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(57) Abstract: The invention relates to a method and a device for controlling the circumferential register in a digital multi-color
& printing machine for printing sheets during a printing process, whereby, for each sheet, at least one register mark per color printing
& unit of the multi-color printing machine is produced, assigned to said sheet and defined with respect to its position, and whereby,
N based on the determination of the position of the register marks of a sheet, the circumferential register of at least one sheet, which
follows the sheet associated with said determined register marks downstream of the printing process, is controlled. In duplex printing
a sheet by recto and verso printing with the invention, register marks are applied for each side and, in order to control recto and verso
printing of at least one subsequent sheet, said register marks are analyzed.
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Method and Device for Controlling the Circumferential Register

The invention relates to a method of controlling a circumferential register in a digital
multi-color printing machine for printing sheets during a printing process, in particular
in an electrophotographically operating printing machine, whereby, for each sheet, at
least one register mark per color printing unit of the muiti-color printing machine is
produced, assigned to said sheet and defined with respect to its position, preferably
relative to one of the color marks itself, said color marks being applied preferably to a
support for said sheets and preferably downstream of the respectivel y associated
sheet, and, based on the determination of the position of the register marks of a
sheet, the circumferential register of at least one sheet being controlled, said sheet
following the sheet associated with said determined register marks downstream of

the printing process.

Furthermore, the invention relates to a device for controlling the circumferential reg-
ister in a digital multi-color printing machine for printing sheets during a printing
process, in particular in an electrophotographically operating printing machine,
whereby, for each sheet, at least one register mark per color printing unit of the multi-
color printing machine is produced, assigned to said sheet and defined with respect
to its position, preferably relative to one of the color marks itself, said color marks
being applied preférably to a support for said sheets and preferably downstream of
the respectively associated sheet, and, based on the determination of the position of
the register marks of a sheet, the circumferential register of at least one sheet being
controlled, said sheet following the sheet associated with said determined register
marks downstream of the printing process, said device comprising at least one
monitoring and control arrangement for detecting register marks, for determining at
least relatively the positions of said register marks and for controlling the color print-
ing units based on the aforementioned register mark positions, preferably for carrying

out the aforementioned method.
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Conventionally, for the purpose of accurately registered printing, a series of control
and pilot algorithms were developed which correct the influence of different interfer-
ing factors. Almost all of these methods are based on the principle that register
marks are printed on a transport belt and read by a registration sensor. Data yielded
in this manner are either used directly following completed low-pass filtering (as a so-
called delay drift control) or are processed further, in particular, in special calibrat-
ing/printing sequences, in order to compute specific corrective parameters. EP-A-1

156 384 A2 (paragraph 28ff) describes a method of the aforementioned type.

The characteristics of a delay drift control are the following: During the printing
operation, a register mark is printed on the transport belt between respectively two
printing material sheets, in which case each register mark preferably consists of a
line. (At least one register mark per active printing module or printing unit is printed.)
These marks are measured by the registration sensor downstream of the last printing
unit, and, the measured values are used to determine the circumferential register of
the sheet that directly preceded the register marks of an array. Consequently, devia-
tions from the optimal circumferential register are determined, and the circumferential
register error of subsequently following sheets is corrected accordingly relative to
zero. This may be applicable at the earliest to the sheet which is detected as the next

sheet, for example, by a lead edge sensor.

However, it is optionally possible that a considerable path length exists in the printing
machine between the aforementioned registration sensor and the aforementioned
lead edge sensor. The result of this is that, directly following the measurement of a
specific register mark, e.g., another six A3-size sheets having values computed in
accordance with preceding measurements are printed (or are located, already par-
tially printed, on the transport belt between the individual printing modules). Conse-

quently, the dead time of the delay drift controller is, e.g., six A3-size sheets.

This is disadvantageous in particular when the circumferential register does not

change substantially less rapidly than corresponds to the dead time of the controller.
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Using the known delay drift controller, the register error may possibly have a rectan-
gular form during a print job. It is obvious that, in this case, the circumferential regis-

ter during a print job is anything but optimal.

Therefore, the object of the invention is to provide a method and a device of the
aforementioned type, whereby said method and said device allow the improvemment

of register control.

Considering the method, this object is achieved in that, in duplex printing a sheet by
recto and verso printing, register marks are applied for each side, that said reg ister
marks are assigned to the respective side of the sheet and determined with respect
to their position, that, in order to control recto printing of at least one subseque nt
sheet, the positions of register marks assigned to the recto printing side of a previous
sheet are analyzed, and that, in order to control verso printing of at least one subse-
quent sheet, the positions of register marks assigned to the verso printing side: of a

previous sheet are analyzed.

In accordance with the invention it has been recognized and taken into consideration
that the circumferential register is disrupted synchronously to the recto and verso
printing sides of a print job. This effect is particularly frequent and pronounced if, e.g.,
there is a significant difference in quality between the recto and verso printing sides
or if the printed image content, and hence the toner application, is significantly” differ-
ent on both sides, e.g., considering a large picture with strong colors on the re cto
printing side and only a small amount of text on the verso printing side, because also
the quantity of toner on the sheet changes the circumferential register. In accordance
with the invention, such errors are systematically advantageously prevented or elimi-

nated.

As a result, a single controller no longer needs to adjust to a periodically changing
situation, but circumferential register errors of recto and verso printing sides can be
controlled individually. If certain sheets are only to be recto-printed in the printing
machine, the measured values are fed to both partial controllers (front and reverse
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side controllers), and the circumferential register is corrected based on the front-side

controller's output.

In fact, physically separate monitoring and controlling arrangements may be provided
for the analysis of register marks of the recto printing sides and on the verso printing
sides, whereby said register marks are then preferably configured identically; how-
ever, one and the same monitoring and control arrangement could be used for both
analyses. Specifically, a monitoring and control arrangement can be virtually doubled
by software technology for the respectively separate monitoring and control of a recto

print and a verso print.

Another modification of the inventive method provides that, in a normal situation,
control is effected substantially in a type of control loop, in which a currently deter-
mined control step (i) is added to a previously determined control step (i-1), in which
case the current control step (i) being an addend is weighted with a percentage
weighting coefficient which corresponds to a filter coefficient (ao), and the previously
determined control step (i-1) being an addend is weighted with a percentage weight-
ing coefficient which is equal to the difference between 100 percent and the weight-
ing factor of the current control step (i).

In so doing, it is preferred that the filter coefficient (ap) is computed with an exponen—
tial function based on 1 — &*, where the exponent x represents the negative quotient
of the time (At) elapsed between the current control step (i) and the previous control

step (i-1), and a pre-specified time constant (7).

A determined systematic drift can be introduced in a control step. In so doing, for
example, the register or alignment error may additionally include a statistical distribu -
tion, whereas the systematic drift, for example, could have an approximately linear
course. (Also, another functional course would be conceivable, detectable and cor-

rectable, for example, have an approximately square course.

Another modification of the inventive method provides that, in special cases, a so-

called hard control is carried out, in which the current control step (i) is given greater
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weighting importance than would be the case in a normal control situation. Such a
special case may exist, for example, when, at the start of a printing process, the cur-
rent control step (i) is initially determined based on a previous calibration of the
printing machine in order to be able to start withh a reasonable starting parameter, i.e.,
before a more current value could be determined during the printing process itself,
and when the control during the continued process is then adapted by a hard control
— taking into consideration the greater weighting — to one of the first current control
steps determined during the printing process in order to make allowances for the cur-

rent printing conditions more quickly during the current printing process.

This may include that, for the hard control, the weighting factor a, itself is increased
by an (artificially assumed) increase of the elap sed time (At) between the two control
steps (i) and (i-1).

Also, independent protection is claimed for a dexvice for controlling a circumferential
register in a digital multi-color printing machine for printing sheets during a printing
process, in particular in an electrophotographically operating printing machine,
whereby, for each sheet, at least one register mark per color printing unit of the multi-
color printing machine is produced, assigned to said sheet and defined with respect
to its position, preferably relative to one of the color marks itself, said color marks
being applied preferably to a support for said sihheets and preferably downstream of
the respectively associated sheet, and, based on the determination of the position of
the register marks of a sheet, the circumferential register of at least one sheet being
controlled, said sheet following the sheet associated with said determined register
marks downstream of the printing process, said device comprising at least one
monitoring and control arrangement for detecting register marks, for determining at
least relatively the positions of said register marks and for controlling the color print-
ing units based on the aforementioned register mark positions, said device being
used preferably for carrying out the inventive method which, in accordance with the
achieved object, is characterized in that, for recto-printing and verso-printing both
sides of sheets, the monitoring and control arrangement is set up in such a manner
that, during the detection of register marks, during the at least relative determination

of the positions of these register marks and during the control of the color printing
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units, a distinction or differentiation based on the register mark positions can be
made in order to assign the respective register mark to a recto printing side or a
verso printing side of a sheet, so that, in order to control the color printing units based
on the register mark positions for recto printing, only the positions of register marks
assigned to a recto printing side and, for verso printing, only the positions of register

marks assigned to a verso printing side can be used and taken into consideration.

The advantages resulting therefrom have already been basically described in con-

junction with the inventive method.

As already mentioned above, at least two control devices for detecting register marks
of verso printing sides and of recto printing sides and for at least relatively determin-

ing the positions of these register marks can be provided.

It is also possible to provide at least two complete monitoring and control arrange-
ments for the respective printing of recto printing sides and for printing verso printing
sides, although, of course, the devices as such need not be substantially different
from each other, so that, optionally, also a single monitoring and control arrangement
could be used for both tasks. This arrangement can be virtually doubled by software

for the respectively separate monitoring and control of a recto print and a verso print.
An example of embodiment of the invention, which could result in additional inventive
features but does not restrict the scope of the invention, is illustrated schematically in
the drawings which show in:

Fig. 1 a plan view of sheets on a trans port belt;

Fig. 2 a side elevation of printing units of an electrophotographically operating
printing machine, above a trans port belt for sheets;

Fig. 3 a type of flow diagram of an inventive monitoring and control arrangement;
and,
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Fig.4 a type of block circuit diagram of an invexntive monitoring and control

arrangement.

Fig. 1 shows a plan view of sheets 1 which are transported on a transport belt (not
illustrated in detail) in the direction of an arrow 2. Respectively after each sheet 1 is
an array of line-shaped register marks 3 applied to the transport belt. In the present
case, for example, respectively five register marks can be seen. For example (viewed
against transport direction 2), initially a type of guide mark could be applied, relative
to which the position of the other register marks can be determined. This register
mark could preferably be applied in black, i.e., be produced by a printing unit using
the “Key* color. Then follow, against transport direction 2, i.e., in the sequence of
application, again one register mark, in the present case, e.g., “Key*, “Yellow®, “Ma-
genta“ and “Cyan"” for each available printing unit of a multi-color printing machine.
Should additional printing units be used, for exarnple with custom colors, these print-
ing units would also have to produce additional register marks. As an aside, it should
be mentioned that this is referred to as an “application” of register marks. Basically,
this could also be referred to as “printing“; howewer, in an electrophotographically
operating printing machine, register marks are usually applied to the transport belt
only as toner, which is not fused in order to be able to better remove it again from the
transport belt at a later time. However, it could be a matter of discussion whether
electrophotographic printing includes fusing or not. In this context, the concepts
“printing®, “applying“ and “creating” in conjunctior with register marks are to be
understood as being synonymous, should there be any doubt. Specifically meant is

the generation of a recognizable and measurable register mark.

Fig. 2 shows a side elevation of a part of an electrophotographically working printing

machine, again depicted schematically.

Shown is a transport belt (web) 4 in accordance with Fig. 1, which is moved in the
direction of arrow 2. Above this transport belt 4, on which sheets 1 can be trans-
ported, are four printing units or printing modules 5. These printing units 5 are labeled
with the printing inks used by them, in this case abbreviated as follows: ‘K(ey)",
“Y(ellow)", “M(agenta)* and “C(yan)".
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Each of these printing units 5 comprises essentially one write head 6, a toning station
6, an imaging cylinder 8, and a blanket cylinder 9. Write head 6 is used to apply the
image to imaging cylinder 8, for example, by means of laser diodes, in order to create
a latent printing image on imaging cylinder 8, said image being developed later with
toner from toning station 7. Via a nip 10 (Nip1), this printing image is transferred to
blanket cylinder 9 which transfers this printing image in a nip 11 (Nip2) to a sheet
which is transported on the transport belt. The arrival of such a sheet is announced
by a lead edge sensor 12, which, for example configured as a light barrier, recog-
nizes the leading edge of the sheet. F or transport, transport belt 4 is driven by drive

rollers 13.

As already mentioned, printing units 5 also apply arrays of register marks 3 to trans-
port belt 4, respectively after each sheet 1. These register marks are then detected
by a registration sensor 14 (register mark sensor) and can thus be analyzed in ac-
cording with the invention. The analysis of the register marks permits an inventive
control of the subsequent printing of sheets in the same printing process. The control
on the basis of a register mark that has just been detected by registration sensor 14,
however, can be used at the earliest for a sheet which arrives as the next sheet at
the lead edge sensor 13, because said sheet still has all the other printing units 5
ahead of it. However, because transport belt 4 is utilized better, additional sheets are
already between the two sensors 13 and 14, which can no longer profit from this

control, for example, six sheets in the DIN A3 format.

In accordance with the invention, the circumferential register, i.e., the color register,
i.e., the correct relative positions of the color separations or partial color images cre-
ated by printing units 5, is monitored. To achieve this in an offset printing machine,
the register marks are used to correctly position the printing units relative to each
other by mechanical means. In a digital printing machine, in particular an electro-
photographically operating printing machine like the printing machine shown in Fig. 2,
the analysis of the register marks can be used more elegantly for time-corrected
printing in that imaging performed by print head 6 is appropriately timed with the arri-
val of new information from registration sensor 14, and thus with the position of the

next sheet arriving at lead edge sensor 13, and with said sheet’s continued transport
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speed and the time of arrival in nip 11 computed therefrom. In so doing, it may be
taken into consideration that a large part of potentially occurring register errors has
already been detected by calibration runs b efore an actual print job, and that said
errors can be and are corrected by an appropriate preliminary calibration of the

printing machine.

Fig. 3 shows a type of flow diagram of an imventive monitoring and control arrange-

ment for control as has been described briefly above.

The monitoring and control arrangement comprises, in particular, two registration
sensors (14) (real) or one registration sensor 14 which performs two functions and
has been quasi-virtually doubled. This registration sensor 14 detects arrays of regis-
ter marks 3, which, for simplicity’s sake, are indicated only as fat bars in Fig. 3. The
thusly yielded registration data are forwarded by registration sensor 14 to a query
means 15, which queries if data come from register marks assigned to a front surfac-e
or recto printing side of a sheet (yes) or not (no), i.e., instead of being assigned to a
reverse or verso printing side. If the response is yes, the data are analyzed by a froret
surface controller 16; if the response is no, the data are analyzed by a back surface
controller 17. Based on this, control data are released, i.e., on one hand, back to
registration sensor 14’ and, in particular, also to printing units 5. Also, dual controllers

16, 17 may be available, namely physically or virtually.
Fig. 4 shows a type of block circuit diagram of a monitoring and control arrangement.

As already mentioned farther above, control of the circumferential registration in a
digital printing machine is achieved by timexd control of the image application to
imaging cylinder 8 by means of write head 6. An imagined frame is pre-specified for
the imaging region on imaging cylinder 8. The time of the (chronological) beginning

or start of this frame (Start of Frame — SOF) is controlled. Therefore, an error of
circumferential registration can also be viewed as an SOF error, and this error shoul d
(by quasi definition) be equal to zero (NOMIINAL value). This request (Desired SOF
error: = 0) is used at point 18 on entry into the monitoring and control arrangement iy
Fig. 4. In the illustrated control loop, a proportionality link 19 is labeled “P* only for the
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sake of completeness, which said link, in the present case, only multiplies an
observed value 21 as control deviation — after it has been inverted at 28 — with a pro-
portionality factor “1¢, i.e., remains unchanged, so that the observed value 21
becomes setting value 27, as indicated. How this observed value 21 or setting value

27 is determined or yielded will be described in detail hereinafter.

In a model of the viewed or observed system (system model) 23, it is assumed, using
a controlled system as basis, that within the already described “dead time*, during
which a sheet moves from lead edge sensor 13 to registration sensor 14 and is proc-
essed by printing units 5, the circumferential register assigned to this sheet is su bject
to a drift and to statistical noise, in which case said drift is to be quasi counter-con-
trolled by reverse “presentation for correction. For example, a substantially linear
systematic drift (system drift) is assumed, which said drift is superimposed by said
noise and over time leads to position changes of the register marks, as illustrated in
region 20. This is the ACTUAL wvalue which is generated in the system and which is
present at point 29. If the drift is corrected out, as shown in region 22, only the statis-
tical noise around the requested NOMINAL zero value (SOF value) remains, whereby

said noise cannot be further removed by correction.

In order to achieve the desired control, the system is reproduced on the side of an
“observer* via the control loop. On the observer 24 side of the observed system, the
drift of the system is observed and taken into account in point 25 via the ACTUAL
value obtained in point 29. In order to synchronize the observer with the system, the
dead time already mentioned in conjunction with system model 23 must be taken into

consideration.

The ACTUAL value obtained at point 25 from the system, as shown in region 20, is
input — in order to smooth said value and eliminate the noise — as filter input data
(FilterIn) in a filter 26 labeled “PT+", said filter being essentially configured or acting

as a low-pass filter. This is achieved by means of the following Filterin algorithm :

(1) Filterin (i) = DriftCorrection (i — d) — RegError (i)
= DriftCorrection (i — d) — {RegData (i) — DesiredValue}
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with the current control step i and dead time d. The parameters of said algorithm a re
largely self-explanatory, i.e., “FilterIn™ represents the input value for filter 26, “Drift-
Correction represents the drift to be corrected in view of the dead time, “RegError”
represents the registration error to be corrected, “RegData” represents the register-ed
register mark data (ACTUAL values), and “DesiredValue” represents the desired
register mark data (SET values). In so doing, the determination of the difference (i —
d) takes into consideration that corre ction starts in the region of lead edge sensor 13,
i.e., registered by dead time d earlier than the registration of register mark data in &he
region of registration sensor 14 (at “time” i). This determination of the difference can

also be understood as the determination of the average over this period of time.
The FilterOut then results due to filter 26 in terms of:

(2) FilterOut (i) = a * Filterln (i) + (1 — ao) * FilterOut (i — 1)
with the current control step i and the previous control step (i—1).

ao is a filter coefficient expressed in terms of:
(3) a, =1- exp(— ﬁ]
T

where At is the time between the current and the previous control steps t (i) =t (i— 1),
and 7 is a time constant of filter 26. Considering an artificial prespecified value, in
particular an increase of At, the value of the filter coefficient or the weighting factor ap
can be varied and, thus, also portions of the two addends in equation (2) can be p re-
specified. This determines the degree of the “hardness” or “softness"” that is being
considered in view of current or previous data during control. In particular at the start

of a printing process, initially a hardexr control should be preferable.

Finally, in equation (2), the FilterOut value, which is represented as the observed
value (Observed Drift) and is shown in region 21, and the smoothed drift which has
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been freed of noise, as described abbove, are taken into consideration for the next

control at point 28 in terms of:

4) DriftCorrection (i) = FilterOut (i)
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Patent Claims

Method of controlling a circumferential register in a digital multi-color primting
machine for printing sheets during a printing process, in particular in an electro-
photographically operating printing machine, whereby, for each sheet, at least
one register mark per color printing unit of the multi-color printing machine is
produced, assigned to said sheet and defined with respect to its position , pref-
erably relative to one of the color marks itself, said color marks being applied
preferably to a support for said sheets and preferably downstream of thes
respectively associated sheet, and, based on the determination of the poOsition
of the register marks of a sheet, the circumferential register of at least ome sheet
being controlled, said sheet following the sheet associated with said determined
register marks downstream of the printing process,

characterized in that,

in duplex printing a sheet by recto and verso printing, register marks are applied
for each side, that said register marks are assigned to the respective sid e of the
sheet and determined with respect to their position, that, in order to control recto
printing of at least one subsequent sheet, the positions of register marks
assigned to the recto printing side of a previous sheet are analyzed, and that, in
order to control verso printing of at least one subsequent sheet, the positions of
register marks assigned to the verso printing side of a previous sheet are ana-

lyzed.

Method as in Claim 1, characterized in that one monitoring and control

arrangement can be virtually doubled by software for the respectively seeparate

monitoring and control of a recto print and a verso print.

Method as in Claim 1 or 2, characterized in that, in a normal situation, control

is effected substantially in a type of control loop, in which a currently determined
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control step (i) is added to a previously determined control step (i-1) , said cur-
rent control step (i) being an addend weighted with a percentage weighting
coefficient which corresponds to a filter coefficient (ap), and the previously
determined control step (i-1) being an addend weighted with a percentage
weighting coefficient which is equal to the difference between 100 percent and

the weighting factor of the current control step (i).

. Method as in Claim 3, characterized in that the filter coefficient (ap ) is com-

puted with an exponential function based on 1 — €*, where the exponent x
represents the negative quotient of the time (At) elapsed between the current
control step (i) and the previous control step (i-1), and a pre-specified time con-

stant (7).

. Method as in one of the Claims 2 through 4, characterized in that the deter-

mined systematic drift is introduced in a control step.

. Method as in one of the Claims 3 through 5, characterized in that, in special

cases, a so-called hard control is performed, in which the current control step (i)
is given greater weighting importance than would be the case in a normal con-

trol situation.

. Method as in Claim 4 und 6, characterized in that, for the hard control, the

weighting factor a itself is increased by an increase of the elapsed time (At)

between the current control step (i) and the previous control step (i- 1).

. Method as in Claim 6 or 7, characterized in that, at the start of a printing proc-

ess, the current control step (i) is determined based on a previous calibration of
the printing machine, and that the control during the continued process is then
adapted by a hard control, taking into consideration the greater weighting, to
one of the first current control steps determined during the printing pprocess.

. Device for controlling the circumferential register in a digital multi-color printing
machine for printing shieets during a printing process, in particular i an electro-

photographically operating printing machine, whereby, for each sheet, at least
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one register mark per color printing unit of the multi-color printing machine is
produced, assigned to saiid sheet and defined with respect to its positior, pref-
erably relative to one of the color marks itself, said color marks being applied
preferably to a support for said sheets and preferably downstream of the
respectively associated sheet, and, based on the determination of the p osition
of the register marks of a sheet, the circumferential register of at least o ne sheet
being controlled, said sh eet following the sheet associated with said determined
register marks downstream of the printing process, said device comprising at
least one monitoring and control arrangement for detecting register marks, for
determining at least relatively the positions of said register marks and for con-
trolling the color printing units based on the aforementioned register ma rk posi-
tions, preferably for carrying out the aforementioned method in accordance with
one or more of the previous Claims,

characterized in that,

for recto-printing and verso-printing both sides of sheets, the monitoring and
control arrangement is s et up in such a manner that, during the detection of
register marks, during thee at least relative determination of the positionss of these
register marks and during the control of the color printing units, a distinction or
differentiation based on the register mark positions can be made in order to
assign the respective register mark to a recto printing side or a verso prrinting
side of a sheet, so that, in order to control the color printing units based on the
register mark positions for recto printing, only the positions of register marks
assigned to a recto printing side and, for verso printing, only the positions of
register marks assigned to a verso printing side can be used and taken into

consideration.

Device as in Claim 9, characterized in that at least two control devicess for

detecting register marks of verso printing sides and of recto printing sid es and
for at least relatively determining the positions of these register marks are pro-
vided.
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Device as in Claim 10, characterized in that at least two complete monitoring

and control arrangements for the respective printing of recto p rinting sides and

for printing verso printing sides are provided.

Device as in Claim 11, characterized in that the monitoring and control

arrangement is virtually doubled by software technology for the respectively

separate monitoring and control of a recto print and a verso print.
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