device, such that reference i1s made in this regard to the above statements.

In particular, the method according to the invention that is described above can be

implemented with this printing device according to the invention.

In preferred variants of the printing device according to the invention, it is provided
that the control device is designed to determine the initial deviation (in particular the initial
offset) from at least one test pattern generated by the at least one print head (in particular by
both print heads) and/or at least one printing device behavior determined in advance for the
printing device. It can thereby be provided that the printing device itself has a corresponding
detection device to detect the test pattern (for example a reader) and/or the printing device

behavior (for example a corresponding measurement device and/or a simulation device).

A suitable reader for reading is, for example, a CCD sensor device. Other sensors or
similar elements can be just as suitable for a use in the device according to the invention.
Furthermore, an already-present microprocessor, microcomputer or a simtlar device can be

used for the determination of the initial offset, for example. In particular the phase position,
the amplitude curve or the average value of the periodic offset portion and of the static offset

portion can hereby be determined in a simple manner.

The delay of the control signal or, respectively, (possibly second) control signals can

in principle be generated in any suitable manner. The control device advantageously
comprises at least one delay element to generate the (possibly variable) delay. The at least
one delay element is advantageously a parameterizable [sic] delay element. For example, this
can be a counter that is preset to a value (previously set by the control device) upon arrival of
the encoder signal and 1s counted down with predetermined clock rate until zero is reached.
Upon reaching zero, the time-delayed encoder pulse is generated at the output of the counter

and 1s supplied to further processing in the printing device. Additionally or alternatively, it

10
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can also be provided that the at least one delay element is realized via a hardware filter, a

microprocessor, a microcomputer, an FPGA and/or an ASIC.

Given use of a hardware filter, the control pulses can be directly delayed. Given the
use of a microprocessor or microcomputer that respectively can already be implemented as an
evaluation device or in general in a printing device, a plurality of possibilities are provided to
realize a delay element. For example, a time loop can be implemented. A time counter can
likewise be implemented. After its expiration, a print signal can be generated. Moreover, it
1S possible to use the time function of an operating system. If the printing device is used in
connection with a franking machine, in particular the already-implemented FPGA can be
used. It is understood that other realizations of a delay element can also be implemented
according to other variants of the invention. The use of elements already implemented in a

printing device can reduce effort and costs.

The method according to the invention and the printing device according to the
invention can be used in arbitrary apparatuses. Arbitrary printing principles (inkjet,
thermotransfer etc.) can thereby be used. However, the use is particularly advantageous in
connection with franking machines since particularly strict requirements with regard to print
quality are placed on these. The present invention therefore furthermore concerns a franking
machine with a printing device according to the invention. The variants and advantages
described above can be realized to the same extent with this franking machine , such that
reference is made in this regard to the above statements. In particular, the method according

to the invention that is described above can be implemented with this franking machine

according to the invention.

‘Advantageous developments of the invention result from the dependent Claims or,
respectively, the subsequent specification of a preferred exemplary embodiment which refers

to the attached drawings. Shown are:

Fig. 1 a schematic representation of a preferred exemplary embodiment of the
franking machine.according to the invention, with a preferred exemplary
embodiment of the printing device according to the invention with which a

preferred exemplary embodiment of the method according to the invention can

be implemented;

11
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Fig. 2 a worktlow plan of a preferred exemplary embodiment of the method
according to the invention that is implemented with the franking machine from

Figure 1;

Fig. 3 a schematic representation of deviations of the position of pixels generated by

the franking machine from Figure 1 from their desired position;

Fig. 4 a schematic representation of the deviation of the pitch of pixels of the first
and second print image from their desired position, which pixels are generated

by the franking machine from Figure 1;

Fig. 5 a schematic representation of the periodic delay portion for compensation of

the periodic deviation portion in the franking machine from Figure 1;

Fig. 6 a schematic representation of the static delay portion for compensation of the

static deviation portion in the franking machine from Figure 1;

Fig. 7 a schematic representation of the temporal progression of individual signals

during the implementation of the method from Figure 2;

Fig. 8 a schematic representation of the deviation of the pitch of pixels of the first

print image from their desired pitch, which pixels are generated by the

franking machine;

Fig. 9 a schematic representation of the periodic delay portion for compensation of

the periodic deviation portion in the franking machine from Figure 1; [sic]

Fig. 10 a schematic representation of the static delay portion for compensation of the

static deviation portion in the franking machine from Figure 1 [sic].

In the following, a preferred exemplary embodiment of the present franking machine,
101 according to the invention, with a preferred exemplary embodiment of the printing

device 102 according to the invention, with which a preferred exemplary embodiment of the

12
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method according to the in'vention Is implemented, is described with reference to Figures | '
through 7.

The printing device 102 comprises a ﬁrSt print head 102.1 and a second print head
102.2. In the present example, the two print heads 102.1 and 102.2 aré inkjet print heads with
a respective nozzle row 102.3 or, respectively, 102.4. However, it is understood that, in other
variants of the invention, print heads can also be used that operate according to a different

printing principle.

The two print heads 102.1 and 102.2 are arranged offset from one another both in a
print direction (x direction) and in a direction (y direction) transversal to this print direction,
such that two print images 103.1 and 103.2 that gaplessly adjoin one another transversal to
the print direction can be printed with their nozzle rows 102.3 and 102.4 on a substrate 104

(for example a letter), which print images 103.1 and 103.2 yield an entire print image 103.

To print the entire print image 103, the letter 104 is transported past the two print
heads 102.1, 102.2 in the print direction X via a transport device 102.5 with a transport roller
102.6. However, it is understood that, in other variants of the invention, it can also be
provided that the two print heads are transported past a stationary substrate, or that both print

heads and the substrate are moved.

The relative movement between the letter 104 and the two print heads 102.1, 102.2 is

detected using a measurement device in the form of a shaft encoder 102.7 (designed as an

encoder), connected with the transport roller 102.6. The encoder 102.7 supplies at its signal
output a predetermined number of measurement signals per rotation of the transport roller
102.6 in the form of encoder pulses 105 (see Figure 3) that are relayed to a control device

102.8 connected with an encoder 102.7.

The control device 102.8 is in turn connected with both print heads 102.1, 102.2 and
controls these using the encoder pulses 105 in order to generate the two print images 103.1
and 103.2. The first print head 102.1 is thereby controlled with first control signals while the
first print head 102.2 is controlled with second control signals 106 (see Figure 3). However,
on the one hand the problem hereby exists that first and second print image 103.1, 103.2 are

respectively, inherently distorted along the print direction x (consequently, the pitch of -

13
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successive pixels of the respective print image 103.1, 103.2 in the print direction x deviates

from a predetermined desired pitch).

Figure 3 shows by way of example the respective deviation A 1(x) (first print image
103.1) or, respectively, A2(x) (second print image 103.2) of the pixels from the respective
desired position in the whole print image 103 (relative to the print resolution R), depending

on the position X (relative to the total length) in the whole print image 103.

On the other hand, the problem exists that, due to the oftset of the print heads 102.1,
102.2 in the print direction X, pixels of the first and second print image 103.1, 103.2 that lie

immediately adjacent are printed at different points in time.

For example, if a first pixel is printed at the edge of the first partial image 103.1 by
the first print head 102.1 at a first point in time, the second pixel situated directly next to the
first pixel at the edge of the second partial image 103.2 is only printed by the second print
head 102.2 when the letter 104 (driven by the transport device 102.5) has overcome the

distance D between the two nozzle rows 102.3 and 102.4 in the print direction x.

For’this the control device 102.8 monitors (using the encoder pulses 105) the relative
position befween the print heads 102.1, 102.2 and the letter 104, and therefore the reaching ot
the position or, respectively, the point in time at which the second pixel is to be printed. Due
to the time offset At of the printing of adjacent points by different print heads 102.1, 102.2,
the two print images 103.1 and 103.2 can exhibit an offset V in the print direction x. This

offset V is likewise shown in Figure 3. It is calculated as:
V(x) = Al(x) - A2(x) (1)

The offset V typically has a static offset portion V and a periodic offset potion V,
that are shown in Figure 4. The periodic offset portion V;, can thereby naturally be composed
of a plurality of periodic portions with different phase length. However, in the present

example only a single periodic offset portion should be dealt with for simplification.

In the field of generation of franking images, such an offset V between the two

adjoining (partial) print images 103.1 and 103.2 i1s unwanted — not least due to the increasing
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requirements for machine readability of the print images 103 — and can be at least distinctly

reduced in an advantageous manner with the present invention, as is explained in the

following.

The static offset portion Vi is typically due to diameter errors of the drive elements of
the transport device 102.5 (for example the transport roller 102.6) or 1s based on position
errors due to tolerances in the installation of the print heads 102.1, 102.2. For example, a
deviation of the diameter of the transport roller 102.6 from its desired value, due to the fact
that reaching the printing position or, respectively, the printing point in time T, too early
(smaller diameter) or too late (larger diameter), is detected in the evaluation of the encoder

pulses 105 of the encoder 102.7.

Moreover, the occurring periodic offset portion V;, is due to variable interferences in
the printing with the print heads 102.1, 102.2. Since adjacent pbints are printed by the two
print heads 102.1, 102.2 at different points in time, a disruption present upon printing the first
point with the first print head 102.1 has, under the circumstances, already died down again

when the immediately adjacent second pixel is printed with the second print head 102.2.

There are many causes for this periodic offset portion V,, such as an eccentric
connection of the encoder 102.7, an eccentricity of the transport roller (same period duration
but deviating phase position), ovality errors of the transport rollers (deviating periOd duration
and deviating phase position) as well as shocks that can occur due to changes of the

engagement ratios of the drive elements of the transport device 102.5.

According to the invention, this problem is achieved in that a determination of an
initial offset V between the two print images first occurs in Step 107.2 after the start of the
method workflow that occurs in Step 107.1. For this, a first test whole print image 104 is

initially generated which is then detected by a detection device 102.9 (for example a CCD
chip or the like) connected with the control device 102.8. However, it is understood that the
initial offset V can also be detected in a different manner in other.variants of the invention.
In particular, it can be provided that the user of the franking machine conducts a visual
monitoring of the test whole print image, correspondingly classifies this and conducts a

corresponding input into the franking machine via a suitable interface (for example a

keyboard etc.).
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It 1s hereby understood that the initial offset V is a function V(x) of the x coordinate
of the whole print image 103 due to the periodic offset portion V. The initial offset V is thus
consequently not a constant value along the print direction x over the length of the whole

print image 103 (as is also to be learned from Figures 3 and 4).

However, it 1s understood that, in other variants of the invention, it can alSo be
additionally or alternatively provided that the initial offset V(x) is determined from at least
one printing device behavior determined in advance for the printing device 102. The printing
device behavior can be a behavior or, respectively, properties determined using
measurements at the printing device 102 and/or using corresponding simulation calculations,
which behavior or, respectively, properties have an influence on the initial offset V(x). This
behavior does not necessarily have to have been determined at the printing device 102 itself.
Rather, it is also possible to determine this behavior using measurements and/or simulations

of a test printing device.

In Step 107.2, the initial offset V(x) is broken down via suitable, well-known methods
into the static offset portion Vs and one or more periodic offset portions V. It thus applies

that:

V(X) = V(x) + Vp®) = V() + 3V, (%) )

From this analysis of the detected initial offset V(x), correction information in the

form of a delay function F(n) is subsequently determined by the control device 102.8, as is
explained in further detail in the following. The delay function F(n) is also a linear

combination of static and periodic portions. It thus applies that:

F(n) = Fy(n) + Fy(n) = Fy(n) + )_F,(n) (3)

Using the delay function F(n), the control device 102.8 impresses a variable time
delay ty(n) on the second control signals 106 for the second print head relative to the encoder

pulses 105 delivered by the encoder 102.7, depending on the consecutive number n of the
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respective encoder pulse 105 (starting from a start point, for example the first generation of a
pixel of the first print image 103.1). The time delay ty(n) is again a linear combination of

static portions ty(n) and periodic portions tyy(n). It thus applies that:

Ty(n) = Tys(n) + TVp(n) = Tyg(n) + Ztvpi (n) (4)

For this, in a step 107.3 a periodic first delay portion Fpi(ri) s 1nitially determined
corresponding to the respective periodic first offset portion V. For this, the respective
periodic first offset portion V; is initially associated with the individual encoder pulses 108,
and from this the corresponding periodic first delay portion Fy(n) is determined such that the

time delay tvyi(n) of the second control signals counteracts the offset V(x) of the two print
images 103.1 and 103.2. '

[t 1s hereby understood that, for the case that a negative delay results by calculation
from the periodic first offset portion V, (as shown in Figure 5), it can be provided that all
second control signals 106 are additionally delayed by a eorresponding (constant) delay
amount V¢, (correSponding to at least the maximum absolute value |Vy|max Of the determined
negative delay) in order to always be able to work with positive delay values, since naturally
the encoder pulses 105 can only be subjected to a positive delay. The periodic offset portion
Vp(n) 1s thus consequently adapted to an actual periodic offset portion V,(n) (see Figure 5),

wherein it applies that
Vo(n) = V() + V. (3)

Using the actual offset portion V, the periodic first delay portion Fy(n) can then be

determined for which an offset Vgy(Fy;) results for which it in turn applies:
Vi(n) + Vig(n) = 0. (6)

Furthermore, it is hereby understood that for this at least one second control signal
106 1s naturally omitted as necessary (i.e. printing already occurs after N — 1 and not only
after N second control signals 106) in order to achieve the desired negative offset Vg, (F,;) for

compensation (see Figure 5) and therefore the desired printing point in time T,
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A static second delay portion F¢(n) corresponding to the static second offset portion
V; is then determined in Step 107.3.

This can proceed in an manner analogous to as with the periodic offset portion, as this
1s shown tn Figure 6. A static second delay portion Fy(n) corresponding to the static second
offset portion V; can thus be determined. For this, the static second offset portion Vj is
initially associated with the individual encoder pulses 105, and from this the cofresponding
static second delay portion Fs(n) is determined such that the time delay tys(n) of the second

control signals counteracts the static offset V(x) of the two print images 103.1 and 103.2.

[t is hereby understood that, in the event that a negative delay results via calculation
from the static second offset portion V (as shown in Figure 6), it can be provided that all
second control signals 106 are additionally delayed by a corresponding (constant) delay
amount V (corresponding to at least the maximum absolute value |Vg|max 0f the determined
negative delay) in order to always be able to work with positive delay values, since naturally
the encoder pulses 105 can only be subjected to a positive delay. The static offset portion
Vs(n) is thus consequently increased to a real static offset portion Vg(n) (see Figure 6),

wherein it applies that:
Va(n) = Vg(n) + V. (7)

Using the real offset portion Vg, the static first delay portion Fg(n) can then be

determined for which an offset Vgs(Fs) results for which it in turn applies that:
Va(n) + Vps(n) =0. (8

Furthermore, it is hereby understood that for this at least one second control signal
106 1s naturally omitted as necessary (i.e. printing already occurs after N - 1 and not only

after N second control signals 106) in order to achieve the desired negative offset Vgy(F;) for

compensation (see Figure 6) and therefore the desired printing point in time T,.

In other variants of the invention it can be provided that, in Step 107.3, the static

second offset portion V is initially associated with the individual encoder pulses 105, and
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from this the corresponding second delay portion F «(n) is determined such that the time delay

tvs(n) of the second control signals counteracts the offset V(x) of the two print images 103.1.
and 103.2.

A print time offset tg corresponding to the static second offset portion V4(x) is thereby
determined as a difference of a desired point in time T}, to avoid the static second offset
portion V¢(x) and a predeterminable number N of periods of the encoder pulses 105 (period
duration Aty). The desired point in time T, thereby results from a predetermined number N
of desired encoder pulses 108 as they are shown in Figure 7. The number N in the present

example is selected so that an optimally small, positive print time ofiset results.

[t is hereby to be noted that, for simplification of the presentation, Figure 7 shows
only very ﬁ;:w encoder pulses between the start point in time T (for example print point in
time of the first pixel by the first print head 102.1) and the desired point in time T, (print
point in time of the second pixel immediately adjacent to the first pixel by the second print
‘head 102.2). It is understood that, in reality, a significantly higher number of encoder pulses
(typically more than 50) can lie between the start point in time T and the desired point in

time T,

For the case that the print time offset tg is not an integer multiple of the period
duration Aty of the encoder pulses 103, the print time offset tg 1s sub-divided into N identical

delay values Atg, for which it thus applies that:

ty

At =N )

The static second delay portion Fs(n) 1s then selected so that, upon printing, the
encoder pulses 105 for generation of the second control signals 106 are moreover
respectively delayed by the delay value Aty relative to the preceding encoder pulse 103, such
that a continuoué; linearly increasing delay tvs(n) of the second control signals 106 with

regard to the start point in time T results relative to the encoder pulses 105.

It 1s hereby understood that, in other variants of the invention, in principle an arbitrary

- distribution of the total print time offset tg to be achieved to the individual second control
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signals 106 is possible. In other words, it can possibly also be provided that only one or

individual second control signals 106 are corresponding delayed.

In Step 107.5, the delay function F(n) which represents the time delay of the second
control signals 106 is then determined by the control device 102.8 according to Equation (2).
The delay function F(n) can in principle be defined in an arbitrary manner. Corresponding
tables or data sets with corresponding discrete values for the time delay ty(n) are
advantageously stored in a memory of the control dévice 102.8, since a particularly simple
~ realization with low processing effort is possible with this. Intermediate values can then be
determin'ed in the control device 102.8 as necessary via interpolation or the like. However, it

is also possible that the delay function F(n) is provided by a continuous function.

A predetermined whole print image 103 Is then generated in Step 107.6, wherein the
control device 102.8.uses the delay function F(n) in order to correspondingly delay the
second control signals 106 and thus to reduce the offset V between the two print images
103.1 and 103.2. In other words, with the present invention it 1s possible to compensate for a
known or, respectively, foreseeable interference (for example a periodic disruption inherent
to the operation of the printing device) that would, in conventional printing devices, lead to a
periodic offset between the two print images, in that the second control signals 106 aré
correspondingly delayed so that the corresponding pixel of the second print image 104.2 that
is printed via the second print head 102.2 again lies at the exact desired position next to the

first pixel of the first print image 103.1 that is printed previously by the first print head 102.1.

The time delay of the second control signals 106 can in principle be generated by the
control device 102.8 in any suitable manner. The control device advantageously comprises at
least one parameterizable delay element to generate the corresponding time delay. For
example, this can be a counter that is preset to a value (set in advance by the control device)
upon arrival of the encoder signal 105 and counts down with predetermined clock rate until
the value reaches zero. Upon reaching zero, the time-delayed encoder pulse 1035 is generated
as a second control signal 106 at the output of the counter and is supplied for further
processing in the printing device 102. However, it is understood that, in other variants of the
invention, it can also be additionally or alternatively provided that the at least one delay

element is realized via a hardware filter, a microprocessor, a microcomputer, an FPGA and/or

an ASIC.
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Given use of a hardware filter, the control pulses can be directly delayed. Given the
use of a microprocessor or microcomputer, a plurality of possibilities are provided to realize a
delay element. For example, a time loop can be implemented. A time counter can likewise
be implemented. After its expiration, a print signal can be generated. Moreover, it is
possible to use the time function of an operating system. In particular, the already-

implemented FPGA in the franking machine 101 can be used.

In Step 107.7 it is then checked whether an additional print image 103 is to be printed.
If this is not the case, the method workflow ends in Step 107.9. Otherwise, in Step 107.8 it is
checked whether a detection of the initial offset error V and a determination of the delay .
function F(n) should be fmplemented again. if this is the case, the workflow jumps back to.

Step 107.2. Otherwise, the workflow jumps back to Step 107.6.

It is hereby to be noted that the redetection‘of the initial offset error V and
redetermination of the delay function F(n) can occur after each printing of a print image 103,
wherein the print image 103 just generated can then serve as a basis for the detection of the
initial offset error V and the determination of the delay function F(n). However, this can also
be provided upon occurrence of an arbitrary temporal event (for example after the expiration
of a specific time etc.) or non-temporal event (for example after the generation of k print

images etc.).

The present invention was described in the preceding using examples in which the
second print image 103.2 was ultimately synchronized with the first print image 103.1, such
that no offset V(x) results between the immediately adjacent (transversal to the printing
direction x) points of the two print images 103.1 and 103.2 in the printing direction x.
However, a distortion (local expansion and/or contraction) of the whole print image 103,
which is to be ascribed to the same causes as the offset between the two print images 103.1
and.103.2, is still not compensated by this. Rather, ultimately the distortion of the second
print image 103.2 only follows the distortion of the first print image (as it manifests in the

deviation A1(x) shown in Figure 3).

In preferred variants of the invention it is therefore provided that a corresponding

delay is also applied to the first control signals for the first print head in order to bring the
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deviation A1(x) (previously correspondingly determined or, respectively, detected) shown in
Figure 3; thus the deviation of points of the first print image 103.1 from their desiréd pitch in
the print direction x) to a value of at least nearly zéro. This can hereby proceed analogous to
as with the delay of the second control signals described above. Ultimately, the deviation

A 1(x) is hereby determined like the offset V(x) described above and is subsequently
compensated in an analogous manner (employing the procedure described using Equations 2

through 8).

The initial deviation A1(x) is thereby broken down via suitable, well-known methods
into the static deviation portion Al and one or more periodic deviation portions Aly;, as this
is shown in Figure 8 (as an example of a deviation Al deviating from the deviation Al from

Figure 3). It thus applies that:

AL(X) = Aly(x) + Al,(x) = Al(x) + T Al (). (9 [sic])

From this analysis of the detected initial deviation AI(x), correction information in
the form of a delay function FA1(n) is subsequently determined by the control device 102.8,
as is explained in further detail in the following. The delay function FA1(n) is also a linear

‘combination of static and periodic portions. It thus applies that:
FAl(n) = FAl(n) + FAl(n) =FAln)+ Y FAL (n)  (10)

Using the delay function FA1(n), the control device 102.8 impresses a variable time
delay tyai(n) on the further control signals for the first print head 102.1 relative to the
encoder pulses 105 delivered by the encoder 102.7, depending on the consecutive number n
of the respective encoder pulse 105 (starting from a start point, for example the first
generation of a pixel of the first print image 103.1). The time delay tyai(n) is again a linear

combination of static portions tya;(n) and periodic portions tyaipi(n). It thus applies that:

tVAl(n) = t'\/Als(n) t tVAlp(n) - tVAls(n) t ZtVAlpi (n) - (1 1)
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For this, a periodic first delay portion FA1,(n) is initially determined corresponding
to the respective periodic first deviation portion Al,;. For this, the respect‘ive periodic first
deviation portion Al is tnitially associated with the individual encoder pulses 105, and from
this the corresponding periodic first delay portion FA1,(n) is determined such that the time

delay tyaipi(n) of the first control signals counteracts the deviation A1(x).

[t is hereby understood that, for the case that a negative delay results by calculation
from the periodic first offset portion V;, (as shown in Figure 9), 1t can be provided that all first
control signals are additionally delayed by a corresponding (constant) delay amount VA1,
(corresponding to at least the maximum absolute value |A1,nax Of the determined negative
delay) in order to always be able to work with positive delay values, since naturally the
encoder puises 105 can only be subjected to a positive delay. The periodic deviation portion
A1,(n) is thus consequently increased to a real periodic offset portion Alyi(n) (see Figure 9),

wherein it applies that
Aly(n)=Aly(n) +Al,. (12)

Using the actual deviation portion Ali(n), the periodic first delay portion FAIi(n)
can then be determined for which a deviation portion Alg,(Fy;) results for which 1t in turn

applies that:
Aly(n) + Algy(n) = 0. . - (13)

Furthermore, it is hereby understood that for this at least one first control signal is
naturally omitted as necessary (i.e. printing already occurs after N - 1 and not only after N
first control signals) in order to achieve the desired negative deviation Alg,(Fp;) for

compensation (see Figure 9) and therefore the desired printing point in time Tp.

A static second deviation portion Al corresponding to the static second delay portion

FAlg(n) is subsequently determined.

This can proceed in an manner analogous to as with the periodic deviation portion, as
this is shown in Figure 10. A static second deviation portion FA14(n) corresponding to the

static second deviation portion Al can thus be determined. For this, the static second
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deviation portion Al is ihitially associated with the individual encoder pulses 105, and from
this the corresponding static second delay portion FAlg(n) 1s determined such that the time

delay tyais(n) of the first co_ntrol signals counteracts the static deviation A1(x).

[t is hereby understood that, in the event that a negative delay results via calculation
from the static second deviation portion Al (as shown in Figure 10), it can be provided that
all first control signals are additionally delayed by a corresponding (constant) delay amount
‘Al (corresponding to at least the maximum absolute value |A l§|nax Of the determined
negative delay) in order to always be able to WOrk with positive delay values, since naturally
the encoder pulses 105 can only be subjected to a positive delay. The static offset portion
A 14(n) is thus consequently increased to a real static offset portion Alst(h) (see Figure 10),

wherein it applies that
Alg(n) = Aly(n) + Ale. (14)

Using the actual deviation portion A lg, the static first delay portion FAl(n) can then

be determined for which a deviation Algs(F;) results for which it in turn applies that:
Alg(n) + Alg(n) = 0. (15)

Furthermore, it is hereby understood that for this at least one first control signal is
naturally omitted as necessary (i.e. printing already occurs after N - 1 and not only after N

second control signals 106) in order to achieve the desired negative deviation Algs(F;) for

compensation (see Figure 10) and therefore the desired printing point in time T,.

In this case, the delay of the first control signals (which compensates a distortion of
the first print image 103.1 in the print direction x) then yields in Figure 3 a straight line A1(x)
= ( which then can be us.éd in Steps 107.3 through 107.6 as a basis for compensation of the
offset V(x) between the two -print images 103.1 and 103.2 in order to ultimately obtain a

whole print image 103 undistorted in the print direction x, without offset between the two

(partial) print images 103.1 and 103.2.

It is hereby understood that the distortion compensation in the print direction X that

was just described can be used not only in the printing devices with multiple print heads that
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are described above. Rather, it can naturally also be advantageously used in any printing

devices with only one print head.
The present invention was described in the preceding using examples with franking

machines. However, it is understood that it can also be used in connection with any other

devices with a corresponding printing device.
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l. Method to reduce a deviation from a predetermined desired pitch that occurs between

at least two points of at least one print image in a print direction, in which

in a printing step, the at least one print image is generated on a substrate with
at least one print head of a printing device under a relative movement between
the at least one print head and the substrate, wherein

in a determination step preceding the printing step, an initial deviation from a
desired pitch between the two points is determined first and correction
information to reduce the deviation 1s determined from the determined initial
deviation, and

in the printing step, control signals for the at least one print head are generated

as a function of the correction information to generate the at least one print

1mage,

wherein

the correction information defines a variable delay between predetermined
ones of the control signals, the variable delay varying over time during the

printing step.

Method according to Claim 1, wherein

the initial deviation of exhibits at least one periodic deviation portion and/or
one static deviation portion and

a variable time delay of the at least one control signal is predetermined by the
correction information, which delay has a periodic delay portion
corresponding to the at least one periodic deviation portion and/or a static
delay portion corresponding to the at least one static deviation portion,

wherein
the periodic delay portion and the static delay portion are selected such that

the time delay of the control signals counteracts the deviation ot the two points

from their desired pitch.

3. Method according to Claim 1 or 2, wherein, to reduce an offset occurring between

two print images in a print direction, which offset forms the deviation from a

predetermined desired pitch,
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in the printing step, the two print images are generated on a substrate with two
print heads arranged offset from one another in the printing direction under a
relative movement between the print heads and the substrate,

in the determination step preceding the printing step, an initial offset between
the two print images 1s determined and correction information to reduce the
offset 1s determined from the determined 1nitial offset, and

1in the printing step to generate the two print images, first control signals for
the first print head and second control signals for the second print head are
generated depending on the correction information,

by a variable time delay of at least one of the second control signals i1s

predetermined by the correction information.

Method according to Claim 3, wherein

the first control signals and the second control signals are generated from
measurement signals that are representative of the relative movement between
the two print heads and the substrate,

wherein the measurement signals are in particular pulses of an encoder that 1s
connected with a drive generating the relative movement between the two

print heads and the substrate.

Method according to Claim 3 or 4, wherein

the initial offset has at least one periodic first oftset portion and

a variable time delay of the at least one second control signal 1s provided by
the correction information, which delay has a periodic first delay portion
corresponding to the periodic first offset portion, wherein

the periodic first delay portion 1s selected such that the time delay of the

second control signals counteracts the offset of the two print images.

Method according to Claim 5, wherein

the first control signals and the second control signals are generated from

measurement signals that are representative of the relative movement between

the two print heads and the substrate,
in the determination step, the periods and the phase position of the periodic

first offset portion is determined with regard to the measurement signals, and
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the amplitude of the first delay portion is selected as a function of the phase

position of the first offset portion.

Method according to any one of Claims 3 to 6, wherein

the initial offset has at least one static second offset portion due to the offset of
the two print heads and

a variable time delay of the second control signals that has a second delay
portion 1s provided by the correction information, wherein

the second delay portion in particular runs linearly.

Method according to Claim 7, wherein

el

the first control signals and the second control signals are generated from

measurement signals that are representative of the relative movement between

the two print heads and the substrate,

in the determination step a print time offset corresponding to the static, second

offset portion is determined as a difference of a desired point in time to avoid

the static second offset portion and a predeterminable number N of periods of

the measurement signals,

for the case that the print time offset is not an integer multiple of the period
duration of the measurement signals, the print time offset 1s sub-divided 1nto
M delay values, and

at least one part of the measurement signals is respectively delayed by one ot
the delay values with regard to the preceding measurement signal to torm the

second control signals.

Method according to Claim 8, wherein the print time offset is sub-divided into M

equal delay values.

Method according to Claim 8 or 9, wherein the predeterminable number N of periods

of the measurement signals (105) is selected such that a positive print time offset

results.

Method according to any one of Claims 8 to 10, wherein

the print time offset is sub-divided into N identical delay values and
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- each subsequent measurement signal is respectively delayed by one of the

delay values relative to the preceding measurement signal.

Method according to any one of Claims 8 to 10, wherein the initial deviation 1s
determined in the determination step from

- at least one test pattern generated by the at least one print head

and/or

- at least one print device behavior determined in advance for the print device.

Method according to any one of Claims 1 to 12, wherein the correction information 1s

predetermined by a data set with corresponding discrete values for the time delay.

Printing device with a control device; at least one print head; and a drive device to

generate a relative movement between the at least one print head and a substrate to be

printed in a print direction, wherein

- the control device is designed to control the at least one print head and the
drive device such that at least one print image is generated on the substrate,

- the control device generates control signals for the at least one print head to
print the at least one print image, and

- to reduce a deviation from a desired pitch that occurs between at least two
points of the at least one print image in the print direction, the control device
uses stored correction information determined in advance

wherein
- the correction information defines a variable delay between predetermined

ones of the control signals, the variable delay varying over time during the

printing step.

Printing device according to Claim 14, wherein the device is for a franking machine.

Printing device according to Claim 14 or 15, wherein

- the initial deviation of exhibits at least one periodic deviation portion and/or
one static deviation portion and

- a variable time delay of the at least one control signal is predetermined by the

correction information, which delay has a periodic delay portion
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corresponding to the at least one periodic deviation portion and/or a static
delay portion corresponding to the at least one static deviation portion,
wherein

the periodic delay portion and the static delay portion are selected such that
the time delay of the control signals counteracts the deviation of the two points

from their desired pitch.

Printing device according to any one of Claims 14 to 16, wherein

two print heads arranged offset from one another 1n the printing direction and
a drive device are provided to generate a relative movement 1n the print
direction between the print heads and a substrate to be printed, wherein

the control device 1s designed to control the two print heads and the drive
device such that two print images are generated on the substrate,

to print the two print images, the control device generates first control signals
for the first print head and second control signals for the second print head,
and

to reduce an 1nitial offset occurring between the two print images 1n a print
direction upon generation of the second control signals, the control device uses
stored correction information determined in advance

a variable time delay of at least one of the second control signals 1s

predetermined by the correction information.

Printing device according to Claim 17, wherein

a measurement device is provided to generate measurement signals

representative of the relative movement between the two print heads and the

substrate,

the control device generates the first control signals and the second control

signals from the measurement signals,

wherein the measurement device is in particular an encoder that is connected

with the drive device, and the measurement signals are encoder pulses of the

encoder.

Printing device according to Claim 17 or 18, wherein

the initial offset has at least one periodic first offset portion and
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- a variable time delay of the at least one second control signal is provided by
the correction information, which delay has a periodic first delay portion
corresponding to the periodic first offset portion, wherein

- the periodic first delay portion is selected such that the time delay of the

second control signals counteracts the offset of the two print images.

Printing device according to Claim 19, wherein

- the control device generates the first control signals and the second control
signals from measurement signals of a measurement device that are
representative of the relative movement between the two print heads and the
substrate,

- the control device is designed to provide the amplitude of the first delay
portion 1s selected as a function of the phase position of the first offset portion
from previously determined, stored information about the period and the phase
position of the periodic first offset portion with regard to the measurement

signals.

Printing device according to any one of Claims 17 to 20, wherein

- the 1nitial offset has at least one static second offset portion due to the offset of
the two print heads and

- a variable time delay of the at least one second control signal that has a second
delay portion 1s provided by the correction information, wherein

- the second delay portion in particular runs linearly.

Printing device according to Claim 20, wherein the control device is designed
- to generate the first control signals and the second control signals from
measurement signals that are representative of the relative movement between

the two print heads and the substrate,
- to use a print time offset corresponding to the static, second ottset portion,

which print time offset was determined 1n advance as a difference of a desired
point in time to avoid the static second offset portion and a predeterminable

number N of periods of the measurement signals,
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- for the case that the print time otfset is not an integer multiple of the period
duration of the measurement signals, to sub-divide the print time offset into M
delay values, and

- to respectively delay at least one part of the measurement signals by one of the
delay values with regard to the preceding measurement signal to form the

second control signals.

Printing device according to claim 22, wherein
- for the case that the print time offset i1s not an integer multiple of the period

duration of the measurement signals, to sub-divide the print time offset into M

equal delay values.

Printing device according to Claim 22 or 23, wherein the control device selects the
predeterminable number N of periods of the measurement signals such that a positive

print time offset results.

Printing device according to any one of Claims 22 to 24, wherein the control device 1s
designed

- to sub-divide the print time oftfset into N identical delay values and

- to respectively delay each subsequent measurement signal by one of the delay

values relative to the preceding measurement signal.

Printing device according to any one of Claims 14 to 25, wherein the control device 1s

designed to determine the initial deviation from

- at least one test pattern generated by the at least one print head

and/or

- at least one print device behavior determined in advance for the print device.

Printing device according to any one of Claims 14 to 26, wherein the correction

information 1s predetermined by at least one data set with corresponding discrete

values for the time delay.

Printing device according to any one of Claims 14 to 27, wherein the control device

comprises at least one delay element to generate the variable time delay.
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Printing device according to Claim 28, wherein the at least one delay element is a

parameterizable delay element.

Printing device according to Claim 28 or 29, wherein the delay element 1s realized by
at least one hardware filter, a microprocessor, a microcomputer, an FPGA and/or an

ASIC.

Printing device according to any one of the Claims 14 to 30, wherein
- a reader is provided to read at least one test pattern generated by the at least
one print head,

and/or

- a determination device is provided to determine at least one printing device

behavior characteristic of the printing device.

Franking machine with a printing device according to any one of Claims 14 to 31.
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