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Determining print orders

BACKGROUND

&} A printer may comprise a printhead with a plurality of nozzles. A two-dimension
(20} printer may eject printing material {&.g.. print fluid, such as ink) on g substrate {e.q.,
paper), A thres-dimension (3D) printer may sject printing material {(8.¢., build material,
print fluld, or a combination thereof) on g substrate {e.q., a bed of build material). Each
nozzie may sject printing material, which is directed to the subsirale {6 generate, for
example, 8 dot. Printing materials may be ejected from different nozzies at different
instants, while a relative motion between the printhead and the substrate is parformed.
An order for ejecting different drops at different instants may therefors be defined.

DESCRIPTION OF THE FIGURES

2} Fig. 1 is a schematic diagram showing 2 method accarding to an example.

33 Fig. 2 is a schematic diagram showing a system according fo an example.

[4} Fig. 3{a) shows an example of ideal print pattern.

[53 Fig. 3{b} shows an example of real print pattern with fixed printing order.

6] Fig. 3{c) shows an example of real print pattern with printing order which is
sequentially modified for generating different print elements.

14! Fig. 4({a} shows an exampile of a line printed using a fired printing order.

8} Fig. 4{b) shows an example ¢of a line printed using a printing order which is
sequentially modified for generatling different print elements,

&) Fig. & is a schematic diagram showing a method according o an example.

18] Fig. 8 shows different patches generated on a substrate according 1o an example.
My  Figs. 7, 8a}, and 8{b) are schemalic diagrams showing msthods according to

examples.

DETAILED DESCRIPTION

[12] A printer may be a two-dimension (2D} printer. A printer may be an inkjet printer,
such as a thermal inkjet {TU) printer. A printer may be a three-dimension (3D) printer,
which prints on a bed of bulld material. A printer (e.g., & 2D printer or a 3D printer} may
apply printing material on a substrate. Printing material may comprise, for example, ink,
varnish, grain, spray, printing fluid, or other material. In particular for a 3D printer, the

printing malerial may also comprise, for example, bulld matedal, printing fluid, or a
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combination thersol. A printer (&g, 8 2D printer or a8 30 priler} may comprise: a
printhead to gjsct drops of printing material from a nozzie 1o the substrate. In general, a
subsirate may comprise, for example, paper, plastic, a bed of build material, a
combination of these materials, or another material,

[13] In some printers, such as inkjet printers, a nozzle may comprise an orifice placed
in correspondence with a chamber containing printing fliuld (such as ink). In some
printers {e.g., T printers), a8 nozzie may be associated, for example, to 3 firing resistor,
whith in turn may be controlled by a swilch {8.g., a transistor, such as a field effect, FET,
fransistor). When the resistor is energized {e.g.. when the switch permits current to flow
in the resistor), the temperature increases and printing fluid may vaporize, 1o be gjectad
from the nozzle towards the substrate.

[14] While printing, a relative motion behveen the printhead and the substrate may be
performed. For example, the printhead may be moving {e.g., over the substrate) along a
swath (e.g., in a horizontal scanning divection, such as from the right to the lefl or vice
versa), while the substrate does not move.

[15] In the relative motion, the printhead may eject printing material o genergle print
elements. A print element may be or comprise, for example, a dot or a group of dots.
Each dot may be generated by a single nozzie ejecting one element (e.g., a drop) of
printing material. in some examples, a dot may be direcled towards a position in the
subistrate which is different from the position of any other dot. In some exampiles, a dot
may be an elemeni which may be {or may be approximated o} a geometrical figure
having a diameter of 1/600% of inch (0.001667", 42.333 um). A print element may
comprise, for example, a pixel, a group of pixels, or a portion of a pixel. Apbelmay be a
group of dots placed, for example, so close 1 each other {0 give, o human sye, the
impression of a continuous printed slement. Each pixel may have a position in the
substrate which is different from the posilion of any other pixel. At g pixel resolution,
different dots constituling the same pixel may be seen as sharing the same position. At a
subpixel resoltion (&g, dot rescliudion), different dots constituting the same pbiel may
be at different positions. Ala subpixel reselution, a pixel may take an area (e.g. square,
rectangular area) which may be imagined as 8 matrix in which, in correspondence to
some eniries, dols are prasent. Al a subpixel resolution, 8 pixel may have two
dimensions which are multiples of basic lengths {each basic length may be the same or
correspond o a dot diametear). For sxample, a pixel may be (or may be approximated {0)
a sguare of a dimension of 4x4 dots, Le., for example, 4/600% of inch x 4/800" of inch
(0.006667" x 0.008867", 169.333 um x 169.333 pm). A print element may comprise, for
example, a group of pikels which are {¢ be printed concurrently, A print element may
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comprize, for example, a ling of pixels {8.q., & vertical ine, arthogonal o & horizontal
direction of a swath),

[16] In a relative motion between the printhead and the substrate, different dots may
be generated by ejecling printing matenal gements {eyg., fuid drops) at different
instants. For example, a logic unit may associate the position {at subpixel resolution) of
the printhead with respect to the substrate fo the dots which are to be fired at sach time
instant. Therefore, a fogic unit may be responsible, at any instant, of delermining the
nozzies from which printing material is 1o be sjected. The logic unit may define an order
of dots to be generated, al subsequent time siots. By reaching the substrate at inlended
positions even though at different time instants, the plurality of dots may define a pixel or
a line of pixels, giving the impression of a continucus printed slemeant,

{17} Fig. 1 shows a method 10 according 1o an example. Al block 12, a seguence of
print orders {print order sequence) is determined. Each order is to be associated to a
print element 1o be generated by sjecting printing material from a pluralily of nozzles, For
example, a first print order may define the sequential order according to which printing
material elerments {e.g., fuid drops, ink drops) are (o be gjected from different nozzles at
different fime slols {in some T printers, by defining the chronological order of the
resistors to be energized in correspondence with different positions of the printhead over
the substrate). The first print order may be asscciated, for example, to dois 1o be placed
on a specific position in the substrate {e.¢., 2 columnar area). A first print element may
be a group of dots o be printed, for example, as a group of vertical pixsls. The print
order sequence may define a second print order to be used subsequently, eg., for
generating a second print element, such as a second group of dots to be placed on an
area {&.g., @ columnar area) adiacent 1o the areg of the first print element, The second
print arder may be different from the first print order. The print order sequence may
define a plurglity of print orders 1o be used 10 generate consaecutive prind slements. The
sequance may be periodic. After having generated print elements according to the last
arder of the prind order seguence, the subsequent print order of the sequence be the first
print order.

{18] The determination may be based. for example, on measuramenis. The
measuraments may permit the determination of visual data associaied to different test
paiches printed according to different print order sequences. Quality-related data may be
obiained for different test patches. Quality-reiated data may be ordered according fo
criteria such as the oplical density measured for each test palch, the presence of printed
elements detached from the rest of printed portions (satelites), the presence of holes
inside printed portions, the measured thickness of areas of text test patches, and 50 on,
Therefore, # is possible o select 8 print order sequence associated to a high-ranked test
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patch. For example, the print order seguence that, iy operation, 18 1o be used may bathe
print onder sequence gssociated to the test paich which has the highest ranking In terms
of number of satellites or holes, thickness or area, optical density, o a combination of
thesa criteria.

{1891 At block 14, 8 control of the generalion of each print element may be performed.
Therefore, dots and prind slements are generated on the subsirate. For example, in g
relative motion between the printhead and the substrate, dots may be generated at
consecutive (e.g., immediately subsequent) time slots on consecutive {g.g., adiacent)
areas on the substrale according o print orders that change on the basis of the print
order sequence.

{201 The method may permil {0 betier tolerate regular spacings between the nozzles.
By using print orders that change for generaling conseculive print elements, the
ocousrence of repeating imprecise dot positions on the substrate is reduced.

{21] Further, i s more difficulf that errors are cumuisated. In case of misalignment of a
nozzie, e.q., of 0.5/800" of an inch (00008337, 211867 um), 8 misalignment error is
cumulated to be 1/600% (0.001867°, 42.333 pm), 1.5/600% (0.0025", 3.5 ym) and sc on
at different increments. However, by defining different orders for adiacent print elements
{e.g.. pixels) the misalignment arror is not cumulated.

[22] The method may alse cope with irreguiarities which are not due fo the nozzle
spacing. For example, the mathod may permit to betler tolerate arrors which are due to
non-perfect synchronization of the printhead firing control with the control of the speed of
the relative motion between the printhead and the subsirate.

[23] The method may also permil to betier tolerate dot irreguiarities which are due {o
delays in glecting the printing material {e.g., in some TH printers, delays in energizing the
resistors).

[24] The method may pennit to tolerste errors which. are due o impretise
determination or estimation of the distance between the substrate and the printhaad: with
a bad positioning, the trajectory of the ejected printing material elements reaches
unintended positons of the substrate. However, by choosing an apprapriate print order,
the printing material fired from the nozzie may arrive at the correct position on the
substrate.

[25] Fig. 2 shows a system 20. The system 20 may perform the method 10, for
example. The system 20 may comprise a3 printhead dis 27, which may be in relalive
mohion with respect to the subsirate.

[26] The system 20 may comprise a drop gjection actuation unit 24. At any instant, the
drop eiection actuation unit 24 may provide 3 signal or g plurality of signals at an output
ine 25 {o each of a plurality of nozzle circultries 26 {indicated with C0-C31), each
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associated to-a nozsle. Each nozzie clrcuitry msy comprise {8y, & TH printer) a
resistor {e.g. R31) and a switch (8.g.. $31) which may be, for example, a FET imansistor.
The switch may control the status of the resistor {e.q., by closing 8 circult between a
pasitive voltage Voo and a ground voltage). Each resistor may be inserted in a chamber
and may be assodiated {o one of the nozzes 28. A drop may be selectively forced 1o be
glected from the nozzle associated o the resistar,

[27] The oulpul line 25 of the drop ejection actuation unit 24 may comprise, for
example, a plurality of conductor lines, each associated to one or more nozzle cirouitries
26. For example, the conductor lines of the output line 25 may control the swilches {&.g.,
connected to the gate of the FETs), such as §31.

{281 The nozzles 28 may be organized according to a spatial layout. The spatial layout
may provide, for example, a plurality of nozzles placed in & column {8.g., 8 column which
is vertical as compared fo the horizontal scanning direction). The spatial layout may
provide, for example, two columns of nozzles hodzontally spaced from each other, For
example, in Fig. 2, fwo paraliel columns AL and AR are present. In some examples, the
distance batween two columns may correspond o one pixel In some axamples, the
distance between two columns may correspond o an integer number of dots {eg., 2
muitiple of the diameter of ane dot), e.q.. four or five dots. in some examples, the
distance between itwo columns may comrespond {0 4 dols. In some examples, the
distance between two columns may correspond to 4/600% of inch {(0.006667", 168.333
g} or 5600 of inch (0.008333", 211.667 pm).

[281 According fo the spalial layout, the nozzies 28 may be staggered in the horizontal
scanning dirsclion. In some examples, nezzies 28 of adiacent columns are not in the
same horizontal line. For example, the verlical coordinate of nozzies of the column Al s
not the same vertical coordinate of nozzies of the column AR, iIn some examples,
between the vertical coordinates of two consecutive noziles in the same column, in
another column there is always a nozzie whose vertical coordinate is intermediate. The
distance betweaen two consecutive nozzles in the same coltmn may be one dot.

{38] Duwring printing operations, the nozzies 28 are, logether with the printhead die 27,
in relative motion with respect to the substrate. In Fig. 2, for example, the printhead die
27 may move in the scanning direction {here, horizontal} from the lefl o the right {or vice
versa).

{311 The nozzles 28 may be subdivided into primitives {e.g.. A1, A2, AB, A4} Ihone
example, 8 primitive may have a verlical exlension. For example, a column may be
divided into primitives. For example, each primitive may have a number of nozzles which
ts muitiple of 2 {(e.g., 8 nozzies). Each primilive may be defined 50 as, at any given
instant, a drop is ejected from a limited number of nozzles {8.g., one single nozzle or two
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single nozzles). For exampls, a single power lead may prowvde power 1o all the noszle
circuitries 26 (in particular, the resistors) of each primitive. For sxample, in each
primitive, all the FETs may have drains and sources connected together: one single gate
at any time may be selected for the primitive. Accardingly, # is possible {o mit the
surrent associated o each primitive.

[32] The nozzles 28 (and the corresponding nozzle ciouitries; resistors, 8ic) mav be
associated to a plurality of addresses (e, addressB-addressT in Fig. 2L In some
examples, in a primitive each nozzle is associated to a different address. Each address
may be associaled to a plurality of nozzles {e.g., one single nozzie for each primitive).
Nozzles in the same position in different primitives {e.g., all the primitives of the same
column} may share the same address. For example, for all the primilives of the same
column, the first nozzles (from above in the verlical direction) may be associated to the
same address {e.g., address0). For alt the primitives of the same colunm, the second
nozzies (from above in the venical direction) may be associated o the same address
{e.g., address1), and so on. In other examples, nozzies at differant positions in the same
primitive may corrgspond 10 the same address. All the nozzlss at-the same address.in
different primitives of the same column may operate {o eject printing material at the same
time. All the resistors associated to the same addresses may be energized at the same
time, for example, in the case of using FETs for energizing the resisiors, the gates of the
FETs associated o the same addresses may be connected fogether {&.g., to the same
physical conductor of the oulput line 28) these gates may be activated/deactivated at
the same time on the basis of the oulput provided by the drop ejection actuation unif 24.
{331 In examples, the drop ejection actuation unit 24 may provide an output indicating,
at each instant, from which nozzies {corresponding io which address) g drop is o be
gjected (e.g., which resistor is to be energized).

[34] For example, the drop ejection acluation unit 24 may comprise droullry or a
combination of drcuitry and non-transitory memory elements stordng  executable
instructions. The drop ejection actuation unit 24 may comprise a plurality of cutput ports,
gach output port being connected o an conductor fine of the cutput ling 25, Each output
line may be connected to a plurality of nozzle circuitries 26, such as a plurality of nozzle
circuitries 26 associated to the same address. In order o controf the conductor lines, the
drop ejection actuation unit 24 may comprise a plurality of combinatorial elements {e.g.,
logic ports, switches, latches) wihich, at each instant, control the logic status of each
conductor ine, 8.g., lo control the energization of the firing resistors. The drop gjection
actuation unit 24 may comprise a decoder which selects an output port on the basis of
an encoded datg oblained as an input.
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[38] The system 20 may comprise an onder defining uni 22, o be use, for example,
for the generation of a print element. The order defining unit 22 may define a print order
according to which drops @re fo be gjected from the nozzles. The order defining unit 22
may define for example, a chronplogic order of addresses 1o be activated. For erample,
the order defining unit 22 may control address {o be aclivated before addressi, which
may be activated before address2, and so on,

[36] Forexample, the order defining unit 22 may comprise circuilry or g combination of
gircuitry and non-ransitory memory elements storing executable instructions. The order
defining unit 22 may control, at each instant, the drop ejection actuation unit 24, The
order defining unit 22 may comprise storage elements in which the order of nozzles from
which print material is to be sjecled is stored. The siorage slements may siore a plurality
of orders. The order defining unit 22 may comprise a synchronizing slement {e.g., based
on a clock element) which synchronizes the output of the order defining unit 22 and the
operations of the drop glection actuation unit 24. Al any time synchronization, the oulput
of the order defining unit 22 may be updated o confrol the order defining unit 22 fo
energize diferent resistors. The update of the oulput of the order defining unit 22 may be
based on the order as stored in the slorage elemenis. In some examples, the output of
the order defining unit 22 may comprise encoded data which is decoded by the drop
gjection aclugtion unil 24,

{371 The systam 20 may compyise a sequence defining unit 21. The sequence
defining unit 21 may define a sequence of print orders, For example the sequence
defining unit 21 may instruct the order defining unit 22 o perform a conirol to define, at
first, a first print order and, subsequently, a second print order.

{38] For example, the sequence defining unit 21 may comprise circuitty or a
combination of circuity and non-ransitory memory elements storing sxecutable
inshuctiong. The sequence defining unit 271 may contral the arder defining unit 2230 use,
at any instamt, a particular order for controlling the nozzie gjections;

{381 The sequence-defining unit 21 may comprise slorage elemeants in which the
gifferent orders are stored. The sequenve defining unit 21 may comprise slorage
etements in which different sequences are stored. Each sequence may be composed of
a plurality of orders, to be used sequentially for genserating adjacent print elements.
YWhen the sequence defining unit 21 select a particular sequence, the order defining unit
22 forces the drop ejection actugtion unit 24 to control the circuifiries agecording o the
salected sequence. in operation, after that the sequence defining unit has chosen a
sequence, the order defining unit may continue requesting the ejections according to that
sequence.
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[40] During & configuration session {e.g., at block 12}, the sequence defining unit-23
may control the gensration of different test palches according to different seguences of
orders. On the basis of visual data associated fo the different patches printed according
to different sequences, the sequence defining unit 21 may define the sequence of orders
o be used in operation (to generate print jobs).

{41] Fig. 3{a} shows an ideal print pattern 30a of 3 verlical line with g length of four
pixels and a thickness of iwo pixels. At a pixel resolution, the pattern 30a may be seen
as being constituted by two vertical lines, each comprising four consecutive pixels {or
four horizontal lines, each comprising two adiacent pixels). Al a subpixel resolution, the
pattern 30a may be seen as having a plurality of dois positioned within the areas defined
for each pixed. For example, a pixel area may be constituled by four vertical basic lengths
times four horizontal basic lengths. A pixel area may be constituted by 16 subpixel areas.
i Fig. 3(a), each dot ideally corresponds to one of these 16 subpixel areas. According to
this pattern 30a, ideally four dols are placed within each pixet area. |deally, sach nozzle
may eject a drop which exactly hits the substrate in correspondencs of an intended
subipixel area. Fig. @) shows the correspondsnce of numbered nozzles 1.16 with
horizontal lines of subpixel areas. In this example, the dots represenied with vold dircles
are generated by drops ejected from nozzies in a left column {odd-numbered nozzies),
while the dots represented with filled circles are generated by drops sjected from nozzles
in a fight column (odd-numbered nozzies).

{421 The dots are not printed simultaneously, but according o an arder defined by the
order defining unit 22, during the relative motion belween the printhead die and the
substrate. The distance between the dots 35 and 35 and the distance between the dots
31 and 31 may be ideally 4/600™ of inch (0.006867°, 169.333 um) or . For example, the
nozzle no. 2 ejects a drop which generates the dot 31 before ejacting the drop which
generates the dot 31 Furthsr, the nozzle no. 10 elects 5 drop which geverates the dot
32 before that the nozzie no. 8§ ejects a drop which generates the dot 32, In turn, the dot
82" is generated before the dot 327, and so-on. Hence, when generating the dots of the
fiest vertical ling of pixels (first print element), an order is defined, according to which the
nozzie 10 precedes the nozzle 8, which precedes the nozzie &, which precedes the
nozzie 4. As shown by the positions of dots 33, 33', 337, the same order is repeated for
generating the dots of the second vertical line of pixels {(second print element).

(431 A real version of pattern 30a is referred 1o with 306 in Fig. 3{b). In this case, in
view of misalignment or other defects, the real spacing belween the repeated dois
generated by the nozzies in the right column {column AR, odd-numbered nozzles) is,
incorractly, 4.5/800% of inch {0.00757, 180.5 um), while the real spacing between the
repeated dots generated by the nozzies in the left column (column AL, even-numbered
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nozzdes) is, carrectly, 4/600% of inch {G.0086677, 169.333 um). it is possibie 1o see that
some dofs are not generated at the intended position. This occurrence may cause visible
defects, For example, the dots 34 and 34" may be so distant from the other dots that they
may appear, 1o human eve, as delached from the other portions of the pattern 30b
{satailites). Human eye is capable of nolicing the presence of an incorrect spacing of
0.5/600% of an inch (0.000833% 21.1582 um}. Further, the pattem 30b may be impaired
by visible holes. Mareover, the dois 34 and 34° cause the vertical line {o be jagged.
Further, the jaggedness of the line 5 more noticeable in view of the fact that these
defacts are repeated periodically.

[44] Fig. 3{c) shows a pattern obtained by & non-ideal layout as in Fig. 3(b). Also in
Fig. 3(¢}, the real spacing between the repeated dots generated by the nozzles in the
right column {column AR, odd-numbered nozzles} is, incorrectly, 4.5/600% of inch
{0.0075", 190.5 umy), while the real spacing between the repeated dots generated by the
nozzies in the left colummn {column AL, even-numbered nozzies) is, correctly, 4/600% of
inch (0.0088877, 168333 pm). However, in Fig. 3{c} the patiem 30¢ is oblained by
changing the print orders, 8.g., using the method 10,

[45] As can be seen from the position of dots 32, 32°, 327, for the first vertical line of
pixels {first print elemeant), the order is the same as in Figs. 3(a) and 3(b). However, for
the second ventical line of pixels {second print element), a different order is used: the dot
33 is generated by the nozzie 8§ before the dot 33", which in turn is generated (by the
nezzie 8) before the dot 33 (generaled by the nozzle 10}, Hence, while for generating the
first vertical line of pixels a first order is used, for generating the second vertical line of
pixsls a second, different order is used. Notably, the dots 34 and 34" are not positioned
particutarly distant from their intended position and from the other dols forming the
pattern. Accordingly, the number of sateflites may be reduced. Analogously, the guantity
of holes 'within the pattery 30¢ is also reduced. Morsover, perlodicity and acounmulation of
misplacement erors are also reduced. The vertical line represented by the pattern 30c
appears less jagged o human eye,

[48] Fig 4{a) shows a line 40 printed without changing the orders of the nozdle
gjections. A jagged profile and holes in the line are evident. Fig. 4(b) shows & line 40"
printed according {o method 16 The jaggedness of the profile and the presence of holes
are extremely reduced.

[47} Fig. 5 shows g method 50, The method 50 may be periormed upstream o
method 10, or, in some examples, as a part of block-12. At block §2, 5 pluralily of test
patches may be printed, using the printer whose sequence of print orders has 1o be
defined. Each test patch mav be prinled acconding to a particular sequence of different

orders. Fig. 6 shows some lest patches which may be printed. Vertical lines &1 may have
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a thickness of two pixels: as i Fig. 3{c), the arder for generaling the left pixels of each
fine 61 is different from the order used for gensrating the rght pixels, Each vertical line
81 is printed using a different sequence of printihg orders. Vertical lines 62 may have a
thicknass of three pixel while the left pixels of each line are generated according to a
first printing order, the central pixels are generated according o a second order, and the
right pixels are generated according to a third order. The printing orders of different
vertical lines 82 are different. Verlical lines 83 may have a thickness of four pixel: sach is
printed using a ssquence of orders which is different from those used for other vertical
fines 63. In addition ar alternative to vertical lines, i is also possible to use rectangles 64
{which may be squares) or other surfaces. For each reclangle 64, a first portion is
generated using a first printing order; a second porlion is generated using 8 second
order, and so on.

[48] At block 54, data associated to the visual appearance of the test patches 81-64
may be acquired, for example, using 8 sensing slement. For example, optical density
may be measured, eg., using a8 spectropholometer which measures the optical density
of each single {est palch {or ysing another instrurment which permits to acguire, infer or
calculate optical densities). In addition or alternative, an image of the test palches 61-64
may be acquired, e.g.. as 8 matrix of different pixels.

{48] At block 56, a the sequence of print orders to be used in operation, may be
determined. The sequence fo be used in operation may be obtained, for example, by
analyzing the data associated io the visual appearance oblained at block 54. For
example, visual data associated to the patches 61-64 may be ranked. In order 10 rank
the test patches, criteria such as the optical densily measured for each test patch, the
presence of salellites or holes, the measured thickness of areas of text test palches, or a
combination of such criteria may be analyzed. These criteria, which are guality-related
criteria, permit o salect, among several print order sequences that may be used, the ona
which provides the best quality. For example, the best quality may be undarsiood as the
abgence {or the greatest reduction} of the number-of salellites or holes. According
another criterion, the best guality patch may be understooad as the patch with lowsst
optical density. According to another criterion, the best qualily patch may be understood
as the patch with smallest thickness or area. Using at least one of these criteria, or a
combination of some of these criteria, it is possible to determins the highestyanking test
patch £1-64 to be chosen as the appropriated sequence for perdorming print jobs,

{501 Fig. 7 shows a method 70 which may De a particular case of the method 50 A
first block 72 may be the same of the block 52, in which test patches 6164 are
generated according to different sequences of orders. A second block 74 may be 3

particular case of the block 54: a sensing operation is performed, &g., using a
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spechrophotometer, to acquire oplical density values of different test paltches. Blocks 76
and 78 may constilute g particular case of block 58, In particular, at block 78 the optical
densities of the test patches are compared. At block 78, the sequence of print orders o
be used-in apergtion is determined by ranking the test paltches according to a- oriterion
such as the optical density. According to this criterion, g palch with lower oplical density
may be ranked higher than a patch with greater oplical density. By choosing, for
example, the paich with lowest optical density, § is possibie {o determine the sequence
which provides the best qualily among the test patches.

[51} Fig. 8{a) shows a method 80 which may be a particudar case of the method 50, A
first block 82 may be the same of the block 82, in which lest palches 61-84 are
generated according to different sequences of orders. A second block 84 may be a
particular instantiation of the block 54: a sensing operation is performed, &.g., using an
image acquisition unit {e.g., a scanner), to obtain a representation of each patch
{acquired palch) as a malrix of piwels {8.9., a bitmap). Al block 86, the presence of
satslliles may be analyzed, e.g., by retrieving non-blank pixels {or groups of adjacent
pixeis} which are separated from the rest of the patch. Addifionally or in altemative, the
presence of holes in the psiches may be analyzed, 8.g., by relrieving blank portions
within the patches. Accordingly, # is possible o rank different patches using the number
of holes or satellifes as a criterion. Patches having less holes or satelliles may be ranked
higher than patches having more holes or sateliites. Paiches without holes or satellites
may be understood as having a quality which is betler than the quality of patches with
holes or sateliites. Accordingly, the sequence of orders to be used in operation may be
identified as the sequence associated to the test patch having the highest ranking in
terms of number of holes or salellites. By choosing, for example, the palch with lowest
thickness or area, it is possible to determine the sequence which provides the best
guality among the test patches,

[52] Fig. 8{b) shows a method 80" which may be 3 particular case of the method 50
Blocks 82 and 84 may be as in method 80, Al bipck 88, for each acquired paich the
thickness of or area occupied by each acquired patch {including the salellites of the
patch} may be determined. Satellites which are very distant from the other parts of the
patches increase the thickness of the patch and the area occupied by the patch. For that
reason, the acquired patches with smaller thickness andfor area are assumed to have an
tncreased quality. Accordingly, # s possible 10 rank the patches using the thickness or
area of the test patches {including the satellites) as criterion. Patches having less greater
thickness or area may be ranked higher than paiches having smaller thickness or area.
For exampie, it is possible o determine, as the print order sequence {o be used in
operation, the sequence used o generate the patch with smallest thickness or area.
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[83] in zome examples, the thicknesy or area of the acquired pafches may be
weighted on the basis of the thickness of the original paich. For example, the area or
thickness may be divided by the number of pixels of the original patches {e.g., two pixals
for patches 81; thres for patches 62, four for patches 83, and so onl.

{54} Fig. 9 shows an inkjet printing system 80 {e.g., a TL}) for performing a print job on
a substrate 99, The inkjet printing system 80 may be an example of the system 20. The
inkjet printing system 90 may include an inkjet printhead assembily 82, The inkjet printing
systern 80 may include an ink supply assembly 894, A reservolr 95 may be coupled (o the
il supply assembly 94. The reservoir 85 may provide ink to the printhead assembly 92.
The inkjet panting system 80 may include a transport assembly 98, which may provide a
relative motion between the inkjst printhead assembly 92 and the subsirate 89

[65] The inkjel printhead assembly 92 may comprise printhead dies 27. Each
printhead die 27 may be, for example, the same of the printhead die of the system 20
and may comprise nozzies 28 organized according to 3 layout as discussed above,

{86] The printhead assembly 82 may comprise g visual dala sensor 87, which may beg,
for example, & spectrophotometsr or a sensor capable of acquiring an image {&8.g.,
scanner).

{571 The inikjfet printing system 90 may include an electronic controller 100. The
controfler 100 may controf the execution of g print on the substrale 88, The controlier 100
may control the substrate transport assembly 98 which controls the relative motion
between the subsirate 99 and the printhead assembly 82, The controlier 100 may controd
the execution of at least one of the blocks of methods 10, 50, 70, 80 and 8O

[58] A memory unit 102 may be provided. The memory unit 102 may be accessed by
the eiectronic controller 100, The memory unit 102 may comprise a non-transiory
storage unit 104 (e.g., read-only memory, ROM or another type of non-transitory storage
unit) and a ransitory storage unil 108 (e, random access meamory, RAM, a flash
memory, or other types of memory or data registers).

{591 The non-fransitory storage unit 104 may siore instructions: 108 which, when
gxecuted by the a processor {eg., the dlectronic controlier 102) may cause the
processor to perform a determination of the sequence of print orders for printing different
print elements {8.q., vertical lines of pixels). For example, the instructions 104 may cause
the inkjet printing system 30 to print patches such as the paiches 61-84, to acquire visual
dats associagted (o the patches {e.g., acquired by the visual data sensor 87), and {o
determine the sequence of print orders {e.g., the sequence that has been used o
generate the highest-quality patch), fo be used in subsequent procedures, e.q., when
generating print jobs.
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[60] The non-ransitory siorage unit 104 may store instructions 110 which permiit o
periorn print jobs using the sequence identified while execiding the instructions 108, By
exgcuting the instructions 110, Tor example, it is possible o generate different print
glaments wsing different onders and to obtain patlerns such as the pattem 30c.

[61] The transifory storage unit 108 may comprise memory space which is managed
by the slecironic contraller 100, The transitory storage unit 106 may siore bitmaps of
patches 112 acquired by the sensor 97 while execuling the instructions 108, By
compating the different bitmaps of patches 112 as acquired by the sensor 87 with each
other andfor with the original bitmaps of the palches, |t is possible to determine the
guality of the patches and {o determine the sequence of arders for the print system 90 to
be used in operation,

{62] The transitory siorage unit 106 may store bitmaps of image data 114, which are
images 1o be printed in the normal operations of the printer, .g., while executing the
instructions 110.

{63] For printers which may apply several layers of printing matedal or different types
of printing material {e.g., coloy printers using & plurality of colarants), the passages;
operations, instructions and blocks above gre performed for each material {e.g9.. each
ink). Accordingly, a sequence of print orders is generated for each colorant.

{64] Depending on cerfain implementation requirements, examples may be
implemented 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 Memary (ROM), a Programmable Read-only Memory
{PROM), an Erasable and Programmable Read-only Memory (EPROM), an Electrically
Erasable Programmable Read-Only Memory (EEPROM} or 8 FLASH memory, having
efectronically readable control signals stored thereon, which cooperate (or are capable of
cooperating) with. g programmable computer system such that the respective method s
performed. Therefore, the digital slorage medium may be computer readable.

{65} Generally, samples may be implemeanted as-a computer program product with
program instructions, the program instructions being operative Tor performing one of the
methods when the computer program product runs on a computer. The program
instructions may for example he stored on a machine readable medium.

{661 Other examples comprise the computer program for performing one of the
methods described herein, stored on g machine readable carmrier. In 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 1uns on a
samputer.
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[67] A jurtherexample of the methods Is, therefore, g data carmier mediam {or & digital
storage medium, or a computer-readable medium} comprising, recorded therson, the
computer program for performing one of the miethods desaribed herein. The data carier
medium, the digital storage medium or the recorded medium are tangible andfor non-
{68] A further example comprises a processing unit, for example a computer, or a
programmable logic device performing one of the methods described herein,

{691 A further example comprises & computer having installed therson the computer
program for perfarming ane of the methods described herein.

{701 A further example comprises an apparatus or a system transferring {for example,
glactronically or optically) a computer program for performing one of the methods
described herein to a receiver. The receivar may, for example, be a computer, a mobile
device, a memory device or the like. The apparatus or system may, for example,
comprise a file server for transferring the computer program to the receiver,

{71} In some examples, a programmable logic device {(for example, a field
programmable gate array) may be used to-perform some or all of the functionalities of
the methods described herein. In some examples, a field programmable gate array may
cooperate with a microprocessar in order to perform one of the methods described
herein. Generally, the methods may be performed by any approprigle hardware
apparatus.

{721 The above described examples are illustrative for the pringiples discussed above,
It s understood that modifications and variations of the arrangements and the delails
described herein will be apparent. it is the intent, therefore, 1o be limited by the scope of
the impending patent claims and not by the specific detalls presented by way of
description and explanation of the examples herein.
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CLAIMS

1. A method comprising:

determining & sequence of prind orders {o be associaled 1© print elements © be
generated by ejecting printing material from nozzles; and

controlling the generation of the print elements by ajecting printing material from
the nozzies gcoarding to the sequence.

2. The method of claim. 1, further comprising:

printing test patches, gach test palch being generated according o 8 sequence of
print orders;

performing a sensing operation to obtain visual data assccialed to the fest
patches;

performing g determination of the sequence of print orders by comparing the
visual data.

3 The method of claim 2,
wherein performing the sensing operation comprises acquiring an optical density
value of egch lest paich,

wherein performing the determination comprises determining test patches with
reduced optical density.

4, The method of claim 2,

wherein performing the sensing operation corprises acqguiring images of the test
patches,

wherein perfarming the determination comprises recognizing the presence of
satellites or heles and ranking the test palches using the number of satsiiiles or holes as
oritesion.

8. The methad of claim 2,

whergin performing the sensing opearation comprises acquiring images of the {est
patches,

wherein performing the determination comprises analyzing the thickness or ares
dimension of each test paich including the satelfites and ranking the test patches using
the thickness or area dimension as criterion.

8. A system comprising:
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a printhead die with & phurality of nozzles;

g drop sjection gctuation unit to define, at a given time instant, the nozzies from
which printing matesial is to be sjected;

an order defining unitto define g print order according to which <drops are o be
gjected from the nozzles; and

a sequence defining unit to detsrmine a seguence of print orders.

7. The system of claim 8, further comprising

g senscor (o provide visual data of palches generated on a substrate,

wherein the system is to determine the sequence of print orders on the basis of
the visual data.

a8 The-system of claim 7,

wherein the sensoris g spectrophotometer to acquire oplical density values,

whearein the system is {0 delermine visual dala assotialed o patches with
reduced optical density 1o daterming the sequence of printing orders.

g, The system of claim 7,

wherein the sensor is {o acgquire images.,

wherein the system is to determine qualily data asscciated fo acquired patches to
determine the sequence of printing orders,

10, The system of claim 7,

wherein the sensor is to goquire images,

wherein the system is to recognize the presence of saleiiites or holes to
determins the sequence of printing orders.

11, Thesystem of claim 7,

wherein the sensor is o acquire images,

wherein the system is io compare the thickness or area dimension of sach
acquired test palch, satellites included, to determine the sequence of print ordears.

12, A nonlransiiory procsssor readable storage medium  comprising
instructions that, when executed by the processor, cause the processor fo

determine a sequence of print orders to be used fo perform print jobs on the basis
of acquired visual date associated to patches generated using different sequences of
print orders; and
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perform g print job by seguentially modilying the nozzle-ejection order for
gensrating different print slemeants according 1o the sequsnce.

13, The non-dransiiory processor readable sforage medium of claim 12, further
somprising instructions thal, when executed by the processor, cause the processorto:

compare the visual data associated o the acquired paiches o determine the
ssquence of different print orders,

14.  The non-transiiory processor readable storage medium of claim 12, further
analyze quality-related values of the acquired patches o determine the sequence
of different print orders.

15.  The non-transitory processor readable storage medium of claim 14, further

comprising instructions thal, when executed by the processor, cause the procaessar {o:
rank belween the palches on the basis of the qualiyralaled values.
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