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Description

[0001] The invention relates to a printing method for a
printer comprising a transport system for a recording me-
dium, and a printhead with a plurality of print units each
of which is capable of printing a pixel line when the print-
head is scanned over the recording medium, wherein a
failure compensation unit controls the print operation
such that a failure of a print unit is compensated.
[0002] An example of a printer of this type is disclosed
in EP-A-0 981 105, which relates to an ink jet printer. In
the printhead of this printer, the print units are formed by
ink jet nozzles which are arranged in a linear array ex-
tending in the direction in which the recording medium is
transported. Thus, when the printhead is scanned over
the recording medium, a swath of an image can be print-
ed, and the number of pixel lines in the swath corre-
sponds essentially to the number of nozzles present in
the printhead.
[0003] Such a printer can generally operate in different
print modes. In a single-pass mode, each nozzle of the
printhead prints the complete image information of a pixel
line during a stroke in which the printhead is moved over
the paper. Then, the paper is transported over the width
of the swath that has been printed, and the next swath
is printed in a return stroke of the printhead. As an alter-
native, a two-pass mode may be applied, in which each
nozzle prints only every second pixel of the correspond-
ing line during the first stroke, and the missing pixels are
inserted in the return stroke of the printhead. In this mode,
the paper may be transported in steps which correspond
to only half the length of the nozzle array. Then, one half
of the nozzles will be used for printing every second pixel
of a new swath, whereas the other half of the nozzles is
used for inserting the missing pixels in the swath that had
been printed in the previous stroke. As a result, two dif-
ferent nozzles will be involved in printing all the pixels of
a given pixel line.
[0004] If a nozzle of the printhead has become clogged
or fails for any other reason, the pixels that would have
been printed with the inoperative nozzle will be missing
in the printed image, and the image quality will be im-
paired. A variety of failure compensation strategies are
known for avoiding or mitigating this undesirable effect.
[0005] For example, the above-mentioned document
proposes a compensation strategy which employs the
two-pass mode. Here, the job of the inoperative nozzle
is taken over by the nozzle which is normally utilized only
for inserting the missing pixels. Of course, if the scanning
speed of the printhead is not reduced, this requires that
the nozzle that is used for failure compensation is capable
of printing pixels which twice the normal frequency.
[0006] EP-A-1 060 896 discloses a failure compensa-
tion strategy which is also applicable in a single-pass
mode. When, in the event of breakdown of a nozzle, a
specific pixel should but cannot be printed with the inop-
erative nozzle, this pixel is transferred to an addressable
position in the vicinity of the designated pixel position, so

that it can be printed with another nozzle. This strategy
helps to prevent loss of information but will not fully com-
pensate the nozzle failure and is in many cases sufficient
for suppressing the visual effect of the nozzle failure be-
low acceptable limits.
[0007] Another known failure compensation strategy
is particularly applicable to the case where a breakdown
of a nozzle or, more generally, a print unit occurs near
the end of the nozzle array. Then, an end section of the
nozzle array, which section includes the inoperative noz-
zle, is cut-off, i.e. the nozzles of this section are disabled.
As a result, the usable length of the nozzle array is some-
what reduced, and the swath of the image that is printed
in a single stroke is reduced in width. By adapting the
transport width of the recording medium to the reduced
width of the swath, a defect-free image can be printed,
although on the cost of productivity.
[0008] In general, unless redundant nozzles are
present in the printhead, failure compensation involves
a tradeoff between productivity and image quality.
[0009] EP-A-983855 discloses the preamble of claim
1.
[0010] It is an object of the invention to provide a print-
ing method and a printer that are capable of optimizing
the failure compensation strategy in terms of productivity
and image quality for a large variety of images to be print-
ed.
[0011] To this end, the printing method according to
the invention is characterized by the steps of

- storing a plurality of failure compensation strategies,
- dividing an image to be printed into segments con-

taining different types of image information, and
- selecting different ones of the stored compensation

strategies for printing different segments of the im-
age.

[0012] As is generally known in the art, a segmentation
process may be employed for analyzing the contents of
an image to be printed and for identifying different types
of image information such as text, CAD graphics, photo-
graphs and the like. In this way, it is possible for example
to identify those parts of a page to be printed which con-
tain photographs for which a halftone processing of the
print data is necessary, whereas other parts of the page,
e.g., text, do not need halftone processing. A segmenta-
tion process may also be used for automatically adapting
the operation mode of the printer to the type of image
information to be printed, so that different segments of a
page may respectively be printed with the most suitable
operation mode of the printer. For example, US-A-6 149
264 discloses a printer in which a page to be printed is
segmented into text areas and graphic areas, and a sin-
gle-pass mode is adapted for text, whereas graphic data
are printed in a two-pass mode.
[0013] According to the invention, segmentation is em-
ployed for automatically switching between different fail-
ure compensation strategies, so that each segment of
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the image will be printed with a failure compensation
strategy that is most suitable for the type of image infor-
mation contained in the respective segment.
[0014] For example, the shift-type failure compensa-
tion strategy disclosed in EP-A-1 060 896, in which the
black pixels that cannot printed are shifted to neighbour-
ing locations, will be most suitable for relatively bright
image areas, i.e. image areas in which the density of
black pixels is comparatively low, so that a sufficient
number of white pixel locations is available to which the
black pixels may be shifted. In contrast, in a relatively
dark image area, e.g. a solid black area, this compensa-
tion strategy is likely to lead to a visible defect in the
printed image. In order to achieve a high image quality
in such dark image areas, it would therefore be preferable
to adopt one of the other failure compensation strategies
discussed above which are capable of fully compensat-
ing the defect but which will generally lead to certain loss-
es in productivity. It is a main advantage of the invention
that, when a page to be printed contains both, dark and
bright image areas, it is not necessary to use a relatively
slow failure compensation strategy, which assures a
good image quality in the dark areas, for the whole page,
but is is possible to use this slower strategy only where
it is actually needed, whereas other parts of the page,
i.e. the bright image areas, can be printed with a more
productive failure compensation strategy which never-
theless provides a sufficient image quality in these areas.
As a result, it is possible to achieve a satisfactory image
quality and nevertheless to increase the overall produc-
tivity of the print operation.
[0015] The independent product claim 14 relates to a
printer adapted for carrying out the method according to
the invention.
[0016] Useful details and further developments of the
invention are indicated in the dependent claims.
[0017] Although it would be feasible to change the fail-
ure compensation strategy even within a single stroke of
the printhead, it will generally be more efficient to retain
one and the same compensation strategy for a complete
printhead stroke. Thus, the segments identified in the
segmentation process will preferable consist of swaths
or bands that extend over the whole width of the page
and correspond to an integral number of strokes of the
printhead. Then, the part of the segment that is most
sensitive to failure of a print unit will determine the com-
pensation strategy to be adopted.
[0018] In a preferred embodiment, the printer compris-
es a failure detection system which automatically detects
failures of print units, so that appropriate failure compen-
sation strategies may be activated automatically. Failure
detection and compensation may even be performed "on
the fly", i.e. while the printer is operating. Then, when a
nozzle failure occurs at a time when the printer has print-
ed a part of a page, the failure compensation unit will be
activated immediately, so that the printer can continue
with printing the rest of the page with failure compensa-
tion. Thus, visible defects in the printed image will only

occur in the relatively short delay time between the de-
tection of a nozzle failure and the time when the failure
compensation unit becomes effective.
[0019] In some cases, however, even a short delay
time between failure detection and failure compensation
may lead to an unacceptable loss of image information.
This is particularly the case when a thin horizontal line
has to be printed, i.e. a line which extends in the scanning
direction of the printhead and has a width of only a single
pixel.
[0020] Then, when the nozzle that is responsible for
printing this pixel line becomes defective, the whole line
will disappear. If, in that instant, the printer is in the single-
pass mode, there will be no efficient way to compensate
this defect.
[0021] This problem may be solved according to the
invention by configuring or programming the segmenta-
tion unit to search for critical (nozzle failure sensitive)
image items such as thin horizontal lines, so that an ap-
propriate failure compensation strategy may be applied
proactively or precautionarily. Of course, the ultimate fail-
ure compensation strategy can only be determined when
the exact location is known where the nozzle failure has
occurred, and this information will be available only a
certain time after the failure has been detected. However,
it is possible and advisable to proactively adopt a multi-
pass print mode for such critical segments, so that the
powerful failure compensation strategies that require a
multi-pass mode are readily available. Then, when a noz-
zle failure is detected in the first pass of a two-pass mode,
the defect may be compensated in the second pass. If
the failure is detected only in the second pass, at least
every second pixel in the defective line will have been
printed already in the first pass, so that the visible effect
of the failure is at least mitigated and complete loss of
information is avoided.
[0022] According to another optional feature of the in-
vention, at least two and preferably more than two differ-
ent failure compensation strategies are implemented in
the printer, e.g. by storing appropriate compensation pro-
grams in the memory of the failure compensation unit,
and these compensation strategies are ordered in a se-
quence with increasing image quality and decreasing
productivity. Then, the segmentation process comprises
a step of specifying for each segment a minimum require-
ment for the image quality, depending on the image in-
formation contained in the segment, and the controller
will select the first compensation strategy in the sequence
that fulfils this minimum requirement.
[0023] As has been mentioned already, the darkness
or brightness of an image area is an important criterion
for selecting the failure compensation strategy. In the
segmentation process, this criterion may be quantified
by measuring a primary image classifier which is a meas-
ure for the darkness or the brightness of the image area.
In case of bi-level print process in which a single pixel
can be printed only either in black or in white, a suitable
primary image classifier may for example be the average
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number of black pixels contained in a given basic area.
The minimum requirement for the image quality and
hence the failure compensation strategy to be applied
may then be determined simply by setting threshold val-
ues to which the primary image classifiers are compared.
In order to increase the sensitivity of the segmentation
process, there may be provided a set of different primary
image classifiers which differ from one another in the size
of the basic area. Each classifier may then be compared
to an associated threshold value, and the comparison
results may be filtered with an appropriate filter in order
to determine the ultimate compensation strategy.
[0024] It has been observed that a defect in the printed
image, which defect may be the result of an incomplete
failure compensation, is less perceptible to the human
eye when there exists a high level of high-frequency con-
trast in the vicinity of the defect. In order to take advantage
of this effect, it is preferable to employ a context filtering
procedure in the segmentation process. The context filter
may be applied to the primary classifiers or, alternatively,
to the associated threshold values, e.g. by shifting the
threshold values depending on the level of contrast in
the basic area or the vicinity thereof.
[0025] The size of the segments determined in the seg-
mentation process will naturally be adapted to the pattern
of swaths printed by the printhead, i.e. the length of the
nozzle array in the direction of paper transport. Since a
frequent switching between different failure compensa-
tion strategies and, especially, a frequent switching be-
tween single-pass and multi-pass, may itself lead to a
loss in productivity, it is preferable to apply a low-pass
filter to the segments in order to reduce the number of
switch operations.
[0026] The invention is not only applicable to black and
white printers but also to colour printers. In a colour print-
er, the hybrid failure compensation process described
above may be applied individually to each colour sepa-
ration image, preferably with different segmentation cri-
teria for the different colours, because, for example, a
defect in a yellow colour separation will be less visible
than one in cyan. In case of a colour printer, it is also
possible to employ additional inter-colour failure com-
pensation strategies. For example, in four colour printing
with the basic colours yellow, cyan, magenta and black
with subtractive colour composition, a failure of a black
nozzle may be compensated by superimposing yellow,
magenta and cyan pixels. Consequently, a failure of a
cyan nozzle, for example, may be compensated to some
extent by inserting black pixels so as to reproduce at least
the grey level of the surroundings.
[0027] A preferred embodiment of the invention will
now be described in conjunction with the drawings, in
which:

Fig. 1 is a diagram showing essential parts of
an ink jet printer to which the invention is
applicable;

Figs. 2 to 5 show images of a page to be printed, for

illustrating the effect of a segmentation
process;

Fig. 6 is a block diagram of a failure compensa-
tion unit of the printer;

Figs. 7-12 are diagrams for explaining different fail-
ure compensation strategies;

Fig. 13 is a diagram illustrating a step in the seg-
mentation process; and

Fig. 14 a flow chart of a process for selecting a
failure compensation strategy in a print
process.

[0028] As is shown in figure 1, an ink jet printer com-
prises a platen 10 driven for rotation in the direction of
an arrow A for transporting a paper sheet 12 which serves
as an image recording medium. A printhead 14 is mount-
ed on a carriage 16 which is guided on guide rails 18 and
travels back and forth in the direction of an arrow B along
the platen 10 so as to scan the paper sheet 12. The print-
head 14 comprises four nozzle heads 20, one for each
of the basic colours yellow, cyan, magenta and black. On
the side facing the sheet 12, each nozzle head 20 has a
linear array of nozzles 22. The nozzle heads 20 are en-
ergized in accordance with image information of an im-
age to be printed on the sheet 12. Each nozzle 22 can
be energized separately so as to eject an ink droplet
which will form a dot at a corresponding pixel position on
the sheet 12. Thus, when the printhead 14 performs a
single stroke along the platen 10, each nozzle 22 can be
energized to draw a single pixel line of the intended im-
age. As a result, during each forward or backward stroke
of the carriage 16, the printhead 14 will print a swath or
band of the image, and the number of pixel lines of the
swath will correspond to the number of nozzles 22
present in each nozzle array. Although only eight nozzles
22 have been shown per nozzle head 20 in figure 1, in
practice, the number of nozzles will be considerably larg-
er.
[0029] Each nozzle head 20 has an electronic failure
detector 24 capable of detecting failure of a nozzle in the
associated nozzle head. The failure detector will also in-
dicate the location of the nozzle or nozzles that have
become inoperative. As an alternative, a failure detector
may be provided near one end of the platen 10 in a po-
sition outside of the area of the sheet 12, and when the
carriage has reached the position of this detector at the
end of a stroke, the detector will check whether ink drop-
lets have actually been expelled from each of the nozzles
22.
[0030] When a failure of one or more of the nozzles 22
has been detected by the failure detectors 24, one of a
plurality of failure compensation strategies will be called-
up in order to compensate for the breakdown of the noz-
zle or nozzles, as will be explained in detail below.
[0031] Figure 2 shows an example of an image of a
page 26 to be printed. In this simplified example, the im-
age comprises a number of image items 28, 30, 32 and
34 which include different types of image information. In

5 6 



EP 1 452 319 B1

5

5

10

15

20

25

30

35

40

45

50

55

the example shown, item 28 is a relatively dark narrow
horizontal bar, item 30 is a photograph with comparative-
ly large dimensions and a comparatively high average
darkness, item 32 is a thin horizontal line which has only
a width of a single pixel, and item 34 is a text item.
[0032] The photograph 30 is relatively sensitive to noz-
zle failure, because a missing pixel line would be clearly
visible on the dark background. The thin horizontal line
32 is also very sensitive to nozzle failure, because a fail-
ure of the pertinent nozzle would lead to a complete loss
of image information. In contrast, the items 28 and 34
are less sensitive to nozzle failure, because a missing
pixel line would always be located in the vicinity of a bor-
derline where there exists a sharp contrast between dark
and bright which would somewhat shield the image de-
fect so that the latter is less perceptible. Under these
circumstances, the items 30 and 32 would require a fail-
ure compensation strategy which results in a high image
quality and avoids a complete loss of image information,
respectively. Such compensation strategies will gener-
ally require a slower operation mode of the printhead, so
that the time required for printing the page 26 would be
increased. On the other hand, the items 28 and 34 would
permit a failure compensation strategy which only miti-
gates the effect of the nozzle failure rather than com-
pletely compensating the same, and such failure com-
pensation strategies permit a higher printing speed.
[0033] In order to be able to adopt an optimal failure
compensation strategy in terms of image quality and pro-
ductivity for each of the items 28-34, a segmentation
process is applied to the image in order to identify the
different image items and to evaluate the type of image
information contained therein. In figure 2, two preliminary
segments 36 and 38 corresponding to the items 30 and
32 are indicated in dot-dashed lines. Since a failure com-
pensation strategy will always apply to one or more com-
plete strokes of the printhead 14, the segments 36 and
38 each extend over the whole width of the page 26. For
simplicity, it is assumed here that the rest of the page 26,
i.e. the areas outside of the segments 36 and 38 form
segments that can be printed with a simple, relatively fast
failure compensation strategy.
[0034] Figure 3 shows the page 26 divided into a
number of swaths 40 which are each printed in a single
stroke of the printhead 14. It is assumed here that the
printer operates in a single-pass mode, so that the swaths
40 are not or hardly overlapping, and the sheet 12 will
be transported by the width of a single swath after each
stroke of the printhead.
[0035] In figure 4, the size of the segments 36, 38 has
been matched to the raster of the swaths 40. It can be
seen that the segments 36 and 38 are separated only by
a single swath. As an example, it shall be assumed that
the failure compensation strategy adopted for the seg-
ments 36 and 38 requires a two-pass mode, in which
there is an overlap of 50% between the swaths covered
by the printhead in the forward stroke and the rearward
stroke. This has been symbolized by dot-lines 42 above

and below the segment 38. When the print mode is
switched from single-pass to two-pass or vice versa, one
half of a swath must be wasted. It would therefore not be
efficient to switch over to the single-pass mode for the
one swath existing between the segments 38 and 36.
For this reason, the pattern of segments is subjected to
a low-pass filtering in order to avoid too frequent and
inefficient switching between the print modes. The result
is shown in figure 5 where the segments 36 and 38 have
been united to a single segment 44.
[0036] Figure 6 is a block diagram of a failure compen-
sation unit 46 of the printer. The failure compensation
unit may be configured as a physical unit comprising one
or more processors, memories and the like or may be
implemented in the general control software of the print-
er. The image data to be printed are input as a pixel bit
stream 48 and are buffered in a print data file 50. A mem-
ory 52 includes a number (5 in the given example) of
failure compensation strategies, e.g. in the form of pro-
gram code. The failure compensation strategies will be
described below.
[0037] A segmentation unit 54 receives detection sig-
nals from the failure detectors 24 and has access to the
data file 50 so as to perform the segmentation process
described above with reference to figures 2 to 5. The
result is a strategy file 56 which assigns one of the failure
compensation strategies stored in the memory 52 to each
of the (single-pass) swaths 40. The swaths are counted
from the bottom of the page 26 in figure 5. In the example
shown, swaths No. 6 to 11 form the segment 44 for which
the compensation strategy No. 5 is applied, whereas
strategy No. 1 is applied to the rest of the page.
[0038] A controller 58 reads the strategy file 56 and
calls-up the failure compensation strategies from the
memory 52 as determined by the strategy file. The con-
troller also reads the image data file 50, modifies the im-
age data in accordance with the pertinent failure com-
pensation strategy and outputs the modified image data
60 to the nozzle heads 20 and generates control data 62
to be output to other components of the printer such as
carriage drive, paper transport and the like, so that the
image will be printed in accordance with the failure com-
pensation strategies as scheduled in the strategy file.
[0039] The various failure compensation strategies
stored in the memory 52 will now be explained in con-
junction with figures 7 to 13.
[0040] Strategy No. 1, which is called "single-pass and
shift" is illustrated in figure 7. By way of example, it is
assumed that the image of the pertinent segment con-
sists of two slanting lines having each a width of two
pixels and separated by a gap of three white pixels. The
printer operates in the single-pass mode, so that all the
information of a given pixel line has to be printed with
only one nozzle of the nozzle head 20 for the respective
colour. It is assumed that a nozzle failure has occurred
in pixel line 64. Consequently, the pixels in line 64 and
columns 66, 68, 70 and 72 should but cannot be printed
with the pertinent nozzle, and a defect in the form of a
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white pixel line occurs in the printed image. In order to
mitigate the visual impression of this defect, the pixels in
columns 66-72 are shifted either upwards into the line
above line 64 or downward into the line below line 64. In
column 66, the pixel cannot be shifted upwards because
the pixel thereabove would be black anyway. This is why
this pixel is shifted downward to the location 74. In con-
trast, the pixel in column 68 is shifted from line 64 into
the line immediately thereabove. The same holds true
for the pixels in columns 72 and 70, respectively. Thus,
the average darkness of the image is conserved even in
the vicinity of the line 64. Keeping in mind that the pixel
size is largely exaggerated in figure 7 and will in practice
be close to the limit of spatial resolution of the human
eye, the resulting visual impression is fully acceptable.
This failure compensation strategy also conserves the
full productivity of the printer, because the operating
speed of the printhead need not be reduced. However,
this strategy would be less effective if the segment to be
printed would consist of a solid black area.
[0041] Failure compensation strategy No. 2 "single-
pass and cut" is slightly less productive but permits a
complete failure compensation. This strategy, which is
illustrated in figure 8, is applicable when a nozzle failure
occurs in a top or bottom end portion of the nozzle array
of a nozzle head 20. In figure 8, the nozzle head 20 is
symbolized by a rectangle, and an end portion 76 con-
taining the inoperative nozzle has been hatched. The
compensation strategy consists of cutting away, i.e. dis-
abling the nozzles in the end portion 76, so that the swath
40’ that is actually printed has a slightly reduced width.
The paper transport distance at the end of a printhead
stroke is reduced accordingly, so that the swaths 40 are
seamlessly butted together, as can be seen in figure 8.
[0042] Figure 9 illustrates a modification of this strate-
gy, which is even less productive but permits to compen-
sate a nozzle failure in a central portion 78 of the nozzle
head 20. In this case, the central portion 78 having a
length of one third of the complete nozzle array is disa-
bled, so that the swath printed in a single stroke consists
of two separate sub-swaths 40a, 40b. The gap between
these swaths is inserted in the return stroke by the swath
40a, i.e. the swaths 40a and 40b are interleaved. In the
example shown in figure 6, this strategy has not been
implemented.
[0043] Failure compensation strategy No. 3 "two pass
fast and shift" will now be explained in conjunction with
figures 10 and 11. This strategy employs the shift mech-
anism that has already been described in conjunction
with figure 7, but now in a fast two-pass mode. A two-
pass mode or, more generally, a multi-pass mode has
the advantage that two or more nozzles are involved in
printing a single pixel line, so that a nozzle failure will
affect only some of the pixels in the line. This is illustrated
in figure 10, where, in lines 1-8, all pixels having an odd
column number have been printed in a forward pass n.
In lines 1-4, even-numbered pixels had been printed al-
ready in a previous return pass n-1. Due to a breakdown

of a nozzle 22’, pixels are missing in lines 3, 7 and 3’.
However, as can be seen in line 7, every second pixel
can still be printed with an operative nozzle 22". The black
pixels in line 3 have been printed in the same way. Thus,
switching to a two-pass mode has the effect that, even
in case of a nozzle failure, the corresponding pixel line
will not be missing completely but is still printed with an
optical density of 50%.
[0044] By adopting the shift mechanism discussed
above, the result can be improved further, as has been
shown in figure 11. This figure shows the same image
as figure 7, but now only the pixels in columns 68 and 70
needed to be shifted, and the optical impression is im-
proved significantly.
[0045] In the fast two-pass mode, the carriage 16 trav-
elling along the platen 10 is driven with twice the normal
speed, while the dot generation frequency of the nozzles
22 is kept at the original value. Thus, although two passes
are needed for printing a complete swath, the productivity
is almost as high as in the single- pass mode. However,
a certain loss in productivity is caused by the necessity
to decelerate the carriage 16 and to reverse its direction
of movement more frequently. This is why the strategy
No. 3 is less productive than the strategy No. 1 and even
less productive than the strategy No. 2, if the cut-away
portion 76 of the nozzle array is relatively short. On the
other hand, a multipass mode leads to an improvement
in the overall image quality because defects resulting
from dot position errors, for example, can be smoothened
out.
[0046] The failure compensation strategy No. 4 shown
in figure 6, "two-pass fast and cut" employs the fast two-
pass mode in combination with the cut procedure illus-
trated in figure 8.
[0047] The failure compensation strategy No. 5 "single
pass slow and insert" is illustrated in figure 12. Here, the
two-pass mode is adopted, but the carriage is moved
only with the normal speed, and the dot generation fre-
quency of most of the nozzles 22 is reduced to 50%. As
a consequence, the productivity of the print process is
also reduced to 50%. On the other hand, this strategy
has the advantage that a complete failure compensation
can be achieved even in cases where nozzle failure oc-
curs in a central portion of the nozzle array, so that the
cut strategy of figure 8 would not work, or in cases where
nozzle failure occurs for two adjacent nozzles, so that
the shift strategy would not work. To compensate for the
failure of nozzle 22’ in figure 12, the complementary noz-
zle 22" is operated with the normal drop generation fre-
quency, i.e. twice the frequency of the other nozzles, so
that all the pixels missing in line 7 can be filled-in with
the nozzle 22".
[0048] In a modified embodiment, it is possible that the
printer operates with a nominal dot generation frequency
of 10 kHz, for example, but is also capable of operating
with twice the nominal dot generation frequency, i.e. 20
kHz. The mode with the nominal frequency will then be
used for example in a quality mode in order to achieve
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an optimal image quality, whereas the mode with double
frequency, in which the image quality may be slightly less,
will be adopted in a draft mode, for example. Then, in the
quality mode, the strategy shown in figure 12 may be
applied with the nominal dot generation frequency and
double carriage speed, and only the nozzle 22" will be
operated with double frequency, so that a higher produc-
tivity can be achieved.
[0049] Of course, other failure compensation strate-
gies that are known in the art may also be implemented,
and the set of selectable compensation strategies may
be varied depending upon the operating mode (draft, nor-
mal or quality) of the printer.
[0050] Details of the segmentation process employed
in the segmentation unit 54 will now be explained with
reference to figure 13. This figure shows a pixel pattern
of a portion of an image to be printed, as specified in the
data file 50. In the example shown, most of the area has
a grey level of 50%, i.e. one half of the pixels is black and
the other half is white. The image area is divided into
square basic areas of, preferably, 32 x 32 pixels, although
only 8 x 8 pixels have been shown in the drawing. One
basic area 80 has been highlighted in figure 13 by a white
borderline.
[0051] A first step in the segmentation process consists
of measuring the average brightness of each basic area
by counting the number of white pixels. This average
brightness will be taken as a primary image classifier for
determining the failure compensation strategy to be ap-
plied. The value 0 is assigned to black pixels, and the
value 255 is assigned to white pixels. Thus, the average
image value of the basic area 80 will be 127. In general,
a high value of the primary image classifier means that
a rather productive failure compensation strategy, e.g.
strategy No. 1, can be applied, whereas a low primary
image classifier means that one of the high quality strat-
egies, e.g. strategy No. 5, has to be applied.
[0052] In the next step, the primary image classifiers
are subjected to context filtering in view of the fact that
a defect caused by a nozzle failure will be less visible
when it occurs near a border between the dark area and
an adjacent bright area. To this end, a square window of
5 x 5 basic areas is shifted over the image, with the basic
area 80 that is currently inspected being in the center of
this window. In figure 13, the 5 x 5 window surrounding
the basic area 80 is indicated as the base of a pyramid
82. The primary image classifiers measured for each of
the 25 basic areas in the window 82 are subjected to
maximum filtering. Since, in the example shown, all 25
basic areas have the primary image value of 127, the
maximum is also 127, as is indicated on the top of the
pyramid symbolizing the window 82. However, when the
window is shifted by one basic area to the right, in order
to inspect a basic area 84, the window, which is now
symbolized by a pyramid 86 shown in dashed lines, in-
cludes also a brighter basic area 88 which has a basic
image classifier of 191. Then, maximum filtering leads to
a filtered image value of 191 for the basic area 84. In this

way, by shifting the window over the whole page 26, a
filtered primary classifier is obtained for each basic area.
[0053] In a simplified version of the segmentation proc-
ess, the next step consists of comparing the filtered pri-
mary classifiers to appropriate threshold values. When
the filtered primary classifiers of all basic areas in a row
extending over the whole width of the page 26 exceed
the highest threshold value, then this row of basic areas
can be classified as part of a segment to which the failure
compensation strategy No. 1 applies. On the other hand,
if none of the filtered primary classifiers in this row ex-
ceeds the lowest threshold value, then this row will be
classified as part of a segment to which failure compen-
sation strategy No. 5 applies. In this way, the provisional
segment 36 shown in figure 2 can be obtained, whereas
the items 28, 32 and 34 have passed the context filtering
procedure for strategy No. 1. The segment 38 corre-
sponding to the single pixel line 32 is obtained by a dif-
ferent process, as will be explained below.
[0054] Figure 14 is a flow chart illustrating a more elab-
orated segmentation process.
[0055] In step 100, the data file 50 is read-in. In step
101, the whole image of the page 26 is checked for thin
horizontal lines such as the line 32 in figure 2. This is
achieved by conventional image processing techniques
that are known in the art. If one or more of such horizontal
lines are found, a proactive failure compensation strategy
is scheduled in step 102. This step includes the identifi-
cation of the segment 38, as in figure 2, and the matching
of the segment to the swath width, as in figure 4. In the
example shown, the steps 100 - 102 are performed be-
fore the operation of the printhead 14 starts. It is further
specified in step 102 that the failure compensation strat-
egy No. 5 shall be adopted for the segment 38, even
though it is not known at that instant whether a nozzle
failure will actually occur and which nozzle will be affect-
ed. In any case, a two-pass mode will be scheduled for
this segment. This has the advantage that the failure
compensation process can readily be activated if the de-
mand occurs. Thus, a complete loss of information can
reliably be avoided.
[0056] In a modified embodiment, it would also be pos-
sible to schedule the failure compensation process No.
3 for horizontal lines having a width of two pixels, for
example.
[0057] It should further be observed here that it would
also be possible to employ the failure compensation strat-
egy No. 1 (shift) for single-pixel lines. Then, the line as
a whole would be shifted by one pixel. However, in the
case of high quality printing of CAD graphics, where po-
sitional accuracy is important, this strategy may not be
acceptable.
[0058] Subsequent to step 102, the printhead 14 is
started to operate in step 104. If no thin horizontal lines
have been found in step 101, then the step 102 is skipped.
[0059] In step 105, it is checked by means of the failure
detectors 24 whether or not a nozzle failure has occurred,
and the location of the nozzle failure or failures is com-
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municated to the segmentation unit 54. If no nozzle failure
has been detected, the step 105 is repeated in a loop
while the page is being printed.
[0060] As soon as a nozzle failure occurs, threshold
values Tij for the segmentation process are set in step
106. The index i (i = 1, ..., 5) identifies the failure com-
pensation strategy to which the threshold value applies.
It will be noted that, as is shown in figure 6, the compen-
sation strategies are ordered in a sequence with increas-
ing image quality and decreasing productivity. Thus, i =
1 means highest productivity and i = 5 means highest
quality.
[0061] In the segmentation process of this embodi-
ment, primary image classifiers Bj are measured for basic
areas (such as 80) with different sizes, e.g. with sizes of
8†x†8, 16 x 16, 32 x 32 pixels and so on (and possibly
also for different window sizes such as 5 x 5 or 3 x 3 basic
areas). The second index j of the classifiers Bjand of the
threshold values Tij identifies the type or size of basic
area to which the classifiers and threshold values apply.
[0062] In step 107, the primary classifiers Bj are meas-
ured for the various sizes of the basic areas, of course
always for rows of basic areas extending over the whole
width of the page 26.
[0063] In step 108, context filtering is applied individ-
ually to each set of primary classifiers Bj.
[0064] In step 109, the index i is set to 1. In step 110,
it is checked whether all the filtered primary classifiers Bj
for all sizes of the basic areas and for all basic areas in
the row are larger than the maximum maxj(Tij) of the
threshold values Tij. Since, in the present instant, i has
been set to 1, the maximum is taken over the threshold
values T1j. If the condition checked in step 110 is fulfilled,
the failure compensation strategy i (1) is adopted in step
111. Since the values Bj have been compared to the max-
imum of the threshold values T1j in step 110, the failure
compensation strategy No. 1 with the highest productivity
will be applied only if the values Bj for all sizes of the
basic areas have passed the test in step 110.
[0065] If the test in step 110 has failed, it is checked in
step 111 whether the index i has reached the maximum
value 5. If this is not the case, i is incremented in step
113, and the process loops back to step 110. Thus, the
loop consisting of the steps 110, 111, 112 and 113 iden-
tifies the failure compensation strategy with the highest
productivity which still provides a sufficient image quality
for the segment that is being inspected. If none of the
strategies No. 1-4 has passed the test in step 110, the
loop is exited with step 114 where the strategy No. 5 for
highest quality is scheduled.
[0066] Subsequent to step 111 or step 114, the proc-
ess loops back to step 105, where it is checked whether
a new nozzle failure has occurred while the print process
proceeds. It will be understood that the steps 105 through
114 are repeated until the whole page 26 or at least a
certain number of adjacent swaths 40 has been exam-
ined with basic areas of all sizes, thereby to determine
the dimensions of the segments 36, 38 as in figure 4.

Finally, although this is not shown in figure 14, the seg-
ments are subjected to low-pass filtering in order to re-
move unreasonably small gaps between segments of the
same type, as has been shown in figure 5.
[0067] The threshold values Tij determined in step 106
may of course depend upon the locations of the defective
nozzles as detected in step 105. Thus, step 106 should
be performed after step 105. However, the steps 107 and
108 may be performed prior to step 106 or to step 105
or even before the print process has started in step 104.
This will reduce the processing time needed after a noz-
zle failure has been detected and will therefore permit to
react more quickly when a nozzle failure occurs.
[0068] On the other hand, the nozzle failures detected
in step 105 may be stored in a nonvolatile memory, so
that they are readily available when the printer has been
switched off and is switched on again at a later time.
[0069] Thanks to the powerful and yet productive fail-
ure compensation mechanism according to the inven-
tion, it is possible to extend the cleaning or maintenance
intervals for the printer and or to reduce the number of
instances where service personal has to be called for
mending nozzle failures.
[0070] With increasing resolution of printers, and
hence with increasing numbers of nozzles or other print
units and decreasing dimensions of the print units, the
likelihood of nozzle failures becomes larger, not only
when the printer is in use but already in the production
process of the printhead. The invention may also permit
to tolerate a certain number of nozzle failures for a virgin
printhead, and thereby to increase the yield in the man-
ufacturing process of the printhead.

Claims

1. A printing method to be performed with a printhead
(14) with a plurality of print units (22) each of which
is capable of printing a pixel line when the printhead
is scanned over a recording medium (12), wherein
the print operation is controlled such that a failure of
a print unit (22) is compensated, characterized by
the steps of

- storing a plurality of failure compensation strat-
egies,
- dividing an image (26) to be printed into seg-
ments (36, 38; 44) containing different types of
image information, and
- selecting different ones of the stored compen-
sation strategies for printing different segments
of the image.

2. Method according to claim 1, wherein the segments
(36, 38; 44) extend over the whole width of the image
(26) to be printed.

3. Method according to claim 2, wherein the dimension
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of the segments (36, 38; 44) in a direction normal to
the scanning direction (B) of the printhead (14) is
adapted to the length of an array of print units (22)
of the printhead.

4. Method according to any of the preceding claims,
comprising the steps of sorting the stored compen-
sation strategies in a sequence of increasing image
quality and decreasing productivity,
assigning to each segment a criterion (Tij) specifying
a minimum requirement for the image quality, and
selecting, for a segment to be printed, the first strat-
egy in the sequence that fulfills the criterion assigned
to that segment.

5. Method according to any of the preceding claims,
comprising a step of filtering the pattern of segments
(36, 38) with a low-pass spatial frequency filter for
reducing the number of switching operations from
one compensation strategy to another.

6. Method according to any of the preceding claims,
comprising a step of automatically detecting a failure
of a print unit (22) and a step of automatically acti-
vating or adapting a failure compensation strategy
in accordance with the detected failure.

7. Method according to any of the preceding claims,
comprising the steps of searching the image to be
printed for nozzle failure sensitive items (32), and
proactively applying such a compensation strategy
in accordance with the search result.

8. Method according any of the preceding claims,
wherein the failure compensation strategies com-
prise at least one strategy that is applicable in a sin-
gle-pass mode of the printhead (14) and at least one
strategy that is applicable in a multi-pass mode of
the printhead.

9. Method according to any of the preceding claims,
wherein the step of dividing the image into segments
(36, 38; 44) includes a step (107) of extracting a pri-
mary image classifier (Bj) from each area of the im-
age, said primary image classifier being a measure
for the brightness of that area, and a step of deter-
mining the segments on the basis of the values of
the primary image classifiers (Bj) of the image areas
contained therein.

10. Method according to claim 9, comprising a step (108)
of context filtering the primary classifiers (Bj) of the
image areas and determining the segments on the
basis of the filtered classifiers.

11. Method according to claim 10, wherein the image is
divided into basic areas (80, 84, 88) comprising a
plurality of pixel, the primary classifier (Bj) is meas-

ured for each basic area, and context filtering is ap-
plied to blocks (82, 86) consisting of a plurality of
basic areas.

12. Method according to any of the claims 9 to 10, where-
in at least one threshold value (Tij) is defined for each
failure compensation strategy (i), and the failure
compensation strategy for a segment is selected by
comparing the smallest primary image classifier (Bj),
that has been found for the segment, to said thresh-
old values (Tij).

13. Method according to claims 11 and 12, wherein pri-
mary image classifiers (Bj) are measured for basic
areas of different sizes, and the primary classifiers
obtained for each basic area size are compared to
respective threshold values (Tij).

14. A printer comprising a transport system (10) for a
recording medium (12), a printhead (14) with a plu-
rality of print units (22) each of which is capable of
printing a pixel line when the printhead is scanned
over the recording medium, and a failure compen-
sation unit (46) controlling the print operation such
that a failure of a print unit is compensated, charac-
terized in that a segmentation unit (54) is provided
for dividing an image (26) to be printed into segments
(36, 38; 44) containing different types of image in-
formation, and in that the failure compensation unit
(46) comprises a memory (52) storing a plurality of
compensation strategies and a controller (58) select-
ing one of said compensation strategies in accord-
ance with the segment to be printed.

15. Printer according to claim 14, implementing a print-
ing method according to any of the claims 1 to 13.

Patentansprüche

1. Druckverfahren, auszuführen mit einem Druckkopf
(14) mit einer Vielzahl von Druckeinheiten (22), von
denen jede in der Lage ist, eine Pixelzeile zu dru-
cken, wenn der Druckkopf abtastend über ein Auf-
zeichnungsmedium (12) bewegt wird, wobei die
Druckoperation so gesteuert wird, dass ein Fehler
einer Druckeinheit (22) kompensiert wird, gekenn-
zeichnet durch die folgenden Schritte:

- Speichern einer Vielzahl von Fehlerkompen-
sationsstrategien,
- Aufteilen eines zu druckenden Bildes (26) in
Segmente (36, 38; 44), die unterschiedliche Ty-
pen von Bildinformation enthalten, und
- Auswählen unterschiedlicher der gespeicher-
ten Fehlerkompensationsstrategien für das Dru-
cken unterschiedlicher Segmente des Bildes.
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2. Verfahren nach Anspruch 1, bei dem die Segmente
(36, 38; 44) sich über die gesamte Breite des zu dru-
ckenden Bildes (26) erstrecken.

3. Verfahren nach Anspruch 2, bei dem die Abmessun-
gen der Segmente (36, 38; 44) in einer Richtung
senkrecht zu der Abtastrichtung (B) des Druckkop-
fes (14) an die Länge eines Feldes von Druckeinhei-
ten (22) des Druckkopfes angepasst ist.

4. Verfahren nach einem der vorstehenden Ansprüche,
mit den Schritten des Sortierens der gespeicherten
Kompensationsstrategien in der Reihenfolge zuneh-
mender Bildqualität und abnehmender Produktivität,
Zuweisen eines Kriteriums (Tij) zu jedem Segment,
wobei des Kriterium eine Minimalanforderung an die
Bildqualität spezifiziert, und
Auswählen, für ein zu druckendes Segment, der ers-
ten Strategie in der Sequenz, die das diesem Seg-
ment zugewiesene Kriterium erfüllt.

5. Verfahren nach einem der vorstehenden Ansprüche,
mit einem Schritt des Filterns der Muster von Seg-
menten (36, 38) mit einem Tiefpass-Raumfrequenz-
filter zum Reduzieren der Anzahl von Umschaltope-
rationen von einer Kompensationsstrategie zu einer
anderen.

6. Verfahren nach einem der vorstehenden Ansprüche,
mit einem Schritt der automatischen Detektion eines
Fehlers einer Druckeinheit (22) und einem Schritt
der automatischen Aktivierung oder Anpassung ei-
ner Fehlerkompensationsstrategie in Übereinstim-
mung mit dem detektierten Fehler.

7. Verfahren nach einem der vorstehenden Ansprüche,
mit den Schritten des Durchsuchens des zu drucken-
den Bildes nach für Düsenfehler sensitiven Merkma-
len (32), und der proaktiven Anwendung einer sol-
chen Kompensationsstrategie in Übereinstimmung
mit dem Suchergebnis.

8. Verfahren nach einem der vorstehenden Ansprüche,
bei dem die Fehlerkompensationsstrategien we-
nigstens eine Strategie umfassen, die in einem Ein-
zelpass-Modus des Druckkopfes (14) anwendbar
ist, und wenigstens eine Strategie, die in einem Mul-
tipass-Modus des Druckkopfes anwendbar ist.

9. Verfahren nach einem der vorstehenden Ansprüche,
bei dem der Schritt des Aufteilens des Bildes in Seg-
mente (36, 38; 44) einen Schritt (107) der Extraktion
eines primären Bildklassifizierers (Bj) aus jedem Ge-
biet des Bildes umfasst, wobei der primäre Bildklas-
sifizierer ein Maß für die Helligkeit dieses Gebietes
ist, sowie einen Schritt der Bestimmung der Seg-
mente auf der Basis der Werte der primären Bild-
klassifizierer (Bj) der darin enthaltenen Bildgebiete.

10. Verfahren nach Anspruch 9, mit einem Schritt (108)
der Kontextfilterung der primären Bildklassifizierer
(Bj) der Bildgebiete und der Bestimmung der Seg-
mente auf der Basis der gefilterten Klassifizierer.

11. Verfahren nach Anspruch 10, bei dem das Bild in
Basisgebiete (80, 84, 88) aufgeteilt wird, die eine
Vielzahl von Pixeln enthalten, wobei der primäre
Klassifzierer (Bj) für jedes Basisgebiet gemessen
wird und die Kontextfilterung auf Blöcke (82, 86) an-
gewandt wird, die aus einer Vielzahl von Basisge-
bieten bestehen.

12. Verfahren nach einem der Ansprüche 8 bis 9, bei
dem wenigstens ein Schwellenwert (Tij) für jede Feh-
lerkompensationsstrategie (i) definiert wird und die
Fehlerkompensationsstrategie für ein Segment aus-
gewählt wird durch Vergleich des kleinsten primären
Bildklassifizierers (Bj), der für das Segment gefun-
den wurde, mit den Schwellenwerten (Tij).

13. Verfahren nach den Ansprüchen 11 und 12, bei dem
primäre Bildklassifizierer (Bj) für Basisgebiete mit
unterschiedlichen Größen gemessen werden und
die für jede Größe von Basisgebieten erhaltenen pri-
mären Klassifizierer mit jeweiligen Schwellenwerten
(Tij) verglichen werden.

14. Drucker mit einem Transportsystem (10) für ein Auf-
zeichnungsmedium (12), einem Druckkopf (14) mit
einer Vielzahl von Druckeinheiten (22), deren jede
in der Lage ist, eine Pixelzeile zu drucken, wenn der
Druckkopf abtastend über das Aufzeichnungsmedi-
um bewegt wird, und einer Fehlerkompensations-
einheit (46) zur Steuerung der Druckoperation der-
art, dass ein Fehler einer Druckeinheit kompensiert
wird, dadurch gekennzeichnet, dass eine Seg-
mentierungseinheit (54) dazu vorgesehen ist, ein zu
druckendes Bild (26) in Segmente (36, 38; 44) auf-
zuteilen, die unterschiedliche Typen von Bildinfor-
mationen enthalten, und dass die Fehlerkompensa-
tionseinheit (46) einen Speicher (52) aufweist, der
eine Vielzahl von Kompensationsstrategien spei-
chert, sowie eine Steuereinrichtung (58), die ent-
sprechend dem zu druckenden Segment eine der
Kompensationsstrategien auswählt.

15. Drucker nach Anspruch 14, in dem ein Verfahren
nach einem der Ansprüche 1 bis 13 implementiert ist.

Revendications

1. Procédé d’impression à effectuer avec une tête d’im-
pression (14) ayant une pluralité d’unités d’impres-
sion (22), dont chacune est capable d’imprimer une
ligne de pixels lorsque la tête d’impression balaie un
support d’enregistrement (12), dans lequel l’opéra-
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tion d’impression est commandée de sorte qu’une
défaillance d’une unité d’impression (22) soit com-
pensée, caractérisé par les étapes consistant à :

- stocker une pluralité de stratégies de compen-
sation de défaillance,
- diviser une image (26) à imprimer en segments
(36, 38 ; 44) contenant différents types d’infor-
mations d’image, et
- choisir des stratégies différentes parmi les stra-
tégies de compensation stockées pour imprimer
différents segments de l’image.

2. Procédé selon la revendication 1, dans lequel les
segments (36, 38 ; 44) s’étendent sur toute la largeur
de l’image (26) à imprimer.

3. Procédé selon la revendication 2, dans lequel la di-
mension des segments (36, 38 ; 44) dans une direc-
tion normale à la direction de balayage (B) de la tête
d’impression (14) est adaptée à la longueur d’un ré-
seau d’unités d’impression (22) de la tête d’impres-
sion.

4. Procédé selon l’une quelconque des revendications
précédentes, comprenant les étapes consistant à :

trier les stratégies de compensation stockées
dans une séquence d’augmentation de la qua-
lité de l’image et de diminution de la productivité,
affecter à chaque segment un critère (Tij) spé-
cifiant une exigence minimale pour la qualité de
l’image et
choisir, pour un segment à imprimer, la première
stratégie de la séquence qui réponde au critère
affecté à ce segment.

5. Procédé selon l’une quelconque des revendications
précédentes, comprenant une étape de filtration du
motif de segments (36, 38) avec un filtre de fréquen-
ces spatiales passe-bas pour réduire le nombre
d’opérations de commutation d’une stratégie de
compensation à l’autre.

6. Procédé selon l’une quelconque des revendications
précédentes, comprenant une étape de détection
automatique d’une défaillance d’une unité d’impres-
sion (22) et une étape d’activation ou d’adaptation
automatique d’une stratégie de compensation de dé-
faillance en fonction de la défaillance détectée.

7. Procédé selon l’une quelconque des revendications
précédentes, comprenant les étapes consistant à :

rechercher l’image à imprimer pour des articles
sensibles aux défaillances de buses (32) et
appliquer de manière proactive une telle straté-
gie de compensation en fonction du résultat de

la recherche.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les stratégies de compen-
sation de défaillance comprennent au moins une
stratégie qui est applicable en mode de passe unique
de la tête d’impression (14) et au moins une stratégie
qui est applicable en mode multi-passe de la tête
d’impression.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’étape de division de l’ima-
ge en segments (36, 38 ; 44) comprend une étape
(107) d’extraction d’un classificateur d’image primai-
re (Bj) dans chaque zone de l’image, ledit classifica-
teur d’image primaire étant une mesure pour la
brillance de cette zone, et une étape de détermina-
tion des segments sur la base des valeurs des clas-
sificateurs d’image primaires (Bj) des zones d’image
qui y sont contenues.

10. Procédé selon la revendication 9, comprenant une
étape (108) de filtrage du contexte des classifica-
teurs primaires (Bj) des zones d’image et de déter-
mination des segments sur la base des classifica-
teurs filtrés.

11. Procédé selon la revendication 10, dans lequel l’ima-
ge est divisée en zones de base (80, 84, 88) com-
prenant une pluralité de pixels, le classificateur pri-
maire (Bj) est mesuré pour chaque zone de base et
le filtrage du contexte est appliqué aux blocs (82, 86)
constitués d’une pluralité de zones de base.

12. Procédé selon l’une quelconque des revendications
9 à 10, dans lequel au moins une valeur de seuil (Tij)
est définie pour chaque stratégie de compensation
de défaillance (i) et la stratégie de compensation de
défaillance pour un segment est choisie en compa-
rant le classificateur d’image primaire le plus petit
(Bj) que l’on a trouvé pour le segment auxdites va-
leurs de seuil (Tij).

13. Procédé selon les revendications 11 et 12, dans le-
quel les classificateurs d’image primaires (Bj) sont
mesurés pour des zones de base de différentes
tailles et les classificateurs primaires obtenus pour
chaque taille de zone de base sont comparés à des
valeurs de seuil respectives (Tij).

14. Imprimante comprenant un système de transport
(10) pour un support d’enregistrement (12), une tête
d’impression (14) avec une pluralité d’unités d’im-
pression (22), dont chacune est capable d’imprimer
une ligne de pixels lorsque la tête d’impression ba-
laie le support d’enregistrement, et une unité de com-
pensation de défaillance (46) commandant l’opéra-
tion d’impression de sorte qu’une défaillance d’une
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unité d’impression soit compensée, caractérisée en
ce qu’une unité de segmentation (54) est fournie
pour diviser une image (26) à imprimer en segments
(36, 38 ; 44) contenant différents types d’informa-
tions d’image et en ce que l’unité de compensation
de défaillance (46) comprend une mémoire (52)
stockant une pluralité de stratégies de compensation
et une dispositif de commande (58) choisissant l’une
desdites stratégies de compensation en fonction du
segment à imprimer.

15. Imprimante selon la revendication 14, mettant en
oeuvre un procédé d’impression selon l’une quel-
conque des revendications 1 à 13.
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