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DETERMINING CUMULATIVE PROBABILITY VALUES FOR SUBSETS OF
ELEMENTS

BACKGROUND

{0001] Printing systems may convert input data (for example, data representing an
image for two-dimensional printing, or data representing an object for three dimensional
printing) to print instructions, which specify where print materials (for example, colorants
such as inks or toners or other printable materials) are 1o be placed in a print operation.

[0002] Examples of technigues used i converting data may include use of
threshold matrices, in which a particular print material or material combination (a print
material selection herein) is assigned a probability of being applied in a particular location
and the choice is made by comparing the probability values for the location to a threshold
vadus: Forexample, a print malerial may be selected such that 3 drop of a parlicular color
ik or other prind material will be placed ata particuiar pixel fo form an image.

[6003] For a more complets understarding, reference-is now made o nondingling
examples in the following descriplion taken in conjunclion with the accompanying drawings
in which:

[0004] Figure 1 is a flowchart of an example method of processing data relating to
an ariicle io be printed;

[0005] Figure 2 is an exampie method of determining sels of cumulative probability
values gssociated with the slemants of the different element subsels;

{oote] Figure 3 is a flowchart of an exampie method for printing an article;

{0007 Figure 4 1s a flowchart of another example method of processing data
relating to an article 10 be printed;

{0008] Figures 5 and 6 are block diagrams of example print data processing
apparatus; and

[0009] Figure 7 5 a simpliied schematic of an: example nontransitory machine
readable medium associated with a processor.
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DETAILED DESCRIPTION

{0010} In the case of wo-dimensiona! printing. a print addressable location may
relate to at least one pixel, and each print addressable focation may be printed with at least
one colorant such as ink {for example cyan, magenta, yellow and back inks), coatings or
other print materials, as well as combinations of those print materials.

[0011] In the case of three-dimensional printing, which is also referred to as
additive manufacturing, three-dimensional space mav be characierised in terms of
voxels', e three-dimensional pixels, wherein each voxel cccuples or represenis a
discrete voluma. in examples of three-dimensional printing therefore, an addressable area
may comprise &l least one voxel and sach voxel may be ‘printed’ {e. generaled or
manufactured, using one or a combination of aganis andior build materials.

[0012] To briefly discuss three~dimensional printing in greater detail, objecis
generated by an additive manufacturing process may be formed in a layer-by-layer
manner. in ong example, an object is generated by solidifying portions of layers of build
material. in examples, the build material may be in the form of a powder or powder-like
matertal, a fluid or g shest matenial, In some examples, the intended solidification andior
physical properties may be achieved by printing an agent onto a layer of the build materiat.
Energy may be applied to the fayer and the bulld material on which an agent has been
applied may coalesce and solidify upon cooling. In other examples, directed energy may
be used to-seleclively cause coalescence of build material, or chemical binding agents
may be used to solidify a build materal. In other examples, three-dimensional objects may
be generated by using extruded plastics or sprayed materials as build materiais, which
solidify to form an object.

{0013} Some processes that generate three-dimensional objects use controf data
or print instructions generated from a model of a three-dimensional object. This control
data may, for example, specify the localions al which o apply an agent fo the build
material, or where g build material itself may be placed, and the amounts {o be placed.
The control data may be generated from a 3D representation of an object to be printed.

[0014] Locations may be expressed in terms of voxels. A voxel al a given location
may have at least one characteristic. For exampile, it may be empty, may have a particular
color or may represent a parliculay materal, or g panicular object propedy, or the like. In
general, the voxels of an object may each have the same shape (for example, cubic or
tetrahedral), or may differ-iy shape andfor size. However; where the term voxel is used
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herein to refer {o a print addressable focation, the voxel size may be determined af the
print resolution of a print apparatus, Le. it may correspond fo a volume which can be
individually addressed by a print apparatus {(which may be a particular prind apparatus, of
a class of print apparatus, or the iike) such that the properiies theveof can be determined
at least substantially independently of the propetiies of ather voxels.

{0015] it may be that possible print materials {o be applied {o an addressable
location are specified within an element sel. In some examples, the print materials may be
identified explicilly, L.e. in 3 sef of glements comprising a set of print materials andfor pring
material combinations, any of which may be selected for printing and are thus terms print
material selections herein. In other sxamples, it may be that at least one of the slements
of an element set relates to-other qualities, which may in tum be related to print materials.
For example, an element may-specify a property or the like which cany be mapped to prind
materials. in another example, a color may be specified in terms of 8 Neugebauer Primary
{a set of the colors (and in some examples, the number of drops of printing agent} which
can be applied by a particular print apparatus), which in turn may have predetermined
mappings ¢ colorants.

[0016] In some examples, a set of eloments iIs expressed as a print material
coverage representation which defines print malerial data, for example detailing {explinitly
ar implicitly, for example via a mapping) the amount of print materials (such as colorants
or coatings for two dimensional printing or agents to be deposited onto a layer of build
material, or in some examples, build materials themselves for three dimensionat printing).
and, if applicable, thelr combinations. Such print materials may be related to or selected
to provide an image or object property such as, for example, color, fransparency, flexibility,
elasticity, rgidity, surface roughness, porosity, conductivity, inter-layer strength, density,
and the liks,

[0017] For example. a print addressable lpcation represented within inpud data (for
example, a pixel in image data or a voxel in object model data) may be associated with
ong of a set of print material coverage representations, for example, print material
coverage vectors, in the case of two-dimensional printing, these may be referrad {o as
area coverage veolors. For exampile, the vectors may comprise ink vectors, which specify
propottions of inks to be applied {(and may therefore be thought of as native to a printen)
andfar Neugebauer Primary Area Coverage vectors {(NPac vedltors, or simply NPacs),
which may specify colors in a manner which may be associated with inks or other colorants
vig a mapping {for example, using & ook up iable}. By analogy, in three-dimensional



WO 2018/203882 PCT/US2017/030539

printing, print agent vectors, which specify proportions of print agents o be applied and/or
Material Volume coverage vectors (fermed Mvoc vectors, or simply MVocs, herein) may
he defined. Such coverage vectors may provide a probability that a print material 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 material applied therete, whereas (100-X)% should be left
clear of the print material. In praclise, this may be resolved al the addressable resolution
for the print matarial and/or printing device. Therefore, if there are NxM addressable
Iocations in an XY plane associated with such a vector, X% of thase lncations may receive
a print material, while (100-X}% do not.

[0018] Such a print matenial coverage representation may provide g pluraglity of
valutes, wherein each value defines g probability for each, argach combination of print
materials in an addressable iocation, For-example, ina printing system with two available
print materials: {for example, inks, coatings or agenis) — M1 and M2, wherg each print
material may be independently deposited in an addressabile area {e.g. voxel or pixal), there
may be 22 {i.e. four) probabilities in a given material coverage vector: a first probability for
M1 without M2; a second probability for M2 without M1, g third probability for an over-
deposit (i.e. & combination) of M1 and M2, e.g. M2 deposiled over M1 or vice versa; and
a fourth probability for an absence of both M1 and M2. In this example, it is assumed that
a drop of print material may be applied or not Le. a binary choice may be made and the
value for each agent may be either 0 or 1. In this case, a coverags vector {or an element
set} may identify four possible print material selections: {M1, M2, M1M2, Z] or with example
probabilities {M1:0.2, M2:0.2, M1M2:0.5, Z:0.1] ~ in a set of print addressable ocations
{e.g. and [x, y] or an [x, y, z} location (which in some examples may be a [x, y] location in
a z slice)) o which the coverage vector applies, 20% of locations are {0 receive M1 without
M2, 20% are to recelve M2 without M1, 50% are to receive M1 and M2 and 10% arsto be
left clear. As gach value is a proportion and the set of values represent the available
material combinations, the set of values in each vettor sum o 1 or 100%.

{0018] Such a print material coverage veclor or element set may therefore specify
a plurality of slemeants which are related to print materials, and g probability for each
glement which is represented as a value bebween §and 1.

[0020] Figure 1 isan exampie of a method, which may be a computer implemented
mathod for characterising an ariicle {o be printed.

[0021] Block 102 comprises acquiring data, for example at a processor,
representing an article to be printed, The article may for sxample comprise a substantially
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two dimensional image, for example a picture, pattern or text to be applied {0 a substrate
such as paper, card or plastic. in othar examples, the articie may comprise an object to be
printed using additive manufaciuring techniques.

[0022] The data comprises an alement set associaled with a print addressable
location{and in some examples comprises a pluraiity of element sets associated with a
plurality of locations), the slement set comprising a first element subset and a second
element subset, wherein the first element subset and the second element subset each
comprises an element {and in some examples, each element subsel may comprise a
plurality of elements)} identifving a print material selection which is associated with a
probability that the print material seleclion s i¢ bhe spplied o the asscciated print
addressable localion: The print matensl selections may be identified directly or via g
mapping. In some examples, the data may comprise a plurality of such elements seis.

{0023 Each element subset may for example comprise a print agent coverage
vecior, which may for example comprise an ink vector, an NPac, print agent vector or an
MVoc as described above. The associated print addressabile location may comprise one
or a plurality of pixels or voxeis. In some exampies, a pluratity of print addressable locations
are associated with an element subset. An element set may be formed for a particudar print
location or plurality of print addressable locations which are associated with a particular
combination of subsets.

[0024] For example, a first subset nyay specify a 3o of colors (o the print agents
to be appiied 1o achieve g color) and a second subset may specify a coating o be applied
aver a color. However, the subsets could correspond to different combinations of print
agents, for example, for exampie relating to any print agents which it may be intended fo
distribute independently from one another. it may be noted that both the first subset and
the second subse! relate fo the same print addressable location,

[0025] To consider a first simple example subset where sach of four print agents
{cyan C, magenta M, Yellow Y and black K) may be applied with the same area coverags,
such that a color is appliad at each print addressable focation with binary control e, a
print agent is printed or not, with no variation as {o amount} and no overprinting of colors.
This could be expressed as:

[0028] [C:0.25, M:0.25, ¥:0.25, K:0.25]

{00271 A second subset may relate 1o a coating tregtment T. In this example, this
is 1o be apphied with a 50% grea coverags and therefore the subsel may be expressed as:
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[0028] [Z: 0.5, T:0.5] {(where Z indicates 0, or that no print agent is applied).
[0029] In other examples, there may be more than two subsets.

{00230] Block 104 comprises determining a first set of cumulative probability values
associated with the elements of the first element subset and block 106 comprises
determining a second set of cumulative probability values associaled with the slements of
the second element subset. Determining the cumulative probability values may comprise
determining a cumulative prabability for an slement comprises summing a probability for
that slement and all preceding elemenis in the element subset until 8 cumulalive
probability associated with that element and all preceding elements in the subset. For
gxample, the cumuiative probability CP for element | for a subset of elements each having
an associate probability P may be expressed as:

[0031] ¢P, = X1 P

{08321 To continue the first example, the first set could be expressed as {€:0.25,
M 0.80, Y: 0.75, Ki 1} and the second set could be expressed as {Z2:0.8, Ti1}. Note, the
swm is cartied oul & 'per subset’ basis,

[0033] However, the cumulative probability values may not be the cumulative
probabilities themselves (atheit that the cumulative probability values may be based on
such cumulative probabilities). in particular, the first set of cumulative probability values is
determined so as 1o span & first predetermined value range and the second set of
cumudative probability values is determined so as to span a secaond predetermined value
range. The first and second predetermined value ranges are selected to reflect an intended
granular control of the print agents of a subset

[0034] it may be noted that in this example, the range’ spanned by the two slement
supsets each spans 100%. In such an example, the granular control for each subsel may
be the same. However, in other examples, the first and second predetermined value
ranges may be different. In some examples, this may be achieved by provided subsets of
slements associated with probabilities which sum o 8 value other than 100% {(and which
may sum (o different values). in other examples, as is now described, the method may use
a scaling factor.

[0035] Figure 2 is an exampie method of delermining cumulative probability values
comprising the use of scaling factors.
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[0038] Biock 202 scaling cumulative probabilities determined for the first subset by
a first factor {1 fo determine the first set of cumulative probability values spanning the first
praedetermined value range; and block 204comprises scaling the second set of cumulative
probabiliies determined for the second subset by a second factor 12 to determine the
second set of cumulative probability values spamning the second predetermined value
range.

[0037] The first and second facter may be different fron one another and may be
salacted 10 reflect and intended granudar control of the print agenis of a sel. For exampie,
it may be that colors are to be distributed with a greater granular control than the coating
freatment. In such an example, the first factor, which relates to the color subset, may be
larger than the second factor; which refales the coating trealment subset.

[6038] The scaled subsets may provide cumuiative probability element sais for the
article 1o be printed. For example, the cumulative probabiiity element set for the example
above would be:

[0038] <C:0.2581, M QB0 YV 0751, K 1, 2. 0.8%2, T:f2>

[00408] iIn some examples, a new representation of the object may be determined
comprising @ plurality of stich cumulative probability element sels; sucty that sach prind
addressable locationis associated with g cumulative probability element set. Thus, in this
example, the first value range is 0-f1 and the second valus range is 012

[0041] In some examples, the probabiliies may be scaled rather than the
cumulative probabilities.

[0042] Figure 3 is an example of a method of determining print instructions from
such cumulative probability value element sets.

[0043] Block 302 comprises acquiring a halfione matrix. The halflone matrix
comprises threshold values having bit depth, sach value being associated with a print
addressable focation. in a simple example, the halftone matrix may a 4 bit matrix, so there
are 18 possible values, and print addressable location may have a value of 0 1o 15
associated therewith. More generaily, the haiflone matrix comprises threshold values
having bit depth of n, where n is any integer.

[6044] Block 304 comprises ssiecting @ particular print addressable ncation.
Block 308 comprises comparing the first set of cumulative probabllity values o a first
predeterminad set of bits of the threshold values corresponding o that location, where the
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number of bits in the first predetermined set of bits is related {0 the first predetermined
value range. For exampile, a particular | bits of the value may be associated with the first
subset. Where g scaling factor is used to allain the first predetermined value range as
described in Figure 2, the number of bits in the set may be related o the factor f1 {and to
the level of granudarity) such that £t = 21 To consider a particular sxample for a 4 bit
threshold mairix, if { = 3, then #1 {or the value range Yor the first set of cumulative probability
yvaluss) may be 8.

[0045] Block 308 comprises comparing the second set of cumulalive probability
values {0 a second predeterminad set of bits of the threshold values correspaonding to that
jocation where the second predetermined set of bits is related to the second predetermined
value range. For example,-a particular | bits of the value may be associated with the second
subset. Where g scaling factor s used {o aftain a set of values spanning the second
predetermined value range as dascribed in refation o Figure 2, the number of hits in the
set may be related to the factor £2 {and to the level of granulanty) such that {2 = 2. To
consider a particular example for a 4 bit threshold matrix, if | = 1, then 12 {(or the value
range for the second set of cumulative probability values) may be 2,

[0046] Block 310 comprises, when a cumulative probabifity value is greater than
the value indicated by the predetermined bits of the threshold values, selecting an slement
for that location. For example, block 310 may carried out in response (o a determination
that a cumulative probabilily value exceeds a threshold value. In this example, this may
comprise selecting one glement from each subiset, or bwo elemeants from gach cumidative
probability element set. The method may then proceed by selecting a new location and
may toop until elements are selected from each subset for each location. The elements
may be compared in order of ascending value within their respective subsets until the first
element having a cumulative probability value which is greater than the value indicated by
the predetermined bits of the threshold values is found.

[0047] Block 312 comprises defermining print instructions. This comprises
determining an instruction that the print material selection corresponding to the selecied
glements for each of a plurglity of locations is printed at a coresponding location,

{0048] Block 314 comprises printing an arlicle based on the print instructions. This
may be a two dimensional or three dimensional article.
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[0049] Returning to the example above, if the cumulative probability element set is
<C:0.25%1, M 0.B0M1, Y .75, Ko 1, 2. 0.5%12, Ti2>, and 1 is 8, and 12 is 2, then this
may be writtent as:

[0080] <. 2, M4, Y28, K8, 21,1, 8

[0051] Now consider that this cumulalive probability value element set
cofresponds o a location in the threshold matrix having a value of 8. Considered in binary
form, this is {1 0 0 0} If the first set of bils is the first three bits, or [1 0 0}, this has a value
of 4.

[0082] The values may be compared in order and the first value exceed the
threshold may be selected. Thus, block 310 for the first subsel comprises finding the first
value which is greater than 4, which is Y. Thus Yellow is selected from the first subset, and
an instruction 1o print & yellow dot at that pcation may result in block 312, with a yellow
dot being printed in block 314, For the iast bit, this has g value of 8 and the first element
within the second subset which has a value greater than §is Z, so no coatling treatment
will be appiied at that location.

[0053] In summary therefore, determining which elemant to selsct may be camied
out by considering the slements in-order, and comparing, on a location-by-location and
subset by subset basis, each location of the-data in each subset to g threshold valug in g
corresponding location in the matrix. Each slement may be considered in order until the
curglative probability associated with that element and all previously considered elements
is al teast the threshold value (when considered as & proportion of the full range of
threshold values) for that location. it may be noted that the subsets may be distinguished
from one another on the hasis thal are compared o separate thresholds in a halftoning
process.

[0054] Note that, when scaling factors are used as described in relation to Figure
2,20 = {112, More generally, 2" may be the product of the faclors or value ranges
associated with the subsets.

[G088] Such g method allows print materials asscciated with the first set to be
distributed in .a manner which is decoupled from other subssts. Another way {o achieve
this would be define an elemeant set which considers all combinations. For the example
above, this would mean considering an element set in which each color could be printed
slone, or in combination with a coating treatment. For even this simple example, this would
resulf in an S-element set, where the present example had 6 elements. Where more
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combinations are considered (for example, the colors may be dver printed, the amount of
each print agent may be controlied, ele.) then the size of the element set would soon
hecome large, increasing both memory storage specification and processing resources
spacifications. The methods described herein provide independent control of the elements
in each sel. Moreover, the use of the value ranges allow a level of granularily to be
assigned to each of the subsets,

[00BE] Figure 4 shows an aitemative example for & method, which may for
axampie replace Mocks 302 10 308 in the method of Figure 3.

[0057] Block 402 comprises receiving a first halftone malrix and a second haiffone
matrix. The first halftone matrix may bave a bit depth of {, where the first value range js 2
and the second halffone matrix may have a bit depth of §, whers the second value range
is 2i. Block 404 comprises comparing the first set of cumulative probability values to the
threshold value corresponding to that location in the first halftone matrix and block 406
comprises comparing the second set of cumulative probability values o the {hreshold
value corresponding to that location in the second halftone matrix. In each of blocks 404
and 408, cumulative probability values may be compared to threshold values in order and
the first value excesding the threshold may be selected. | and j may be different from one
another.

{0058] In a further example, the method may comprise applying an explicit
mapping betwaen the elaments of one slement-subsef and print agents of print agent
combingtions. For example, if the first { bits of g hailftone matrix are used for one subset of
slements and the second | bits for a second subsel, itis the frst Kievels within a threshold
malrix are used by the first subseatl of bits, the next L levels for the next subset, ste., where
K+L+ . =2% This aifows flexibility in dividing up the available levals than relying on factors
redated 1o powers of 2.

[0058] it may be noted that, in the example above, one element subset comprises
& non-print °Z" print material selection slement indicative that no print agent is to be applied
to the print addressable location, and the £ element was arranged between the two
subsets. In some examples, the method may comprise arranging the element subset such
that a non-print element is at the boundary bebwsen two subsets. This allows for
dynamically varying the number of levels within g threshold matrix which are used for each
subsel, e, depending on the area coverages of print agent selactions before a 7 element
and those after it, more of less of the available levels will be allocated 1o the two slement
subsets,
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[0060] Figure 5 is an example of a print data processing apparatus 500. The print
data processing apparatus 500 determines, in use of the print data processing
apparatus 500, print instructions 1o Independently distribule a first subset of print
material selection(s) and a second subset of print material selection(s).

[0061] The print data processing apparatus 500 comprises @ malrix module 502,
a data module 504, and a halftoning module 506. Each module 802, 504, B0& comprises,
in this example, a combination of circuitry and a set of executable instructions to perform
the actions set out below,

{0062] The mabix module 582 acquires a halftone matrix, for example by
generating a matrix or by acquiring the matrix from another source, for example a memary,
or over a network, or the fike.

[0063] The data module 504 acquires data representing an article {6 be printed
comprising an element sel associated with each of a plurality of print addressable
locations, the element set comprising a first subset of elements and a second subset of
elements, wherein each element identifies a print material selection (which may comprise
& non-print element) and is associsted with a probabilily that the print material seleclion
identifed by the element is to be appliad to a print addressable location.

{0084] The halftoning module 508 applies gt least one halftone matrix on &
location-by-iocation basis 1o the data representing the article {0 be printed o identify an
element of the first subset and an element of the second subset which is associated with
a cumulative probability value corresponding to a threshold value for that location, whersein
the cumulative probability valug is determined by summing a probability for that element
and all preceding elements in the clement subset {and in some examples scaled as
described above). The cumulative probability values for the first subset of elements spans
a first predetermined value range and the cumulative probability values for the second
subset of alements spans a second predetermined value range. The threshold value may
be whole value stored in that location, or the value of a subset of the bits. For example,
the halftoning module may select the first element of a subset for which the cumulative
probability value exceeds at least part (g.g. the value of a subset of the bits of) a value in
the halftone matrix. The haiftoning module 506 may be configured o select, from a set of
glements {for example, an ink vector, print agent vector, an NPac or an Mvoc as described
above, which may be from input daia received by the data module 504) an slement for a
first print addressable location {for example a pixel or a voxel). Some elements may be
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associated with 3 print material selection, either explicitiy or implicitly, for example via a
mapping or look up table.

{0065 Figure € is ancther example of a print dala processing apparatus 600, In
addition 1o the malrix module 502, data module 504 and halftoning module 506, the print
data processing apparatus 500 further comprises 8 scaling module 802, a print instruction
module 804 and is associated with a print apparatus 606 {and in some examples may
comptise a component thereof). Each module 602, 804 comprises, in this example, is a
combination of circuilry and a set of executable instructions to perform the actions sef out
below.

[0068] The scaling module 602, in use of the apparatus 600, scales probabilities
associated with 8 subset (which may be cumulative probabilities or individual probabiiities
assigned to the elemenis), wherein the scaling moduile is to apply a first scaling factor to
the first subset to attain the first predetermined value range for the cumulative probability
values of the first subset and a second scaling factor to the second subset to atlain the
second predetermined value range for the cumulative probability values of the first subset.
This alfows different granularities of control {o be associated with each of the subsels.

[0067] The print instruction module 804, in use of the apparatus 600, determines
pring instructions based on glements identified by the halftoning module. This may
comprise determining print control data comprising instructions for the print apparatus 606
fo print using the materials or matenal combinations epecified by sslected elements in
gach print addressable location.

[0068] The print apparatus 606 is 1o print an article according to print instructions.
This may be two dimansional or three dimensional article. To that end, the print
apparatus 608 may comprise additional print apparatus components such as one of more
print heads, one or more print agent supplies, and the lfike. Where the print apparatus is &
‘two dimensional’ printer, if may comprise a laser printer or an inkjet printer or the like, and
may comprise a print head, substrate handling systems, sources of inks or toner, and the
fike. Where the printer is a ‘three dimensional’ printer, it may comprise, or be associated
with, a print bed, g fabrication chamber, a print head, one or more energy sources, a source
of build material, or the like.

[0068] Figure 7 shows an example of 3 nondransitery machine-raadable medium
702 in association with a processor 704. The machine-readable medium 702 has
instructions 708 stored theraon. The instructions 708 whan executed by a processor 704,
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cause the processor 704 to perform processing operations and comprise: {i)
insfructions 708 to cause the procassor 704 to allocate a first subset of bits of threshold
values of a halftone matrix to g first subset of elemenis, i) instructions 710 to cause the
processor 704 to aliocate a second subset of bils of threshold values of the halftone matrix
fo a second subset of elements, (ill) instructions 712 o cause the processor 704 o, on
receipt of data representing an article 1o be printed, the data comprising a print malerial
coverage vector comprising a first and second subset of elements corresponding to a print
addressable location of the article, {8} compare, on a location-by-location basis, the
slemeants of the print material coverage vector to a threshold value in a corresponding
location in the halffone malrix wherein () the elements of each print material coverage
vaector are arranged in an order; and (i) comparing on a location-by-location basis, sach
location to a threshold value in a corresponding position comprises selecting each element
of a subsel of elements in the order until a cumulative probability value associaled with a
probability for that element and all previously selecled elements in that subset is at least
the value of the subset of bits of the threshold value for that location allocated to the subset.

[0070] The print dala processing apparatus 500, matlrix module 502, data
module 504, halftoning module 5086, scaling moduie 602 and print instruction module 804
may be implemented with one or a plurality of processors executing machine readable
instructions stored in a memaory, or & processor operating in accordance with instructions
embedded in logic circuitry. The term "module” herein may refer 1o a hardware component
of the apparatus.

{0071] Examples in the present disclosure can be provided as methods, systems
or machine readable instructions, such as any combination of circuitry of @ combination of
circuitry and executable instructions. Such machine readable instructions may be inchwded
on & non-ransitory machine (for example, computer) readable storage medium {including
bt is not limited to disc storage. CD-RON, optical storage, efc.) having computer readable
program codes therein or thereon,

[0072] The present disclosure is described with reference o flow charls and Mock
diagrams of the method, devices and systems according to examples of the present
disclosure. Although the flow diagrams described above show a specific order of
execution, the order of execution may differ from that which is depicted. Blocks described
in relation to one flow chart may be combined with those of another flow charl it shall be
understood that each block in the flow charts and/or block diagrams, as well as
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combinations of the blocks diagrams in the flow charls and/or biock diagrams can be
realized by machine readabie instructions.

{0073] The machine readable instructions may, for example, be executed by 3
general purpose computer, a special purpose computer, an embedded processor of
processors of other programmable data processing devices o realize the functions
described in the description and disgrams. In parlicular, a processor or procsssing
apparatus, or a module thereof, may execute the machine readable instructions. Thus
functional modules of the appargtus 500, 800 {for exampie, the malix module 502, daia
module 504, haiftoning moduie 506, scaling module 802 and print instruction module 804)
and devices may be implemented by a processor executing machine readable instructions
stored & memory. or a processor operating in actordance with instruclions embeddad
in logic circuitry. The term “processor’ is to be inlerprated broadly o include a CRLU,
processing unit, ASIC, logic unit, or programmable gate aray sic. The methods and
functional modules may all be performed by a single processor or divided amongst several
processors.

[0074] Such machine readable instructions may also be siored in a computer
readable storage that can guide the computer or other programmabile dafa processing
devices to operate in a specific mode.

{0075 Such machine readable instructions may also be loaded onlo a computer
or other programmabls data processing devices, so that the computer or other
programmable data processing devices performt a series of operations to produce
computer-implemented processing, thus the instructions executed on the computer or
other programmable devices realize functions specified by blocks in the flow charts and/or
in the block diagrams.

[0076] Further, the teachings hevein 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 racited in the examples of the present disclosure.

{00771 While the method, apparatus and related aspects have been described with
reference 1o certain examples, varous modifications, changes, omissions, and
supstitutions can be made without departing from the spirit of the present disclosure. it is
intended, therefore, that the method, apparatus and reiated aspects be limited by the
scope of the following claims and thelr equivalents. I should be noted that the above-



WO 2018/203882 PCT/US2017/030539

15
mantioned exampies lusirate rather than Hmit what is described herein, and that thoss
skilled in the art will be able to design many altemative implementations without departing
from the scope of the appended claims. Features described in relation to one example
may be combinad with features of another example,

{0078] The word “comprising” does not exclude the presence of slements other
than those listed in a claim, *a” or “an” does not exciude a plurality, and a single processor
or pther unit may fullll the functions of several units recited in the claims.

[0079] 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:

acquiring data representing an article to be printed, the data comprising an
slement set associated with a print addressable location, the element set comprising
a first element subset and a second element subset, wherain the first element subset
and the second slement subsset comprise an element identifying a print material
selection which is associated with a prebability that the print materiai sslection s o
be applied to the associated print addressable location;

determining a first set of cumulative probability values associated with elements
of the first element subset; and

determining a second set of cumulalive probability values associaled with
glaments of the second element subset,

whersin the first set of cumuiative probability values spans a first predetarmined
value range and the second sel of cumulative probability values spans a second
predetermined value range.

2. A method according to claim 1 further comprising:

acquiting a halttons matrix, the halftone matix comprising thrashold valuss of a
first bit depth, each threshold value being associated with a print addressabile location;
and;

for each print addressable location:

comparing the first set of cumuiative probability vailues 1o a first predetermined
set of bits of the threshold value corresponding fo-that location, where a number of bils in
the first predetermined sat of bits is related o the first predetermined value range;

comparing the second set of cumulative probability values to a second
predetermined set of bits of the threshold value corresponding 1o thal location where a
number of bits in the second pradetermined set of bits is related 1o the second
pradstermined value range; and

when a cumulative probability value is greater than the value indicated by the
predetermined bits of the threshold value, selecting the assodcigted elament for that
tocation.

3 A method according to glaimy 2 whersin the Tirst bit depth is g bit depth of n, the
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first predetarmined value range Is 11 and second predetermined value rahge 1512, and
whereln 28 = {172,

4, A method gecording to ¢laim 2 wherein the first bit depth is a bit depth of n and
where 2% is a product of the value ranges associated with the element subsets.

8. A method according to claim 2 further comprising:
determining print instructions to print the print material selection comresponding to
the selected elements at a corresponding location.

8. A method acoording fo claim & further comprising prnting the article based on the
print instructions.

7. A method according 10 claim 1 wherein determining the cumulative probability
value associated with an element comprises summing a probability for that element and
all preceding slements in the element subset to oblain a cumulative probability
associated with that slement.

8. A mathod according to claim 7 further comprising:

scaling the cumuiative probabilities delermined for the first subset by a first faclor
to determine the first sef of cumulative probability values spanning the first
predetermined value range; and

scaling the second set of cumulative probabilities determined for the second
subset by a second factor {o determine the second set of cumulgtive probabilily values
spanning the second predetermined value range.

g, A method according to claim 1 comprising acquiring a first halftone matrix and a
second halfione matrix, each halffone matrix comprising threshold values being
associated with a print addressable location; and for each print addressable location:

comparing the first set of cumulative probability values {o a threshold value
corresponding to that location in the first halfione matnix; and

comparing the second set of cumulative probability values 1o a threshoild value
corresponding to that location in the second haiftone matrix; and

when g cumudative probabifity value is-gragter than the value indicated by the
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{hreshold values, selecting the assaciated element for that location.

10, A method according 1o claim 1 in which the element set comprises g non-print
slemeant indicative that no print agent is to be applied © the print addressable location,
and the methed comprses arranging the slement set such that the non-print element is
at a boundary between two subsets.

. A method according to claim 1 comprising applying an explicit mapping belween
elements of one alement subset and print agents.

12. A print data processing apparatus comprising:

g matix module 1o acguirg g halfione matrix comprising threshold valuss

a data module to acquire data representing an article to be printed comprising an
slement set associated with each of a plurality of print addressable locations, the
element set comprising a first subset of elements and a second subset of elemeants,
wherein gach slement identifies a print material selection and is associated with a
probability that the print material selection identified by the element is to be applied o a
print addressable location: and

a halftoning module to apply a haifione matnix on a location-by-location basis o
the data representing the article {o be printed to identify an slement of the first subset
and an element of the second subset which is associated with 8 cumulative probability
vajue cotresponding to the threshold value for that location, wherein the sumulative
probability value is determined by summing & probability for that element and aff
preceding elements in the element subset, wherein the cumulative probability values for
the first subset of elements are determined {0 span g first predetermined value range and
the cumulative probability values for the second subset of elements are determined to
span a second predetermined value range.

13. A print data processing apparstus according fo claim 12 further comprising a
staling module to scale probabilities associated with a subset, wherein the scaling
maodule is 10 apply a first scaling factor to the first subset {o attain the first predetermined
value range for the cumulative probability values of the first subset and a second scaling
factor {0 the second subset (o atiain the second predetermined value range for the
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cumtative probability values of the first subset.

14, A print data processing apparatus according to claim 12 further comprising a print
instruction module to determine print instructions for g print apparatus to print an article
according to the instructions based on slements identified by the halftoning module.

18. A non-transitory machine-readable medium with instructions stored thereon that,
when executed by a processor, cause the processor {o
allocate a first subset of bits of threshold values of a3 haiftone matrix to a first subset
of slements;
aflocate a second subset of bits of threshold vajues of the halftone matrixio a
second subset of elements;
on receipt of data representing an arlicle {o be printed comprising a print material
coverage vector comprising a first and second subset of elements corresponding io a
print addressable location of the article, compare, on a location-by-location basis, the
print material coverage vector to a threshold value in a corresponding location in the
haifione matrix wherein:
the slements of each print material coverage vector are arranged in an order; and
comparning on a focation-by-location basis, each location 1o a threshold valus in a
goresponding position comprises selecting each element of a subsst of slements in the
order untit @ cumulative probability value associated withy a probability that element and
all previously sefected elements i that subset is at least the vaiue of the subsel of bils of
the threshold value Yor that location allocated to that subset of slements.
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