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Description

BACKGROUND

[0001] To increase the performance of inkjet printers,
one pass bi-directional printing may be employed. This
means that ink is ejected in both directions when the
inkjet printheads are moving from left to right across a
swath of media, and also when they are moving from
right to left across a swath of media. Bidirectional print-
ing is distinguished from single-direction printing, in
which ink is ejected when the inkjet printheads are mov-
ing from either left to right or from right to left across a
media swath, and not in both directions. Using bi-direc-
tional printing can typically increase the performance of
inkjet printers by roughly a factor of two.
[0002] For color printers, a color space conversion is
usually performed on an image prior to its being printed.
A color space is a mathematical model that is used to
represent the colors of an image. By combining the cor-
responding constituent colors of a color space in differ-
ent ways, any desired color can be represented. The
typical color space for display purposes is red-green-
blue (RGB), whereas a type of color space used for
printing purposes is cyan-magenta-yellow (CMY), or cy-
an-magenta-yellow-black (CMYK). Depending on the
color space being used, combining the constituent
colors of the model produces different visual results.
[0003] Color space conversion, such as from an RGB
color space to a CMY, CMYK, or other color space, typ-
ically employs a three-dimensional table, called a color
map. For each unique combination of red, green, and
blue values, the map provides corresponding values for
cyan, magenta, yellow, and black. Once all the pixels of
an image are converted from RGB to a given printer's
resident color model, printing may occur.
[0004] To avoid visual artifacts, such as hue shift,
when using bi-directional color inkjet printers, color
space conversion can be performed for each direction
in which the inkjet printheads travel over the media. For
instance, there may be a first color map that translates
R, G, B values in the RGB color space to C, M, Y, K
values in the CMYK color space that is used when the
inkjet printheads travel from left to right over media
swaths. There may also be a second color map that
translates the same R, G, B values in the RGB color
space to C, M, Y, K values in the CMYK color space that
is used when the printheads travel from right to left over
the media swaths.
[0005] Usually, such bi-directional color maps are
constructed offline, under nominal conditions for a given
color inkjet printer. These nominal conditions include a
nominal printhead being used with ideal ink drop
weights, ideal inks, particular types of target media, as
well as standard operating temperature, humidity and
other environmental factors. In real-world applications,
however, the conditions in which the printer is used may
depart from the nominal conditions in which the bi-direc-

tional color maps were developed. This can affect the
accuracy of the bi-directional color maps, affect printer
output quality, and affect bi-directional printing robust-
ness. For instance, some banding artifacts may become
visible, mainly due to the color hue shift between the
swaths printed by the printheads traveling from left to
right and the swaths printed by the printheads traveling
from right to left.

SUMMARY

[0006] A method of an embodiment of the invention
bi-directionally color calibrates image data using one or
more online color calibration tables. The image data, as
has been bi-directionally color calibrated, is output.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The drawings referenced herein form a part of
the specification. Features shown in the drawing are
meant as illustrative of only some embodiments of the
invention, and not of all embodiments of the invention,
unless otherwise explicitly indicated.
[0008] FIGs. 1A, 1B, and 1 C are diagrams used for
describing an overview of online bi-directional color cal-
ibration, according to an embodiment of the invention.
[0009] FIGs. 2A, 2B, 2C, and 2D are graphs used for
describing a background overview of the bi-directional
color calibration process, according to an embodiment
of the invention.
[0010] FIG. 3 is a flowchart of a method to construct
a linearization table for each color component of a color
space, according to an embodiment of the invention.
[0011] FIG. 4A is a graph depicting a simplified exam-
ple of two linearization curves for bi-directional printing,
according to an embodiment of the invention.
[0012] FIG. 4B is a diagram of a simplified example
of bi-directional color calibration targets for a color com-
ponent of a color space, according to an embodiment of
the invention.
[0013] FIG. 5 is a flowchart of a method illustrating
one part of the method of FIG. 3 in more detail, accord-
ing to an embodiment of the invention.
[0014] FIG. 6 is a flowchart of a method of use, ac-
cording to an embodiment of the invention.
[0015] FIG. 7 is a flowchart of a method for converting
image data from a first color space to a second color
space, in each of two directions, according to an em-
bodiment of the invention.
[0016] FIG. 8 is a flowchart of a method to linearize
image data utilizing a linearization table for each of two
directions, according to an embodiment of the invention.
[0017] FIG. 9 is a block diagram of an image-forming
device, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0018] In the following detailed description of exem-
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plary embodiments of the invention, reference is made
to the accompanying drawings that form a part hereof,
and in which is shown by way of illustration specific ex-
emplary embodiments in which the invention may be
practiced. These embodiments are described in suffi-
cient detail to enable those skilled in the art to practice
the embodiments. Other embodiments may be utilized
and logical, mechanical, and other changes may be
made without departing from the spirit or scope of the
present invention. The following detailed description is,
therefore, not to be taken in a limiting sense, and the
scope of the present invention is defined only by the ap-
pended claims.

Overview of online bi-directional color calibration

[0019] An overview of how online bi-directional color
calibration is performed in accordance with an embodi-
ment of the invention is first provided, in conjunction with
FIGs. 1 A, 1B, and 1 C. Further details regarding online
bi-directional color calibration are provided in subse-
quent sections of the detailed description. In FIG. 1A,
the diagram 1000 indicates an overall work flow in which
bi-directional color calibration is accomplished, accord-
ing to an embodiment of the invention. Data in accord-
ance with a red-green-blue (RGB) color space is input,
as indicated by the arrow 1002. The data is mapped to
a cyan-magenta-yellow-black (CMYK) color space in
accordance with two directions, using a first color map
1004 for media swathes to be printed in one direction,
such as for the even swathes, and a second color map
1006 for media swathes to be printed in another direc-
tion, such as for the odd swathes. This results in the
RGB color space data being converted to CMYK color
space data in two ways: CeMeYeKe color space data re-
sulting from conversion using the first color map 1004,
and CoMoYoKo color space data resulting from conver-
sion using the second color map 1006, as indicated by
the arrows 1008 and 1010, respectively.
[0020] Both the CeMeYeKe data and the CoMoYoKo
data are then bi-directionally color calibrated in an on-
line manner, as indicated by the block 1012 in the dia-
gram 1000 of FIG. 1A. This results in color-calibrated
CMYK data, as indicated by the arrow 1014, which is
inclusive of color-calibrated CeMeYeKe data and color-
calibrated CoMoYoKo data. The color-calibrated CMYK
data may have the same color depth as the RGB data
that was input. For instance, the data may have individ-
ual values from 0-255, indicating an eight-bit depth. To
convert this data to a lower bit depth, half-toning is per-
formed, as indicated by the block 1016. This results in
the color-calibrated CMYK data having a lower bit depth,
such as one, two, or three bits, as indicated by the arrow
1018.
[0021] In FIG. 1 B, the diagram 1100 shows how the
online bi-directional color calibration of FIG. 1A can be
specifically accomplished using two sets of linearization
tables, according to an embodiment of the invention.

The CeMeYeKe data resulting from use of the color map
1004 is input into the set of linearization tables 1102 for
one direction, such as for the even media swaths. The
set of linearization tables 1102 includes a linearization
table for each color of the CMYK color space: a cyan
linearization table 1102C, a magenta linearization table
1102M, a yellow linearization table 1102Y, and a black
linearization table 1102K. Likewise, the CoMoYoKo data
resulting from use of the color map 1106 is input into the
set of linearization tables 1102' for the other direction,
such as for the odd media swaths. The set of lineariza-
tion tables 1102' also includes a linearization table for
each color of the CMYK color space: a cyan linearization
table 1102C', a magenta linearization table 1102M', a
yellow linearization table 1102Y', and a black lineariza-
tion table 1102K'. Both the CeMeYeKe data and the Co-
MoYoKo data as color-calibrated are then half-toned, as
indicated by the block 1016.
[0022] In FIG. 1C, the diagram 1200 shows how the
online bi-directional color calibration of FIG. 1A can be
specifically accomplished using one set of linearization
tables, according to an embodiment of the invention.
Both the CeMeYeKe data and the CoMoYoKo data, result-
ing from the use of the color maps 1004 and 1006, re-
spectively, are input into the same set of linearization
tables 1202, regardless of their direction. The set of lin-
earization tables 1202 includes a linearization table for
each color of the CMYK color space: a cyan linearization
table 1202C, a magenta linearization table 1202M, a
yellow linearization table 1202Y, and a black lineariza-
tion table 1202K. Both the CeMeYeKe data and the Co-
MoYoKo data as color-calibrated are again subsequently
half-toned, as indicated by the block 1016. Linearization
background overview
[0023] A background overview of linearization is now
provided, prior to further description of online bi-direc-
tional color calibration. The background overview of lin-
earization is described in conjunction with FIGs. 2A, 2B,
2C, and 2D. FIG. 2A shows a graph 100 on which a
measured quantity, such as print density, or L*, is plotted
on the y-axis 104 as a function of tone, or gray, level on
the x-axis 102, according to an embodiment of the in-
vention. The measurement curve depicted in FIG. 2A
can be obtained by measuring a printed color calibration
target, as is described later in the detailed description
in conjunction with FIG. 4B. The curve 106 depicts the
relationship between tone levels and L* measurements
for a single colorant. The colorant may be ink, such as
that output by an image-forming device, like an inkjet
printer device. The colorant may be a given color com-
ponent of a color space. For instance, the color space
may be the cyan-magenta-yellow-black (CMYK) color
space, having the color components cyan, magenta,
yellow, and black. As the tone level increases from 0 to
255, the L* value decreases. The graph 100 reflects the
lightness, as represented by L*, decreasing as the tone
level increases along a gradient.
[0024] FIG. 2B shows a graph 150 on which output
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tone, or gray level, is plotted on the y-axis 154 as a func-
tion of input tone, or gray, level on the x-axis 152, ac-
cording to an embodiment of the invention. The curve
156 represents a color calibration, or linearization, table,
after one-dimensional (1D) color calibration, or lineari-
zation, has been performed for a single colorant. For a
given input tone level, the curve 156 indicates the actual
output tone level to be employed. That is, for any given
input tone value, the output tone value, which is deter-
mined by utilizing the look-up table represented by the
curve 156, is used to achieve the desired measurement
data in FIG. 2A. A more detailed description regarding
the 1 D color calibration process is now presented in
conjunction with FIGs. 2C and 2D.
[0025] FIG. 2C shows a graph 160 on which L* is plot-
ted on the y-axis 104 as a function of tone, or gray, level
on the x-axis 102 for a reference curve 164 or 166, and
a measurement curve 162 of a printhead to be calibrat-
ed, according to an embodiment of the invention. The
curve 166 depicts a reference, or target, curve. The ref-
erence curve can be a measurement curve for a nominal
printhead with ideal drop weight and nominal printing
conditions. It can also be a straight line, as in the curve
164. The reference curve can more generally be any
predefined curve. By comparison, the curve 162 depicts
the measurement for a printhead with unknown drop
weight, or a printhead that needs to be calibrated.
[0026] The color calibration process for the printhead
is described as follows. For a given input tone level 170,
the measured L* value is the L* value 182, which is de-
termined by the measurement curve 162 through the in-
tersection point 172. The desired, or targeted, L* value
for the input tone level 170 is the L* value 180, which is
determined by the reference curve 166 through the in-
tersection point 174, where the curve 166 is chosen over
the curve 164 for sake of description. From the intersec-
tion point 176 of the measurement curve 162 and the
desired L* value 180 of reference curve 166, the output
tone level 178 can be identified. This means that for the
measurement data, the output tone level 178 will yield
the desired L* value 180. Therefore, in order to obtain
the desired measurement L* value 180 for the input tone
level 170, an intermediate step or act of mapping ofthe
tone level 170 to the tone level 178 is performed. This
implies that for every point in the input tone level there
is a unique mapping tone as output. Such a tone range
mapping process is the application of 1 D color calibra-
tion.
[0027] FIG. 2D shows a graph 190 on which the out-
put gray level is plotted on the y-axis 154 as a function
of input gray level on the x-axis 152 for color calibration,
according to an embodiment of the invention. The curve
194 represents the mapping table for the reference
curve of the graph 160 in FIG. 2C. The curve 192 rep-
resents the color calibration table for the measurement
curve 162 of the printhead to be calibrated after 1D color
calibration has been performed. From the graph 190,
the input tone level 170 is mapped to the output tone

level 178, which is lower than the input tone level 170.
This lower output means that the printhead to be cali-
brated is a heavier pen having a bigger drop weight than
that of the nominal printhead. If the printhead were used
without color calibration, more colorant than the desired
amount would be used, resulting in degraded print qual-
ity.
[0028] Furthermore, when bi-directional printing is
employed, such that the inkjet printhead, or other inkjet
printing mechanism, ejects ink, or other colorant, in both
directions over a media swath, the actual value of the
color component may further vary, depending on which
direction the printhead was traveling when ejecting the
ink. This reduces the accuracy and the robustness of
the bi-directional color maps. When the printhead is cal-
ibrated, a linearization table, or look-up table (LUT), is
generated, which is depicted in FIG. 2D as the curve
192 of the graph 190. The linearization table indicates
how much correction should be made to the non-nomi-
nal condition of the printhead, by mapping the input tone
level to the appropriate output tone level. Every colorant
used in the image-forming device preferably has its own
unique linearization table after the color calibration. With
these linearization tables, the image-forming device
may adjust the amount of colorant for the color compo-
nent in question, such that the desired or correct amount
of color is actually ejected onto the media.
[0029] One-dimensional (1D) color calibration, or lin-
earization, refers to such adjustment by adjusting the
colorant for each color component of the color space
independently, without respect to its interaction with the
colorants of the other color components of the color
space. A color calibration, or linearization, table is thus
a look-up table that changes an input value to a unique
output value. For instance, for a heavier inkjet pen, hav-
ing a larger ink drop weight, the output gray level may
be smaller than the input gray level after 1D color cali-
bration. Alternatively, for a lighter inkjet pen, having a
smaller ink drop weight, the output gray level may be
larger than the input gray level after 1D color calibration.
It is noted that the phrases color calibration and linear-
ization are utilized synonymously herein.
[0030] In one embodiment, 1D linearization that takes
into account bi-directional printing is accomplished as
follows. The amount of gray level that is needed to
achieve an intended measurement quantity, such as op-
tical density, intensity, lightness, and so on, for a given
input tone is determined, based on the measurement
data obtained from both directions. For instance, for a
given gray level, the measurement data when the col-
orant-ejection mechanism is traveling from left to right
may be measured as A. Similarly, for the same given
gray level, the measurement data when the colorant-
ejection mechanism is traveling from right to left may be
measured as B. In this embodiment, regardless of
whether the colorant-ejection mechanism is traveling
from left to right or from right to left, the intended meas-
urement value is equal to the average of A and B for the
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given input tone. The linearization table generated from
this combined measurement is then used for both direc-
tions.
[0031] In another embodiment, more precise 1D line-
arization that takes into account bi-directional printing is
accomplished, by having two 1D linearization tables for
the colorant in question, one for each direction. The
measurement obtained when the colorant-ejection
mechanism is traveling from left to right is used to gen-
erate the first 1D linearization for a color component.
The measurement obtained when the colorant ejection
mechanism is traveling from right to left is used to gen-
erate the second linearization table for the same color
component. This embodiment of the invention achieves
more accurate results in color calibration as compared
to the embodiment of the invention that utilizes one lin-
earization table.
[0032] The 1D color calibration, or linearization, per-
formed by embodiments of the invention is preferably
performed in an online manner, yielding what are re-
ferred to as online color calibration, or linearization, ta-
bles. Online color calibration is color calibration that is
performed under actual or current printing conditions in
which colorant ejection, such as ink output, is per-
formed. This is in comparison to offline color calibration,
which is color calibration that is not performed under ac-
tual, run-time conditions. For instance, whereas offline
color calibration may be accomplished for a given type
of image-forming device by the manufacturer, online
color calibration may be accomplished for one such spe-
cific device by the end user. Offline color calibration ta-
bles may thus be pre-built into the device, whereas on-
line color calibration tables are generated after the im-
age-forming device has been manufactured. Perform-
ing 1D color calibration in an online manner for bi-direc-
tional printing maintains the accuracy of the bi-direction-
al color maps, and corrects hue shift. It improves the
robustness of bi-directional printing print quality.

Constructing online one-dimensional linearization
tables

[0033] FIG. 3 shows a method 200 for constructing
one-dimensional (1D) linearization tables in an online
manner, according to an embodiment of the invention.
The linearization tables are constructed in an online
manner in that they are preferably constructed to reflect
current, or actual, printing conditions, as opposed to of-
fline conditions. Such linearization, or color calibration,
tables are referred to herein as online linearization ta-
bles. A reference curve is generated for each color com-
ponent of a color space, in both a first direction and a
second direction (202). The color space may be the cy-
an-magenta-yellow-black (CMYK) color space, having
the color components cyan, magenta, yellow and black.
The first direction may be, for instance, where a color-
ant-ejection mechanism travels from left to right over a
media swath, whereas the second direction may be

where the colorant-ejection mechanism travels from
right to left over the media swath.
[0034] The reference curves indicate the desired
amounts of colorant to be output onto the media to
achieve the desired measurement goal, such as the de-
sired intensity, density, lightness, and so on, for each
colorant in each direction. Where there are four color
components and two directions, there are four times
two, or eight, reference curves. Each curve may provide
the amount of colorant to be output onto the media to
attain the desired measurement values of a given color
component. For example, for a color space in which
each color component has a color space of eight bits in
depth, there are 28 ? 256 different gray values for each
color component, from a lowest value of 20 ? 1 ? 0 to a
highest value of 28 ? 1 ? 255. Typically, the lowest value
corresponds to the lightest tone, or shade, gray level,
and so on, of the color component, whereas the highest
value corresponds to the darkest tone of the color com-
ponent.
[0035] The reference curves preferably reflect the
amounts of colorant that are to be output to achieve the
desired measurement values of the color components
under nominal conditions. Hence, the reference curves
are used along with measurement curves to create a
new set of linearization tables, which in turn accurately
reflect the correct amounts of colorant to be output to
achieve the targeted measurement values of the color
components in an instance of actual conditions. The ref-
erence curves may be obtained by retrieving them from
memory of an image-forming device, where they were
previously constructed and stored in the memory of the
image-forming device. Alternatively, they may be con-
structed during actual performance of the method 200
of FIG. 3.
[0036] FIG. 4A shows a graph 300 depicting a simpli-
fied example of one pass bi-directional color calibration
curves 306 and 308, or tables, according to an embod-
iment of the invention. The x-axis 302 indicates the input
gray value, whereas the y-axis 304 indicates the output
gray value for the color component in question to be out-
put onto the media to achieve the target measurement
value. The curves 306 and 308 may each represent the
color calibration results on a different direction for the
same color component. For example, the curve 306 may
correspond to the direction when the colorant-ejection
mechanism is traveling from left to right over a media
swath, whereas the curve 308 may correspond to the
direction when the mechanism is traveling from right to
left. For a given input gray value on the x-axis 302, the
curve 306 dictates a larger output gray value than the
curve 308 does. Thus, when the colorant-ejection mech-
anism is traveling from left to right, it outputs a larger
amount of colorant, such as ink, to achieve a given tar-
get value. Conversely, for the same given input gray val-
ue, the colorant-ejection mechanism when traveling
from right to left ejects a smaller amount of colorant,
such as ink, to achieve the same intended target value.
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[0037] Referring back to FIG. 3, the method 200 next
outputs a calibration target for each color component of
the color space, in both the first direction and the second
direction (204). For each color component, a calibration
target corresponding to a series of steps ranging from
0-255 of a single color component is output, or printed,
in the first direction, and also in the second direction.
The color calibration target ideally may be designed as
256 patches, in which each patch represents the unique
gray level from 0-255 for a single colorant. In real-time,
however, the color calibration target includes down-
sampled color patches to cover the total tone range of
0-255, because of time and storage consideration. For
instance, the color calibration target may be designed
as seventeen color patches with increments of sixteen
gray values for each color component. The color cali-
bration target is printed for each color component in
each direction.
[0038] FIG. 4B shows a simplified example of bi-di-
rectional color calibration targets 400 for a color compo-
nent in two directions, according to an embodiment of
the invention. The calibration targets 400 include the
calibration target 400A and the calibration target 400B.
The target 400A includes seventeen patches with an
equal increment of sixteen gray level from a lightest
shade, which is gray level 0, to a darkest shade, which
is gray level 255, while the colorant-ejection mechanism
travels from the left 402 to the right 404. By comparison,
the target 400B includes seventeen patches with six-
teen gray levels from the lightest shade, which is again
gray level 0, to the darkest shade, which is again gray
level 255, while the mechanism travels from the right
404 to the left 402. The targets 400 may be designed as
any number of patches with either equal or non-equal
increments in between. Furthermore, the target orienta-
tion and arrangement may differ from that depicted in
FIG. 4B, so long as they can be appropriately used to
achieve bi-directional color calibration.
[0039] Referring back to FIG. 3, the method 200 next
senses the calibration target for each color component
of the color space in each direction (206). For each gray
value output for each color component in each direction,
the calibration target is measured to obtain the raw
sensing data. The measurement may be accomplished
by using an optical sensor, another type of sensor, or
any other sensing device, and correlating the measured
data with the gray value in the target. The raw sensing
output reflects actual printing conditions, such as actual
current environmental conditions, actual current color-
ant, such as ink, types and drop weights, and so on. The
raw sensing data obtained from the sensing device is
converted mathematically into measurable quantities,
such as lightness, optical density, intensity, and so on.
The measurement data is then used, in conjunction with
the reference curve, to generate the color calibration ta-
ble for the color component in each direction.
[0040] Therefore, one or more online linearization ta-
bles are constructed for each color component of the

color space, based on the reference curve for the color
component and the calibration target for the color com-
ponent as sensed (208). Each linearization table is a 1D
linearization table that, for a given gray value of a color
component, provides the corresponding output gray val-
ue to achieve the intend value in the reference curve.
There is at least one linearization table for each color
component. In one embodiment, there is one lineariza-
tion table for each color component, which is used re-
gardless of whether the colorant-ejection mechanism is
traveling from left to right or from right to left. In another
embodiment, there are two linearization tables for each
color component, one for when the mechanism travels
from left to right, and one for when the mechanism trav-
els from right to left.
[0041] FIG. 5 shows a method 500 to construct the
linearization table(s) for a color component, according
to an embodiment of the invention. The method 500 may
thus be performed in 208 of the method 200 of FIG. 3
for each color component of the color space. First, any
missing measurement data for the gray values not rep-
resented by the color calibration target are interpolated,
in each direction (502). Next, in each direction, for each
input gray value the actual gray value to achieve the tar-
geted measurement value is determined, based on the
reference curve for the direction and the sensed calibra-
tion data for the direction (504). That is, the measure-
ment curve that was obtained in the calibration target in
each direction is linearized to the reference curve in
each direction. The phrase ~sensed calibration target
data" as used herein is inclusive of any values that were
interpolated from sensed values, and not directly
sensed themselves. A 1D lineariza tion table is the color
calibration that results for the color component in each
direction.
[0042] Performing the method 500 through 504 yields
a linearization table for the color component in question
in each direction. That is, two linearization tables are
constructed for the color component, one for the first di-
rection, and one for the second direction. However, in
situations in which one linearization table is desired for
the color component, encompassing both directions, the
measurement is the combination of the two measure-
ment for both directions (506). The combination may
simply be achieved by averaging, or by another ap-
proach.

Method of use and image-forming device

[0043] FIG. 6 shows a method of use 600, according
to an embodiment of the invention. The method 600 is
performed relative to image data representing an image
to be output onto media. The method 600 may be com-
pletely performed by an image-forming device, such as
an inkjet printer, or it may be partially performed by an
image-forming device, and partially performed by a host
device to which the image-forming device is communi-
catively connected. The host device may be a computer,
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for instance, such as a desktop computer, a laptop com-
puter, and so on. The method 600 may be implemented
as a number of computer-executable instructions, or-
ganized as programs, libraries, subroutines, objects,
and so on, stored on a computer-readable medium,
such as a volatile or non-volatile medium, a fixed or re-
movable medium, and/or a magnetic, optical, and/or sol-
id-state medium.
[0044] The image data is converted from a first color
space to a second color space, both according to a first
direction and according to a second direction (602). For
example, the image data may originally be formatted in
accordance with a red-green-blue (RGB) color space.
Each pixel of the image data may have three gray val-
ues, one for each of the red, green, and blue color com-
ponents of the RGB color space. The image data may
be converted to a cyan-magenta-yellow-black (CMYK)
color space, in each direction. For example, the image
data may be converted from the RGB color space to the
CMYK color space in a first direction, and from the RGB
color space to the CMYK color space in a second direc-
tion, which may be referred to as the C'M'Y'K' color
space. The first direction may correspond to a colorant-
ejection mechanism of the image-forming device mov-
ing from left to right over a media swath, whereas the
second direction may correspond to the colorant-ejec-
tion mechanism moving from right to left over the media
swath. The two color maps corresponding to different
printing directions is called a bi-directional color map.
[0045] FIG. 7 shows a method 700 for converting the
image data from a first color space to a second color
space, according to an embodiment of the invention.
The method 700 may be performed to accomplish 602
of the method 600 of FIG. 6. The image data is convert-
ed from the first color space to the second color space
using a color map for the first direction (702), and the
image data is also converted from the first color space
to the second color space using a color map for the sec-
ond direction (704). Where the first color space is the
RGB color space and the second color space is the
CMYK color space, each color map may map each
unique gray value triplet (R, G, B) to a corresponding
gray value quadruplet (C, M, Y, K). If each color space
is eight bits in depth, each of the values R, G, B, C, M,
Y, and K has a value from 0 to 255. Thus, each pixel n
having the gray value triplet (Rn,Gn, Bn, is mapped to
two gray value quadruplets (Cn ,Mn ,Yn Kn) and (C'n,
M'n , Y'n , K'n) where the former quadruplet is used to
output the pixel n in the first direction and the latter quad-
ruplet is used to output the pixel n in the second direc-
tion.
[0046] Referring back to FIG. 6, the image data as has
been converted to the second color space is linearized
(604). That is, bi-directional color calibration utilizing
one or more online color calibration, or linearization, ta-
bles is accomplished. Linearization is performed so that
the gray value quadruplets of each pixel of the image
data accurately reflect the actual printhead conditions

in which colorant ejection, and hence image formation,
is being accomplished. In one embodiment, lineariza-
tion is accomplished using a single online linearization
table for each color component of the second color
space in both directions, as may have been constructed
as described in the preceding section of the detailed de-
scription.
[0047] FIG. 8 shows a method 800 for linearizing the
image data as has been converted to the second color
space using two linearization tables for each color com-
ponent in each direction, according to an embodiment
of the invention. The method 800 may be performed to
accomplish 604 of the method 600 of FIG. 6. The image
data as converted to the second color space in the first
direction is color calibrated utilizing an online lineariza-
tion table for each color component in the first direction
(802), and the image data as converted to the second
color space in the second direction is color calibrated
utilizing an online linearization table for each color com-
ponent in the second direction (804). That is, two line-
arization tables for each color component are used in
the embodiment of FIG. 8, one for each direction.
[0048] Referring back to FIG. 6, the image data as has
been converted to the second color space in both direc-
tions and as has been linearized is then preferably half-
toned (606). Half-toning is generally described as a
process for transforming the continuous tone image,
such as having values from 0-255 for an eight-bit image,
to a binary image, having values of either 0 or 1, which
is also referred to as a half-tone image. The half-tone
image is rendered in such a manner that preferably it
preserves all visual information of the continuous tone
image, and minimizes the granularity artifacts due to bi-
narization. Half-toning may be accomplished as known
within the art.
[0049] Finally, the image data as has been converted
to the second color space from the first color space in
both directions, as has been linearized, and preferably
as has been half-toned, is output (608). For instance,
the colorant-ejection mechanism of the image-forming
device, such as an inkjet printhead of an i nkjet printer,
may be utilized to output the image data, resulting in the
formation of the image represented by the ink or colorant
droplets onto the media. Depending on which direction
the colorant-ejection mechanism is traveling when out-
putting colorant, such as ink, over a given swath of me-
dia, the image data as has been converted, linearized,
and preferably half-toned for the first direction is utilized,
or the image data as has been converted, linearized and
half-toned for the second direction is utilized.
[0050] FIG. 9 shows a block diagram of an example
image-forming device 900, according to an embodiment
of the invention. As can be appreciated by those of or-
dinary skill within the art, the image-forming device 900
can include other components in addition to or in lieu of
the components depicted in FIG. 9, and those compo-
nents depicted in FIG. 9 are intended to depict imple-
mentation of a particular embodiment of the invention.
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Furthermore, not all of the components depicted in FIG.
9 need to be present in an image-forming device 900 in
a given embodiment of the invention. As shown in FIG.
9, the image-forming device 900 includes a bi-direction-
al image-forming mechanism 902, a linearization mech-
anism 904, a color space conversion mechanism 906,
a memory 908 storing bi-directional color maps for the
mechanism 906, a memory 912 storing linearization ta-
bles for the mechanism 904, a memory 910 storing ref-
erence curves for the mechanism 904, and a sensor
914.
[0051] The bi-directional image-forming mechanism
902 is that which actually outputs colorants onto media.
The mechanism 902 is bi-directional in that it can move
over the media in two directions, such as left to right and
right to left. The colorants output by the mechanism 902
correspond to the color compone nts of the color space,
such as the CMYK color space, to which image data has
been converted for two directions, linearized, and pref-
erably half-toned. The colorants may be colorant in the
case where the mechanism 902 is a colorant-ejection
mechanism. More specifically, the colorants may be ink
in the case where the mechanism 902 is an ink-ejection
mechanism.
[0052] The linearization mechanism 904 linearizes
the image data as has already been converted to or for-
matted for the color space of the bi-directional image-
forming mechanism 902 according to each of two direc-
tions. The linearization mechanism 904 performs its lin-
earization utilizing one or more linearization tables, as
stored in the memory 912, that reflect current, or actual,
conditions in which the mechanism 902 is operating.
The linearization mechanism 904 may also as needed
generate the one or more linearization tables, as has
been described, and stores them in the memory 912.
The memory 910, the memory 912, and the sensing de-
vice 914 may all be part of the linearization mechanism
904. The linearization mechanism 904 may be software,
hardware, or a combination of software and hardware.
[0053] The color space conversion mechanism 906
converts the image data from another color space, such
as the RGB color space, to the color space of the bi-
directional image-forming mechanism 902 according to
each of two directions. The color space conversion
mechanism 906 performs its conversion utilizing a first
directional nominal color map and a second directional
nominal color map as stored in the memory 908, which
is labeled color maps in FIG. 9. The memory 908 may
be a part of the mechanism 906. Like the mechanism
904, the mechanism 906 may be software, hardware, or
a combination of software and hardware. The mecha-
nism 906 and the mechanism 904 may also be parts of
a single such mechanism.
[0054] The sensor 914 is used by the linearization
mechanism 904 when the linearization mechanism 904
generates the one or more online linearization tables for
each of the color components of the color space of the
bi-directional image-forming mechanism 902. For in-

stance, as has been described, after calibration targets
have been output onto media, the sensor 914 is used to
sense for the densities, lightness or intensities, of the
printed calibration target. The measurements deter-
mined by the sensor 914 are correlated with gray value.
The sensor 914 may be an optical sensor, or another
type of sensor.

Conclusion

[0055] It is noted that, although specific embodiments
have been illustrated and described herein, it will be ap-
preciated by those of ordinary skill in the art that any
arrangement that is calculated to achieve the same pur-
pose may be substituted for the specific embodiments
shown. Other applications and uses of embodiments of
the invention, besides those described herein, are ame-
nable to at least some embodiments. This application is
intended to cover any adaptations or variations of em-
bodiments of the present invention. Therefore, it is man-
ifestly intended that embodiments of this invention be
limited only by the claims and equivalents thereof.

Claims

1. A method (600) comprising:

bi-directionally color calibrating image data us-
ing one or more online color calibration tables
(604); and,
outputting the image data as has been bi-direc-
tionally color calibrated (608).

2. The method of claim 1, further comprising half-ton-
ing the image data prior to outputting the image data
(606).

3. The method of claim 1, further initially comprising
converting the image data from a first color space
to a second color space according to a first direction
and a second direction (602).

4. The method of claim 3, wherein converting the im-
age data from the first color space to the second
color space according to the first direction and the
second direction comprises:

converting the image data from the first color
space to the second color space according to
the first direction utilizing a color map for the
first direction; and (702),
converting the image data from the first color
space to the second color space according to
the second direction utilizing a color map for the
second direction (704).

5. The method of claim 3, wherein converting the im-
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age data from the first color space to the second
color space according to the first direction and the
second direction comprises converting the image
data from a red-green-blue (RGB) color space to a
cyan-magenta-yellow-black (CMYK) color space
according to the first direction and the second di-
rection.

6. The method of claim 1, wherein bi-directionally
color calibrating the image data comprises color
calibrating the image data according to a first direc-
tion utilizing an online color calibration table and
color calibrating the image data according to a sec-
ond direction utilizing the online color calibration ta-
ble.

7. The method of claim 1, wherein b-directionally color
calibrating the image data comprises color calibrat-
ing the image data according to a first direction uti-
lizing an online color calibration table for the first di-
rection, and color calibrating the image data accord-
ing to a second direction utilizing an online color cal-
ibration table for the second direction.

8. An image-forming device (900) comprising:

a color calibration mechanism (904) to color
calibrate image data formatted for a color space
according to a first direction and a second di-
rection based on one or more online color cal-
ibration tables; and,
a bi-directional image-forming mechanism
(902) having colorants corresponding to colors
of the color space to output the image data onto
media as color calibrated.

9. The image-forming device of claim 8, further com-
prising a color space conversion mechanism (906)
to convert the image data to the color space accord-
ing to a first directional nominal color map and a
second directional nominal color map prior to color
calibration.

10. The image-forming device of claim 9, wherein the
first directional nominal color map maps the image
data from another color space to the color space in
a first direction based on nominal conditions, and
the second directional nominal color map maps the
image data from the other color space to the color
space in a second direction opposite to the first di-
rection based on the nominal conditions.
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