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(54) Title: COLOR MAPPING RESOURCES

Determine print coverage vectors specifying Common
amount of selscted print agent e 102
!
Determine colorimetries provided by print coverage
veotors b~ 104
!
Divide range of colorimetries into partitions in a
colorimetric space b 106
|
For each partition determine characteristic of each print
coverage vector restiting in a colorimetry withinthat b~ 108
partition
|
Select print coverage vector for that partition based on
thie determination T 110
!
Determine color mapping resource based on the
selected print coverage vectors N 112

Fig. 1

(57) Abstract: In an example, a method includes determining a
plurality of print coverage vectors, each of the print coverage vec-
tors specitying a common amount of a selected print agent. The
method may further comprise determining a colorimetry provid-
ed by each of the print coverage vectors and dividing a range of
colorimetries into partitions in a colorimetric space. For each of
a plurality of the partitions, the method may include determining
a characteristic of each print coverage vector resulting in a col-
orimetry within that partition and selecting a print coverage vec-
tor for that partition based on the determination. A color mapping
resource may be determined based on the selected print coverage
vectors.
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COLOR MAPPING RESCQURCES

BACKGROUND

{0001} Printing systems may convart input data (for example, dala representing an
image for two-dimensional printing, or data representing an object for three dimensional
printing} to print instruclions, which specify where print malerials {for example, colorants
such as inks or tonars or other printable materials} are to be placed in a print operation.

BRIEF DESCRIPTION OF DRAWINGS

[0002] Fora more complete understanding, refarence is now matie fo the following
description taken in conjunction with the accompanying drawings inwhich:

[O003] Figures 1 and 2 are sxample methods of determining a color mapping
resourcs;

[0004] Figures 3 and 4 are examples of processing circuitry; and

{0008] Figure §is a block diagram of an example non-transitory machine readable
medium associated with a processor.

[0008] In the case of two-dimensional prinling, a8 print addressable focation may
be represented by at least one pixel, and each print addressable location may be printed
with at least one colorand such as inks {for exampls cyan, mageania, veliow and black inks),
coatings or other print matlerials, as well as combinations of those print materials.

[0007] in the case of three-dimensional printing, which is also referred 0 as
additive manufacturing, three-dimensional space may be characlerised in terms of
‘voxels', Le. three-dimensional pixels, wherein each voxel occupies or represents a
discrete volume. In examples of three-dimensional printing therefore, an addressable area
may correspond 1o at least one voxel and each voxel may be ‘printed’ Le. generaled or
manufaciured, using one or a combination of agents and/or build materials.

[0008] To Dbriefly discuss three-dimensional printing in greater detail, objects
generated by an additive manufacturing process may be formed in a layer-by-layer
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manner. in one example, an object is generated by solidifying poriions of layers of build
material. in examples, the build material may be in the form of a powder or powder-like
material, a fluid or a sheet matesial. In some sxamples, the intended solidification and/for
physical properiies may be achiaved by printing an agent onto a layer of the build material.
Energy may be applied o the laver and the bulld material on which an agent has been
applied may coalesce and solidify upon cooling. in other examples, directed energy may
he used io seleclively cause coalescence of bulid material, or chemical binding agents
may be used to solidify a bulld material. In other exampiles, three-dimensional objscts may
be generated by using extruded plastics or sprayed materials as build materials, which
solidify to form an object.

[0008] Some processes thal generate fhree-dimensional objects use condrol data
or print instructions generated from a model of a three-dimensional objest. This control
data may, for example, specily the iocations at-which o apply an agent o the build
material, or where a build material itself may be placed, and the amounts to be placed.
The control data may be generated from a 3D representation of an object to be printed.
Locations may be expressed in terms of voxels. A voxel at a given location may have at
least one characteristic. For example, it may be emptly, may have a particular color or may
represent a particular material, or a particular object property, or the ike. in general, the
voxels of an object may each have the same shape (for example, cubic or tetrghedral), or
may differ in shape andfor size. However, where the term voxel is used herein o refer fo
a print addrassable location, the voxel size may be determined at the print resolution of a
print apparatus, L.e. it may correspond to a volume which can be individually addressed by
a print apparatus {which may be & particular print apparatus, of a class of print apparatus,
ar the like} such that the properties thereof can be determined at least substantially
independently of the properties of other voxels.

[0010] it may be that possible print materials {0 be applied lo an addressable
location are specified within an element set. In some examples, the print materials may be
identified explicilly, .e. in a set of elements comprising a set of print materials andfor print
material combinations. incther examples, & may be that at least one of the elements of an
slement set relates o cther qualilies, which may infum be relsted to prinl materials. For
exampie, an element may specify g property or the ke which can bs mapped to print
materials. {n another exampie, a solor may be spacified in terms of a Neugebauer Primary
{a sst of the colors (and in some examples, the number of drops of printing agent) which
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can be applied by a particular print apparatus), which in tum may have predetermined
mappings o colorants,

{0011} In some examples, a set of elements is expressed as a print material
coverage representation which defines print material data, for exampile detailing (explicitly
or implicitly, Yor example via a8 mapping)the amount of print materials (such as 2 colorant
or cogting for bhwo dimensional printing or anagenti{s; to be deposited onto alayer of build
material, or in some examples, build materials themselves for three dimensional printing),
and, if applicable, thair combinations. Such print materials may be ralated to or selecied
o provide an image or object property such as, for example, color, transparency, fexibility,
glasticity, rigidity, surface roughnass, porosity, conductivity, interdayer strength, density,
and the ke,

pizel in image data or a voxel in object mode! data) may be associated with one or g set
of print material coverage representations. In the case of two-dimensional printing, these
may be referred 1o as area coverage vectors. For example, the vectors may comprise ink
vectors, which specify proportions of inks to be applied {and may therefore be thought of
as native to a printer), or print agent vectors, which specify proportions of print agents
{which may include inks andior other print agents) {o be applied andior Neugebauer
Primary Area Coverage vectors (NPac vectors, or simply NPacs), which may specify colors
in a manner which may be associated with inks or other colorants and their combinations.
By analogy, in three-dimensional printing, print agent vectors, which specify proportions of
print agenis to be applied and/or Maternial Volume coverage vectors (termed Mvoe vectors,
or simply MVocs, herein), which may also specify combinations of print agents, may be
defined. Such area or volume coverage vectors {referred {o as print coverage veciors
collectively herein} may provide a probability that g print material or a combination of print
materials may be applied in a location. In a simple case, such a vecior may indicate that
X% of a given region should have a particular print malerial or print material combination
applied thereto, whereas {100-X)% should be ieft clear of the print material. in practise,
this. may be resolved at the addressable resaiution for the print material andior printing
device. Therefore, if there are NxM addressable locations in an XY plane associated with
such a vector, X% of these lncations may receive a print material, white {100-XY% do not.

[GO13] Such a print coverage veclor may provide a plurality of values; wherein
sach value defines a probability for sach print malerial, or each combinalion of print
materials described. For sxample, i a printing system with two available print materials
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{for example, inks, coatings or agents) ~ M1 and M2, where each print material may be
independently deposited in an addressable area {e.g. voxe! or pixel), there may be 2% {i.e.
four) probabilides in a given Moo or NPac coverage vector: g first probability for M1
without M2; a second probability for M2 without M1, a third probability for an over-deposit
(i.e. a combination) of M1 and MZ, .g. M2 deposited over M1 or vice versa; and a fourth
probability for an absence of both M1 and M2, In this example, # is assumed that a drop
of print material may be applied or not: i.e. a binary choice may be made and the value for
aach agent may be either 8 or 1. In this case, a print coverage veotor may be: M1, M2,
M1MZ, Z3 or with example probabilities [M1:0.2, M2:0.2, MiM2:0.5, 2:0.1] - in g set of print
addressable locations (e.g. and [x, yl or an [x, v, z] location {which in some examples may
be a {x, v} location in a z slice)) to which the coverage vector applies, 20% of locations are
{0 receive M1 without M2, 20% are o receive M2 without M1, 50% are {o receive M1 and
M2 and 10% are to be left clear (Z). In non-binary systems, there may be more elements
defined describing the different amounts of print agent andfor associated combinations of
print agents, which may be applied. As each value is a proportion and the sef of values
represent the gvailable material combinations, the set of values in each print coverage
vactor generally sum to 1 or 100%.

[B014] In anothar example of print coverage vector in which the arealvolume
coverage is controlied but the “at pixel’ or ‘at voxel choices are not ("print agent vectors”
herein: i.e. print coverage vector may specify that X% of a region receives agent M1 and
Y% raecelves agent M2, but the overprinting of agents is not explicitly defined {although the
sum of X and Y may be greater than 100, so overprinting may resuit).

[0015] Print coverage vectors may therefore specify a plurality of elements which
are related to print materals, and a probability for each element. Delermining mappings
from color space info the print coverage vectors can present a processing challenge: a full
set of mappings may consume significant procassing resourses and large amounis of
memory to store.

[0016] Figure 1is an example of a method, which may be a computer implemented
method of determining a color mapping resource.

{0017] The method comprises, in biock 102, determining a plurality of print
coverage vectors, sach of the veclors specifying a commaon {.e. the same) amount of a
sefected print agent. For example, the print agent veclors may specify 8 probability of
printing a particular color or combination of colors from a print agent set comprising Cyan,
Magenta, Yellow and Black print agents {8 CMYK color set). These may be specified as
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an NPac or Mvoc, for example comprising individual colors and combinations of colors or
as a print agent vectar. if the common amount is specified for black, then this amount may
be seen in all vectors, In some examples, the print coveragse vectors may be determined
randomiy, in some cases with print agent limits (i.e. the maximum number of drops which
may be applied to a print addressable location). In other examples, the print coverage
vectors be determined or selecied in some other way.

[0018] Forexample, a set of ink’ print agent vectors may include [C; 28%, M:25%,
Y:258%, K. 25%] and [C: 15%, M:25%, Y:38%, K. 25%] : the K amount is the same in both.
A set of NPacs or Mvocs may include [K=3%, CK=2%, M=30%, Z=865%] and [K=1%,
CK=3%, MK= 1%, M:25%, 2=70%] {where £ indicates thal a location is left clear of print
agent): i both examples; black print agent will be applied o 5% of vaxels. A particular
sxample where the common amount is 0% is discussed below,

{0019] In some examples, the common amount of print agent may be arange. For
example, there may be 5 ranges considered, for example dividing the space addressable
by print agents into 20% ranges. in such examples, the size of each range may be selected
based on an intended level of granular control of the color output.

[0020] While any print agent may be selecled as the print agent for which a
common amaunt is specified, black may be chosen as this may have greater impact on
print quality issues and on print agent wse. Moreovey, in considering color spaces, black
may regulaly be used as the basic color around which g color space is constructed. This
may be because biack is often used for printing text and Hnes.

{0021] Block 104 comprises determining colorimetries provided by the print
coverage vectors. Thus, for example, the colarimetry of a plurality of coverage vectors
specifying X% coverage for the selecied print agent and varying amounts for other print
agenis may be determined. The colorimelry of a caverage vector may for example be
medelied or pradicted, for example by simulating an image printed using the print coverage
vector, or based on {est data from previously printed samples produced using the print
agents in the proportions specified in the print coverage vector.

[0022] The colorimelry may be expressed in any color space, and may in some
examples be color space which is independent of any print apparatus. For example, the
device independent color space may be sRGEB, Adobe RGE, or may be some other color
space, for example a color space which uses an intemational Commission on Hlumination
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(CIE} color model. Qther color space models include Hue-Saturation-Value (H3V), Hue-
Saturation-Lighiness (HSL), Yule-Nielsen-corrected XYZ, XYZ, LAB or the like.

{0023} Biock 106 comprises dividing a range of colorimetries into partiions in a
colorimetric space. For example, this may be specified in terms of color difference, such
that, for examples, greens with a first hue range are in 3 Srstpartition and gresns with a
second hue mange are in & second partition. For example, the partitions may be
characterised by a AC amouny in the RGEB color space or a AE valug in an International
Commission on Humination {CIE} color model space. in some examples, all the parlitions
may be of the same size and the size of the partitions may be determined based on the
amout of granular control indended for the mapping resource, with smaller partitions
allowing more precise control of calors via the color mapping resource belng developed in
the method. in some axamples, the availabls procassing resources may be considered as
more partiions will generally suggest grealer use processing resources such as
processing time, power and storage capacity. In some examples, the partitions for an
entire, or for substantially an entire, color space may be defined prior {o considering the
colorimetries, and the vectors may be associated with a predefined partilion. In other
axamples, paditions may be defined for just those regions of color space which are
pravided by the set of vectors, i.e. the range of colorimetriss may be the range exhibited
by the print coverage veciors.

[0024] Block 108 comprises, for sach of a plurality of the partitions, determining a
characteristic of each print coverage vector resulting in a colormetry within (hat partition.
For example, the characteristic may be a predicted print characteristic such as print agent
use, grain, robustness (i.e. repeatabilily/consistency). in some examples, a plurality of
such characleristics may be considered, in some examples with a prioity order. The
characteristic{s) may for exampie be modelfed or predicted, for example by simulating an
image printed using the print coverage vector. This may comprise subjecting a vector to a
haifloning process and generating a simulation of a printed resull, which may ais0 include
a modetling of any perturbation which may result in the printing. In other examples, the
characieristio{s) may be determined basaed on test dala from grevicusly prinied samples
produced using the print agenis in the proportions set out in the print coverage vector, |
may be noted that not all partitions may be ‘occupied’ by a vecior. However, in other
gxampies, there may more than one vecter which results in a colorimetry which falls inside
& particular partition.
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{0025} Block 110 comprises selecting a print coverage vecior for that partition
hased on the determination. in some examples, one of a plurality of vectors which is
associated with generally more favourable characteristic(s) {e.g. lower print agent usage,
lower grain, greater robusiness or the like) may be selected. Where there is a single vecior
int a partition, this may be selscted automatically without a determination of characteristics
being made.

{0026] Block 112 comprises determining & color mapping resource based on the
selected print coverage veciors. For example, these may be placed it a fookup table
associating the vectors with & colormelry. In some sxamples, as set out below, additional
processing is carried out prior {o forming the color mapping resowee. The color mapping
resaurce may for example be for use by a print apparatus, of in generating controf data.

which may be a sel of the selected vectors which may have particdar qualities and
providing a particular colorimelry, and which have a common level of a print agent. For
example, this may represent print vectors which map into a color gamut associated with
the level of print agent- for exampie, the color gamut accessible for vectors having 5%
black ink, or between 0 and 20% black ink, or the like.

[0028] This process may be repeated for each of a saries of different amounts of
the selected print agent. Thus the gamut avaiabls: for black levels being
0%, B%, 10%, 15%, 20%, 25% and so on up {0 100% may b mapped in lum. As i this
example, discrete and separated amounts may be considered. The spacing betweean the
amounts may be selected based on an intended granulanty of color confrol, with
granularity increasing as the difference between the levels decreases, and/or on based on
the capabiities of the processing resources available. in other examples, as noted above
the common amount may be a common range, and the process of blocks 102-110 may be
completsd for a different range. For example, a first range may consider vectors having
between O and 20% of the selected print agent and the second range may consider vectors
having greater than 20% and less than or equal to 40% of the print agent. Within each
range, it may be that discrete black levels, for sxample in levels of, say 1%, 2%, 5%, 10%
or the Hike may be considered.

[0028] Figure 2 shows an example of a method, which may be a method of
carrying out black 112 of Figure 1, wherein the method of biocks 102-110 has been
iterated for each of plurality of different amounts of the sslected print agent.
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[0030] Biock 202 comprises determining, for each partition of the colorimetric
space, 8 set comprising all selected print coverage vactors. Note, this set may include
vectors with differing levels of the selected print agent which resulf in a colorimetry ving in
the same partition.

[0031] Block 204 comprises determining print coverage: veclors specifying a
lowest amount of the selected print agent and the highest amount of the selected print
agent within each paniition.

{0032] in a first example, block 204 may comprise identifying the print coverage
veciors fram the set of print coverage vectors identified in block 202, in other examples,
block 204 may comprise interpolating new print coverage vectors from the set of print
coverage vectors. For example, the interpolation may exiend a2 lrend based on the
available vectors in that partition to estimate the content of a print coverage vector having
the highest amount of the selected print agent for that partition.

{0033] Block 206 comprises deriving, by interpolation, intermediate print coverage
vectors specifying amounts of the selected print agent which are intermediate to the
highest-and loweast amounts.

[6034] Block 208 comprises determining a color mapping, wherein the mapping is
o preserve-the selected agent level and the colorimetry-of an input color. The mapping
may be bebween a color space of a predetermined print agent set and a plurality of pant
coverage vectors, This may comprise consideration of an intermediate mapping between
color space of a predetermined print agent set color space and the color space in which
the colorimetry was determined. The predetermined print agent set may be a CMYK set
and the selecied print agent may be black, or K.

{0035] The mapping resource may effectively be arranged as a plurality of K fevels,
where for each K level there is a CMY mapping in 1o a partitioned colorimetric space.

{0038] In other words, the print coverage vectors determined may be used o form
a CMY to print coverage vector mapping resource based on the print coverage vector for
a black level. it may be noted that the CMY and RGE color spaces are related (CMY being
a 1-RGB (or 255-RGB for an 8-bit encoding)).

{60371 This provides a CMYK to print coverage vector mapping resource, where K
ink use is proportional to K channel inpuls. This means that, for a variety of CMYK values
being processed through such a mapping, the amount of K ink will be proportional to values
of K only (La., it is only the K valus that impacts K ink use and not also the CMY valuss in
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a CMYK input). In other words, the result is a mapping where the K channel controls the
amount of K print and where the CMY channels together control the amount of the non-kK
inks {&.g., CMY, or RGB or other inks like orange and violet). The consiraint applied in
generating the mapping {in that it honours the K amount) is offset somewhat as it does not
honour the specific CMY amounts. This results in a mapping resource which does not
averly constrain itself while obtaining g reasonable level of aplimisation. Moreover, it may
be tailored to the processing resources and/or the level of granular control intended.

[0038] To consider a particular example in which a print agent is selected for each
of a plurality of ranges covering 20% coverage of the selected print agent {which in this
gxample is black, or K}, there may be three selected veciors determined in blogk 202 which
map {0 a8 particular partition:

Selected K interval | Occupled | K amount | Vector

1 [20, $20] Y 5% [K=3%, CK=2%, M=30%, Z2=65%]

2 [»20, 540} Y 30% [CK=10%, MK=20%, M=40%, Z=30%]
3 [>40, $60} N

4 [»6Q, <80] Y 70% [K=15%, CK=20%, MK=358%, M=30%]
5 [>80, $100] N

{0039] Block 204 may comprise sslecting the veciors having highest and the
lowest K amounts {in this example, the veclors:at 1 and 4 comprising 70% and
8% K amount respectively), and block 208 comprises interpolating the
infermadiate values, for example using linear interpoiation as shown 1o provide
a K level of 20 and 40 below:

K fevel | Interpolation | Weights Vector
0 N [K=3%, CK=2%, M=30%, Z=65%]
20 Interpolation | (20-5¥25=0.4 of 1 | {K=0.6"3=1.8% CK=0.8"2+0.4"10=5.2%,
&S 3= 104 = *3 *4 02349
of 1 and 2 (30-20)/26=0.6 MIK=0.4°20=8%, M=0.6"30+0.4°40=34%,
of 2 2=0.6%65+0.4*30=51%]}
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{(40-301/40=0.25
40 interpolation | of 2 [CK=10"0.25+2070.75=17 5%,

of 2 and 4 g?ﬂ‘}”“f’”ﬁ-m K=15"0.75=11.25%,
MK=20°0.25+35°0.75=31.25%,

M=40%0.25+30°0.75=32 5%,

7=30"0.25=7 5%]

&0 N K=18%, CK=20%, MK=35%, M=30%]

&0 N

[6040] # may be noted that the vectors corresponding to the highest and lowest
amounts of black are maintained. Those relating {o intermediate amounts are inferpolated
from the original vectors based on their relative spacing. In this example a Klevel has been
associated with each range and the distance of g particular K level in a vector from that K
levei is used fo determine the proportion of the contribution of that vecior to the interpolated
vector {providing the numerator, where the denominator comprises the sum of the
numerators for all vectors contributing 10 an interpolation).

[0041] in this example, there is no interpalation outside of the ranges for which a
vector has been identified. in other examples, however, vectors associated with the
highest and lowest amounts may be derived through interpolation, resulting in a complete
mapping betweean the partition and the ranges of the print agent amounts.

[0042] As has been mentioned above, in one example, the common amount of the
selected print agent may be zero, and the print coverage vecliors are genarated so as to
result in a total coverage having a value that is less than 100%.

[0043] For example, the print coverage vectors are generated so as (o result in &
total coverage of 85%. This resarves a 5% coverage for the selected print amount. The
method may be iterated over different total arsa coverages, each making a reservation of
& different coverage amount (or range) for the selected print agent.

[6044] Such methods may progcesd much as is set out above, identifying a vector
foreach of g plurality of tolal coverags levels for g particular partition, and in some example
interpolating additional vectors. Determining the color mapping resource in block 108.in
such examples may further comprise adding, io sach selected print coverage vecior, an
glement for the selected print agent comprising a coverage relating 1o the selected print
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agent, where the coverage specified for the selected print agent is a difference behween
the total coverage for that print covarage vector and 100%.

{0045] Figure 3 is an example of processing circuliry 300 comprising a pring
coverage vector module 302, 2 print output module 304, a selection module 306 and &
color mapping respurce manager 8.

[00486] In use ofthe processing circuitry 300, the print coverage veclor module 302
datermines a plurality of print coverage vectors, each of the vectors specifying a conmon
amount of a selected print agent. This may be a single amount or may comprise a range
of values. in some examples, these print coverage veators may be determined randomiy,
in some cases with print agent limits. In other examples, they may be determined or
selected in some other way. In some examples, the print coverage vector module 302
determinas a plurality of print coverage vectors for sach of a plurality of different common
amounts of g the selected print agent

{00471 The print output module 304 determines, for each print coverage veclor, 8
colorimetry and a print characteristic. For example, this may be predicted theoratically,
simulated (for example, via a haifloning operation, and in some examples modeling
sources of perturbation such as drop placement error, dvop weight variation, missing
nozeies, subsirate expansion and the like), or determined based on predetermined
information such as previously printed and assessed sample prints.

[6048] The ssiecton module 3086 selects a printcoverage vector from a set of print
coverage vectors having the same colorimetry based on the print characteristic. The
colorimetry may in some examples be determined to be the same if the colors fie in a
common partition of color space, as described above. In some examples, the salaction
module may select the print coverage vector based on it exhibiting a favourable pant
characteristic.

{0048] The color mapping resource managsr 308 determings 3 color mapping
resource for a print apparatus based on the selected print coverage vectors. In some
axamples, the.color mapping resource manager 308 determines & eolor mapping resource
comprising 8 selecied print coverage vestor and aninterpolated print coverage vector, For
example, thase may be selected as described in relation to Figure 2 above. The color
mapping resource may for sxample map belwean the color space in. which the
solorimetries are delemined and print coverage vectors, or betwesn a print agent color
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space {e.g. CMYK} and print coverage vectors such as NFacs, Mvocs or print agent
vectors.

{0050] Figure 4 shows an example of processing circuilry 400 comprising, in
addifion 1o the print coverage vector module 302, print ouwtpul module 304, selection
madule 306 and color mapping resource manager 308, 3 data module 402 and a prnt
instruction module 404, The processing circuifry 400 is associated with {(and in some
examples, a component of) a print apparatus 406,

[0051] The data module 402 acquires dala representing an article o be printed.
The article may for example comprise a substantially two dimensional image, for example
7 picture, patiern or text {0 be applied to a substrate such as paper, card or plastic. in other
axamples, the article may comprise an object to be printed using additive manufaciuring
techniques. The instructions may for exampile include a color dascription.

[0052] The print instruction module 404 determines print instructions based the
acquired data and using the color mapping resource. For example, it may map between a
color description and a print coverage vector. In some examples, the color mapping
resource maps between a CMYK space and the print coverage vectors. In such an
sxample, the K-favel may -be maintained when parforming the mapping and & mapping 1o
a print coverage vector having the colbrimetry descaribed and the Klevel specifist mayv be
sedected. The aclual print agent applisd may be selected. from the vector, for axample
using hafftoning techniques or the like:

[0053] The print apparatus 406 prints an article gccording to print instructions. This
may be a two dimensional or three dimensional article. To that end, the print apparatus 408
may comprise additional print apparatus components such as g print head, a print agent
supply, and the like. Where the print apparaius 406 is a ‘two dimensional’ printer, it may
comprise a laser printer or an inkjel printer or the like, and may comprise a print head,
substrate handling systems, a source of ink or toner, and the lke, Where the print
apparatus 406 is a ‘three dimensional’ printer, # may comprise, or be associated with, a
print bed, a fabvication chamber, a print head, an energy source, a source of huild material,
ar the fike.

{0054] In some examples, the processing circuitry 300, 400 may carry out at least
some of the bipcks of Figure 1 andfor Figure 2.

[0055] The processing circuitry 300, 400, print coverage vector module 302, print
outpud medule 304, selection module 306, color mapping resource manager 308, data
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module 402 and/or a print instruction module 404 be implemented with one or a plurality
of processors executing machine readable instructions stored in & memory, or a processor
operating in accordance with instructions embedded in logic circuitry, It is noted that in at
least one example described herein, the terms “module’ and “manager refers o g
hardware component of the apparatus.

{00B6] Figure 5 shows an example of a non-lransitory machine-readable
medium 502 in association with 8 processor 504, The machine-readable medium 502 has
instructions 506 stored thereon. The instructions 506 when executed by the processor 504
cause the processor 504 to perform processing operations and comprise:

[0057] Instructions 508 o cause the processor 504 {o, for a multi-channel color
space comprising a black color channel, delermine, for sach of a plurality of print culput
biack tevels, a plurality of print coverage vectors. The black levels may be ranges. Each
channel may comprise a color.

{0058] Instructions 810 to cause the processor 504 fo partition the print coverags
vectors based on their printed colorimetry.

of partitions, a print coverage vector based o a print characteristic. The print characteristic
may in some examples be delermined via simulation or modelling of & print'oulpd The
instructions 512 may comprise instructions {0 select a print coverage vector for each black
level,

{00807 instructions 514 to cause the processor 504 to determing a color mapping
resource based on the selecied print coverage vectors. In some examples, the color
mapping resource may comprise interpolated print coverage vectors.,

{o061] Examples in the present disclosure can be provided as methods, systems
or as a combination of machine readable instructions and processing circuitry. Such
machine readable instructions may be included on a non-fransitory machine (for example,
computer) readable storage medium {(including but is not limited to disc storags, CO-ROM,
optical storage, elc.) having computer readable program cedes therein or thereon,

{0062] The present disclosure is described with reference o flow charts and block
diagrams of the method, devices and systems according to examples of the present
disclosure. Although the flow diagrams described above show g specific order of
axecution, the order of execution may differ from that which is depicted. Blocks described
in relation to one flow chart may be combinsd with those of another flow chart. it shali be
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understood that each flow andior block in the flow charls andior block diagrams, as well
as combinations of the flows and/or diagrams in the flow charts and/or block diagrams can
be realized by machine readabile instructions.

{0063] The machine readable instructions may, for example, be executed by &
general purpose computer, a special purpose computler, an embedded processor of
processors of other programmable dala processing devices o reslize the funclions
described in the description and diagrams. In particular, a processor or processing
gircudtry, or a8 module thereof, may execule the machine readable instructions. Thus
funclional modules of the processing circuitry 300, 400 (for example, the print coverage
vector modude 302, print oulput module 304, sslection module 306, color mapping
resayrce managet, dalg module 402 and prnd instruction modide 404} and devices may
be implemanted by a processor exgculing machine rsadable instructions stored in 8
memary, or-a processor operating in accordance with: instructions embedded in logie
circuitry. The term "processor is 10 be interpreted broadly o include a CPU, processing
unit, ASIC, logic unit, or programmable gate array eic. The metheds and functional
madules may all be performed by a single processor or divided amongst several
Processors.

[0084] Such machine readable instructions may aiso be stored in a compuler
readable storage that can guide the computer or other programmable data processing
devices o operate in a specific mode.

{0065} Such machine readable instructions may also be loaded onie g computer
or other programmable data processing devices, so that the computer or other
programmable dala processing devices perform a series of operations o produce
computer-implemented processing, thus the instructions executed on the computer or
other programmable devices realize functions specified by flow(s) in the flow charts andior
block(s} in the block diagrams.

{00686] Further, the teachings herein may be implemented in the form of a
computer program product, the computer program product being stored in a storage
medium and comprising a plurality of instructions for making a computer device implement
the methods recited in the examples of the present disclosure.

{00671 While the method, apparaius and related aspects have been described with
reference to certain examples, varous modifications, changes, omissions, and
substitutions can be made without departing from the spirit of the present disclosure. His
infended, therefore, that the method, apparalus and rolated aspecis be limited by the
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scape. of the following clalms and thelr equivaients. it should be noled that the above-
mentionad examples illustrate rather than Bmit what is describaed hereln, and that many
claims. Fealures described in relation to one sxample may be combined with fegtures of
ancther example.

[0068] The word "comprising” doas not exclude the presence of elements other
than those listed in g claim, "8 of “ar’ doss not exclude a plurality, and a single processor
or other unit may fulfif the funclions of several units recited in the claims.

[0069] The features of any dependent claim may be combined with the features of
any of the independent claims or other dependent claims.
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CLAIMS

1. A method comprising:
determining a plurghity of print coverage vectors, each of the print coverage
vectors specifying a comiman amount of a selected print agent;
determining a colorimetry provided by each of the print coverage vectors;
dividing a range of colorimetries info partiions in 3 colorimetric space;
for each of a plurality of the partitions, determining a characteristic of each print
coverage vector resulling in a colorimetry within that partition and selecting a print
coverage vector for that partition based on the determinalion; and
determining a color mapping resource for a print apparatus based on the selected
print coverage vectors.

2. A method according 1o claim 1 further comprising repeating at least part of the
maethod for sach of a plurality of different amounts of the selected print agent.

3 A method according to clalm 2 wherein determining the color mapping resource
comprises determining, for each partition of the coloametnic space, a set comprising sl
selected print coverage vectors; and

determining print coverage vectors specifying the lowest amount and the highest
amount of the selected print agent.

4. A method according to claim 3 wherein determining print coverage vectors
specifying a lowest amount of the selected print agent and the highest amount of the
selected print agent comprises identifying the print coverage vectors from the set of print
coverage vectors.

8. A method according o claim 3 wherein determining print coverage vectors
specifying a lowest amournt of the selected print agent and the highest amount of the
selacted print agent comprises interpolating new print coverage vectors from the set of
print coverage veciors.
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8. A method according to claim 3 further comprising deriving, by interpolation,
intermediate print coverage veciors specifying amounts of the selected print agent which
are inlermediate to the highest and lowest amounts.

7. A method according o claim 1 whersin the common amount of the selecled print
ageant is zero, and the print coverage vectors are ganearated 8o as o result in a total
coverage with a value that is less than 100%.

8. A method according 1o claim 7 wherein print coverage vectors are generated so
as to result in a range of total coveragses, the range comprising a plurality of values that
are less than 100%.

8. A method according to claim 7 wherein determining the color mapping resourcs
further comprises adding, to sach selected print coverage vector, a coverage redating to
the selected print agent, where the coverage specified for the selected print agent is &
difference belween the lotal coverage for that print coverage vector and 100%.

140 A method according to claim 1 wherein determining the color mapping resource
comprises determining a color mapping, whearein the mapping is 1o preserve the amount
of the selected print agent and the colorimetry of an input color.

1. Processing ciroullry comprising:

a print coverage vecior module to determine a plurality of print coverage vectors,
each of the veciors specilying a common amount of a selected print agent,

a print output module to determine, for each print coverage vector, a colonimelry
and a prirt characteristic;

a selection module to select a print coverage vector from a set of print coverage
vectors having the same colorimetry basaed on the print characteristic; and

a color mapping resource manager to determing a color mapping resource for a
print apparatus based on the selecled print coverage vectors.

12. Pracessing cirouftry according 1o slaim 11 wherein the color mapping resource
manager is to delerming a color mapping resource comprising a selectad print coverage
vector and an interpolated print coverage veclor.
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13. Processing clreuiftry gocording to claim 11 further comprising adats module to
soquire data representing an article o be printed and a print instruction module to
determine print instructions based the acquired data and using the color mapping

rasource.

14. Processing circuitry according fo claim 13 further comprising print apparatus to
print an arlicle according {o the print instructions.

18, A maching readable medium comprising instructions which, when exscuted by a
processor, cause the processor to;

for a mudti-channet color space comprising a black oolor channel, determine, for
sach of a plurality of print output black levels, a plurality of print coverage veotors;

partition the print coverage vectors based on their printed colarimetry;

select, for each of a plurality of partitions at each print output black level, a print
coverage vector based on a print characteristic; and

determine g color mapping resource based on the selected print coverage

vectors.
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