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CONTROLLING PRINTING FLUID DROP EJECTION

BACKGROUND
11 A prinder {(such as an inkdet priter, 4., 8 latex ink printer} may comprise a
printhead with & nozzle. A drop of printing fuid mav be ejected from the nozsle towards a

subsirate.

DESCRIFHON OF THE FIGURES

12} Fig. 1 shows a schemalic view of 2 method according to an example.
{3} Figs. Z2a-24d show implementations according to examples.

{41 Fig. 3 shows g scheme according o an example.

51 Fig. 4 shows an implemertalion according to an example.

{6} Fig. 5 shows a lateral view of a printer according 1o an example.

71 Fig. & shows 8 view from above of the printer of Fig. 5.

BETAILED BESCRIPTION

8] A printer may apply printing fluid on a subsirate. A printer may be a three-
dimension {3D} printer or a two-dimension (2D} printer. A printer may be an ink-jetl printer
{e.g., a latex ink printer). A printer may comprise a printhead which ejects drops of
printing Buid from a nozzle o the substrate. In general, a substrate may comprise, for
example, paper, plastic, a bed of build material, a combination of these materials, or
ancther material. Relative molions between the substrate and the printhead are
performed o permit o apply drops to the whole surface of the substrate. A first relative
motion may be performed in an advance direction (direction vy}, e.g., by moving the
subsirate using a conveyor. Addiionally or altematively, the printhead may be moved in
the advance direclion v. A second relative motion may be performed in a scan direction
{direction x}, e.g.. by moving & carriage on which the printhead is mounted. While
printing, the printhead may be moved from a first lateral border to a second lateral border
of the subsirate in the scan direction x, along a so-called swath, subsequently, the
printhead may print while being moved in the scan direclion x, backwords, e.g., from the
second lateral border towards the first lateral border, along another swath; and so on.

9] i order to increase print speed, the printer may be controlled so thal the
printhead fires printing fuld drops while moving along the scan direction x In view of the
inertia, fired printing fluid drops move along parabolic irajectories. Therefore, the timing



WO 2018/140043 PCT/US2017/015431

of the printing fluld drop gjection may be controlled on the hasis of an estimation of the
final posttion of the printing fuid drop o the substrale. in order to perform this operation,
parameters such as the carriage speed and the height of the gap between the printhead
{in partictdar in correspondence withy the nozzie} and the stbsirale may be isken nlo
account.

[0l A lalex ink printer dwhich may be a parlicular ink-jel printer) may make use of ink
made of walter-based ink such as latex ink {agueous-dispersed polymer). A latex ink
printer may be used, infer alla, for banners, signage, decoration, and high-qualily print
applications. Latex ink may provide high scralch-resistant, high durability, and good
guatlity. A printer such as a latex ink printer uses intemnal heaters o produce forced
airffiows o dry and cure the ink, so as o oblain a complete print job. Heaters may be
positioned in different sections of the printer to heat different portions of the substrate.
[11] Furher, in 3D printing, the bed of print material may also be heated.

[12] Hesling the substrale, and in particular heating different portions of the same
subsirate at different temperatures, however, iends o mechanically deform the
substrate, e.g.. by thermal expansion, of o ply the substrale. Therefore, the distance
between the printhead and the substrate may be subjected to unpredictable variations.
Hence, the gap between the nozzie and the substrale is not in general consiant.

[13] Unprediclable variations of the gap may cause print defecls: the printing fluid
drop may hil a location of the substrate which is not the intended one.

[14] B accordance o exampies, a method may comprise performing a session of
dynamicailly controlling the timings of printing fluid drop ejections to deposit printing fluid
on a print 2one of the substrate according to a height profile of the print zone, while at
the same time performing a session of measuring a height profile of a pre-print zone.
Subseguently, when the pre-print zohe becomes the print zone, it is possible to correctly
control the trajeciory of the printing fluid drop.

[15] i is possible to dynamically control the timings of the drop ejections on the basis
of the height profile measured while previousty printing on cother portions of the same
subsirate. For example, for a printer {such as a lalex ink printer) in which healers are
provided to heat the subslrate, a control may be performed o promplly modify the ming
of the drop ejection {o adapt fo the iregular height profife caused by the lemperature
differences to which the substrate is subjected.

[16] Fig. 1 shows a method 100 according fo an example. Al a block 102, the iming of
printing fluid drop ejections fo deposit printing fluid on a current print zone of the
subsirate is conirolled on the basis of a height profile of the print zone. At block 104,
which may be represented as being paralied to the block 102, the height profile of a pre-
print zone may be measured. The method 100 may be reiterated. At each iteration, the
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pre-print zone is gpdated as the print zone and 8 new pre-print zone is selecled. When
the pre-print Fong becomes the print zone {block 108}, the height profile of the current
print Fone is already known and # is possible fo parform a compensation of the iregular
gap at'each location of the current print zone. Therelore, the timing of the drop ejection
may be .controlled by keeping info account the bregularifies in the gap bebvesn the
substrate and the printhead. For example. while the printhead is moving slong.a swalh
and the nozzie s firing printing fuid drops on & succession of adjacent locations on the
print zone, a distance detector may measure printhead-to-substrate distances in the pre-
print zone.

[17] Fig. 2a shows conceplually how fo control gjection timing on the basis of the
vertical positicn of a point which has o be covered by printing fluid (e.g., ink}. Anpzzle N
may be moving at speed v in the scan direction ¥ at a constant verlical coordinate z..
The distance bebveen the horizontal line along which the nozzle N moves and the point
P is hs. The printing fluid drop is to be gjected at a firing instant 1, from a position with a
horizontal coordinate X, fo describe the irajectory Ti. The parabolic trajectory T4 may be
expressed mathematically as:

?{{f } = KI + 1'3:(‘"‘

{r ¢ ! £

=5, —wJI-——g
1 i 2

[18] In the equalion, ¥y and z, are coordinates associated to the position of the nozzle
N at the firing instant 41, v is the speed of the nozzle N in the scan direction x at the
firing instant &y; vz is the speed at the firing instant in the vertical direction z; and g is the
gravity acceleration. For convenience, it has been defined 1,=0. The equations describe a
parabolic irajectory.

[18] A comparslive example may relate to an operation of covering with printing fluid
the point ', which is at the distance he from the horizontal line along which the nozzie N
moves {vertical coordinate z. which is the same of 2;}. The distance h; differs from h by
a quantily Ah. Accordingly, the printing fluid drop is fo be ejected at time = {i+AL from
position Xo= X+Ax, o describe a trajectory T.. The irajeclories Ty and T: may be
superposed {o each other {if the speed v is the same for the exampleas).

[20] U is therefore possible to estimale the final position of the printing fluid drop, f the
value he or he is known. An accurate controd of the final posilion of a printing fluid dot
{e.g., an ink dol) on the subsirate may be performed by appropriately liming the drop
gjection.

[21] Fig. 2a alsoc shows that i is possible to define a threshold height. For example,
the threshold height may be iy, The threshold height may be asscciated to a defaull time
instant §; at which printing fluid is fo be fired from the nozzle to reach the point P at height
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hi. {is possible to perform a compensation so thal, when the gap is greater than the
threshold, the printing fluid is fived af an instant {e.g.. &) after the defaull fime Instant t.
is possible to provide that, when the gap is lower than the threshold, the mrinting fluid
drop is fired st an instant preceding the default ime instant 4.

{221 Fig. 2b shows 3 printhead 20 comprising a nezale 22 {which may be the nozele N
of Fig. 2a; al a time instant ., The nozzle 22 fires a printing fuid drop {e.g.. ink drop such
as a lalex'ink drop) on & subsirste 24 {(e.g., paper), while the printhead 20 moves at
speed v along the scan direction x {horizontal in the figure). A printing fluld drop follows
the trajectory T+ to arrive at the intended point Py on the subslrate 24, Accordingly, a
printing fluid dot is formed around the point Py,

[23] Fig. Z2c shows another view of the printhead 20. The advance direction v is
represented as horizontal in the figure, while the scan direction x enters in the figure. As
shown by Fig. 2¢, while a2 session of dynamically controlling the timings of ink drop
ejections on a@ print zone 24c is performed, a session of measuring a height profile of a
pre-print zone 24¢ is concurrently performed. In proximity to the nozzle 22, a distance
detector 26 may detect the height he of the subsirate 24 al a location corresponding fo
the point P, while the nozzle 20 is in the process of covering with printing fluid a print
Zone 24c. The region 24c containing the point Py is the current print 2one; the location
24¢’ containing the point P» is the pre-print zone. While the printhead 20 moves forward
or backward in the scan direction x, the distance detector 26 continues measuring the
height of points of the subsirate 24.

[24] Fig. 2d shows the view of Fig. 2c at a subsequent time instant, ie., while the
current print region has become the region 24¢'. As shown by Fig. 2d, while a session of
dynamically controlling the Hmings of ink drop ejections on the print zone 24¢ is
performed, a session of measuring a height profile of a pre-print zone 24¢” is
concurrently performed. In Fig. 2d, the printhead s moving along a different swath with
respect o that of Fig. 2c: if in Fig. 2¢, the swath is entering in the figure, in Fig. 2d the
swath is exiting from the figure. At the instant of Fig. 2d |, the gap height he is known as it
has been previously measured. Hence, it is possible o calculate the appropriate timing,
for the gjection of the printing fluid drop to be placed on Py at the instant of Fig. 2d..
MNotably, while the nozzle 22 fires the printing fiuid drop toward Ps, the distance detecior
26 may detect the height hs in the region 24¢”, which has become the pre-print zone, and
which contains the point Pa. Therefore, for each region, the height of the gap al each
location that is io be covered with printing fiuid at the subsequent swath may be
measured. Basically, a height profile is measured for a region on which is to printing fluid

is to be applied subsequently {pre-print zone}.
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{257 In the figures discussed gbove and below, one single nozzle s shown for each
printhead. However, each printhead may comprise a plurality of nozzles (e.q., arranged
to form a malh) which may fire printing fluid simultanesusly fo define a plurality of
printing Buid dols on the substrate. The conirol of the timing of the sjection may be
performed, for example, for each of the nozeles of the matnix or for the complete matrix
of nozzies. Different printing fluld dols may be simulianeously generated by different
nozzies of the same malrix.

[26] The printhead may be a plezoelecttic printhead {eyg., a pleroelectric inkiet
printhead). The printhead may be a thermal printhead (e.g., a thermal inkjet printhead).
[27] The printer may be a 2D printer {such as an inkdet printer and a latex ink printer
inn particutar) or a 3D printer which prints on a bed of build material.

[28] Fig. 3 shows a system 300 which may be implemented o perform printing fluid
gjections, e.9.. according o the method 100 or using the equipment discussed above.
The system 300 mav comprise a processor 302, The system 300 may comprise a
storage assembily 304, The storage assembly 304 may be implemented as comprising a
plurality of slorage media. The slorage assembly 304 may comprise a non-fransitory
compuier-readable storage medium 306 containing instructions which, when running on
a computer {in particular on the processor 302} cause the computer to dynamically
control drop ejection based on print-io-substrate distances measured by a distance
detector {e.g., the detector 28).

[28] The storage assembly 304 may alsoc comprise a storage medium {e.g., read-wiite
memory, such as a random access memory, RAM) 308. In the storage medium 308,
position data associated o the regions on which it is to be printed may be stored. in the
storage medium 308, the position of the nozzle in relationship to these regions may be
stored in real time. In the sitorage medium 308, data relating to the timing of the nozzle
gjections {e.g., in relalionship to the height profile of the print region of the subsirate)
may be stored.

[38] The slorage medium 308 may comprise a memory space 312 fo store present
position data. The present position data may be used, for example, while performing the
session of dynamically controlling the timings of printing fluid, e.g., at block 162. For
exampie, the memory space 312 may comprise a memory space 314 {o store the height
profile of the subsirale region on which the printer is currently printing {print zone}. The
memory space 312 may be organized as an array, a list, a dalabase, or the like. The
memory space 312 may contain, al each memory location, a data regarding the height of
the gap at a location in the print zone. In some examples, from the instant at which the
nozzie starts applying printing fuid on a print zone 1o the instant in which the nozzle ends
1o apply printing fiuid on the same print zone (e.g., from the slart 1o the end of a swath),
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the memory space 314is nol modified {e.g.. by virtue of the current height profile having
beean previpusty acguired). The memery space 314 may be subseguently updated {e.g.,
by storing the profile height of the subsequent region to be printed on} when the printer
has ended o apply prinling fiuid on the print zone and the pre-print Zone becomes the
new print zona.,

{311 The memory space 312 may comprise a memory space 316 o store the current
nozzie position with respect to the substrate. For example, the current nozzle posilion
may be expressed as a Carlesian reference coordinate in the axis x and aninthe axis v.
The nozzie position may be updated at any redative movement between the substrate
and the nozzie. Nolably, the nozzle position in the memory space 316 may have a
correspondence o one of the positions of the current height profile in memory space
314, For example, an association {e.g. a pointer) between the nozzle position in the
memory space 316 and the height profile in the memory space 314 may be defined. By
associating the height of the gap of a region on which printing fluid is {o be applied {as
contained in a memory location of the memory space 314) and the current nozzie
position {contained in the memory space 318), the processor 302 is provided in real time
with information which permit to perform the timing of the printing fluid drop ejection.

[32] The memory space 312 may comprise a memory space 318 to slore the cumrent
nozzle {printhead} speed. The nozzle speed may be calculated as the ratic between the
distance, in the scan direction y, between two positions of the nozzle and the time to
cover this distance. As explained above, the nozzle speed may be used to calculate the
frajectory of the printing fluid drops. In some examples, the nozzle speed is constant and
may be slored, e.g., in a read-only memory space.

[33] The siorage medium 308 may also comprise a memory space 320 fo slore a
height profile of the pre-print zone. The memory space 320 may be updated, for
example, in the session of measuring the height profile, e.g., at block 104.The memory
space 320 may contain a plurality of memory locations, each of which may be associated
to gdifferent coordinates in the axis x. Each of the locations of the pre-print zone may be
updated in real-time with a height value, e.g., a value associated o the distance between
the printhead and the substrate {e.g., as measured by the distance detector 26}

[34] With reference o the example of Fig. 2¢, while the nozzle 22 is in the process of
firing printing fluid on the print zone 24c, the distance delector 26 is acquiring a height
profile of the pre-print zone 24¢. Meanwhile, in the memory space 320, memory
locations associated to points in the pre-print Zone 24¢’ are updated in real time with the
values acquired by the distance deteclor 26. This process may be repeated for each
measured point of the pre-print zone 24¢" until the printhead has completed the current
swath. Al thatl instant, all the memory locations of the memory space 320 contain height
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values of the pre-print zong 24¢". Then, the pre-prind zone becomes the print Zone and
the height values of the memory space 320 may be copied on the memory space 314,
{351 The nondransitory  computerreadable slorage mediuvm 306 may condain
instructions which, when running on the processor-302, may permit fo control the timing
of the nozzle.

{381 in particular, the nonrtransitory computer-readable sforage medium 306 may
comprise a memory space 322 with instructions for acquiring the height profile of the pre-
print zone. For example, the processor 302 may perform instructions for performing a
measuring session of a height profile as defined at block 104, Each height value which is
acquired by the distance detector 26 for a particular part of the pre-print zone may be
recorded on a respective memory location in the memory space 320

[37] While the processor 302 is condrolling the acquisition of the height profile for the
pre-print Fone, the processor 302 may also perform other {asks, for example, for
performing operations defined at block 102.

[38] The non-transitory compuler-readable storage medium 308 may comprise a
memory space 324 with instructions for calculating the Himing for the drop ejection
according o the height profile of the current print region. Accordingly, for each point
{e.g., Py} which has o be covered by printing Buld, the data for performing the calculation
of the timing may comprise: the current nozzle position {e.g., retrieved from the memory
space 316}, the height h of the gap at that point (e g., saved in a memory location of the
memaory space 314Y, and the nozzle speed {e.q., relrieved from the memory space 318}
Accordingly, # is possible {0 accurately define the Hime instant at {and the position from)
which a printing fiuid drop may be fired from the nozzle 22 towards the intended point.
[38] The non-lransiltory computer-readable storage medium 306 may comprise a
memory space 326 with instructions for condrolling in real time the drop ejections
according to the calculated timing. The processor 302 may therefore act on an actuator
1o eject a printing fluid drop from the nozzie at the calculated time instant and from the
appropriate nozzie position o gject a printing fuld drop which correclly arrives at the
intended point.

48] The non-transitory computerreadable siorage medium 306 may comprise a
memaory space 328 with instructions for controlling the movements between the substrate
and the printhead. For example, the processor 302 may conirol an actuator fo move the
substrate in the advance direction {direction v} and/or the printhead in the scan direction
{direction x}.

[41] Thercfore, it is possible to conlrol the movement bebween the substrale and a

nozzie {printhead). Nolably, the speed selected for moving the nozzle may be used fo
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caleulate the timings of printing fluld drop ejections at performed by the instructions
comprised in memory space 324,

{421 The processes 322-328 may be perfommed sinwitaneously, in series, of a
combination thereof. Technigues of mudtifasking, fime-sharing, and so on, may be
implemented. In Fig. 2¢, while the noerle 27 is applying printing fluid drops to fum
printing fluid dols on a print zone 24c¢ {blogk 328}, the printhead 20 is moving in the scan
direclion x and the distance delector 26 is acquiring height values at locations of the pre-
print zone 24c¢’ {biock 328).

[43] Meanwhile, the dislance detector 26 may delermine a distance between the
printhead 20 and the subsirate 24 {(block 322}, The distance deteclor 286 may be placed
on the printhead 26, for exampie in front of the subsirate 24.

[44] An exampie of distance deteclor 26 is shown in Fig. 4. Telemetry measuremenis
may be performed. The distance detector 26 may include a light source {light emitter).
The distance delector 26 may include two light sources, such as a first light source 42
and a second light source 44. The distance detector 26 may comprise a lighl sensor 48.
{45] The first and second light sources 42, 44 may be light emitting diodes (LEDs}.
The first and second light sources 42, 44 may illuminate the substrate 24 {in particular,
the surface of the substrate on which printing fiuid drops are o be placed). The first and
second Hght sources 42, 44 may be positioned so as to have the same distance from the
substrate 24, The first and second light sources 42, 44 may be positioned 1o be in slightly
different locations, for example at a distance d {which may be, for example, a distance
parallel {o the scan direction x or the advance direction y). The first and second light
sources 42, 44 may generate the same color or approximately the same colors, such as,
for example, two colors which are so similar that their different color has no or negligible
consequences on the light detection performed by the light sensor 46.

{46] The light sensor 46 may receive diffuse light generaled by the first and second
light sources 42, 44 and reflected against the substrate 24. The light sources 42, 44 may
be conirolled by the processor 302, The light sensor 46 may oulput a signat {e.g. o the
processor 302) which is based on the received light. The light sensor 46 may generale a
vottage as a funclion of the fight intensity.

{471 His possible o measure the distance h behwveen the Hght sources 42, 44 and the
substrale 24. The position of the light sensor 46 may be such that light paths of light
generated by sach of the light sources 42, 44 are subjected o different angles g and 8
before arriving at the light sensor 46.

{48] Light reflected by the subsirate 24 may be received by the light sensor 48. By
sequentially measuring the intensity of the light from each light source 42, 44, using the
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serisor and caleulaling the ralio of the resull, §is possible to delerming the distance h
betveen the printhead and and the substrate 44,

{491 Light generated by the first and second light sources 42, 44 may be reflected by
the subsirale 24 according to different reflection angles o and B. I the distance h
bebtveen the light sources 42, 44 and the subsirate varies, the intensilty of the light
generated by each light solece shiffs accordingly. With reference o Figs. 2¢ and 24, the
values hy and hy are different from the value he and, therefore, the infensity of the light as
measured in corraspondence with hy and hs is not the same as the intensity of the light
as measured in correspondence with ha.

[58] The distance detector 46 may be controlled so that some of iis elements are
switched independently {e.g., sequentially). For example, the first light source 42 may
generate light during a first time siot while the second light source 44 is off. During a
subsequent second ime slot, the first light source 42 may be tumed off and the light
source 44 may be kwmed on, lo generate light alone. The light sensor 46 may measure
intensity of the reflected light transmitted by each light source 42, 44 at different time
siols. As the angle g of reBlection of the light generated by the first light source 42 is
different from the angle B of reflection of the light generated by the second light source
44 the measured intensity of the light generaled by the first light source 42 is in general
differant from the measured intensity of the light generated by the second light source
44, However, the ratio between the intensity value of the light from the first light source
42 and the infensity value of the light from the second light source 44 in general depends
on the distance bebtween the light detector and the subsirate. Therefore, the ratio may be
used o measure the distance h bebween the printhead and the substrate. Each ratio {or
range of ratios) may be associated fo a different height value. A look-up table may be
used: each height value h may be relrieved in the look-up table in correspondence with a
ratio {or a range of ralios). The relrieved height value h may be slored {as an entry of the
next height profile) in the memory space 320, and in parficular in a memory location
which is associated to the point whose height has been measured, for a drop ejection to
be performed subsequently {e.g., at the next swath).

[51] H is possible fo sequentially alternate the time slols in which only the first light
source 42 is on and the time slols in which ondy the lighi source 44 s onso as o oblain a
plurality of intensity values associaled to the first light source 42 and a plurality of
intensily values associated o the second light source 44 and to average them before
calculating the ratic.

[52] The printhead 26 may move along the scan direction X while the first and second
Hght sources 42, 44 are alternatively transmitling light. However, operations such as
sequentially swilching on/off each light source, acquiring the light intensity, calculaling
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the averages and the ralic, retrieving a height value in the lpolkeup table, and saving the
hedght value in the memory space 320, are extremely quick, Therefore, it is possible fo
associate a particular height value {oeach printing fluid dot which is to.be generated by a
printing fluid drop.

{531 The data acquisition and the calculation of the distance {e.g., by calculating the
ratio) may be performed gccording o the instructions for acguiring the subseguent height
profile stored in the memaory space 320,

{54] Figs. 5 and & show an exampie of 3 printer 50. The printer 50 may be an ink-et
printer, such as a latex ink printer. The printer 50 may be controlled by a processor such
as the processor 302. The printer 50 may perform some of the operations discussed
above and may comprise some of the components described above.

[55] The printer 50 may be condrolled so as to concurrently perform two session. A
first session may be a session of dynamically controfling the timings of printing fluid drop
ejections 1o deposit printing fluid on a print zone {e.g., zone 24¢), while a second session
may be a session of measuring a height profile of a pre-print zone {e.g., Zone 24¢').

[56] The printer 50 may comprise a beam 52 which may be fixed. The beam 52 may
be sustained by lateral verlical elements 54, such as two pillars. The printer 50 may
comprise an advance device 55 o move a substrale 24 along the advance direction y.
The advance device 55 may comprise a belt 56 which translates along the advance
direclion yv. The advance device 55 may comprise rollers or drums 57 which may rotate
to cause the belt 56 to translate. The roflers or drums 57 may be driven by motors {such
as electric motors) which are not shown. Alternatively, linear motors may be used. The
motors may be confrolled by the processor 302, for example, so as to control the
movement of the substrate 24 along the scan direction x.

[57] The printer 50 may comprise a nozzle 22, which may be the nozzle of any of Figs.
2a-2d. The printer 50 may comprise a plurality of nozzles, e.g., organized in an array or
matrix. Among the plurality, only one nozzlie 22 is shown in the figures of the sake of
simplicity.

[58] The nozzle 22 may be conlrolled, for example, by the processor 302, e.g., using
some of the operations defined at the blocks 1082, 324, and 326, o gject printing fluid
drops {e.q., latex ink drops) while moving along the scan direction x.

[59] The printer 50 may comprise a dislance detecltor 26 {which may be the distance
detector of any of Figs. 2¢, 2d, and 4}). The distance detecior 26 may be controlled, for
example, by the processor 302 or using some of the operations defined at the blocks 104
and 322, to delermine a height profile while moving along the scan direction x and while
the nozzle 22 is gjecling printing fluid drops. The distance deteclor 26 and the nozzle 22
may be fixedly atlached fo a printhead 20 (which may be the printhead of Figs. 2b-2d} so
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as fo have a fixed dislance. The printhead 20 -may be a thermal printhead. The printhead
28 may be a plerpsiectric printhead. The distance detector 26 and the nozzle 22 may be
postioned 50 as o have the same height.in the vertical drection z.

{601 Inorderto move the nozzle 22 and the distance detector 26 in the scan direction
X, & carriage 58 may be provided. The printhead 20 may be mounted on.the camiage 58,
sa as o face the substrate 24 A gap is interposed between the printhead 20 (and in
particular the nozzle 22 and the distance detector 26} and the substrale 24 (or the belt
58 when the subsirate 24 is not present). The gap has a height h which is in general
vatiable and whose profile may be measured by the distance detector 28,

[61] The carriage 58 may be sustained by rods 80 which may exiend in the scan
direction x and may be supporied by the beam 52. The movement of the carriage 58
may be driven by acluators controlied by the processor 302,

[62] When moving along a swath, the carriage 58 may travel along the scan direction
x forward of backward. i some examples, at a first swath the carriage 58 moves in the
scan direction x from a first border 24a {e.g., a left border} of the substrate 24 o a
second border 24b {e.g., right border). Al an immediately subseguent swath, the carriage
58 moves in the scan direction X, backward, i.e., from the second border 24b {o the first
border 24a. While moving along the first swath, the nozzle 22 applies printing uidon a
print zone {e.g., region 24¢ in Figs. 2¢ and 5} and the distance detector 26 measures the
gap between the subsiralte 24 and the printhead 20 in correspondence with a plurality of
points of the pre-prnt zone 24¢’. Subseguently, the print zone is updated {e.g., the
region 24¢” becomes the print zone as in Fig. 2d). Then, while moving along the second
swath, the nozzie 22 applies printing fluid on the print zone {region 24c¢ and the
distance delecior 26 measures the gap between the substrate 24 and the printhead 20 in
correspondence with a plurality of points of the pre-print zone {region 24¢%).

[63] In some cases, e.g., if the printer 50 is a lalex ink printer, the printer may also
comprise healing elements, which may define different temperature sactions, e.g., along
the advance direction v. The heating elemenis may modify the temperatire of the
substrate along the advance direction y. Therefore, at the same time instant, different
portions of the subslrate 24 may be at different temperatures. Hence, the substrate 24
may be ransporied along different sections in the printer which distinguished by different
temperatures at which the support is fo be subjected. Each of the heating elements may
be controlied by the processor 302, for example, to impose a determined temperature fo
the substirate 24 in each temperature section.

[64] One hesaling element may be a drving module 70 {Fig. 5) The drying module 70
may be o convey hot air onle the substrate 24 in corespondence with the print zone fo
dry the lalex ink so as fo cause evaporation of water confained in the latex k. In
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particular, the drying module 78 may convey hot air onlo 8 drying zone of the substrate
24. A drving section 244 is therelore defined. The drving module 70 may be placed over
the cariage 50. The drving module 78 may force a flux YT of hot alr fowards the
substrate 24, e.g., along the height direction z. The portion of the subsirate 24 which is
heated by the drving module 70 {driving zone) s hested at the drving section 24d. The
drying section 24d contains the print zone 24¢. A temiperature for the subsirate 24 in the
drying sectioh 24d may be babtween 40°C-80°C, In particular around 54°C-56"C, more in
particular 55°C. Accordingly, latex ink drops are fired in a portion of the substrate 24
which ia warm, and water contained in the ink may evaporate.

[85] One heating clement of the latex ink printer 50 may be a curing module 72. The
curing module 72 may convey hot air onto the subslrate 24 {o cure the lalex ink
pigments. The curing module 72 may define a curing section 24e. In correspondence
with the curing section 24e, a flur 727 of hot air may be conveyed toward a portion of the
subsirate 24, so that the portion of the substrate which is in the curing seclion 24e fends
o be at an inlended temperature for curing the printing fluid. The curing module 72 may
be placed so as o heat the substrate 24 from above. The cwring module 72 may be
downsiream, in the advance direclion y, to the drying module 78, The curing module 72
may force a flux 727 of hot air towards the subsirate 24, e g., slong the height direction 2.
The curing section 24 may be in a posilion which comesponds io portions of the
subsiralte 24 which have already been printed on. The curing module 72 may heat the
subsirate 24 up 1o a8 temperature which may be over 85°C, e.g., up to 75°C. Accordingly,
the latex ink on the substrate may be dried. When latex ink is cured, it forms a film in the
surface of the subslrate 24 which thatl increases mechanical properties such as scraich
resistance and durability without detaching the pigments from the surface of the
substrate 24.

[66] In the sections indicated with 247 and 24 {which may be respectlively upstream
to the drying section 24d and downsiream o the curing section 24e} the substirate 24
rmay be substantially at ambient temperature.

[67] The portions of the substrate 24 al different temperatures may involve
unpredictable deformations. However, by measuring in real time the distance bebveen
the nozzie 22 and the substrate 24, # is possible to perform a compensation by
modifying the timing of the drop ejection on the basis of the measured height of the gap.
[68] The distance deteclor 26 may be placed at a position which is upstream {o the
position of the nozzle 22, The distance delecior 26 may be also placed at a posilion
which is in the same lemperature section of the nozzie (e.qg., the dryving seclion 24d).
Therefore, the pre-print zone 24¢” and the print 2one 24c may be in the same
temperature section, in corespondence with portions of the subsirate which have a
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similar famperature. In the case of the latex ink printer, the pre-print zone 24¢’ s already
at the temperature for diving the latex ihk {e.g., 55°C) angd its height profile along the
scan direction x may be accurately acauired,

[68] Depending on cerlain implementation reguirements; examples may be
implemented in hardware. The implementation may be performed using a digital storage
medium, for example a floppy disk, a8 Digital Versalile Disc (BVD), a Blu-Ray Disc, a
Compact Dise {CD), a Read-only Memaory (ROM), a Programmable Read-only Memaory
{PROM), an Erasable and Programmable Read-only Memory {(EPROM), an Electrically
Erasable Programwmable Read-Only Memory {(EEPRCOM} or a FLASH memory, having
electronically readable conirol 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 slorage medium may be computer readable.

7ol

{711 Generally, examples may be implemenied as a computer program product with
program instructions, the program instructions being operative 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.

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

[73] in cother 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 is, therefore, a dala carrier medium {or a digital
storage medium, or a computer-readable medium) comprising, recorded thereon, the
computer program for performing one of the methods described herein. The data carrier
medium, the digital storage medium or the recorded medium are tangible andfor non—
transitionary, rather than signals which are intangible and transitory.

[75] A further example of the method is, therefore, a dala stream or a sequence of
signhals representing the computer program for performing one of the methods described
herein. The dala stream or the sequence of signals may for example be ransferred via a
data communication connection, for example via the intermel

[76] A further example comprises a processing means, for example a computer, or a
programmabie logic device performing one of the methods described herein.

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

[78] A further example comprises an apparatus or a system transferring {for example,
electronically or optically} a computer program for performing one of the methods
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described herein 1o a receiver. The receiver may, for example, be a computer, 8 mobile
device, a memory device or the lke. The apparatus ob system may, for example,
comnprise a file server for ransferving the computer program o the receiver.

{79} In some examples, a programmable logic devics {for example, & field
programimable gate arrayl may be used fo perform some or all of the functionalities of
the methods described herein. in some examples, a field programmable gatle array may
cooperate with a microprocessor in order to perform one of the methods described
herein. Generally, the methods may be performed by any appropriate hardware
apparatus.

[B8] The above described examples are merely illusirative for the principles discussed
above. It is undersiood that modifications and varialions of the arrangements and the
detalls described herein will be apparent. it is the inlent, therefore, to be limited by the
scope of the impending patent claims and not by the specific details presented by way of

description and explanation of the examples hersin.
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CLAIMS

i. A method comptising performing a:session of dynamically controlling the tinsdhgs
of printing Buid drop ejections o deposit printing fluid on a print zone of a subshrate
according te a height profile of the print zone, while perfarming a session of measwring a
height profile of a pre-prind zone,

2. The method of claim 1, wherein measuring comprises:

receiving Bght generaled by a plurality of fight scurces and reflected by the
subsirate;

calculating a ratio between inlensity values associated o light patlerns generated

by each light source.

3 The method of claim 1, further comprising heating a zone of the substrate.

4, The method of claim 3, wherein the pre-print zone is in a same temperature

section of the print zone.

5. The method of cdaim 1 further comprising applying the printing fluid to the
substrate.

8. The method of claim 1, further comprising controlling a movement between the
substrate and a nozzie applying the printing fluid to the subsirate, wherein dynamically
controlling the timings of printing fluid drop ejections is further based on the relative

speed between the substrate and a nozzle.

7. A system comprising:

a printhead fo deposit a printing fiuid onto a subsirale whife moving in a scan
direction,

a distance detector to detect, while the printhead moves in the scan direction,
printhead-to-substrate distances of a region on which printing fiuid is to be subsequently
deposited,

wherein the system is {o dynamically control the timing of the drop ejections

based on the print-to-subsirate distances.



WO 2018/140043 PCT/US2017/015431
16

8. The system of claim 7, wherein the distance deteclor comprises a light emitter
and a sensor which is 1o oulput an electric value associated to a light intensity of Hight

generated by the light emitter and reflected by the substate.

8. The system of claim 7, further comprising a heating device to heat a portion of the
substrale, whersin the distance detecior is placed © be in correspondence with a portioh
of the substrate healed by the heating device.

8. The system of claim 7, wherein the system is to contral a movement between the
substrate and the printhead and o dynamically control the fiming of the drop ejections
based on the relglive speed behveen the printhead and the subsirate.

1. The systern of claim 7, whereln the region on which printing fluid s fo be
subseguently deposited corresponds o a plurality of locations on the substrate which are
o be covered with printing fiuld i comespondence o a subsequent swath.

12, A nonqfransitory computer readable device having instructions which, when
execiied by & processor, cause the procassor to

calcudate the timing for drop gjection according o the height profile of a first prin
region, control the drop ejections according o the calculated timing, confrol movements
between the nozzie and the substrale; and, concurrenily,

acquire the height profile of a second region {o be printed oh subsequently.

13. The non-transitory computer readable device of claim 12, further comprising
instructions which cause the processor 1o siore the acquired height profile of the second
region i memory locations of a fiest memory space, each memaory location being
associated 1o a particular part of the second region.

14, The non-transitory computer readable device of claim 13, further comprising
instructions which cause the processor 1o copy height values of the second region fo a

second memory space {o be used fo control drop ejection in the second region.

15. The non-transitory computer readable device of dlaim 12, further comprising
instructions which cause the processor o determine a distance value based on senhsing

a light intensity of light generated by a light source.
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