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(57) ABSTRACT 
An apparatus for generating printer data from application 
print data, the apparatus including a memory and a proces 
Sor. The memory Stores the application print data. The 
processor is coupled to the memory and is further adapted to 
be coupled to receive printer Status data from a multi-color 
printer. The processor is also adapted to provide printer data 
to the multi-color printer. The processor is operable to obtain 
from the printer Status data information identifying a first 
color ink for which printing is inhibited. The processor is 
also operable to identify one or more Substitute color inks 
from a set of color inks for which printing is not inhibited. 
The processor is further operable to generate printer data 
from application print data, Substituting the one or more 
Substitute color inks when print data requires the first color 
ink. 
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METHOD AND ARRANGEMENT FOR COLOR 
SUBSTITUTION IN A MULTI-COLOR PRINTING 

DEVICE 

FIELD OF THE INVENTION 

0001. The present invention relates generally to multi 
color printing devices, and in particular, multi-color printing 
devices that employ a plurality of color inkS. 

BACKGROUND OF THE INVENTION 

0002 Multi-color printing devices have grown substan 
tially in popularity because of their versatility and the 
increasing use of color printing Software applications. Multi 
color printing devices include, among others, color inkjet 
printers and color electrophotographic printing machines. 
Multi-color printing devices typically include ink reservoirs 
containing a plurality of color inks, which may then be 
blended to create a large plurality of Shades and tones of 
color. Such ink reservoirs often take the form of a liquid ink 
cartridge or toner cartridge. However, other ink reservoirs 
can include Solid ink Sticks or other media. Each ink 
reservoir Supplies the ink to the application device, for 
example, an ink jet print head or a electrophotographic 
machine development System. 
0.003 For example, a color ink-jet printer typically has 
ink reservoirs containing four color inks, including cyan, 
magenta, yellow and black. Such colors may be blended to 
create hundreds of different hues and tones of color. 

0004. An important part of the printing process in ink-jet 
printers, as well as other printing devices, is the blending of 
colors to arrive at the appropriate color. With respect to ink 
jet printing, the color data typically originates from a Soft 
ware application. That color data is in a format referenced 
herein as application print data. For example, photo-editing, 
chart-making, drawing and other Software application print 
data that includes both image and color information. The 
application print data, however, must be converted to infor 
mation used by the printing device to create the intended 
output. 

0005 To this end, control software that is typically, but 
not necessarily, executed by a processor in a general purpose 
computer, converts the application image data into raster 
data, and converts the application color information from the 
color Space employed by the application to printer color 
Space. At present, most Software applications employ a color 
Space that expresses colors in terms of combinations of red, 
blue and green. Such a color Space, called the RGB color 
Space, is typically employed in Software applications 
because the RGB color space is compatible with video 
display equipment. By contrast, the colors in printer color 
Space are typically expressed as combinations of cyan, 
magenta, yellow and black. 

0006. In any event, once the raster data and printer color 
data are generated, control devices within the printer cause 
the print-head of the printer to apply corresponding amounts 
of cyan, magenta, yellow and black ink during the Scanning 
of the document to produce the appropriate image. 

0007. A problem arises in multi-color printing devices 
when the ink reservoir(s) associated with a particular color 
are empty. Because each ink color constitutes a fundamental 
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constituent of a large number of colors, loSS of a particular 
color typically renders the accurate reproduction of a multi 
color image impossible. 

0008. As a result, in prior art printing apparatus, the 
printer controller would typically halt printing upon detec 
tion of an empty ink cartridge. The printer controller would 
not allow resumption of printing until the ink cartridge was 
replaced. Halting printing, while extremely inconvenient, 
prevents erroneous and nonsensical printing results when the 
printer lacks the ink to print in accordance with its printer 
data. Nevertheless, the inconvenience of Suspending a print 
job is particularly amplified when replacement ink reservoirs 
are not readily available. 

0009. There exists a need, therefore, for reducing the 
inconvenience associated with the Situation in which the ink 
reservoir for a particular color ink is empty. There is a 
further need to reduce Such inconvenience while providing 
at least Some printing utility. 

0010 Patents of general background interest, but which 
do not address the above stated needs include U.S. Pat. No. 
5,778,160 to Smith, U.S. Pat. No. 6,019,460 to Ushiogi et 
al., U.S. Pat. No. 6,064,493 to Neff, U.S. Pat. No. 6,139,135 
to Becker et al., U.S. Patent No. 6,196,670 to Saruta, and 
U.S. Pat. No. 6,217,150 to Heydinger. 

SUMMARY OF THE INVENTION 

0011. The above needs, as well as others, are addressed 
by providing a method and arrangement for controlling a 
multi-color printing device that identifies and applies a 
Substitute color ink for a color ink whose ink reservoirs are 
empty. While the substitute color may not provide optimal 
results, it allows printing to continue and allows of the data 
to be printed. 

0012 Embodiments of the subject invention include an 
apparatus for generating printer data from application print 
data. The apparatus includes a memory and a processor. The 
memory Stores the application print data. The processor is 
coupled to the memory and is further adapted to be coupled 
to receive printer Status data from a multi-color printer. The 
processor can provide printer data to the multi-color printer. 
The processor can obtain from the printer Status data infor 
mation identifying a first color ink for which printing is 
inhibited. The processor can also identify one or more 
Substitute color inks from a set of color inks for which 
printing is not inhibited. The processor can further generate 
printer data from application print data, Substituting the one 
or more Substitute color inks when print data requires the 
first color ink. 

0013 Additionally, embodiments of the present inven 
tion include a method for controlling a multi-color printing 
device having a plurality of ink reservoirs for containing a 
plurality of color inkS. In Such a method, information is 
obtained identifying a first color ink for which printing is 
inhibited. In addition, one or more Substitute color inks are 
identified from a Set of color inks for which printing is not 
inhibited. The multi-color printing device prints from a Set 
of reservoirs that contain the one or more Substitute color 
inkS when print data requires the first color ink. 

0014. The above discussed features and advantages, as 
well as others, may be readily ascertained by those of 
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ordinary skill in the art by reference to the following detailed 
description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 shows a block diagram of a printing 
arrangement according to an embodiment of the present 
invention. 

0016 FIG. 2 shows in further detail a functional block 
diagram of an exemplary embodiment of the printing 
arrangement of FIG. 1. 

0017 FIGS. 3, 4 and 5 show flow diagrams of the 
operations of the processor of the apparatus for generating 
printing data of FIG. 2. 
0.018 FIG. 6 shows an exemplary default color ink 
Substitution table which may be implemented in a memory 
of the apparatus for generating printing data of FIG. 2. 

0019 FIG. 7 shows a perspective view of the printing 
arrangement of FIG. 2. 

DETAILED DESCRIPTION 

0020 FIG. 1 shows a block diagram of a printing 
arrangement 10 including an apparatus 20 for generating 
printer data in accordance with embodiments of the Subject 
invention. The printing arrangement includes a multi-color 
printing device 15 in addition to the printer data generating 
apparatus 20. The printer data generating apparatus 20 
further includes a processor 22 and a memory 24 for storing 
application print data. 

0021. The multi-color printing device 15 may suitably be 
a color inkjet printer, a color photographic copier, a color 
Solid ink printer, or other type of printer that is capable of 
blending a plurality of color inks from a plurality of reser 
voirs to generate a large plurality of different color hues and 
toneS. 

0022. The processor 22 can be a processor of a general 
purpose computer, or a controller of a multi-color printing 
device Such as a processor within a photographic copier. In 
widely networked devices, the processor 22 need not be 
co-located with the multi-color printing device 15. More 
over, in various hybrid printer/copier devices, the processor 
22 may either be that of a general purpose computer that is 
coupled to the device 15 through a network, or may be 
contained within the same housing as the mult-color printing 
device 15. 

0023. In general, the multi-color printing device 15 oper 
ates with printer data that is in the printer color Space. In the 
printer color Space, all of the printer data is expressed in 
terms of the available color inks. In typical implementations, 
the available color inks include cyan, magenta, yellow and 
black, which is referred to as the CMYK color space. 
0024. The memory 24 may suitably be any memory 
capable of Storing application print data. AS discussed 
above, application print data is typically data generated by 
an Software application or the like. Application print data has 
not necessarily been expressed as a combination of existing 
ink colors. In other words, application print data is data that 
is not yet been transformed into printer color Space. In a case 
in which the processor 22 is part of a general purpose 
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computer, the application print data is typically expressed in 
RGB (red/green/blue) color space. 
0025 The processor 22 is generally operable to generate 
printer data from the application printer data. In other words, 
the processor 22 is operable to translate the application 
printer data into data that is expressed in the printer color 
Space. The processor 22 is typically also operable to gener 
ate the (non-color) image data in a form that is useful to the 
multi-color printing device 15, Such as, for example, raster 
Scan information. The processor 22 is further coupled to 
provide printer data to the multi-color printing device 15. 
0026. The processor 22 is operably coupled to receive 
printer Status information from the multi-color printing 
device 15. The printer Status information includes, among 
other things, information as to whether the paper Supply is 
empty, whether a paper jam exists, ink level information 
and/or other ink availability information. 
0027. The processor 22 is operable to obtain from the 
printer Status information data identifying a first color ink 
for which printing is inhibited. Printing for the color ink may 
be inhibited due to an empty or nearly empty ink reservoir. 
However, printing may be inhibited due to a mechanism 
malfunction having an effect that is localized to inhibiting 
the printing of a Single color ink. 
0028. The processor 22 is further operable to then iden 
tify one or more Substitute color inks from a set of color inkS 
for which printing is not inhibited. Thus, the processor 22 
determines which of the remaining color inks should be used 
in place of the color ink for which printing is inhibited. In 
one embodiment of the present invention, discussed further 
below in connection with FIGS. 2-7, the Substitute color ink 
can be a result of user Selection. In the Special case in which 
the color ink for which printing is inhibited is black ink, the 
processor 22 can Substitute process black, which is a com 
bination of a plurality of the remaining color inks that 
generates a composite resultant color of black. The genera 
tion of process black using a combination of available 
non-black inks would be known to those of ordinary skill in 
the art. 

0029. In any event, once the substitute color ink(s) are 
Selected, the processor 22 is operable to generate printer data 
from application print data by Substituting the one or more 
Substitute color inks when print data requires the first color 
ink. Printing thus need not be halted for an extended period 
of time. In the case where proceSS black is Substituted for 
black color ink, the quality of the printing is not greatly 
affected. In the case in which a color ink must be Substituted 
for a non-black color ink, the printing quality may Suffer 
Significantly, but in many cases the result may be tolerable 
for limited purposes. In either case, the user is not com 
pletely prohibited from at least Some degree of further color 
printing due to the lack of availability of one color ink. 
0030 To illustrate the operation of the present invention, 
consider an exemplary printing job in which the application 
printer data includes five pages of print data that is mostly 
black text with the remainder being highlighted portions of 
red text. In general, the processor 22 generates print data 
from the application print data. For black text, the processor 
22 generates print data for printing in black color ink. For 
red highlighted text, the processor 22 generates print data for 
printing in a combination of magenta and yellow color inkS. 



US 2003/0043231 A1 

0031. During the course of the print job, the printing 
device 15 from time to time provides the printer status 
information to the processor 22. Consider in the present 
example that the printing device 15 runs out of magenta ink 
after printing two pages of text. In Such a case, the printing 
device 15 provides status information to the processor 22 
that indicates that the printing of magenta color ink is 
inhibited. 

0.032 The processor 22 then substitutes one of the 
remaining color inks for the magenta color ink. Alterna 
tively, the processor 22 may Substitute a combination of the 
remaining color inkS. ASSuming, however, that the Substitute 
color ink is cyan, the processor 22 then continues the print 
job using the cyan color ink in the locations in which the 
magenta color ink is normally required. Thus, when the 
application print data shows red highlighted text, the pro 
ceSSor 22 generates printer data for printing in a combination 
of cyan and yellow color inks, as opposed to magenta and 
yellow color inkS. 

0.033 Because cyan color ink is substituted for the 
magenta color ink, the printed highlighted text appears in a 
non-red color, in this case blue or blue green. Because a 
portion of the print job had been completed before the 
magenta color ink became unavailable, the overall document 
will thus include both red and bluish color highlighted text. 
Such a result is not preferable in a finalized formal docu 
ment, but may be perfectly acceptable for draft purposes, or 
for internal or personal use. In addition, the user may elect 
to have the processor 22 cause the printing device 15 to 
reprint the first two pages using the Substitute color ink. 

0034. In either event, the present invention allows the 
user to continue printing, even in color, despite the fact that 
printing is inhibited for one of the color inks. The user is not 
therefore required to immediately locate replacement ink in 
order to resume color printing. 

0035) In a variation of the above described example, 
consider a situation in which the printer 15 can no longer 
print using black color ink after two pages of printing. In 
other words, consider a situation in which the black color ink 
reservoir becomes empty. In Such a case, the processor 22 
identifies a process black combination of magenta, cyan, and 
yellow color inks as Substitute inkS. The processor 22 
thereafter resumes the print job and employs that combina 
tion of color inks whenever the application printer data calls 
for black text print data. As a result of the Substitution, the 
resultant print job may be completed and will have an 
appearance that is largely the same as it would have been had 
black color continued to be available. 

0.036 The apparatus and method for generating printer 
data according to embodiments of the Subject invention 
allows printing to continue in the event that a color ink 
reservoir becomes empty. Preferably, the user is provided 
the opportunity to define whether the ink substitution should 
take place, and if So, what Substitutions to use. By providing 
a degree of user control, waste is avoided in Situations in 
which Substitute colors are not acceptable, for example, 
photographs or final copies of publication documents. To 
provide the user control, the processor 22 is preferably 
connected to a user interface 26 that allows the user to define 
the substitutes to be used, if necessary. Preferably, the 
processor 22 also queries the user via the user interface 26 
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whether ink Substitution should take place at the moment 
when the printing for a particular color ink becomes inhib 
ited. 

0037 FIGS. 2 and 7 show in further detail an exemplary 
embodiment of a printing arrangement 40 including an 
apparatus 50 for generating printer data. FIG. 2 shows the 
printing arrangement as a functional block diagram while 
FIG. 7 shows a perspective view of the exemplary appara 
tus. FIGS. 2 and 7 will be referenced simultaneously 
herebelow. 

0038. The printing arrangement 40 includes a multi-color 
inkjet printing device 45 in addition to the printer data 
generating apparatuS 50. The printer data generating appa 
ratus 50 is a general purpose computing device that includes, 
among other things, a processor 52 and a memory 54 for 
Storing application print data. The printer data generating 
apparatus 50 also includes a keyboard 56, a display 58, and 
other peripherals which typically include a hard disk drive 
60 and a mouse 62. 

0039 AS is known in the art, the processor 52 is operably 
coupled to the memory 54 and the hard disk drive 60 to 
operably store data thereto and retrieve data therefrom. The 
processor 52 is further operable to receive user input from 
the keyboard 56 and the mouse 62, and is further operable 
to display data via the display 58. It will be appreciated that 
Suitable input/output devices, buSSes, and other glue logic, 
not shown, are employed to provide the operable connec 
tivity between the various devices described above in a 
manner which would be known to those of ordinary skill in 
the art. 

0040. The multi-color inkjet printing device 45 includes 
a buffer memory 72, a printer controller 74, a motor con 
troller 76, a memory 78, a level sensor 80, a print head 
assembly 82, a feed motor 96 and a housing 87. In general, 
the housing 87 Supports a recording medium 91 to allow 
printing thereon via the print head assembly 82. The print 
head assembly 82 is supported by the housing 87 as 
described below. 

0041) With reference to both FIGS. 2 and 7, the print 
head assembly 82 further comprises a print head 84, a print 
head motor 94, a carriage 85, a cyan ink color reservoir 86, 
a magenta ink color reservoir 88, a yellow ink color reser 
voir 90, and a black ink color reservoir 92. With reference 
to FIG. 7, the print head 84 cannot be seen because it is 
hidden from View on the opposing Side from the resevoirs 
86, 88,90 and 92. Likewise, the print head motor 94 is 
Supported within the carriage 85 and thus cannot be seen in 
FIG. 7. 

0042. The carriage 85 is movably affixed to one or more 
carriage rails 89 to allow reciprocating movement of the 
carriage 85 under the movement force of the print head 
motor 94. As the carriage 85 reciprocates back and forth on 
the carriage rails 89, the print head 84 expels droplets of ink 
on the recording medium 91. 
0043. To this end, the print head 84 is a device that 
includes orifices, not shown, for applying each of the color 
inks stored in the reservoirs 86, 88, 90 and 92 to paper or 
other recording media 91 that is disposed proximate the print 
head 84. The cyan ink reservoir 86 is configured to contain 
cyan color ink, the magenta ink reservoir 88 is configured to 
contain magenta color ink, the yellow ink reservoir 90 is 
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configured to contain yellow color ink, and the black ink 
reservoir 92 is configured to contain black color ink. Each of 
the ink reservoirs 86, 88, 90 and 92 are releasably secured 
to the print head 84. The ink reservoirs 86, 88,90 and 92 are 
furthermore in fluid communication with the print head 84 
to allow the color inks stored within the reservoirs 86, 88,90 
and 92 to be controllably applied to the printable medium 
through the print head 84. 
0044) The print head motor 94 is mechanically coupled to 
cause controlled movement of the print head 84. The feed 
motor 96 is coupled to controllably drive a paper feed 
mechanism, not shown, but which is located in the housing 
87. The paper feed mechanism causes movement of the 
recording medium 91 in the vertical direction 93. 
0045. The level sensor 80 is a device that is operable to 
obtain information regarding the level of the ink in the ink 
reservoirs 86, 88,90 and 92. In the exemplary embodiment 
described herein, the level sensor 80 is operable to deter 
mine, for each of the ink reservoirs 86, 88, 90 and 92, 
whether the level of that ink reservoir falls below a prede 
termined threshold, hereinafter referred to as the “low ink 
threshold”. To this end, the level sensor 80 includes optical 
detection means and is located on the housing 87 at a 
position such that each of the ink reservoirs 86, 88,90 and 
92 pass through the line of sight of the optical detection 
means during the reciprocating movement of the print head 
assembly 82. However, it will be appreciated that other types 
of level Sensors may be employed that obtain information 
regarding the level of ink within the ink reservoirs 86, 88,90 
and 92. The level sensor 80 is also preferably coupled to 
provide the low ink threshold information to the printer 
controller 74. 

0046) The buffer memory 72 is typically a first-in, first 
out type memory that is operably coupled via a communi 
cation link 98 to the processor 52 of the printer data 
generating device 50. The buffer memory 72 is operable to 
receive printer data and provide the printer data to the print 
controller 74 in a first in, first out manner. 
0047 The print controller 74 is a microprocessor, micro 
controller, and/or other digital control circuitry that is oper 
able to cooperate with the motor controller 76 to control the 
operation of the feed motor 96, the print head motor 94 and 
the print head 84 to print images onto the recording media 
91 using the combination of color inks stored in the reser 
voirs 86, 88,90 and 92. 
0.048. In the general operation of the printing arrange 
ment 40, the processor 52 obtains application print data from 
the memory 54, the hard disk drive 60, or a combination of 
both. The application print data is the print data generated by 
the application Software, for example word processing Soft 
ware, computer aided design Software, presentation Soft 
ware, or the like. The processor 52 generates printer data 
from the application print data as described further below in 
connection with FIGS. 3, 4 and 5. In general, the processor 
52 performs a half-toning routine which converts the appli 
cation image data to printer raster data. Such techniques are 
known. In addition, the processor 52 performs a color 
transform that converts the application color information to 
color information relating to the available color inks. In 
accordance with embodiments of the Subject invention, the 
processor 52 performs the color transform using techniques 
that may include Substitution of one or more color inks for 
a color ink for which printing is inhibited. 
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0049. The processor 52 then provides the printer data to 
the buffer memory 72. The buffer memory 72 provides the 
printer data to the printer controller 74. More specifically, 
the processor 52 typically generates the printer data at a 
faster rate than the printing apparatus 45 can generate the 
printed output. Accordingly, much of the printer data is 
buffered in the buffer memory 72. 
0050. As the printer controller 74 receives the print data, 

it communicates with the motor controller 76 and coordi 
nates with the motor controller 76 to cause the print head 
motor 94, the feed motor 96, and the print head 84 to cause 
selective application of the inks from the ink reservoirs 86, 
88, 90 and 92 to the recording medium 91 to reproduce the 
image to be printed. In particular, the movement of the print 
head 84 and the release of ink by the print head is coordi 
nated to reproduce the image 95 as defined by the printer 
data. 

0051 During the printing operation, the printer controller 
74 from time to time provides printer status information to 
the processor 52 via the buffer memory 72. In addition, the 
level sensor 80 detects whether the ink level in any of the in 
reservoirs 86, 88, 90, and 92 falls below the low ink 
threshold. If so, then the level sensor 80 provides a signal to 
the printer controller 74 that is indicative of which ink level 
is below the low ink threshold. When the printer controller 
74 obtains information that an ink level is below the low ink 
threshold, the printer controller communicates the informa 
tion to the processor 52 via the printer Status information. 
0052. It is noted that in some embodiments, the level 
sensor 80 may be replaced by a level sensor maintained by 
the processor 52. For example, the level sensor 80 can 
comprise a Software counter that is arranged to determine 
the ink level by counting the number of “hits” on each color 
ink and subtracting from a predetermined number of “hits” 
available from the corresponding ink reservoir. The number 
of hits can be determined from the printer data that is 
generated by the processor 52, discussed further below. In 
Such an embodiment, the processor 52 itself generates the 
printer Status information that includes the information 
identifying whether a color ink is in need of Substitution. 
0053. In any event, the processor 52 then, in accordance 
with either predetermined or user-determined instructions, 
Substitutes one color ink for the color ink that is below the 
low ink threshold. To this end, the processor 52 performs the 
color transform in Such a way to employ the Substitute ink 
when the transform calls for the color ink that is below the 
low ink threshold. Further detail regarding one exemplary 
embodiment of the above described processes is provided 
below in connection with FIGS. 3, 4 and 5. 
0054. In the embodiments described herein in connection 
with FIGS. 2, 3, 4 and 5, it will be appreciated that the 
Substitution occurs when the printer data is generated. AS a 
result, the printing operations of the printer controller 74 and 
the motor controller 76 proceed in the same manner regard 
less of whether the Substitution occurs. One issue that arises 
from performing the Substitution at the time when the printer 
data is generated is that when a low ink level is detected by 
the detector, the printer buffer 72 has already received 
printer data that employs the original, unsubstituted colors. 
Thus, there is a time lag between the time a low ink level is 
detected and when the Substitution begins. That time lag is 
defined by the amount of data in the printer buffer 72 when 
the low ink level is detected. 
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0055) To this end, it is preferable that the level sensor 80 
be configured to detect low ink in the reservoirs 86, 88,90 
and 92 at the point in which there is still at least enough ink 
to cover the remaining data in the buffer memory 72 at the 
time of detection. 

0056. In alternative embodiments, the processor 52, the 
buffer memory 72 and/or the printer controller 74 may be 
configured to allow the processor 52 to erase Some or all of 
the contents of the buffer memory 72 after detection of a low 
ink level and then replace the data with replacement print 
data that employs the Substitution color(s). 
0057 Returning to the general operation of the printing 
apparatus 45, the above operations continue until all of the 
processor 52 has converted all of the application print data 
to printer data, the processor 52 has provided all of the 
printer data to the buffer memory 72, and the printer 
controller 74 and the motor controller 76 have cooperated to 
cause the printing of the all of the printer data in the buffer 
memory 72. 
0.058 As a result, the printer multi-color inkjet printing 
apparatus 45 and the printer data generating apparatuS 50 
can complete a print job, e.g., complete printing a document 
or file, even when one or more of the color inks in the ink 
reservoirs 86, 88, 90 and 92 become too depleted to be 
available for the entire print job. By contrast, in prior art 
devices, the print job would be halted until a replacement ink 
reservoir was installed. Because replacement reservoirs are 
not always readily available, and because many print jobs do 
not require precise color mapping, the use of a Substitute 
color from one of the other reservoirS facilitates convenience 
to the user. The convenience provided by the advances of the 
Subject invention also apply in the event that a color ink 
becomes unusable for another reason, Such as a mechanical 
or electrical failure associated with a particular color ink. 
0059 FIG.3 shows an exemplary set of operations of the 
processor 52 of FIG. 2. As necessary, other elements of 
FIG. 2 will be referenced as necessary to understand the 
context of the operations of the processor 52. It will be noted 
that the operations of FIG.3 represent only one example of 
a Sequence of Steps that can be performed by a processor in 
embodiments of the subject invention. 
0060. As an initial matter, in step 102, the processor 52 
receives a print command via a user application. The print 
command may, for example, be effectuated by an input 
signal from the keyboard 56. Upon receiving the print 
command, the processor 52 executes step 104. In step 104 
the processor 52 determines whether any color ink Status is 
“empty”. In particular, one of the ink reservoirs 86, 88, 90 
or 92 may have become empty during a prior print job. Thus, 
if the processor 52 obtained information during a prior print 
job identifying that one of the color inkS was empty or near 
empty, the processor 52 retains that information until it 
obtains Subsequent information that the Status has changed. 
Thus, in step 104, the processor 52 determines whether the 
current Status of any of the color inkS is “empty. 
0061) If, in step 104, the processor 52 determines that the 
current Status of a color ink is “empty', the processor 52 
proceeds to step 106. If, however, the processor 52 deter 
mines that no color ink has a current Status of "empty, then 
the processor 52 proceeds directly to step 110. In step 110, 
discussed further below, the processor 52 performs the color 
transform. 
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0062) In step 106 (a color ink has the status “empty”), the 
processor 52 communicates with the printer controller 74 to 
obtain ink level information. To this end, the printer con 
troller 74 may obtain sensor data from the level sensor 80 as 
described above. The processor 52 then determines from the 
ink level information whether the color ink in question is 
still consistent with the “empty' status. In other words, the 
processor 52 performs steps 106 and 108 to detect whether 
an empty ink reservoir has been replaced or refilled Since 
that last print job. 
0063) If, in step 108, the processor 52 determines that the 
ink Status of the color ink in question should be changed to 
“not empty, then the processor 52 changes the color ink 
status and proceeds to step 110. However, if the processor 52 
in step 108 determines that the color ink still has a status of 
“empty”, then the processor 52 proceeds to step 112. 
0064. In step 112, the processor 52 determines whether 
the user has previously defined a substitute transform for the 
“empty' color ink. If so, then the processor 52 proceeds to 
Step 113. In particular, processor 52 may allow the user to 
predefine color ink Substitutions during a printer "set-up” 
routine, not shown, but which is known in the art. A user 
may also have defined a color ink Substitution during a prior 
print job. 

0065. The “set-up' routine may suitably be a well-known 
routine that allows the user to Set certain parameters of 
operation of the printing process through dialog boxes 
displayed on the display 58 of FIGS. 2 and 7. During the 
Set-up routine, the user may identify a Sort of contingency 
plan of color ink substitutions in the event that one of the 
color inks becomes empty or unprintable during a print job. 
0066. In step 113, the processor 52 queries the user, via 
the display 58, whether the defined color substitution should 
occur. In particular, even if a user has defined a Substitution 
color ink contingency plan through the Set-up routine or 
during a prior print job, there are Some applications in which 
certain color Substitutions may not be appropriate. For 
example, Substitution for cyan, magenta, or yellow colors 
may not be appropriate for highly detailed, color intensive 
files Such as photographic images or the like. Thus, the user 
is provided the opportunity to bypass the predetermined 
substitution before the color substitution is implemented. 
The user may further be allowed to configure via the Set-up 
routine to skip step 113 and always perform the defined 
Substitution, or to Skip Step 113 only in certain circum 
StanceS. 

0067. If the processor 52 receives indication that the 
Substitution should occur, then the processor proceeds to 
step 114. If not, however, then the processor 52 proceeds to 
step 118 to perform the “empty routine', discussed below. 
0068. In step 114, the processor 52 implements the Sub 
Stitute color transform. In particular, the processor 52 Sets a 
“Substitute’ flag and then Stores information that associates 
the Substitute color ink for the “empty' color ink. Thereafter, 
the processor 52 proceeds to step 110 to perform the color 
transform. The “substitute” flag and the information stored 
in step 114 are employed in the color transform step 110, 
discussed further below 

0069. Referring again to step 112, if the processor 52 
determines that a Substitute transform has not been previ 
ously identified, the processor 52 proceeds to step 118. As 
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discussed above, step 118 is an “empty routine” performed 
by the processor 52. In general, the “empty routine' is a 
routine that allows a user to determine what action should be 
taken if a color ink reservoir is no longer able to print (i.e. 
is in “empty status). AS discussed below, the user may halt 
printing until the cartridge is replaced, cancel the print job, 
or print using a Substitute color transform. While Such an 
empty routine may take various forms, an exemplary “empty 
routine' is shown in FIG. 5 and discussed further below. 

0070 Referring again to FIG. 3, the processor 52 in step 
110 performs the color transform. In particular, the applica 
tion printer data, which is represented in application color 
Space, typically RGB color Space, is converted into printer 
color data, typically in the CMYK color space. Thus, the 
color transform Step generates as an output, color data in 
terms of the color inkS employed within the printing appa 
ratus 45. However, the generated color data may include 
color data only in terms of those color inks having a status 
of “not empty. To this end, any application color Space data 
that maps to a color ink having a Status of "empty' is 
remapped to the Substitute color ink. 
0071 FIG. 4 shows in further detail an exemplary color 
transform operation according to an embodiment of the 
Subject invention. The exemplary color transform operation 
includes steps 402, 404, and 406, as described below. Steps 
402,404 and 406 may suitably be used as step 110 of FIG. 
3. 

0.072 In step 402, the processor 52 converts the applica 
tion color space data to printer color space data using any 
suitable technique. The conversion of step 402 is performed 
without regard as to whether a Substitute color transform has 
been defined. In other words, even if the magenta color ink 
has a status of empty, the conversion of step 402 still 
generates printer color data that identifies magenta applica 
tions. In any event, the color transform of step 402 may 
Suitably be a prior art color transform technique. Such 
techniques are well known in the art. 
0073. Thereafter, in step 404, the processor determines 
whether the "Substitution' flag has been Set, Signaling that a 
color ink Substitution has taken place. If not, then the 
processor 52 has completed the color transform and contin 
ues with the execution of step 120 of FIG. 3. 
0.074) If, however, the processor 52 determines in step 
404 that the substitution flag has been set, as by step 114 
(FIG. 3), then the processor 52 executes step 406. In step 
406, the processor 52 employs the color ink substitution 
information to replace references to the “empty' color ink in 
the generated printer color Space data with references to the 
identified Substitute color ink. Thus, the Substitution is 
carried out after the actual mapping has taken place in Step 
402. 

0075. It is noted that alternative embodiments could 
allow direct mapping to the Substitute color ink. For 
example, the prior art mapping algorithm of Step 402 could 
be altered to map directly to the substitute color ink when the 
“empty' color ink would normally be used. 
0076. In any event, returning to FIG.3, after step 110, or 
contemporaneously there with, the processor 52 executes 
step 120. In step 120, the processor 52 performs half-toning 
on the application print data to complete the transformation 
of the application print data to printer data. Half-toning 
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operations are well known in the art. The processor 52 then, 
in Step 122, provides the resultant printer data to the printing 
apparatus 45. In step 123, the processor 52 determines 
whether the print job is complete. If So, then the operation 
ends. If not, then the processor 52 continues to step 124. 
0077. It will be appreciated that the processor performs 
StepS 110, 120, 122 and 123 in an ongoing, contemporaneous 
manner. For example, the processor 52 can transmit a first 
block of data to the printing apparatus 45 in Step 122 at about 
the same time, or interleaved with the performance of 
half-toning on a Second block of data and the performance 
of the color transform on a third block of data. 

0078. In step 124, the processor 52 determines whether it 
has received printer Status data from the printer controller 
74. In particular, from time to time during the processing of 
the data in steps 110, 120 and 122, the processor 52 receives 
printer status data from the printer controller 74. While the 
receipt of the printer Status data is represented as a Sequential 
step in FIG. 3, the receipt of such data may suitably be 
detected as an interrupt during the performance of any of 
steps 110, 120, 122 and 123. 
0079. In any event, the printer status data includes infor 
mation regarding whether any of the color ink reservoirs 86, 
88, 90 and 92 have a low ink level. Other printer status data 
may include information identifying that the existence of a 
paper jam or that the paper is out. 
0080) If the processor 52 has not received printer status 
data, the processor 52 returns to step 110 and continues with 
the printing proceSS. However, if the processor 52 in Step 
124 determines that it has received printer Status data, then 
the processor proceeds to Step 126. In Step 126, the processor 
52 determines if the printer status indicated that any of the 
color inks were below the low level threshold. If not, then 
the processor 52 continues on to execute Step 128. 
0081) If, however, in step 126, the processor 52 deter 
mines that the one or more of the color inks were below the 
low level threshold, then the processor 52 pauses printing in 
step 130. The processor 52 preferably also changes the color 
ink status to “empty”. 

0082 It is noted that in other embodiments, the processor 
52 may not necessarily change the Status of the color ink to 
“empty until a predetermined amount of additional print 
data has been generated using the color ink in question. In 
Such an embodiment, the low level threshold is chosen to be 
a level that identifies to the processor 52 that a certain 
amount of color ink still remains. The processor 52 could 
then estimate usage of the remaining amount to determine 
when the status should be changed to “empty”. 
0083 Continuing again with the embodiment of FIGS. 2, 
3, 4 and 5, once printing is paused in step 130, then the 
processor 52 proceeds to Step 112, discussed above. In Step 
112, the processor 52 determines whether a substitute color 
has been defined, and then performs the “empty routine” in 
step 118 if a substitute has not yet been defined. During the 
“empty routine', the processor 52 determines whether to 
continue printing using a Substitute color or to halt printing 
altogether. 

0084. Referring again to step 128 (no color ink level 
low), the processor 52 determines whether the printer status 
information received in Step 124 requires any other action. 
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In particular, Step 128 represents the normal error handling 
and Status information handling operations of the processor 
52. For example, step 128 cause the processor 52 to inform 
the user via the display 58 that the paper tray is empty, that 
a paper jam exists, or that Some other malfunction exists. 
Reference to step 128 is provided only for the purposes of 
COnteXt. 

0085. If, in step 128, the processor 52 determines that one 
or more conditions require action, then the processor per 
forms the appropriate Subroutine in Step 132. If, however, 
the processor 52 determines that the printer Status informa 
tion does not identify any other actions to be taken, the 
processor 52 returns to step 110 to continue with the printing 
proceSS. 

0.086 The above-described operations show an exem 
plary Set of operations of a processor in carrying out 
embodiments of the Subject invention. In particular, the 
operations of the processor 52 in FIG. 3 not only allow for 
Substitution of a color ink if one of the color inks is 
determined to be empty or near empty, the operations of the 
processor 52 allows the user to determine whether to per 
form the Substitution or to Simply await replacement of the 
empty color ink reservoir. 
0087 To this end, FIG. 5 shows an exemplary “empty 
routine' according to an embodiment of the present inven 
tion. As discussed above in FIG. 3, the empty routine is 
performed by the processor 52 upon determining that the 
Status of a color ink is “empty' and no Substitution color ink 
had yet been defined. The operations of FIG.5 may suitably 
constitute step 118 of FIG. 3. 
0088 Referring to FIG. 5, the processor 52, in step 302, 
prompts a user Selection between a plurality of options. In 
particular, the processor 52 prompts the user to Select to 1) 
define a Substitute color ink transform, 2) replace the ink 
reservoir in question, or 3) cancel the print job. To this end, 
the processor 52 can cause the display 52 to display the 
options for selection via the keyboard 56 or the mouse 62. 
Thereafter, in step 304, the processor receives the user 
Selection and proceeds accordingly. 
0089. In particular, if the user elects to define a substitute 
color transform in step 304, then the processor 52 proceeds 
to step 306. If the user elects to replace the in reservoir in 
step 304, then the processor 52 proceeds to step 308. If the 
user elects to cancel printing in Step 304, then the processor 
52 in step 310 halts the printing job and completes its 
operation. 

0090. In step 306, the substitute color definition transfor 
mation begins with the processor 52 identifying and com 
municating to the user a default Substitute color. In particu 
lar, a set of default Substitutions are set up in memory to ease 
application of Substitute color transforms for leSS Sophisti 
cated users. Indeed, Such default Substitutions may be used 
by even Sophisticated users as a matter of convenience. 
0091 FIG. 6 shows an exemplary table of color ink 
substitutions that may suitably be used in embodiments of 
the invention. Information representative of the table in 
FIG.6 may be maintained in the memory 54 or the hard-disk 
60. In general, however, the Substitutions for cyan, magenta 
and yellow color inks are a matter of design choice. Nev 
ertherleSS, for black color ink, it is desirable to provide a 
combination of cyan, magenta and yellow, which produces 
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a color known in the art as “process black', as the Substitute 
if the “empty' color ink is black. By using proceSS black as 
the Substitute, the quality of the printed material is mini 
mally impacted by the Substitution. 
0092. With regard to the other color inks, it will be 
appreciated that combinations of other inkS may be used as 
a Substitute as opposed to the Single color ink Substitutes 
shown in FIG. 6. 

0093. Returning again to FIG. 5, after the processor 52 
obtains the default color substitution that corresponds to the 
color ink that has the “empty' Status, the processor proceeds 
to step 312. 
0094. In step 312, the processor 52 causes display of a 
chart of colors and how those colors would be affected by 
the default substitution. To this end, a routine may be used 
that mimics the color transform operation of FIG. 4 on a 
displayed palette of colors, using the defined Substitution. 
The result of the “transform' is data representative of the 
palette of colors, as modified by the proposed color ink 
substitution, in CMYK color space. The processor 52 would 
then perform a reverse color transform to obtain the modi 
fied palette of colors in application (RGB) color space. The 
modified colors in RGB color space could then be displayed 
next to their original colors, for the user to compare and 
analyze. 
0095 Thereafter, in step 314, the processor 52 prompts 
the user to determine whether the displayed substitution is 
acceptable. If so, then the processor 52 proceeds to step 316 
to resume printing. If, not, however, then the processor 
proceeds to step 318. In step 318, the processor 52 prompts 
the user to identify a substitute color ink via the keyboard 56 
or mouse 62. 

0096. Once the user has identified a substitute color ink 
in step 318, the processor 52 in step 320 display a chart or 
palette of colors and how those colors would be affected by 
the substitution. To this end, step 320 may suitably perform 
the same operations as Step 312, discussed above. After the 
palette of colors showing the proposed Substitution is dis 
played in step 320, the processor 52 returns to step 314. In 
Step 314, as discussed above, the processor 52 prompts the 
user for input identifying whether the proposed Substitution 
is acceptable. 

0097. Referring to step 316, if at any time the user in step 
314 identifies that a proposed color ink substitution is 
acceptable, then the processor 52 resumes printing and then 
proceeds to step 114 of FIG. 3. As discussed above, the 
processor 52 in step 114 implements the color substitution 
by Setting the “Substitute' flag and Storing information 
identifying the color ink Substitution. Such information is 
then referenced in the color transform operation (step 110 of 
FIG. 3) of the processor 52. 
0.098 Referring again to FIG. 5, if the identified user 
selection in step 304 is ink reservoir replacement, then the 
processor 52 proceeds to step 308. In step 308, the processor 
52 merely awaits replacement of the ink reservoir. In gen 
eral, until the ink reservoir is actually replaced, the processor 
52 can continue to prompt the user for selection in step 302 
until the reservoir is replaced or another choice is Selected. 
In any event, once the ink reservoir is replaced, the processor 
52 proceeds to Step 322. In Step 322 the processor changes 
the status for the relevant color ink from “empty” to “not 
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empty”. Moreover, the processor 52 resumes the print job. 
After execution of Step 322, the processor 52 returns to Step 
110 of FIG 3. 

0099] The above-described embodiment thus provides 
Some level of user control over when and what color ink 
Substitutions should occur. 

0100. It is noted that embodiments of the present inven 
tion may not include all of the features described herein yet 
still benefit from at least some of the advantages of the 
invention. Those of ordinary skill in the art may readily 
devise their own Such implementations that incorporate one 
or more of the features of the present invention and fall 
within the Spirit and Scope thereof. 
What is claimed is: 

1. A method comprising: 
obtaining information identifying, in a multi-color print 

ing device having a plurality of ink reservoirs for 
containing a plurality of color inks, a first color ink for 
which printing is inhibited; 

identifying one or more Substitute color inks from a Set of 
color inks for which printing is not inhibited; 

causing a multi-color printing device to print from a set of 
reservoirs that contain the one or more Substitute color 
inkS when print data requires the first color ink. 

2. The method of claim 1 wherein identifying one or more 
Substitute color inks further comprises identifying from a 
user Selection the one or more Substitute color inkS. 

3. The method of claim 1 wherein identifying one or more 
Substitute color inks further comprises prompting the user to 
identify the one or more Substitute color inkS. 

4. The method of claim 1 wherein identifying one or more 
Substitute color inks further comprises prompting the user to 
identify the one or more Substitute color inks by Selecting 
from one of a predetermined default Selection or a user 
identified Selection. 

5. The method of claim 1 wherein causing the multi-color 
printing device to print further comprises performing a color 
transform on the print data from an application color Space 
to a printer color Space using the one or more Substitute color 
inkS. 

6. The method of claim 1 wherein 

obtaining information identifying the first color ink fur 
ther comprises obtaining information identifying the 
first color ink as black ink; and 

identifying one or more Substitute color inks further 
comprises identifying one or more Substitute color inkS 
from a Set of color inks for which printing is not 
inhibited, the one or more Substitute color inks com 
binable to form process black. 

7. The method of claim 1 wherein obtaining information 
identifying the first color ink further comprises obtaining 
information identifying the first color ink for which printing 
is inhibited wherein printing is inhibited because a first color 
ink reservoir is Substantially empty. 

8. An apparatus comprising: 
a memory for Storing application print data; 
a processor coupled to the memory, the processor further 

adapted to be coupled to receive printer Status data 
from a multi-color printer, the processor further 
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adapted to provide printer data to the multi-color 
printer; the processor executing a method comprising 

obtaining from the printer Status data information iden 
tifying a first color ink for which printing is inhib 
ited, 

identifying one or more Substitute color inks from a Set 
of color inks for which printing is not inhibited, and 

generating printer data from the application print data, 
Substituting the one or more Substitute color inks 
when print data requires the first color ink. 

9. The apparatus of claim 8 wherein the method executed 
by the processor further comprises identifying from a user 
Selection the one or more Substitute color inkS. 

10. The apparatus of claim 8 further comprising a display, 
and wherein the method executed by the processor further 
comprises providing display data to the display prompting 
the user to identify the one or more Substitute color inkS. 

11. The apparatus of claim 10 wherein the method 
executed by the processor further comprises providing dis 
play data to the display and prompting the user to identify 
the one or more Substitute color inks by Selecting from one 
of a predetermined default Selection or a user identified 
Selection. 

12. The apparatus of claim 8 wherein the method executed 
by the processor further comprises: 

obtaining from the printer Status data information identi 
fying the first color ink as black ink; and 

identifying one or more Substitute color inks from a set of 
color inks for which printing is not inhibited, the one or 
more Substitute color inkS combinable to form process 
black. 

13. The apparatus of claim 8 wherein the method executed 
by the processor further comprises obtaining from the 
printer Status data information that a first color ink reservoir 
is below a predetermined threshold. 

14. The apparatus of claim 8 wherein the method executed 
by the processor further comprises generating printer data 
from application print data by: 

performing a color transform on the application print data, 
Substituting the one or more Substitute color inks when 
print data requires the first color ink; and 

performing half-toning on the application print data. 
15. An apparatus comprising: 

means for obtaining information identifying, in a multi 
color printing device having a plurality of ink reser 
Voirs for containing a plurality of color inks, a first 
color ink for which printing is inhibited; 

means for identifying one or more Substitute color inkS 
from a Set of color inks for which printing is not 
inhibited; 

means for causing a multi-color printing device to print 
from a set of reservoirs that contain the one or more 
Substitute color inkS when print data requires the first 
color ink. 

16. The apparatus of claim 15 wherein the means for 
identifying one or more Substitute color inks further com 
prises means for identifying from a user Selection the one or 
more Substitute color inkS. 
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17. The apparatus of claim 15 wherein the means identi 
fying one or more Substitute color inks further comprises 
means for prompting the user to identify the one or more 
Substitute color inkS. 

18. The apparatus of claim 15 wherein the means for 
identifying one or more Substitute color inks further com 
prises means for prompting the user to identify the one or 
more Substitute color inks by Selecting from one of a 
predetermined default Selection or a user identified Selec 
tion. 

19. The apparatus of claim 15 wherein the means for 
causing the multi-color printing device to print further 
comprises means for performing a color transform on the 
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print data from an application color Space to a printer color 
Space using the one or more Substitute color inkS. 

20. The apparatus of claim 15 wherein: 
the means for obtaining information identifying the first 

color ink further comprises means for obtaining infor 
mation identifying the first color ink as black ink, and 

the means for identifying one or more Substitute color 
inkS further comprises means for identifying one or 
more Substitute color inks from a Set of color inks for 
which printing is not inhibited, the one or more Sub 
Stitute color inkS combinable to form process black. 
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