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ABSTRACT OF THE DISCLOSURE

A gray balancing technique wherein color data values are

modified only if the color data values include a gray component.
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BALANCING GRAYS ON COLOR PRINTERS

BACKGROUND OF THE DISCLOSURE

[0001] Color printers typically employ a plurality of inks of different
primary colors to generate a spectrum of colors. For example, many color
printers use four ink colors: cyan (C), magenta (M), yellow (Y) and black
(K). Color images are formed on a receiving substrate or medium by
placing combinations of zero or more dots of C, M, Y or K ink at each pixel
location. Cyan, magenta and yellow are typically employed since a wide
range of colors can be produced by different combinations of these inks.

[0002] ldeally, equal amounts of C, M and Y inks should result in a
gray color. However, due to a variety of factors, equal amounts of C, M
and Y commonly does not produce gray colors, and printers are commonly
configured to perform gray balancing. For example, gray balancing can
involve adjusting the amounts of C, M, and/or Y so that when the input
color data contains equal amounts of CMY, the printed output is gray or
substantially corresponds to a black output of the same density. Gray

balancing can be difficult to achieve.

SUMMARY OF THE INVENTION

[0002a] In accordance with an aspect of the present invention, there
is provided a method of gray balancing comprising: determining a gray
component in CMY data values for a pixel using:

GRAY = MIN(C, M, Y)
wherein MIN(C, M, Y) is a minimum of the C MY data values; and

modifying each of the CMY data values using:

C =C + (GRAYBAL_C(C) - C)*'RATIO

M=M+ (GRAYBAL_ M(M) - M)*RATIO

Y =Y + (GRAYBAL_Y(Y) - Y)*RATIO
wherein GRAYBAL C(C), GRAYBAL_M(M), and GRAYBAL_Y(Y) are gray
balanced values, and RATIO is the ratio between GRAY and a maximum of

initial values of C, Mand Y.
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BRIEF DESCRIPTION OF DRAWINGS

[0003] FIG. 1 is a schematic block diagram of an embodiment of a
printing system.
[0004] FIG. 2 is a schematic diagram of an embodiment of an image

processing pipeline.
[0005] FIG. 3 is a schematic flow diagram of an embodiment of a gray

balancing procedure.
[0006] FIG. 4 is a schematic flow diagram of an embodiment of another

gray balancing procedure.
[0007] FIG. 5 is a schematic flow diagram of an embodiment of a further

gray balancing procedure.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0008] FIG. 1 is a schematic block diagram of an embodiment of a
printing apparatus that includes an interface 31 that receives print data, for
example from a host computer, and stores the print data in a buffer memory
33. A processor 35 is configured to process the print data to produce bit
mapped raster data that is stored in a memory 37. A print engine 39 prints an
image pursuant to the bit map raster data generated by the processor 35. The
print engine 39 can be an electrophotographic print engine or an ink jet print
engine, for example.

[0009] FIG. 2 is a block diagram of an embodiment of a portion of an
Image processing pipeline for a color printer. At 111 partial gray replacement
‘Is performed on input primary color data such as CMYK (cyan, magenta,
vellow, black), wherein some amounts of CMY are replaced with black. At 113
gray balancing is performed. At 115 linearization is performed so that

substantially equal changes in C, M or Y tends to produce substantially equal
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changes in visual perception, for example. At 117 half-toning is performed,
and at 117 printing takes place.

[0010] FIG. 3 is a schematic flow diagram of an embodiment of a
procedure for gray balancing non-black primary color data such as CMY data
for a pixel of an image, and can be employed to gray balance some or all of
the pixels of an image, as desired.

[0011] At 151 a determination is made as to whether the CMY data
values for a pixel include a gray component. The CMY data values for a pixel
contain a gray component if ali of the CMY data values for a pixel are non-
zero. The gray component can comprise for example the minimum of the C,
M and Y data values. At 153 the CMY data values for a pixel are adjusted
pursuant to gray balancing curves only if they include a gray component.
[0012] FIG. 4 is a schematic flow diagram of an embodiment of a
procedure for gray balancing non-black primary color data such as CMY data
for a pixel of an image, and can be employed to gray balance some or all of
the pixels of an image, as desired.

[0013] At 211 a GRAY component is set to the minimum of the original
or input C, M and Y data values for a pixel. At 213 the GRAY component is
subtracted from the input CMY data values to arrive at CMY color component
values. At 215 gray-balanced CMY values GRAYBAL C(GRAY),
GRAYBAL M(GRAY) and GRAYBAL_Y(GRAY) are added to the CMY color
component values to obtain gray balanced output CMY values. The gray-
balanced CMY values GRAYBAL_C(GRAY), GRAYBAL M(GRAY) and
GRAYBAL Y(GRAY) are obtained from gray balancing curves that can be
implemented as a look-up table that is indexed by the GRAY component
value, for examplie. The gray balancing curves are configured such that
GRAYBAL C(GRAY), GRAYBAL_M(GRAY) and GRAYBAL Y(GRAY) are all
zero for the argument GRAY being equal to zero. Each pixel of an image can

be processed In accordance with the foregoing, but the CMY values are
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adjusted only if there Is a gray component (i.e., all of the CMY values are non-
zero). In other words, if at least one of the CMY data values of a pixel is zero,
such CMY data values are not adjusted.

[0014] The gray balancing curves can be arrived at empirically by
orinting a plurality of color samples or patches, and then selecting gray
patches from the printed color patches, for example by initial visual sorting and
then electro-optical measurement. A curve fitting procedure is then performed
on the CMY values of the selected gray patches to approximate the ink
combinations needed to obtain grays of different densities.

[0015] The gray balancing curves can also be arrived at empirically by
printing a plurality of color patches or samples that encompass predetermined
gray targets, and measuring the color of the color samples to obtain their
colorimetric values. The color samples can include non-neutral colors, and
preferably define a volume that surrounds or encompasses the predetermined
gray targets. The CMY values of the color samples are then interpolated in a
color space such as L*a*h, for example using tetrahedral interpolation, to
determine discrete CMY combinations that substantially match the
predetermined gray targets. Curve fitting can then be performed on the
discrete CMY combinations to arrive at the gray balancing curves.

10016} Tetrahedral interpolation can be accomplished for example by
employing Delauney tessellation to tessellate the space covered by the color
‘sample colorimetric data values. Delauney tessellation fills that space with
non-overlapping tetrahedra. To obtain the CMY combinations that produces a
targeted gray (expressed for example in L*a*b values), the tetrahedron that
encompasses the gray target is first located, and barycentric weights are
calculated and applied to the four vertices of the tetrahedron to obtain the
CMY values for the gray target. For tetrahedral interpolation, the color

samples can be selected such that the predetermined gray targets are
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encompassed by the space defined by the tetrahedra employed for tetrahedral
interpolation.

[0017] The predetermined gray targets can comprise colors with a*=
and b*=0, or they can be colors that substantially match the colorimetric
valu,es of different amounts of black, for example.

[0018] By way of illustrative example, the following ¢ code can be
employed to generate color samples that encompass gray targets that can

comprise for example colors with a*=0 and b*=0:

10019} for(c = 0.0; ¢ < 1.0; ¢+=0.07) {
form = 0.0; m < 1.0; m+=0.07) {
for(y = 0.0; y < 1.0; y+=0.07) {
gray = min(c, min(m,y));
if(c - gray < 0.15 && m -gray < 0.15 && y - gray < 0.15)
Drntf("%2.4f %2.4F %2.4F %2.4An" ¢, m.y, 0.0):

[0020] The foregoing loops through CMY combinations in 7% steps and
finds those color values that are within 15% (in absolute terms) of the gray
component which is the minimum of the C, M and Y values of each CMY
combination. Min(x, y) is macro that returns the minimum of x and y, and thus
min(c, min(m,y) gives the minimum of C, M and Y. This code generates CMY
data values for printing 255 color samples around and on an axis defined by
the gray components. Stated another way, the procedure prints only color
samples that are within a selected percentage of selected colors having equal

amounts of C, M and Y. It should be appreciated that other distances from

colors of equal amounts of C, M and Y can be employed, for example to insure
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that the printed color samples encompass the predetermined gray targets. By
way of specific examples, color values within 10% or 20% of the colors having
equal amounts C, M and Y can be printed. It should also be appreciated that
the step size can be selected pursuant to various considerations including for
examplé the desired accuracy and/or the desired number of samples. The
printed color samples are then measured to produce colorimetric data which
can be used to tetrahedrally interpolate the CMY data values to determine
discrete CMY combinations that substantially match a range of neutral targets.
Curve fitting can then be performed on the discrete CMY combinations to
arrive at the gray balancing Curves.

[0021] The gray balancing curves can be configured to track the density
characteristic of the black ink used by the printer, for example.

[0022] FIG. 5 is a schematic flow diagram of an embodiment of another
procedure for gray balancing non-biack primary color data such as CMY data
for a pixel of an image, and can be employed to gray balance some or all of
the pixels of an image, as desired. .

[0023] At 311 a GRAY component is set o the minimum of the original
or input C, M and Y data values for a pixel. At 313 MAXCMY is set to the
maximum of the input C, M and Y data values for a pixel. At 315 the
procedure is stopped if the maximum MAXCMY of the C, M and Y values is
zero (l.e., if all of the C, M and Y values are zero), and the CMY data values
for this pixel are not adjusted. At 317 a RATIO of the GRAY component to
MAXCMY is calculated. At 319 gray balanced output CMY data values are
calculated by adding to each of the original CMY values a product of: (1) the
difference between the corresponding balanced gray values GRAYBAL C(C),
GRAYBAL M(M) and GRAYBAL Y{Y), and the original C, M and Y values,
and (2) the RATIO calculated previously. The gray balanced values
GRAYBAL C(C), GRAYBAL M(M) and GRAYBAL _Y(Y) are obtained from

gray balancing curves that can be determined as discussed previously relative
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to the procedure of FIG. 4. In this case, however, the independent variables
are the respective C, M and Y values.

[0024] In the foregoing, the amount of gray balancing that is performed
increases with the reiative amount of gray that is contained in the original input
CMY data. In other words, the amount of gray balancing is a function of the
relative amount of gray in the input CMY data, and less gray resuits in less
gray balancing. Thus, if the originai values of C, M and Y are all non-zero and
equal (i.e., gray), RATIO is 1 and full gray balancing i1s performed. If at least
one of the original values of C, M and Y is zero (i.e., the gray component is
zero), RATIO is zero and no gray balancing is performed.

[0025] The invention has been described with reference to disclosed
embodiments, and it will be appreciated that variaticns and modifications can

be affected within the spirit and scope of the invention.
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CLAIMS

What is claimed is:

1. The method of grey balancing comprising:

determining a gray component in CMY data values for a pixel
using:

GRAY = MIN(C, M, Y)
wherein MIN(C, M, Y) is a minimum of the C MY data values; and

modifying each of the CMY data values using:

C = C + (GRAYBAL_C(C) - C)*RATIO

M =M + (GRAYBAL_M(M) - M)*RATIO

Y =Y + (GRAYBAL_Y(Y) - Y)"RATIO
wherein GRAYBAL C(C), GRAYBAL_ M(M), and GRAYBAL_Y(Y) are gray
balanced values, and RATIO is the ratio between GRAY and a maximum of

initial values of C, M and Y.

2. The method according to claim 1 wherein the gray

balanced values are retrieved from a look-up table.
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