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(54) Printing device

(57) A scanning type printing device is provided ca-
pable of operating in a multiple printing stage mode.
When operating in a multiple printing stage mode, this
printing device is controlled such upon receipt of a delay
signal, further printing is executed but only on the stroke

of the image-receiving member whereon printing is in
progress till the image portion associated with that stroke
is completely printed. This is done in order to overcome
oratleastreduce gloss variationsin a printed image when
printing in progress is temporarily interrupted.
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Description
FIELD OF THE INVENTION

[0001] The present invention is related to a printing
device such as a printing or copying system employing
print heads containing discharging elements, e.g. noz-
zZles, for image-wise forming dots of a marking substance
on an image-receiving member, where the marking sub-
stance isinfluid formwhen discharged. Examples of such
printing devices are inkjet printers and toner-jet printers.
Hereinafter reference will be made to inkjet printers.

BACKGROUND OF THE INVENTION

[0002] Print heads employed in inkjet printers and the
like usually each contain a plurality of nozzles arranged
in (an) array(s). The nozzles usually are placed substan-
tially equidistant. The distance between two contiguous
nozzles defines the nozzle pitch. In operation, the noz-
zles are controlled to image-wise discharge fluid droplets
of a marking substance on an image-receiving member.
When the printer is of the scanning type, the print heads
are moveable in reciprocation across the image-receiv-
ing member, i.e. the main scanning direction. In such
printers, the print heads are typically aligned in the sub
scanning direction perpendicular to the main scanning
direction. In a traverse of the print heads across the im-
age-receiving member a matrix of image dots of a mark-
ing substance, corresponding to a part of an original im-
age is formed on the image-receiving member by image-
wise activating nozzles of the print heads. The printed
matrix is generally referred to as a print swath, while the
dimension of this matrix in the sub scanning direction is
referred to as the swath width. After a first traverse, when
a part of the image is completed, the image-receiving
member is displaced relative to the print heads in the
sub-scanning direction enabling printing of a subsequent
part of the image. When this displacement step is chosen
equal to aswath width, animage can be printed in multiple
non-overlapping swaths. However, image quality may be
improved by employing printing devices enabling the use
of multiple printing stages, hence printed swaths are at
least partially overlapping. In the prior art two main cat-
egories of such printing devices can be distinguished,
i.e. so-called "interlace systems" and "multi-pass sys-
tems".

[0003] In an interlace system, the print head contains
N nozzles, which are arranged in (a) linear array(s) such
that the nozzle pitch is an integer multiple of the printing
pitch. Multiple printing stages, or so-called interlacing
printing steps, are required to generate a complete image
or image part. The print head and the image-receiving
member are controlled such thatin M printing stages, M
being defined here as the nozzle pitch divided by the
printing pitch, a complete image part is formed on the
image-receiving member. After each printing stage, the
image-receiving member is displaced over a distance of
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M times the printing pitch. Such a system is of particular
interest because it allows to achieve a higher print reso-
lution with a limited nozzle resolution.

[0004] In a "multi-pass system", the print head is con-
trolled such that only the nozzles corresponding to se-
lected pixels of the image to be reproduced are image-
wise activated. As a result an incomplete matrix ofimage
dots is formed in a single printing stage or pass, i.e. one
traverse of the print heads across the image-receiving
member. Multiple passes are required to complete the
matrix of image dots. In-between two passes the image-
receiving member may be displaced in the sub scanning
direction.

[0005] In practice the majority of print jobs is executed
in such multiple printing stage mode on a scanning type
bi-directional printing system, i.e. a printing system ca-
pable of printing on the image-receiving member in re-
ciprocation in the main scanning direction.

Such systems, which may be "interlace systems" and
"multi-pass systems" as well as combinations thereof,
are known to be sensitive to gloss variations. Gloss var-
iations may occur when at least a part of the image dots
of marking substance of the same or a different process
colour are deposited in multiple printing stages in super-
imposition or at least partially overlapping and when the
drying time of the image dots printed on the image-re-
ceiving member interacts with the time period required
to render all pixels of an image part, i.e. the time period
required to complete a sequence of printing stages de-
fined by the print mask. This is particularly the case when
while printing is in progress a delay signal is generated
which causes the printer to interrupt printing immediately
or after completion of the printing stage in progress. In
any case printing of the subsequent printing stages is
delayed till the cause of the delay is resolved and/or a
resume signal is generated. This is observed to cause
gloss banding on the print in progress.

[0006] Thus, itis an object of the invention to control
a scanning type printing system when operating in a mul-
tiple printing stage mode such as to overcome or at least
reduce gloss variations in a printed image when printing
in progress is temporarily interrupted upon receipt of a
delay signal.

[0007] It is a further object of the invention to control
the print heads and the image-receiving member dis-
placement means of a scanning type printing system
such that particularly when operating in a multiple printing
stage mode at each location on the image-receiving
member in the sub-scanning direction about the same
time intervals are used between the time of deposition
of the respective image dots which when deposited are
in superimposition or at least partially overlapping.
[0008] To meetthese objects, a printing device, as de-
scribed in the preamble of claim 1, is provided for printing
images on an image-receiving member in a sequence of
printing stages wherein control means are provided for
controlling, in an operative state of the printer, responsive
to said delay signal the print head and the displacement
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means so that further printing is executed only on the
stroke whereon printing is in progress till all printing stag-
es of the sequence are completed for said stroke. As
upon receipt of a delay signal printing is continued on
incompletely printed strokes till these are completed, its
is avoided that a huge time period is introduced between
the remaining printing stages for such strokes whereon
printing was in progress and the printing stages already
executed on that strokes. The remaining printing stages
being the printing stages not yet executed for these
strokes. Hence for these strokes it is avoided that image
dots deposited before receipt of the delay signal are com-
pletely dried when resuming printing and thus image dots
associated with the remaining printing stages are depos-
ited at least some of them in superimposition or at least
partially overlapping with image dots already present on
the image-receiving member. By completing the strokes
upon which printing is in progress upon receipt of the
delay signal, gloss banding caused by such delay is
avoided.

The printing device may be provided with means for gen-
erating a resume signal so that responsive to such
resume signal printing may be resumed on a subsequent
stroke of the image-receiving member contiguous to the
printed strokes.

[0009] A delay orresume signal may be generated au-
tomatically by the printer. For instance, a delay signal
may be generated because of a low ink level detection,
or because a cleaning action of the print head is required,
or another maintenance or service action is required. A
resume signal may be generated after the requested in-
tervention is completed. A delay signal or aresume signal
may also be generated by user interaction. The image-
receiving member may be an intermediate image carry-
ing member or a print medium. The print medium can be
in web or sheet form and may be composed of e.g. paper,
cardboard, label stock, plastic or textile.

[0010] The so-called print mask contains the informa-
tion about the number and sequence of printing stages
and defines for each print head which discharging ele-
ments can be image-wise activated, or in other words
contains the information defining for each printing stage
which pixels will be rendered by which discharging ele-
ments such that when all printing stages are completed,
all the pixels of the image concerned, or at least a part
of such image, are rendered. A print mask is associated
with a printing mode. Selecting a printing mode enables
the user to exchange image quality for productivity and
vice versa dependent on his requirements. By selecting
a printing mode also the discharging elements on the
print heads which may be effectively used forimage-wise
activation are determined as well as the displacement
step in the sub scanning direction after each printing
stage.

[0011] Gloss banding may even be further reduced by
ensuring that the time intervals between the deposition
of at least partially overlapping image dots, each asso-
ciated with a particular printing stage, are about the same
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regardless of the position on the image-receiving mem-
ber in the sub-scanning direction. Hence, in an embodi-
ment of the present invention, the control means select
for each said traverse of the print head in the main scan-
ning direction an active portion of the plurality of discharg-
ing elements, each active portion of discharging ele-
ments being selected on the basis of the predetermined
distance so that for substantially each position in the sub
scanning direction on the part of the image-receiving
member where the image is to be rendered, the travers-
ing direction of the print head is the same for each first
exposure to an active portion of the traversing print head.
Each traverse of the print head in operative state results
in a printed portion of an image on the image-receiving
member formed by a pattern of image dots of marking
substance. After each traverse the image-receiving
member is displaced with respect to the print head in the
sub scanning direction either by displacing the image-
receiving member or by displacing the print head. When
printing subsequent portions of an image, a repetitive
sequence of printing stages and corresponding displace-
ment steps is used, each displacement step being de-
fined by the relative displacement between the print head
and the image-receiving member over a predetermined
distance between respective subsequent printing stages.
In particular, each of the displacement steps may equal
the same constant.

By selecting for each traverse of the print head an active
portion thereof taking account of the displacement step
between subsequent traverses, the presentinvention ac-
complishes that on substantially each position of the im-
age-receiving member the traversing direction of the print
head is the same for each first exposure to an active
portion of the traversing print head. The advantage there-
of is that in the sub-scanning direction there are no time
interval differences between the time of deposition of im-
age dots originating from different traverses even when
printing is temporarily interrupted due to a delay signal.
Hence no gloss variations will occur or they will be at
least severely reduced. The selected active portion for a
forward traverse may be different from the selected active
portion for a backward traverse. In particular each active
portion may selected such that the product of the number
of discharging elements available in that active portion
and the discharging element pitch is a non-zero integer
multiple of the displacement distance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 depicts an example of an inkjet printer ac-
cording to an embodiment of the present invention.
Figure 2a depicts an example of a print mask defining
two printing stages.

Figure 2b depicts, according to the presentinvention,
image dot patterns generated by a single print head
assuming a full coverage image using all 24 nozzles
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of the printhead and using the print mask of figure 2a.
Figure 2c depicts, according to the presentinvention,
for respective traverses of the print head/ printing
stages used which portion of the print head will be
used and how is dealt with the receipt of a delay
signal.

Figure 3a depicts an example of a print mask defining
three printing stages.

Figure 3b depicts, according to the presentinvention,
image dot patterns generated by a single print head
assuming a full coverage image using in each
traverse a selected active portion of the print head
using the print mask of fig.3a.

Figure 3c depicts, according to the presentinvention,
for respective traverses of the print head/ printing
stages used which portion of the print head will be
used and how is dealt with the receipt of a delay
signal.

DETAILED DESCRIPTION OF THE INVENTION

[0013] In relation to the appended drawings, the
presentinvention is described in detail in the sequel. Sev-
eral embodiments are disclosed. It is apparent however
that a person skilled in the art can imagine several other
equivalent embodiments or other ways of executing the
present invention, the scope of the present invention be-
ing limited only by the terms of the appended claims.

[0014] The printing device of fig.1 is a scanning bi-di-
rectional inkjet printer comprising a roller (1) for support-
ing an image-receiving member (2) and moving it along
four print heads (3), each of a different process colour.
The roller is rotatable about its axis as indicated by arrow
A. A scanning carriage (4) carries the four print heads
and can be moved in reciprocation in the main scanning
direction, i.e. the direction indicated by the double arrow
B, parallel to the roller (1), such as to enable scanning
of the image-receiving member in the main scanning di-
rection. The image-receiving member can be a medium
in web or in sheet form and may be composed of e.g.
paper, cardboard, label stock, plastic or textile. Alternate-
ly, the image-receiving member can also be an interme-
diate member, endless or not. Examples of endless
members, which can be moved cyclically, are a belt or a
drum. The carriage (4) is guided on rods (5) (6) and is
driven by suitable means (not shown). Each print head
comprises a number of discharging elements (7) ar-
rangedin asingle linear array parallel to the sub scanning
direction. Four discharging elements per print head are
depicted in the figure, however obviously in a practical
embodiment typically several hundreds of discharging
elements are provided per print head. Each discharging
element is connected via an ink duct to an ink reservoir
of the corresponding colour. Each ink duct is provided
with means for activating the ink duct and an associated
electrical drive circuit. For instance the ink duct may be
activated thermally and/or piezoelectrically. When the ink
duct is activated an ink drop is discharged form the dis-
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charge element in the direction of the roller (1) and forms
a dot of ink on the image-receiving member. The printer
further comprises a controller (not shown) which controls
among others the drive of the carriage, the print heads,
the image-receiving member advancement, and the ink
supply. The printer is arranged to automatically detect a
maintenance condition and to generate a delay signal,
which delays printing according to the present invention.
The printer is also arranged to automatically detect the
completion of the required intervention and will generate
a resume signal such that printing can be resumed.
[0015] To enable printing firstly a digital image is to be
formed. There are numerous ways to generate a digital
image. For instance, a digital image may be created by
scanning an original using a scanner. Digital still images
may also be created by a camera or a video camera.
Besides digital images generated by a scanner or a cam-
era, which are usually in a bitmap format or a compressed
bitmap format also artificially created, e.g. by a computer
program, digital images or documents may be offered to
printing device. The latter images can be in a vector for-
mat. The latter images can also be in a structured format
including but not limited to a page description language
(PDL) format and an extensible markup language (XML)
format. Examples of a PDL format are PDF (Adobe),
PostScript (Adobe), and PCL (Hewlett-Packard). The im-
age processing system typically converts a digital image
with known techniques into a series of bitmaps in the
process colours of the printing device. Each bitmap is a
raster representation of a separation image of a process
colour specifying for each pixel ("picture element") an
image density value for said process colour. By image-
wise activating the ink ducts in relation to the pattern(s)
of image pixels an image composed of ink dots can be
formed on the image-receiving member.

Example 1

[0016] A printing device as depicted in Figure 1 is used
to reproduce a digital image. Instead of using the print
heads each provided with four discharging elements as
in the figure, each print head is provided with 24 discharg-
ing elements, i.e. nozzles, arranged in a single linear ar-
ray. The nozzles are positioned equidistant at a resolu-
tion of 300 npi (nozzles per inch). This means that the
nozzle pitch or element pitch, being the distance between
the centres of two adjacent nozzles is about 85 pm.

[0017] Suppose the user selects a particular printing
mode enabling to reproduce a digital image at a printing
resolution of 300 dpi (dots per inch) in both the main
scanning and the sub scanning directions, or in other
words, the printing pitch, i.e. the distance between the
centres of two contiguous dots of ink both in the main
scanning direction and in the sub scanning direction, is
about 85 pm. In this printing mode the print mask as
depicted in fig.2a is used. In case the image is a multi-
colour image, the same print mask is used for each of
the process colours. The print mask as depicted in fig.



7 EP 1 676 705 A1 8

2adefines a "multi-pass" system with two printing stages.
As depicted in fig.2b, in the first printing stage, a first
portion of the image is printed by image-wise activating
selected nozzles of the active portion of the print head.
The image pattern resulting when activating all selected
nozzles is indicated in fig.2b with black circles. In this
case the active portion includes all 24 available nozzles.
This first printing stage coincides with a forward traverse
of the print heads across the image-receiving member,
i.e. a traverse from the left to the right. Then, the image-
receiving member is advanced over a predetermined
constant distance of 12 times the printing pitch to enable
printing of a second portion of the image by image-wise
activating a different selection of nozzles of the same
active portion. The image pattern resulting when activat-
ing all selected nozzles according to the second printing
stage is indicated in fig.2b. This second printing stage
coincides with a backward traverse of the print heads
across the image-receiving member, i.e. a traverse from
the right to the left. In a normal operation mode, when
the image is not yet completed, the image-receiving
member is again advanced over the same constant dis-
tance being 12 times the nozzle pitch. Thereafter, the
above-described sequence of printing stages and image-
receiving member advancing is repeated till the last por-
tion of the image is completed.

[0018] Suppose however that a delay signal is gener-
ated during execution of a second printing stage, i.e. dur-
ing a backward traverse of the print head. Hence, as in-
dicated in fig.2b, at that time printing is in progress on a
stroke (21) of the image-receiving member. It is clear
from fig.2b that even after finishing printing stage 2 this
stroke is still printed incompletely. According to the
present invention, upon receipt of the delay signal print-
ing on strokes of the image-receiving member on which
printing is already started is progressed without however
starting printing on a subsequent stroke of the image-
receiving member. In this example this means printing
onstroke (21)is progressed till all printing stages required
to completely render the image portion associated with
this stroke are completed. Thus, in order to complete this
stroke (21), the print head is advanced over a distance
of 12 times the printing pitch. Thereafter, printing stage
1 is executed using only the upper half of the nozzles.
Further referring to fig.2c, as stroke (21) is completed
now, printing is delayed till the required intervention is
completed. When resuming printing, the printing process
is recovered with the strokes left blank during finishing
of printing process. One option is, as depicted in fig.2c,
to advance the print head from the right to the left with
all nozzles inactive. Thereafter, printing stage 1 is exe-
cuted for the subsequent stroke using the complemen-
tary part of the print head, being the lower half of the
nozzles. Thereafter printing can proceed according to
the print mask till the complete image is printed. Instead
of advancing the print head from the right to the left with
all nozzles inactive after the delay, another option (not
shown) is immediately executing printing stage one for
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the subsequent stroke. In that case the print head is tra-
versed from the right to the left using the complementary
part of the print head, being the lower half of the nozzles.
Thereafter printing can proceed according to the print
mask till the complete image is printed

Example 2

[0019] A printing device as depicted in Figure 1 is used
to reproduce a digital image. Instead of using the print
heads each provided with four discharging elements as
in the figure, each print head is provided with 12 discharg-
ing elements, i.e. nozzles, arranged in a single linear ar-
ray. The nozzles are positioned equidistant at a resolu-
tion of 300 npi (nozzles per inch). This means that the
nozzle pitch or element pitch, being the distance between
the centres of two adjacent nozzles is about 85 pm.

[0020] Suppose the user selects a particular printing
mode enabling to reproduce a digital image at a printing
resolution of 900 dpi (dots per inch) in both directions, or
in other words, the printing pitch, i.e. the distance be-
tween the centres of two contiguous dots of ink both in
the main scanning direction and in the sub scanning di-
rection, is about 31 um. To enable rendering of an image
with a resolution higher than the nozzle resolution, the
print mask associated with the selected printing mode as
in fig.3a defines an interlacing system. The print mask
defines a sequence of three printing stages required to
completely render at least a part of the image. For each
printing stage, i.e. for each traverse of a print head(s) in
the main scanning direction an active portion of the plu-
rality of available discharging elements of the print head
is selected. In particular, as also depicted in fig.3c, when
a printing stage coincides with a traverse of the print head
from the left to the right, the active portion includes all 12
available nozzles. When a printing stage coincides with
a traverse of the print head from the right to the left, the
active portion includes the six nozzles located in the mid-
dle of the print head while the upper three nozzles as
well as the lower three nozzles are part of the inactive
portion. In this example, the active portionin each forward
traverse and the active portion in each backward traverse
are selected such that the swath width of each portion of
animage printed in the forward traverse is twice the swath
width of each portion of an image printed in the backward
traverse. When executing a first printing stage using the
print mask as depicted in fig.3a the resulting dot pattern
when activating all selected nozzles is indicated in fig.3b
with black circles. For instruction purposes, only the dots
generated by a single print head are shown and a full
coverage image is assumed. In practice however, it is
clear that in the same way multi-colour images can be
formed by adequately timing both the driving of the re-
spective print heads and the image-wise activation of the
associated nozzles. Each nozzle image-wise forms a
complete line of image dots of ink in the main scanning
direction. In the sub scanning direction only every third
pixel is printed during the first printing stage. After the
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first printing stage is executed, the image-receiving mem-
ber is advanced over a distance of 8 times the printing
pitch. After the displacement step, the second printing
stage is executed. In this second printing stage, i.e. a
traverse from the right to the left, the active portion in-
cludes the 6 nozzles located in the middle of the print
head, while the inactive portion includes both the lower
and upper three nozzles. A dot pattern as schematically
depicted in fig.3b is obtained. After the second printing
stage is executed, the image-receiving member is again
advanced over a distance of 8 times the printing pitch.
In the third printing stage, in this case a traverse from left
to right, under normal operating conditions, again the full
print head is employed. Under normal operating condi-
tions, when the image is not yet completed, the image-
receiving member is advanced over a distance of 11
times the printing pitch. Thereafter, the above-described
sequence of printing stages, being stages 1, 2 and3, and
corresponding image-receiving member advancement
steps of 8, 8 and 11 printing pitches, is repeated till the
image is completed.

As can be observed in fig.3, the selection of the active
portions in the forward and backward traverses respec-
tively takes account of the image-receiving member dis-
placement step so that for each position in the sub scan-
ning direction on the part of the image-receiving member
where the image is to be rendered, the traversing direc-
tion of the print head is the same for each first exposure
to an active portion of the traversing print head.

[0021] Suppose however that a delay signal is gener-
ated during execution of a third printing stage, in this ex-
ample during a forward traverse of the print head. Hence,
as indicated in fig.3b, at that time printing is in progress
on astroke (31) of the image-receiving member. Itis clear
from fig.3b that even after finishing printing stage 3, this
stroke is still printed incompletely. According to the
present invention, upon receipt of the delay signal print-
ing on strokes of the image-receiving member on which
printing is already started is progressed without however
starting printing on a subsequent stroke of the image-
receiving member. In this example this means printing
onstroke (31)is progressedill all printing stages required
to completely render the image portion associated with
this stroke are completed. Thus, in order to complete this
stroke (31), the print head is advanced over a distance
of 11 times the printing pitch. Then, with reference to fig.
3c, printing stage 1 is executed using, as this a traverse
from the right to the left, as active portion of the print head
the centre half of the nozzles. Subsequently the print
head is advanced over a distance of 8 times the printing
pitch. Thereafter, printing stage 2 is executed. Normally,
as this a traverse from the left to the right, the active
portion of the print head includes all nozzles. But as print-
ing is to be limited to stroke (31) only, only the upper half
of the nozzles is image-wise activated. As stroke (31) is
completed now, printing is delayed till the required inter-
vention is completed.

[0022] When resuming printing, the printing process is

10

15

20

25

30

35

40

45

50

55

recovered with the strokes left blank during finishing of
printing process. In particular, the print head is advanced
from the right to the left with all nozzles inactive. There-
after, printing stage 1 is executed for the subsequent
stroke using the complementary part of the print head,
being the lower half of the nozzles. Thereafter printing
can proceed according to the print mask till the complete
image is printed.

Claims

1. A printing device for printing images on an image-
receiving member in a sequence of printing stages,
the printing device comprising
at least one print head for printing in each printing
stage a portion of an image on a stroke of the image-
receiving member, the print head being displaceable
in reciprocation across the image-receiving member
in a main scanning direction and having a plurality
of discharging elements for printing in each printing
stage a portion of an image on a stroke of the image-
receiving member, each printing stage correspond-
ing with a traverse of the print head in an operative
state in the main scanning direction,
displacement means for establishing relative dis-
placement between the print head and the image-
receiving member over a predetermined distance in
a sub-scanning direction after each printing stage
such that subsequently printed strokes are at least
partially overlapping, and
means for generating a delay signal,
characterised in that the printing device further
comprises
control means for controlling, in an operative state
of the printer, responsive to said delay signal the
print head and the displacement means so that fur-
ther printing is executed only on the stroke whereon
printing is in progress upon receipt of the delay signal
till all printing stages of the sequence are completed
for said stroke.

2. A printing device as recited in claim 1, further com-
prising means for generating a resume signal so that
responsive to said resume signal printing is resumed
on asubsequent stroke of the image-receiving mem-
ber contiguous to the printed strokes.

3. Aprinting device asrecitedin claims 1and 2, wherein
the delay signal is a maintenance request signal.

4. Aprintingdevice as recited in claims 1 and 2, wherein
the delay signal is generated by operator interaction.

5. A printing device as recited in any preceding claim,
wherein the control means select for each said
traverse of the print head in the main scanning di-
rection an active portion of the plurality of discharging
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elements, each active portion of discharging ele-
ments being selected on the basis of the predeter-
mined distance so that for substantially each position
inthe sub scanning direction on the part of the image-
receiving member where the image is to be ren-
dered, the traversing direction of the print head is
the same for each first exposure to an active portion
of the traversing print head.

A printing device as recited in claim 5, wherein the
selected active portion for a forward traverse is dif-
ferentfrom the selected active portion for abackward
traverse.

A printing device as recited in claims 5 or 6, wherein,
when printing subsequent portions of an image, a
repetitive sequence of printing stages and corre-
sponding displacement stepsis used, each displace-
ment step being defined by the relative displacement
between the print head and the image-receiving
member over a predetermined distance between re-
spective subsequent printing stages.

A printing device as recited in claim 7, wherein each
of the displacement steps equals the same constant.
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