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ADAPTIVE DEPLETION MASKS FOR 
IMPROVING PRINT QUALITY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
the co-pending US. application Ser. No. , by Lopez 
et al., ?led Jan. 8, 2001, titled “Method for Improving the 
Quality of Printing Processes Involving Black Pixel Deple 
tion” (attorney docket 10003766-1). This application also 
relates to the co-pending US. application Ser. No. 09/399, 
430, by Bland et al., ?led Sep. 20, 1999, titled “Customizing 
Printmasks for Printhead NoZZle Aberrations” (attorney 
docket 10992502-1). Both of these previous applications are 
assigned to the assignee of the present invention and are 
hereby incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a method 
for improving the quality of printing processes involving 
pixel depletion, and pertains more particularly to a method 
for adaptively selecting pixel depletion mask patterns based 
on the quality of individual printing elements in a sWath 
printer. 

BACKGROUND OF THE INVENTION 

[0003] In order to print an image such as a text document, 
a graphic or a photograph, on a print medium such as paper 
or transparency material, a typical high quality color inkjet 
printer prints a band, or “sWath”, at a time of colored ink 
drops Which correspond to the data pixels that comprise the 
image. Typically, four different color inks (cyan, magenta, 
yelloW, and black) are used by the printer to print the range 
of colors contained in the image. By printing successive 
sWaths, the document or image is completely formed on the 
print medium. Such inkjet printers are described by W. J. 
Lloyd and H. T. Taub in “Ink Jet Devices,” Chapter 13 of 
Output Hardcopy Devices (Ed. R. C. Durbeck and S. Sherr, 
San Diego: Academic Press, 1988). The basics of this 
technology are further disclosed in various articles in several 
editions of the Hewlett-Packard Journal [Vol. 36, No. 5 
(May 1985), Vol. 39, No. 4 (August 1988), Vol. 39, No. 5 
(October 1988), Vol. 43, No. 4 (August 1992), Vol. 43, No. 
6 (December 1992) and Vol. 45, No.1 (February 1994)], 
incorporated herein by reference. 

[0004] When printing a sWath, certain high-density 
regions of the printed medium may receive a relatively large 
total amount of ink because of the darkness of the image in 
those regions. In these regions, the ink may not dry quickly 
enough to avoid blotting onto the preceding or folloWing 
page in the output tray of the printer, or smearing When 
handled by the user. Large amounts of ink in an area can 
cause certain print media to buckle or cockle, or Wick into 
adjacent loWer-density regions of the medium, thus degrad 
ing the image. In addition, ink may be Wasted in high 
density regions, because ink drops typically spread out and 
overlap each other on the print medium, and consequently a 
lesser total amount of ink in these regions may produce an 
equal or better quality print of the image. 

[0005] As a result, in order to reduce ink drying time, 
paper cockling, and Wicking, and/or to decrease ink usage, 
“pixel depletion” processes (to reduce the density of high 
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density image regions) have been employed in thermal 
inkjet printers. Typically, depletion masks have been used to 
identify pixels targeted for depletion. See, e.g., US. Pat. No. 
5,706,414 to Pritchard, assigned to the assignee of the 
present invention and incorporated herein by reference in its 
entirety. The depletion masks are typically chosen so as to 
reduce the density enough to conserve ink and prevent 
defects (such as those described above) Which are due to 
excessive inking of the medium, but not so as to be visually 
perceptible to the user as “holes” or unprinted spaces in the 
printed image. Bene?cial depletion masks, therefore, care 
fully control the quantity and location of the depleted pixels 
Within and betWeen sWaths. 

[0006] Unfortunately, the printhead cartridges containing 
the individual printing elements Which controllably deposit 
the ink drops on the print medium may degrade during the 
course of their useful life, resulting in misdirected ink drops 
Which are not deposited in the intended location, or no ink 
drops at all. Each defective printing element typically results 
in a roW or line of unprinted spaces on the print medium. In 
addition, depending on the location of these degraded print 
ing elements in the printhead cartridge and the locations of 
depleted pixels in the depletion mask, more total unprinted 
spaces, or unprinted spaces clustered together in a single 
region can occur, resulting in a visually unpleasing printed 
medium With poor image quality. Accordingly, it Would be 
highly desirable to have a Way to mitigate the adverse impact 
on print image quality of defective printing elements in the 
printer. 

SUMMARY OF THE INVENTION 

[0007] In a preferred embodiment, the present invention 
provides a neW and improved sWath printing system that 
adaptively depletes pixels based on the health of the printing 
elements so as to achieve a high level of image quality in the 
printed output despite the presence in the printing system of 
the defective printing elements. The invention is scalable 
such that it can be cost-effectively embodied in both high 
end and loW-end printing systems to mitigate the adverse 
effects of the defective printing elements. An image proces 
sor receives image data, and processes it for printing accord 
ing to a depletion mask Which depletes a predetermined 
percentage of the pixels in the image data. FolloWing 
processing, the image processor issues control commands to 
a print mechanism Which emits in response drops of colored 
ink onto speci?ed locations of a print medium to print the 
image. The depletion mask de?nes the location of the 
individual pixel positions to be depleted, and selects those 
locations such that relatively more of them positions corre 
spond to pixel locations that Will be printed by defective 
printing elements, and relatively feWer of them correspond 
ing to pixel locations for functional printing elements. A 
printing element quality detector identi?es the defective 
printing elements, alloWing the image processor to specify 
Where in the depletion mask the depleting positions should 
be located, or select an appropriate depletion mask from a 
group of alternate ones. 

[0008] The present invention may also be implemented as 
a method for printing pixel roWs of an image sWath With a 
sWath printer. Defective printing elements of the sWath 
printer are identi?ed, and one or more of the defective 
printing elements are mapped to the corresponding pixel 
roWs that Will be printed by these defective elements. A 
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desired percentage of pixel depletion for the sWath is 
achieved by disabling printing of at least some individual 
pixel positions in at least one of the pixel roWs correspond 
ing to defective printing elements. Printing is preferably 
disabled for more of the individual pixel positions in pixel 
roWs corresponding to defective printing elements than for 
pixel roWs corresponding to functional printing elements; 
this may include disabling printing for all of the individual 
pixel positions in pixel roWs corresponding to defective 
printing elements before disabling printing for any positions 
in pixel roWs corresponding to functional printing elements. 
In some embodiments, the method modi?es image data by 
replacing the image data pixels corresponding to the dis 
abled pixel positions With non-printing pixels. In other 
embodiments, the method segregates from the image data a 
color plane of pixel data for a predetermined ink color, and 
modifying the color plane pixel data by disabling printing of 
the color plane pixels corresponding to the disabled pixel 
positions. 
[0009] The present invention may additionally be imple 
mented as a method for printing roWs and columns of an 
image sWath With a sWath printer, preferably in a single pass. 
Defective printing elements of the sWath printer are identi 
?ed, and a depletion mask having a predetermined percent 
age of depleted pixels is provided. The depletion mask has 
relatively more depleted pixel positions in roWs correspond 
ing to the defective printing elements and relatively feWer 
depleted pixel positions in roWs corresponding to functional 
printing elements. The image sWath is processed using the 
depletion mask in order to deplete the predetermined per 
centage of pixels from the sWath, by disabling printing of 
pixel positions in the sWath at the depleted pixel positions 
speci?ed by the depletion mask. The depletion mask may be 
constructed based on the location of the defective printing 
elements; or alternatively one of a prede?ned set of deple 
tion mask primitives may be selected based on the location 
of the defective printing elements, and tiled to form the 
depletion mask. The depletion mask is preferably arranged 
such that no tWo adjacent pixel positions in a vertical column 
are depleted. 

[0010] Another embodiment of the present invention is a 
program storage medium containing a program of instruc 
tions executable by a computing apparatus for preparing an 
image data ?le having roWs and columns of image pixels for 
printing on a sWath printer. Different segments of the 
instructions are con?gured to receive data identifying defec 
tive printing elements of the sWath printer; map at least some 
of the defective printing elements to corresponding loWer 
print quality roWs of the image data ?le; specify a depletion 
mask having a predetermined percentage of depleted pixels 
With more depleted pixel positions in loWer print quality 
roWs and feWer depleted pixel positions in other roWs; and 
modify the image data ?le by replacing image data pixels 
corresponding to depleted pixel positions With non-printing 
data pixels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above-mentioned features of the present inven 
tion and the manner of attaining them, and the invention 
itself, Will be best understood by reference to the folloWing 
detailed description of the preferred embodiment of the 
invention, taken in conjunction With the accompanying 
draWings, Wherein: 
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[0012] FIG. 1 is a schematic representation of a sWath 
printing system embodying the present invention; 

[0013] FIG. 2 is a schematic representation of the sWath 
printing system of FIG. 1 incorporating a computer and a 
sWath printer; 

[0014] FIG. 3 is a schematic representation of the sWath 
printing system of FIG. 1 incorporating a multifunction 
scanning and printing device; 

[0015] FIG. 4A is a schematic representation illustrating 
the printed output resulting from printing an exemplary 
high-density image pattern using an exemplary standard 
depletion mask applied to an exemplary set of functional 
printing elements; 
[0016] FIG. 4B is a schematic representation illustrating 
the printed output resulting from printing an exemplary 
high-density image pattern using an exemplary standard 
depletion mask applied to an exemplary set of printing 
elements, one of Which is defective; 

[0017] FIG. 4C is a schematic representation illustrating 
the printed output resulting from printing an exemplary 
high-density image pattern using an exemplary selected 
depletion mask applied to an exemplary set of printing 
elements, one of Which is defective, in Which the selected 
mask is chosen to compensate for the defective printing 
element; 
[0018] FIG. 4C is a schematic representation illustrating 
the printed output resulting from printing an exemplary 
high-density image pattern using an exemplary dynami 
cally-generated depletion mask applied to an exemplary set 
of printing elements, one of Which is defective, in Which the 
dynamically-generated mask is constructed to compensate 
for the defective printing element; 

[0019] FIG. 5A is a top-level ?oWchart of a novel pixel 
deletion printing method usable With the sWath printing 
system of FIG. 1; 

[0020] FIG. 5B is a loWer-level ?oWchart of the method of 
FIG. 5A; 

[0021] FIG. 6 is a more detailed schematic representation 
of the image processor of FIG. 1; 

[0022] FIG. 7A is a top-level ?oWchart of another novel 
pixel deletion printing method usable With the sWath print 
ing system of FIG. 1; 

[0023] FIGS. 7B-7C are loWer-level ?oWcharts of the 
method of FIG. 7A; and 

[0024] FIG. 8 is a schematic representation shoWing the 
dimensioning and replication of a dynamically-generated 
depletion mask and a selected depletion mask primitive 
according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0025] Referring noW to the draWings, there is illustrated 
a sWath printing system constructed in accordance With the 
present invention Which, in conjunction With a novel pixel 
deletion printing method, decreases ink usage and reduces 
ink drying time, paper cockling, and Wicking, While gener 
ating high image quality printed output even Where defective 
printing elements exist in the printing system. As best 
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understood With reference to FIG. 1, a preferred embodi 
ment of the swath printing system 10 has a print mechanism 
16 for controllable printing drops of at least one colored ink 
from a plurality of printing elements 24 of a printhead 
cartridge 21 onto speci?c pixel locations of a print medium 
18, such as paper, transparency ?lm, or textiles, in order to 
print sWaths that form the image. An image processor 50 is 
connected to the print mechanism 16 for generating and 
transmitting the control commands thereto. The image pro 
cessor 50 is adapted to receive image data, to process the 
data according to a depletion mask 51 connected to the 
image processor 50, and to generate the appropriate control 
commands to print the image data at the appropriate loca 
tions on the print medium 18 so as to produce the corre 
sponding printed image. The depletion mask 51 enables or 
“gates” the printing of individual pixels of the image data 
onto the corresponding location on the medium 18. The 
depletion mask 51 provides depleting positions Which dis 
able the printing of a predetermined percentage of the ink 
drops in the sWath. The percentage of depleted positions in 
the depletion mask 51 is chosen to be high enough to reduce 
the density enough to conserve ink and prevent defects due 
to excessive inking of the medium, but not so high as to be 
cause the unprinted spaces in the printed image to be 
visually perceptible to the user as “holes”. The depletion 
mask 51 according to the present invention arranges the 
depleting positions so that relatively more depleting posi 
tions correspond to pixel locations for defective printing 
elements 24, and relatively feWer depleting positions corre 
spond to pixel locations for non-defective or properly 
operating printing elements 24 on the printhead cartridge 21. 
When the depletion mask 51 of the present invention is used 
With printhead cartridges 21 having one or more defective 
printing elements 24, the arrangement of depleting positions 
advantageously reduces the total amount of unprinted space 
relative to conventional depletion mask designs, and thus 
correspondingly minimiZes the adverse affects on user 
perceived print quality caused by increased unprinted space, 
particularly in high-density image regions having large areas 
of dark, uniform color. In the preferred embodiment, the 
depletion mask 51 is selected by the image processor 50 
from a set of prede?ned alternate depletion masks. 

[0026] In order to identify the defective printing elements, 
the sWath printing system 10 has the capability to test each 
of the printing elements 24 of each printhead cartridge 21 to 
determine Whether or not they are functioning properly. For 
this purpose, the system 10 may include a printing element 
quality detector 52 for automatically determining defective 
printing elements 24 and identifying them to the image 
processor 50, Which uses this information to assign the 
depleting positions as described above, and as Will be 
described subsequently in greater detail. The detector 52 is 
preferably a sensor, such as an optical or electrostatic 
in-?ight sensor for detecting ink drops from a printing 
element during ?ight, an impact sensor Which detects ink 
drops upon impact With the sensor, or an optical re?ective 
sensor Which detects printed patterns produced by the print 
ing elements on the medium 18. Alternatively, the system 10 
may produce a printed test pattern and have the user examine 
it to ascertain defective printing elements and input them 
into to the printing system 10. Additional details on the 
construction and operation of these sensors, and on methods 
for the detection and identi?cation of defective printing 
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elements, may be found in the co-pending US. application 
Ser. No. 09/399,430, by Bland et al., heretofore incorporated 
by reference in its entirety. 

[0027] Considering the printing system 10 in further 
detail, and With reference to FIGS. 1 and 2, a preferred 
embodiment of the printing system 10 includes a sWath 
printer 6 coupled to a computer 30 via a communications 
interface 9. As Well knoWn to those skilled in the art, a 
preferred embodiment of the computer 30 includes a pro 
cessor (not shoWn), memory (not shoWn), user-interface 
devices such as a display 34 and a keyboard 32 by Which a 
user can interact With the printing system 10, and a mass 
storage interface 36 capable of receiving a program storage 
medium 60 containing segments of a program of instructions 
accessible and executable by the processor. A preferred 
embodiment of the sWath printer 6 includes a slider rod 14 
on Which a carriage 20 is moveably mounted. The carriage 
20 has stalls 23 for holding at least one printhead cartridge 
21 and transporting the cartridges 21 in a printing orientation 
adjacent the surface of a print medium 18 having a plurality 
of pixel locations, such as pixel location 19, organiZed in a 
rectangular array of roWs 41 and columns 42. The carriage 
20 is mounted in the printer 6 for relative motion With 
respect to the print medium 18 during a printing pass. The 
printing elements 24 on each print cartridge 21, While they 
may be physically arranged in multiple columns, are logi 
cally arranged as a linear array of noZZles substantially 
orthogonal to a scan axis 2, such that each printing element 
24 is capable of depositing the drops of the ink onto a 
corresponding one of the roWs 41 of pixel locations during 
individual printing passes. Each printhead cartridge 21 con 
tains a different color ink, typically the subtractive primary 
colors magenta, cyan, and yelloW (other color shades are 
formed by depositing drops of these different colors in the 
same or nearby pixels), and a separate black ink printhead 
cartridge 21 for producing a “true” or process black richer 
than is achieved by mixing the subtractive primary colors. 
Drops of the black ink may also be used to producing some 
of the darker shades of other colors. The carriage 20 is 
moveable along the scan axis 2 by a carriage advance 
mechanism 15. The printer 10 also has a print medium 
advance mechanism 22 Which advances the print medium 18 
along a medium advance axis 4 so as to change the roW 41 
of pixel locations on Which an individual printing element 
prints. The print medium advance mechanism 22 draWs the 
print medium 18 into the printer 6 from an input tray 11b, 
and delivers the medium 18 after printing to an output tray 
11a. The carriage advance mechanism 15 and the print 
medium advance mechanism 22 are Well knoWn to those 
skilled in the art, and Will not be discussed further herein 
after. By combining the relative movement of the carriage 20 
along the scan axis 2 With the relative movement of the print 
medium 18 along the medium advance axis 4, each print 
head cartridge 21 can deposit one or more drops of ink at 
each individual one of the pixel locations 19 in the roWs 41 
and columns 42 on the print medium 18. The image pro 
cessor 50 may be located in either the printer 6 or the 
computer 30, but typically some sub-processors of the image 
processor 50 are located in the computer 30 Which other 
sub-processors are located in the printer 6, as Will be 
discussed subsequently in further detail. In operation, the 
computer 30 typically acquires (eg. a photograph from a 
digital camera) or generates (eg. textual data or a graphic) a 
?le of image data to be printed. During the printing process, 
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the computer 30 performs its portion of the image process 
ing function, and then transmits the partially-processed 
image data to the printer 6 to perform the remainder of the 
image processing function and produce the printed image. 
While all the partially-processed image data can be trans 
mitted in a single step, more typically only a portion of data, 
such as a data sWath, is transmitted and processed by the 
printer 6 at a time. 

[0028] An alternate embodiment of the printing system 10, 
as best understood With reference to FIG. 3, includes a 
multifunction device 6‘. The multifunction device 6‘typically 
includes the capability to optically scan an item such as a 
text document, a graphic or a photograph placed on a platen 
38, and print the scanned image. Some multifunction 
devices 6‘ also include the capability to receive and print 
faxes or e-mail. A keyboard 32 and a display 34 for user 
interaction are typically included as part of the multifunction 
device 6‘. The multifunction device 6‘ also typically includes 
the image processor 50. 

[0029] Before considering the novel pixel deletion print 
ing methods usable With the printing system 10, it is 
bene?cial to consider in further detail—at the level of 
individual printing elements and pixels, and With reference 
to FIGS. 4A, 4B, 4C, and 4D—the operation of depletion 
masks, the impact of defective noZZles on print quality, and 
the bene?ts of adaptive pixel depletion. For illustrative 
purposes, assume an exemplary 5x5 pixel data pattern 
70a,b,c,a' having a uniform area, indicated by the ?lled-in 
circles, of a particular color. As Will be discussed subse 
quently in greater detail, this pixel data pattern may repre 
sent a particular color (eg. black) in the RGB image data, or 
may represent an individual plane of data for a particular 
color ink in the printer 6. Each roW in pattern 70a,b,c,a' Will 
be printed using the corresponding one of the printing 
elements 72a,b,c,a'. HoWever, to avoid the problems asso 
ciated With excessive inking previously described, the data 
patterns 70a,b,c,a' Will be depleted by ?ltering the data 
according to the corresponding depletion mask 74a,b,c,a' 
prior to printing. The empty circles in mask 74a,b,c,a' 
represent depleted pixel positions, While the ?lled-in circles 
represent non-depleted pixel positions. Depletion masks are 
preferably constructed such that no tWo depleted pixel 
positions are vertically adjacent, and Where possible no tWo 
depleted pixel positions are horiZontally adjacent. It is 
readily seen that the exemplary depletion masks 74a,b,c,a' 
deplete 6 of the 25 pixel positions in the mask, or 24% of the 
pixel positions. The resulting printed patterns 76a,b,c,a' 
illustrate the printed output resulting from printing the 
corresponding data pattern 70a,b,c,a' using the correspond 
ing printing elements 72a,b,c,a' and the corresponding deple 
tion mask 74a,b,c,d. Filled-in circles in printed patterns 
76a,b,c,a' indicate data pixels for Which at least one corre 
sponding ink drop Will be printed, While empty circles 
represent data pixels for Which no ink drops Will be printed. 

[0030] Where all printing elements 72a are functional, the 
printed output 76a contains all but the depleted pixels, and 
thus has the intended 24% of White space. Because the ink 
drops typically spread out and overlap each other on the 
print medium, this produces a visually appealing result With 
little perceptible White space in the printed area correspond 
ing to data pattern 70a. 

[0031] Where one of the printing elements 72b is a defec 
tive printing element 73, and the data pattern 70b is printed 
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using a 24% depletion mask With a standard depletion 
position arrangement 74b, the printed output 76b has 40% 
White space due to the roW of pixel positions corresponding 
to the defective element 73. In addition, White spaces are 
vertically adjacent in several places. This results in “holes” 
or unprinted areas that are visually perceptible by a user and 
considered to be of unacceptable print quality. 

[0032] Where one of the printing elements 72c is a defec 
tive printing element 73, and the data pattern 70c is printed 
using a 24% depletion mask With a depletion position 
arrangement 74c that compensates for defective printing 
elements but also provides acceptable print quality even 
When used With functional printing elements as Will be 
discussed subsequently, the printed output 76c has 32% 
White space due to the roW of pixel positions corresponding 
to the defective element 73. This depletion mask 74c results 
in more White space than Would occur if no printing ele 
ments Were defective, but signi?cantly less than the 40% 
White space resulting from the standard mask 74b. In addi 
tion, the depletion positions of selected mask 74c produce no 
vertically adjacent White spaces. The reduced amount of 
White space in printed output 76c relative to printed output 
76b, and the lack of vertically adjacent White spaces, pro 
vides a result With signi?cantly improved print quality 
despite the defective noZZle 73. 

[0033] Where one of the printing elements 72d is a defec 
tive printing element 73, and the data pattern 70d is printed 
using a 24% depletion mask With a depletion position 
arrangement 74c that is customized to compensate particu 
larly Well for the particular defective printing element pat 
tern 72d (but Which Would provide less than optimal print 
quality if used With functional printing elements, as Will be 
discussed subsequently), the printed output 76d has the 
desired 24% White space despite the roW of pixel positions 
corresponding to the defective element 73. This customiZed 
depletion mask 74d results in the desired amount of White 
space by using all the pixel positions in the roW printed by 
the defective noZZle as depleted pixels. Providing the 
desired amount of White space in the printed output 76d 
despite the presence of defective noZZle 73 results in sig 
ni?cantly improved print quality compared to the printed 
output 76b using the standard mask 74b, and someWhat 
improved print quality compared to the printed output 76c 
using the mask 74c. 

[0034] Considering noW a preferred novel pixel deletion 
printing method 100 usable With the printing system 10, and 
With reference to FIG. 5A, the method 100 starts at 102 by 
providing a set of image data to be printed. The image data 
is preferably in RGB format as commonly used in computer 
systems for storing data, although it can be in other formats. 
At 104, the set of image data is processed to form one or 
more image sWaths to be printed on the medium. The siZe 
(height) of each sWath typically corresponds to the number 
of pixel roWs that can be printed by the sWath printer 6 at a 
time, Which in turn typically corresponds to the number of 
printing elements 24 in a print cartridge 21. At 106, any 
defective printing elements in the print cartridge (or car 
tridges) 21 are identi?ed by elements and methods as 
heretofore described and referenced. At 108, the defective 
printing elements are mapped to the corresponding pixel 
roWs that Will be defectively printed in the image sWaths. At 
110, printing of at least some of the pixel positions in at least 
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some of the defectively-printed pixel roWs are disabled so as 
to deplete a desired percentage of pixels in the image sWath. 

[0035] Considering noW in further detail the printing 110, 
and With reference to FIG. 5B, the printing 110, at 112 the 
type of depletion mask to be used is determined. If the 
depletion mask has a depletion pattern that compensates for 
defective printing elements but also provides acceptable 
print quality even When used With functional printing ele 
ments (“Predetermined Set” branch of 112), then at 114 
printing of relatively more pixel positions are disabled (i.e. 
depleted) in defectively printed pixel roWs, and at 116 
printing of relatively feWer pixel positions are disabled (i.e. 
depleted) in at least some of the non-defectively printed 
pixel roWs. For example, it is readily seen that roW C 
(corresponding to defective printing element 73) depletes 
three pixels in selected depletion mask 74c, While depleting 
only 1 pixel in standard depletion mask 74b; and that roWs 
B, D, and E (each corresponding to functional printing 
elements) each deplete no pixels in selected depletion mask 
74c, While each depleting one pixel in standard depletion 
mask 74b. The considerations that lead to the printing 
system 10 utiliZing a predetermined set of depletion masks, 
and the selection of an optimal one of the set for use With a 
particular defective printing element pattern, Will be dis 
cussed subsequently. 

[0036] If the depletion mask has a depletion pattern that is 
customiZed solely to compensate for the particular defective 
printing element pattern of the printer 6 (“Dynamically 
Generated” branch of 112), then at 118 printing in all pixel 
positions in defectively printed pixel roWs is disabled (i.e. 
depleted) before printing in any pixel positions in non 
defectively printed pixel roWs is disabled (i.e. depleted). For 
example, it is readily seen that all 5 pixel positions in roW 
C (corresponding to defective printing element 73) are 
depleted in selected depletion mask 74d, and then the 1 
additional pixel location needed to achieve the desired 24% 
depletion is taken from roW A so as to avoid vertically 
adjacent pixels. The considerations that lead to the printing 
system 10 utiliZing a dynamically-generated custom deple 
tion mask Will be discussed subsequently. 

[0037] After performing either 116 or 118, the printing 110 
continues at 120 by determining the site in the image 
processor 50 at Which pixel depletion Will be performed. As 
is best understood With reference to FIG. 6, the image 
processor 50 typically includes several sub-processors 
53,54,58. Acolor converter 53 converts the RGB image data 
to be printed into toned (e.g. multiple intensity levels for 
each pixel, typically 256 such levels) color data correspond 
ing to the colors of the inks used in the printer, typically 
cyan, magenta, yelloW, and black as previously described. A 
halftoner or renderer 54 then normaliZes the CMYK data to 
form rendered CMYK data by reducing the number of 
intensity levels of each pixel in the data to match the number 
of intensity levels provided by the printer. Printers typically 
have a very limited number of intensity levels, typically four 
to eight for cyan, magenta, and black, and tWo to four for 
black. In some embodiments, only tWo intensity levels 
(“printed” and “unprinted”) may be provided. Pixel deple 
tion may be done in either of tWo places. In the preferred 
embodiment, an image pixel depletion mask 51 a is used by 
the color converter 53 to deplete image pixels during the 
conversion of RGB data to CMYK data. In an alternate 
embodiment, a color plane pixel depletion mask 51b is used 
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by the print controller 58 to deplete pixels for individual 
ones of the cyan, magenta, yelloW, or black color planes 
during the process issuing control commands to the print 
mechanism 16 to emit the various colored ink drops onto the 
print medium 18. 

[0038] Returning to the printing 110, if depletion is to be 
done by the color converter 53 (“Image Pixel Depletion” 
branch of 120), the image data is modi?ed by replacing 
image data pixels corresponding to the disabled pixel posi 
tions in the image pixel depletion mask 51a With non 
printing (i.e. White space producing) pixels. Then, at 124, the 
modi?ed set of image data is sent to the sWath printer 6 to 
print, and the printing 110 concludes. If depletion is to be 
done by the print controller 58 instead, then at 126 the image 
data is sent to the sWath printer 6. At 128, a color plane of 
image data for a predetermined ink color is segregated. At 
130 the color plane is modi?ed by disabling printing of color 
plane pixels corresponding to the disabled pixel positions in 
the color plane depletion mask 51b and then issuing the 
control commands to print the color planes. 

[0039] Considering noW another preferred novel pixel 
deletion printing method 200 usable With the printing system 
10, and With reference to FIG. 7A, the method 200 starts at 
202 by identifying defective printing elements 24 in the 
printing system 10. At 204, the method provides a depletion 
mask 51 having a predetermined percentage of depleted 
pixel positions. More of the depleted pixel positions are 
located in at least some pixel roWs 41 Which correspond to 
defective printing elements 24, and feWer of the depleted 
pixel positions are located in at least some roWs 41 Which 
correspond to properly functioning printing elements. The 
terms “more” and “feWer” are relative to locating a substan 
tially equal number or percentage of depleted pixel positions 
in each roW, as is provided by Way of example in the 
standard depletion mask 74b. At 206, and as heretofore 
described, the image sWath is processed using the depletion 
mask 51 so as to disable the printing of image pixels in the 
sWath at the depleted pixel positions speci?ed by the deple 
tion mask 51. At 208, the processed image sWath is printed, 
preferably using a single-pass printmode, and the printing 
method 200 ends. 

[0040] Before discussing in further detail the providing 
204 of a depletion mask 51, and as best understood With 
reference to FIG. 8, as previously discussed a depletion 
mask 51 may either be (a) chosen from a predetermined set 
of mask patterns (or primitives), or (b) dynamically gener 
ated. Printing system resource tradeoffs typically determine 
Which type of depletion mask 51 a printing system 10 Will 
choose to utiliZe. If a printing system 10 contains a relatively 
large amount of memory (so as to store a large depletion 
mask), and has a processor With relatively large amount of 
computational poWer (so as to generate a mask in an 
appropriate amount of time), the system 10 Will preferably 
generate dynamically a sWath-high depletion mask 5 Id 
customiZed for the particular arrangement of functional and 
defective printing elements 24 in each print cartridge 21. 
Dynamically generating a sWath-high depletion mask 51d 
provides the best reduction of excess White space (as pre 
viously indicated in FIG. 4D), and easily corrects for 
multiple defective printing elements by alloWing a custom 
depletion pattern to be speci?ed Which addresses all the 
defective printing elements 24 of the print cartridge 21. In 
general, the mask 51d ?rst depletes pixels on the roWs 
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printed on by defective printing elements 24 before deplet 
ing any pixels on roWs printed on by functional printing 
elements 24, since the defective elements Will produce 
unprinted pixel locations Whether they are depleted or not. 
Such a depletion mask 51d typically is an x-by-y matrix, 
Where y is equal to the number of logical printing elements 
24 of a print cartridge 21, and X is typically betWeen 5 and 
8. Given sufficient memory, X could be expanded up to the 
number of pixels in a roW 41. During printing, the depletion 
mask 51d is replicated along the scan axis 2 as required to 
print the sWath. 

[0041] Conversely, if a printing system 10 contains a 
relatively small amount of memory or has a processor With 
a relatively small amount of computational poWer, the 
system 10 Will preferably select and replicate one of a 
prede?ned set of smaller (e.g. less than sWath-high) deple 
tion mask primitives, in order to reduce the computational 
and memory resources required for depletion. Each such 
depletion mask primitive 51p typically is an x2-by-y2 
matrix, Where X2 and y2 are typically betWeen 5 and 8. A 
sufficient number of mask primitives, such as primitive 51p, 
are provided in the set so as to alloW a selection that Will 
compensate for a defective printing element 24 on any roW 
of the mask primitive 51p. During printing, the selected 
depletion mask primitive 5 lp is replicated along the scan 
axis 2 and the medium advance axis 4 as required to print the 
sWath. Because the depletion mask primitive 51p selected to 
compensate for a defective printing element 24 in a certain 
roW of the mask primitive 51p is likely after replication to 
also govern printing of a functional printing element 24 in 
that certain roW, it is generally not advisable to deplete all 
the pixels in that roW of the mask primitive 51p, Which 
Would have the effect of printing a complete roW of the 
image as an unprinted line. Therefore, more depleted pixel 
positions must be distributed to other roWs of the mask 
primitive 51p, Which someWhat increases the percentage of 
White space over What is optimal, as Was previously dis 
cussed With reference to FIG. 4C. In addition, if there is 
more than one defective printing element 24 in a print 
cartridge 21, the defective printing elements 24 may not 
align With the same roW of the mask primitive 51p; in such 
a situation, it may only be possible to correct for one of the 
defective elements 24, not all of them. 

[0042] Considering noW in further detail the providing 204 
of a depletion mask 51, and With reference to FIG. 7B, at 
212 the type of depletion mask 51 to be used is determined. 
If the printing system 10 provides a prede?ned set of mask 
depletion primitives (“Predetermined Set” branch of 212), 
then at 214 one of the prede?ned set of depletion mask 
primitives 51p is selected, as explained above, based on the 
location of the defective printing element (or elements) 24 in 
the sWath, With a goal of minimiZing the amount of excess 
unprinted “White space” on the medium 18 beyond the 
desired depletion percentage. At 220, the depletion mask 
primitive 51p is tiled suf?cient times in the medium advance 
axis 4 in order to form a depletion mask 5 It that has a 
number of mask roWs equal to the number of printing 
elements 24 in the print cartridge 21. If the printing system 
10 dynamically generates the depletion mask (“Dynami 
cally-generated” branch of 212), then at 216 the depletion 
mask 51a' is constructed, based on the location of the 
defective printing element(s) in the sWath, that minimiZes 
the amount of White space beyond the predetermined per 
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centage, and that preferably also minimiZes vertically adja 
cent White space (i.e. unprinted pixels in the same column 
42). 
[0043] Considering noW in further detail the processing 
206 of an image sWath, and With reference to FIG. 7C, at 
226 the Width of the depletion mask 51 is ascertained. If the 
Width of the mask 51 is less than the Width of the sWath 
(“Less than SWath Width” branch of 226), then at 228 the 
depletion mask is tiled during the processing of the sWath as 
needed in order to govern depletion of the entire sWath 
Width. 

[0044] The present invention can also be implemented as 
a program storage medium 60 containing a program of 
instructions Which can be read and executed by the computer 
30. The medium 60 can be a ?oppy disk, CD-ROM, ?ash 
memory, ROM, RAM, remote computer, or the like Which 
can be communicatively coupled intermittently or perma 
nently to the computer 30. Different segments of the pro 
gram are con?gured to receive data identifying defective 
printing elements 24; map at least some of these elements 24 
to corresponding loWer print quality roWs 41 of the image 
data ?le; specify a depletion mask 51 for the roWs and 
columns of image pixels having a predetermined percentage 
of depleted pixels, relatively more or Which are located in at 
least some of the loWer print quality roWs 41 and relatively 
feWer of Which are located in at least some other roWs 41; 
and modify the image data ?le by replacing image data 
pixels corresponding to depleted pixel positions With non 
printing data pixels. 

[0045] From the foregoing it Will be appreciated that the 
sWath printing system and pixel deletion printing methods 
provided by the present invention represent a signi?cant 
advance in the art. Although several speci?c embodiments 
of the invention have been described and illustrated, the 
invention is not limited to the speci?c methods, forms, or 
arrangements of parts so described and illustrated. In par 
ticular, While the present invention has been described With 
reference to cyan, magenta, yelloW, and black printing inks, 
it is also applicable to other ink color sets used to print 
documents and images. The invention is limited only by the 
claims. 

What is claimed is: 
1. A method for printing pixel roWs of an image sWath 

With a sWath printer, comprising: 

identifying defective printing elements of the sWath 
printer; 

mapping at least one of the defective printing elements to 
a corresponding loW quality one of the pixel roWs; and 

disabling printing of at least some individual pixel posi 
tions in at least one of the loW quality ones of the pixel 
roWs so as to deplete a percentage of pixels in the image 
sWath. 

2. The method of claim 1, Wherein the disabling further 
comprises: 

disabling printing of more individual pixel positions in the 
loW quality ones of the pixel roWs than in the other ones 
of the pixel roWs. 

3. The method of claim 2, further comprising: 

providing image data; and 
processing the image data to form the image sWath; 
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4. The method of claim 3, wherein the disabling further 
comprises: 

modifying the image data by replacing image data pixels 
corresponding to the at least some individual piXel 
positions With non-printing pixels. 

5. The method of claim 4, further comprising: 

sending the modi?ed image data to the sWath printer. 
6. The method of claim 3, Wherein the disabling further 

comprises: 

segregating from the image data at least one color plane 
of piXel data for a predetermined ink color; and 

modifying the at least one color plane of image data by 
disabling printing of the color plane piXels correspond 
ing to the at least some individual piXel positions. 

7. The method of claim 2, Wherein the disabling further 
comprises: 

disabling printing in all individual piXel positions in the 
loW quality ones of the piXel roWs before disabling 
printing in any individual piXel positions in the other 
ones of the piXel roWs. 

8. A method for printing roWs and columns of an image 
sWath With a sWath printer, comprising: 

identifying defective printing elements of the sWath 
printer; 

providing a depletion mask for the roWs and columns 
having a predetermined percentage of depleted piXels, 
the mask having relatively more depleted piXel posi 
tions in at least some roWs corresponding to the defec 
tive printing elements and relatively feWer depleted 
piXel positions in at least some other roWs correspond 
ing to other printing elements; and 

processing the image sWath With the depletion mask so as 
to deplete the predetermined percentage of piXels from 
the sWath. 

9. The method of claim 8, Wherein the processing further 
comprises: 

disabling printing of piXel positions in the image sWath at 
the depleted piXel positions speci?ed by the depletion 
mask. 

10. The method of claim 8, Wherein the providing further 
comprises: 

selecting one of a prede?ned set of depletion masks based 
on the defective printing elements. 

11. The method of claim 8, Wherein the providing further 
comprises: 

constructing the depletion mask based on the defective 
printing elements. 

12. The method of claim 8, Wherein the providing further 
comprises: 

selecting one of a prede?ned set of depletion mask 
primitives based on at least one of the defective print 
ing elements, each depletion mask primitive having a 
Width less than or equal to the number of sWath 
columns and a height less than or equal to the number 
of sWath roWs; and 
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tiling the depletion mask primitives in the column direc 
tion and the roW direction to form the depletion mask 
so as to encompass the total number of sWath roWs and 
sWath columns. 

13. The method of claim 8, Wherein the printing further 
comprises: 

fully printing the sWath in only a single printing pass. 
14. The method of claim 8, Wherein no tWo adjacent piXel 

positions in a column are depleted piXel positions. 
15. A sWath printer, comprising: 

means for identifying defective printing elements of the 
sWath printer; 

means for mapping at least one of the defective printing 
elements to a corresponding loW quality one of the 
piXel roWs; and 

means for disabling printing of at least some individual 
piXel positions in at least one of the loW quality ones of 
the piXel roWs so as to deplete a percentage of piXels in 
the image sWath. 

16. A sWath printing system, comprising: 

a print mechanism responsive to control commands for 
printing drops of at least one colored ink from a 
plurality of printing elements onto speci?c piXel loca 
tions of a print medium to print an image; 

a depletion mask having depleting positions for disabling 
the printing of a predetermined percentage of the drops, 
the mask having relatively more depleting positions 
corresponding to piXel locations for defective printing 
elements and relatively feWer depleting positions cor 
responding to piXel locations for other printing ele 
ments; and 

an image processor connected to the depletion mask and 
the print mechanism, the image processor adapted to 
receive and process image data according to the deple 
tion mask so as to generate the control commands. 

17. The sWath printing system of claim 16, further com 
prising: 

a printing element quality detector connected to the print 
mechanism and the image processor for identifying 
defective ones of the plurality of printing elements; and 

Wherein the image processor speci?es the depleting posi 
tions of the depletion mask based on the defective ones 
of the plurality of printing elements. 

18. The sWath printing system of claim 16, further com 
prising: 

a printing element quality detector connected to the print 
mechanism and the image processor for identifying 
defective ones of the plurality of printing elements; 

Wherein the depletion mask includes a plurality of alter 
nate depletion masks and the image processor selects 
an optimal one of the alternate depletion masks for 
processing the image data based on the defective ones 
of the plurality of printing elements. 

19. Aprogram storage medium readable by a computing 
apparatus, tangibly embodying a program of instructions 
executable by the computing apparatus for preparing for 
printing on a sWath printer an image data ?le having roWs 
and columns of image piXels, the program storage medium 
comprising: 




