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Description

[0001] The invention relates to a printing method for a
printer having a printhead with a plurality of print elements
and capable of printing a binary pixel image, the method
comprising the steps of: locating defective printelements,
determining a camouflage area in the vicinity of pixels
that would have to be printed with the defective print el-
ements, and camouflaging defective print elements by
modifying image information in said camouflage area.
The invention further relates to a printer and to a com-
puter program implementing this method.

[0002] The invention is applicable, for example, to an
ink jet printer the printhead of which comprises a plurality
of nozzles as print elements. Typically, the nozzles are
arranged in aline thatextends in parallel with the direction
(subscanning direction) in which a recording medium,
e.g. paper, is transported through the printer, and the
printhead scans the paper in a direction (main scanning
direction) perpendicular to the subscanning direction. A
complete swath of the image is printed in a single pass
of the printhead, and then the paper is transported by the
width of the swath so as to print the next swath. When a
nozzle of the printhead is defective, e.g. has become
clogged, the corresponding pixel line is missing in the
printed image, so that image information is lost and the
quality of the print is degraded.

[0003] A printer may also be operated in a multi-pass
mode, in which only part of the image information of a
swath is printed in a first pass and the missing pixels are
filled-in during one or more subsequent passes of the
printhead. In this case, it is sometimes possible that a
defective nozzle is backed-up by a non-defective nozzle,
though on the cost of productivity.

[0004] US-A-6215 557 discloses a method of the type
indicated above, wherein, when a nozzle is defective, the
print data are altered so as to bypass the faulty nozzle.
This means that a pixel that would have but cannot be
printed with the defective nozzle is substituted by printing
an extra pixel in one of the neighbouring lines that are
printed with non-defective nozzles, so that the average
optical density of the image area is conserved and the
defect resulting from the nozzle failure is camouflaged
and becomes almost imperceptible. This method in-
volves a specific algorithm that operates on a bitmap,
which represents the print data, and shifts each pixel that
cannot be printed to a neighbouring pixel position. How-
ever, if this neighbouring pixel position happens to be
occupied by a pixel already printed, anyway, pursuant to
the original print data, then the extra pixel cannot be print-
ed, and a loss of image information will nevertheless oc-
cur.

[0005] EP-A-1157840describesamethod usingtuned
error diffusion tables to print a multi-level halftoned im-
age. The error diffusion tables are based on a same error
propagation scheme and a proportional relation between
errors distributed to neighbouring pixels remains equal.
[0006] Itis an object of the invention to provide a print-
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ing method in which the camouflage step can be per-
formed more efficiently and is readily integrated in the
workflow of the print process as disclosed in claim 1.
[0007] According to the invention, the camouflaging
step is incorporated in a halftoning step, in which error
diffusion is used for creating said binary pixel image, and
comprises a step of modifying an error propagation
scheme for the camouflage area.

[0008] The print data of an image to be printed is fre-
quently supplied to the printer in the form of a multi-level
pixel matrix, in which the grey level of each individual
pixel may vary over a continuous or practically continous
range. For example, the grey level of each pixel may be
given by an 8-bit word, i.e. an integral number between
0 and 255, so that 256 different grey levels may be dis-
tinguished. However, since the printer is only capable of
printing a binary image or bitmap, in which each pixel
can only be either printed or not, itis necessary to perform
a halftoning step in which the multi-level pixel matrix is
transformed into a bitmap with conservation of the aver-
age grey level.

[0009] A commonly employed halftoning method is an
error diffusion process. In this process, the grey level of
a pixel that is currently being processed is compared to
a predetermined threshold value. When the grey level is
larger than the threshold value, the corresponding pixel
in the bitmap is made black, the threshold value is sub-
tracted from the grey level, and the rest or error is dif-
fused, i.e. propagated or distributed over a number of
target pixels in the vicinity of the source pixel, i.e. the
pixel that is being processed. When the grey level of the
source pixel is smaller than the threshold value, the cor-
responding pixel in the bitmap is made white, and the
error which is distributed over the target pixels in the like
manner is then formed by the whole grey level of the
source pixel. In order to distribute the error over the target
pixels, the error is multiplied with a specific weight factor
for each target pixel. This weight factor depends on the
spatial relationship between the source pixel and the tar-
get pixel. The grey level of the target pixel is increased
by the product of the error and the weight factor. When,
later in the process, it is the turn of the target pixel to be
processed, the grey level that is compared to the thresh-
old value will thus be larger or smaller than the original
grey level of the pixel as specified by the print data. The
result of this process is a bitmap in which the average
grey level of a small image area is approximately equal
to the grey level of the same area in the original multi-
level pixel matrix,

[0010] An error diffusion process may be character-
ised by an error propagation scheme which specifies the
threshold value to be employed, the selection of target
pixels and their weight factors. If a pixel of the bitmap
cannot be printed because the corresponding print ele-
ment of the printer is defective, then, according to the
invention, the error propagation scheme for this pixel
and/or the pixels in the neighbourhood is modified in or-
derto achieve at least one of the following two objectives:
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(1) increasing the likelihood that an error from a printable
pixel is propagated onto other printable pixels rather than
to a non-printable pixel, and (2) avoiding that a non-print-
able pixel is made black, and, instead, assuring that its
image information is treated as an error and is at least
partly propagated onto to printable pixels. The first ob-
jective can be achieved by increasing the weight factors
assigned to printable target pixels. This will lead to the
creation of more black pixels in the neighbourhood of the
non-printable pixel, so that the image defect is camou-
flaged to some extent. The second objective can be
achieved by increasing the threshold value for the non-
printable pixels, possibly to infinity, and thereby increas-
ing the error that is diffused onto neighbouring printable
pixels. Again, the result is an increased number of black
pixels in the vicinity of the non-printable pixel, and the
image defect is camouflaged.

[0011] Itis a main advantage of the present invention
that the camouflage procedure does not require an extra
processing step but is incorporated in the error diffusion
process which needs to be executed anyway in order to
create the bitmap. It should be noted that the term "bit-
map", as used here, does not mean that a bitmap must
actually be stored physically in a storage medium, but
only means that the print data are provided in binary form,
so that each pixel is represented by a single bit. Thus,
the "bitmap" may well be generated "on the fly" during
the print process.

[0012] The invention further has the advantage that
the loss of image information caused by defective print
elements can reliably be controlled or even eliminated
completely by appropriately adapting the error propaga-
tion scheme. Another advantage is that the method can
be carried out at a comparatively early stage in the
processing sequence, so that the method can also be
adapted, for example, to printer hardware which has no
sufficient processing capability for carrying out correc-
tions on bitmap level. It is even possible that the method
according to the invention is executed in a host computer
from which the print data are sent to the printer, provided
that the information on the defective nozzles of the printer
is made available atthe host computer. Then, if the printer
forms part of a multi-user network, the data processing
necessary for carrying out the invention may be distrib-
uted over a plurality of computers in the network.
[0013] Useful details and further developments of the
invention are indicated in the dependent claims.

[0014] The invention is particularly useful when the
print data that are supplied to the printer are in the multi-
level format. However, if these data are in the binary for-
mat already, it is a simple matter to reconvert these data
into multi-level data, with or without averaging over clus-
ters of adjacent pixels, and then to employ the method
as described above.

[0015] Preferably, the camouflage area, where a mod-
ified error propagation scheme applies, comprises both
the source pixels for which a non-printable pixelis a target
pixel, and the target pixels associated with the non-print-
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able pixels. In order to prevent the error diffusion process
from becoming recursive, it is common practice that the
target pixels are limited to those pixels that are processed
later than the respective source pixel. Thus, when the
lines of the pixel matrix are processed in the order of
increasing line index, and the pixels within each line are
processed in the order of increasing column index, a tar-
get pixel will always have either a larger line index or a
larger column index than the corresponding source pixel.
Then, when printing in the single-pass mode, for example
the camouflage area will be formed by one or more pixel
lines adjacent to the line that is affected by the nozzle
failure. For example, the camouflage area may then com-
prise the two direct neighbours of the line that cannot be
printed.

[0016] However,theinventionis also applicable in mul-
ti-pass printing. Then, a nozzle failure will generally not
have the effect that a complete line is missing in the print-
ed image, but that, for example in the case of two-pass
printing, typically only half the pixels in the line will be
missing. In this case, the camouflage area may consist
of the remaining, printable pixels in the line in which half
of the pixels are missing. Optionally, the camouflage area
may also be extended to the adjacent lines.

[0017] When the weight factors assigned to printable
target pixels sum up to 100%, the image information of
the pixel will be conserved completely, except for those
cases where the camouflage area becomes saturated
with black pixels. In a modified embodiment, however, it
is possible to use an error propagation scheme in which
the sum of the weight factors of printable pixels is smaller
than 100%, so that a certain loss of image information is
admitted. To preserve the frequency of the image infor-
mation more precise the threshold value to be employed
for the printable pixels in the camouflage area can be
decreased. This may have the effect that some of the
black pixels that cannot be printed are "shifted" in rear-
ward direction, i.e. in the direction of decreasing line and
column indices.

[0018] Preferred embodiments of the invention will
now be explained in conjunction with the drawings, in
which:
Fig. 1 is a schematic view of an ink jet printer
to which the invention is applicable;
are diagrams of an area of 6x6 pixels of
an image in various representations, il-
lustrating the effect of a nozzle failure
and the camouflage process;

is a diagram of a 5x5-pixel matrix illus-
trating the construction of a camouflage
area for a single-pass print mode;

is a diagramiillustrating a standard error
propagation scheme;

are diagrams illustrating modified error
propagation schemes;

is a diagram of a 5x5-pixel matrix illus-
trating the construction of a camouflage

Figs. 2A-C

Fig. 3

Fig. 4
Figs. 5 and 6

Fig. 7
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area for a specific two-pass print mode;
is a flow diagram illustrating an embod-
iment of the method according to the in-
vention;

is a flow diagram for a modified embod-
iment of the invention; and

are diagrams of a bitmap and a pixel
matrix illustrating the modified embodi-
ment.

Fig. 8

Fig. 9

Figs. 10A, B

[0019] As is shown in figure 1, an ink jet printer com-
prises a platen 10 which serves for transporting a record-
ing paper 12 in a subscanning direction (arrow A) past a
printhead unit 14. The printhead unit 14 is mounted on a
carriage 16 thatis guided on guide rails 18 and is movable
back and forth in a main scanning direction (arrow B)
relative to the recording paper 12. In the example shown,
the printhead unit 14 comprises four printheads 20, one
for each of the basic colours cyan, magenta, yellow and
black. Each printhead has a linear array of nozzles 22
extending in the subscanning direction. The nozzles 22
of the printheads 20 can be energised individually to eject
ink droplets onto the recording paper 12, thereby to print
a pixel on the paper. When the carriage 16 is moved in
the direction B across the width of the paper 12, a swath
of an image can be printed. The number of pixel lines of
the swath corresponds to the number of nozzles 22 of
each printhead. When the carriage 16 has completed
one pass, the paper 12 is advanced by the width of the
swath, so that the next swath can be printed.

[0020] The printheads 20 are controlled by a process-
ing unit 24 which processes the print data in a manner
that will be described in detail hereinbelow. The discus-
sion will be focused on printing in black colour, but is
equivalently valid for printing in the other colours.
[0021] Figure 2A shows an array of 6x6 pixels 26,
which represents a portion of animage to be printed. The
pixels 26 are arranged in lines i-3, i-2, i-1, i, i+1, i+2 and
columns j-3, j-2, j-1, j. j+1 and j+2. Black pixels are indi-
cated by dots 28 as printed with the ink jet printer shown
in figure 1. Since the ink droplet forming a dot 28 tends
to spread on the recording medium (paper), the optical
density of the dot decreases gradually from the center
toward the periphery, and the lighter peripheral portions
of the dot extend beyond the area of the pixel, so that
neighbouring dots overlap. The image that has been
shown in largely magnified scale in figure 2A would give
the impression of a uniform grey area.

[0022] Figure 2B shows the same image in the case
that the nozzle needed for printing the line i is defective,
so that the dots at the pixel positions (i, j-2) and (i, j) are
missing. This would give rise to a perceptible brighter
gap in the printed image at the position of the line i.
[0023] In order to eliminate or at least mitigate this im-
age defect, the processing unit 24 shown in figure 1 per-
forms a camouflage step which, in the given example,
leads to the insertion of an additional dot 30 at the pixel
position (i-1, j-1), i.e. in the pixel line i-1 directly adjacent
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to the defective line i. As a result, on the macroscopic
scale the image shown in Figure 2C resembles the ideal
image shown in Figure 2A.

[0024] This camouflage process will now be explained
in detail. At first, it shall be assumed that the print data
are supplied to the printer in a multi-level format, in which
the grey value of each pixel is indicated by an 8-bit word,
i.e. by an integral number between 0 and 255. The
number 0 represents a white pixel and the number 255
a black pixel with maximum optical density. The printdata
are thus represented by a multi-level pixel matrix 32 as
is schematically shown in figure 3. In the single-pass
mode, each pixel line of this pixel matrix will be printed
by only one of the nozzles 22 of the printhead. The printer
may be equipped with a detection system which auto-
matically detects and locates defective nozzles. As an
alternative, the location of a defective nozzle may also
be input by the user. When, for example, the nozzle re-
sponsible for printing the third line of the pixel matrix is
defective, the pixels in this line are non-printable pixels
34, whereas the other pixels 36, 38 and 40 are printable.
Pixels 38 and 40 in the lines directly adjacent to the non-
printable pixels 34 are shown in dark hatching. The non-
printable pixels 34 and pixels 38 and 40 adjacent thereto
form a camouflage area that is involved in camouflaging
the effect of the defective nozzle.

[0025] An error propagation halftoning step is used for
transforming the multi-level pixel matrix 32 into a bitmap.
Figure 4 illustrates a conventional error propagation
scheme 42 (a Floyd Steinberg scheme) that is frequently
used for this purpose. As is shown in figure 4, a number
of arrows originate from a source pixel 44 and point to
four target pixels 46 adjacent to the source pixel. The
fractions (7/16, etc.) given in the target pixels 46 indicate
the weight factors with which the error remaining from
the source pixel is distributed over the target pixels. the
theshold value th with which the grey level of the source
pixel 44 is compared is 255, for example. This standard
arrow propagation scheme will be used for the printable
pixels 36 outside of the camouflage area.

[0026] It is assumed here that the processing of the
source pixels proceeds from left to right and from top to
bottom. As is indicated by the arrows, the error is prop-
agated only in "forward" direction, i.e. each source pixel
is processed earlier than its target pixels.

[0027] Figure 5illustrates a modified error propagation
scheme 48 that will be used for the pixels 38 in the line
that is processed immediately before the line including
the non-printable pixels 34. Here, the error from the
source pixel 44 is propagated with a weight factor of 1
(16/16) only to the next pixel in the same line. Thus, the
image information is keptinthe line in which it can actually
be printed, and the non-printable pixels 34 in the line
below are not used as target pixels. The theshold value
th for the source pixel 44 is again 255. The large weight
factor with which the error is propagated horizontally in
figure 5 increases the likelihood that additional black pix-
elsare addedinthisline, in order to achieve a camouflage
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effect similar to the one shown in figure 2C.

[0028] Figure 6 shows another modified error propa-
gation scheme 50 that will be used for the non-printable
pixels 34 in figure 3. Here, the error from the (non-print-
able) target pixel 44 is propagated only into the line below,
i.e. the line formed by the pixels 40 in figure 4. The sum
of the weight factors is again equal to 1, so that the error
is fully transferred onto the neighbouring line. Moreover,
in this scheme, the threshold value for the non-printable
pixels 34 isincreased to alevel above 255. In other words,
even when the grey level of such a pixel is equal to 255,
the pixel will nevertheless be made white and the error
of 255 will be propagated to the line below. Thus, the
image information of the line that cannot be printed be-
cause of the nozzle defect will be fully transferred to the
line immediately therebelow. Again, this increases the
likelihood that one of the pixels 40 in figure 3 will be made
black in order to camouflage the nozzle defect. The pixels
40 form part of the camouflage area because they are
affected by the error propagation scheme 50 shown in
figure 6. However, when the pixels 40 are themselves
processed in the error diffusion process, the standard
error propagation scheme 42 of figure 4 may be used.
[0029] In the example given above, it has been as-
sumed that the threshold value utilised in the error diffu-
sion process is either 255 (for the error propagation
schemes 42 and 48) or infinity (for the scheme 50). In a
modified embodiment, however, it would be possible to
use a somewhat lower threshold value for the pixels 38
and/or 40, in order to further increase the likelihood of
black pixels being created. Optionally, in order to avoid
an over-compensation, it is possible that the weight fac-
tors indicated in figure 6 are reduced correspondingly.
This modified embodiment would have the effect that the
likelihood of becoming black is increased for the pixels
38 (above the line of the nozzle defect) and decreased
for the pixels 40 (the line below the nozzle defect).
[0030] With the error propagation schemes of Figures
4 to 6, the target pixels 46 are not more than one line or
column away from the source pixel 44. In a modified
scheme, the maximum distance between source and tar-
get pixel may be larger, e. g. 2. Then, the camouflage
areawould also include the first and the fifth line in Figure
3.

[0031] Figure 7 illustrates the case of a specific two-
pass print mode. When one of the two nozzles respon-
sible for printing the third line in the pixel matrix 32 in
figure 7 is defective, only every second pixel in this line
will be a non-printable pixel 34, and the intervening pixels
52 will belong to the camouflage area. In the error diffu-
sion process, the pixel 52 will be treated with an error
propagation scheme in which the erroris only propagated
downward but not horizontally. For the non-printable pix-
els 34 the error may be propagated horizontally (as in
Figure 5) and/or downwardly. In case of the pixels 38,
two different error propagations schemes have to be
used, depending upon whether or not the pixel is located
directly above a non-printable pixel 34.
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[0032] The camouflage process described above is
particularly efficient for images which mainly contain
small or medium grey levels. In case of very dark images
and, in the extreme, in the case of solid black areas, it is
increasingly difficult or evenimpossible to add more black
pixels in the camouflage area. Nevertheless, the camou-
flage process may be useful even for dark or black im-
ages, depending upon the design of the printer. Some
known printers are capable of printing a plainly black area
even when the percentage of black pixels in the bitmap
is somewhat smaller than 100%. In this case, the modi-
fied error propagation schemes for the camouflage area
may lead to an over-saturated bitmap which would still
mask the nozzle defect to some extent.

[0033] A specificembodiment of the method according
to the invention will now be described by reference to the
flow diagram shown in figure 8. In step S100 the multi-
level pixel matrix 32 is established by reading-in the grey
values of the pixels. The pixel lines that are affected by
nozzle failures of the printhead are identified in step
S101. Then, in step S102, the camouflage area is deter-
mined. An optional step S103 may involve a decrease of
the threshold value th, e. g. from 255 to 191, for the lines
(pixel 38 in Figure 3) preceding the lines affected by the
defect. Step S104 identifies the pixels (such as the pixels
34 and 38 in Figure 3) for which a modified error propa-
gation scheme (50 or 48) has to be employed and selects
the appropriate scheme. In step S105, the error diffusion
process is performed for all the pixels of the pixel matrix
with either the non-modified or the selected one of the
modified error propagation schemes. The resulting bit-
map is then printed in step S106.

[0034] Alternatively, the step S100 may be performed
after the step S101 or even after the step S104.

[0035] Figure 9 illustrates another embodiment which
is adapted to the case that the print data are presented
already in the format of a bitmap, i.e. a matrix of only
black and white pixels. The bitmap is read in step S200.
The steps S201 and S202 correspond to the steps S101
and S102 discussed above. In step S203 the part of the
bitmap which corresponds to the camouflage area is re-
converted into a multi-level pixel matrix. To this end, a
value of 255 is assigned to each of the black pixels of
the pixel matrix, i.e. the pixels having the binary value 1,
and the white 0-pixels are left as they are. All non-print-
able pixels 34 may be set to 0. The steps S204, S205
and S206 correspond again to the steps S104, S105 and
S106, with the difference that steps S204 and S205 are
performed only for the camouflage area and for the lines
that contain the corresponding target pixels.

[0036] Figure 10A shows an example of the bitmap
read in step S200. Again, it is assumed that the nozzle
that is responsible for printing the pixels in line i in the
single-pass mode is defective. Figure 10B illustrates the
corresponding multi-level pixel matrix obtained in step
S203.

[0037] The embodiment of Figure 9 has been exem-
plified for the single-pass mode, but it goes without saying
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that this method is also applicable to a multi-pass mode,
as has been described in conjunction with Figure 7.

Claims

Printing method for a printer having a printhead (20)
with a plurality of print elements (22) and capable of
printing a binary pixel image, the method comprising
the steps of:

a) locating defective print elements,

b) determining a camouflage area (34, 38, 40;
52) in the vicinity of pixels (34) that would have
to be printed with the defective print elements,
and

c) camouflaging defective print elements by
modifying image information in said camouflage
area,

characterised in that the camouflaging step is in-
corporated in a halftoning step, in which error diffu-
sion is used for creating said binary pixel image, and
comprises a step (S104; S204) of applying error dif-
fusion by a first error propagation scheme (42) out-
side the camouflaging area and applying the error
diffusion by a second error propagation scheme (48,
50) within the camouflage area different from the first
error propagation scheme.

The method of claim 1, wherein the error propagation
scheme (48, 50) is modified such that the error is
propagated with an increased weight factor to print-
able pixels (38, 40) in the camouflage area and with
a reduced weight factor or not at all to non-printable
pixels (34).

The method of claim 2, wherein the sum of the weight
factors with which the error is propagated to printable
pixels (38, 40; 52) is equal to 1.

The method of claim 2 or 3, wherein different error
diffusion thresholds (th) are used inside and outside
of the camouflage area.

The method of any of the preceding claims, wherein
the image information of non-printable pixels (34) is
always treated as an error and is propagated to print-
able pixels (38, 40; 52).

The method of any of the preceding claims, wherein
asingle-pass print mode is employed, a first modified
error propagation scheme (48) is used for pixels (38)
in a line that is processed immediately before a line
of non-printable pixels (34), said first modified error
propagation scheme (48) being adapted to propa-
gate the error only within the same line.
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7.

10.

11.

The method of one of the claims 1-5, wherein a multi-
pass print mode is employed, a first modified error
propagation scheme (48) is used for pixels (38) in a
line that is processed immediately before a line of
non-printable pixels (34), said first modified error
propagation scheme (48) being adapted to propa-
gate the error only within the same line or in pixels
in a next line that are printed with non-defective noz-
Zles.

The method of one of the claims 1-5, wherein a sin-
gle-pass print mode is employed, and a second mod-
ified error propagation scheme is used for the non-
printable pixels (34), said second modified propaga-
tion scheme being arranged such that the error is
propagated only onto pixels (40) in the same line but
printed by non-defective nozzle’s in the subsequent
line orinaline subsequentto the line of non-printable
pixels.

The method of any of the preceding claims, wherein
print data are received in the form of a first binary
pixel image and are converted into a multi-level pixel
matrix before the halftoning and camouflaging steps
(204, 205) are carried out.

A printer capable of printing a binary pixel image,
characterised by a processing unit (24) in which a
method of one of the claims 1 to 9 is implemented.

A computer program comprising computer program
code to make a processing unit (24), which forms
part of or is connectable to a printer, execute the
method according to one of the claims 1 to 8.

Patentanspriiche

1.

Druckverfahren fiir einen Drucker mit einem Druck-
kopf(20), der eine Vielzahl von Druckelementen (22)
aufweist und in der Lage ist, ein binares Pixelbild zu
drucken, welches Verfahren die folgenden Schritte
umfasst:

a) Lokalisieren von defekten Druckelementen,
b) Bestimmen eines Tarnungsgebietes (34, 38,
40; 52) in der Nachbarschaft von Pixeln (34), die
mit defekten Druckelementen gedruckt werden
mussten, und

c) Tarnen defekter Druckelemente durch Modi-
fizieren von Bildinformation in dem genannten
Tarnungsgebiet,

dadurch gekennzeichnet, dass der Schritt des
Tarnens in einen Halbtonverarbeitungsschritt inte-
griert ist, in dem Fehlerdiffusion zur Erzeugung des
genannten bindren Pixelbildes benutzt wird, und ei-
nen Schritt (S104; S204) der Anwendung der Feh-
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lerdiffusion mit einem ersten Fehlerausbreitungs-
schema (42) auRerhalb des Tarngebietes und An-
wendung der Fehlerdiffusion mit einem von dem er-
sten Fehlerausbreitungsschema verschiedenen
zweiten Fehlerausbreitungsschema (48, 50) inner-
halb des Tarnungsgebietes aufweist.

Verfahren nach Anspruch 1, bei dem das Fehleraus-
breitungsschema (48, 50) so modifiziert wird, dass
der Fehler mit einem erhdhten Gewichtsfaktor an
druckbare Pixel (38, 40) in dem Tarnungsgebiet und
mit einem reduzierten Gewichtsfaktor oder gar nicht
an nicht druckbare Pixel (34) weitergegeben wird.

Verfahren nach Anspruch 2, bei dem die Summe der
Gewichtsfaktoren, mit denen der Fehler an druckba-
re Pixel (38, 40; 52) weitergegeben wird, gleich 1 ist.

Verfahren nach Anspruch 2 oder 3, bei dem inner-
halb und auBerhalb des Tarnungsgebietes unter-
schiedliche Schwellenwerte (th) fir die Fehlerdiffu-
sion verwendet werden.

Verfahren nach einemder vorstehenden Anspriiche,
bei dem die Bildinformation der nicht druckbaren Pi-
xel (34) immer als ein Fehler behandelt und an druck-
bare Pixel (38, 40; 52) weitergegeben wird.

Verfahren nach einemder vorstehenden Anspriiche,
bei dem ein einschrittiger Druckmodus angewandt
wird, ein erstes modifiziertes Fehlerausbreitungs-
schema (48) firr Pixel (38) in einer Zeile benutzt wird,
die unmittelbar vor einer Zeile nicht druckbarer Pixel
(34) verarbeitet wird, wobei das genannte erste mo-
difizierte Fehlerausbreitungsschema (48) dazu ein-
gerichtetist, den Fehler nurinnerhalb derselben Zei-
le weiterzugeben.

Verfahren nach einem der Anspriiche 1 bis 5, bei
dem ein mehrschrittiger Druckmodus angewandt
wird, ein erstes modifiziertes Fehlerausbreitungs-
schema (48) fur Pixel (38) in einer Zeile benutzt wird,
die unmittelbar vor einer Zeile nicht druckbarer Pixel
(34) verearbeitet wird, wobei das genannte erste mo-
difizierte Fehlerausbreitungsschema (48) dazu ein-
gerichtetist, den Fehler nurinnerhalb derselben Zei-
le oder in Pixel in einer ndchsten Zeile weiter zu ge-
geben, die mit nicht-defekten Diisen gedruckt wer-
den.

Verfahren nach einem der Anspriiche 1 bis 5, bei
dem ein einschrittiger Druckmodus angewandt wird
und ein zweites modifiziertes Fehlerausbreitungs-
schema fir die nicht druckbaren Pixel (34) benutzt
wird, wobei das genannte zweite modifizierte Feh-
lerausbreitungsschema so eingerichtet ist, dass der
Fehler nur an Pixel (40) in derselben Zeile weiterge-
geben aber von nicht-defekten Disen in der nach-
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folgenden Zeile oder in einer auf die Zeile nicht-
druckbarer Pixel nachfolgenden Zeile gedruckt wird.

Verfahren nach einemder vorstehenden Anspriiche,
bei dem Druckdaten in der Form eines ersten bina-
ren Pixelbildes empfangen und in eine mehrwertige
Pixelmatrix konvertiert werden, bevor die Halbton-
verarbeitungs- und Tarnungsschritte (204, 205) aus-
geflhrt werden.

Drucker, der dazu geeignet ist, ein binares Pixelbild
zu drucken, gekennzeichnet durch eine Verarbei-
tungseinheit (24), in der ein Verfahren nach einem
der Anspriche 1 bis 9 implementiert ist.

Computerprogramm mit Computerprogrammcode,
der eine Verarbeitungseinheit (24), die Teil eines
Druckers ist oder an einen Drucker anschlieBbar ist,
dazu veranlasst, das Verfahren nach einem der An-
spriiche 1 bis 8 auszufiihren.

Revendications

Procédé d’'impression pour une imprimante ayant
une téte d’'impression (20) avec une pluralité d’élé-
ments d’impression (22) et capable d’imprimer une
image de pixels binaires, le procédé comprenant les
étapes consistant a :

a) localiser des éléments d’impression défec-
tueux,

b) déterminer une région de camouflage (34, 38,
40 ; 52) a proximité de pixels (34) qui devaient
étre imprimés avec les éléments d’impression
défectueux et

c) camoufler les éléments d’'impression défec-
tueux en modifiant les informations d’image
dans ladite région de camouflage,

caractérisé en ce que I'étape de camouflage est
incorporée a une étape de création de demi-tons,
dans laquelle une diffusion d’erreur est utilisée pour
créer ladite image de pixels binaires et comprend
une étape (S104 ; S204) d’application de diffusion
d’erreur par un premier schéma de propagation d’er-
reur (42) a I'extérieur de la région de camouflage et
d’application de la diffusion d’erreur par un second
schéma de propagation d’erreur (48, 50) dans la ré-
gion de camouflage différent du premier schéma de
propagation d’erreur.

Procédé selon la revendication 1, dans lequel le
schéma de propagation d’erreur (48, 50) est modifié
pour que l'erreur soit propagée avec un facteur de
pondération accru a des pixels imprimables (38, 40)
dans la région de camouflage et avec un facteur de
pondération réduit ou pas du tout a des pixels non
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imprimables (34).

Procédé selon la revendication 2, dans lequel la
somme des facteurs de pondération avec lesquels
I'erreur se propage aux pixels imprimables (38, 40 ;
52) est égale a 1.

Procédé selon la revendication 2 ou 3, dans lequel
différents seuils de diffusion d’erreur (th) sont utilisés
a l'intérieur et a I'extérieur de la région de camoufla-

ge.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel les informations d’image
de pixels non imprimables (34) sont toujours traitées
comme une erreur et se propagent aux pixels impri-
mables (38, 40 ; 52).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel un mode d'impression a
passage unique est employé, un premier schéma de
propagation d’erreur modifié (48) est utilisé pour les
pixels (38) d’une ligne qui est traitée immédiatement
avant une ligne de pixels non imprimables (34), ledit
premier schéma de propagation d’erreur modifié
(48) étant a méme de propager I'erreur uniquement
dans la méme ligne.

Procédé selon 'une quelconque des revendications
1a5, dans lequel un mode d'impression a passages
multiples est employé, un premier schéma de pro-
pagation d’erreur modifié (48) est utilisé pour les
pixels (38) d’une ligne qui est traitée immédiatement
avant une ligne de pixels non imprimables (34), ledit
schéma de propagation d’erreur modifié (48) étant
a méme de propager I'erreur uniguement dans la
méme ligne ou dans les pixels d’'une ligne suivante
qui sontimprimés avec des buses non défectueuses.

Procédeé selon I'une quelconque des revendications
1 a5, dans lequel un mode d’impression a passage
unique est employé et un second schéma de propa-
gation d’erreur modifié est employé pour les pixels
non imprimables (34), ledit second schéma de pro-
pagation modifié étant agencé de telle sorte que I'er-
reur ne soit propagée que sur les pixels (40) dans la
méme ligne mais imprimés par des buses non dé-
fectueuses dans la ligne subséquente ou dans une
ligne subséquente a la ligne de pixels non imprima-
bles.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel les données d'impression
sont regues sous la forme d’une premiére image de
pixels binaires et sont converties en une matrice de
pixels a plusieurs niveaux avant que les étapes de
création de demi-tons et de camouflage (204, 205)
ne soient effectuées.
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10. Imprimante capable d'imprimer une image de pixels

11.

binaires, caractérisée par une unité de traitement
(24), dans laquelle un procédé selon I'une quelcon-
que des revendications 1 a 9 est mis en oeuvre.

Programme d’ordinateur comprenant un code de
programme informatique pour élaborer une unité de
traitement (24), qui fait partie ou peut étre raccordée
a une imprimante, pour exécuter le procédé selon
'une quelconque des revendications 1 a 8.



EP 1 593 516 B1

Fig. 1




EP 1 593 516 B1

Fig. 2A

Fig. 2B i3 2 1 1 j+2

i+2

i+1

—

Fig. 2C 3 201 j 2

10



EP 1 593 516 B1

Fig. 3

116

3/16 | 5/16

Fig. 5

44

th =255

516 (716 | 4/16

Fig.7

S
R3]
NN
N M\
N/ %/ NN
NN
NN

11



EP 1 593 516 B1

Fig. 8
S100
/
-read grey values
S101
Y //
locate nozzle failure
S102
Y /
7
determine camouflage area
S103
Y /
determine theshold
S104
Y /

: 7
determine propagation scheme

S105
).

Y

error diffusion

S106

12

Fig. 9
5200

read bitmap

S201
/

Y

locate nozzle failure

S202
Y /

{
determine camouflage area

S203
Y /

7
transform (0, 1) into (0, 255)

S204
Y -/

7
determine propagation scheme

S205
Y /

/
error diffusion




EP 1 593 516 B1

Fig. 10A
3 2 1 ] 41 j+2
i+2 [1(o]ojo|1]o0
i+1 {o|o0|1|0]0]1
i {oj{1]o|l1]0]o0O
i-1 [1{o]lojo]|1]o0
i2 (olo|1]o]|1]0
i3 [o|1|(o0|0|0f1
Fig.10B 8 -2 -1 j j+1 j+2
i+2 olo]|o 0
i+1 | 0| 0 [255] 0| 0 |255
i | 0255 0255 0|0
i-1 [255{ 0 | 0 | O [255| O
2 [0[0]1 1]0
i3 |0 0 0|1

13



EP 1 593 516 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

+  US 6215557 A [0004] «  EP 1157840 A [0005]

14



	bibliography
	description
	claims
	drawings

