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(57) Abstract: A method is described in which colorant-space calibration data for a colorant-space image processing pipeline are
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processing pipeline. The probability-space calibration data are applied to image data processed in the probability-space image processing
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CONVERTING CALIBRATION DATA

BACKGROUND

1} Printing systems using a probability-space inage processing pipetine, sich as the
Halflone Area Neugebauer Separation {HANS) pipeline, are arranged to culput & printed
image. For g print operation with 8 large number of copies, § may be heipful to distribute
the print operation across a number of printing systems or elements. in these cases,
each printing sysiem or clement may produce a different output image based on a
common inpul image. For example, varialions in configurations and/or operaling
conditions may lead o color inconsistency.

DESCRIFTION OF THE FIGURES

[2} Fig. 1 is a schemalic diagram showing a representation of a Neugebauer Primary
area coverage {NPac) veclor according 1o an example;

[3} Fig. 2A is a schemalic diagram showing a colorant-space image processing
pipeline according to an example;

{4} Fig. 2B is a schematic diagram showing a probability-space image processing
pipeline {e.g., HANS pipeline} according {o an example;

5] Fig. 3 is 2 schemalic diagram showing a system using both a colorant-space
image processing pipeline and a probability-space image processing pipeline {e.g.,
HANS pipeline} according o an exampie;

[6} Fig. 4 is a flow chart showing a method for determining calibration data for a print
element in a colorant-space image processing pipeline according to an example;

{7} Fig. 5 is a flow chart showing a method for generating a calibrated print output in
a colorant-space image processing pipeline according to an exampile;

{8} Fig. & s a flow charl showing a method for determining the reference print
aslement in a colorant-space image processing pipeline according to an example;

9 Fig. 7 is a fiow chart showing a method for outputting calibration data for a print
element in a colorant-space image processing pipeline according to an example;

[18] Fig. 8 is a flow chart showing a method for oulpulling a set of colorimelric-
deposition relationships for print elements in a colorant-space image processing pipeline
according o an example;

[11}] Fig. 9 s a flow chart showing & method for applying a colorant-space calibration
data o a probability-space pipeline according {o an example;



WO 2018/022077 PCT/US2016/044637

12} Fg. 10 is a flow chart showing .8 method for generating a colorant-space-to-
probability-space mapping according to an example;

{131 Fig. 11 s a schemstic diagram showing & probability-space image processing
pipeline {e.g., HANS pipeline} using colorant-space calibration dala according to an
axample;

{14} Fig. 12 s a schematic diagram showing g system using a probability-space image
processing pipeline and colorant-space calibration data according to an example;

[15} Fig. 13 & a schemstic diagram showing a computer system capable of
implementing a probability-space image processing pipeline and colorant-space

calibration data according to an example.

DETAILED DESCRIPTION

[16] Hereinafler, examples are mainly directed to printing systems and methods, e.g.,
using ink-jet printers, laser printers, xerographic printers, three-dimensional (3D) printers
or other printers.

[17} Frint is a method that permils fo represent images to human eye or oblain
ohjects. Print may be bi-dimensional {2D) print or three-dimensional {30} print. 2D print
may be the result of a number of colorants of different colors disposed on top of a
substrate {e.g., paper). Colorant {e.g., ink} amounts are chosen for each printable color.
With 3D print, a three-dimensional object may be cblained by printing on a bed of build
material. A printing system may include a printer, which may be a 2D printer or a 3D
printer. In cerlain cases, the printer may be an inkjet printer, for example a scanning
inkiet printer or a page wide array printer. The printing system may comprise a plurality of
print elements. A print element may be a print head or die. A page-wide printer may use,
for example, an array of print heads, each print head being a print element. A print head
may consist of a plurality of nozzles, for example a print head may consist of silicon
pieces known as dies in which the printing nozzles are formed. Each nozzle may be
arranged o deposit drops of a printing fluid, such as ink, gloss or vamish. There may be
a set amount of ink that is released in each drop, .9., a large drop may have a different
volume of ink to a small drop. Certain printers may deposit a plurality of ink drops when
an inshuction is received {o acluate the nozzles, e.g., the printer may receive a
command based on image data {o deposit drops of ink for a given pixel. The volume of
ink released by a nozzle in a single drop may be referred to as its ink drop density. it may
be assumed that the ink drop densily across a given die is constant, and also assumed
that the ink drop densily across many dies may be different. For example, some print
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heads may aflow drops.of different sizes {0 be sjected. Therefore the many dies {and
therefore print heads} may be calibrated.

[18] A color may be defined with reference o -a patticular representation model, such
as Red-Gresn-Blue, RGH, coolor space or Cyarn-Magenia-Yeliow-Black, CMYK, color
space. Other color models. include the International Commission on lumination {CIE}
1831 XYZ color space, wherein three variables (X', Y and 'Z or Fistimulus values) are
used to model a color, and the CIE 1878 {L*, 8*, b*-CIELAB) color space, whergin three
variables represent fightness L™} and opposing color dimensions {'a™ and 5%}

[19] A colorant is a print material, e.g., ink, toner, fluid, vamish, eic. The colorant may
also be defined with reference o a color space {which, in this case, may also be referred
to as colorant space), which comprises the colors that may be obiained by a parlicudar
printer {or computed in a particular printing system). For example, a blackivhite printer
which applies one single drop per pixed defines one single colorant.

[20] A colorimetric value may relate to an observable or measureable quantity of color
oulput provided by a printer. An older printer may produce a lighter, less colorful
perceived color than a color produced by a newer printer.

[21}] Examples described herein relale fo configuring and/or calibraling a printing
system. Calibrating a printing syslem modifies its print cutput. Calibration may be
performed according to calibration data for a print element. Calibrating a printing system
may modify colorant-deposition characteristic for a printer. For example, calibration may
madify the ink drop density ocutput by a printer for a given colorant. Applying a calibration
o a printing system may modify a print element’'s colorimetric characteristics so as to
shift those characteristics according fo a reference.

[22}] Examples described herein relate o determining calibration data for a print
element, e.g., based on a reference print element. Cerlain examples are described
where the reference print element relates to a darkest print element. Certain examples
described herein may also be applied to a calibration based instead on using a lightest
print element. A reference print element may be used as a reference for calibrating a
printing system. In some examples, the calibration may be a normalization with respect
to the colorant value of a particular pixel or group of pixels, e.g., the darkest or lightest
pixel or group of pixels in an image.

[23] A printing system or method may rely on a sequence of passages forming a
pipeline. With a colorant-space image processing pipeline {or colorant-space pipeline),
computations are performed on values associated to colorants {e.g., inK} to be deposited
onto a substrate.

[24] With a probability-space image processing pipeline {or probability-space pipeling),
such as the Halftone Area Neugebauer Separation {HANS) pipeline, color values fo be
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associated to the pisels are trealed in lerms of probabilities, such as sialistical
distributions of color states. An otiginal image data may comprise color data as
reprasentedin a first cofor space {e.g.. RGEB, CMYK, el in which colors are asspciated
to colorants (e.9., inks). Then, the color dala may be mapped from the first color spaceto
a Neugebauer BPrimary area coverage (NPac) color space, so that a resulting image
comprises pixels whose color values are defined in terms of NPac vectors that specify
probability distributions for different halftone-pixel states. An image on a subsirale
comgprises g plurality of pixels or dots; each pixel may be assigned to a particular veclor
of probabilities. Each Neugebauer Primary {NF) is therefore a “color primary™: the image
to be represented is made of a collection of multiple NPs {each having a particular
probability of being assigned to each pixel).

[25] in a binary {bi-level} color sysiem {e.q., a printer which produces one single drop
of one single ink for each pixel}, a NP can be one of 2* combinations of k inks within the
printing system. ¥ a printing device uses Cyan-Magenta-Yellow, CMY, inks, eight NPs
are defined: C, M, Y, C+M, C+Y, M+Y, C+M+Y, and W (White or Blank indicating an
absence of ink, and, therefore, the color of the support, which may be the color, offen
white, of the paper used for the print}. i may also be possible {o use mulli-level printers,
whose print heads are able {o deposit N drop levels: a NP may be for example, one of
{N+1¥ combinations.

[268] A NPac represenis a distribulion of Neugebauer Primaries {NPs), e.g.. over an
image of a unit area of the image. In order to define area coverages of NPs, NPac
veciors can be used. For each pixel {andfor for each unit area of an image)}, a
component of the veclor is associaled to a NP, the value of the component represents
the probability for the pixel fo be assigned fo that NF. in some examples, for a unil ares,
the value of each component of the vector may be proportional to the number of pixels
with a specific color in an image area.

[27} Fig. 1 shows an exampie of NPac vector 100 for use in a CMY imaging system.
An image here comprises a three-by-three pixel area 110. The image may be intended
as an image area composed with other image areas o obtain a global image
composition.

[28] in the example of Fig. 1, each pixel has the same NPac vector 100 {i.e., for each
pixel NP, the probability of taking a particudar NP is the same). Hence, the NPac veclor
100 may be referred o the particular image area: the value of each component is
proportional to the number of pixels which shall take a particudar color. The NPac veclor
100 defines the probability of eight NPs; for example, in this case: 1/9 for White (W)
{135} 1/9 Cyan {C) {(105); 2/9 for Magenta (M) {115} O for Yellow (Y); 2/9 for Cvan +
Magenta (CM) {175}, 1/8 for Cyan + Yellow {CY)} (145); 1/9 for Magenta + Yeilow (MY}
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{155}. and /8 for Cyan + Magenta + Yellow {(CMY} {185). The pixel-area in Fig. 1 may
be different in case of a different juxtaposition.of the NPs, even though the pgixels with the
same color are in the same number (sithough differently displaced).

{297 Fig. 2A dlustrates a colorant-space pipeling 200, In the example of Fig. 2A; the
inpul is an image data 210 which may comprise color.data represerded in a genene color
space, such gs RGE or CMYK.

[38} The color separalion componend 220 may be a combination of hardware and
software which permils to perform the color separation of the image data 210. The color
separation component 220 may perform a color separation to obtain values of colorant to
be used for the print. The color separation component 220 may map color data from the
generic color space to a colorant space {color separation). For example, the colorant
space may be a CMYK color space and the color separation may comprise a set of
colorant vectors, e.g., each RGEB pixel value used for the image data 210 may be
mapped fo a CMYK pixel value, so as to arrive at a proportion of colorants to be used to
generate the image. The proportion of each colorant may be represented, for example,
by a fraction {eg., 0 o 1} or a percentage {e.g., O fo 100%). The color separation
generated by the color separation component 220 comprises continuous tohe data: each
colorant is denoted using a continuous range.

{31} The color separation component 220 may also perform a colorant-space
catibration on the basis of calibration data 225 so as to map nominal colorant values into
calibrated colorant values.

[32] A halftoning component 230 may perform halfioning to the values of colorant, so
as o oblain actual colorant amounts to be printed. The halfioning component 230 may
be a combination of hardware and software which implements a halftoning function.
Halftoning may pemmit representing an inage, originally expressed as continuous
tones/intensities {e.g., grey scales), by using a limited number of colorants {e.g., black
and white}. Human eyes tend to filter images. For example, humans perceive patches of
black and white marks as some kind of average grey when viewed from sufficiently far
away. Hence, the halfioning component 230 may reproduce the continuous tone image
output by cofor separaticn component 220 represented in the colorant space, .g., using
a series of dot patterns. This may allow the continuous fone image o be printed on a
printing device with a discrete number of oulput drop levels. Accordingly, following the
color separation, the halfloning component 230 applies a halftoning operation o the
continuous fone data lo generate a halfione output 240. The halftoning operation may
yse a series of geometric patterns {o convert the continuous tone data of the color
separation fo a discrele ione data, eg., data comprising a discrete number of color
fevels. For example, i an image is fo be printed on a binary level printing device (.9,
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with sither 0% or 100% colorant per pixel} a halfloning component 230 may generate a
halftone oulpul with two discrete tone levels per colorant. A series of dots may be used
to replicate continuous ifone data, wherein each dol comprises a solid color and a
variation In dol size, dol shape and dol spacing simulales a continuous lone when
viewed from a distance. A halftone output 240, ready for a print, tiav be provided by the
haifioning component 230.

[33] Fig 2B shows an example of a probability-space image processing pipeling, e.q.,
a HANS pipeline 250. The probability-space image processing pipeline 250 makes use
of the image data 210 that is passed into a color statistical computation component 270.
The image data 210 may comprise color dala as represented in a generic color space,
such as pixel representations in a first RGB or CMYK color space.

[34] The sialistical computation component 270 may map the color data from the
generic color space o a probability space. The stalistical computation component 270
may be a combination of hardware and software which maps the color data from the
generic color space o the probability space. The probability space may comprise a NPac
cofor space. Accordingly, an oulput color may be defined by a NPac value that specifies
a particular area coverage of a particular colorant combination. {This is in conirast to the
colorant-space image processing pipeline 200, where color separation is perfarmed fo a
colorant vector space, and then halftoning is performed on continuous fone data in the
coforant vector space fo generate an ouipud image.) In the probability-space image
processing pipeline 250, a halftone image on a substirate comprises a pluralily of pixels
or dots and the spatial density of the pixels or dots is defined in the NPac space o
control the colorimelry of an area of the image. in the context of a probability space, the
term “color separation”, referring {o a NPac oufput, also presents slements of halfioning.
[35] The slatistical computation component 270 may use calibration data 275, which,
in general, have the same purpose of the calibration data 225 for the colorant-space
image processing pipeline 200 of Fig. 2A. In general terms, the data fo be used for
performing calibralions on pixels expressed in terms of colorants are not necessarily the
same of the dala used for calibrating performing calibrations on pixels expressed in
terms of siatistical values.

[36} Fig. 3 shows a printing system 300 which may operate with both a colorant-space
image processing pipeline 200 and a probability-space image processing pipeline 250, In
some examples, a user or a control processor may select a preferred pipeline by acling
on a selector 310. Accordingly, the same image 210 may be printed using either the
colorant-apace image processing pipeline 200 or the probability-space image processing
pipeline 250.
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§371 Depending on the user's selection, calibration dala 325 may be provided either o
the color separation somponent 220 of the colorant-space image processing pipeline 200
or-to the color statistical computation component 270 of the probabilily-space image
processing pipaling 250, Calibwation data 325 may be the calibration data 225 in a format
for the colorant-space image processing pipeline 200. The siatistical .computation
componert. 200 may conwvert calibralion data 325 (in a format for the colorant-space
image processing pipeline 200) into calibration data in a format for a probability-space
image processing pipeline 250, so as {o oblainy a NPac culpul 280,

[38] Fig. 4 shows a method for determining calibration data {e.g., 225, 325} for a print
element in a colorani-space image processing pipeling, eg., o be used in color
separation component 220 in the colorant-space image processing pipeline 200.

[39] At block 410 source data is obtained for a plurality of print elements. The source
data may relate fo a set of characteristics of an oulput generated by a given print
element. The characleristics may comprise a colorimetric-deposition relationship. Faor
example, the source data may relatle o, for a given print element, a relationship bebween
a colorimelric value and an ink drop densilty value for the print clements. In cerlain
examples, the colorimelric value may comprise a lighthess metric such as a measured
ghiness for an oulput printed using a given print element. Each print element may have
a different relationship. The relationships may be defined as an array of colorimetric
values and associated deposition values andfor by a given mathematical function that
may be modelied from measured data.

[40] At block 420 a reference print element is delermined based on the source data
pbtained at block 410, The reference print element may be determined based on the
respective plurality of relationships for the print elements. For example, for a given
colorimelric value, the reference print element may be determined as the print element
having the lowest ink drop density value. In certain examples, the reference print
element may the darkest print element for a given ink output or ink deposition value. The
colorimelric value may be a lighinhess metric, such as an L value in an L%a*b* color
space. A reference print element may also be determined based on a statistical measure
across the plurality of data points, e.g., may be selected as a print element with the
average lowest deposilion value. Similarly, a statistical measure may be determined from
the funclicn. Conversely, if a calibration is chosen based on a lightest print element, the
ightest print element may be selecled as a print element with the average highest
deposition value.

[41}] Once the reference print element is determined, at block 430 the calibralion data
for a selected print element may be determined. The calibration data {e.g., 225 or 325}
determines a deposition of printing fluid for a selected print element with reference to the
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reference print slement, For example, the calibyation dala may define a transformation of
colorimetric-deposition data for 3 reference print element that enables the calitwationof a
print element that is not the reference print dlement. Calibration data may tske, for
exampie, the form of a look-up fable (LUT) andior of coefficients 1o be muiliplied to
colorant values to be output o different print elements:

{421 Fig. 5 shows a methed 500 for generating a calibrated print aulp with a
colorant-space pipeline {g.g., pipeline 200). This method may be performed, for example,
in the color separation component 220 of Fig. 2A, andfor use the calibration data 225 of
Fig. 2A or 325 of Fig. 3. The method may use the calibration dala {(which may also use a
LUT} generated by method 400 .

[43] At blogk 510 a print element is selected. For example, a given print element may
be selecied in a set of print elements for the printing system. The method may be
repeated for each print element in the set of print elements.

[44] Al block 520 a calibration data {e.g., 225 or 325) for the selected print element is
obiained. This operation may comprise retrieving the calibration data generated at block
430 of Fig. 4. The calibration data may be relrieved from a memory or persistent storage
device where they have been previously stored.

[45] At block 530 the calibration dala is applied o the print element. This operation
may set an oulput printing fluid deposition value for a given colorimetry as a funclion of
the relationship between colorimetry and deposition of printing fluid for a reference print
element, e.g., the reference print element determined at block 420 in Fig. 4.

[46] At block 540 a print output is generated. The calibration serves to modify the print
output generated by the printing system, L.e., { dictales how the print oulput is to be
generated.

[47} The culpul of method 500 may be provided, for example, io a halftoning
component such as the halftoning component 230 of Fig. ZA or 3.

[48}] Fig. 6 shows a method 600 for delermining a reference print clement for a
colorant-space pipeline, such as the colorant-space pipeline 200 of Figs. 24 and 3.

[49] At block 518 dala for a plurality of print elements is oblained. This operation may
pecur in a similar manner to block 410 of Fig. 4. Al block 820 a print element may be
selected. Al block 830 a colorimetry-deposition metric for the selecled print element may
be determined. This operation may comprise determining a colorimetry-deposition metric
that represents a reference print head. Block 640 causes this process o be repeated for
each further print element that is vet to be selecled. For example, it may be repeated for
all print elements in a printing system. Blocks 620, 630 and 840 may be repeated until all
print elements in a printing system have been selected and a colorimetric-deposition
melric s delermined for the pluralily of print elements. Al block 850 the set of
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colorimelry-deposition metrics for the plurality of prind elements is oulput This set of
cutput colorimetry-deposition mettics is used o determine the reference print element at
block 680, For example, the lowest melric i the sel may be delermined and ihe
associated print element may be deerned the reference print element.

{50} Calibration data may be & calibration factor for a print element. As such, each
print element may have a different cslibration factor. The calibration facior may be
determined ih relation o a reference print element in the printing system, e.g., it may
represent a ratio or other relative measure. The reference print element is thenused as a
reference for calibraling a selected print element, e.g., it may be used as a general basis
for specific print element calibration. The selected print element may be selected from a
plurality of print elements in a printing system. The selecled print elements may also be
selected from a plurality of print elements. When the calibration is applied o the selected
print elerment the ink drop density output by the nozzles of the print element is modified,
e.g.. the ralic or other relalive measure may scale a defined ink drop density for the
reference print element.

[51} Fig. 7 shows a method 700 for oulputlting calibration data for a print element
according to an example based on a colorant-space pipeline {e.g., pipeline 200}

[52}] At block 710 a print element is selecled. Al block 720 a colorimetric value is
selected for the print element. This colorimetric value may comprise one of a plurality of
sample points or a single seleclted sample point. For example, if the colorimetric value
comprises an L* value in a range of 0 fo 100, the colorimetric value may comprise a
single sample point, e.g., a value of 50, or one of a range of sample points, e.g., 12, 25
... &7, 100, Al block 730, for the selected colorimetric value and the selected prind
element, a deposition of printing fluld value is oblained. This may be achieved
experimentally, e.¢., the nozzles in the selected print element can be actualed {o cause
ink drops o be ejected from the nozzles and the resultant ink drops that are deposited
on a print farget such as paper or acetate or a bed of build material, may be measured to
obain a deposition of printing Buld value. i data representative of deposition
characteristics of the print element is provided, this can be sampled at the selected
colorimetric value, Le., first oblain the L* values for the deposition of printing fluid values,
then perform the procedure described above with reference to Fig. 7 analytically over the
colorimelric-deposition relationships.

[53] Al block 7408, the selected colorimelric value is used o oblain a deposition of
printing fluid value for a reference print element. The reference print element may be
determined as per block 420 of Fig. 4 or the method of Fig. 4. For example, a
relationship between an L* valuie and an ink drop density value may be sampled at the
sefected colorimetric value, l.e., at a given L value. Al block 750 a ratic of printing fluid
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density may be delermined using the deposilion of printing fuld values oblained from
blocks 738 and 740, This ratio may form part of the calibration data for the selected print
slement. The ralic mayv be referred to as g calibration faclyy for the selected print
element. The ratio may be delermined based on a deposition of printing fluid value for a
referance print element. The ralie may be calculaied by dividing the deposiion of printing
fluid value for the selecled print element by the deposition of printing fuld value for the
reference print element. In other words, the numerator of the ratio relates to the selected
print element o be calibrated and the denominator of the ralio relates to the reference
print element which is used as a reference. Al block 780 calibration data for the selected
print element is outpul. This may, for a given print element, take the form of a single ratio
value or may be a slatistical measure across a range of colorimetric values, e.g., may
comprise an average and/or filtered deposition ratio value.

[54] The method 700 may be applied o print elements in order fo calibrate the
respective print elements based on using a reference print element as a reference. The
print elements selected may be in the same printing system as the determined reference
print elements or the print element selected may be in a different printing system from
the reference print element on which the calibration is based.

[55] Fig. 8 shows a method 800 for culpulling a set of colorimelric-deposition
relationships for print elements with a colorant-space pipeline {e.g., pipeline 200).

[58] Al block 810 a print element is selected from a plurality of print elements. Al block
828 the salected print element is used fo print a test sample with a range of printing fluid
densities. For example, the density of printing fluid may be increase from a minimum
density o a maximum density for the printing fuid of the print slement. in a2 printing
system with a range of ink drop values per pixel, e.g., 0 to d drops may be deposited per
pixed, this range of ink drop values may be used 1o define the range of printing fuid
densities.

[S7} Al block 830 the colorimelry of the test sample for the print element is measured.
The colorimelry values measured may relate o a lightness metric such as L
Measurement may be achieved using a colorimeter. A colorimetry value may be obtained
at each level of printing fluid density between the minimum and maximum printing fluid
densitias. This provides a set of colorimetry values for a respective set of printing fluid
density values. Al block 840 the colorimetric-deposition relationship for the print element
is output. With block 850 this process may be repeated fo oblain a colorimetric-
deposition relationship for further print elements. All print slemenis may be selecled
hefore the full set of colorimetric-deposition relationships are output for all print elements
in the printing system at block 860. In some examples, a mathematical function may be
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fitted 1o the measured colorimelric values for the defined range of printing fluid densily
values and the relationship may be defined by the funclion.

[bB} Fig. 9 shows a method 808 for performing calibration in & probabilify-space
image processing pipeline, such as, for example, the HANE pipeling 250 of Figs. 2B or 3.
{591 At block 910, colorant-space calibration data {e.g., 225 or 325} are determined for
a colorant-space image processing pipeline {e.g., pipeline 200 of Figs. 2A and 3). Al
least one of the methods 400, 800, 700, or BDD may be used.

{60} At block 820, the colorant-space calibration data cblained at block 810 are
converted into probability-space calibration data in a format for a probability-space image
processing pipeline {such as calibration data 275 in Fig. 2B). This passage may be
performed, for example, in the slatistical computation component 280 of Fig. 3
Converting may be performed by applying a colorant-space-to-probability-space
mapping {which may comprise the use of 2 LUT} to the colorant-space calibration data.
[61} Al biock 930, the probability-space calibration data {e.g., 325) are applied to
image dala {e.g., image data 210 in Fig. 3) processed in the probability-space image
processing pipeline {e.g., pipeline 250, in parlicular in the slatistical computation
component 280}, Accordingly, a probability-space image processing pipeline may make
use of colorant-space calibration data.

[62] In some examples, the operations defined by blocks 920 and 230 may be at least
partially simullaneous andior may be performed together with stalistical computations
{e.q., performed by component 270 or 290} to convert an input image {e.g., image 210}
for a probability-space pipeline. For example, a single look-up table (LUT) may be
obtained which maps calibrated data into parameters 1o be used o perform the statistical
computations of components 270 and 280. Hence, it is possible to convert an input
image {e.g., 210} inloc an image defined with NPacs using one single LUT {(e.g., one
single LUT for each print element o be calibrated}.

[63] Fig. 10 shows a method 1000 that may be used fo permit the realization of blocks
920 and 930, in particular to convert colorant-space calibration data {e.g., obtained at
block 210 of Fig. 8} into probability-space calibration data in a format for a probability-
space image processing pipeline {e.g.. a8 HANS pipeline}. The method 1000 may be
used to allow the probability-space image processing pipeline 250 {o use the colorant-
space calibration data 325, the latler being suitable for a colorant-space pipeline.

[64] Fig. 10 shows how to generate a colorant-space-to-probability-space mapping
{which may comprise a LUT), 1o be used, for example, fo perform the conversion of
colorant-apace calibration data info probability-space calibration data in block 820 of Fig.
9.
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{65} At blork 1010 5 test charl 1015 (which mayv be a color charl) may be generaled.
The test chart 1015 comprises test patches. Each test patch may represent a sampling
of a color space of g colorant-space image processing pipeline, e.g., each {est palch
may feature a8 colpr value that resulls from the sampling of the color space, The color
space of the colorant-space image processing pipeline may comprise one of a RGE and
CWYK onlor space.

[66] The sampling may be a reguilar sampling of the color space. For example, in ane
case, a regular sampling may comprise 17 levels in each color channel of a RGB color
space, resulting in 172 e, 4913 test patch colors. In another case, a regular sampling
may comprise 9 levels {which may relate, for example, o different intensities of each of
the same colorant} in each colorant channel of a CMYK color space, resulting in 8, e,
8581 lest paich colors. The level of the sampling may be selecied based on available
resources and the requirements of any particutar implementation. The reguirements may
include, for example, the accuracy level that is desired o represent an image. For
example, each test patch may be arranged o have a sufficient pixel count so as o
accurately measure any halftone oulput. In one implementation a 128 by 128 pixel
square may be sufficient. Each test patch may have all the pixels of the same color.

[67} At block 1020 in Fig. 10, a color separation 1025 for the fest chart 1015 is
prepared using the colorant-space image processing pipeline. The color separation 1025
is shown as having CMYK components, Le., comprises continuous tone data in CMYK
colorant space. Other examples may use greater or fewer colorants, or RGB continuous
tone data. Al block 1030, a halfioning operation is applied o the color separation 1025
using the color halflone processing pipeline o generale a halftone output 1835 In
certain cases the halfione oulput 1035 may comprise data indicative of colorant drop
states per halftone pixel, e.g., whether CMYK {or RGB) printer pens are to fire drops in
respect of a particular substrate area. The output of the sequence of blocks 1010 to 1030
may therefore be a halftone representation of a chart including a number of test palches.
[68}] At block 1040, the halftone output 1035 may be processed o determine
probability values, such as NPac values. This operation may comprise, for a selected
test patch, determining printing-fluid drop-state statistics for the selected test patch. In
cerlain cases, the drop-siate slatistics may comprise NP proportions for a predetermined
test patch area. In some cases, a NFac vector is delermined for each test patch in the
chart. Al block 1050, these determined NPac values are used for generating a colorant-
space-to-probability-space mapping 1055 {which may be a color-space-to-NPac color
mapping}. For example, ¥ the sampled color values that are used for generating the test
patches of the test chart 1015 are known, then these may be mapped o the determined
MPac values for each test patch. in Fig. 10, a dashed line belween blocks 1010 and
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1050 represenis the use of known sampled cdor values i the generation of the oolor
mapping. However, in other cases, the sampled color values may be determined based
on'a knpwn sampling rate.

{691 The oulput of the method 1000 is a color mapping between color vales in a
colorant space and probabifity values {such as NPag values in 3 HANS pipeline).

{70} The mapping 1055 may comprise a LUT with a plurality of nodes, wherein each
node represants the mapping from & particudar input-color value {e.9.. associated to &
particular patch} to a particular output NPac value. For the examples with 17 and 9
sampling levels, the resultant LUTs may respectively comprise 4813 and £561 nodes.
[71} When a colorani-space-to-probability-space mapping is oblained {e.g., mapping
1055 obtained with method 1000}, it is possible to convert the colorant-space calibration
data into probability-space calibration data in a format for a probability-space image
processing pipeline.

[72} On the basis of the resulls of method 1008, it is possible {o convert calibration
data {e.g., calibration dala 225 in Fig. 2A or 325 in Fig. 3, andfior the calibration data
pbtained at blocks 430 or 760}, originally determined for a colorant-space pipeline, fo
probability-space calibration data for image datla processed in a probability-space image
processing pipeline 250 {such as a HANG pipeline). Accordingly, blocks 820 and 830 of
Fig. 8 may be performed.

73] When mapping 1055 comprises a LUT, for example, it is possible {o fransform
colorani-space calibration data into values in a formal for a probability-space image
processing pipeline (such as a HANS pipeline} by finding, in a memory sioring the LUT,
values associated o different nodes. Notably, it is possible 1o use one single LUT which
maps the input 210 of Fig. 2B into NPacs and, at the same time, performs a calibration of
the print elements.

[74] H is possible compute probability values of pixels {NPacs) for each node by
interpolation of the LUT entries. The end resull is a colorant-to-NPac LUT for the nominal
state of the printing system.

[75] Fig. 11 shows an example with a system 1100 processing images with a
probability-space image processing pipeline 1105 {which may be the pipeline 250 of Fig.
35

[f6] The system 1100 may process an inpul 1110 (which may be, for example, the
image data 210 of Fig. 3}, which may be a color input.

[f7] The system 1100 may comprise a color separation component 1120 (which may
be, for example, the color separation component 270 of Fig. 2B or Fig. 3} which may
perform, for example, a HANS color separation.
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[78] The color separalion component 1130 may also operale as a calibration
component and caltbrate the Jmage data processed in the pipeline 1105, in some cases
with the same LUT used for performing the BANS oolor separation.

{791 The system 1100 may comprise a probability-space haffione component 1130,
which may perform, for example, dithering, ewror diffusion, of matrix halfioning, such as
PARAWALS halfioning. In particular when halfioning in the HANS pipeline, a per-pixel
determination of the aclual Neugebauer Primary o be printed & made. With error
diffusion there are iteratively performed comparisons Delween predetermined pixel
values and values bound o per-pixel state probabilities. Subsequently, errors {based on
differences bebtween selected color slates and per-pixel state probabilities) are diffused
to per-pixel state probabilities of subseguent pixels.

{80} A halfione oulput 1148 may be therefore provided o a printing system with a
printer {e.9., having a plurality of print elements to be calibrated), or stored in a memory
for future use.

{81} A iest chart 1200 {which may be the test chart 1015 of Fig. 10, for example a
cofor chart} may be generated. The test chart 1200 may be a colorant-space chart or ink-
channel sampling chart. The test chart 1200 may contain palches {e.g., groups of pixels},
each having a plurality of pixels of the same color. For example, the test chart 1200 may
be a colorant {ink-channel) chart that is a regular sampling of an appropriate colorant
{ink) space {e.g.. a 9* sampling of CMYK ink space or a 9% sampling of CMYKom ink
space) and where each palch of the chart is of sufficient pixel count {e.g., 128x128
pixels).

[B2}] The system 1100 may comprise a halftoning component 1210 which performs
colorant-space halftoning to the test chart 1200. The halfioning component 1210 may
perform the funclion performed in block 1030 of Fig. 10

[B3}] The system 1100 may comprise a NP counling component 1220 {(which may
perform the function referred o by block 1040 of Fig. 10). The NP counting component
1220 may determine the NPacs associated to the test patches. For example, the NP
counting component 1228 may compute, for each of the {est palches of the halftoned
version of the test chart 1200, slalistics of drop-stales {Neugebauer Primaries) and
exprass these NP siatistics as proportions per patch, forming NPacs per patch.

[84] This cperation may resufl in the definiion of a colorant-lo-probability mapping
1230 {which may be, for example, an ink-lo-NFac mapping). which may be, for example,
mapping 1055 of Fig. 10. In one example, the colorant-to-probability mapping 1230 may
be expressed as a regularly-sampled colorant {e.g., ink) indexed LUT that, al each node,
contains a probability value {e.g., NPac) comresponding to a given colorant {e.g., ink}
amount combination.
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{857 The system 1100 may also comprise a color separation component 1240, The
color separation component 1240 s o convert colors inte colorants {g.q., inks), and,
theredore, may operale 8s.a color-to-colorant mapping. The color separation component
1244 may be embodied, for example, by a LUT (which may be. for example; a color-fo-
ink-channet LUTYL The LUT may be, for example, & unfform k% LUT, where n=3 for a
device RGB and/or n=4 for a device CMYK interface and where K is the number of levels
in the reguiarby-spaced LUT {e.g., 8, 17, 33)

{86} TThe system 1100 may also comprise a print-and-measure component 1250. The
print-and-measure component 1250 may control the execution of a print of images (e.g.,
ramps) and their detection. Block 830 of Fig. 8§ may be performed using the print-and-
measure component 1250, Colorimetric-deposition relationships for each print element
may therefore be oblained.

[B7} The system 1100 may alsc comprise a colorant-space calibration component
1268 {which may perform at least some of methods 400, 500, 700, 800}

{88} Ut is possible to build a probability-space mapping 1270 which may be used in the
colfor separation component 1120, The probabillity-space mapping 1270 may be
implemented by a HANS mapping {e.g., HANS LUT), which transforms the colorant-
space input 1110 {or image data 210 in Figs. 2B and 3} into probability values of pixels
{NPacs} to be subsequently printed. In one example, component 1270 is a colorant-io-
probability mapping {ink-channel-lo-NPac mapping., which may be embodied, for
example, by an ink-channel-to-NPac LUT). When n inks are implied, the ink-channel-io-
MNPac mapping may be in the form of n 1-dimension LUTs (veclors), e.¢.. mapping
nominal colorant {(ink} amounts to calibrated colorant amounts.

[B8] The probability-space mapping 1270 may be buill according io the following
method:

1. For each node of the LUT of the color separation component 1240 {color-to-
ink-channel LUT), perform a colorant-space calibration (e.g., using the
calibration component 1260} to oblain colorant veclors.

2. For each of the oblained colorant veclars {ink-channel vectors), apply the
colorant-to-probability mapping 1230 {ink-channel-to-NPac mapping or LUT ) o
obtain NPacs.

3. The combination of the color values of the oblained LUT and the oblained
NPacs forms a color-calibrated HANS LUT.

[80} Accordingly, { is possible 1o use one single LUT for performing both calibration
and HANS separation.
[91] in some examples, one of the LUTs 12480, 1260, 1230, and 1270 may be siored

in a memory for future uses.
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{927 With reference o Fig. 3, i is possible {o note that calibration data 325 are the
same for both the colorant-space inage processing pipeline 200 and the probability-
space pipeling 350, Accordingly, the same calibration dala can be used for different
pipelines. Hence, a calibration specific for the BANS pipefine may be unnecessary; the
calibration in the colovant space may be performed and the relevant data may be simply
converfed into HANS data {e.g.. using the mapping 10585, the block 928, andlor the
HANS LUT 1270}

{93} & is aisc possible fo migrate from a legacy system based on a colorant-space
image processing pipeline to a system that uses a probability-space pipeline {(e.g., HANS
pipeline). For example, system 300 of Fig. 3 may be a system in which the colorant-
space pipeline 200 and the colorant-space calibration data 325 are pre-existing, while
the HANGZ pipeline 250 has been manufactured or implemented subseguently.
Notwithstanding, there is no necessity of oblaining new calibration data specifically
obtained with the HANS pipeline: the calibration dala 225 may be also used for the
HANS pipeline 250.

{84} Fig. 12 shows a system 1300. The system 1300 comprises a subsystem 1305
which may comprise, for example, the system 300 or 1100. The subsystem 1305 may
comprise a plurality of components interconnected with each other. Each component
may be a combination of hardware and software which permils {o perform a pardicular
function, such as color calibration, HANS separation, and so on.

[85}] The system 1300 may comprise a probability-space color separation component
1310 {which may be, for example, the color separation component 270, 280 or 1120).
The probability-space color separation component 1310 may have a probability-space
mapping {such as a LUT) which transforms an input image {e.g., 210 or 1110} inlo a
statistic distribution of colors for the pixels {e.g., NPacs}). The system 1300 may have a
colorant-space calibration component 1320 {e.g., calibration component 1280} which
may map nominal colorant amounts o calibrated colorant amounts in a colorant-space
pipeline. The system 1300 may also have a colorant-lo-probability mapping component
1330 {e.g.. 1230 or 1055) o modify parameters of the probabilily-space separation
component 1310 on the basis of the oulput of the colorant-space calibration component
1320.

[96} The system 1300 may alsc comprise a printer 1340, which may perform various
print operations, e.g., the operations associated to block 820. The system 1300 may also
comprise a color detecting device 1350 which may, for example, permit the
measurernent function performed at block 838,

{97} Fig. 13 shows a system 1500 comprising a processor 1370 and a memory 1380
which may be a computer readable storage medium comprising computer readable
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instructions 1380 thal, when exected by the processor 1370, cause the processor 1370
to petform any of the methods shown iy Figs. 25-10 {or at least some of its blocks) or fn
cantrol one of the systems 300, 1100, and 1300 {or at leas! one of #s componenis). The
components 13310, 1320, and 1330 may be obiained, for example, as combinations of
the processor 1370 and the memory. 1380, the latter storing instructions which, when
running on the progessor 1378, cause the processor fo perform. the calibration, the
colorant-to-probability mapping, and color separation.

{98} The memory 1380 may also contain LUTs used for the components 1280, 1230,
1270, 1055, and 1310-1330.

[88] The system 1500 may also comprise an VO device 1410 which may be
connecied {o a printer 1420 {e.q., the printer 1340, for example}, a color detecting device
1430 {e.g., the color detecling device 1350), and/or a network 1440, suchasaLAN ora
geographical network. Accordingly, calibration data may be transmilted to different
devices.

{188} The instructions 1380, when run by the processor 1370, may cause the processor
1370 to perform, | for example using the color-to-colorant LUT, a colorant-space
calibration {0 oblain at least one colorant-space calibration vector. In general, there are
defined n 1-dimension veclors for n inks. The processor 1370 may also perform, using
the test chart 1200 or 1015, a colorant-space halftoning {e.g., at 1030 or 1210). The
processor 1370 may also compute probability values of pixels, NPacs {e.g., at block
1228), associated o the test paiches of the halfioned chari, so as to form a colorant-fo-
probability LUT or colorant-space-to-probability-space LUT 1055 {e.g., at block 1230}
The processor 1370 may alsp determine, using the al least one colorant-space
calibration vector and the colorani-to-probability LUT, a HANS LUT 1270 for converling a
color input (210 or 1110} into a NPac veclor). The obtained NPac vector may then be
used for a print job in the HANS pipeline.

[101] Notably, # is possible fo use one single LUT for both calibration and HANG
separation.

{162} Although some aspects have been described in the context of an apparatus, it is
clear that these aspecis also represent a description of the corresponding method..
Some or all of the methods may be executed by {or using) a hardware apparatus, like for
example, a microprocessor, a programimabile computer or an electronic circuit.

[183] Depending on cerlain implementation requirements, examples may be
implemented in hardware. The implementation may be performed using a digital slorage
medium, for example a floppy disk, a Digital Versalile Disc {DVD), a Blu-Ray Disc, a
Compact Disc {CD}, a Read-only Memory {ROM), a Programmable Read-only Memory
{PROM), an Erasable and Programmable Read-only Memory (EPROM}, an Electrically
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Erasable Programmable Read-Cnly Memory (EEPROM) or & FLASH memory. having
sfactronically readable control sighals stored thereon, which cooperate {or are capable of
cooperating) with a programynable computer system such that the respective methed is
performed, Therefore, the digial slorage medium may be computer readable.

{104} Some examples comprise a data carier having electronically readable confrol
signals, which are capable of cooperating with a progranymable computer system, such
that one of the methods described herein is performead.

{105} Generally, examples may be implemented as a computer program product with a
program code, the program code being operative for performing one of the methods
when the computer program product runs on a computer. The program code may for
example be stored on a machine readable carrier.

[166}] Other examples comprise the computer program for performing one of the
methods described herein, stored on a machine readable carrier.

[107} in other words, an example of method is, therefore, a computer program having a
program code for performing one of the methods described herein, when the computer
program runs on a computer.

[108] A further example of the methods is, therefore, a data carrier (or a digital storage
medium, of a computer-readable medium) comprising, recorded thereon, the computer
program for performing onhe of the methods described herein. The datla carrier, the digital
storage medium or the recorded medium are {angible andfor non—transitionary, rather
than signals which are intangible and transitory.

[189] A further example of the method is, therefore, a data stream or a sequence of
signals representing the computer program for performing one of the methods described
herein. The data stream or the sequence of sighals may for example be transferred via a
data communication connection, for example via the intermnel

{118} A further example comprises a processing means, for example a computer, or a
programmable logic device performing one of the methods described herain.

[111] A further example comprises a computer having installed thereon the computer
program for performing one of the methods described herein.

[112] A further example comprises an apparatus or a sysiem transferring {for example,
elecironically or optically) a computer program for performing one of the methods
described herein 1o a receiver. The receiver may, for example, be a computer, a mobile
device, a memory device or the like. The apparatus or system may, for example,
comprise a file server for transferring the computer program io the receiver.

[113] & some examples, a programmable logic device {for example a field
programmable gate array) may be used to perform some or all of the funclionalities of
the methods described herein. in some examples, a field programmabile gate array may
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cooperate with a microprocessor in order fo perform one of the methods described
hereln. Generally, the methods are preferably performed by any hardware apparatus.
{114] The appamaius described herein may be implemented using a computer.

115} The apparatus.described herein, of any componerts of the apparatus described
hereln; may be inplemented at least partially in hardware.

{118} The methods described herein may be performed using a hardware apparatus, or
using a comptder, or using a combination of a hardware apparatus and a computer.
{117} The methods described herein, of any components of the apparatus described
herein, may be performed at least partially by hardware.

[118] The above described examples are merely illusirative for the principles discussed
above. It s undersiood that modifications and variations of the arrangements and the
detalls described herein will be apparent. it is the inlent, therefore, to be limited by the
scope of the impending patent claims and not by the specific delails presented by way of
description and explanation of the examples herein.
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CLAIMS

1. A method comprising:

determining  colomant-space calibralion dala for a colorantspace ihage
processing pipeling;

converting the colorani-space calibration data into probability-space calibration
data for a probability-space image processing pipeling; and

applying the probability-space calibration dala {o image data processed in the
probability-space image processing pipeline.

2. The method of claim 1, further comprising:

generating a test charl comprising {est patches, sach test patch representing a
sammpling of a color space of the colorant-space processing pipeline;

preparing a colorant-space color separation for the test chart using a colorant-
space processing pipeline, the colorant-space color separation comprising continuous
tone data in a colorant space;

applying a halftoning operation to the colorant-space color separation to generate
a halftone oulput;

for a selecled test patch in the halftone output, defermining a probahility value for
the selecled test paich based on statistics for the selecled fest palch; and

generating a colorant-space-to-probability-space mapping based on the
determined probability values for each of the al least one selectad test palches,

wherein converting is performed by applying the colorant-space-to-probability-
space mapping to the colorant-space calibration data.

3. The method of claim 1, wherein determining colorant-space calibration
data comprises:

obiaining source data indicative of a relationship between colorimetry and
deposition of printing colorant for a plurality of print elements;

determining a reference print element from a plurality of reference print elements
based on the source data; and

determining colorant-space calibration data fora selecled print element in the
plurality of print elements based on the source dala, the colorant-space calibration data
calibrating deposition of printing colorant for the selected print element with reference to
the reference print element.
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4 The method of claim 1, wherein the probabifity values are Neugebauer
Primary area coverage, NPac, values.
3. The methed of claim 1, further comprising performing a probability-space

color separation using the calibrated color data.

Q. The method of claim 1, wherein applying the probability-space calibration
data io ¥nage dala processed in the probability-space image processing pipeline is
performed using a look-up table, LUT.

7. The method of claim 1, further comprising performing a print job and
measuring colorimelry values in the print job.

8. The method of claim 1, wherein detemmining colorant-space calibration
data comprises building a probability-space mapping by

for each node of a colorant-space color separation LUT, perfoarming a colorant-
space calibration to obtain colorant vectors;

for each colorant vector, applying a colorant-to-probability mapping fo oblain
MPacs:

forming a color-calibrated Halftone Area Neugebauer Separation, HANS, ook-up
table, LUT, from the colorant vectors and the NFacs.

8. A sysiem comprising a processor, a storage coupled o the processor, and
computer readable instructions which, when running on the processor, cause the
processor fo:

perform a probability-space color separation to transform an input image info a
statistical distribution of color states;

perform a colorant-space calibration to transform nominal colorant amounts into
calibrated colorant amounts; and

perfarm a colorant-to-probability mapping to modify parameters of the probability-
space color separation on the basis of the result of the colorant-space calibration.

10. The sysiem of claim 8, wherein the compuler readable instructions, when
running on the processor, further cause the processor to:

perform: a colorant-space halftoning o a test chart comprising test patches, each
test paich representing a sampling of a color space of a colorant-space halftone
processing pipeline;
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output colorant probabiiity distributions for pixels on the hasis of sialistical
distributions of the colorant in'the halfione,
so-as o oblain parameters to perform the colarant-to-probabifity mapping.

11, The systen of claim 8, whersin the computer readable instructions, when
running on the processor, further cause the processor to perfarm the colorant-to-
probability mapping using a look-up table, LUT.

12. The system of claim 9, further comprising a processor to. determine
colorant-space calibration data for a colorant-space image processing pipeline;

convert the colorant-space calibration data into probability-space calibration data
for a probability-space image processing pipeline; and

apply the probability-space calibration data to image dalta processed in the
probability-space image processing pipeline

13.  The sysiem of claim 9, further comprising print elements.

14.  The system of claim 9, further comprising a device o detect and measure
colorimetry values in a print job.

15. A computer readable siorage medium comprising coinpuler readable
instructions that, when executed by the computer, causes the computer f

perform, using a color-fo-colorant fock-up teble, LUT, a colorant-space calibration
to obtain a colorant-space calibration vector;

perform, using a test chart comprising mulliple test palches, a8 coloranti-space
haiftoning;

determine Neugebauer Primary area coverages, NPacs, associated 1o the test
patches of the haifloned chart to form a colorant-lo-probability LUT,

determine, from the colorantspace calibration vector and the colorant-to-
probability LUT, a Halflone Area Neugebauer Separation, HANS, LUT, fo convert a color
input into a NPac vector.
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