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COMBINING LOOKUP TABLES

BACKGROUND

&} A printing system using a probabilily-space image processing pipeline, such as

the Halfione Area Neugebausr Ssparation (HANS) pipeling, may culpit g printed image.
Lookup tables (LUTs) may permit to transform color data expressed in terms of device
color space vectors into area coverages, such as Neugebauer Primary area coverages
{(NPacs}.

DESCRIPTION OF THE FIGURES
(2} Fig. 1 shows a schematic diagram illustrating a method according o an example.

{3} Fig. 2 shows a schematic diagram #lustrating a method according o an example.
4} Figs. 3a and 3b show representations of LUTs according 1o examples.

I5 Fig. 4 shows a schematic diagram lustrating & method according o an example.
I8} Fig. & shows a schematic diagram liustrating a method according {0 an exampie.
i Fig. 8 shows a schematic diagram Hllustraling a method according o an example.
[81 Fig. 7 shows a schematic diagram illustrating a system according to an example.
[9] Fig. 8 shows a schematic diagram liustrating g system according o an exampie.

DETAILED DESCRIPTION
(18} Hersinafler, examples are directed to printing systems and methods, e.g., using

ink-jet printers, laser printers, xerographic printers, three-dimensional (3D} printers or
other printers,

{111 Print permits to represent images o human eye or obtain objects. Print may be
bi-dimensional {207} print or thres-dimensional (303 print. 20 print may be the resull of &
number of chromatic or achromatlic colorants disposed on top of a subsirale, 2.g., papen
Cdlorant, .g., ink amounis are chosen for generating elements, eg., dots of 8 print job.
With 3D prind, a three-dimensional obiect may be obiained by ejecting bulld material on 3
bed of bulld material. A printing system may include a printer, which may be a 2D printer
or a 30D printer. In ceriain cases, the printer may be an inkist printer, for example a
scanning inkjet printer or a page wide array printer. Other examples of printers may
include laser printers, print presses, xerographic printers, and elecirophotographic
printers.

[121 A colorant is a print material, e.q., ink, toner, fluid, varnish, build material, ete. The
colorant may alsc be defined with reference to a color space, which comprises the colors

that may be obtained by a particular printer. A colorant may be defined with reference to
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& pagicudar represeniation moded, such as Red-Gresn-Blue (RG8B) color spacs, Cyarns
Magenta-Yellow {(CMY) color space, of Cyan-Magenta-Yeliow-Black {CMYK) color
space. Chromatic colorants, e.g.. Red, Green, Blug, Cyan, Magenia, Yellow, Orange,
Violet, and so o, may be distinguished from achromatic colorants, g.q., Black, Grey.

[13] A printing sysiem or method may rely on hardware equipment operaling
aceording to a sequence of passages forming a pipeline.

[14]  With a colorant space image processing pipeline, computations are performed on
values, e.q., expressed in terms of quaniities of RGB, CMY, or CMYK, associated to
colorants to be deposited onlo a subsirate.

[18] An original image data may comprise color data represented in a color space,
g.g., RGB, CMY, CMYK, sic., in which chromatic and achromatic color values are
associated 1o quantities of colorants. It is possible to define, for each pixel of an image, a
vector with a multiplicity of components, e.g., three components in RGB and CMY color
space and four components in g CMYK color space.

{18} With a probabilily space image processing pipslineg, such as the Halftone Area
Neugsbauer Separation (HANS) pipeline, colorants and colorant combinafions: {6 be
deposited are irealed in terms of probabilities, such as sialistical distributions of color
states. At the end of the pipeline, a selection process, e.g., halfloning, may establish the
color that is to be gctually deposited on the substrate using the probabilities defined in
the NPac associated to each pixel.

[17} The color data of a device color space may be mapped {0 g Neugebater Primary
area coverage {(NPac) color space, so that a resulling image comprises pixels whose
color values are defined in terms of NPac vectors that specify probability values for
different halftone pixel states. An image on a subsirate comprises a plurality of pixels or
dots. Each pixel may be associated to a particular vecior of probabilities. Each
componentof the vectormay be a colorant or g combination of colorants, also refgired fo
as a Neugebauver primary, NP, which may be applied 0 a pixel. An image o be printed
may be reprasented as a malrdx of pixels, each associated 1o 3 NPac veciar, each NPac
vactor, in i1 companents, mapping the probability of the NPs,

{181 In a bidevel color system, &.g., a printer which produces at maximum one single
drop for sach colorant in a pixel, a NP may be one of 2¥ combinations of N coloranis
within the printing system. ¥ a printing device uses Cyan Magenta Yellow, CMY,
colorants, 2%=B8 NPs are defined: C, M, Y. CM, CY, MY, CMY, and W, &.g., Blank or
White, indicating an absence of colorant, i.e. the color stale of the substirate, which may
be White in some examples. i a printing device s capable of applying two levels of CMY
colorants for each pixed, a8 NP may be one of {2+11%=27 combinations of colorants. Two
tevels of CMYK colorants may generate (2+11=81 NPs.
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[18] if a-pixel iv o be Magenta, the corresponding NPac is such that the probability
associgted to Magenia is 1, Le.. 100% of probability. while the probabilities-associated to
different NPs in the same NPac are 0. The NPag thevefore may be: (NPace=0, NPacy=1,
NRaoy=0, NRacqas0, NPacey=0, NPacw=0, NPacsuw=0, NPacw=0}. However, if & pirel
is to have a color intermediate o the color values of two NPs, 8.g., a value inlermediate
between CM and CY, in the NPac the components associated (0 the two NPs may have
values of 0.5 sach, while the components associated o different NPs may be (0, e.g.,
{NPace=0, NPacy=0, MNPacy=0, NPatw=0.5, NPace:=0.58, NPaow=0, NPatow=0,
NPacw=0}. Notably, the sum of the values of each NPac is 1. this resull is obtained in
view of the fact that the probabiliies cover the 100% of possible color states of a pixel.
{201 \When an bnage defined in a color space, &.¢., RGB is o be printed using a
HANS pipeline, the color value of each pixel of an image to be printed may be mapped
into an area coverage (NPac). Lookup fables (LUTs) may map color space vectors into
NPacs. For example, using the components of each device color vedior, | is possible to
define a NPac vector by refening to values stored in the LUT. For example, a LUT may
map the device color veclor {C=0.5, M=0.25, Y=0.25} {0 the NPac {NPace=04,
NPag,u=0.18, NPacy=0.15, NPacq=0, NPaco«=0, NPacw=0, NPacowy=0.1, NPaow=0.2}.
A LUT may be represented as a matrix of N dimensions, N being the number of color
values of the color space, each glement of the matrix comprising a coverage area vector
{(NPac).

[21] The construction of a device color space to.a NPag LUT may be performed by
defining, e.g., manually, by a user, correspondences behvean device color vectors and
NPac vectors and, subsequently, populating, e.g.. using interpolations or other
techniques, &.g., sutomatic lechniques, the values for the remaining entries of & LUT.
For example, some cortespondences, e.¢., in entries positioned at extremities of the
matrix, may be chosen by a user. {n.addition or instead, some correspondences may bea
chosen, by & user, in enides which are in intemnal positions of the matix. The
correspondences chosen by @ user may be defined as anchors: i the subsequent
passage of populating the values for the remaining entries, the anchors are unchanged
Automatic techniques for populating a LUT using anchors may comprise, for example,
linsar interpolations or other kinds of interpolations. In some cases, the inifial
correspondences, also referred {0 as anchors, may be automatically selected and some
of them may refer 1o nodes placed at the exiremities of the LUT.

[22] i is in general not easy to control achromatic colorants and chromatic colorants in
the same LUT. For example, a LUT mapping CMYK values into NPacs may be obtained
using two transformations in cascade: g first fransformation from CMYK o RGE, and 3
second transformation from RGE {o NPacs. What is oblained is a transformation which
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virtually maps CMYK values into NPacs, However, changes st the inputs of the first
transformations. may not correspond o changes at the oulput of the sscond
gansformation. The direct control of the achromatic colorants is therefore not enablad.
[23] Fig. 1 shows a method 10, The mathed 10 may opevate on 2 first LUT 12, The
first LUT 12 may be 3 LUT, a.g. LUTY, mapping chromatic device color space vectors,
2.g., RGB or CMY, into NPacs. The method 10 may operate on a second LUT 14, .g.
LUTZ, The second LUT 14 may be a LUT mapping achromatic device color space
yactors, €.4., Black, into NPacs. The method 10 may comprise a biock 16 for combining
the first LUT 12 with the second LUT 14 10 obtain a third LUT 18 which maps chromatic
and achromatic color space veciors into NPacs. Accordingly, a cascade combination
may be avoided.
[24] The block 18 may perform an slement by slement combination between cutput
values (NPacs} of the first and second LUTs. For example, a convex combination, e.q.,
with equal weights, may be performed. The oulput values of the first and second LUTs
may be inferpolated o obtain an output value of the third LUT. An average, eg.. a
weighled or agrithmetic averags, between the values of sach component of the NPac
vegctors of the first and second LUTs may be obiained.
[25] For exampile, using the first LUT, e.q., LUTY, having oufput values expressed as
vectors NPac vy, each having components MNPacuay,, and the second LUT, eg., LUTZ,
having output values expressed as vectors NPacwure, each having components
NPFatyves, the output, 8.9., the third LUT, s.g. LUTS, may be, for each i-th component;
NPaC e = {aNPac o+ NPacre i Q)
where gy and oz may be chosen as weights, e.g.. under g+e=1.
[26] I some examples, it is possible {o choose gy=0,=1/2, to give the same weight to
aach LUT. In that case, i follows that the probability of each NP of each NPacs of the
thied LUT is the arithmetlic average betwesn the probablliies of the first and sscond
LUTs, te
NPRacum=(NPac o+ NPacum ¥2
{27} In some examples, it is possible to differentiate the weighis. For example, 1,
which is the weight to be applied to the second LUT, LUT2, may be set as being greater
than as, which is the weight to be applied 1o the first LUT, LUT1, {o give more welght to
the achromatic values. For example, it may be possible to set 4y=0.2 and upy=0.8.
[28] An example i3 here discussed when the first LUT, e.g., LUTY, RGB or CMY 1o
NPacs, provides, as an outpul, the NPac vecior {NPacrc=04, NPacwrow=0.2,
NPac v w=0.4), i.e.. 40% of probability of being Cyan, 20% of being Cyan superposed
with Magenta and 40% of probability of being feft Blank, while the second LUT 14, e.g.,
LUT2, K to NPacs, provides, as an outpul, {NPacyn 0.5, NPac e w=0.5}, Le., 50% of
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probabiiity of being Black and 50% of being leff Blank. At block 16, these oulput values
may be combined to each other, .g.. for each NP, 1o oblain values for the third LUT
sutch as:

NPac s e=(NPac ur o *NPaC e o W2={0 4+ 0)2=0.2

NPac . on=(NPaC yr e Patum ol 2={0.2+0)2=0 1

NPac um w=(NPac ur wHPaciun wi2=(0.4+0.5)2=0 45

NPac uras={NPacum «+Pacun g 2={0+0.5¥2=0.28
[28] The resulling pixel has 20% of probability of being Cyan, 10% of probability of
being Cyan superposed with Magenta, 45% of being left Blank, and 25% of being Black.
{30] The resulting third LUT 18 has dimensions, in this case, s.g., four dimensions,
which may derive from the dimensions of the first LUT 12, e.g., three in case of RGB or
CMY to NPacs, and the dimensions of the second LUT 14, e.g., one in case of W to
NPacs.
[31] As the LUT1 refers to chromatic values and the LUTZ2 refers {o achromatic values,
for the geners! i-th chromatic component and for the general i-th achromatic companent
under the hypothesis of tyse=1/2:

NP&CLuTs hometie v SNPBCLUTY, Cromatic vaue 12

NPaC 12 Achomatio_vae S NPECLUT, Achomaticvalus i€

NPac mw=(NPac o wtNPac o w)2
{32] Fig. 2 shows a method 20. The method 20 may permit to create a LUT, eg.,
LUT3 which maps chromatic and achromatic device color space vectors, 8.g.. CMYK into
NPacs.
{331 The method 20 may provide a block 22. The block 22 may comprise crealing g
first LUT, e.g., LUTH, here indicated with 23, which maps chromatic device color space
vectors, e.g., CMY, RGE, into NPacs. The block 22 may include defining
cotrespondences betwean chromatic states, eg., RGEB or CMY vectors and NPacs, For
example, the vector (NPac um ¢=0.4, NPatwmion=0.2, NPagy mrw=0.4} may be an outpul
of the LUTT lo indicate 40% of probability for Cyan, 20% for Cyan superpossd with
Magenta, and 40% of probability for Blank.
[34] The method 20 may provide a block 22" The block 22" may comprise creating a
sscond LUT, e.g., LUTZ2, here indicated with 23" which maps achromatic device color
space veclors, e.g., K, into NPacs. The block 22' may include defining correspondences
between achromatic siates, &.g.. Grey levels, and NPacs. For example, the vector
{NPac, k=05, NPacuumw=0.5} may be an oulput value in the LUT2 in to indicate 50%
of probability for Black and 503% for Blank.
[35] The blocks 22 and/or 22° may comprise defining correspondences, aiso referred
to as anchors, a.g., manually, using a selection of a user, e.g., a color engineer or printer
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operator. For example, the user may define that a given chromatic vector (Ms, g, Yk
may correspond 1o a given NPac vector (NPaces, NPacw., NPacws, NPacow, NPatave,
NPatuvs, NPatows, NPacw) of the first LUT, e.g., LUT1. The user may define that a
giveny- achromatic vector - {Ks, Wo} correspands to a given NPac such as {NPacw,
NPacyn}. After having defined a plurality of corespondences, e.g., anchors, it is possible
to gutomatically define values for the other entries of the LUT, e.g.. by interpolating the
values associated to the anchors or by populating the remaining entriss of the LUT using
functions obeying to the anchors,

[38] The user may, using hisfher experience andfor using a copfiguration toal, perform
irials using different correspondences. Trial images may be generated, 8.4, printed. A
yser may choose g first LUT mapping chromatic device color space vectors into NPacs
according to his/her preference or judgment and a second LUT mapping achromatic
device color space vectors into NPacs according to histher preference of judgment.

[37] The blocks 22 and 22 may comprise performing combinations, e.g., convex
cornbinations such ag linear combinations, between different chromatic or achromatic
device color space vectors. For gxample, it is possible 1o convert CMY valussinto RGE
values, e.g., using & conversion according to which R=1-C, G=1-M, and B=1-Y. Such an
operation may be performed where it is indented {0 use the first LUTY as a LUT mapping
RGB color space vectors into NPacs bul the user selects the correspondences in the
CMY davice color space.

{381 The method may comprise a block 24, in which a third LUT, s.g.. LUTS, indicated
with 25, mapping chromatic and achromatic device color space vectors, e.g.  CMYK inlo
NPacs is created using the first LUT 23, e.g., LUT1, and a second LUT 23, e.g. LUTZ
The biock 24 may be carried out, for example, by performing the operations set out at
bock 16. The block 24 may make use of a convex combination, e.g., linear interpolation,
between slemeants of the first LUT, a.g., LUTY, and the second LUT, e.g., LUTZ!

[38] A 24 it s for example possible io perform the above-discussed convex
combination bebtween the NPac vector (NPacur o=l4, NPatum ows0.2, NPaCar wsll 4}
and the NPac vector (NPacumx=0.5, NPacwmw=0.58} io oblaln the NPac vector
{NPac ura o=0.2, NFacum o™l 1, NPatiern k=02, NPatuunw=0.45%

[40] After having being generated, the third LUT 25, e.g., LUT3, may be stored in a
storage unit, &.g., 3 non-volatile storage unit, which may be used for performing a print.
[41} A print operation is now described with reference {o the HANS pipeling 21, The
HANS pipsline.

[421 At block 27, HANS colar separation is performed, e.g., by mapping the input
values, e.g.,, CMYK, of the input 26 into NPacs using the third LUT 26, e.g., LUTA.
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[43] Subsequently, at block 28, a sslection process of delermining the colorant to be
aciually used o generale each pixel is performed using probability values associgted {o
gach NP, The block 28 may comprise, inter alia, a halftoning procedure, which may
perform, for example, dithering, eror diffusion, «or matrix hafftoning. Accordingly; an
oulput 28, e.q., a print job, may be generated.

[44] Figs. 3a and 3b show a representation 30 of a 4-dimensional LUT, e.g., the third
LUT, mapping CMYK vectors into NPac vectors, While the axes C, M, Y are associated
to different chromatic color values in the CMY space, the founth dimension K is
associated to K values, e.g., grey scale. Notably, cube or parslisiepiped 30, refers {o the
situations in which K=0, Le., no Black, while 30uax refers to the siualions in which
K=K, 18, the maximum Black level s applied. Fig. 3b also shows 30y, K=K,
intermediate between the cubs 30wk, K=0, and the cube 30w, KoKuax. The volume
occupied by the cube 30wy is internal to the volume occupied by 30,

[45] Fig. 4 shows a method 40. The method 40 may create g LUT, eg., LUTS,
mapping chromatic and achromatic device color space vectars into NPacs. The method
40 may be used to perforn, for example, biock 186 or block 24. The methed 40 may make
use of a first LUT, e.g., LUTY, which may be a LUT mapping chromatic device color
space vectors, e.g., CMY, RGRB, into NPacs. The method 40 may make use of a second
LUT, eg., LUT2, which may be g LUT mapping achromatic device color space vectors,
e.4., K, intc NPacs.

[48] The method 40 may comprise Rerative cycles, e.g.. nested cycles, to perform a
cambination between all the entries of the first LUT, eg. LUTH, and all the entriss of the
second LUT, e.g. LUTZ. An internal Reration cycle may comprise blocks 43, 44, 45, The
infernal iteration cycle may cycle all the entries of one LUT, e.qg., LUTZ, while maintaining
the same value for another LUT, e.g., LUT1. An external iteration cycle may comprise
blocks 43, 46,47, The sxtermnal Beration gycle may cycle all the entries of oneg LUT, eg.,
LUTY, while maintaining the same value for another LUT, 8.0, LUTZ. The LUT eycisd in
the extemal teration oycle is in generale different form the LUT cycled in the external
iteration cycle.

[47] At block 41, a first entry of the first LUT, e.g. LUTY, may be chosen. The first
antry of the first LUT may map 3 chromatic device color space veotor into a NPge, At
block 42, a first enfry of the second LUT, e.g. LUT2, may be chosen. The first entry of the
second LUT may map an achromatic devics color space vector inte a NPac, Al biock 43,
a convex combination may be performed beftween the NPacs of the chosen entries. The
block 43 may implement, for example, one of the blocks 16 and 24. Accordingly, a 4-
dimensional vecior {C, M, Y, K} may be associated to a NPac.
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[48] Atblock 44, it {s checked if the entries of the second LUT have ended. f there are
other enries of the second LUT that have {o be assooialed io the current entry of the first
LUT, then the entry of the second LUT is updated at block 48, Hence, the entry 1o be
used for a subsequent cycle.

{491 At block 48, it is checked ¥f the entriss of the first LUT have ended. if there are
other entries of the first LUT fo be assouiated o entries of the second LUT, then the
entry of the first LUT is updated at block 45,

{501 Af the end of the internal and exdemal cyules, a third LUT, e.g. LUTS, may be
output at block 48, This third LUT maps chromatic and achromatic color space vectors
into NPacs.

{511 Fig. 5 shows a method 50, The method 50 may permit o create the first LUT,
e.g., LUTY, from a first initial LUT and a second initial LUT. The first initial LUT may map
chromatic device color space vectors into NPacs. The first initial LUT may be associated
to first achromatic device color values, e.4g., 08K<K. The second initial LUT may map
chromatic device color space veciors into NPacs. The second imtial LUT may be
associated to second achromatic device color values, e.g.. KisKsKex The first and
second inifial LUTs may be construed differently using different relationships between
the device color space vectors and the NPacs. For example, the first initial LUT, which is
fo be associated fo K values 0sK<K,, may present lighter gradations than the second
initial LUT, which is o be assaciated 0 K values KisKsKunx.

[82] The method 50 may comprise, for axample, a block 51 defining a first inttial LUT
mapping chromalic device color space vectors into NPacs. This first initial LUT may be
associated to first K valuss. The method 58 may comprise, for example, a block 52
defining & second inflial LUT mapping chromatic device color space vectors into NPacs.
This second initial LUT may be associated {o second K values. The first and second
fnltial LUTs and the first and second K values may be created according o a specific
criteria, 2.g., by ncreasing the use of light colors for lower K values, and by reducing the
yse of light colors for higher K values,

{83] At block &3, from the first and second indifal LUTs, one single LUT 54 may be
generated. The LUT 53 may map chromatic device color space vectors into NPagcs, and
may be the first LUT, e.g. LUT1, represented as 12 and 23, for example. Reference may
be made o Fig. 3b: a first initial LUT may be chosen for 0sK<K,, and a second initial
LUT may be chosen for KisKsKuay, The second initlal LUT is shaped as the cube 304
without the cube 30uax and the cube 30, is also referred 10 as a hollow cube, and the first
intial LUT has the volume of the cube 30, without the volume of the cube 304 By
seledling the enlries from the first and the second initial LUTs, the whole volume of the
cube 30q is covered. The resulting LUT may be undersiood as a piecewise-defined
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function, in-which the domain is formed by juxiaposing the domaing of the first and
second inidal LUTs using g specific oriterion, such as the value K with respect o a
freshold Ky With reference o Fig. 3b, the domain of the resulting first LUT may be
obtained by juxtaposing the volume asscciated o 0sK<Ky, o the volume gssociated o
KisKsKunx,

[54] This technigue may be implementad for mapping chromatic and achromatic
devices color space vectors into NPacs in the presence of additional chromatic colorant,
also refarred o as light colorants, such as Orange, Violet, dilutions of light CMY colors,
or gdditionat light colors, e.g., light Cyan, light Magenta. CMY veclors expressed with {C,
M, ¥} may be mapped info NPacs with additional NPs, such as: G, M, Y, V, CM, CY, CV,
MY, MV, YV, CMY, CYV, MYV and W, where V indicates Violet. For light chromatic
values, the presence of an excessive Black gquantity may be incompatible. For example,
if it is intended to reduce grain, e.g., fo reduce the visibility of different colorants in an
tmage, the presence of a high value of Black may counterbalance the use of light
colorants: the oblained image is seen by & human as having a high granularity. However,
with method 50, different LUTs may be chosen for different intensities of Black: the initial
LUT for OsK=K, may be used for image areas in which light coloranis are fo be used,
while the initial LUT associated to KisKsKuax may be used for image areas in which light
colorants are not (o be used. In examples, a user may choose the first and the second
inifial LUTs manusily and may select a threshold value Ky for detimiting the first and
second initial LUTs, so that a first initfal LUY is associated to values 0sK<K;, while the
sacond initial LUT is associated to values KasKsKuax. There arises the possibility, for the
user, of choosing several initial LUTs to form one single LUT in 5 similar fashion.

[558] Therefore, the entries of the initlal LUTs may be selected with reference {0
conditions associated to the achromatic device color space vectors.

[56] Fig 8 shows g methed 60, The mathod 80 may permit {0 create the second LUT,
e.g.. LUTZ, mapping achromatic device color space vectors into NPacs. The second LUT
may be defined from a firstinilial LUT and a second inltial LUT, The first initial LUT may
map achromatic device color space vectors into NFacs. The values of the firstinitial LUT
are io be associated to first achromatic device color values, e.g., using criteria such as
the comparison to a threshold, e.g., C<Cy, M<My or the iike). The second initial LUT may
map chromatic device color space vectors into NPacs, The values of the second initial
LUT are {o be gssociated to second achramatic device color values, 8.9., using criteria
such as the comparison {o a threshold, e.g., C<C, MysM or the like. The first and second
inttial LUTs may be construed differently using different relationships between the
colorant vectors and the NPacs.
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[87] The method 80 may comprise, for sxample, a block 51 defining s first initad LUT
mapping achromatic device color space vectors info NPacs. This first inilial LUT may be
associated o a first group of values in the chromatic color space. The method 60 may
comprise, -for example,; a block 82 defining & second inftial LUT ‘mapping achromatic
device color space veclors into NPacs. This second initial LUT may be associated o a
second group of values in the chromalic color space,

{58] At block 83, the first and second initial LUTs may provide entries 1o define one
single LUT 63. The LUT 83 may map achromatic device golor space vectors into NPacs,
which may be the second LUT, e.g. LUT2 represented as 14 and 23, for example.

[58] Therefore, the second LUT may be understood as a piecewise-defined funclion,
in which the domain is formed by juxiaposing the domains of the first and second initial
£UTs using values of {C, M, Y} or {R, G, B} with which the valuss of the second LUT are
to be combined.

[60] Therefore, the entries of the initial LUTs may be selscted with reference to
canditions associated o the chromstic device color space vectors.

{611 In one of the blocks 51, 52, 61, 62, & user may choose the first andfor the second
inftial LUTs manually and/or may select threshold conditions for using the initigl LUTs.
There arises the possibility, for the user, of choosing several LUTs to create one single
LUT in a similar fashion.

{62] Fig. 7 shows a sysiem 70 comprising a combiner 71 which generates a thirg LUT,
e.g.. LUTS, mapping chromatic and achromatic device color space veciors into NPacs
from a first LUT, e.g., LUT1, mapping chvomatic device color space vectors into NPacs
and a second LUT, e.g., LUTZ, mapping achromatic device color space vectors into
NPagcs. The combiner 71 may operate gccording to one of the methods 10, 20, or 40, In
accordance with examples, the combiner may be a convex combiner. Other examples
may use another combiner,

[63] The combiner 71 may comprise circuilry, 8.g., microprocessor-based cirouitry, or
gircuitry executing instructions which may perforn convex combinations betwess LUTs
For axample, the combiner 71 may comprise logical equipment to perform operations on
matrices, and in particular on elements of the matrices, The circuitry may, for example,
calculate averages, €.4., averages using weights, betweean values in entries of the
matrix.

[64] The sysiem 70 comprizses a LUT generaling device 72 which provides the LUTH
and the LUTZ fo the combiner 71.

[65] The LUT generating device 72 may comprise a correspondence, e.¢., an anchor,
seleclor 73. iIn examples, the correspondence selector 73 may operate according fo
block 22 or 22'. The correspondence selector 73 may be associated 1o an inpul 78 which
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permits the interaction with g user, s¢ as {0 permit the user o select parameters. In
examples, the correspondencs selector 73 may be operated by & user, e.g..a ook
engineer, who may define anchor values, such 8s correspondences between chromatic
or achromatic-color values and NPacs, e.g., the user may defing specific enfries of LUTs,
such as anchors. A correspondence may be defined by a user, for example, by choosing
{C=0.5, M=0.25 Y=0.25} to corraspond to {NPacc=0.5, NPac:=0.25 NPacy=0.25,
NPaca~0, NPatxy=0, NPatuw=0, NPacow=0, NPacw=0}, for example,

[68] The LUT generaling device 72 may comprise a LUT generator 74, The LUT
generator 74 may operate according to the block 16, 24, andior the method 4G, for
example. The LUT generalor 74 may generate a first and/or second LUT, e.g., &ither the
first LUT mapping chromatic device color space vectors inte NPacs or the second LUT
mapping achromatic device color space vectors into NPacs. The LUT generator 74 may
create a complete LUT using the correspondences selected by the user using the
correspondence selactor 73, The LUT generator 74 may therefore cregte LUTs, &g,
LUT1 and LUTZ, which may be provided to the combiner 71,

[67] mnaddilionorinstead, the LUT generaling device 72 may comprise a LUT definer
76 which may operate according 1o the method 50 or 60. The LUT definer 76 may select
entries from initial LUTs, which may be generated by the LUT generator 74, for example.
The LUT definer 76 may operate using conditions 79 selected by g user, 8.0., using a
candition selector 758, For example, the LUT definer 7€ may generate one single LUT
mapping chromalic device color space vectors inte NPacs from a first and a2 second
initial LUTs mapping chromatlic device color space vectors info NPacs by choosing the
entries of the first inidal LUT for 02K<K,, and the entries of the second initial LUT for
KisKsiunn using the threshold K, selected by the user. Accordingly, the LUT definer 78
may provide the LUTY and the LUTZ2 o the combiner 71. The LUT definer 76 may
compriss greuitry in which- memory locations may be assoniated 1o entries of malrices. in
particular, the LUT definer 76 may define a third matrix by moving entries of a matrix info
eorresponding entries of another matrix. For eoample, the LUT deliner 76 may copy data
stored in memory localions associated 10 the antries of the first matrix Inte memuory
locations associated fo entries of the second matrix,

[68] Fig. 8§ shows a system 80 comprising a processor 81, an inputfoudput (1O} unit
82, and storage units 83 and 84. The system 80 may provide functionalities of the
combiner 71 andfor the LUT generating device 72. The system 80 may exchangse dalg
with other systems, e.g., with remote systems, for example using a communication
network. The system 80 may generate a third LUT mapping chromatic and achronatic
device color space vedsiors infe NPacs from a first LUT mapping chromatic device color
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space vestors info NPacs and g second LUT mapping schiromatic device colty apace
vaotors into NPacs,

[69] The storage unit 83 may comprise a nondransitory storage device 83 storing
instructions 85 which, when execided by the processor 81, cause the processor o
perform a convex combination between slements of the first LUT with slements of the
second LUT. The instructions may cause the processor 81 o operate according to the
method 10, 20, 40, 50, or 60.

[70] The storage unit 84 may comprise volatile memory, .q., flash memory, random
access memory, RAM, elc., in which data 86, 87, and 88 are associated to the first,
second and third LUTs, respectively.

[71] Depending on certain implementations, examples may be inplemented in
hardware. The implementation may be performed using a digital storage medium, for
example a floppy disk, a Digital Versatile Disc (DVD), a Blu-Ray Disc, a Compact Disc
(CD), a Read-only Memory (ROM), 2 Programmable Read-only Memory (PROM), an
Erasable and Programmable Read-only Memory (EPROM), an Eleclrically Ergsable
Pragrammable Read-Only-Memory (EERPROM) or a-flagh memory, having elecironically
readable control signals stored thereon, which cooperate or are capable of cooperating
with a programmable computer system such that the respective method is performed.
Therefore, the digital storage medium may be computer readable. The digital storage
medium may be an exampie for the above mentioned storage unit.

[72] Generally, examples may be implemented as a computer program product with
program instructions, the program instructions for performing one of the methods when
the computer program product runs on a computer, The program instructions may for
example be stored on a machine readable medium.

[73] Cther examples comprise the computer program for performing one of the
methods described hersin, stored on g machine readable carder. Iy other words, an
example of method is, therefore, a computer program having a program instructions for
performing one of the methods described herein,; when the computer program runs on-a
computer,

[74] A further example of the methods i, therefore, g digital slorage medium, or a
computerraeadabls medium comprising, recorded thereon, the computer program for
performing one of the methods described herein. The digital storage medium or the
recorded medium gre tangible andior non-transitionary.

{751 A further example comprises g processing unit, for example a computer, or a
prograrmmable logic device performing ane of the methods described herein.

{76] A further example comprises a computer having installed thereon the computer

program for performing one of the methods described herein.
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[77] A further eoample comprises an apparatus or 8 system transferring, for example;
slectronically or optically, a computer program for parforming ong of the methods
described herein to a receiver. The receiver may, for example, be a computer, a mobile
device, & memorty device or the lke. The apparatus or system may, for sxample,
somprise 2 file server for transferring the computer program {o the receiver.

[78] In some examples, a programmable logic device, for sxample, g field
programmable gate array, may be used to perform some or alt of the functionalities of the
methods described herain. in some examples, a field programmable gate array may
cooperate with 8 microprocessor in order to perform one of the methods described
herein. Generally, the methods may be performed by any approprigle hardware
apparatus.

[79] The above described examples are iHlustrative for the principles discussed above,
it is understood that modifications and variations of the arrangements and the details
described herein will be apparent. # is the intent, therefore, 10 be limited by the scope of
the impending patent claims and not by the specific defails presented by way of
description and explanation of the examples hearein.



WO 2018/194618 PCT/US2017/028615
14

CLAIMS

1. A method comprising:

combining a first jookup table (LUT) that maps chromatic device color space
vectors into Neugebausr primary area coverages (NPaos) with a second LUT that maps
achromatic device color space vectors into NPacs, o obtain a third LUT thal maps
chromatic and achromatic device color space vectors into NPags,

2. The methed of claim 1, wherein:
cormbining comprises averaging NPacs of the firsst LUT with NPaes of the sescond
LUT.

3 The method of claim 1, further comprising creating the first LUT by

defining g first inttial LUT that maps chromatic device color space vectors into
NFacs {o be associated o first achromatic device color values and a second initig! LUT
the maps chromatic device color space veclors info NPacs {o be associated o sscond
achromatic device color values; and

defining the first LUT by selecting entrias from the first initial LUT and the second
initial LUT.

4, The method of claim 3, wherein selecting enlries conprises:
seleching entries of the first LUT from the first initial LUT and second initial LUT
using a condition on the second achromatic device color values.

5, The method of claim 1, further comptising creating the second LUT by:

defining a first initial LUT the rmaps achromatic device color space vectors inlo
NPacs fo be associated o first chromatic device color values and a second inifial LUT
the maps achromatic device color space veotors into NPacs o be assovialed o second
chromatic device color valtes; and

defining the second LUT by selecting snties from the first inifial LUT and the
second initial LUT,

8. The methad of claim- §, wherain selecling entries comprises:
selecting entries «of the second LUT from the first inifial LUT and second initial

LUT using a condition on the first chromatic device color values.

7. A system comprising:
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a LUT generating device o provide a first lockup table (LUT) and a second LUT,
the first LUT o map clyomatic device color space vedsiors into Neugebauer primary areg
coverages (NPacs), and the second LUT to map achromatic device color space vectors
into NPacs; and

a combiner {o combine values of the LUT with values of the second LUT, fo
obtain a third LUT that maps chromatic and achromatic device color space veciors inlo
NPacs.

8. The system of claim 7, whersin:
the combiner comprises & convex combiner to perform a convex combination
between values of the first and second LUT.

e The system of claim 7, wherein:

the LUT generating device is {o generate the first LUT by defining a first initial
LUT that maps chromatic device color space vectors inte NPacs to be associated to first
achromatic device color values and a second initial LUT that maps chromatic device
color space vectors injo NPacs 10 be gssociated 1o second achromatic device color

values.

10. The system of claim 7, wherain:

the LUT gensrating device is {0 gensrate the second LUT by defining a first initial
LUT that maps achromatic device color space vectors info NPacs to be associated to
first chromatic device color values and a second initial LUT that maps achromatic device
color space vectors into NPacs (o be associated to second chromatic device color
valuas.

11, A nondransitory  processor readable  storage medium  comprising
instructions that, when executed by the processor, cause the processor ta

combing values at entries of a first lookup table (LUT) that maps chromatic device
color space vectors into Neugebauer primary area coverages (NPacs) with values at
entries of a second LUT that maps achromatic device color space vectors into NPacs, to
abtain a third LUT that maps chromatic and achromatic device color space vectors into
NPacs.

13, The nonJdransitory processor readable storage medium of claim, further
comprising instructions that, when executed by the processor, cause the processor {o
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generate the first LUT by defining & first infhal LUT and a second initial LUT that
maps chromatic device color space vectors intg NPacs according 1o g condition
associated to values of the second chromatic device color space.

14, The non-transitory processor readable storage medium of claim, further
comprising instructions that, when executed by the processor, cause the processor i

generate the second LUT by defining & first inilal LUT and a sscond inifial LUT
that maps achromatic device color space vectors into NPacs according to a condition
associated to values of the first chromatic device color space.

15, The non-iransitory processor readable storage mediuny of claim, futher
comprising instructions that, when executed by the processor, causs the processor o

combining comprises averaging NPacs of the first LUT with NPacs of the second
LUT,
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