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(54) Printing method and printer with failure compensation

(57) A printer comprising a transport system for a
recording medium, a printhead with a plurality of print
units each of which is capable of printing a pixel line
when the printhead is scanned over the recording me-
dium, and a failure compensation unit (46) controlling
the print operation such that a failure of a print unit is
compensated, characterized in that a segmentation unit

(54) is provided for dividing an image to be printed into
segments containing different types of image informa-
tion, and in that the failure compensation unit (46) com-
prises a memory (52) storing a plurality of compensation
strategies and a controller (58) selecting one of said
compensation strategies in accordance with the seg-
ment to be printed.
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Description

[0001] The invention relates to a printing method for
a printer comprising a transport system for a recording
medium, and a printhead with a plurality of print units
each of which is capable of printing a pixel line when the
printhead is scanned over the recording medium,
wherein a failure compensation unit controls the print
operation such that a failure of a print unit is compen-
sated.
[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
extending 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
printed, and the number of pixel lines in the swath cor-
responds essentially to the number of nozzles present
in the printhead.
[0003] Such a printer can generally operate in differ-
ent 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 print-
head. As an alternative, a two-pass mode may be ap-
plied, in which each nozzle prints only every second pix-
el of the corresponding 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 different 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 impaired. A variety of failure compensation strat-
egies are known for avoiding or mitigating this undesir-
able 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 scan-
ning 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 fre-
quency.
[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 in-
operative nozzle, this pixel is transferred to an address-
able position in the vicinity of the designated pixel posi-
tion, so that it can be printed with another nozzle. This
strategy helps to prevent loss of information but will not
fully compensate the nozzle failure and is in many cases
sufficient for suppressing the visual effect of the nozzle
failure below 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
nozzle, is cut-off, i.e. the nozzles of this section are dis-
abled. As a result, the usable length of the nozzle array
is somewhat reduced, and the swath of the image that
is printed in a single stroke is reduced in width. By adapt-
ing 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] 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 productiv-
ity and image quality for a large variety of images to be
printed.
[0010] To this end, the printing method according to
the invention is characterized by the steps of

- storing a plurality of failure compensation strate-
gies,

- 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.

[0011] As is generally known in the art, a segmenta-
tion process may be employed for analyzing the con-
tents of an image to be printed and for identifying differ-
ent types of image information such as text, CAD graph-
ics, photographs and the like. In this way, it is possible
for example to identify those parts of a page to be printed
which contain 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 segmentation 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 ar-
eas and graphic areas, and a single-pass mode is
adapted for text, whereas graphic data are printed in a
two-pass mode.
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[0012] According to the invention, segmentation is
employed for automatically switching between different
failure compensation strategies, so that each segment
of 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.
[0013] 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 compen-
sation 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 prefer-
able to adopt one of the other failure compensation strat-
egies discussed above which are capable of fully com-
pensating the defect but which will generally lead to cer-
tain losses 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
nevertheless 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
productivity of the print operation.
[0014] The independent product claim 14 relates to a
printer adapted for carrying out the method according to
the invention.
[0015] Useful details and further developments of the
invention are indicated in the dependent claims.
[0016] 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 re-
tain one and the same compensation strategy for a com-
plete 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
compensation strategy to be adopted.
[0017] In a preferred embodiment, the printer com-
prises a failure detection system which automatically
detects failures of print units, so that appropriate failure
compensation strategies may be activated automatical-
ly. 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 printed a part of a page, the failure compen-

sation unit will be activated immediately, so that the
printer can continue with printing the rest of the page
with failure compensation. Thus, visible defects in the
printed image will only occur in the relatively short delay
time between the detection of a nozzle failure and the
time when the failure compensation unit becomes effec-
tive.
[0018] 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 scan-
ning direction of the printhead and has a width of only a
single pixel.
[0019] 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 sin-
gle-pass mode, there will be no efficient way to compen-
sate this defect.
[0020] 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
failure compensation strategy can only be determined
when the exact location is known where the nozzle fail-
ure 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 nozzle 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 com-
plete loss of information is avoided.
[0021] According to another optional feature of the in-
vention, at least two and preferably more than two dif-
ferent failure compensation strategies are implemented
in the printer, e.g. by storing appropriate compensation
programs in the memory of the failure compensation
unit, and these compensation strategies are ordered in
a sequence with increasing image quality and decreas-
ing productivity. Then, the segmentation process com-
prises a step of specifying for each segment a minimum
requirement for the image quality, depending on the im-
age information contained in the segment, and the con-
troller will select the first compensation strategy in the
sequence that fulfils this minimum requirement.
[0022] 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
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measure 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 number of black pixels contained in a given ba-
sic area. The minimum requirement for the image quality
and hence the failure compensation strategy to be ap-
plied may then be determined simply by setting thresh-
old values to which the primary image classifiers are
compared. In order to increase the sensitivity of the seg-
mentation process, there may be provided a set of dif-
ferent 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 appropri-
ate filter in order to determine the ultimate compensation
strategy.
[0023] It has been observed that a defect in the print-
ed image, which defect may be the result of an incom-
plete failure compensation, is less perceptible to the hu-
man eye when there exists a high level of high-frequen-
cy contrast in the vicinity of the defect. In order to take
advantage of this effect, it is preferable to employ a con-
text filtering procedure in the segmentation process.
The context filter may be applied to the primary classi-
fiers 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.
[0024] The size of the segments determined in the
segmentation 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
compensation strategies and, especially, a frequent
switching between single-pass and multi-pass, may it-
self 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.
[0025] The invention is not only applicable to black
and white printers but also to colour printers. In a colour
printer, the hybrid failure compensation process de-
scribed above may be applied individually to each colour
separation image, preferably with different segmenta-
tion criteria for the different colours, because, for exam-
ple, 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
compensation 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 superimpos-
ing yellow, magenta and cyan pixels. Consequently, a
failure of a cyan nozzle, for example, may be compen-
sated to some extent by inserting black pixels so as to
reproduce at least the grey level of the surroundings.
[0026] 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 compen-
sation 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.

[0027] 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 mounted 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 printhead 14 comprises four nozzle heads
20, one for each of the basic colours yellow, cyan, ma-
genta 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 energized in accordance with im-
age information of an image 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 corre-
sponding 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 image. As a result, during each
forward or backward stroke of the carriage 16, the print-
head 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. Al-
though only eight nozzles 22 have been shown per noz-
zle head 20 in figure 1, in practice, the number of nozzles
will be considerably larger.
[0028] 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 al-
so indicate the location of the nozzle or nozzles that
have become inoperative. As an alternative, a failure de-
tector may be provided near one end of the platen 10 in
a position 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
droplets have actually been expelled from each of the
nozzles 22.
[0029] 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 nozzle or nozzles, as will be explained in detail be-
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low.
[0030] Figure 2 shows an example of an image of a
page 26 to be printed. In this simplified example, the
image comprises a number of image items 28, 30, 32
and 34 which include different types of image informa-
tion. In the example shown, item 28 is a relatively dark
narrow horizontal bar, item 30 is a photograph with com-
paratively 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.
[0031] The photograph 30 is relatively sensitive to
nozzle failure, because a missing pixel line would be
clearly visible on the dark background. The thin horizon-
tal line 32 is also very sensitive to nozzle failure, be-
cause a failure 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, be-
cause a missing pixel line would always be located in
the vicinity of a borderline where there exists a sharp
contrast between dark and bright which would some-
what shield the image defect so that the latter is less
perceptible. Under these circumstances, the items 30
and 32 would require a failure compensation strategy
which results in a high image quality and avoids a com-
plete loss of image information, respectively. Such com-
pensation strategies will generally require a slower op-
eration mode of the printhead, so that the time required
for printing the page 26 would be increased. On the oth-
er hand, the items 28 and 34 would permit a failure com-
pensation strategy which only mitigates the effect of the
nozzle failure rather than completely compensating the
same, and such failure compensation strategies permit
a higher printing speed.
[0032] In order to be able to adopt an optimal failure
compensation strategy in terms of image quality and
productivity 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 prelimi-
nary segments 36 and 38 corresponding to the items 30
and 32 are indicated in dot-dashed lines. Since a failure
compensation strategy will always apply to one or more
complete 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, rel-
atively fast failure compensation strategy.
[0033] 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.
[0034] 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
segments 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.
[0035] Figure 6 is a block diagram of a failure com-
pensation unit 46 of the printer. The failure compensa-
tion 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
printer. The image data to be printed are input as a pixel
bit stream 48 and are buffered in a print data file 50. A
memory 52 includes a number (5 in the given example)
of failure compensation strategies, e.g. in the form of
program code. The failure compensation strategies will
be described below.
[0036] 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 seg-
ment 44 for which the compensation strategy No. 5 is
applied, whereas strategy No. 1 is applied to the rest of
the page.
[0037] 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
image 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
compensation strategies as scheduled in the strategy
file.
[0038] The various failure compensation strategies
stored in the memory 52 will now be explained in con-
junction with figures 7 to 13.
[0039] 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-
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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
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 be-
cause the pixel thereabove would be black anyway. This
is why this pixel is shifted downward to the location 74.
In contrast, 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 seg-
ment to be printed would consist of a solid black area.
[0040] 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 print-
head stroke is reduced accordingly, so that the swaths
40 are seamlessly butted together, as can be seen in
figure 8.
[0041] Figure 9 illustrates a modification of this strat-
egy, which is even less productive but permits to com-
pensate a nozzle failure in a central portion 78 of the
nozzle head 20. In this case, the central portion 78 hav-
ing a length of one third of the complete nozzle array is
disabled, so that the swath printed in a single stroke con-
sists of two separate sub-swaths 40a, 40b. The gap be-
tween these swaths is inserted in the return stroke by
the swath 40a, i.e. the swaths 40a and 40b are inter-
leaved. In the example shown in figure 6, this strategy
has not been implemented.
[0042] 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 illustrat-
ed 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
already in a previous return pass n-1. Due to a break-
down 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%.
[0043] 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
improved significantly.
[0044] 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 pass-
es are needed for printing a complete swath, the pro-
ductivity 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 de-
fects resulting from dot position errors, for example, can
be smoothened out.
[0045] 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 proce-
dure illustrated in figure 8.
[0046] The failure compensation strategy No. 5 "sin-
gle 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-
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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".
[0047] In a modified embodiment, it is possible that
the printer operates with a nominal dot generation fre-
quency of 10 kHz, for example, but is also capable of
operating with twice the nominal dot generation frequen-
cy, i.e. 20 kHz. The mode with the nominal frequency
will then be used for example in a quality mode in order
to achieve 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 ex-
ample. 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 noz-
zle 22" will be operated with double frequency, so that
a higher productivity can be achieved.
[0048] 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,
normal or quality) of the printer.
[0049] 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 draw-
ing. One basic area 80 has been highlighted in figure 13
by a white borderline.
[0050] A first step in the segmentation process con-
sists of measuring the average brightness of each basic
area by counting the number of white pixels. This aver-
age brightness will be taken as a primary image classi-
fier for determining the failure compensation strategy to
be applied. The value 0 is assigned to black pixels, and
the value 255 is assigned to white pixels. Thus, the av-
erage 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 strategies, e.g. strategy No. 5, has to be applied.
[0051] 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 sur-
rounding 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 sub-

jected 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, includes 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.
[0052] In a simplified version of the segmentation
process, the next step consists of comparing the filtered
primary 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 ba-
sic 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 exceeds the lowest threshold value, then this
row will be classified as part of a segment to which fail-
ure compensation strategy No. 5 applies. In this way,
the provisional segment 36 shown in figure 2 can be ob-
tained, whereas the items 28, 32 and 34 have passed
the context filtering procedure for strategy No. 1. The
segment 38 corresponding to the single pixel line 32 is
obtained by a different process, as will be explained be-
low.
[0053] Figure 14 is a flow chart illustrating a more
elaborated segmentation process.
[0054] 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 horizon-
tal lines are found, a proactive failure compensation
strategy is scheduled in step 102. This step includes the
identification 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 per-
formed before the operation of the printhead 14 starts.
It is further specified in step 102 that the failure compen-
sation strategy 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 affected. In any case, a two-pass mode will be sched-
uled for this segment. This has the advantage that the
failure compensation process can readily be activated
if the demand occurs. Thus, a complete loss of informa-
tion can reliably be avoided.
[0055] In a modified embodiment, it would also be
possible to schedule the failure compensation process
No. 3 for horizontal lines having a width of two pixels,
for example.
[0056] It should further be observed here that it would
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also be possible to employ the failure compensation
strategy 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
positional accuracy is important, this strategy may not
be acceptable.
[0057] 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.
[0058] In step 105, it is checked by means of the fail-
ure detectors 24 whether or not a nozzle failure has oc-
curred, and the location of the nozzle failure or failures
is communicated to the segmentation unit 54. If no noz-
zle failure has been detected, the step 105 is repeated
in a loop while the page is being printed.
[0059] 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 in-
creasing image quality and decreasing productivity.
Thus, i = 1 means highest productivity and i = 5 means
highest quality.
[0060] In the segmentation process of this embodi-
ment, primary image classifiers Bj are measured for ba-
sic 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.
[0061] In step 107, the primary classifiers Bj are
measured 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.
[0062] In step 108, context filtering is applied individ-
ually to each set of primary classifiers Bj.
[0063] 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 ful-
filled, the failure compensation strategy i (1) is adopted
in step 111. Since the values Bj have been compared to
the maximum 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.
[0064] If the test in step 110 has failed, it is checked
in step 111 whether the index i has reached the maxi-
mum 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

identifies the failure compensation strategy with the
highest productivity which still provides a sufficient im-
age 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 strat-
egy No. 5 for highest quality is scheduled.
[0065] 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
examined with basic areas of all sizes, thereby to deter-
mine the dimensions of the segments 36, 38 as in figure
4. Finally, although this is not shown in figure 14, the
segments are subjected to low-pass filtering in order to
remove unreasonably small gaps between segments of
the same type, as has been shown in figure 5.
[0066] The threshold values Tij determined in step
106 may of course depend upon the locations of the de-
fective 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 nozzle failure has been detected and will there-
fore permit to react more quickly when a nozzle failure
occurs.
[0067] 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.
[0068] 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.
[0069] 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
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- 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 im-
age (26) to be printed.

3. Method according to claim 2, wherein the dimen-
sion of the segments (36, 38; 44) in a direction nor-
mal 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
strategy in the sequence that fulfills the criterion as-
signed to that segment.

5. Method according to any of the preceding claims,
comprising a step of filtering the pattern of seg-
ments (36, 38) with a low-pass spatial frequency fil-
ter 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 fail-
ure of a print unit (22) and a step of automatically
activating or adapting a failure compensation strat-
egy 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 seg-
ments (36, 38; 44) includes a step (107) of extract-

ing a primary image classifier (Bj) from each area
of the image, said primary image classifier being a
measure for the brightness of that area, and a step
of determining the segments on the basis of the val-
ues of the primary image classifiers (Bj) of the im-
age 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
measured for each basic area, and context filtering
is applied to blocks (82, 86) consisting of a plurality
of basic areas.

12. Method according to any of the claims 9 to 10,
wherein at least one threshold value (Tij) is defined
for each failure compensation strategy (i), and the
failure compensation strategy for a segment is se-
lected by comparing the smallest primary image
classifier (Bj), that has been found for the segment,
to said threshold 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, char-
acterized in that a segmentation unit (54) is pro-
vided for dividing an image (26) to be printed into
segments (36, 38; 44) containing different types of
image information, and in that the failure compen-
sation unit (46) comprises a memory (52) storing a
plurality of compensation strategies and a controller
(58) selecting one of said compensation strategies
in accordance 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.
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