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(54) PRINTING SYSTEM

(57) A printing system comprising:

- a print station (16) disposed at a sheet transport path
(18) diverging to at least two output paths (44);

- a sheet feeder (10) arranged to feed a stream of media
sheets (60) into the transport path (18) so as to be fed
sequentially to the print station (16);

- a duplex loop arranged to redirect sheets, onto which
a first image has been printed on a first side, into the
sheet transport path upstream of the print station;

- a sheet ejector (64) disposed upstream of the print sta-
tion and downstream of a junction of the duplex loop with
the transport path for ejecting unsuitable sheets (60) from
the transport path (18) to a discharge path (66); and

- a controller (20) arranged to receive print instructions
concerning printing multiple copies of at least one mul-
ti-page document (D1) and to schedule a print order of
images to be consecutively printed on the sheets (60)
such that the printed copies are fed to their respective
output path in a predetermined page order,
characterized in that:

the controller (20) is further arranged to:

- reserve at least two output paths (44) for receiving
sheets (60) of the same document;

- as long as no sheet has been rejected, direct the sheets
to only one of the reserved output paths (44); and,

- if a sheet returning from the duplex loop (50) is ejected
by the sheet ejector (64), re-scheduling the print order
and directing subsequent printed sheets to at least two
of the reserved output paths (44) in a sequence preserv-
ing the page order in each of these output paths.

Fig. 1
14 22 16 12 10
[ 60 |62 18
s o] s | a0
46
'& 44 54 /
42
S 40
T 40
46 44 51| &5 N
—1
{ Va —/
20 /
24
26

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 480 024 A1 2

Description

[0001]
prising:

The invention relates to a printing system com-

- aprint station disposed at a sheet transport path di-
verging to at least two output paths;

- asheet feeder arranged to feed a stream of media
sheets into the transport path so as to be fed se-
quentially to the print station;

- aduplexloop arranged toredirect sheets, onto which
a firstimage has been printed on a first side, into the
sheet transport path upstream of the print station;

- asheetejectordisposed upstream of the print station
and downstream of a junction of the duplex loop with
the transport path for ejecting unsuitable sheets from
the transport path to a discharge path; and

- a controller arranged to receive print instructions
concerning printing multiple copies of a multi-page
document and to schedule a print order of images
to be consecutively printed on the sheets such that
the printed copies are fed to their respective output
path in a predetermined page order.

[0002] A printing system of this type has been pro-
posed in European Patent Application No. 17 173 404.9
as well as in WO 2016177676 A1.

[0003] In such a printing system, the sheet ejector
forms part of a system for monitoring the quality of the
sheets that are fed to the print station. For example, when
the printengine is an ink jet printer for printing high quality
images, the nozzles of the print head will be arranged at
a very small spacing above the top surface of the sheets
that are conveyed on the transport path. Consequently,
the top surfaces of the sheets must be perfectly flat in
order to prevent the sheets from colliding with the print
head. It may therefore be recommendable to scan the
surfaces of the sheets in the transport path upstream of
the print station with a sensor, e.g., a 3D laser scanner,
and when the sensor detects any wrinkles or other sur-
face irregularities of a sheet, this sheet will be skipped in
the print sequence, by diverting the sheet into the dis-
charge path before it reaches the print station.

[0004] However, ejecting sheets disrupts the se-
quence of the stream of sheets. Rejected sheets require
reprinting and insertion into the position of the ejected
sheets. This generally requires discharging additional
sheets upstream of the rejected sheet, as else the page
order in the output stack would be incorrect. One example
is when a sheet on a duplex pass is rejected, thereby
requiring said one-side printed sheet and all one-side
printed sheets trailing behind said sheet to be dis-
charged. In consequence, the productivity of the printing
system is compromised and the amount of waste of ma-
terial (media sheets and ink) is increased. One solution
to that problem has been proposed in the prior applica-
tion.

[0005] Itis an object of the invention to provide an al-
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ternative printing system which permits a high productiv-
ity and a reduction of waste.
[0006] In order to achieve this object, the system ac-
cording to the invention is characterized in that the con-
troller is further arranged to:

- reserve atleasttwo output paths for receiving sheets
of the same document;

- direct the sheets initially to only one of the reserved
output paths; and,

- if a sheet returning from the duplex loop is ejected
by the sheet ejector, re-scheduling the print order
and directing subsequent printed sheets to at least
two of the reserved output paths in a sequence pre-
serving the page order in each of these output paths;

(a) identifying a sheet number Mx of a sheet im-
mediately following the ejected sheet;

(b) identifying, for each reserved output path
(44), a sheet number Mi of a sheet that has last
been fed into that output path, i being an index
that indicates the output path; and

(c) selecting the output path for which (Mi + 1 -
Mx) modulo s is smallest, and feeding the sub-
sequent printed sheets to that output path;

wherein s is the number of sheets of the document (D1),
the sheet numbers Mx, Mi run from 1 to s and count the
sheets of the document, and Mi = 0 stands for an empty
output path.

[0007] As long as no sheets need to be ejected, all
printed sheets are fed to a single output path so that they
will be output and optionally stacked in a desired page
order. Ifasheetisrejected, it may be necessary todiscard
also some of the subsequent sheets that are in the duplex
loop and belong to the same copy of the document. How-
ever, as soon as a print cycle for a next copy of the doc-
ument begins, another output path, which has been re-
served for that purpose, will be used for opening a new
stack of printed copies. This permits to save atleast some
of the copies in the duplex loop that would otherwise have
to be discarded, and yet the page order will be preserved
in both stacks that are formed in the two output paths. In
general, the stack in the first output path will then contain
an incomplete copy of the document. However, this copy
may be completed at a later stage in the print process.
[0008] More specific optional features of the invention
are indicated in the dependent claims.

[0009] Optionally, the controller may switch back to the
first output path as soon as a next sheet which has the
required image content is returned from the duplex loop.
Then the last copy in the first stack will be completed and
completion of the last copy in the second stack will be
postponed. Then, in case that another sheet needs to be
rejected, the controller may select the one of the two or
more incomplete stacks for which the number of sheets
to be discarded will be smallest.

[0010] In certain situations, the number of sheets to be
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wasted may be reduced further by re-scheduling sheets
that had originally been assigned to a later copy of the
document to a copy that was left incomplete due to a
defective sheet.

[0011] If the printing system has more than two output
paths, each output path containing a stacker for stacking
the printed sheet, it may be useful to initialize the stacks
in the different output paths such that the sheet numbers
of the top sheets in each stack are evenly distributed over
the total number of sheets of the document. This will min-
imize the number of sheets that need to be discarded
before a next sheet returning from the duplex loop fits on
one of the several stacks.

[0012] The invention further relates to a method of
scheduling a printjob for a printing system in accordance
with the principles described above, and a software prod-
uct implementing the invention.

[0013] Embodiment examples of the invention will now
be described in conjunction with the drawings, wherein:
Fig. 1 is a schematic view of a printing system
according to the invention;

Fig. 2 is a diagram illustrating an example of
scheduling images that belong to a plu-
rality of documents to be printed;

Fig. 3 is a more detailed diagram illustrating
an example of scheduling images of a
single document to be printed;

Fig. 4 is a diagram analogous to Fig. 3, illus-
trating consequences of a defective me-
dia sheet in a conventional scheduling
process;

Fig. 5 is a diagram analogous to Fig. 3 show-
ing how the images are rescheduled in
accordance with an embodiment of the
invention;

Figs.6and 7  are schematicillustrations of conditions
of two output bins in the printing system
shown in Fig. 1;

Fig. 8 is a diagram showing a re-scheduling
process as an alternative to what has
been shown in Fig. 5;

Fig. 9 is a diagram of a later stage of the
scheduling process for the document
considered in Fig. 3;

Fig. 10 is a diagram analogous to Fig. 9 show-
ing a re-scheduling process according
to the invention in case of a defective
sheet in the schedule according to Fig.
9; and

10

15

20

25

30

35

40

45

50

55

Fig. 11 diagrammatically shows an example of
initialized fill states of four output bins
in a printing system according to the in-

vention.

[0014] As is shown in Fig. 1, a printing system that is
described here as a representative example comprises
a sheet feeder 10, a main body 12, and a sheet receiver
14. The main body 12 comprises a print station 16 dis-
posed at a sheet transport path 18, an electronic control-
ler 20 and a user interface 22.

[0015] The controller 20 may be formed by a computer,
a server or a workstation and is connected to all the func-
tional components of the printing system for controlling
the printing system and is further connected to the user
interface 22 and to a network 24 via which the controller
may communicate with a remote workstation 26 of a user
or operator. In an alternative embodiment, the controller
22 may also be installed outside of the main body 12 for
controlling the various system components via the net-
work 24.

[0016] The hardware and/or the software of the con-
troller 20 includes among others a print job receiving sec-
tion 28, a scheduler 30, a feed control section 32, a print
control section 34, an output control section 36, and a
sheet manager 38. The print job receiving section 28 is
arranged to receive, e.g., via the network 24, print jobs
each of which includes image data for one or more pages
to be printed as well as various job settings. Optionally,
the image data may also be received from alocal scanner
whereas the job settings are input at the user interface
22. The job settings include among others instructions
that specify for each image to be printed the properties
or type of a recording medium on which the image shall
be printed.

[0017] The sheetfeeder 10 includes a plurality of hold-
ers 40 each of which accommodates a supply, e.g. a
stack of media sheets of a certain media type. The media
types in the different holders 40 may differ in sheet thick-
ness, sheet material, surface properties of the sheets
and the like. The sheet feeder 10 further includes a feed
mechanism 42 arranged to separate individual sheets
from a selected one of the holders 40 and to supply them
one by one into the sheet transport path 18 under the
control of the feed control section 32.

[0018] When the job receiving section 28 has received
a print job, the scheduler 30 determines a sequence in
which the images of this print job shall be printed. For
the purposes of this description, the term "image" shall
designate a page size image that is to be printed onto
one side of a recording sheet. The scheduler 30 further
has access to a data base that stores the media types
and properties of the sheets accommodated in the vari-
ous holders 40. Based on the job settings that concern
the media properties, the scheduler 30 selects the hold-
ers 40 from which the sheets with the desired properties
are to be taken and determines a sequence in which the
sheets of the different media types are to be fed into the
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sheet transport path 18 such that the sequence of sheets
matches the sequence of images to be printed.

[0019] When the print process has been started, the
feed control section 32 controls the feed mechanism 42
to supply the sheets in the sequence as scheduled into
the sheet transport path 18, and the print control section
34 controls the print station 16 so as to print a corre-
sponding image on the top side of each sheet.

[0020] In the example shown, the output section 14
has a plurality of output paths 44 including bins in which
the sheets may be stacked after they have left the print
station 16. When a stack, which may for example com-
prise a set of sheets forming one or more complete copies
of amulti-page document, has been completed, the stack
will be forwarded to an associated output tray 46. In an
alternative embodiment the completed stacks may also
be forwarded to a finisher (not shown) for performing fin-
ishing operations such as stapling, punching and the like.
[0021] The output section 14 further includes a switch
48 which is controlled by the output control section 36
for directing each sheet to a designated one of the output
paths 44.

[0022] In the example shown, the main body 12 of the
printing section also includes a duplex loop 50 which
branches off from the sheet transport path 18 down-
stream of the print station 16, reverses the orientation of
the sheets in a sheet reversing mechanism 52 and then
returns the sheets upside down to the entry side of the
sheet transport path 18.

[0023] It shall further be assumed in this example that
the print station 16 includes as print engine an ink jet print
head 54 that is disposed above the sheet transport path
18 and is adjustable in height by means of a height ad-
justment mechanism 56. Dependent upon the thickness
and other properties of the sheets, the height of the print
head 54 is adjusted such that a nozzle face 58 at the
bottom side of the print head forms only a very narrow
gap with atop surface of asheet 60 thatis being conveyed
past the print head. In this way, it will be assured that,
for each individual sheet, the ink jet print process will be
performed with an optimal nozzle-to-sheet distance.
[0024] As the gap between the nozzle face 58 and the
sheet 60 may be very small, any wrinkles or a surface
waviness or other surface irregularities of the sheet 60
may result in a poor image quality or even in a collision
of the sheet with the print head. For this reason, a sensor
62 for monitoring the quality of the sheets is disposed at
the sheet transport path 18 upstream of the print station
16. The sensor 62 may for example be a 3D laser scanner
that scans the entire surface of the sheet in order to cap-
ture a surface relief. The relief data are transmitted to the
sheet manager 38 in the controller 20, where they are
processed further to decide whether the quality of the
sheetis acceptable or not. The sensor 62 may also detect
other quality criteria relating to, for example, alignment
errors or skew errors of the sheets.

[0025] When a sheet is found to be inacceptable, the
sheet manager 38 controls a sheet ejector 64 in the sheet
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transport path 18 in order to excise this sheet from the
scheduled sequence and to divertitinto a discharge path
66 via which the sheet is discharged into a discharge bin
68. In this way, the defective sheet will be skipped in the
print process. However, the image that was designated
for being printed onto the discarded sheet must never-
theless be printed. Normally, this situation would lead to
an abortion of the print process, with the result that the
entire print process, including the scheduling process,
has to be started anew, and all the sheets that had been
present already in the sheet transport path 18 and in the
duplex loop 50 would have to be discarded.

[0026] It should be observed in this context that Fig. 1
is only a schematic sketch and that, in practice, the
number of sheets that can be accommodated inthe sheet
transport path 18 and in the duplex loop 50 may be con-
siderably large. For example, the duplex loop 50 may be
arranged to accommodate as many as 32 sheets.
[0027] The controller 20 and, in particular, the sched-
uler 30 is configured to re-schedule the images to be
printed whenever a sheet has been found unacceptable
and has been ejected by the sheet ejector 64. The pur-
pose of re-scheduling is to minimize the number of sheets
being wasted without disrupting the page order in the
stacks in the output paths 44.

[0028] Fig. 2 is an example of scheduling a print proc-
ess for printing multiple copies of each of two multi-page
documents D1 and D2. In the example shown, the doc-
ument D1 comprises 5 sheets designated by sheet num-
bers Mi with i = 1, ..., 5 (only M1 being visible in Fig. 2),
corresponding to 10 pages in duplex printing. According
to the job specifications, three copies C1 - C3 of the doc-
ument D1 shall be printed. Each sheet bears a label B1
indicating the output path 44 (bin) to which the sheets
are to be directed.

[0029] The document D2 comprises 6 duplex sheets
in this example. Several copies C1, C2, etc. of this doc-
ument are to be printed, and each sheet bears a label
B2, indicating that the sheets are to be stacked in the bin
of an output path 44 different from the one where the
copies of the document D1 will be stacked, so that the
copies of the two documents are kept separate from one
another.

[0030] It would be possible to use a schedule in which
the copies of document D1 are printed interleaved with
copies of the document D2, and the documents would
still be separated because the copies are sent to different
bins. In this example, however, the multiple copies of the
documents D1 and D2 are printed one after the other, so
that, while the document D1 is being printed, the bin la-
belled as B2 will remain empty.

[0031] Fig. 3 is a more detailed diagram of a schedule
for printing on the media sheets of the document D1
shown in Fig. 2. The sequence of sheets that have been
shown in Fig. 3 indicate the sequence in which the sheets
are fed past the print station 16 for receiving an image
on the back side after they have passed through the du-
plex loop 50. A section O contains sheets that have been
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finished already and are conveyed into the output path
designated as B1. A sequence DL represents sheets that
are in the duplex loop 50 which, in this example, has a
capacity of 9 sheets. A section | represents sheets that
have not yet entered into the duplex loop. It will be ob-
served that the image content of the sheets is variable
only forthe sheetsinthe section |, whereas, for the sheets
in the duplex loop, the image content and the related
sheet number can no longer be changed because an
image has already been printed on the first side of the
sheet.

[0032] In the example shown in Fig. 3, the section O
comprises the first three media sheets M1 - M3 of a first
copy C1 of the document. The next two sheets returning
from the duplex loop are the sheets M4 and M5 of the
first copy C1, and they are followed by 5 sheets of the
next copy C2, whereas the last two sheets in the duplex
loop correspond already to the third copy C3 of the doc-
ument. The sheet at the rightmost end in the section | in
Fig. 3 is the first sheet M1 of the fourth copy C4.

[0033] Fig. 4 illustrates a situation where the sheets
have been scheduled as in Fig. 3, but the fourth sheet
M4 of the first copy C1 is found to be defective and is
ejected by the sheet ejector 64, so that sheet M4 will not
reach the output stack. The next sheet M5 cannot be fed
to the output stack, neither, because then the page order
in the output stack would be disrupted and the pages of
sheet M4 would be missing. The same holds true for all
subsequent sheets in the duplex loop so that, in general,
it would be necessary to discard all the sheets in the
duplex loop, which means that, in this example, as many
as 9 media sheets would be wasted before printing of
the last two sheets of the first copy C1 would be resumed
with the first sheets in the section I.

[0034] Fig. 5 illustrates the same situation as Fig. 4,
but shows the result of a scheduling process according
to the invention. Again, sheet M4 of the first copy C1 is
defective and must be ejected, and the last sheet M5 of
the first copy C1 has to be discarded as well. However,
the next sheet in the duplex loop, i.e. the first sheet M1
of the second copy C2 is not discarded, but instead a
new stack of printed copies is opened in the empty bin
B2. Thus, the print process can be continued and all sub-
sequent sheets in the duplex loop can be utilized so that
the number of wasted sheets is reduced to two. In this
case, a message on the user interface 22 will alert the
user or operator that the copies of the document D1 will
be output on two of the output trays 46.

[0035] In the example shown in Fig. 5, the stacking of
printed sheets M4 and M5 on the first stack in the bin B1
is resumed as soon as the last sheet (M2 of copy C3) in
the duplex loop has been printed. Thus, the second bin
B2 will contain the complete second copy C2 and an in-
complete copy C3 comprising only the sheets M1 and
M2. This copy will then be completed by the end of the
print process, at the latest.

[0036] As an alternative, it would also be possible to
continue with stacking sheets in the bin B2 and to leave
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the copy C1 in the bin B1 incomplete. Then, this copy
would be completed by the end of the print process for
document D1.

[0037] Fig. 6 shows the condition of the bins B1 and
B2 at the time when the duplex loop section DL in Fig. 5
has been emptied. Then the first bin B1 contains the first
three sheets M1 - M3 of the first copy C1, and the bin B2
contains the second copy C2 and the first two sheets M1,
M2 of the third copy C3. At this instant, the output control
section 36 will switch back to the first bin B1, so that the
first copy C1 will be completed and stacking in bin B1 will
continue with a fourth copy C4.

[0038] Fig. 7 illustrates the state at the time when the
rightmost sheet (M2 of C4) in Fig. 5 has been finished.
The next sheet, a sheet with number M3, would be sent
to bin B1 in order to continue with the copy C4. However,
this sheet might as well be sent to bin B2 in order to
continue with copy C3.

[0039] At the time when the sheet M4 of copy C1 is
ejected in Fig. 5, the image contents of all the sheets in
the section | may still be changed (except in case of a
conflict concerning the required media type), so that it is
possible to modify the schedule by freely switching be-
tween stacking in bin B1 or bin B2. Frequently, the like-
lihood that a sheet becomes defective and has to be
ejected depends upon the image content of the image
printed on the first side of the sheet. For example, if the
image covers a large solid area so that a larger amount
of ink is applied to the sheet, this may cause the sheet
to become so wavy that it has to be discarded. Conse-
quently, when a sheet M4 has been ejected, it is likely
that, in a later copyi, it will again be the sheet M4 that is
found to be defective and has to be discarded. It will there-
fore be a good strategy to continue with stacking in bin
B2 until the "critical" sheet M4 (of copy C3 in this example)
has been finished and forms the topmost sheet on the
stack in bin B2. Then, if another sheet M4 has to be eject-
ed, the next sheet following in the duplex loop will be M5
and will fit into the page order of the stack in bin B2, so
that printing can readily be continued with stacking
sheets in bin B2 and the only sheet that has to be wasted
is the defective sheet M4. Then, the same strategy may
be applied for bin B1, i.e. the stack in that bin would be
filled up until the topmost sheet is M4.

[0040] Fig. 8 illustrates a strategy which may be ap-
plied as an alternative to Fig. 4 in a case where no empty
bin is available for opening a second stack. Such a situ-
ation may occur for example if the operator has not yet
removed printed copies from the output trays, so that all
bins other than B1 are still occupied.

[0041] Asis shown in Fig. 8, itis not mandatory to dis-
card all the sheets in the duplex loop section DL. Instead,
when sheet M4 of copy C1 is defective, it is sufficient to
discard only the sheets up to and including the sheet M3
of the next copy C2. The next sheet is a sheet M4 which
was originally assigned to the second copy C2 (see Fig.
3), but may be re-assigned to the first copy C1, so that
stacking in bin B1 may be resumed with that sheet. This
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strategy of "intelligent rejection" in case of a defective
sheet may be combined with the strategy of switching
between different bins in order to minimize the amount
of waste.

[0042] Fig. 9 shows a continuation of the schedule
shown in Fig. 5. It shall be assumed that the print process
has continued with stacking copies C4 (Fig. 5), C5 and
C6 in bin B1, so that the bin B2 is still in the state shown
in Fig. 7, containing a complete copy C2 and the first two
sheets of copy C3. The schedule shown in Fig. 9 includes
the last two sheets M4 and M5 of copy C6 and the first
sheet M1of copy C7 in the section O, the remaining
sheets of C7 and another copy C8 in the duplex loop,
and yet another copy C9 in the input section I. Now, as
shown in Fig. 10, it shall be assumed that sheet M2 of
copy C7 is found to be defective and is ejected. Then,
the scheduling algorithm will check whether the number
of wasted sheets can be reduced by switching to the other
bin B2. Fortunately, the next sheet M3 following the de-
fective sheet M2 fits in the page order of the stack in bin
B2, so that printing can be continued with stacking sheets
in bin B2 without having to discard any further sheets. In
other scenarios, it may still be necessary to discard some
sheets in the duplex loop, but the number of discarded
sheets can in many cases be reduced significantly by
intelligently switching between the bins B1 and B2.
[0043] Asageneralrule, ifthe document has s sheets,
Mx is the sheet number of the sheetimmediately following
the ejected sheet, and Mi is the sheet number of the top-
most sheet of the stack in the i-th bin, the task is to identify
the bin for which (Mi + 1 - Mx) modulo s is smallest. In
the example shown in Fig. 10, Mx is M3 = 3, Mi for the
first bin B1 is M1 = 1 (first sheet of copy C7), and Mi for
the second bin B2 is M2 = 2 (Fig. 7). Thus, for the first
bin B1, (Mi + 1 - Mx) modulosis 1 +1 -3 modulo 5 = 4,
and for the second bin, (Mi + 1 - Mx) modulo sis 2 + 1 -
3 modulo 5 = 0. So, the best strategy is to continue with
stacking in bin B2.

[0044] If the printing system has three or more output
paths 44, as shown in Fig. 1, it is useful to initialize the
bins in the output paths in a particular way in order to
reduce the likelihood that a large number of sheets has
to be wasted.

[0045] As an example, Fig. 11 shows four bins B1 -B4
that are available in the printing system for collecting cop-
ies of one and the same document. It is assumed here
that the document has 20 pages, so that each copy of
the document consists of 10 duplex sheets. The bin B1
is scheduled for receiving the printed copies as long as
no sheet has to be ejected. It is observed however that
the assignment of the bin numbers B1 - B4 to the different
output paths of the printing system is arbitrary.

[0046] The second bin B2 is left empty. The third bin
B3 is filled with the first three sheets of one copy of the
document, and the fourth bin B4 is filled with the first six
sheets of another copy of the document. As soon as the
bins B3 and B4 have been initialized in this way, printing
is continued with stacking sheets in bin B1.
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[0047] Then, if a sheet M1, M2 or M3 is found to be
defective and must be ejected, the next sheet that can
be utilized will be sheet Me, and this sheet and the fol-
lowing sheets will be directed to bin B3, so that the
number of sheets to be discarded will not be larger than
two (plus the defective sheet). On the other hand, if a
defect is found for a sheet M4, M5 or M6, the subsequent
sheets will be directed to bin B4, and again the number
of sheets that must be discarded will be limited to two.
Finally, if a defect is found for one of the sheets M7 to
M10, the next sheet M1 will be stacked in bin B2 and the
number of sheets to be discarded will not be larger than
3.Inany case, the binB2, B3 or B4 that has been selected
for stacking the sheets after the ejection event will be
filled until it contains a number of sheets equal to 0 mod-
ulo 10, 3 modulo 10 and 6 modulo 10, respectively, so
that, if another defectoccurs, the situation can be handled
in the same way as described above.

[0048] In general, if N bins are available in the printing
system and the document to be printed has s sheets, the
initial fill states n(i) of the bins Bi (i = 2, 3, ..., N) will be
given by the following formula:

n(i) = (i-1) [s/N],

wherein [] are the Gaussian brackets, i.e. [s/N] is the larg-
est integer that is smaller than s/N. Here the index i = 1
indicates the bin B1 that is used regularly, in absence of
an ejection event.

[0049] The above formula assures that the fill states
of the bins are evenly distributed over the range of sheet
numbers M1, M2, ..., Ms of the document, so that the
number of sheets that need to be discarded until the next
sheet fits into the page order in one of the bins will never
be larger than s/N.

Claims
1. A printing system comprising:

- aprintstation (16) disposed ata sheettransport
path (18) diverging to at least two output paths
(44);

- a sheet feeder (10) arranged to feed a stream
of media sheets (60) into the transport path (18)
so as to be fed sequentially to the print station
(16);

-aduplex loop arranged to redirect sheets, onto
which a first image has been printed on a first
side, into the sheet transport path upstream of
the print station;

- a sheet ejector (64) disposed upstream of the
print station and downstream of a junction of the
duplex loop with the transport path for ejecting
unsuitable sheets (60) from the transport path



11 EP 3 480 024 A1 12

(18) to a discharge path (66); and

- a controller (20) arranged to receive print in-
structions concerning printing multiple copies of
at least one multi-page document (D1) and to
schedule a print order of images to be consec-
utively printed on the sheets (60) such that the
printed copies are fed to their respective output
path in a predetermined page order,

- reserve at least two output paths (44) for re-
ceiving sheets (60) of the same document (D1);
- as long as no sheet has been rejected, direct
the sheets to only one of the reserved output
paths (44); and,

- if a sheet returning from the duplex loop (50)
is ejected by the sheet ejector (64), re-schedul-
ing the print order and directing subsequent
printed sheets to at least two of the reserved
output paths (44) in a sequence preserving the
page order in each of these output paths,

characterized in that:

the controller is further arranged to perform the
following steps whenever a sheet (60) has been
ejected:

(a) identifying a sheet number Mx of a sheet
immediately following the ejected sheet;
(b) identifying, for each reserved output
path (44), a sheet number Mi of a sheet that
has last been fed into that output path, i be-
ing an index that indicates the output path;
and

(c) selecting the output path for which (Mi +
1 - Mx) modulo s is smallest, and feeding
the subsequent printed sheets to that output
path;

wherein s is the number of sheets of the docu-
ment (D1), the sheet numbers Mx, Mi run from
1 to s and count the sheets of the document,
and Mi = 0 stands for an empty output path.

The printing system according to claim 1, wherein
the controller (20) is arranged to re-schedule the print
order for images to be printed on sheets that have
not yet reached the duplex loop (50).

The printing system according to any of the previous
claims, wherein the controller (20) is arranged to
switch back to feeding the printed sheets to the
former output path (44) when the output path select-
ed in step (c) has reached a predetermined fill state.

The printing system according to claim 3, wherein
the predetermined fill state depends upon a sheet
number of a sheet that has been ejected.
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5.

The printing system according to claim 3, wherein
the predetermined fill state is selected for each out-
put path (44) such that the fill states, modulo s, of
the output paths are evenly distributed over the
range from 1 to s.

The printing system according to claim 5, comprising
a step of initializing the fill states of the output paths
such that the fill states of the output paths are evenly
distributed over the range from 1 to s.

A method of scheduling a print process on a printing
system comprising:

- aprintstation (16) disposed atasheettransport
path (18) diverging to at least two output paths
(44);

- a sheet feeder (10) arranged to feed a stream
of media sheets (60) into the transport path (18)
so as to be fed sequentially to the print station
(16);

- aduplex loop arranged to redirect sheets, onto
which a first image has been printed on a first
side, into the sheet transport path upstream of
the print station;

- a sheet ejector (64) disposed upstream of the
print station and downstream of a junction of the
duplex loop with the transport path for ejecting
unsuitable sheets (60) from the transport path
(18) to a discharge path (66); and

- a controller (20) arranged to receive print in-
structions concerning printing multiple copies of
at least one multi-page document and to sched-
ule a print order of images to be consecutively
printed on the sheets (60) such that the printed
copies are fed to their respective output path in
a predetermined page order, the method being
characterized by the steps of:

- reserving at least two output paths (44) for re-
ceiving sheets (60) of the same document (D1);
-aslongas no sheethas beenrejected, directing
the sheets to only one of the reserved output
paths (44); and,

- if a sheet returning from the duplex loop (50)
is ejected by the sheet ejector (64), re-schedul-
ing the print order and directing subsequent
printed sheets to at least two of the reserved
output paths (44) in a sequence preserving the
page order in each of these output paths, char-
acterized by:

(a) identifying a sheet number Mx of a sheet
immediately following the ejected sheet;
(b) identifying, for each reserved output
path (44), a sheet number Mi of a sheet that
has last been fed into that output path, i be-
ing an index that indicates the output path;
and
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(c) selecting the output path for which (Mi +
1 - Mx) modulo s is smallest, and feeding
the subsequent printed sheets to that output
path;

wherein s is the number of sheets of the docu-
ment (D1), the sheet numbers Mx, Mi run from
1 to s and count the sheets of the document,
and Mi = 0 stands for an empty output path.

A software product comprising program code on a
machine-readable non-transitory medium, the pro-
gram code, when loaded into a controller (20) of a
printing system accordingto claim 1, causes the con-
troller to perform the method according to claim 7.
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